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Paleomagnetism and tectonic rotation of Miocene dikes in the Hida region, central Japal

Yuichi Sugisaki[1]; # Hiroyuki Hoshi[2]
[1] Aichi Pref. Atsuta Senior High School; [2] Dept Earth Sci., Aichi Univ. Education

http://hoshi.a.la9.jp/index.htm

Central Honshu of Japan is an ideal field for the study of crustal deformation related to arc-arc collision. In this study we
obtained rock magnetic and paleomagnetic results from early Miocene igneous rocks in central Honshu in order to examin
rotational deformation caused by the collision of the Izu-Bonin-Mariana (IBM) arc with central Honshu. In Takane of the
Hida region, gabbro intrusions and older sedimentary rocks are intruded by numerous andesitic dikes that comprise a parall
dike swarm. More than 240 oriented cores were taken at 38 sites in two localities for magnetic study. The andesites an
gabbros generally have magnetite, and some andesites also contain pyrrhotite. The magnetite records easterly deflected remat
magnetization directions of dual polarities that pass the reversals test. Positive baked contact tests at two sites demonstrate t
the easterly deflected direction is a thermoremanent magnetization acquired at the time of intrusion. The overall in situ (i.e.
in geographic coordinates) mean direction for andesitic dikes is judged to be highly reliable, although there are two possible
scenarios for explaining the easterly deflection: (1) clockwise rotation and (2) tilting to the northwest. We prefer the former
scenario and conclude that "45 deg clockwise rotation occurred in Takane with respect to the North China Block of the Asian
continent. This rotation must represent the clockwise rotation of entire Southwest Japan during the opening period of the Jape
Sea. Very little difference is observed between the amount of the easterly deflection in Takane and those in the Tokai ani
Hokuriku regions, indicating no significant relative rotation. Thus, the crust beneath Takane has not suffered rotation caused b
collision of the IBM arc with Honshu.
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Examination of eruptive sequence of Fuji volcano from 450 to 800 A.D. using
paleomagnetic method

# Akira Baba[1]; Mitsuhiro Yoshimoto[1]; Tatsuo Kanamaru[2]; Hidetoshi Shibuya[3]
[1] MFRI, Yamanashi Perf.; [2] CHS, Nihon Univ.; [3] Dep’t Earth & Env., Kumamoto Univ.

http://www.mfri.pref.yamanashi.jp/

For the prediction of medium- and long-term volcanic eruption, detailed elucidation for the eruption age, frequency, and
eruptive sequence of eruption events are very important. Therefore, we investigated paleomagnetic study in order to exal
eruption events of Fuji volcano. The paleomagnetic method has several advantages, one of which is dating determination bas
upon similarity to the paleomagnetic secular variation model(JRFM2K.1), and which help comprehension for the simultaneity of
eruption events from paleomagnetic directions. Here we report paleomagnetic results of the lava flows that erupted during 45
to 800 A.D.

Samples for paleomagnetic measurements were collected from 32 units of lavas and pyroclastic deposits. The samples we
oriented by a sun compass to eliminate local magnetic anomalies. At each site, we collected 6 to 12 samples using core-dril
Samples were measured with AFD.

Samples of the Takamarubi lava flow, divided into some flow units, were collected from 5 sites. The mean directions of the
Takamarubi lava flow roughly show two distinctive ranges. Both of the mean directions fit with the mean directions of the Aosawa
lava flow, the Nakanochaya lava flow and the Hinokimarubi 1 lava flow, within a 95 range. There are possibility that the 4 units,
showing similar petrological features, were simultaneous eruptions and erupted between 580 to 700 A.D.. These above sugge
that several lava flows erupted from NE-SW eruptive fissures, intermittently. Based on eruptive sequence and historical record
Koyama (2007) identified that the Takamarubi lava flow erupted in the Enryaku era (800 to 802 A.D.). However, the eruptive
product in the Enryaku era is rather newly classified Takamarubi-rindo lava flow (Takada et al.,2016) than the Takamarubi lave
flow using paleomagnetic method. The stratigraphy between the lavas is conformable to the paleomagnetic dating. Our finding
suggest that paleomagnetic method better dating and eruptive sequence of Fuji volcano.
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Paleointensity study on Holocene volcanic rocks in Aso caldera

# Nobutatsu Mochizuki[1]; Hidetoshi Shibuya[2]
[1] Kumamoto University; [2] Dep’t Earth & Env., Kumamoto Univ.

We have conducted a paleomagnetic and paleointensity study on Holocene lava flows and pyroclastic rocks around the pos
caldera cones in Aso caldera, central Kyusyu, Japan. Paleomagnetic directions obtained in this study are useful to recogni:
temporal correlation or distinction between the studied sites. Also, the paleomagnetic directions obtained from 22 sites aroun
three cones and a scoria cone are distributed on a simple curve on the equal area projection, which record paleomagnetic sect
variation (PSV) during the period between 4 and 3 ka. For the 22 sites recording the PSV curve, the LTD-DHT Shaw paleoin-
tensity method (Tsunakawa-Shaw method) was applied to the samples. Ninety-nine samples of the 22 sites were measured &
96 samples of 21 sites passed the selection criteria. Four or more paleointensities were obtained for 10 sites and their standz
deviations were smaller than 10% of the means. The 10 mean values indicate that the paleointensity increased from 55 to -
micro-T, which constrain the paleointensity variation between 4 and 3 ka in Japan. These new paleointensity data from Japan a
higher than the paleointensity data reported from Europe. A possible explanation on the difference is that the non-axial-dipols
affects the geomagnetic field during the period between 4 and 3 ka.
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Rock-magnetic properties and paleointensity of single silicate crystals separated from
the middle Cretaceous Iritono granite

# Chie Kato[1]; Masahiko Sato[2]; Yuhji Yamamoto[3]; Hideo Tsunakawal[4]; Joseph Kirschvink[5]
[1] EPS, Tokyo Tech; [2] IGG, GSJ, AIST; [3] Kochi University; [4] Dept. Earth Planet. Sci., Tokyo TECH; [5] GPS, Caltech

Understanding the long-term evolution of the geomagnetic field is a key for constraining the thermal evolution of the deep
Earth, mantle convection, and the preservation of a surface environment conducive to life. To investigate geomagnetic field be
havior through geological time, granites could be good rocks to study because of their nearly continuous record and long coolin
times that can average out relatively short-term fluctuations of the geomagnetic field. However, paleomagnetic measurements
whole-rock granitic samples are often disturbed by alterations like weathering and lightning, and the presence of magnetically
viscous multi-domain magnetite.

