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Slow magnetohydrodynamic wave in a rotating sphere: Resistive and ideal instabilities

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

The tendency that the geomagnetic field pattern observed at the surface slowly moves westward has been recognized as
geomagnetic westward drift. For example, relatively small-scale signals under Africa and the Indian Ocean are known to move
westward at least for the last hundred years. The origin of the westward drift is not fully understood. It is possible to attribute it to
advection because magnetic diffusion plays a secondary role, but it may be as a result of propagation of magnetohydrodynam
waves. Recent seismological studies suggest existence of a low-velocity layer at the top of the outer core. If this represent
a stable stratification, it is unlikely that convection near the core surface creates the relatively small-scale drifting signal suck
as seen under the Indian Ocean. However, it may be more natural to consider that such field pattern and movement represel
propagation of a wave confined in the stratified layer.

The magnetohydrodynamic wave in a rotating system, in particular a slow wave that is most relevant to the secular variation
is not fully understood. Previous studies mostly assume a cylindrical system in which a solution is periodic along the rotation
axis. In this study, | perform a linear analysis on slow waves confined in a rotating sphere, assuming an axisymmetric toroida
field inside. In particular, | focus on magnetic instability and summarize the results obtained for various basic magnetic fields.
When the magnetic field intensity is relatively weak, a resistive mode occurs with a slow eastward propagation. The critical
wavenumber becomes higher with a more localized magnetic field near the equator. When the magnetic field is strong, at lea
greater than 10 mT, an ideal mode occurs with a rapid westward propagation. This mode is enough to explain the geomagnet
westward drift, but the critical intensity might be too high.
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On a possibility to detect a stratified layer at the core surface from the geomagnetic fielo

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

Recent seismic studies suggest that there may exist a stably stratified layer at the top of the Earth’s outer core. This means tt
upwelling and downwelling flows should not exist just below the core-mantle boundary. Fluid motion at the core surface can
be derived from the spatial distribution and secular variation of the geomagnetic field observed at the Earth’s surface. Most o
core flow models are estimated on the basis of the frozen-flux hypothesis, where the magnetic diffusion term is neglected in th
induction equation.

We have developed a new method to estimate the core surface flow; that is, we take into account the magnetic diffusion insid
the boundary layer at the core surface, while we neglect the magnetic diffusion below the boundary layer as in the frozen-flu
approximation. In the method, the thickness of the boundary layer is one of parameters. This indicates that it might be possibl
to examine the existence of upwelling and downwelling just below the core-mantle boundary. Hence we attempt to detect ¢
stratified layer at the top of the core using such parameterization.
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On magnetic evolution inferred from a coupled core-mantle evolution

# Takashi Nakagawa[1]
[1] MAT, JAMSTEC

We investigate the magnetic evolution over the geologic time-scale in a coupled core-mantle evolution model. The core
evolution model is updated to include the pressure-dependent density profile fitted with PREM model and higher order effects
Evaluating the magnetic evolution, we use magnetic dissipation from core energetics and magnetic moment calculated fror
scaling law derived from geodynamo simulations. The heat flow across the core-mantle boundary (CMB) is substantially lowel
than the isentropic heat flow. This results that the thermal buoyancy flux caused by the core convection is likely to be the negativ
and completely cancels out the compositional buoyancy flux if the core thermal conductivity uses the recent range provide
from high P-T physics. In this situation, the magnetic field generation is stopped. Thus, the continuous magnetic evolution
over geologic time is difficult with high core thermal conductivity. Whereas, the continuous magnetic field generation would
be expected when the core thermal conductivity is smaller than the lower-bound from recent high P-T physics. In addition, the
sub-isentropic region below the CMB would be found with O(1000) km thickness. This means that the entropy production would
not be uniform thus the assumption for computing magnetic dissipation and magnetic moment should be improved.
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Testing a toroidal magnetic field imaging method using a numerical dynamo model

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

The geomagnetic main field and its secular variations measured by orbiting satellites and at magnetic observatories correspo
to those of the poloidal constituent, whereas the toroidal counterparts, which are bound to the core, are not observable above t
core-mantle boundary (CMB). Constraining the strength and spatial distribution of the toroidal component of the geomagnetic
field is essentially important to understand not only the dynamics of the geodynamo, but also the electromagnetic core-mantl
coupling, one of a possible mechanisms of decadal variation in length of day.

A global distribution of the toroidal field at the CMB can be estimated by a method based on a core flow model inverted from
the radial components of the geomagnetic field and its secular variation via frozen-flux approximation. However, there is no
guarantee that the inverted core flows and the toroidal fields are unique, and no way to investigate how well the true distributio
is retrieved from such a highly non-unique flow model. Here we quantitatively test a method of toroidal field imaging at the
CMB using synthetic magnetic field and core surface flow data from a 3-D self-consistent numerical dynamo model with a thin
electrically conducting layer above the CMB, like the D” layer. With complete knowledge of the core flow, the imaged toroidal
field well reproduces magnitude and pattern of the dynamo model toroidal field. However, quality of the imaging depends
strongly on latitude. In particular, amplitude and correlation between the dynamo model and the imaged toroidal field decline
substantially at low-latitude. Such degradation in imaging quality is due to the fact that the low-latitude flux patches in the radial
magnetic field are manifested as a result of flux expulsion, an effect of magnetic diffusion, which is not incorporated in the
method.
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Precession control on precipitation in the Western Pacific Warm Pool inferred from
environmental magnetism

# Toshitsugu Yamazaki[1]
[1] AORI, Univ. Tokyo

The Western Pacific Warm Pool (WPWP) has highest water temperature in the global ocean, and its spatiotemporal variatior
have significant impacts on large-scale atmospheric circulation and global hydrology. An environmental magnetic study wa:s
conducted on 10 sediment cores taken from the West Caroline Basin offshore northern New Guinea in order to constrain hydrc
logical variability over the WPWP on orbital timescales. The sediment cores cover the last several hundreds of thousand year
The age control of the cores is based on relative paleointensity, which is tied to the oxygen isotope stratigraphy in some cores.

Magnetite dominates magnetic mineral assemblages of the studied sediments. This is evidenced by that IRM acquisition curve
are mostly explained by a low-coercivity component, and that the Verwey transition was obvious in low-temperature measure
ments. Existence of the sharp central ridges on FORC diagrams and TEM images indicate the occurrence of biogenic magnetit
Compared with pelagic sediments from other regions, however, FORC diagrams show a larger contribution of an interacting
PSD and MD component, and the ratios of ARM susceptibility to SIRM (kKARM/SIRM) are lower. These observations suggest
a larger proportion of the terrigenous component in this region. This is probably due to a large terrigenous sediment input frorn
nearby land, New Guinea, induced by high precipitation in the inter-tropical convergent zone (ITCZ).

Magnetic susceptibility and the KARM/SIRM ratio show strong correlation with northern-hemisphere summer insolation.
Maxima in magnetic susceptibility and minima in KARM/SIRM correspond to insolation minima, which suggests a larger ter-
rigenous input caused by higher precipitation at these times. Interestingly, in the western part of the West Caroline Basin magnet
susceptibility variations are dominated by the eccentricity periodicity ("100 ky) and mimic the oxygen isotope curves, but the
precession periodicity prevails in KARM/SIRM ratios. These cores were taken at depths close to the CCD, and thus the magnet
susceptibility variations cannot be explained by dilution caused by changes in carbonate production/preservation. Sedimentatic
influenced by global sea-level changes may control the magnetic susceptibility variations; this part of the basin is adjacent to
wider continental shelf compared with the eastern part of the basin.
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Magnetostratigraphy of the marine sediment cores recovered from IODP Site U1403 in
the Northwest Atlantic, off Newfoundland
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# 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 investi-
gate the environmental change continuously back in time, once a high-resolution age model is constructed by multiple technique
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. For the investigation, constructic
of the high-resolution age model based on magnetostratigraphy is indispensable. We conduct paleomagnetic measurements
the 28-160 mcd (meter composite depth) interval of marine sediment cores drilled from Site U1403, and construct an age modé
based on the paleomagnetic measurement results.

