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Unmixing magnetic hysteresis loops of subaerial basalts

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

Magnetic hysteresis measurements are extensively performed to characterize magnetic mineral assemblages in rocks and s
iments. Especially subaerial basalts contain abundant magnetic materials and have provided reliable hysteresis data even da
back to the age of low-sensitivity vibrating sample magnetometer. However, hysteresis data have remained underutilized; Ju
a few hysteresis parameters, such as coercivity or saturation magnetization, are obtained from the hysteresis data when drawi
inferences on underlying magnetic assemblages.

Decomposition of isothermal remanent magnetization (IRM) acquisition curves is widely used to quantify mixed magnetic as-
semblages. In addition to fitting with parametric distribution functions, a linear unmixing is currently employed to separate IRM
acquisition curves into several meaningful magnetic components. The linear unmixing has a crucial advantage in not requirin
any assumption on basis functions.

The hysteresis data of recent or historical subaerial basalts, collected from Izu-Oshima and Miyakejima islands, were analyze
with the linear unmixing. These samples cover entire lava sections including upper clinker, interior, and lower clinker, and some
samples were taken from scoria. The primary magnetic mineral is titanomagnetite with a wide range of Curie points spanning
150-580 degC. In some samples dual or triple Curie points were identified for a single specimen. The hysteresis loops exhibit
variety of shapes from potbelly to wasp-waisted, which seems to be related to the Curie points, that is, the ulvospinel content o
titanomagnetite.

Hysteresis loops were preprocessed before applying the linear unmixing as fulfilling inversion symmetry of the upper and
lower branches of loops [Jackson and Solheid, 2010]. The center of the loops were adjusted to the origin and the drift during
loop measurement was corrected so as to compensate for the failure of loops to close. The maximum field of 1 T was not enouc
to saturate high-Ti titanomagnetite, therefore the approach-to-saturation analysis was employed to determine paramagnetic st
ceptibility instead of conventional linear fitting for a 0.7-1.0 T interval.

Remanent and induced hysteresis curves were calculated from the hysteresis loops and constituted a data matrix for the line
unmixing. This time | used the SISAL algorithm that was originally developed for unmixing hyperspectral data [Heslop and
Roberts, 2012]. The data matrix was decomposed into a mixing matrix containing several end-members and a matrix holdin
the respective fractions. The end-member loops have characteristic shapes corresponding to high-Ti titanomagnetite, nearly pt
magnetite and their grain sizes, and the fractions quantify a mixing ratio of magnetic components comprising hysteresis loops.
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Pulsed-field relaxation and high-frequency-field hysteresis

# Kazuto Kodama[1]
[1] Kochi Core Center, Kochi Univ.

Dynamic magnetizations in time domain and frequency domain were measured on different kinds of natural samples (igneou
rocks and sediments). In the time domain, the rapid decay of magnetization after switching off a pulse was measured with variabl
pulse lengths (10°s to 1072s) and amplitudes (0.5 mT to 0.7 T). Hysteresis curves were measured in one cycle of positive and
negative pulses with the different rate of field variation. In the frequency domain, low-field magnetic susceptibility was measured
over the frequency rage (1 kHz to 500 kHz) corresponding to the pulse lengths in the time domain measurements. The hystere:s
curves were broadly comparable to the corresponding portions of the hysteresis loops measured by a quasi-static method usi
a VSM. The dynamic coercivity, defined as the intersect with the abscissa in the negative field regime, increased as the puls
length reduced or the pulse peak increased. In strong fiel@s5(T), irrespective of the kinds of samples, small amount of
magnetization remained at the end of a pulse and decayed exponentially with the time constant being a few ms. In weak pulse
fields, no such rapid relaxation was observed with the volcanic rocks except the sediments and soils rich in superparamagnet
(SP) particles. These results suggest that the relaxations in the strong fields could be due to the dynamics of the domain walls
the MD particles of the volcanic rocks, while those in weak fields may be ascribed to the SP particles present in these sediment
Results in the frequency domain were presented in the form of the frequency spectrum of the real and imaginary component
of complex susceptibility. Comparisons and interpretations of the data in these different domains were made in terms of the
relaxation times. Discussions on the numerical transformation of these data as well as their rock magnetic implications will be
provided.
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Evaluation and correction of data obtained by scanning SQUID microscope: Noise, Drift
and Positioning

# Hirokuni Oda[1]; Masahiko Sato[2]; Isoji Miyagi[3]; Jun Kawai[4]; Atsushi Noguchi[5]; Yuhji Yamamoto[6]; Chuang
Xuan[7]
[1]1IGG, GSJ, AIST; [2] IGG, GSJ, AIST; [3] GSJ,AIST; [4] AEL, KIT; [5] Kochi Univ.; [6] Kochi University; [7] National
Oceanography Centre Southampton

We have developed a scanning superconducting quantum interference device (SQUID) microscope (SSM) for imaging mag
netic field distribution of geological rock samples. The distance between the SQUID and the sample can be calibrated witt
magnetic field generated with a precision dc-current applied to a thin and long wire. Here we show evaluation and correction o
data obtained by SSM including noise and drift of the system and positioning of geological samples. First, noise of the systen
and the environment was evaluated based on the measurements with and without XY stage. Second, drift of the system and t
environment was evaluated and corrected based on the measurements with crossings in X and Y directions. Third, the magne
field image of a geological sample was assigned precisely to the optical image based on two artificial magnetic dipole place
on a sample holder outside of the geological sample as magnetic markers. We adopted FeCo as a material for the dipole with
500-nm-thick layer deposited on a silicon substrate with DC-sputtering. The whole evaluation, correction and assignment coul
be easily conducted with a MATLAB software under development.
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Investigation of pedogenic nanoparticles causing magnetic enhancement in Chinese
loess sediments

# Takuroh Sano[1]; Masayuki Hyodo[2]; Megumi Matsumoto[3]; Yusuke Seto[1]; Tianshui Yang[4]
[1] Planetology, Kobe Univ.; [2] Research Center for Inland Seas, Kobe Univ.; [3] CSREA, Kobe Univ.; [4] Earth Sciences,
China Univ. Geosciences

Paleoclimatic signals have been recorded in various ways in Chinese loess sediments. Enhanced magnetic susceptibility (M
of paleosol, about ten times higher than loess at most, is reflected by pedogenesis, the degree of which depends on intensity
summer monsoon. MS of loess-paleosol sediments is used even as a tool to estimate summer monsoon intensity, especially pal
precipitation. However, these interpretations and application of magnetic enhancement are theoretically vulnerable because t
pedogenic magnetic particles causing magnetic enhancement have never been detected.

In this study, we search for a detritus grain size band that is concentrated with pedogenic magnetic particles, using loes:

paleosol sediment samples from a sequence from loess L8 to paleosol S8 in Lingtai, central Chinese Loess Plateau. MS rang
from 317123 E-8ri/kg for sequence L8-S8. We selected 2 specimens showing lowest (L8: 29 /KegBrand highest (S8:
113 E-8ni/kg) MS, which reflect extremely low and high degree of pedogenesis in each sequence respectively. The following
experiments were conducted. First, we divided bulk samples into 3 subsamples with different grain size bands (D1: over 1(
micrometers, D2: 10”1 micrometers, D3: below 1 micrometer). Trial and error was repeated to find a method of separatior
with small sample loss (below 1 % in sample mass). Second, we estimated their magnetic contribution to bulk magnetism b
measuring MS. Third, we conducted IRM component analysis, magnetic hysteresis and thermomagnetic measurements to obtz
more information for each subsample.

Assuming that the effect of pedogenesis is negligible for loess sample with the minimum MS (29Ig&8mamely original
MS of aeolian detritus is kept, the paleosol sample with the maximum MS (113%&@hwould have been subjected to an
intensive magnetic enhancement by a 290 % increase in MS. Contributions to the enhancement differ with grain size bands;
% for D1, 45 % for D2, and 32 % for D3. Frequency dependence (FD) of MS that reflects the amount of super-paramagnetic
(SP) particles for bulk samples is 5.2 for loess and 19.0 for paleosol, showing a large increase by 265 % due to pedogenesi
The pedogenic increase in FD of MS was calculated for each grain size band as 5 % for D1, 70 % for D2, and 30 % for D3.
Thus, it is clear that pedogenically neoformed magnetic grains are concentrated in D2 and D3 bands, significantly contribute
by SP particles. However, we note that the absolute values of MS in unit ofFgrare 49.4 for D2 and 28.6 for D3, and
FD in unit of E-8n/kg are 10.8 for D2 and 4.4 for D3. These results of MS measurements suggest the pedogenic magnetic
particles are mainly concentrated in D2. In addition, the results of magnetic experiments mentioned above suggest that th
pedogenic magnetic particles are ferrimagnetic particles with low coercivity such as magnetite or maghemite. Considering grail
size of SP magnetite/maghemite particles being less than approximately 50 nanometers, the pedogenic SP particles must exis
detrital silicate minerals as inclusions. Results of other loess-paleosol sequences and TEM observations will also be shown |
the presentation.
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Distribution of magnetofossils in deep-sea surface sediments with Fe-redox boundary