One of the approaches to avoid weathering disturbances (but not lightning) is to separate single silicate crystals from graniti
rocks and conduct paleomagnetic and rock magnetic measurements on them. Recently, several research groups have investig:
paleointensities from single crystals of primary minerals such as plagioclase, pyroxene, zircon and quartz for their potential tc
avoid difficulties that frequently plague whole-rock measurements (e.g. Tarduno et al., 2007, 2010, 2012, 2015; Muxworthy anc
Evans, 2012). To provide solid ground for single silicate crystal paleomagnetism, paleointensity and rock-magnetic properties o
single crystals should be systematically studied and compared to those of the host granitic rock.

We studied zircons, quartzes and plagioclases separated from a Cretaceous granite sample whose whole-rock paleointen:
and rock-magnetic properties were studied previously, and found to be particularly stable and reproducible (Iritono granite, 10(
Ma, Wakabayashi et al., 2006; Tsunakawa et al., 2009). The reported whole-rock paleointensity was 58.4+-7.3 micro T (2 sigme
before cooling rate correction). We first measured the natural remanent magnetization infénsity;§ of several hundred
samples for each mineral. Rock-magnetic property measurements such as low-temperature magnetometry, stepwise thern
demagnetization and hysteresis loop measurements were performed on the samples which had significant NRM; but we on
found these in the plagioclase fraction. We focused our paleointensity studies on plagioclase, which was the only suitable min
eral. Measurements were carried out using the superconducting quantum interference device (SQUID) magnetometer, magne
property measurement system (MPMS) and Alternating Gradient Magnetometer (AGM) at Center for Advanced Marine Core
Research, Kochi University.

Less than 1% of the zircon and quartz grains Mgz, &gt;4 pAm?. Among them that did, pyrrhotite was the main magnetic
carrier for the zircons, and both magnetite and pyrrhotite was present in the quartz, although the occurrence of magnetite-bearir
samples was very low. In conclusion, they do not seem to be candidates for paleointensity measurements in case of the studi
rock.

Twenty-three percent of the plagioclases showed MNRM high enough to study (&gt;58)pRock-magnetic measurements
suggested that the main magnetic carrier is single domain to pseudo-single domain state magnetite inclusions. We performe
paleointensity measurements by the Tsunakawa-Shaw method (Yamamoto et al., 2003) to 17 plagioclase crystals. Nine sampl|
passed the selection criteria of the paleointensity method. The obtained mean paleointensity was consistent with the reporte
whole-rock paleointensity though the standard deviation was relatively large (57.7+-23.3 micro T, 2 sigma). To our knowledge,
this is the first report of single crystal paleoinensity study by the Tsunakawa-Shaw method. We conclude that paleointensity mee
surements were applicable to plagioclase, but to produce results comparable to conventional methods large numbers of cryst:
that cooled together would need to be studied.
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Precise determination of Fe species in plagioclase crystals

# Masahiko Sato[1]; Masashi Ushioda[2]; Ryoichi Nakada[3]
[1] IGG, GSJ, AIST; [2] IEVG, GSJ, AIST; [3] JAMSTEC

Silicate minerals such as plagioclase and pyroxene sometimes contain fine-grained magnetite crystals; such silicates are cal
magnetic silicates. Magnetic silicates are often appeared in plutonic rocks and are also appeared in lava flows. Natural remane
magnetizations (NRM) carried by magnetic silicates should play an important role in paleomagnetic records of whole rock anc
single crystal. Therefore, to elucidate crystallization mechanism of magnetite in silicate minerals and to understand origin of
the NRM is of prime importance in paleomagnetism, while the mechanism has been poorly understood. In this study, to pre:
cisely determine the chemical species of Fe in the plagioclase crystals and to better understand the crystallization mechanism
magnetite, magnetic measurements combined with microscopic observation and synchrotron radiation study were conducted f
single grain plagioclase crystals.

We prepared plagioclase crystals from a gabbroic anorthosite of the Duluth complex, a layered gabbro of the Oman ophi
olite, and a medium-grained gabbro of the Murotomisaki gabbroic complex. The plagioclase crystals were collected under ¢
stereoscopic microscope and used for the measurements after a hydrochloric acid leaching. The main series of measurements
the single grain plagioclase crystals were as follows: (1) To estimate a content of magnetic mineral in the plagioclase crystals
magnetic hysteresis loop was measured using an Alternating Gradient Magnetometer. (2) To investigate the average valen
state of Fe, ;;-edge X-ray absorption near edge structure (XANES) measurement was performed at BL27SU of SPring-8. (3)
To investigate chemical compositions of the plagioclase crystals, microscopic observation was conducted using electron micrc
probes. In addition to these single crystal measurements, low-temperature remanence measurements (field cooling remanen
zero field cooling remanence, and room temperature saturation isothermal remanence) were conducted for plagioclase grai
using a Magnetic Property Measurement System.