In the measurements, we perform stepwise AF demagnetization (20-80 mT) on natural remanent magnetization of the sed
ments. The demagnetization results were analyzed by the principal component analysis (kirschvink, 1980) to determine cha
acteristic (primary) components. The determined components mainly resulted in two groups: (1) inclination ranged betweer
+15 and +60, and declination ranged between -30 and%*@pproximately north direction); (2) inclination ranged between -60
and -1%9, and declination ranged between +120 and f2approximately south direction). The group (1) could be regarded as
normal polarity while the group (2) as reversed polarity. In total we recognized 22 polarity reversals within the studied interval
(28-160 mcd).

We correlated the obtained reversal pattern with a standard geomagnetic polarity time scale (Geologic Time Scale 2012
Gradstein et al., 2012) to determine a magnetostratigraphy. The correlation was made to be consistent with the shipboard bio
tratigraphy (e.g. radiolarian and nannofossils; Norris et al., 2014). The resultant magnetostratigraphy indicates that the studie
interval (28-160 mcd) corresponds to Chrons C16n.1n-C22n (35.706-49.344 Ma). There are 22 polarity reversals recognize
in the interval, and thus we construct an age model based on the 22 control points. It reveals that sedimentation rate is abo
0.3 cm/kyr for early Eocene, 0.5-1.5 cm/kyr for middle Eocene and 0.5 cm/kyr for late Eocene. The rate for middle Eocene is
relatively large among marine sediments covering this time interval recovered so far. It is expected that past environmental an
paleomagnetic changes can be investigated with high-resolution for this time period.
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Resolving the components of the North Atlantic sediments by IRM acquisition
experiments at room- and low-temperatures

# Masahiko Sato[1]; Masao Ohno[1]
[1] Division of Earth Sciences, SCS, Kyushu Univ.

In general, a sediment sample is composed of various components. Resolving the components of the sediment sample is
fundamental issue in an oceanographic study. Since a coercivity of magnetic mineral varies sensitively with its state such a
chemical composition, grain size, grain shape, stress, and so on (e.g., Dunlop and Ozdemir, 1997), sediments of different origi
can be recognized by coercivity spectra. Therefore, coercivity spectra can be used as a proxy for the constituent spectra of tl
sediment sample. In this study we conducted rock-magnetic measurement of deep-sea sediments recovered from IODP S
U1314 on the Gardar Drift, to investigate the change in the sediment constituents.

The samples were collected at 16-50 cm resolution from 199.3 to 262.5 mcd of the core, which corresponds to the age betwee
2.22 and 2.75 Ma according to the age model by Hayashi et al. (2010). Rock-magnetic properties at room temperature wer
measured for these samples using a MicroMag 2900 Alternating Gradient Magnetometer at Kyushu University. The isotherms
remanent magnetization (IRM) acquisition curve was obtained by the application of stepwise-increasing uniaxial fields to the
sample at 30 steps from 1 mT to 1 T. The ratio of IRM acquired in a back-field of 0.1 T to that in a forward-field of 1 T (S-ratio)
was measured for all samples. In addition, using an MPMS-XL5 Magnetic Property Measurement System at the Center fo
Advanced Marine Core Research, Kochi University, we carried out the IRM acquisition curve measurements at low-temperature
(50, 150, and 250 K) for selected samples.

In order to reveal constituents of the sediment, decomposition of coercivity spectra were conducted. The IRM acquisition
curve was normalized by the IRM intensity at 1 T and then the first derivative of the curve was calculated with respect to log10
field (hereafter referred to as IRM gradient curve). A fitting calculation was performed so as to decompose the IRM gradient
curve into linear combination of two end-members. The two end-member components were calculated by averaging the IRN
gradient curves of selected samples. Samples with low S-ratio (less that 0.54) were chosen for component 1. Samples with hi
S-ratio (larger than 0.87), which were associated with the ice rafted debris, were chosen for component 2. These componen
were distinctly different from each other; coercivity distribution of component 1 was magnetically harder than that of component
2.

In consequence of the decomposition, the fitting error was significantly small for all samples. Thus it is confirmed that North
Atlantic sediments in the Garder Drift during late Pliocene and early Pleistocene are explained by mixing of two end-member
components. Taking into account temperature variation of the IRM acquisition curves at low-temperature, we will discuss change
in the sediment constituents.
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Evolution of deep water circulation in the North Atlantic after intensification of Northern
Hemisphere glaciation

# Masato Makio[1]; Masahiko Sato[1]; Masao Ohno[1]; Tatsuya Hayashi[2]; Shu Fuijita[1]; Itsuro Kita[1]; Yoshihiro
Kuwahara[1]
[1] Division of Earth Sciences, SCS, Kyushu Univ.; [2] Mifune Dinosaur Museum

Ice sheets linked with ocean circulation play an important role in global climate change. Here we show millennial-scale rock
magnetic records together with ice rafted debris (IRD) counts indicating links between ice sheet collapse and ocean circulatio
after the intensification of Northern Hemisphere glaciation (NHG). We report an abrupt change in the activity of water circulation
associated with an IRD event in Marine Isotope Stage (MIS) 104 weakened to a similar degree to that occurred in MIS 100, the
first pronounced glacial period in which widespread glaciation occurred in the northern hemisphere at the intensification of NHG.

We analyzed a sediment core IODP Site U1314 in the Gardar Drift in the North Atlantic. In this study, we analyzed sediments
from 239.5 to 245.5 mcd (m composite depth) at 2 cm resolution, which corresponds to the age between 2.58 and 2.62 M
according to the age model by Hayashi et al. (2010). This interval includes MIS 104, which is a prior glacial interval to MIS
100. We compare the result in MIS 104 to that in MIS 100 in the preceding study (Ohno et al., 2013, SGEPSS).

Magnetic hysteresis parameters, S-ratio (Me,,7/Mr,7) and IRM (isothermal remanent magnetization) acquisition experi-
ments were done by using an Alternating Gradient Magnetometer (MicroMag 2900, Princeton Measurement Corporation). W
sieved 0.5 g sediments and counted IRDs larger than 150 um. As a result, two IRD events were confirmed at about 2.602 Ma ar
2.610 Ma.

Rock magnetic records showed 2 types of changes: a long-term change with glacial-interglacial cycle and a short-term chanc
associated with an IRD event. Long-term change in magnetic coercivity (Hc) occurred at 2.58-2.61 Ma (for thirty thousand
years) with an amplitude of 5 mT (from 20 to 15 mT). Short-term change associated with an IRD event occurred at 2.602 Ma
and the value of Hc decreased by 7 mT (from 18 to 11 mT) for about thousand years. Then it increased to the value before th
event after a time interval of 10 thousand years.

In our previous study in MIS 100, we reported repetition of sudden decrease and gradual increase of magnetic coercivity
associated with IRD events. We interpreted these changes in magnetic coercivity with the change in the intensity of deep wate
circulation. It is well known that the continental ice sheets grew much larger in MIS 100 compared to in MIS 104. However, our
study suggests the comparable level of decrease in deep water circulation occurred at not only in MIS 100 but also in MIS 104
It may be related with the difference in distribution of continental ice sheets between in MIS 100 and in MIS 104.
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Seismo-turbidite stratigraphy assisted by paleomagnetic secular variation of the North
Japan.