# Toshitsugu Yamazaki[1]; Yohey Suzuki[2]; Noriko Kawamura[3]; Koji Seike[4]; Yukihiro Sakuramoto[5]; Natsumi Okutsu[6]
[1] AORI, Univ. Tokyo; [2] Univ. Tokyo.; [3] JCGA,; [4] AORI, Univ. Tokyo; [5] AORI, Univ. of Tokyo; [6] none

http://ofgs.aori.u-tokyo.ac.jp/member-j.html

Magnetotactic bacteria are considered to be microaerophilic and most commonly live near or below the Fe-redox boundary (th
oxic-anoxic transition zone). However, common occurrence of magnetofossils in Pacific red clay (Yamazaki and Shimono, 2013)
which contains abundant dissolved oxygen and does not have a Fe-redox boundary, suggest that some species of magnetota
bacteria live in an environment without a strong chemical gradient. In order to contribute to better understanding of the ecology
of magnetotactic bacteria in deep-sea sediments, we have studied magnetofossils within surface sediments of the Japan S
where the Fe-redox boundary is known to occur several to tens of centimeters below the seafloor, with rock-magnetic technique
and TEM observations. Undisturbed surface sediments were taken with a multiple corer during the R/V Shinsei-maru KS-14-
13 cruise in 2014. From dissolved oxygen and Fe (Il) contents of interstitial water and color reflectance of the sediments, the
Fe-redox boundary was clearly detected at 7 to 25 cm below the seafloor at three sites. The sediments consist of silty cla
and water depths of the three sites range between 1770 to 2710 m. In the component analyses of IRM acquisition curves,
magnetic component that has a mean coercivity of "65 mT and a small dispersion parameter (DP) occurs, which corresponc
to the biogenic hard (BH) component of Egli (2004). At all three sites, the proportion of this component increases just below
the Fe-redox boundary, which is associated with an increase in the ratio of ARM to SIRM. These results suggest increase
abundance of magnetofossils with elongated morphologies like hexagonal prism and tear drop. On the other hand, FOR!
diagrams show sharp central ridges indicative of magnetofossils throughout the sediment columns regardless of the distan
from the Fe-redox boundary, even at the sediment-water interface. The occurrence of magnetofossils was confirmed by TEI
observations; magnetofossils are abundant in all samples, and all three major morphologies, octahedron, hexagonal prism, a
tear drop, were observed. These results suggest that although some species of magnetotactic bacteria living in marine sedime
prefer a chemical condition near the Fe-redox boundary, others may be aerotolerant and live in oxic environments. Wher
the Fe-redox boundary occurs at a large depth, say tens centimeters or more, a zone of remanent magnetization acquisition
sediments rich in magnetofossils is expected to be very wide, which results in much delayed remanence acquisition with loss c
high-frequency signals.
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Role of Magnetite in Serpentinization: Insights from Rock Magnetic Properties of
Abyssal Peridotites

# Masakazu Fuijii[1]; Kyoko Okino[2]; Hiroshi Sato[3]; Taichi Sato[4]; Kentaro Nakamura[5]; Toshitsugu Yamazaki[6]
[1] UTokyo; [2] AORI, Univ. Tokyo; [3] Senshu Univ.; [4] AIST; [5] UTokyo; [6] AORI, Univ. Tokyo

Magnetic properties in serpentinized peridotites are of increasing interest in seafloor mapping and petrologic studies becau:
such data can promote the understanding of serpentinization reactions and hydrogen creation in ultramafic rocks. In order |
reveal the magnetic properties and magnetite growth in serpentinized peridotites, we have analyzed 30 serpentinized peridoti
samples from a non-transform offset massif called the Yokoniwa Rise in the Central Indian Ridge. The results from multiple rock
magnetic analyses and petrological observations illustrate the details of the creation and growth of magnetite in serpentinize
peridotites that have undergone 17-100% serpentinzation. The magnetic carrier of these samples is pure magnetite, which c
not suffer from maghemitization (low-temperature oxidation). The magnetic susceptibility ranged from 0.002-0.087 Sl and
increased nonlinearly with the progression of the serpentinization reaction. The natural remanent magnetization intensities c
0.2-8.4 A/m are comparable to those of basalts, which suggests that the remanence as well as induced magnetization of higt
serpentinized peridotite can contribute to magnetization of the oceanic lithosphere. The amount of magnetite estimated fror
saturation magnetization increased nonlinearly from 0.1 wt% to 5.5 wt% with the progression of the serpentinization. Highly
serpentinized peridotites have a well-developed serpentine mesh texture. Pseudo-single-domain (PSD) and multi-domain (ML
grains were formed during igneous processes in the mantle domain and/or during the initial stages of serpentinization. Supe
paramagnetic (SP) particles were formed during the initial stages of serpentinization. Single-domain (SD) magnetite was forme
during the later stage of serpentinization, and it is assembled inside of mesh structures composed of needle-like grains with strot
magnetostatic interactions.
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Full waveform inversion for 3D S-velocity structure in the D” region

# Kenji Kawai[1]
[1] Tokyo Univ.

http://kenjikawai.jimdo.com/

We formulate the inverse problem of waveform inversion for localized 3-D seismic structure, computing partial derivatives of
waveforms with respect to the elastic moduli at arbitrary points in space for anisotropic and anelastic media. In this study we
minimize computational requirements by using the Born approximation with respect to a laterally homogeneous model, but this
is not an inherent limitation of our approach. We solve the inverse problem using the conjugate gradient (CG) method, using
Akaike’s Information Criterion (AIC) to truncate the CG expansion. We apply our method to invert for 3-D shear wave structure
in the lowermost mantle beneath Central America using a total of 2154 waveforms at periods from 12.5 to 200 s recorded a
stations near the Pacific coast of North America for 29 deep and intermediate-depth events beneath South America. The resultil
model shows lateral heterogeneity in the E-W direction, which may be associated with a subducted cold slab surrounded b
hotter materials with slower velocities. Various tests show that our model is robust.
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Viscous core-mantle coupling and core surface flow in a viscous boundary layer

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

Secular variations of the Earth’s magnetic field are caused by fluid motions in the electrically conducting core. Such core flows
can be derived from the spatial distribution of the geomagnetic field and its temporal variation. Core flow models thus derived
contain useful information on a realistic geodynamo mechanism, a physical state at the core surface, coupling of the core wit
the mantle which may have relation to the LOD (length of day), or the Earth’s rotation rate, and so forth.

Most of core surface flow models have been obtained on the basis of the frozen-flux hypothesis, which is likely to be valid
for a time scale much shorter than the geomagnetic diffusion time scale. The magnetic diffusion term is then neglected in the
induction equation. It should be noted that a boundary layer at the core-mantle boundary (CMB) is presumed to be infinitely
thin. In reality, however, its thickness would be finite, and the effect should be taken into account to estimate core flows near the
CMB.

A new method to derive the core surface flow has been developed by Matsushima (2015); that is, the magnetic diffusion i
incorporated inside a viscous boundary layer at the CMB, while it is neglected below the boundary layer as in the frozen-flux
approximation. Temporal variations of core surface flows thus estimated have information on phenomena related with possibl
core-mantle coupling such as a geomagnetic jerk, the LOD, spin-up/spin-down of core flows, and so on. In particular, core
surface flows inside the boundary layer show an interesting feature in relation with Earth’s rotation.
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Transitions of convection patterns in thermal convection under a magnetic field

# Takatoshi Yanagisawa[1]; Ataru Sakuraba[2]; Yozo Hamano([3]; Yuji Tasaka[4]
[1] D-EARTH, JAMSTEC,; [2] Dept. of Earth and Planetary Science, Univ. of Tokyo; [3] JAMSTEC,; [4] Eng, Hokkaido Univ.

Large-scale flow structure in the outer core and its variation may have relation to the geomagnetic field generation and polarit
reversals. To study fundamental spatial structures of convective flow and their time variations, we performed both laboratory an
numerical simulations of Rayleigh-Benard convection of an electrically conductive low-Prandtl-number fluid under a uniform
horizontal magnetic field. The flow pattern is constrained, as the axes of convection rolls tend to align in the direction of the
horizontal magnetic field. Transitions of flow structure such as repetition of reversals of flow direction occur when the intensity of
the magnetic field is in a limited range for a given Rayleigh number. By analyzing both the laboratory experiments and numerical
simulations, we clarified the process of transitions as well as their mechanism. The process can be regarded as an interacti
between aligned convection rolls and global-scale mean flow. The occurrence of global circulation bends the aligned rolls ir
a style of the skewed-varicose instability and induces roll number reduction. In the other point of view, the transitions can be
regarded as a competition between two flow modes having different roll numbers. To extract the fundamental flow structures an
to quantify the mean roll number existing in time varying flow patterns, we utilize the proper orthogonal decomposition (POD)
analysis. We succeeded in identifying competitive modes with time variations of their amplitudes. Convective flow regimes seer
in the present setting are clearly classified by a few fundamental flow modes and variations of their relative intensities in time.
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Experimental constraints on the electrical and thermal conductivity of the Earth’s
core-mantle boundary

# Kenji Ohta[1]
[1] EPS, Tokyo Tech

http://www.geo.titech.ac.jp/lab/ohta/Obtab. HP/Ohtal ab.Home.html

Heat in the Earth’s interior is transported by convection in the mantle and core, and by conduction at thermal boundary layers
The electrical and thermal conductivity at the core-mantle boundary region determines the magnitude of heat flux from the core
and in intimately related to the formation of mantle plumes, the long-term thermal evolution of both mantle and core, and the
driving force for generations of the geomagnetic field [1]. However, it is very challenging to directly determine the electrical
and thermal transport properties of core and mantle materials at the core-mantle boundary conditions, 136 GPa and “4000 |
Therefore, the thermal conductivity in this region has been predicted to be 10'Wmn for the lowermost mantle and 30
Wm~1K~! for the outermost core based on large pressure and temperature extrapolations of laboratory data [2]. These value
have been widely used for simulation of the mantle and core dynamics, and estimation of core heat flux. Recent technical progre:
both in the high-pressure experiment and the theoretical calculation enables us to reveal high pressure and high temperatt
behavior of thermal conductivities of lower mantle minerals and core materials. Our recent experimental studies regarding th
electrical and thermal conductivity of core and mantle materials indicate below.