The saturation magnetization value of plagioclase samples were 6-68 fk@\-27 mAnt/kg, and less than 1 mA#kg for
the gabbroic anorthosite, layered gabbro, and medium-grained gabbro, respectively. The low-temperature remanence curves
gabbroic anorthosite and layered gabbro plagioclase samples showed pronounced remanence reductions at around 100-14C(
indicating that the plagioclase crystals contained nearly pure magnetite. Assuming the saturation magnetization value of pur
magnetite, we estimated the magnetite content. As a result, the magnetite content in plagioclase crystals were 60-740 ppt
20-300 ppm, and less than 10 ppm for the gabbroic anorthosite, layered gabbro, and medium-grained gabbro, respectively. Tl
XANES analysis showed that the average valence states of Fe in the bulk plagioclase crystals were 2.32-2.79, 2.69-2.92, al
2.72-2.94 for the gabbroic anorthosite, layered gabbro, and medium-grained gabbro, respectively. The microscopic observatic
showed that the Fe contents as FeO for the plagioclase crystals were nearly constant with an average of 2800 ppm and 18
ppm for the gabbroic anorthosite and layered gabbro, respectively. Among these parameters there was inverse relationship t
tween the magnetite content and average valence states of Fe, suggesting that the valence state of Fe could be a key factor in
crystallization mechanism of magnetite.
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Systematic examination on rock magnetic properties of the single volcanic-glass grains
extracted from the Aira-Tn (AT) tephra

# Hiromi Takeda[1]; Yuhji Yamamoto[2]; Masahiko Sato[3]
[1] Kochi Univ; [2] Kochi University; [3] IGG, GSJ, AIST

There are many widespread tephra around Japan. In usual paleomagnetic and rock magnetic studies, analyses are typice
made on an assemblage of tephra grains to investigate macroscopic remanent magnetizations. We had investigated rock magn
properties of the single volcanic-glass grains extracted from an unwelded part of the Ito pyroclastic flow deposits in Kyusyu
(2016 JpGU; 2016 SGEPSS). In the present study we conducted rock magneticmeasurements on the single volcanic-glass gra
extracted from the fall-out Aira-Tn (AT) tephra deposits taken from an outcrop in western Kochi. Now our plan is to extract the
single volcanic-glass grains from an AT tephra in a marine core and to conduct rock magnetic measurements on them. On tt
basis of the rock-magnetic measurements, we will discuss the possibility of paleomagnetic experiment using the single volcanic
glass grain in AT tephra.
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Magnetic granulometry of Takanoobane obsidian using frequency dependence of
susceptibility

# Koji Fukuma[1]
[1] Dept. Env. Sys. Sci., Doshisha Univ.

Obsidian is a volcanic glass containing abundant microlites of Fe-Ti oxides, which potentially serve as an ideal recorder of
ancient geomagnetic field. Previous studies, especially focused on retrieving paleointensities from obsidians, demonstrated tl
high (above 500 deg.C) and narrow unblocking temperatures and the univectorial natural remanent magnetizations of obsidian
In this study, drilled cores of obsidians comprising upper and lower layers intervened by Takanoobane rhyolite lava flow from Aso
volcano were analyzed to deduce grain size distributions spanning superparamagnetic (SP) and single-domain (SD) boundary

Thermomagnetic curves on Takanoobane obsidians exhibited high Curie temperatures above 500 deg.C, indicating low-
titanomagnetite as a main magnetization carrier. Hysteresis loop shape varies from potbelly to nearly straight line, and sometime
resulted in wasp-waisted loops due to mixture of the two components. Hysteresis parameters are widely distributed on a Da
plot; Some samples were along the single-domain and multidomain (MD) mixture line, but others are deviated to a large exten
from the SD-MD line to a higher Hcr/Hc and lower Mr/Ms region, which is caused by high SP fraction. These hysteresis data
suggest that the obsidians contain low-Ti titanomagnetites covering SP and SD ranges, but the grain size distribution significantl
changes according to the vertical position. While upper obsidian layer and bottom part of lower layer have higher content of SF
grains, obsidians just below the rhyolite lava are dominated by pseudo-single-domain (PSD) grains.

Frequency dependence of susceptibility, which is believed to indicate SP contribution, was measured at room temperature f
a broad frequency band ranging from 1x1Go 5x10 Hz using a combination of MPMS and ZH susceptometers. Only a small
number of samples indicated unequivocal frequency dependences in the in-phase and out-of-phase components. Some sam|
with high SP fractions did not show any significant frequency dependences of susceptibility at room temperature as well as PSI
samples. On the other hand, low-temperature frequency dependence clearly revealed different behaviors between SP and P
samples. Smaller SP grains exhibited frequency dependence vastly below room temperature, and did not give any indication
room-temperature frequency dependence as mimicking PSD grains.

Significant grain size variation within a vertical column of obsidian suggest that grain size is greatly influenced by cooling rate
and control the suitability for paleointensity determination. Obsidians certainly contain fine-grained titanomagnetites, but all of
obsidian samples are not suitable for paleointensity measurements. Knowledge on grain size distribution for SP-SD-PSD ranc
should be indispensable for paleointensity studies using obsidians.
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Rock magnetism applied to characterization of arc-backarc volcanism in the Okinawa
Trough

# Masakazu Fuijii[1]; Hiroshi Sato[2]
[1] NIPR; [2] Senshu Univ.

The Okinawa Trough is a back-arc basin located behind the Ryukyu arc-trench system. Its southern part is characterized by a
tive rifting and complex arc-back-arc volcanism along the depression and is believed to represent a transition from a rifting stag
to initial spreading [e.g.Sibuet et al, 1987]. The southern Okinawa Trough has a unique key to understand the first stage of
oceanic lithosphere evolution, however the spatial distribution of the volcanism as well as their magma type remains unclear. It i
needed to conduct extensive geophysical mapping such as magnetic anomaly in which signal is sensitive to volcanic edifices b
cause volcanic crust contains rich ferromagnetic minerals (mainly titanomagentite). In order to establish a useful benchmark fo
understanding magnetic anomalies associated with arc-back-arc volcanism, we performed comprehensive rock magnetic analy
and petrological studies of seafloor rock samples collected in the southern Okinawa Trough. The measurements were conduct
for basalt from the Yaeyama Ridge (YR) and Irabu knolls (IKs), dacite from the Hatoma knoll (HK), and rhyolite and pumice
from the Tarama Knoll (TK).