# Toshiya Kanamatsu[1]; Ken Ikehara[2]; Kazuko Usami[2]
[1] CEAT, JAMSTEC,; [2] The Institute of Geology and Geoinformation, AIST

Turbidite sequence trapped in the lower slope terrace, Japan Trench were widely collected in order to reconstruct a earthqual
occurrence of Tohoku region, North Japan. Major lithology of obtained cores is diatomaceous hemipelagic clay including severa
turbidite layers. Hr-FP tephra patches/layers derived from Honshu arc during 500-600 years A.D. (Usami et al., 2014) are widely
recognized in the cores. We measured NRMs of 23 cores so far. Magnetizations are generally stable to A.F. demagnetizatior
They are composed of a single component usually. In many cases, medium destructive field (MDF) ranges from 20 to 40mT
However, MDF is the lower as 5-10mT in case of turbidite layers. Variation of declination shows systematic shift within 60
degrees. Comparing references, which are archeomagnetic and sediment paleomagnetic data during the past 3000 years,
data show a good agreement to the references. The secular variations of cores hopefully contribute to date the seismo-turbid
stratigraphy.
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Paleointensity study of the Noma excursion in late Miocene times

# Kazuya Okayama[1]; Nobutatsu Mochizuki[2]; Yutaka Wada[3]; Yo-ichiro Otofu;ji[4]
[1] Earth & Planetary Sciences, Kobe Univ.; [2] Kumamoto University; [3] Dept. Earth Sci., Nara Univ.; [4] Earth and Planetary
Sciences, Kobe Univ.

A geomagnetic excursion is one of the largest geomagnetic variations, and detailed paleointensity data through a geomagne
excursion have been expected to give important information of the dynamic processes of the geodynamo. We study abo
paleointensities of a geomagnetic excursion hamed Noma excursion in Miocene times (6.66+/-0.45Ma) (Otofuji et al., 2013)
from andesitic lava sequence exposed in the Mt. Kamegaok®13Y4, 130°13' E), Noma Peninsula, Kyushu Island. For
direction variations of the Noma excursion, reversed polarity directions are detected in the bottom and uppermost parts of th
sequence, whereas anormalously positive inclinations have been observed in the middle parts of the sequence. About 1
oriented samples were collected from 13 consecutive lava flows, covering an area from mountain top to sea shore. In thi
presentation, we report paleointensities of the Noma excursion determined by the LTD-DHT Shaw method. We applied the
LTD-DHT Shaw paleointensity metod to 40 samples from 11 consecutive lava flows which were selected with the reason of higf
blocking temperature and secondary component with low coercivity. Similar to previous studies (e.g. Yamamoto et al., 2003;
Mochizuki et al., 2004; Oishi et al., 2005), we use following 3 criteria. (1) A primary component is recognized in the orthogonal
plots obtained from AF demagnetization of the NRM. (2) A linear portion exsist in the NRM-TRIMgram, which is not less
than 15% of the original NRM intensity and its correlation coefficient is not smaller than 0.995. (3) A linear portion also exisits in
the TRM1-TRM2diagram. The slope of the linear portion must fall within the range 1.00+/-0.05. These 3 criteria distinguished
20 successful results from 6 lava flow. These successful results include samples from the bottom, middle and uppermost pat
of the lava sequence. Average paleointensities are calculated as 9.1+/-4.4 micro T for NM36 (the bottom part of the sequence
2.0+/-0.4 micro T for NM32-3, 7.1+/-4.0 micro T for NM32-1, 7.8+/-4.1 micro T for NM32 (the middle parts of the sequence)
and 7.1+/-3.5 micro T for NM13 (the uppermost part of the sequence). These results show the low intensity field is observec
during the excursion in Miocene times and also the low intensity field is recognized before and after the large directional change
of the excursion.
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Archeointensity results between 5th and 9th century in western Japan obtained from
baked-earth samples of the Sue-Mura kilns

# Yu Kitahara[1]; Yuhji Yamamoto[2]; Tadahiro Hatakeyama[3]; Masayuki Torii[4]; Shuichi Kameda[5]
[1] Kochi Univ.; [2] Kochi University; [3] IPC, Okayama University of Science; [4] BIG, Okayama Univ Sci; [5] BIG,
Okayama Univ Sci

There are 4 published studies which report archeointensity results for the past 2000 years in Japan (Nagata and Arai, 196
Sasajima and Maenaka, 1966; Sakai and Hirooka, 1986; Yoshihara et al., 2003). These studies provide 76 independent site-me
archeointensity results. 43 site-mean results of them are considered to be reasonably reliable because they are screened one
criteria that (1) results derived from archeological materials, (2) number of the successful samples for calculating site-mean i:
not less than two, (3) standard deviation of the site-mean is within its 20%. Some of the 43 site-mean results show inconsistenc
among ones which are reported to have the same ages, and the inconsistency sometimes beyond 20 microT.

In this study we present new archeointensity estimates from western Japan for a period of 5th to 9th century, which are
obtained using a modern paleointensity experimental protocol. The experiments are conducted on baked-Earth samples whi
were collected from Sue-Mura kilns (14 sites) in the hill zone of Senboku, Osaka prefecture. The estimated ages based on potte
sequence range between 470 AD and 790 AD (e.g. Education board of Osaka prefecture, 1970; 1976; 1977). Archeointensi
measurements are done by using 1ZZI-Thellier method (Tauxe and Staudigel, 2004), and the obtained results are judged by tli
following selection criteria: (1) Arai diagram showing neither curvature nor two segments; (2) linear segment showing correlation
coefficient of|r|is 0.98 and more; (3) paleointensity parameter; f is 0.35 and more; (4) paleointensity parameter; drat is 0.07 anc
less.

Preliminary application of the 1ZZI Thellier method has given each one successful result from 5 sites: Komyo-lke-3 kiln
(610+-10 AD) is 61.4 microT (n=1), Komyo-lke-11 kiln (630+-10 AD) is 62.1 microT (n=1), Toga-40-11l kiln (720+-10 AD) is
41.1 microT (n=1), Komyo-lke-102 kiln (750+-10 AD) is 67.1 microT (n=1), and Komyo-lke-38-Il kiln (770+-10 AD) is 52.6
microT (n=1). They are generally consistent with the 43 reliable site-men screened from the published archeointensity results i
Japan. We will continue the archeointensity measurements and report them.

0oz0000000000000000000000DOODO0O0O0O0O 4000000 (Nagataand Arai, 1963; Sasajima
and Maenaka, 1966; Sakai and Hirooka, 1986; Yoshiharaetal., 2003y 0 0 0000000000000 O0OO0OOOOO
O0000000oooo0ooooooooooooOo ve0000000000000D0OO0DOO@ODOOOOO
O000000Doo0@Eoo0oDo00o0o00ooo 30000@EUUDoOD00D0ooU0DoOn0 200000
00000000000 bO0000O000000 430000000000000000D000O000O0O0O00O0n
000000D0000o0ooooooDooo 20microcTOOOODOOOOOOOO

000000000000 0000DO00000O0000bO00S0900000DbOO00o0oDLOoOoOoooOOoOonon
Oo0oooooo00oooo00ooooo0ooooo0ooooo0 (M4000)0oo00oooooooooon
000000000 DD0D 470+-100 (00 0-7000)0790+-100 (DD D-38-100)000 (e.g. 00000000,
1970;1976; 197N 0000000000 1ZZI-00O OO (Tauxe and Staudigel, 2000)0 0000000000 0OCOOO
00 ()00o000000000000U0000U0000U00O0UDO0OO0EUUOOODOOOOUO rfo 098000
LUioDO0bDoUooDOoDOoUooOoOfoo03s0UI0@DOUDODndratd 0.070000 4000000000

0000000000 05000000 1000000000000000-300 (610+-100)0 61.4 microT (n=100
00-1100 (630+-100) 0 62.1 microT (n=100 -40-l10 0O (720+-100 ) O 41.1 microT (n=100 0 0 -1020 O (750+-10
0)0 67.1 microT (n=10 00 0-38-100 (770+-100) 0 52.6 microT (n=1)J 00 0000000000000 0OOO
0000000 00ooo0ooooO0(ooo000oooo 43000)0Doo00oooooooooooooooog
Joooobobboooooooooboog



R004-12 00:B O00:100 310 16:00-16:15

goduoobogoooooboogoad

#00 00 [1)
100000000

Improved Mesozoic magnetic anomaly lineation map in the northwestern Pacific Ocean