1. Our results showed that the thermal conductivity of a mixture of Mg®i@gmanite and MgO periclase which are main
constituents of Earth’s lower mantle was about 11 Wik~ at the core-mantle boundary conditions, which is consistent with
conventional estimate [3,4].

2. We found the electrical conductivity of pure iron which is main component of the Earth’s core was two to three times higher
than conventional estimates at the core-mantle boundary conditions, which means the thermal conductivity of core also had muc
higher value [5].

These results are in good agreement with recent theoretical calculations. Our results if the thermal conductivities of the
lowermost mantle and the outermost core support the recent notion go high core-mantle boundary heat flow, implying rapic
secular cooling, an inner core younger than 1 Giga years, and ubiquitous melting during early Earth [5].
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M TOBRERIZIIB X Z 11 WimIK & B EOHEEHE &AM TH % [3,4]

2. ATV DERDTHZMMPDAT —< ¥ MV TOBXULELIIMERO TRED 2 ~ 355 <, o ida”
DOBMLERE CNFETOFHED 2~ 3HEENT EEEKT S [5].
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Rock-magnetic properties of single zircon crystals sampled from the Yangtze River

# Masahiko Sato[1]; Shinji Yamamoto[2]; Wei Du[3]; Hirokuni Oda[4]; Jun Kawai[5]; Masao Ohno[6]; Hideo Tsunakawa[7];
Shigenori Maruyama[8]
[1] IGG, GSJ, AIST; [2] The University of Tokyo; [3] Dept. Earth and Astronomy, The University of Tokyo; [4] IGG, GSJ,
AIST; [5] AEL, KIT; [6] Division of Earth Sciences, SCS, Kyushu Univ.; [7] Dept. Earth Planet. Sci., Tokyo TECH; [8] ELSI,
Tokyo Tech

Geomagnetic field paleointensity data provide critical information about the thermal evolution of the Earth, and the state of the
geomagnetic field has been shown to be closely related to the surface environment. While it is pivotal to understand the variatior
in geomagnetic field intensity throughout the history of the Earth, data are still too scarce to resolve billion-year-scale geomag
netic field variation. This is primary because of the lack of geological samples for older eras, which often result in unsuccessfu
paleointensity experiments.

This study focuses on a paleointensity experiment using single zircon crystal. Zircon crystals play an important role in paleo-
magnetic studies because they have several mineralogical advantages: (1) they commonly occur in crustal rocks, (2) precise &
determinations with U-Th-Pb and (U-Th)/He analyses are possible, and (3) they have highly resilient responses to alterations ar
metamorphism.

Recently Sato et al. (submitted) reported the rock-magnetic properties of the single zircon crystals sampled from the Nakagaw
River, which crosses the Tanzawa tonalitic pluton in central Japan. They demonstrated that the various rock-magnetic propertie
such as natural remanent magnetization (NRM), isothermal remanent magnetization (IRM), hysteresis parameters, and transiti
temperature could be measured using the standard magnetometers (SQUID magnetometer, MPMS, and AGM). Combining the
rock-magnetic parameters, they proposed the sample selection criteria for paleointensity experiments using single zircon crysta

In this study, we conducted rock-magnetic measurements for 1050 single zircon crystals sampled from the Yangtze River. Zir
con crystals from the Yangtze River showed four peaks in the age distribution with the highest peak at 0.3-0.5 billion years ago
second one at 0.8 to 1.0 billion years ago, third one at 1.8-2.0 billion years ago and a minor peak at 2.5 to 2.7 billion years ag
(Rino et al., 2008), and we can effectively collect the zircon crystals with crystallization ages for the last 1.0 billion years ago.

The NRM intensity (Myras) of the single zircon crystals varied from 18 to 107 Am?2, and 102 crystals (9.7%) had
M nras larger than 4 x 10'2 Am?2. For 86 zircon crystals with Mz, larger than 5 x 1012 Am?, low-temperature demagneti-
zation (LTD) treatment was conducted and the memory (NRM intensity after LTD treatmeni; M p) was measured. The
Mnry—Tp/M N R Values were larger than 0.45, suggesting that the zircon crystals may have stable remanent magnetizatior

Now we plan to measure IRM intensity and hysteresis loop. Combining the rock-magnetic parameters for the zircon crystals
we will discuss the feasibility of the paleointensity experiment using single zircon crystals from the Yangtze River.
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# ITBH BEE [1]; &l (@K [2]; 78 BN [2]; ik 755k [3); dbss B [4]; ALk 5275 [5]; Dettman David L.[6]7#K JiRH [7];
il FH 51X [8]
[1] #K « INTEEK; [2] fiK - B8 - 252 [3] A & FPRTE, [4] VZanfEK - 5 [5] ##kd K - HiEK; [6] Dept. of Geology,
Univ. Arizona; [7] SRR - HIBREJRERES; [8] JIHCK « HUBREREE

Millenial scale features of the Matuyama-Brunhes transition from the Kazusa Group,
central Japan

# Masayuki Hyodo[1]; Kenta Takasaki[2]; Hayato Matsushita[2]; Shigehiro Katoh[3]; Ikuko Kitaba[4]; Akihisa Kitamura[5];
David L. Dettman[6]; Hiroki Hayashi[7]; Makoto Okada[8]
[1] Research Center for Inland Seas, Kobe Univ.; [2] Planetology, Kobe Univ.; [3] Museum of Human and Nature Activities,
Hyogo; [4] Plaeoclimatology, Ritsumeikan Univ.; [5] Geosciences, Shizuoka Univ.; [6] Dept. of Geology, Univ. Arizona; [7]
Dept. of Geoscience, Shimane Univ.; [8] Earth Science Course, Ibaraki Univ.

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

A 54-m oriented core of the Kokumoto Formation in the Kazusa Group drilled along the Yoro River at Tabuchi, Chiba Pre-
fecture reveals detailed features of the Matuyama-Brunhes (MB) transition. The core mostly consists of silts. One meter long
u-channel samples were prepared from 3 to 52 m depth. Discrete samples were also collected at 2 cm to 50 cm intervals. Ma
netizations were measured every 1 cm using a 2G cryogenic magnetometer for u-channel samples, subjected to alternating fie
demagnetizations (AFD), while both AFD and thermal demagnetization was used for discrete samples. Preliminary oxygen iso
tope data on planktonic foraminifer&(oborotalia inflata suggest that the main MB polarity boundary, just underlain by the
Byakubi-E tephra layer, lies between the sea-level highstand of marine isotope stage (MIS) 19.3 and the MIS 19.2 lowstanc
Characteristic remanent magnetizations of u-channel samples calculated by principal component analysis reveal a multiple rap
reversal interval (MRI), a very important feature characteristic of the final stage of the MB transition, which lies between depths
correlated with highstand 19.3 and lowstand 19.2. The MRI spans about 1.7 m in depth, during which the virtual geomagnetic
pole crossed the geographic equator at least 11 times. An astronomical age model suggests that the MRI was ca 2 kyr in duratic
predating 776 ka and postdating 779 ka. The relative paleointensity proxies from the core show quite similar variations with
the global paleointensity stack Sint-800, especially the post-reversal intensity recovery from both records exhibits a high degre
agreement. The MRI just coincides with the lowest intensity interval of Sint-800, and can be correlated with similar intervals
observed in the Osaka Group, Chinese loess-paleosols, and deep-sea sediments. The MRI may be a useful tool for correlation
high-resolution magneto-climatostratigraphy.
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# 521 (e [1]; 1k HEE [2]
[1] BEAKSCAEHME, [2] PEARHT - HiIEH - MBS

Paleointensity study on lava flows of Fuji Volcano and implications for atmospheric 14C

# Nobutatsu Mochizuki[1]; Masahiko Sato[2]
[1] Kumamoto University; [2] IGG, GSJ, AIST

We applied the LTD-DHT Shaw paleointensity method (Tsunakawa-Shaw method) to lava flows of the ages for the last 30 kyr.
The studied lava flows of Fuji Volcano and the other volcanoes were dated by 14C ages, which were reported for the charre
material, wood, or organic sediment. Our preliminary results suggest that the absolute paleointensities and atmospheric 14
production rates at the 14C ages show a good correlation. On the basis of this correlation, paleointensity variation for the last 3
kyr can be reconstructed from the 14C production rate.