The natural remanent magnetization (NRM) intensity shows 0.3-175.2 A/min the YR, 0.8-214.4 A/m in théIK<3.8 A/m
in the HK, and 3.1 A/m for dacite and 0.1-0.2 A/m for pumice in the TK. The magnetic susceptibility of all samples is too low
to induce magnetic field under geomagnetic field intensity comparing with NRM intensity. The NRM intensity of volcanic rocks
may vary in relation to several factors such as the geomagnetic field strength at the timing of remanence acquisition, amount ar
type of magnetic minerals, grain chemistry such as Ti content of titanomagnetite, magnetic domain state controlled by grain siz
distribution, and the degree of low-temperature oxidation. Therefore, we carefully examined magnetic properties, petrography
and geochemical signatures for understanding rock-to-rock NRM variation.

Thermomagnetic curves of volcanic rocks with low NRMI(A/m) from the YR, IKs, and HK show irreversible and complex
Curie temperatures, suggesting these samples have been affected by hydrothermally alteration and/or oxidation which consid
ably decreases the NRM [e.g5ee and Kent1994]. Low NRM of pumice from the TK is likely explained by low amount of
titanomagnetite. The NRM difference between rhyolite and basalt is certainly explained by difference of magma iron content,
which is diluted by the silica content in magma evolution. A rhyolite sample from the TK contains titanomagnetite as the mag-
netic carrier with a Curie temperature of 490-deg and shows magnetic domain state of pseudo single domain (PSD). One basal
rock from the IKs shows similar Curie temperature and PSD signature. In addition, both samples show reversible thermomag
netic curves, suggesting that they have not been affected by low-temperature oxidation. The titanomagnetite amount of this TK’
rhyolite (0.9 wt.%) is about one-third that of IKs’s basalt (3.1 wt.%). This result is consistent with the bulk rock geochemistry.
The NRM intensity is also about one-third (3.1 A/m to 9.4 A/m). These results indicate that lower NRM intensity of rhyolite was
caused mainly by a smaller titanomagnetite content owing to low iron content diluted by silica content.
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New archeointensity results on the samples from the reconstructed ancient kiln

# Yuhji Yamamoto[1]; Tadahiro Hatakeyama[2]; Yu Kitahara[3]; Takeshi Saito[4]
[1] Kochi University; [2] IPC, Okayama University of Science; [3] ISGS, Kyushu Univ.; [4] Geology, Shinshu Univ.

Yamamoto et al. (2015) reported that baked clay samples from the floor of a reconstructed ancient kiln provided a reliable
Tsunakawa-Shaw (LTD-DHT Shaw) archeointensity (Al) estimate of 47.3 +/- 2.2 microT which is fairly consistent with the
in situ geomagnetic field of 46.4 microT at the time of the reconstruction. The reconstruction was conducted to reproduce ar
excavated kiln of the seventh century in Japan and Sue-type potteries of contemporary style were also fired (Nakajima et al
1974). Two of the potteries with reddish color were recently subjected to the Tsunakawa-Shaw archeointensity determination:
resulting in reliable Al estimates of 45.4 +/- 2.3 (N=6) and 48.2 +/- 2.7 microT (N=15) when specimens were heated in air in
laboratory (Yamamoto et al., 2017 JpGU-AGU Joint Meeting).

We have had another opportunity to take samples from a new reconstructed ancient kiln in Japan which was fired in autum
2016. The samples were two Sue-type potteries with grayish color (bowl-type and plate-type) and some blocks collected fron
inner wall of the kiln body. They were cut into mini specimens and then subjected to the Tsunakawa-Shaw experiment. Heatin
in laboratory was done either in air or vacuum.

For the bowl-type pottery, Als of 46.9 +/- 2.8 (N=6, air) and 45.3 +/- 2.3 microT (N=6, vacuum) are obtained. They are
indistinguishable each other and consistent with the IGRF field of 47.4 microT at the reconstructed location in 2016. For the
plate-type pottery, Als result in 41.8 +/- 1.3 (N=4, air) and 43.9 +/- 3.9 microT (N=4, vacuum). They are also indistinguishable
each other but the former Al is slightly lower than the IGRF field.

For the inner wall, Als of 45.0 (N=1, air) and 46.8 microT (N=1, vacuum) are obtained from a right-side wall, and those of
45.5 +/- 2.5 (N=2, air) and 47.7 +/- 3.0 microT (N=2, vacuum) are observed from a left-side wall. They are all indistinguishable
and consistent with the IGRF field.
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Rock magnetism on the magnetic minerals in the cross section of the old kiln floors

# Tadahiro Hatakeyama[1]
[1] IPC, Okayama University of Science

http://mag.center.ous.ac.jp/

The floor materials of ancient kilns have been a kind of the main target for the archeomagnetic direction study in Japan. The
archeodirection results have indicated detailed paleodirection and its variation for the past years. However, magnetic minera
in the material were not well known and they thought that the main magnetic carrier is magnetite due to the indication in the
demagnetizing process. In this study, we perform rock magnetic measurements (high temperature analyses, low temperatt
analyses, magnetic hysteresis analyses, ...) to obtain the information of the ferromagnetic minerals in the samples.

We sampled from the floor of Sayama Higashiyama old kiln (8C). The samples have 5-10cm thick and we observed the cros
section of the floor. Near-surface floor of the kiln can separates into 3 - 5 layers in color and status. Background geology is
quartz porphyry and the semi-underground kiln was constructed with digging several tens of centimeters into the soil. The rocl
magnetic measurements were performed for each layer.