# Masao Nakanishi[1]
[1] Grad. Sch. Sci., Chiba Univ.

We present the improved Mesozoic magnetic anomaly lineation map in the northwestern Pacific Ocean, which also include
the tectonic features such as fracture zones and abandoned spreading centers exposed by multibeam bathymetric data. Nakar
et al. (1989; 1992) made the sophisticated map of the Mesozoic magnetic anomaly lineations in the northwestern Pacific Ocea
The map includes several blank areas where no magnetic anomaly lineations were identified because of lack of geomagnetic da

Using geomagnetic and satellite-derived gravity data, Nakanishi and Winterer (1998) identified magnetic anomaly lineations
between chrons M21 to M14 and discovered the abandoned spreading centers south of the Mid-Pacific Mountains. Nakanis
et al. (1999) revised magnetic anomaly lineations on and around the Shatsky Rise by geomagnetic data collected after Naka
ishi et al. (1989). Comprehensive geomagnetic survey in the exclusive economic zone (EEZ) of Japan by Hydrographic an
Oceanographic Department, Japan Coast Guard, revealed the magnetic anomaly lineations in the EEZ (e.g., Nakanishi 201.
The geomagnetic surveys by R/Vs Mirai, Hakuho-maru, and Yokosuka, adjacent to the SW flank of Shatsky Rise enabled us t
identify the magnetic anomaly lineations and exposed the tectonic event just before the formation of the Shatsky Rise. (Nakanisl
et al., accepted).

Measurements of the total force by towed magnetometers are not very often conducted in recent years. Thus, we are trying
identify magnetic anomaly lineations with geomagnetic data obtained by the shipboard three component magnetometer (STCM
mounted on deck of several research vessels of Japan Agency for Marine-Earth Science and Technology (JAMSTEC). The resu
of STCM will be shown in the poster presentation by Matsumoto and Nakanishi in this meeting.

The increase of multibeam bathymetric data make us possible precise identification of fracture zones and abandoned spreadi
centers so that we can exposed tectonic history in detail. Nakanishi (2011) and Nakanishi et al. (accepted) found the abandon
propagating rift near the Izu-Ogasawara Trench and adjacent to the SW flank of Shatsky Rise, respectively. Multibeam bathy
metric data also reveal the topographic expression of Nosappu and Kashima fracture zones identified by Nakanishi et al., (198
and Nakanishi (1993).
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Magnetic Anomaly Lineations in the Gulf of Aden

# Yui Noguchi[1]; Masao Nakanishi[2]; Kensaku Tamaki[3]; Hiromi Fujimoto[4]; Philippe Huchon[5]; Sylvie D Leroy[5];
Peter Styles[6]
[1] Earth Science,Chibe Univ; [2] Grad. Sch. Sci., Chiba Univ.; [3] Tokyo Univ.; [4] National Reserch, Tohoku Univ.; [5]
UPMC,; [6] Physical and Geographical Sciences,Keele Univ.

We present the magnetic anomaly lineations in the Gulf of Aden. The Gulf of Aden has slow spreading ridges between the
Arabia and Somalia plates. The Arabian plate moves away from Somalia Plate in an NE direction, at a rate of about 2 cm/yr
Previous works indicate that seafloor spreading started about 20 Ma in the eastern part of the Gulf of Aden (Fournier et al., 201(
and then propagated westward (Manighetti et al., 1997). It reached the Afar hotspot area about 10 Ma (Audin et al., 2001). Thi
spreading system continues to interact with the hotspot up to the present. The spreading axis changes in strike from E-W to NE€
W around 46 E.

We examined magnetic data acquired in the cruises by R/V L'Atalante in 1995, R/V Hakuho-maru from 2000 to 2001, R/V
Maurice Ewing in 2001, and Shackleton in 1975 and 1979. We also used available data obtained from several databases. V
calculated magnetic anomalies using the latest International Geomagnetic Reference Field (IGRF-11).

Elongated negative magnetic anomalies, which amplitudes are more than 500 nT, are dominant over the spreading cente
Most of the elongated anomalies over the spreading centers east of 46 30'E are parallel with the spreading centers. Those we
of 46 30’E have E-W trend. Several discontinuities in the magnetic anomaly contour map illustrate the position of the fracture
zones concealed by sediments.

We identified magnetic lineations from 43 E to 52 E. Magnetic lineations west and east of 46 30’E have N-E and N60-65 W
strikes, respectively. The oldest lineations are C3r (5.4875.74 Ma) between 43 10’E and 44 E and C5Ar (12.4712.7 Ma) east of 4-
E. Our identification of magnetic anomaly lineations indicates a symmetric seafloor spreading with a spreading rate of about 1.
cml/yr, although Leroy et al. (2004) showed an asymmetric seafloor spreading of the Sheba Ridge, east of our study area. Seve
previous works proposed the change in motion of the Arabia plate changed about 5 Ma, but our results did not show any coev:
change in spreading rates of the spreading system.
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Development of a scanning SQUID microscope for magnetic imaging of rock samples

# Jun Kawai[1]; Hirokuni Oda[2]; Isoji Miyagi[3]; Masahiko Sato[4]; Junichi Fujihira[5]; Masakazu Miyamoto[1]
[1] AEL, KIT; [2] IGG, GSJ, AIST; [3] GSJ,AIST; [4] Division of Earth Sciences, SCS, Kyushu Univ.; [5] FUJIHIRA

Scanning superconducting quantum interference device (SQUID) microscope (SSM) is a useful tool to image very weak
magnetic fields with high spatial resolution. The first practical SSM was developed by J. Kirtley and J. Wikswo in IBM (1999).
Since then, some groups have developed and improved SSMs for various applications. L. Fong and F. Baudenbacher et
(2005) developed an SSM with a monolithic SQUID, and applied to geological sample scanning. H. Oda et al. (2011) succeede
in imaging of the magnetic stripes of hydrogenetic ferromanganese crusts related to geomagnetic reversals using the SSM.
this project, we have developed an SSM to image vertical magnetic fields of the thin section of various rock samples such a
sediments, volcanic rocks and meteorites for geological studies. We designed a hollow-structured cryostat to realize reliabl
SQUID assembly and repeatable adjustment of the vacuum separation from the sample. The SQUID based on niobium is
single-washer magnetometer with the pickup area of 200 x 200 square micrometers and the size of the chip is 1 mm x Imm. Th
SQUID chip is mounted on a conical sapphire rod and electrically connected to the non-magnetic electrodes with silver paste
The electrodes are patterned on the surface of the sapphire rod using metalization technique. The sapphire rod is connected t
copper block, which is thermally anchored to the liquid helium reservoir with copper bundle wires. The copper block is connected
to a rigid shaft through a flexure spring, and the shaft extends through the hollow of the cryostat to the spindle placed on the to
flange at room temperature. Rotating the spindle, the SQUID chip can be simply moved up and down with an accuracy of &
micrometers in the movable range of 1 mm. A 40-micrometer thick sapphire window separating the sample from the vacuurn
space can be adjusted toward the SQUID using a bellows structure. With this mechanism, we have achieved the separation
800 micrometers between the SQUID and the sample, so far. Our goal of the separation is 200 micrometers or shorter with mo
careful assembly. The liquid helium capacity of the cryostat is about 10 litters and the SQUID can be maintained at operatior
temperature for 72 hours. The field resolution of the SQUID was 1.7 pT/rtHz at 100 Hz in a flux locked loop (FLL) operation.
In this talk, we will introduce the progress of our SSM project, showing the performance and a scanning demonstration result o
artificially magnetized natural zircons with magnetite inclusions.
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Grain-size distributions from deconvolved broadband magnetic susceptibility

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

A magnetic susceptibility meter with several-decade frequency band has recently made it possible to obtain superparamagne
grain-size distributions only by room-temperature measurement. A rigorous deconvolution scheme of the broadband susceptibi
ity data is already available. | have made some corrections on the deconvolution scheme and present its applications to broadba
susceptibility data on loess and volcanic rocks.