WEEOTEM O NI AREZ L, HERRES O EZLOHIERE EANOFHMRAS BEOLFH 2R % F ToEx
T — 2 TH %, WBEBUTERICOWTIE, EhEREROAIAIC K5 R AGERE T — 2 D2 EEET 52600, X
5DOEMKEL, HEOSHMITHHIGBERNEORE (C10% %222 TWVW5, 2O eh s, BHFOT—ZX—RIZII,
FEDENT =20 e T — A DNEHEEN TV LHRINDS, AW TIE, RELBFERDPBEESNTVEE LA
IHODYAEIC LTD-DHT Shawi (HilJ1l-> 3 —%) ZEMT % T & T, #@ZE 1 HEMICIT 2S5 O m\OHon i g &
BT —R2OEERAD, EHIT, MOXLUD 1~3 FERIORED S & I EEREZE 6 Uz E T, @& 3 HEMIC
B Bt IR RS & RO REE SR (RE 14 OBREZMETT 5, TENAERICINE. B5Nh:
Moo HURESRRE 7 — & L I IR YR IR, PHRE B ERR T & %, T OMBNCHE L T & T, HGHERREEE
B 52 3 HEMO G S REEH ZHEET 5 EMNTED, £z, KB TE S NI Mot AR & iR
FREVEEE OAHBIRAR & BHEDE TOVEE O R A T % T & ¢, @ 3 FERMIC IS 3 P A KIS TE S D BE K
DERENT EERMEEINS,
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B A [1]; # =R HEF [1); B #Ef: [1]; 1A #2 [2]; Yang Zhen-yu[3]; Tong Yabo[3]JZ.i#k 1—Ef [1]
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A Mesoproterozoic paleomagnetic pole from 1.32 Ga sills in the North China Craton

Seiya Miyata[1]; # Masako Miki[1]; Hanae Seki[1]; Yuhji Yamamoto[2]; Zhen-yu Yang][3]; Yabo Tong][3]; Yo-ichiro Otofu;ji[1]
[1] Earth and Planetary Sciences, Kobe Univ.; [2] Kochi University; [3] Chinese Academy of Geological Sciences

The Paleo-Mesoproterozoic super continent Columbia including the north China Craton is believed to have been exist betwee
“1800 Ma and "1500 Ma (e.g. Zhao et al., 2004).The purpose of this study is to make paleomagnetic constraints to reveal th
behavior of North China Craton (NCC) during the break-up of Columbia.

We report a Mesoproterozoic paleomagnetic pole position from the diabase sills from northern NCC. We have conducted pa
leomagnetic and rock magnetic measurements on ten sills in the Mesoproterozoic Xiamaling Formation near Chendge, northee
of China. An U-Pb age of 1320 +/- 6 Ma have been reported from the sills (Li et al., 2009). Paleointensity results with basic
paleomagnetic and rock magnetic experiment results had been reported in 2014 SGEPSS meeting.

The characteristic high temperature components are obtained from five sites, one of which indicates reversed polarity. Th
mean direction is D=-8%3and 1=-3.Z (alpha95 =33.7) after tilt correction. This direction has passed fold test and baked contact
test, indicating the primary origin of the high temperature component. The corresponding paleomagnetic pole is positioned a
349.8E and 47.6N (A95=24.£).This 1.32Ga pole lies between 1.35Ga pole (Chen et al., 1350) and 1.27Ga pole (Zhang et al.,
1270Ma). The APWP indicates that the NCC has been located within low latitudes during this period.
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# U T 1] 3503 5 (1], PR 6T [2]; /e W [3]; 23 —B0 [4]; puisE 2 [1]; 7w sl [1]; AfE e [1]
[1] HEEWTZERAFEREAE, [2] SRTK - Hhz; [3] K [4] B

Rock magnetism and paleomagnetism of tiny exsolved magnetite in plagioclase from a
Paleoarchean granitoid in the Pilbara craton

# Yoichi Usui[1]; Takazo Shibuya[l]; Yusuke Sawaki[2]; Tsuyoshi Komiya[3]; Kenichiro Tani[4]; Manabu Nishizawa[1];
Masafumi Saitoh[1]; Teruhiko Kashiwabara[1]
[1] JAMSTEC; [2] TiTech; [3] The University of Tokyo; [4] National Museum of Nature and Science

Granitoids are widespread in Precambrian terranes as well as the Phanerozoic orogenic belts, but they have garnered lit
attention in paleomagnetic studies, because granitoids often contain abundant coarse-grained, magnetically unstable oxidt
We have reported the first example of tiny, needle-shaped, exsolved oxides in plagioclase in a Paleoarchean granitoid in tt
Mount Edgar Complex, Western Australia. The magnetic properties of single plagioclase crystals with the exsolved oxide
inclusions have been studied to determine their paleomagnetic recording fidelity. Demagnetization experiments and hysteres
parameters indicate that the oxide inclusions are near stoichiometric magnetite and magnetically very stable. First-order revers
curve (FORC) diagrams reveal negligible magnetostatic interactions. Minimal interactions are also reflected by very efficient
acquisition of anhysteretic remanent magnetization. Single plagioclase crystals exhibit strong magnetic remanence anisotropie
which require corrections to their paleodirectional and paleointensity data. Nonetheless, quantitative consideration of anisotrop
tensors of the single plagioclase crystals indicates that the bias can be mitigated by properly averaging data from a few tens
single crystals. From the nonlinear thermoremanence acquisition of the plagioclase crystals, we estimate that the plagiocla:
crystals can reconstruct paleointensity up to 50 micro-T. Local metamorphic condition suggests that those magnetites may car
remanence of 3.2 to 3.3 Ga. We will also discuss the preliminary paleomagnetic data from the Mount Edgar Complex.

TEREBBAENICRS § A TV T ROT L—VC B IR ML TV D, LU, EEIEZ < DS ERR Rk
Wz Ztslzd, HHIGKOMSRE LTEHE D HWENT I Ah >, HAFZEIWSTHIBLO B OIERS (Mount
Edgar e k) HOREAD, HXKY 1 XOEHASKILZ 58 T L2781 L, RIERAHEMBOES OIS,
NS OEGERFNE AR OB SGE 2 T/ L1 2 T &b o 7o, BSETME & BURRI L ORIRIC DWW TG L
TR, B EORMEAZ T2 LT M-S EMICETTTE, AR E K 50 micro-T X Tl EfE
IKETITTER T b oTc, RERTIRE SIS, TREINEHMESUMTHERIC DOV THRET 2,
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Reexamination of geomagnetic secular variation in Kinki District using samples from
Suemura kilns (111)

# Hidetoshi Shibuya[1]; Nobutatsu Mochizuki[2]; Tadahiro Hatakeyama[3]
[1] Dep't Earth & Env., Kumamoto Univ.; [2] Kumamoto University; [3] IPC, Okayama University of Science

In 1960s-70s, enormous number of kilns were excavated in Sakai city and its vicinity, Osaka prefecture for a large residentia
development. Enhanced archeological studies, especially for massive amount of pottery kilns (Sue ware of 5th to 10th century
were carried out by Osaka Prefectural Government. Archeomagnetic researches were also conducted by prof. Kawai and
colleagues of the Osaka University. As the result, the geomagnetic secular variation curve from the 5th century to the 10tt
century was drawn (e.g. Hirooka 1971; Shibuya 1980). However, there are problems from the present paleomagentic viev
point. The natural remanent magnetizations (NRM) were measured by astatic magnetometer and demagnetization was not ma
Fortunately, those samples are stocked in Osaka Ohtani University, and we moved them to Okayama Science University ar
Kumamoto University, for conducting systematic remeasurement study of their NRM after alternating magnetic field demagne-
tization (AFD). We already reported paleomagnetic directions in 2012 and 2015 JpGU meeting. This time, we report the secula
variation curve drawn from the results.

1960-70FXIC, KBRIFERTIERL TR EHNER THEM b, ZHUCPOIE R 280 (B E 220 AV Fe
TNTzo ZNHIHZEBOE HHIREIZHE S RO KRR « NIIHFREEDMTo T, ZOFER, 5 HidA S 10 Al ik
SUKEZ bR (SVC) BMER E N T W3 (1213 Hirooka, 1971; Shibuya, 1980)L/ L. ZDHIEFEE ML IEHT &
5H0DT., Flo, HEETHONTOHERVWE S SMENDH > Tz, FOZFNSOREHIBEL THE D, KK KZETH
BEXINTWiz, MIFERKZ L BEARKZTREZNS OFEE & 5 WVRIF, 20110 5 RENEHIEZIRD, 20128
2015%ED IpGUIIIERSHFIC DN THE LTz, Sllid. HIERIED SHEE T 5 T DRHROHIBESUKFEZLHIFRIC DV T
R ERCE

F9. YA bOINE% MacFadden (1982F I\ T 95%SHERR R THU D R E ., FHZRH -T2, TD I B a g5<4°
DY A FDOAHEEROH L. SVCHEEICHWS Z & & Lz, MEDOHFRIEE HHREICEDINTHMZ FE LT, SVC 2K
BT3B, ZEIZ. ZEEREORLES>TWARIEOL VY IICER O NH S T &, BYDOER L ZEDOEREERAEIC EIH
MHBT exmEBER L, HMNEHFORNS SVCZRD, FRRAT—)VDEAESEREZHNS T & Ziddlz, Thid.
FEWVHTERE RRCEWVREANIREE) KR A MR LIz 8 D TH S,

SVCIIHIFR & U A MM OMEED H3E, SV OMEZEEDHRELR E DRI G ZXFIVT 2 —B#E LT, Zhz
MET B KD ICRE LTz, ZOREHR, FEAE L ERICKIFT 22 272K (SVCHMIDEZ > TWVWEDT, KEME
FRITHWE) SVCEDET ST ehnhEL ko Tz,

BoNHROMEIEHFEOL D L KEL BB DT A >0, BIEPrEEZEHWEh>7-C eh b, RKIFEA
XL 7EoTHED, EBOSVZRKML TS EEZTWVS, £z, SVCHLEREDIRD ND, 2EHBOFERELH 2 H
BZTEC. TANEHOHEDOHBLDICHZZES THB, OB, SHBOMEKEIMEEGT2IEHD T, %4
SRR & T AR R 2 FR S B ATREME A R L TH 0. EHHNEISHEIAN S C L2 HfFL TV 5,
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Analyzing the early 19th century’s geomagnetic declination in Japan from Tadataka
Inoh’s Santou Houi Ki the 4th report.