In the IRM acquisition analyses, it is indicated that (1) main magnetic mineral is magnetite, (2) the size distribution of the
magnetite, which is shown in the peak position of the derivative of the acquisition, shows rich variation in regard to the layers,
and (3) in some layers, especially in the top and deeper layers, there are little signals in high remanent coercivity region aroun
1 T. The variation of the size of magnetic minerals is also shown in the low temperature magnetic analyses.
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Abundance and morphology of magnetofossils in pelagic red clay around
Minamitorishima, western North Pacific

# Yoichi Usui[1]; Toshitsugu Yamazaki[2]; Masafumi Saitoh[1]
[1] JAMSTEC; [2] AORI, Univ. Tokyo

Recent investigations have discovered unexpected abundance of magnetofossils in oxic pelagic red clay. They have potential
be unique biogeochemical tracers in otherwise non-fossilferous sediments. Here we report the characteristics of magnetofoss
in red clay in the western North Pacific. Magnetic measurements revealed that magnetofossils dominate the magnetic miner
assemblage of the sediments. Endmember analysis of isothermal remanent magnetization acquisition curves, supplemented
the analysis of S ratios, indicates that the magnetic assemblage can be unmixed into three endmembers: two for magnetofoss
and one for terrigenous magnetic minerals. Direct counting of magnetofossil morphologies under a transmission electron micra
scope shows that each of the two magnetofossil endmembers represents equant magnetofossils and bullet-shaped magnetofos
respectively. Stratigraphic variation of the endmember contributions revealed that the equant magnetofossils are dominant fc
the most part, but an interval around 7 m below seafloor shows unusual abundance of the bullet-shaped magnetofossils. Tr
may reflect enhanced organic carbon flux to the sediments. The organic carbon content is low throughout the sediments, at
it does not show any change corresponding to the increase of bullet-shaped magnetofossils, indicating severe remineralizati
of the organic carbon. On the basis of lithostratigraphic correlation to nearby drilling sites, we tentatively estimate the age of
the bullet-shaped magnetofossil increase as sometime between the late Campanian and 25 Ma. These results demonstrate
environmental information can be obtained by magnetofossils from pelagic red clay.
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Preliminary study on speleothem paleomagnetism using scanning SQUID microscope

# Naoto Fukuyo[1]; Hirokuni Oda[2]; Yusuke Yokoyama][3]; Geoffrey Clark[4]; Tomoko Bell[1]; Jun Kawai[5]
[1] EPS, Univ. Tokyo; [2] IGG, GSJ, AIST; [3] AORI, Univ. Tokyo; [4] CHL, ANU; [5] AEL, KIT

Reconstruction of past geomagnetic field is a key approach to unveil the mystery of geomagnetism and both volcanic an
sediments archives have been employed. However, obtaining accurate chronology is a major obstacle using these samples. |
cently, speleothems, which can be dated by U-series as well as radiocarbon techniques are utilized to study palaeogeomagnet
(e.g. Lascu et al., 2016). However, its weak magnetic signals preserved in samples hinder this archive to be widely used in th
field. A scanning SQUID Microscope (SSM) can image very weak magnetic fields with high spatial resolution could solve this
obstacles though no studies applied for speleothems have been reported to date. In this study, we have conducted paleomagn
measurements on speleothems collected in Tongatapu Island, the Kingdom of Tonga with a SSM.

The stalagmites were obtained at Anahulu cave in Tongatapu island (arouhd& &, 17% 06’ W). The'4C age of the surface
part of the stalagmite is “10 ka and were cut perpendicular to the growing direction of stalagmite and shaped to thickness "0.20
mm before used for measurement. The resolution is a 0.100 mm x 0.100 mm grid and the distance between the SQUID chip ar
the sample at “0.200 - 0.300 mm.

We obtained natural remanent magnetization (NRM) of the average "2 nT by using the SSM. Now we are operating progressiv
demagnetization (5 mT). In this talk, we will present initial results on speleothems.
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High resolution record of paleomagnetic secular variation obtained from Lake Biwa
sediments

# Hirokuni Oda[1]; Yuhji Yamamoto[2]; Yoshio Inouchi[3]
[1]1 IGG, GSJ, AIST; [2] Kochi University; [3] Human Sci., Waseda Univ.

We have conducted measurements on one of the three piston cores taken from Lake Biwa off Takashima (BWK12-2; lengtl
1633 cm). Sediment comprises of clay intercalated with at least 13 ash layers. Thirteen horizons were dated with 14C usin
plant pieces giving a maximum age estimate of more than 40 ka. Paleomagnetic cube specimens, u-channel samples and L
channel samples were taken from the core. Paleomagnetic cube specimens were measured with a SQUID Rock Magnetome
at AF demagnetization steps of 0-80 mT. Results of inclination from the cube samples show an agreement with the paleosecul
variation reported by Ali et al. (1999). For example, Inclination show a minimum of “4® 2600 year BP and a maximum
of “"58° at 3400 year BP, both of which can be correlated with a minimum 'h’ at 2400 year BP and a maximum 'i’ at 2900
year BP presented by Ali et al. (1999), respectively. On this feature, pass-through measuremens on u-channel and LL-chann
samples were conducted both at Geological Survey of Japan and Kochi Core Center. Paleomagnetic results after deconvoluti
for u-channel and LL-channel at two different laboratories with different sensor response functions will be compared togethet
with the results of cube samples. Sensor response optimiazation will also be conducted. Further, the results measured with
scanning SQUID microscope on block samples taken from LL-channel samples will be used for inversion.
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A Revisit to Component Analysis on Remanent Magnetization Curves