Deconvolution of frequency dependence of susceptibility was originally developed by Shchervakov and Fabian [2005]. Sup-
pose an ensemble of superparamagnetic grains distributed for two independent variables of volume (grain-size) and energy barr
against magnetization rotation. Applying alternating magnetic field with varying frequency results in differentiating grains by
energy barrier - not directly by volume. Since the response function for frequency is known, deconvolution of frequency de-
pendence of magnetic susceptibility provide a rigorous solution for the second moment of volume on the volume-energy barrie
distribution. If accepting a common assumption of a linear relation between volume and energy barrier, we can obtain analytica
volume or grain-size distributions of superparamagnetic grains without discretization or assuming any a priori parametric distri-
bution function.

A ZH broadband susceptibility meter comprises of two separated devices for lower (SM-100, 65 - 16kHz) and higher (SM-105,
16k - 512kHz) frequency ranges. At every frequency susceptibility calibration was conducted using three kinds of paramagneti
rare earth oxides [Fukuma and Torii, 2011]. Measurements were carefully performed; Inch-core or cube specimens were place
exactly at a same position within an exciting coil, data with high noise indices were deleted and re-measured, and drift correctiol
was made.

Almost all samples exhibited seemingly linear dependences of in-phase susceptibility on logarithmic frequency. This indicate:
that the measured data do not suffer serious noise, and that the second moment of volume is relatively constant against enel
barrier. Nonetheless, third-order polynomial fittings revealed slight deflections from the quasi-linear susceptibility - logarithmic
frequency relations. Deconvolving the polynomials showed that such slight defections come from peaks or troughs in varying
second moment of volume against energy barrier. Assuming a linear relation between volume and energy barrier, peaks or troug
around 1 x 102* m3 were found for the volume distributions derived from the deconvolution. Long-tailed volume distributions
from Chinese loess samples would suggest the broad superparamagnetic grain-size distribution.
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Deconvolution of continuous paleomagnetic data from pass-through magnetometer: A
new algorithm with ABIC minimization

# Hirokuni Oda[1]; Chuang Xuan[2]
[1]11IGG, GSJ, AIST; [2] National Oceanography Centre Southampton

The development of pass-through superconducting rock magnetometers (SRM) has greatly improved our efficiency in col
lecting paleomagnetic data from continuous long-core samples. The output of pass-through measurement is the convolution
magnetization of a continuous sample with the magnetometer sensor response, which introduces smoothing and distortion to t
paleomagnetic signal. Although previous studies have demonstrated that deconvolution can effectively restore high-resolutio
paleomagnetic signal from pass-through measurement, difficulties in accurately measuring the magnetometer sensor respor
have hindered the application of deconvolution. We acquired reliable sensor response of an SRM at the Oregon State Universi
(OSU) based on repeated measurements of a precisely fabricated magnetic point source. In addition, previous deconvolutic
studies did not consider the effects of inaccuracy in sample length and measurement position. We present an improved algorith
of deconvolution incorporating new parameters 'position shift’ and 'length correction’ along with Akaike’'s Bayesian Informa-
tion Criterion (ABIC) minimization of Oda and Shibuya [1996]. The new algorithm was tested using synthetic measurement
data constructed by convolving 'true’ paleomagnetic signal containing a geomagnetic excursion with the sensor response. Rt
alistic noise was added to the synthetic measurement using Monte Carlo method based on measurement noise distribution
relation to gradient of magnetic moment, acquired from 200 repeated measurements of a u-channel sample. Deconvolution
1000 synthetic measurements with realistic noise closely resembles the 'true’ magnetization, and successfully restores fine-sce
magnetization variations including excursion with errors and residuals mostly in the predicted range. Our analyses also sho
that inaccuracy in sample length and measurement position significantly affects deconvolution results, and can be accounted f
using the new optimized deconvolution algorithm. Optimized deconvolution of 20 repeated measurements of a u-channel samp
yielded highly consistent deconvolution results and estimates of optimized 'position shift’ and 'length correction’, demonstrating
the reliability of the new deconvolution algorithm for real pass-through measurements.



R004-17 go:B O0:100 310 17:15-17:30

Joooobboooboobuooouoobuooada

#00 00 [1)
100000000

Ultra-sensitive rock magnetometer using pico-tesla magneto-impedance sensor

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

Sensitive rock magnetometers have been developed, using pico-Tesla resolution Magneto-Impedance (pT-MI) sensor, a spec
kind of MI sensor with a resolution of 1 pT comparable with conventional SQUID sensors (e.g., Uchiyama et al., 2012). To detect
weak magnetic signals from natural samples, we have employed in this study a Ml gradiometer comprising of a pair of the pT-MI
sensors to achieve high common-mode noise reduction. This MI gradiometer was tested first of all to a spinner magnetometer t
replacing the flux-gate sensors. It was demonstrated that the new-type spinner made more sensitive and quicker measureme
possible than the conventional ones, and that a suitable electric amplification combined with digital signal processing coulc
enable ultra-sensitive measurements that only SQUID magnetometers have achieved so far. The MI gradiometer has also be
tested to other different types of magnetometers, such as VSM, pendulum, and surface scanning magnetometers. These res
suggest that the MI gradiometer would be useful as a new sensitive and convenient magnetic sensor with broad applicability t
rock and mineral magnetic investigations.
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Paleomagnetic and rock magnetic results from Plio-Pleistocene Sasaoka Formation in
northern Honshu: geologic implications

# Hiroyuki Hoshi[1]; Katsura Yamada[2]
[1] Dept Earth Sci., Aichi Univ. Education; [2] Geology, Shinshu Univ.

http://www.earth.aichi-edu.ac.jp/"hoshi/

Felsic tuffs and fine clastic sediments of the Plio-Pleistocene Sasaoka Formation in northern Honshu were sampled for
paleomagnetic and rock magnetic study. Site-mean remanent magnetization directions were determined for 23 sites, which cov
an interval from ca. 2.7 Ma to 1.7 Ma on the basis of correlation of the magnetostratigraphy with the standard geomagnetic
chronostratigraphy. Recognizable tuffs mostly have stable remanent magnetization carried by magnetite. Despite the possib
presence of magnetic iron-sulfides in fine sandstones, pre-folding remanent magnetization is confirmed by a bootstrap fold te
and reversals test. The study area is located within a concentrated deformation zone that has developed along the eastern mai
of the Japan Sea within a Quaternary compressional stress field, but a northerly overall mean direction is indistinguishable fror
the geocentric axial dipole field direction, suggesting no significant vertical-axis rotation. Comparison of the Sasaoka mear
direction with Plio-Pleistocene ones reported from other areas indicates little or no rotation in and adjacent to the deformatior
zone, except for local rotations along strike-slip faults.
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Paleointensities from 1.35 Ga diabase sills from Northern China Craton

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

The long-term variation in the paleointensity during the Proterozoic-Archean offers the key to an understanding of the evolution
of the geodynamo activity in the Earth’s core. The aim of this study is to add new results and improve the paleointensity databas
during the Precambrian periods.

We have conducted paleomagnetic and rockmagnetic measurements on Mesoproterozoic diabase sills from Northern Chi
Craton. An U-Pb age of 1.35 Ga have been reported from the diabase sills in the same area [Zhang et al., 2009]. We collecte
oriented block samples from 10 sills near Chendge, northeast of China. Host rock samples were also collected for the bake
contact test.

The mean direction of characteristic high temperature components from 35 samples i PD=-6.9°, and alpha95=34%

This direction has passed the fold test [McElhnny, 1964] and the baked contact test, indicating the primary origin of the high
temperature component.

IRM acquisition experiments, thermal demagnetization of 3-axis IRM and high-field thermomagnetic analyses (Js-T) reveal
the main magnetic mineral of magnetite. The hysteresis parameters are consistent with PSD grain sizes.