# Motohiro Tsujimoto[1]
[1] none

The Santouhouiki is a national tresure of Japan,consist of 67 volumesledger of

approximately 200,000 magnetic compass survey azimuth data by 0 degree 5 minute unit

in 1800 to 1816,cover from eastern Hokkaido to Yakushima recorded by map surveyor Tadataka Inoh. We excute interdisci
plinary and simultaneous analysis of real azimuth,magnetic declination,precise position of the survey reference point and targ
points where the value of declination to any targets are similar or proximate. We analyzed declination at 189 points in Japan.

The declination analyzed from Santouhouiki in wide area from Tsushima to north western coast of Kyushu are developed tc
1 degree west more than the declination expressed in Historical magnetic declination viewer by Gufmlpublished from NOAA.
There are no data of declination in Japan from mid 17 century

to mid 19 century,equal to the term of national isolation of Japan.It is necessary to introduce the declination data analized fron
Santouhouiki to Andrew JAckson Gufm1.

EEILE AN R IR ERPEEEBIC K D 1 8 0 0L S 1 8 1 6 FICRIERS Nz ILBE L D RABED 6 7
B O FH T A7 R T R SR N B SR bt s D 4% & 0 B O 5 70 BV OHERTHY 2 0 J3 T OREEHAIE 5 1 f4 7Y
BRI N TV D, TR Gl R RS L

RS, FT0L, MR A 72 [RIRFRAT S % o

WIS D 5 WSO JITE G AN OREEHIIE /701 & & F N 2 B O A M —E S0 RIC 75 2 KT
IR 2 W U C HARD 189 HiixT

THUE DR 72 it UTzo 1 9 THACRIEAD HADMEE R A OV L DD H % 1S i ARdh b OfENTEIE
S S FUNIEPEEBIC A COIREARIPAITYY 7V Y 5D g u £ m 11D 7 AV AiERET O A OB X
D &R L EROETHRY, Y7V b0 gu fmlEEELRL 1 71BN S 1 9 kb licOHAD 7 —4%
HRELTHED, IWEANGED S OFHEE g u f m 1ICEA L THRELEBTREND S,
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Archeomagnetism of Echizen-yaki old kilns

# Tadahiro Hatakeyama[1]; Junko Fuijii[2]
[1] IPC, Okayama University of Science; [2] Education, Univ. Fukui

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

Archeomagnetism is a branch of paleomagnetism, whose subjects are manually baked relics and archeological ruins. Resu
from archeomagentism are often much accurate and much stable than those from other paleomagnetic samples such as volce
rocks and sediments. Especially in Japan, potteries and old kilns of Sue ware have been a good target of archeomagentic studi
The reasons are that Sue wares were fired in high-temperature ("1200C) anoxic environment in the kilns and stable magnetite
the main carrier of the magnetic moments, and that the production of the Sue wares and population of the kilns were concentrate
and have been well preserved. However, Sue ware had been developed till the middle of Heian era and there were very littl
kilns remaining after the 11th century. Here we report the results of paleomagnetism and rock magnetism for Echizen-yaki olc
kilns in Fukui prefecture, central Japan. Echizen-yaki is one of so-called &quot;Six Old Potteries&quot; which were originated
in the middle-age of Japan and have been baked till the present age. Echizen-yaki has the roots in Sure ware and began in |
late Heian era. Therefore Echisen-yaki is likely a good target of the paleomagnetic study following the Sue wares.

HHIBES O3t G NIV U 7= HEEGE RS D B TSR IR 2 Z I HIRE G T . HIRES U O T & R L D%
TP RN K UCHEMMEOR I & BN, BTHERMR O LRI OISR EZAL (5100 « 3818) ZRD %
TEDDOFRICHHAINTE 2, L ICHARICBW T, 5~10HANCHEE U H5ER L FNEHE e DICfER Uz 287%
I U2 A RIB LT E e, ZHIA A ORS E UCHESR & T OZEMDEHICEN TO 2 HHIX, Rlisks
RS THERIRENEIRICRS T &, BchRDd 18 « L IS TR ZA MDD BB TRETH S T &,
HU P B D TZEBRDMERINICIER S N, D, HHBICHE SN TR SN r— A2V k., RERHF 5N
%, U U, ZHEBI LRSS E LT UE S 28, ZNLUEOHIRE S K EZALIIZE 0 7= DI It O M 2azE
PG 20BN 5 B, T N E TOEHHREK S T 11 LU O S st 5 O W « M5 & v o fos
PRCHAFT B T A2V, AL TG L I 5 -EihEE., EESHHICE T O BEE T HASNEZD 1 DT h,
FESFIEEERTHT (HRREERT, [HERA) 29l e UTEME N T E IS TH 5, BRTHEOIL— YV I3H-EZS T, HERIE
BT B PRSI EMDEE > TV R EEZBNT VS, Z0KD, BHiFEO 8B X U2EME., KA MEES
OENHEASEE UTAREREERMEICHD LEZDBNS, LU, TNE CEETHEZENZ MR E Ul R TsE
BABIELMTDONTELT, ZOEHEFMRELEOREEEDLEEAT N TH S, TORUFEAE, BETHTD 2 Hi
& O EF 3 DDEMIC OV T K K BERLE N 28R O R GTRE 2 SRS 5 C e N TE R, ARKTRINET
IS Nz IR » S OREETIIE DOFERZ RN U, BETHEZER O T HIRE ST 7R & U CORREN 2R 3 %0
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Archeomagnetic study of Kamihara ruins in Hokuto city, Yamanashi Prefecture, Japan

# Ryo Hemmi[1]; Takeshi Saito[2]
[1] Shinshu Univ.; [2] Geology, Shinshu Univ.

Recently, we have carried out archeomagntetic study using baked soil which was found at ruins around Matsumoto city, Nagan
Prefecture (Saito, 2014; Henmi and Saito, 2015). According to our previous studies, declination values were slightly lower thar
those from secular variation (Hirooka, 1971; Hatakeyama et al., in prep.). The studied area is located around the northwestel
end of the region where the local magnetic anomaly is distributed (GSI, 2010). The anomaly has possibly continued in the pas
several thousand years, resulted in the lower declination values obtained from the ruins at Matsumoto city. In order to examin:
the influence of the local magnetic anomaly, we started the archeomagntetic study at Kamihara ruins in Hokuto city, Yamanast
prefecture, where is located at the center of the region of the local magnetic anomaly. Ten rock magnetic samples using plast
cubes and 23 archeomagnetic samples coated by gypsum were obtained from baked and unbaked soil.

As a result, samples from the baked soil had stable TRMs whose directions were probably parallel to earth magnetic field at th
time when TRM was acquired. The unbaked soil samples had multi-component and NRMs separated at higher demagnetizatic
levels were relatively unstable. Rock magnetic results revealed IRM of both samples almost saturated at 40mT. SIRM of bake
soil samples demagnetized smoothly at lower demagnetization level. On the other hand, unbaked soil samples hardly demagnet
until 10mT, resulted in kinked demagnetization curves. Because NRM and susceptibility of both samples showed similar values
it seems that amount of magnetic minerals in baked samples did not differ those in unbaked samples. According to our result
magnetic minerals in both samples were probably (titano-) magnetite. Grain sizes in baked samples seemed to become larger c
to heating when TRM was acquired, resulted in different rock magnetic behavior from unbaked samples.

Bcdmn, EFEMATAT TS MBI TROD - It 2 O TE T HIREAC AN 2D TV % (51,
2014) CTNXTRATTHIES Nz 2 DOEH (FMEE, MHEAFEEDD) O 2iT0., BEOFRE LTEYxR
EhHE A N2 A L T0A T ERRE Uiz GBR - 258, 2015, IPGU, LA UKAATTEL TR 5 Nz il &0
&, KRR (AR,1971; Hatakeyama et al., in pre@)s BRI § N2 EHAINH o [F T HIEERE O 4 X (2010.04:H)
1T KAUSERRA—FR A I IS TR A ED 1~2 RO FEED AN > TE D T OIEWMR R DB K >
TRAEICBNTE FEHT TIREADMED - TZATREMED B 5 .

Arfal, JbAAEEC b > 2 — O 1215, (LBURIbH T LEEBD SRR E B X SNB L ZRET 52 EHT
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Paleomagnetic research for Tsunami boulder in Hachijo Island

# Takayuki Tonosaki[1]; Norihiro Nakamura[2]; Kazuhisa Goto[3]; Tetsuro Sato[2]; Masafumi Watanabe[4]
[1] Earth Science, Tohoku Univ.; [2] Earth Science, Tohoku Univ; [3] IRIDeS, Tohoku Univ.; [4] Civil and Environmental
Engineering, Tohoku Univ.