# Xiangyu Zhao[1]; Yusuke Suganuma(2]; Masakazu Fujii[2]
[1] Paleomag, NIPR; [2] NIPR

The remanent magnetization curve is favorably measured to estimate the coercivity distribution of geological samples, whict
usually contain more than one magnetic component. As the magnetic components are often indicative of the associated ge
logical or environmental processes, it is therefore desirable to quantify the contribution of individual components to the total
remanent magnetization. This task can be achieved using the so-called unmixing method which fits a mixture model of certail
end-member model distribution to the measured remanent magnetization curve. The lognormal, skew generalized Gaussian a
skewed Gaussian distributions have been used as the end-member model distribution in previous studies, which are perform
on the gradient curve of remanent magnetization curves. However, gradient curves are sensitive to measurement noise as
differentiation of the measured curve exaggerates the noise, which prevents the unmixing method from finding the correct com
ponents. Though either smoothing or filtering can be applied to reduce the noise before differentiation, their effect on biasinc
component analysis is vaguely addressed. In this study, we present a new model function that can be directly applied to th
remanent magnetization curves and therefore avoid the differentiation. The new model function can not only approximate the
lognormal distribution but also present more flexible skewness and kurtosis than lognormal distribution, which is a merit for
modeling the coercivity distribution of complex magnetic component as it could avoid spurious component that is documentec
for the lognormal distribution. The new unmixing protocol is fully automated so that the users can be freed from the tedious
work of providing initial guesses for the parameters for the mixture model and thus the subjectivity of component analysis is
improved. We applied the unmixing method both to model and measured data, and compared the results with that obtained usir
other unmixing methods to better understand their interchangeability, applicability and limitation.
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An offset dipole model for quantification and correction of the effect of inhomogeneous
magnetization or irregular shape

# Kazuto Kodama[1]
[1] Research Center for Knowledge Science in Cultural Heritage, Doshisha University

The key assumption to the measurement of discrete, standard-sized samples in paleomagnetism is that they behave like m:
netic dipole so that the magnetization vector can be determined by successive measurements of components in three orthogo
axes. However, such dipole assumption is not necessarily valid in cases that a sample has strongly heterogeneous magnetizati
irregular shape, or both, and non-dipole components such as quadrupole and octupole are no longer ignorable. Previously, the
non-dipole effects are believed to be present, but in not so systematic manner that affects the measurement significantly. Th
study established a theoretical flamework for the quantification of such non-dipole effects, and found that the non-dipole term:
affect the measurement of the fundamental component with a conventional spinner magnetometer. This was proven by the fa
that theoretical calculations of the model based on multipole expansion are consistent with the experimental data obtained by
specific magnetometer with high spatial resolution. Based on these results, a new analytical method is proposed to better doc
ment how dipolar a sample is, to quantify the non-dipolar effect in terms of an offset dipole, and to detect the dipole componen
of a non-dipole sample.
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Magnetic instability and dynamo action in the Earth’s core

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

There are many unknowns on the Earth’s dynamo action because numerical simulations with Earth-like parameters are difficul
Theoretical modeling is also difficult because the geodynamo is essentially nonlinear. Here | propose a simple model that ma
explain how the geomagnetic field intensity is determined. The model consists of two processes; the alpha effect and the magne
instability. The former creates an axisymmetric magnetic field (e.g., a magnetic dipole) through interaction of non-axisymmetric
(higher order) magnetic fields and fluid flows. The latter creates non-axisymmetric magnetic field through natural instability
of an axisymmetric (toroidal) magnetic field. The idea is that the magnetic energy spectrum is determined so as to balance tr
magnetic energy transports between the axisymmetric and non-axisymmetric parts. | report recent results on magnetic instabili
and discuss the critical toroidal-field intensity, the critical wavenumber, and linear growth rate that may be plausible in the Earth’s
core condition. | also discuss whether this simple model can explain Earth and planetary magnetic field intensity.
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Analyzing the geomagnetic declination in early 19 century in Japan from
Santouhouikireport 6.

# Motohiro Tsujimoto[1]
[1] none

The Santouhouiki is a national treasure of Japan consist of 67 volumes data of approximately 200,000 magnetic compa:s
survey azimuth data by Odegree 5min unit in 1800 to 1816,cover from eastern Hokkaido to Yakushima recorded by map surveye
Tadataka Inoh.We execute interdiscplinary and simultaneous analysis ofreal zimuth,magnetic declination,the position of the
survey target points, precise position of survey refeence point where the value of declination to any target points are similar
We analyzed declination 207 points in Japan.NOAA's Histoical Declination viewer according to Andrew Jackson’s Gufm1l are
lack of the declination data in Japan from 17th centurry to 19 centuryequal to the term of national isolation of Japan. We mus
introduce the declination data analyzed from Santouhouiki to NOAA.
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Paleodirection study of reconstruceted kiln

# Tadahiro Hatakeyamal1]; Yuhji Yamamoto[2]; Yu Kitahara[3]; Takeshi Saito[4]
[1] IPC, Okayama University of Science; [2] Kochi University; [3] ISGS, Kyushu Univ.; [4] Geology, Shinshu Univ.

Our recent archeomagnetic studies revealed the archeodirections from oriented baked earths from kilns, ovens and other
tificially baked materials, and the direction of each age is almost consistent with the direction from the secular variation curve
provided.

In this study, we show the results the paleomagnetic direction measurements from the floor of the kiln which was recent oper
ated in order to confirm the paleodirection and the field direction observed.

The material for the paleomagnetism was sampled from the reproduced Sue ware kiln, which was operated in anoxic enviror
ments and up to the temperature of 1100-1200 C. The remanent magnetization shows higher intensity, lower concentration ar
higher broken-field of the second remanence than the results from actual archeomagnetic studies. The characteristic directi
shows the almost exact declination and slightly shallower inclination than the observed field. The shallower inclination is likely
due to macroscopic anisotropy caused by the high magnetic intensity.
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On the suppression of CRM in demagnetization furnaces by the reductive chemical
demagnetization (a preliminary study)

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

Sedimentary rocks often have secondary components of chemical remanent magnetizations (CRM) during post depotion:
processes, lithification, diagenesis, and/or later chemical events, in addition to the detrital remanent magnetization (DRM). Thes
secondary components are carried by iron-oxides, hydroxides, and/or sulfides. Some sedimentary rocks contain high-coercivi
magnetic minerals (e.g. hematite), which cannot to be demagnetized by alternating field demagnetization (AFD). Such sample
are usually submitted to thermal demagnetization (TD). But thermal alterations at higher temperature steps often introduc
spurious CRM, which mask the primary component. Those spurious CRM would be due to magnetite grains transformed in the
furnace from ferric minerals precipitated from the water flowing the channel between sedimentary grains. The siltstones anc
calcareous nodules taken from the Upper Cretaceous Himenoura Group, in Kumamoto Japan, is one of the examples. In order
avoid such spurious CRM, we tried Reductive Chemical Demagnetization(RCD) to remove the ferric minerals which might bear
the magnetic minerals in the furnace. The method of RCD is already reported in the 138th and 140th Society of Geomagnetisr
and Earth, Planetary and Space Sciences, as an application to the reef-limestones. We tried the method to the siltstones tal
from the Upper Cretaceous Ezo Group and performed several rock magnetic measurements.