Paleointensity experiments using 1ZZl method [Yu and Tauxe, 2005] have been conducted. Successful results were obtaine
from four samples. The mean paleointensity is 3.45+/-0.23 micro-T, which corresponds to a virtual dipole moment (VDM)
of 0.89:10°2Am?. This is about one-tenth of the present VDM value, which suggests the low geomagnetic field during the
Mesoproterozoic period.
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Paleomagnetic study of Jurassic-Cretaceous redbeds in Cambodia

# Yukiho Tsuchiyamal[1]; Sieng Sotham[2]; Yos Samuth[2]; Eiichi Sato[3]; Yo-ichiro Otofuji[1]
[1] Earth and Planetary Sciences, Kobe Univ.; [2] GDMR, Cambodia; [3] Institute for Education, Kobe Univ.

The Indochina Peninsula, which consists of several blocks, was subjected to complicated tectonic deformations. We carrie
out the paleomegnetic study of Jurassic-Cretaceous redbeds from the southwestern Cambodia to constrain deformation mo
of the Indochina Peninsula. We collected rock samples at the Sihanoukville areaN10(3.6E, 15 sites) and the Koh
Kong area (11.6N, 103.PE, 14 sites) around the boundary between the Indochina and Sukhothai Blocks. Stepwise thermal
demagnetization experiments revealed high temperature magnetic component with a unblocking temperature 6C6i20-690
most samples, and it was recognized as characteristic remanent magnetizations (ChRMs). The ChRMs indentified were group
into two directions : the northerly and easterly directions. The in-situ mean of the northerly direction i DE38.5,
alpha95=3.1, N=19, and the mean after tilt-corrected is D=4 414.7, alpha95=5.1. We judged that the northerly direction is
acquired secondarily because of negative fold test. The in-situ mean of the easterly direction i€ 1=30.8°, alpha95=5.4,

N=11, and the mean after tilt-corrected is D=42.06=32.1°, alpha95=5.0. Although fold test is inconclusive, the easterly
direction is apart from the northerly one and is recognized as primary magnetization. The easterly direction is concordant with
Jurassic-Cretaceous directions reported previously in the Indochina Block. We conclude that the southwestern Cambodia belon
to the Indochina Block and have experienced clockwise rotation as its part.
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Deformation due to the Collision between South China Block and North China Block

# Xxx Weilisi[1]
[1] Earth & Planetary Sciences, Kobe Univ

Middle Triassic red sandstones and Early Triassic limestone were sampled at 37 sites at two locations in the north margi
(108.18E, 31.82N) of South China Block (SCB) to detect regional deformational features due to the collision between SCB anc
NCB. Most of the samples indicate characteristic remanent magnetization with unblocking temperature up to 590 centigrade ¢
690 centigrade. Thermal demagnetization isolated low temperature component (LTC) of 25 centigradeto 450 centigrade and hig
temperature component of 530 centigrade to 590 centigrade, or 560 centigrade to 690 centigrade. LTC shows a direction towar
present earth field, while the HTC shows a NE-down-towards direction or SE-up-towards direction. Based on the direction of
HTC, it is expected that a clear clock-wise rotation around study area, which indicates a significant constructural deformatior
due to the collision between NCB and SCB. It is also possible that the study area was subjected to the same mechanical motic
of Yangtze belt, which is located to the south of the NCB-SCB boundary, and received the same regional deformation within the
area of Yangtze fold belt.

The details of the deformation will be presented in the presentation.
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Paleomagnetic directions and rock-magnetic properties from Oligocene Ethiopian flood
basalts

# Hyeon-seon Ahn[1]; Tesfaye Kidane[2]; Kazuya Okayama][3]; Yukiho Tsuchiyamal4]; Yo-ichiro Otofuji[4]
[1] Dept. of Earth and Planetary Sci., Kobe Univ.; [2] Earth Sci., Addis Ababa Univ.; [3] Earth & Planetary Sciences, Kobe
Univ.; [4] Earth and Planetary Sciences, Kobe Univ.

Paleomagnetic observations of continental flood basalts can provide much more complete and complex high-fidelity record
for understanding features of the ancient Earth’s magnetic field varying rapidly with time (e.g., Jarboe et al., 2011) as well as
magnetostratigraphic contributions such as a stratigraphic correlation and dating.

We focus on the Oligocene Ethiopian flood basalts, in which there is a 2000 m-thick exposures of the flood basalts at Lima-
Limo (LL) region (13.25°N, 37.93°E). In this studied region, only previous paleomagnetic investigation from a sparse sampling
of Rochette et al. (1998) was carried out, and thus it has been required to resample the whole section to obtain a better details
and precise paleomagnetic recording.

We sampled a successive of 93 lava flows and 5 acidic inter-layers for paleomgnetic measures with 11 flows for geochronolog
And stratigraphic relationship between flows was well controlled by their altitudes.

The goal of this work is to restore time-variation of paleo-geomagnetic field in its direction and strength for the Oligocene.
Here we report rock magnetic results with thermomagnetic (TM) analysis, magnetic hysteresis parameter measurements al
isothermal remanent magnetization (IRM) acquisitions, and paleodirectional results, which newly revised from the report of
SGEPSS 2013, for the LL lavas.

Results of TM analysis and IRM acquisition experiments as well as behavior of thermal demagnetizations of NRM shows that
all the samples have magnetite as a dominant carrier of remanence. A majority of ferromagnetic phases has either single phe
with a Curie temperature of magnetite or multiple phases with Curie temperatures of 200G 408 magnetite, while for a few
cases, a higher Curie temperature phase of “62besides magnetite is also observed. Resultant Day plot (Day et al., 1977) of
the hysteresis parameters measured shows a magnetic grain size distribution with a diagonal elongated band within the pseu
single domain region bounded by Dunlop (2002).

In most of the paleomagnetic measurements, paleomagnetic directions of characteristic remanent magnetization (ChRM) a
well isolated by an alternating field (AF) of 40 mT at least or by a temperature of 2002Cl08ing both AF and TH demag-
netization techniques, while rather AF demagnetization is more straightforward to separate ChRMs for several cases.

Our current magnetostratigraphic result appears to contain a succession of 3 magnetic chrons roughly as previous study (R
chette et al., 1998), but clearly reveals that there are further 4 reversals in the lower part of central normal chron at 1800 - 195
m in altitude and also recognize possible 3 geomagnetic excursions in two reversed chrons.

Paleomagnetic observations of continental flood basalts can provide much more complete and complex high-fidelity record
for understanding features of the ancient Earth’s magnetic field varying rapidly with time (e.g., Jarboe et al., 2011) as well as
magnetostratigraphic contributions such as a stratigraphic correlation and dating.

We focus on the Oligocene Ethiopian flood basalts, in which there is a 2000 m-thick exposures of the flood basalts at Lima-
Limo (LL) region (13.25°N, 37.93°E). In this studied region, only previous paleomagnetic investigation from a sparse sampling
of Rochette et al. (1998) was carried out, and thus it has been required to resample the whole section to obtain a better details
and precise paleomagnetic recording.

We sampled a successive of 93 lava flows and 5 acidic inter-layers for paleomgnetic measures with 11 flows for geochronology
And stratigraphic relationship between flows was well controlled by their altitudes.

The goal of this work is to restore time-variation of paleo-geomagnetic field in its direction and strength for the Oligocene.
Here we report rock magnetic results with thermomagnetic (TM) analysis, magnetic hysteresis parameter measurements al
isothermal remanent magnetization (IRM) acquisitions, and paleodirectional results, which newly revised from the report of
SGEPSS 2013, for the LL lavas.

Results of TM analysis and IRM acquisition experiments as well as behavior of thermal demagnetizations of NRM shows that
all the samples have magnetite as a dominant carrier of remanence. A majority of ferromagnetic phases has either single pha
with a Curie temperature of magnetite or multiple phases with Curie temperatures of 200G 408 magnetite, while for a few
cases, a higher Curie temperature phase of “62besides magnetite is also observed. Resultant Day plot (Day et al., 1977) of
the hysteresis parameters measured shows a magnetic grain size distribution with a diagonal elongated band within the pseu
single domain region bounded by Dunlop (2002).