In Hachijo Island, there is isolated andesite boulders at an altitude of 20-m above sea level situated on the western side «
the land. One of these is about 3000-4000kg in weight without any sign of organic carbon, such as fossils. Such huge bouldel
are paid some attentions as a key to understanding of past tsunami events. If it is the coral boulder, we can estimate the de
of past tsunami by using radiocarbon dating. However, there is no way to estimate the date of the volcanic boulders withou
any organic fossils. One of an alternative way to date volcanic boulders is the cosmogenic nuclide exposure dating because
simply accumulate on boulder surface. But, the cosmogenic dating can not apply to the boulders if the boulder had experience
multiple rotations. Recent study tried to reveal the date of multiple emplacements of coral boulders in Ishigaki Island, Japan
by using paleomagnetic approach. Therefore, we applied this approach to this volcanic-origin boulder and tried to examine
when tsunami event had occurred, and how it had moved. Boulders acquire the secondary magnetic component, called visco
remanent magnetization (VRM) after tsunami. The secondary viscous remanence is acquired to the original magnetic vectc
after the boulder has been removed from the original state. And by using Neel's thermal activation theory, the magnetization a
low temperature for a long time can be demagnetized at high temperature in a short time. So we can count backward to the ag
when VRM was acquired (i.e. the past tsunami event). And we can understand how they emplaced, by displacement of directio
of magnetization. In the presentation, we will present the current results.
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An extended magnetic relaxation dating to tsunamigenic coral boulders in Ishigaki
Island, Japan

# Tetsuro Sato[1]; Norihiro Nakamura[1]; Kazuhisa Goto[2]; Yuho Kumagai[3]; Takayuki Tonosaki[4]; Hiroyuki Nagahama[5]
[1] Earth Science, Tohoku Univ; [2] IRIDeS, Tohoku Univ.; [3] Earth Science, Tohoku Univ.; [4] Earth Science, Tohoku Univ;
[5] Earth Sciences, Tohoku Univ.

Identification of an isolated boulder displaced and eventually transported by tsunamis plays a crucial role in the assessme
of the occurrence of paleotsunami events. One of the most important evidence to the understanding of past tsunami events
to accurately date them from boulders. In Ishigaki Island, Japan, coral boulders that had been transported by tsunamis we
distributed on the beach and land areas. In previous researches, large numbers of radiocarbon dating for coral boulders revea
the multiple tsunami events during past 2500 years. Although the first deposited age of a coral boulder could be establishe
by using radiocarbon dating, there is a lack of information for subsequent transported ages. A viscous remanent magnetizatic
(VRM) dating method can be used to date any geological event that results in significant movements of a rock. If a magnetic
mineral bearing rock is moved or re-oriented, the magnetism of the smaller magnetic grains re-aligns to the direction of the
ambient magnetic field with time. This phenomenon is well known as Neel's (1949, 1955) single-domain (SD) relaxation theory.
Pullaiah et al. (1975) derived a time-temperature (t-T relation) relation by assuming Neel's (1949, 1955) theory of magnetite.
In principle, an experimental combination of short relaxation time and high temperature for removing VRM can determine
the unknown relaxation time (tsunami age) at room temperature. Sato et al. (2014) applied VRM dating for comparing the
radiocarbon age of these boulders. However, the age determined from t-T relation showed older age than radiocarbon datir
for the same boulders. Recent work has shown that departures from Neel's theory can generally be attributed to VRM carrie
by coarse magnetic grains because their magnetization responds much more slowly. A natural rock contains many magnet
grains, with a wide variety of sizes and shapes, described by grain distribution. In an aggregate of the distribution, the relaxatiol
form has been explained by a stretched exponential function. Thus, we reanalyzed published VRM decay data by stretche
exponential law, and the results provided a reasonable fit to the experimental data. Furthermore, the extended t-T relation bas
on the stretched exponential has shown to be effective for experimental results of coral boulders.
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Preliminary estimate of relative paleointensity variation during the Chron C18n from
IODP Site U1408 in the Northwest Atlantic

# Yuhji Yamamoto[1]; Wakana Taniguchi[2]; Toshitsugu Yamazaki[3]
[1] Kochi University; [2] Kochi U.; [3] AORI, Univ. Tokyo

We have been working on paleomagnetic and rock magnetic measurements on the sedimentary sections recovered from |
tegrated Ocean Dirilling Program (IODP) Site U1408 in the Northwest Atlantic, off Newfoundland. The measurements were
done on u-channel samples using a pass-through superconducting rock magnetometer in a manner that remanent magnetizati
(natural, anhysteretic and isothermal remanent magnetizations: NRM, ARM and IRM) were subjected to stepwise alternatin
field (AF) demagnetizations up to 80 mT and are measured with 1 cm spacing at each step.

Yamamoto et al. (2014 SGEPSS fall meeting) reported that the interval at "33-157 mcd (meter composite depth) covered th
Chrons C18n.1n to C20n and that the interval at "37-90 mcd showed relatively constant ARM and IRM intensities as well as ratios
of ARM to IRM (ARM/IRM). It is expected that this interval can potentially provide relative paleointensity (RPI) estimate during
the middle Eocene. We will report the preliminary result of RPI estimate during the Chron C18n, based on normalized NRM

intensities by ARM and IRM. The result will be compared with the RPI covering the same period reported from the equatorial
Pacific (Yamamoto et al., 2014).
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Towards the estimate of relative paleointensity variation from the marine cores from
IODP Site U1403 in the Northwest Atlantic

# Hiroto Fukami[1]; Yuhji Yamamoto[2]
[1] Kochi Univ.; [2] Kochi University

Marine sediment is an important recorder of the past environmental changes. It can provide important information to investigate
the environmental change continuously back in time, once a high-resolution age model is constructed by multiple techniques
Integrated Ocean Drilling Program (IODP) Expedition 342 recovered marine sediment cores from the Northwest Atlantic, off
Newfoundland, to investigate the environmental change from the Paleocene to the Eocene. Our objective is to estimate relati
paleointensity (RPI) variation for that period. In order to achieve this, we have been working on paleo- and rock magnetic
measurements from the cores recovered from IODP Site U1403, for the interval cored by an advanced piston corer (25-160 mc
meter composite depth).

Fukami et al., (2015 JpGU meeting) concluded that the interval covered the period between 35.706 Ma (chron boundan
C15r/C16n.1n) and 49.344 Ma (C22n/C22r). They also measured rock magnetic parameters of ratio of anhysteretic remane
magnetization (ARM) to isothermal remanent magnetization (IRM) (ARM/IRM) and S-ratios (-0.1 and -0.3 T) on the 88 discrete
samples taken from Hole A, indicating that the interval at 50-90 mcd showed relatively constant values of the parameters an
thus is suited for an estimate of RPI variation. As this interval covers the period between 40.145 Ma (C18n.2n/C18r) and 45.72
Ma (C20r/C21n), it can potentially provide the RPI variation covering the period older than that reported by Yamamoto et al.,
(2014) (about 23-41 Ma) which has been known as the oldest RPI record.

To estimate RPI variation from the interval, we measure natural remanent magnetization (NRM), ARM and IRM from u-
channel samples at 1 cm resolution using stepwise alternating field demagnetization. Then we normalize NRM by both ARM
and IRM and examine whether or not they have correlations with rock magnetic parameters. Until now, we have finished the
measurement of ARM (AF: 100 uT, DC: 80 mT). Normalized intensity of the NRM by ARM (NRM/ARM) always shows the
minima at the chron boundaries and fluctuates largely during chrons. These characters are the same as those commonly repol
for RPIs of the last 3 Myr and older. We will continue to do measurements of IRM and rock magnetic parameters and report
these results.

Y ECHERSY) 130 5 O BB B 2 BERNIC IZIE R U CRlsk L T Btk e b, MR RIS % BRBE A S & il 9 % |k
THEELEHRIR L 5% . A EEEEREIETE (ODP) 55 342 XBFFHiE T, BEFTH ) S thE H O S IRZ BN % H I,
LRI 2 —7 7 > R 5 2 R SifgECHEREY DM & 117z (Expedition 324 Scientisits, 2012% 41X, 4a%HMICE
U % iR &R A AHEZ B O R & H ) & L, I0DP Site U1403k b figll| & N7z iEE a7 (25-160 med: meter composite
depth)Z X5 & Uz, s - S aSCAIIIZEICEL D fHA TV 5.