A pair of samples are prepared by splitting the standard paleomagnetic core. One of the samples is submitted to RCD, ar
the other remain intact. The RCD is performed dipping the sample in the etchant (recipe: Ascorbic acid 5%, buffered by
sodium bicarbonate, adjust it to around pH=5.6, ORP=-50mv) for 72 hours. We submitted both the samples to the strong-fielc
thermomagnetic analyses. As the result, the sample without RCD shows slight Js drop at 150 degrees Celsius and 350degre
Celsius, followed by abrupt Js rise at 400 degrees Celsius. Increase of Js makes a peak at 450 degrees Celsius and it sloy
decrease up to the Curie temperature of hematite at 680 degrees Celsius. On the other hand, the abrupt Js ascent at around
degrees Celsius was not seen in the RCD sample, while the Js drops at 150, 350, 580 and 680 degrees Celsius are the same a
other. This result suggests that the ferric minerals which make CRM at around 450 degrees Celsius are removed by RCD. Tt
RCD procedure may work with other sediments which are suffered from the in-furnace CRM.
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Inverse magnetic fabric of anisotropy of magnetic susceptibility in tsunami deposits

Shusaku Kon[1]; # Norihiro Nakamura[2]; Hiroyuki Nagahamal[3]
[1] Nippon Koei Co., Ltd.; [2] IEHE, Tohoku Univ; [3] Earth Sciences, Tohoku Univ.

Preferred orientation of minerals (e.g., mineral fabric) preserve information about depositional processes that can be used:
reconstruct flow orientation of sediments and magma. Anisotropy of magnetic susceptibility (AMS) is a proxy for determining
the preferred orientation of magnetic minerals. Given that magnetic minerals, such as magnetite, mimic the alignment of rock
forming minerals, this technique is the easiest and quickest technique used to measure paleo-flow directions. Since the 20!
Indian Ocean Tsunami, this technique has been used on recent- and paleo-tsunami deposits to try to extract tsunami’s informatic
However, it is unclear if the alignment of magnetic minerals measured by AMS are an accurate proxy for the tsunami’s flow
direction. Although some studies clarified that AMS can mimic magma flow directions by distribution anisotropy, it has not been
interpreted the mechanism for unconsolidated sediments yet. It needs a verification to compare the results between AMS ar
the other magnetic anisotropy technique. Kon et al. (2017) used anisotropy of anhysteretic remanence magnetization (AARM
that can trace the alignments of remanence-carrying single-domain magnetic mineral. The AARM results indicate that lowel
susceptibility samples of tsunami deposits showed ’inverse magnetic fabric’ where magnetic axes are interchanged. In thi
case, AMS cannot be used to determine paleo-flow direction. Based on this result, AMS methods alone may not be enough 1
measure paleo-flow directions from tsunami deposits. In this presentation, we explain such discrepancy by fabric tensor and al
stereology. This understanding will help to estimate paleo-flow directions of unconsolidated sediments and also igneous rocks.
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Effects of core electrical conductivity on the modeling of core surface flow in a
magnetostrophic state

# Masaki Matsushima[1]
[1] Dept Earth & Planetary Sciences, Tokyo Tech

Convective motions in the liquid outer core generate and maintain the Earth’s magnetic field. It is possible to estimate fluid
motions near the core surface from spatial distribution of the geomagnetic field and its temporal change known as secular vari
tions. Many core surface flow models have been estimated so far on the basis of the frozen-flux hypothesis, where the magne
diffusion term in the induction equation is neglected. It should be pointed out, however, that contribution of magnetic diffusion
to temporal changes of geomagnetic field cannot be neglected in a viscous boundary layer at the core-mantle boundary (CMB
Hence, a unique approach to the modeling of core surface flow has been devised by Matsushima (GJI, 2015). In the metho
magnetic diffusion within the viscous boundary layer is assumed to be influential in secular variations of geomagnetic field,
whereas it is neglected below the boundary layer. Matsushima (2015) adopted the tangentially geostrophic constraint for the co
flow below the viscous boundary layer.

Matsushima (SGEPSS, 2016) took into account the dynamic effect of magnetic field, and investigated core surface flow base
on the tangentially magnetostrophic constraint. It turned out that the core surface flow estimated under influence of the magneti
field is definitely different from that on the geostrophic constraint. The electrical conductivity of core fluid is of significance in
estimating a core surface flow. In fact, the Lorentz force depends on the electrical conductivity. Also, contribution of magnetic
diffusion to temporal change of geomagnetic field depends on magnitude of magnetic diffusivity, or the electrical conductivity
of core fluid. Furthermore, the radial component of the geomagnetic field just within the core is calculated from the radial com-
ponent and its partial derivatives with respect to the radius, using a Taylor expansion at the core surface; the second derivative
obtained from the magnetic diffusion at the core surface. Hence, in this presentation, the effect of electrical conductivity of core
fluid on core surface flow modeling is investigated.
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A study of the required Rayleigh number to sustain dynamo with various inner core
radius

# Yuki Nishida[1]; Yuto Katoh[2]; Hiroaki Matsui[3]; Atsushi Kumamoto[4]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] UC Davis EPS; [4]
Dept. Geophys, Tohoku Univ.