In most of the paleomagnetic measurements, paleomagnetic directions of characteristic remanent magnetization (ChRM) a
well isolated by an alternating field (AF) of "40 mT at least or by a temperature of 2002Cl08ing both AF and TH demag-
netization techniques, while rather AF demagnetization is more straightforward to separate ChRMs for several cases.



Our current magnetostratigraphic result appears to contain a succession of 3 magnetic chrons roughly as previous study (R
chette et al., 1998), but clearly reveals that there are further 4 reversals in the lower part of central normal chron at 1800 - 195
m in altitude and also recognize possible 3 geomagnetic excursions in two reversed chrons.
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Post-Jurassic Tectonics of Southeast Asia inferred from Paleomagnetism

# Yo-ichiro Otofuji[1]
[1] Earth and Planetary Sciences, Kobe Univ.

Post-Jurassic tectonics of differential rotation between the Indochina and South Sundaland blocks in Southeast Asia remaing
an issue to be properly investigated. Because the Sibumasu Terrane is located between the clockwise rotated Indochina Block a
counter-clockwise rotated South Sundaland Block, its tectonics is a clue to understanding deformation feature of the Southea
Asia. For this purpose, we focus our paleo magnetic study on the lower to middle Jurassic red sandstones in the Sibumasu Terral
The Umphang Group is collected at 33 sites from the North Trang Syncline (7.6N, 99.6E) in the Peninsular Thailand and at 2
sites around Ratchaburi area (13.6E, 99.6E) in its root. After a stepwise thermal demagnetization a pre-folding characteristi
remanent magnetization is identified. Easterly deflection in declination (D = 31.1, | = 12.2, a95 = 13.9) appears at the Tranc
area in a mean direction of this component at 100% unfolding, whereas westerly deflection in declination (D=348.5, 1=24.7,
a95=10.5) is observed around Ratchaburi area. Combining of two directions with those reported from other areas, Umphan
Group rocks (Kalaw, Mae Sot, Ratchaburi and North Trang Syncline) reveal variable declinations (between 348.5 and 44.7
for the Sibumasu Terrane. Variable declinations are ascribed to differential deformation in the Sibumasu Terrane, as reflecte
from sinusoidal shaped features in the Carboniferous-Permian strata and the Cretaceous-Paleogene granites. Observation of s
features in the granitic rocks links the occurrences of deformational activities after their intrusion, which took place in a period
between 130 Ma and 51 Ma. The Sibumasu Terrane behaved as an independent fragment at a time when the Indochina Blo
was undergoing through a clockwise rotation and southward displacement as a result of extrusion tectonics after the gigant
India-Asia collision.
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Emplacement mechanism of marine volcaniclastic sediments (IODP Site U1397, 1398)
off Lesser Antilles volcanic arc

# Takeshi Saito[1]; Kyoko S. Kataoka[2]
[1] Geology, Shinshu Univ.; [2] Res. Inst. Hazards and Disaster, Niigata Univ.

Large numbers of marine volcaniclastic sediments with various origins were recovered from the sites U1397 and U139¢
during IODP Expedition 340. They were most likely derived from volcanoes on Martinique and possibly from Dominica,
Lesser Antilles volcanic arc. Some volcaniclastic units were transported and deposited as turbidites, some were as thin teph
fall deposits and others show both characteristics. They contain various amounts of bioclastic component, pumice and lithi
fragments and hemipelagic mud clasts. Therefore, these volcaniclastic sediments are suitable for investigating transport ar
emplacement mechanisms of volcanic materials and the resultant sedimentary and petro-facies in marine settings. In this stuc
we carried out rock magnetic measurements, grain size analysis by the laser diffraction spectrometry and electron microscop
observation. As a result, turbidites and tephra fall deposits showed distinct rock magnetic characters. Grain size distributiol
and microscopic observation showed consistent results, suggesting various types of depositional processes were recorded
size, sorting, morphology and magnetic signals of marine volcaniclastic sediments. We can estimate the origin of the maring
volcaniclastic sediments by using these approaches.
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Preliminary paleomagnetic and rock magnetic studies on the sedimentaty sections fromn
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 conducted preliminary paleomagnetic and rock magnetic measurements on the sedimentary sections recovered fr
Integrated Ocean Drilling Program (IODP) Site U1408 in the Northwest Atlantic, off Newfoundland. Principal purposes are to
establish an age model of the sediments and to investigate variation of the geomagnetic field in geologic past.

Stepwise alternating field (AF) demagnetizations (20-80 mT) on natural remanent magnetizations (NRMs) revealed that cha
acteristic components of the sediments mainly resulted in (1) inclination between -60 and -30 degree and declination between -4
and 0 degree, and (2) inclination between 30 and 60 degree and declination between 120 and 180 degree. The intervals show
the components (1) obviously recorded normal polarity while those showing (2) recorded reversed polarity. In total we could
identify nine polarity reversals in the studied interval (20-160 mcd; meter composite depth) of the sediments.

We correlated the obtained reversal pattern with the geomagnetic polarity time scale by Gradstein et al. (2012) (Geologi
Time Scale 2012), with referring the shipboard biostratigraphy (Norris et al., 2014). The correlation suggested that the studiec
interval covered Chrons C17n.2n to C20r (approximately 38-43 Ma), and provided an age model which infer sedimentation rate
of about 2-4 cm/kyr during these chrons. However, we could not find nor identified the interval correlatable to Chron C19n
(41.154741.390 Ma), suggesting some possible mis-splice at around 100 mcd.

After the measurements of NRMs, we imparted anhysteretic remanent magnetizations (ARMs, 50 micro-T biasing field with
80 mT AF) and isothermal remanent magnetizations (IRMs, 800 mT). Ratios of ARM to SIRM (ARM/SIRM) resulted in either
about 0.20 or 0.05 for majority of the studied interval. The intervals showing the ratio 0.20 seem to be potentially suitable for
relative paleointensity estimation, while those showing the ratio 0.05 are probably originated from diagenetic dissolution of fine
magnetic particles.
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Mesozoic magnetic lineations in the northwestern Pacific Ocean using shipboard three
component magnetometers

# Kohei Matsumoto[1]; Masao Nakanishi[1]
[1] Grad. Sch. Sci., Chiba Univ.

We present the Mesozoic magnetic anomaly lineations identified using geomagnetic data by the shipboard three compone
magnetometer (STCM) mounted on deck of R/V MIRAI in the northwestern Pacific Ocean. Mesozoic magnetic anomaly lin-
eation map was made by Nakanishi et al. (1989; 1992). The map comprises several blank areas where no magnetic anomz
lineations were identified because of lack of geomagnetic data. Additional geomagnetic measurements have been necessary
complete the map. However, measurements of total forces with towed magnetometer such as a proton precession magnetome
have been not very often carried out in recent years unlike before the 1980s.

To break through the current difficulties, we are utilizing geomagnetic data obtained by STCM and bathymetric data obtainec
by multibeam echo-sounders. The results of multibeam data will be shown in the presentation by Nakanishi in this meeting.

Several research vessels of Japan Agency for Marine-Earth Science and Technology (JAMSTEC) continuously measure tt
geomagnetic field by the STCM in the transit of the survey areas. We are trying to identify magnetic anomaly lineations using
geomagnetic data obtained by the STCM mounted on deck of R/V Mirai. The precision of STCM data is less than that by towed
magnetometers, but it is useful to find strikes of magnetic anomaly lineations.

We processed the STCM data collected during the cruises of R/V Mirai from 2009 to 2013 on basis of the methods propose
Isezaki (1986) and Korenaga (1995). We examined critical values of intensity of spatial differential vector (ISDV) in the areas
where magnetic anomaly lineations have been already identified by previous works. On base of our examination of ISDV, we
newly identified magnetic anomaly lineations in the blank areas, especially near the 1zu-Ogasawara and Mariana trenches.
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Analyzing the geomagnetic declination and the local geography in early 19 century from
Santou-Houi-Kirecorded by Tadataka Inoh.