Site U1403C 513 % 25-160 mcdDX fif]i& 35.706 Ma (7 11 >/ 55+ C15r/C16n.1n)-49.344 Ma (C22n/C2ZRAR % 7173 —
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A study on relative paleointensity from 2 to 3.2 Ma using marine sediments: implication
for depth-lag of pDRM acquisition

# Yukihiro Sakuramoto[1]; Toshitsugu Yamazaki[2]; Katsunori Kimoto[3]
[1] AORI, Univ. of Tokyo; [2] AORI, Univ. Tokyo; [3] JAMSTEC, RCGC

It is important to determine variations of the past geomagnetic field strength for better understanding the geodynamo. Thi:
study aims to estimate relative paleointensity of the geomagnetic field (RPI) beyond 2.0 Ma. Marine sediments can preserv
temporally continuous paleomagnetic records. Piston core samples obtained from the West Caroline Basin in the western equat
rial Pacific (R/V MIRAIMR14-02 cruise, core PC01) were used. The saturation isothermal remanent magnetization (sIRM) was
imparted to normalize the natural remanent magnetization (NRM) intensity to obtain RPI. The RPI record covers from "0.65 to
~3.2 Ma. The age model was established for sediments older than 1.8 Ma using both the magnetostratigraphy and oxygen-isoto
stratigraphy. In comparison with the IODP U1314 core data (Ohno et al., 2012), paleointensity variations between two cores
generally coincide in the period from 2.1 to 2.75 Ma. If we assume the depth-lag of remanent magnetization acquisition of 15
cm, a large difference of the sedimentation rate between this study ("0.5 cm/kyr) and IODP Site U1314 (710 cm/kyr) should caust
an apparent time shift of 30 kyrs between the two RPI records. However, no such shift was observed. This result implies that th
depth-lag of the studied core is very small. We plan independent estimation of depth-la§’@sirigased paleointensity around
the Gauss-Matuyama boundary.
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0.65-3.2 MaDFAR T AT I &GRS 2 15 72, AT ISR e & BEERNA LB R AT h 1%z, BERFENALRE
1.8 Mal/fii T LRO4 #EHERR#R & B PNCT R L E 8% T &R Tz, ARG TERENE 17z IODP Site U1314a 71 X %
Ry g &5 7 — & (Ohno et al., 2012 Xftb & Bz & T A, 2.1-2.75 MaDHiPi Tt L < —8 L7z, T T T, HEMD
WAL IEIFRE 2 TR RICK 59 15 emTH % LIRET % & &, U13147 T 10 cm/kyr, ARHFZET 0.5 cm/kyr& )5
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Origin of Magnetic Highs at Ultramafic Hosted Hydrothermal Systems

# Masakazu Fuijii[1]; Kyoko Okino[2]; Taichi Sato[3]; Hiroshi Sato[4]; Kentaro Nakamura[5]
[1] UTokyo; [2] AORI, Univ. Tokyo; [3] AIST; [4] Senshu Univ.; [5] UTokyo

Near-seafloor vector magnetic measurements were performed on an inactive ultramafic-hosted hydrothermal vent field, calle
Yokoniwa, using a deep-sea manned submers#tfimkai6500and an autonomous underwater vehic2®4. The Yokoniwa
Hydrothermal Field has developed at a non-transform offset massif of the Central Indian Ridge. The distribution of crustal
magnetization from the magnetic anomaly revealed that the Yokoniwa Hydrothermal Field is associated with enhanced mag
netization, as seen at the ultramafic-hosted Rainbow and Ashadze 1 hydrothermal sites of the Mid-Atlantic Ridge. The result
of rock magnetic analysis on seafloor rock samples (including basalt, dolerite, gabbro, serpentinized peridotite, and hydrothel
mal sulfide) showed that only highly serpentinized peridotite carries high magnetic susceptibility and that the natural remanen
magnetization intensity can explain the high magnetization of Yokoniwa. These observations reflect abundant and strongly mac
netized magnetite grains within the highly serpentinized peridotite. Comparisons with the Rainbow and Ashadze 1 suggest the
in ultramafic-hosted hydrothermal systems, strongly magnetized magnetite and pyrrhotite form during the progression of sel
pentinization due to hydrothermal circulation. After the completion of serpentinization and production of hydrogen, pyrrhotites
convert into pyrite or nonmagnetic iron sulfides, which considerably reduces their levels of magnetization. Our results revealec
origins of the magnetic high and the development of subsurface chemical processes in ultramafic-hosted hydrothermal systen
Furthermore, the results highlight the use of near-seafloor magnetic field measurements as a powerful tool for detecting ar
characterizing seafloor hydrothermal systems.
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Microstructure analysis of marine seismogenic turbidites in Kumano forearc basin

# Natsumi Okutsu[1]; Juichiro Ashi[2]; Akiko Omura[2]; Asuka Yamaguchi[3]; Yusuke Suganuma[4]; Masafumi Murayama[5]
[1] none; [2] none; [3] none; [4] NIPR; [5] Kochi University

An elongated depression was located in an ENE-WSW direction between the southern margin of the forearc basin and th
outer ridge off Kumano. A terminal basin that captures all sediments supplied from outside is developed within this depression
making it an adequate site to study paleoseismology using seismogenic turbidites.

Previous study results reveal the Cs-137 and Pb-210 that the upper 17-cm mud layer was deposited immediately after tt
2004 off Kii Peninsula earthquakes (Ashi et al., 2015, JpGU Meeting abstract). We herein investigate the characteristics o
marine seismogenic turbidites based on various measurements including their compositions, X-ray CT images, and anisotroy
of magnetic susceptibility (AMS). We observed a very thin fine-grained sand layer of 6 mm thick at 17 cm below seafloor and a
volcanic ash layer of 15 cm thick at 5.1 m. The X-ray CT image shows seven silty clay laminations thinning upwards at 6 -15
cm below seafloor with homogeneous clay based silt above it, and several foraminifera-enriched layer below 1.7 m. The AMS
parameters decrease upwards in the interval showing parallel/cross laminations and the lowest value is measured in the overlyi
silt layer. Moreover, the paleocurrent directions showed the NW-SE flow direction. These results indicate that the upper 17
cm layer beginning from the very fine-grained sand can be interpreted to be formed by a low density reflected gravity flow
between the SE and NW dipping slopes of the basin. Structural observations by X-ray CT scanner reveal characteristic structur
yielding various orientation oblique to bedding plane at the mud layer 17 cm below seafloor, suggesting that the structure is likely
formed by coseismic deformation accompanied by the earthquake in 2004 or earlier ones. Magnetic fabrics derived from AMS
measurements and the structure observed by X-ray CT scanner also agree to this picture.
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Sensitive spinner magnetometer using magneto-impedance sensor- |l

# Kazuto Kodama[1]
[1] Kochi Core Center, Kochi Univ.

A sensitive spinner magnetometer was developed using a pico-Tesla resolution Magneto-Impedance sensor (Ml sensor),
special kind of Ml sensor with a resolution of 1 pT. To detect weak magnetic signals from natural samples, a M| gradiometer
comprising of a pair of the Ml sensors was employed. This Ml gradiometer was equipped to a commercial spinner magnetomete
(SMD-88, Natsuhara Giken, Osaka). It was demonstrated that this new-type spinner magnetometer is capable of measuring we
magnetic samples with the sensitivity approximately two orders of magnitude greater than the previous one.
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HEHIERERO X EF— )] (SMD-88) T, ZD 7T v 7 A7 —h oY —Iichiz T, Z#fEaLiz—xo Ml &
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Precise determination of Fe species in plagioclase crystals: a case study for gabbroic
anorthosite of the Duluth complex

# Masahiko Sato[1]; Masashi Ushioda[2]; Ryoichi Nakada[3]
[1]1GG, GSJ, AIST; [2] IEVG, GSJ, AIST; [3] ELSI, Tokyo Tech

Silicate minerals such as plagioclase and pyroxene sometimes contain fine-grained magnetite crystals; such silicates are cal
magnetic silicates. Magnetic silicates are ubiquitous in mafic and intermediate plutonic rocks (Dunlop and Ozdemir 1997; Gee
and Kent 2007). As the middle and lower crust have greater mafic composition than the upper crust (Rudnick and Gao 2004
magnetic silicates should play an important role in controlling the magnetic properties of deep crustal rocks. For understandin
the sources of magnetic anomalies, which are often originated from thick magnetized layers within the crust (Shive et al. 199:
and reference therein), it is crucial to investigate the exsolution mechanism of magnetite in silicate minerals.

In this study, to precisely determine the chemical species of Fe in the plagioclase crystals, magnetic measurements combin
with microscopic observation and synchrotron radiation study were conducted for single grain plagioclase crystals. We prepare
plagioclase crystals from gabbroic anorthosite of the Duluth complex at Forest Center, Minnesota, USA (FC1, Paces and Mille
1993). The plagioclase crystals were collected under a stereoscopic microscope and used for the measurements after a hydrocl
ric acid (HCI) leaching for two days.

The main series of measurements for the single grain plagioclase crystals were as follows. (1) To estimate a content of magnet
mineral in the plagioclase crystals, magnetic hysteresis loop was measured using an Alternating Gradient Magnetometer (Micre
Mag 2900, Princeton Measurements Corporation) and magnetic hysteresis parameters (saturation magnetization Ms, saturat
remanence Mrs, coercivity Bc, and coercivity of remanence Bcr) were calculated. (2) To investigate chemical compositions of
the plagioclase crystals, microscopic observation was conducted using a field emission electron microprobe (JXA-8530F, JEOL
at Tokyo Institute of Technology and an electron microprobe (JXA-8900R, JEOL) at Geological Survey of Japan. (3) To inves-
tigate the average valence state of Fe, K-edge X-ray absorption near edge structure (XANES) measurement was performed
BL-12C of Photon Factory. In addition to these single crystal measurements, low-temperature remanence measurements (fie
cooling remanence, zero field cooling remanence, and room temperature saturation isothermal remanence) were conducted
plagioclase grains using a Magnetic Property Measurement System (MPMS-XL5, Quantum Design).