It is widely accepted that the geomagnetic field is sustained by thermal and compositional driven convections of a liquid
iron alloy in the outer core. The generation process of the geomagnetic field has been studied by a number of MHD dynam
simulations. Recent studies of the Earth’s core evolution suggest that the ratio of the inner solid core tadhgesauter liquid
core radius g changed from'r, = 0 to 0.35 during the last one billion years. There are some studies of dynamo in the early Earth
with smaller inner core than the present. Heimpel et al. (2005) revealed the Rayleigh humber Ra of the onset of dynamo proce:
as a function of #r, from simulation, while paleomagnetic observation shows that the geomagnetic field has been sustained for
3.5 billion years. While Heimpel and Evans (2013) studied dynamo processes taking into account the thermal history of the
Earth’s interior, there were few cases corresponding to the early Earth. Driscoll (2016) performed a series of dynamo based on
thermal evolution model. Despite a number of dynamo simulations, dynamo process occurring in the interior of the early Earth
has not been fully understood because the magnetic Prandtl numbers in these simulations are much larger than that for the act
outer core.

In the present study, we performed thermally driven dynamo simulations with different aspect/ratiad. 15, 0.25 and 0.35
to evaluate the critical Ra for the thermal convection and required Ra to maintain the dynamo. For this purpose, we performe:
simulations with various Ra and fixed the other control parameters. That is, the Ekman, Prandtl, and magnetic Prandtl numbe!
were fixed to be E = 1%, Pr= 1.0, and Pm = 3.0, respectively. For the initial condition and boundary conditions, we followed
the dynamo benchmark case 1 by Christensen et al. (2001). In this model, the inner core is electrically insulating and co-rotatin
with the core-mantle boundary. The results show that the critical Ra increases with the smaller aspett, rafiotical Ra =
60, 100 and 200 are required fofr, = 0.15, 0.25 and 0.35 cases. The required Ra to sustain dynamo has similar behavior to the
critical Ra: Ra>200, 200 and 400 are required fofry = 0.15, 0.25 and 0.35 respectively. These tendencies are consistent with
the results of Heimpel et al. (2005) for dynamo process in a large magnetic Prandlt number.

In this study, we performed dynamo simulations in the early Earth with different aspect ratio. It is confirmed that larger
amplitude of buoyancy is required in the smaller inner core to maintain dynamo.
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Kinematic dynamo action driven by top-down compositional convection

# Hinami Taniguchi[1]; Futoshi Takahashi[2]
[1] Kyushu Univ.; [2] Kyushu Univ.

The terrestrial bodies that maintain their intrinsic magnetic fields have dynamos in the fluid cores, in which convection is
driven in various ways. As for compositional convection in the Earth’s core, it is light element ejection into the outer core caused
by inner core growth that fuels compositional buoyancy. In a body, iron ejection due to solidification of iron could occur at the
core-mantle boundary under a certain condition, and the solidified iron falls downward like snow drop, that is so-called "iron
snow”, which would also power compositional convection. It strongly depends on temperature-pressure conditions and bulk
sulfur content in the core which sort of compositional buoyancy contributes to convection. In this study, we focus on the iron
snow process, which would happen at temperature and pressure lower than those in the Earth’s core, and the associated dyne
mechanisms.

First, to understand a basic flow structure and properties of iron snow convection, onset of compositional convection in rotating
spherical shells is studied as a linear stability problem. We consider the Boussinesq fluid contained in rotating spherical shells
of which radius ratio in the shell is 0.2. The linearized governing equations, that is, the momentum equation and the transpor
equation of composition, are solved as an eigenvalue problem at the Ekman numbe? ofAs0a result, we find the critical
Rayleigh number of 36854, and the critical azimuthal wavenumber of four.

Then, using the eigen-mode velocity field, we solve a kinematic dynamo problem by time-stepping the magnetic induction
equation. Stability of the initial dipole magnetic field is investigated. As the control parameter is the magnetic Reynolds number
in the kinematic dynamo problem, we search for the critical value, at which growth rate of the initial dipole field is zero. Then,
we examine spatial structure of the fastest-growing mode, its amplification process, and sustenance mechanisms of the dipo
i.e. the Bullard process.
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Preliminary study of detecting jerk-like magnetic secular variation in a numerical
dynamo model (II)

# Yoshiki Manabe[1]; Futoshi Takahashi[2]
[1] Earth and Planetary Sciences, Kyushu Univ.; [2] Kyushu Univ.

The geomagnetic field, which is generated by the geodynamo, varies in a wide range of time scale. Focusing on short tim
scale variation, it is well known that a sudden and abrupt change in the first time derivative of the magnetic field (a V-shape-like
change) occurs in typically one-year time scale. This abrupt change is called the geomagnetic jerk. Although we don't fully
understand the mechanism of the geomagnetic jerk, it is said that the geomagnetic jerk is an internal origin in a broad sense.
this study, we examine magnetic field variation using a result of numerical dynamo simulation in order to see whether or not
any jerk-like variation could be observed in the numerical model. The adopted values of the Ekman number in the model is
3x10-5. We investigate the magnetic field at the core-mantle boundary and the surface truncated at spherical harmonic degree :
according to geomagnetic observations. In the previous report at the JpGU Meeting 2017, we showed a difficulty to calculate thi
first and, especially, second time derivatives with finite differencing due to rounding error. In order to resolve the problem, we
have examined time-series of all the modes of Gauss coefficients, that is, 168 modes. It is found that the low-degree modes su
as dipole and quadrupole, which slowly vary with respect to time, are most seriously contaminated by the effect of rounding.
On the other hand, many of higher-degree modes, which shows more rapid temporal change, are less contaminated. Based
the analysis, we tried some other methods. Among them, smoothing time-series of Gauss coefficients turns out to be a usef
method. We calculate time derivatives of Gauss coefficients as in the following way: (1) the first time derivative is calculated by
finite differencing, (2) smoothing curve of the first time derivative is calculated, (3) the second time derivative is evaluated from
the smoothed curve. Using the time derivatives obtained by the procedure, we investigate global secular variation and secul
acceleration to search for any jerk-like rapid magnetic field change. We will report details of the analysis methods and results o
the investigation.
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