The magnetic hysteresis parameters resulted in the single-domain (SD) and pseudo-single-domain (PSD) range on the Day p
(Day et al., 1977), and the Ms values ranged from 3 to 63 kg The low-temperature remanence curves showed pronounced
remanence reductions at around 100-120 K, indicating the existence of low-Ti titanomagnetite. The presence of magnetite we
also suggested by the linear combination fitting of XANES spectra, and thus, we confirmed that the plagioclase crystals containe
nearly pure magnetite. We estimated the magnetite content assuming the Ms value of pure magnetit¥K§2Humt et al.

1995). As a result, the magnetite content ranged from 40 to 680 ppm with an average of 270 ppm in weight.

The microscopic observation showed that the FeO contents for the plagioclase crystals were nearly constant with an averag
of 2800 ppm in weight. Thus, about 76-99% of Fe was contained in the plagioclase crystal and the remaining Fe was exsolved ¢
magnetite crystals. The XANES analysis showed that the average valence states of Fe in the bulk plagioclase crystals were 2.
+- 0.10. So far, there was no clear relationship between the magnetite content and the valence state.
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A new method for Chemical Demagnetization of Carbonate rocks

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

Chemical demagnetization (CD) has been used primarily for the red sandstones. However, it has not been applied to carbone
rocks in spite of the utility in stratigraphic and chronological studies. It is because strong acid such as hydrochloric acid is com-
monly used for the CD of red rocks, and unfortunately it dissolves carbonate rock itself. We examined a reductive rather thar
acidic etchant to remove magnetic minerals and to leave the carbonate framework intact, and an efficient etchant flow procedul
for removing the iron ions from the specimens.ThéF®ns are soluble under a certain rage of the pH-pE diagram (Henshaw
and Merrill,1980), in contrast to the E&ions which is not soluble almost in any conditions. For the ease of handling and dis-
posal, we decided to use ascorbic acid as the reducing agent. In addition, using sodium hydrogen carbonate as a buffer, pH=¢
and ORP=-10"15mv solution is prepared. The range is tidt Fems are soluble and carbonates are not soluble.

The samples are Quaternary reef limestones of the Ryukyu Group. The reef limestones tend to have been exposed on she
several times, from the time of deposition up to now, and may acquire chemical remanent magnetizations (CRM) by the precip
itation of magnetic minerals from the water passing between carbonate grains. As the etchant for CD reaches directly to thos
magnetic minerals, it should be very efficient to remove the secondary magnetization related to those CRM.

Another new point proposed here is a etchant flow system. Conventional CD was immersing the sample to an etchant durin
a predetermined time. Here, the etchant continuously flows between the grains of the specimen. It is because to help the reduc
iron ions flow to the outside of the sample. Advection is almost always faster than diffusion.

Using drip-feeder, the adjusted reducing agent is supplied to flow for 72 hours at the rate of approximately 0.05ml / sec.

The alternating field demagnetization (AFD) after the CD is effective to recover the primary magnetization. The alpha95 and
virtual geomagnetic pole latitude (VGP Lat.) are improved from 57.3 and -13.4 to 26.0 to -84.9, respectively, comparing with
those samples without with AFD. but without CD. The clear polarity and better concentration indicate that the CD is very effec-
tive, and the recovered direction is primary.

The Ryukyu group including this carbonate rocks, have been found to be deposited 0.95 “0.41Ma from calcareous nano fossi
(Yamada, 2002). It consists of coral fossils and rhodlith fossils, thus natural remanent magnetization is weak as about 0.07
"0.352mA/m. It can not be demagnetized completely even 100mT of AFD, and progressive thermal demagnetization experi
ments does not yield a good concentration like alpha95 is 50. The sites meet to a criteria of polarity (VGP Lat = more than 6C
or less than -60) is less than 10% in overall. In application of CD plus AFD, it is possible to obtain a result of the significant
improvement in alpha95 and VGPLat. in all sites, and it is possible to establish magnetstratigraphy of whole section. As the ag
markers for reef limestones are very scares, the magnetostratigraphy can be a powerful tool for date the limestones.
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Mapping of the Martian magnetic anomalies on the surface with the SVM method

# Masao Yamaguchi[1]; Hideo Tsunakawa[2]; Futoshi Takahashi[3]
[1] Dept. of Earth & Planetary Sciences, Tokyo Tech; [2] Dept. Earth Planet. Sci., Tokyo TECH; [3] Kyushu Univ.

Strong magnetic anomalies of the crustal origin have been detected by the satellite observation, although Mars has no glob
magnetic field of the core dynamo origin at present (Acuna et al., 1998). Using Mars Galobal Surveyer (MGS) observations, the
Martian magnetic anomalies mapped so far are normalized at high altitudes: vector mapping at 400 km altitude by magnetomet:
observations (e.g. Acuna et al., 2001; Connerney et al., 2005), and total intensity mapping at 185 km altitude by electror
reflectometer observations (e.g. Lillis et al., 2008). The observed magnetic anomalies often show some systematic patterns su
as magnetic stripes and demagnetization due to impact. Connerney et al. (2005) reported several lineated magnetic anomal
of about 25 degree wavelength in the Meridiani region. This pattern may imply possible existence of plate tectonics of the early
Mars like the present Earth. Therefore the Martian magnetic anomalies could provide crustal constraint on thermal evolution o
the Mars.

The magnetic field observation at 400 km altitude results in convolution of the neighboring crustal magnetic fields within "800
km in diameter ("13 degrees on Mars). Thus, it may be difficult to detect fine structures of the crustal magnetic fields at high
altitudes due to rapid attenuation of short wavelength components with respect to altitude. If the magnetic anomaly mapping ha
higher spatial resolution, more useful information would be obtained in comparison with surface features, that is, topography
geology and so on. In the present study, we have applied the Surface Vector Mapping (SVM) method to Martian magnetic
anomalies, which is originally developed for the lunar magnetic anomaly mapping on the surface (Tsunakawa et al., 2014; 2015

The regional SVM method has been applied to the Terra Sirenum region on the southern hemisphere. Mapping result of radi
components on the surface shows elongated magnetic anomalies of about 3 degree width which is much shorter than that
the previous map (Connerney et al., 2005). Based on the SVM result, we calculated the magnetic fields at 200 km altitude t
show good consistency with the magnetic fields at similar altitudes observed by MGS during aerobraking phase (1997-199¢
e.g. Purucker et al., 2000). We also applied the regional SVM method to the Meridiani Planum near the equator, where plat
tectonics was suggested (Connerney et al., 2005). Although a few elongated magnetic anomalies can be seen on the SVM mi
the overall patterns of magnetic anomalies are complicated due to relatively short wave length components. We will discus:
possible implications as well as effects of the data preprocessing and dependence of analyzed region in relation to the reliabili
of the Martian SVM analysis.
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Paleomagnetic information from Langhovde and Cape Hinode areas in the the
Lutzow-Holm Complex, East Antarctica

# Naoto Ishikawa[1]
[1] Human and Environmental Studies, Kyoto Univ.

Although East Antarctica had been considered to behave as a single craton in the period from the break-up of Rodinia to th
formation of Gondwana continent, tectonic blocks with different movements have been suggested in East Antarctica recently
The Lutzow-Holm Complex (LHC), extending in the coastal region between longitudes 39 and 45E in East Antarctica, is a meta-
morphic belt of amphibolite to granulite facies. The LHC provides geochronological data of about 500 Ma, indicating that the
LHC had suffered the Pan-African orogenic event related to the amalgamation of Gondwana members. Previous paleomagne
data from East Antarctica has supported the amalgamation event. In order to re-examine tectonic movements in East Antari
tica during the amalgamation process, paleomagnetic analyses has been performed on the LHC, and palemagnetic results fr
Langhovde and Cape-Hinode blocks will be presented.

In Cape Hinode area, metamorphic rocks of granulite facies exist, whereas amphibolite facies metamorphic rocks are exposir
in the surrounding areas. SHRIMP zircon ages of about 1.0 Ga were reported from the metamorphic rocks, and there are r
evidence for "500 Ma event in zircons in the rocks. Cape Hinode area has been thus regarded as an extraneous block (call
Cape-Hinode block (CHB) in this study) in the LHC. Metamorphic rocks and intrusive rocks (granites, mafic dikes) were col-
lected at 13 sites in Cape Hinode area. In Langhovde area, granitic rocks and metamorphic ones of granulite facies were collect
at 42 sites.

Progressive thermal demagnetization analyses provided characteristic remanent magnetic components (ChRMs) carried
magnetite, which were isolated in high temperature above 500C, and site-mean directions of the ChRMs were obtained at 1
sites in Langhovde area and 5 sites in Cape Hinode area. The mean directions were well grouped in each area, and provid
paleomagnetic poles close to mean paleomagnetic poles of 500 and 510 Ma in the synthetic APWP for East Gondowana. A
cording to K-Ar and Ar-Ar mineral (hornblende and biotite) ages of 530-480 Ma form metamorphic rocks and pegmatites in
Cape Hinode area, it is suggested that the CHB had been belonged to the LHC as well as Langhovde area at about 500 Ma, a
that the LHC had constituted East Antarctica and East Gondowana at that time. It is implied that the CHB might have suffered ¢
metamorphic event of granulite facies in a different region before 500 Ma.
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