# Motohiro Tsujimoto[1]
[1] none

The Santouhouiki is a national treasure of Japan recorded by the cartographer Tadataka Inoh in 1800 to 1816, consist of ¢
volumes survey ledger. In the Santouhouiki approximately 200,000 magnetic compass survey

azimuth data by 0 deg 5 min to 10 min unit,with name or short description of reference point and target points are recorded
We executed interdisciplinarity and simultaneous analysis of geomagnetic declination,and real azimuth, precise position of th
survey reference point,confirm with the survey diary,Inoh maps, the survey map in today or local source books.

We analyze the position of reference point,less than 1 sec in latitude and longitude, where the value of magnetic declinatiol
subtracting the magnetic survey azimuth from the true azimuth, to any target points are similar or approximate. We cannot rea
the presice content of national treasure Santouhouiki without this interdisciplinarity and simultaneous analysis. We analyze
geomagnetic declination at 180 points in Japan mainland. The distribution of magnetic declination in early 19 century is gradually
elucidated. When we compare those result with gufm1 global isogonic map in 1800 by Andrew Jackson,we can find some
differences not only in the area of geomagnetic disorder in eastern Hokkaido volcanic belt. | refer to the ciircumstance of
popularization of magnetic compass without the correction of magnetic declination from 17 to 19 century in Japan.
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Detection of the geomagnetic jerks over East Asia in the latter half of the 20th century
using R-SCHA2D method

# Makoto Yamano[1]; Hiroaki Toh[2]
[1] Earth & Planetary Sciences, Kyoto Univ.; [2] DACGSM, Kyoto Univ.

SCHA(Spherical Cap Harmonic Analysis) is a method that models a potential field on a spherical cap of a sphere.This metho
was originally developed by Hains [1985] and improved by Thebault [2006].Paticularly R-SCHA2D(Revised SCHA2D) elabo-
rated by Thebault [2008] is suitable for analyses of site distribution where the altitude diffrence can be ignored.We applied this
method to geomagnetic data over East Asia in the latter half of the 20th century and created regional geomagnetic models for tt
area in the era.

Geomagnetic jerks are known as a phenomenon of rapid geomagntetic secular variations.lt is seid that jerks do not occur
the same time over the globe and there are a few years delay from region to region (Pinheiro, Jackson and Finlay [2011]).Vari
ous kinds of method such as statistical analyses, wavelet analyses, spherical harmonic analyses have been applied to detect
geomagnetic jerks.Among them, Thebaa[2008] regional analysis is a good example of applying R-SCHA2D to detection of
the jerks.He made a series of geomagnetic models over France int hte latter half of the 20th century in order to identify the
geomagnetic jerks of the region.

We used our regional geomagnetic models in East Asia so as to detect the jerks,and compared the result with that of Thebau
[2008]. In the presentation, we illustrate our regional models, and discuss R-SCHA2D as a useful method for detection of the
geomagnetic jerks.
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Magnetic billow-like wavy folds in a seismic slip plane of Nojima fault gouge: evidence
for thermal pressurization

# Tomohiko Fukuzawa[1]; Norihiro Nakamura[2]
[1] Earth Science,Tohoku Univ; [2] Earth Science, Tohoku Univ

There is an enigma whether steadily creeping fault could trigger a big earthquake. Recent study suggests that a key mechani:
would be an infiltration by hot geological fluids into fault zones, acting as a lubricant to occur a big slip. Therefore, itis very useful
for a fault gouge as a fossilized slip zone to seek evidence of frictional heating associated with geological fluids in the fault zone
Nojima fault gouge is one of best materials with a laminated breccia of incohesive grayish gouges and cohesive blackish gouge
including a sharp slip zone, turbulent disordered textures and billow-like wavy folds. Our previous rock magnetic studies provide
cohesive blackish gouges experienced at least a 400 degrees heating during its formation from the incohesive grayish gouge
because of the magnetite formation through thermal decomposition of siderite in the grayish gouge.Our scanning Magnetc
Impedance magnetic microscope observation shows the billow-like wavy folds and sharp slip zone are strongly magnetizec
indicating these two zones had been experienced a frictional heating (over 400 degrees). The billow-like wavy folds are ven
similar to Kelvin-Helmholtz (KH) instability pattern in nature. Conspicuous examples of KH-instability are the cloud-atmosphere
interface, Jupiter and Saturn’s atmosphere and cold-warm interface at the ocean current. This instability generated at the interfa
between two fluids of different densities shearing at different velocities (Thorpe 2005).Spectral analysis of square amplitude
against wave numbers of wavy folds indicates a good correlatiéaQR) with power law form. The index of the power law
was -1.9, agreeing well with the previous results.This leads us to consider that our billow-like wavy folds were surely produced
by KH-instability, suggesting that the cohesive blackish gouges deformed as fluids. The preservation of this KH texture suggest
that a part of the blackish gouge mixed with hot fluids and a granular dense layer flew with a less dense layer at different velocity
This result suggests that shear-induced thermal turbulence in the fault gouge decrease a frictional strength along the billow-lik
wavy folds during earthquake slip dynamics.This provides the geological evidence for thermal pressurization.In this presentatior
the X-ray computed tomography (CT)-based three dimensional analysis of our billow-like wavy folds in a slip zone will also be
shown to determine slip orientation of the fault.
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Paleomagnetic study on Holocene lava flows from post-caldera central cones of Aso
Volcano

# Nobutatsu Mochizuki[1]; Hidetoshi Shibuya[2]; Takanori Yato[3]; Yasuo Miyabuchi[4]
[1] Kumamoto University; [2] Dep't Earth & Env., Kumamoto Univ.; [3] Science, Kumamoto Univ; [4] Kumamoto Univ.

We have conducted a paleomagnetic study on Holocene lava flows from post-caldera central cones of Aso Volcano. Palec
magnetic sampling was made at 25 sites of seven units. Nineteen out of 25 sites gave reliable mean paleomagnetic directior
which had a 95% confidence circle of lower than 5 degree. Different sites from a few lavas, which had been treated as a singl
unit in the geological map of Aso Volcano (Ono and Watanabe, 1985), gave different mean paleomagnetic directions at 95Y%
confidence level. For Kishimadake lava, Ojodake lava, and Nakadake young volcanic edifice lava, two different mean direction:
were obtained from multiple sites of each flow. These differences in mean paleomagnetic direction indicate that multiple flows
were extruded with a temporal gap of the order of 10 or 100 years. We also found that Kamikomezuka scoria, two sites of
Kishimadake lava, two sites of Ojodake lava gave identical mean directions at 95% confidence level. The concordance of th
mean directions suggests that the multiple vents erupted simultaneously, in a time interval of the order of 10 years, and thes
lavas were extruded over a wide area of the post-caldera central cones. In this presentation, we report new data from a couple
sites. On the basis of all the paleodirectional data, combined with geological evidences, we discuss the stratigraphic relationshij
and distributions of Holocene lava flows from post-caldera central cones of Aso Volcano.
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Study on evaluation of archaeological date applied to archaeomagnetic temporal axis

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

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

We have produced an archaeomagnetic database with gathering Japanese archaeomagneitc data and made a new geomag
secular variation curve for the past 2000 years. Here we discuss the archaeological dating due to the type morphology of th
potteries baked in the kilns whose floors are used for archaeomagnetic studies, which is often applied to the temporal axis of tt
geomagnetic secular variation models. There is a conflict in the date between archaeological type age and paleomagnetic a
The former has a period when the potteries of this type were made, whereas the latter show the date of the final output of th
potteries in the kiln, which is based on the view of the thermoremanent magnetization. Here we estimate the archaeomagnet
mean direction for each interval with using a new window filters due to those conditions. We will also discuss the distribution
of the archaeomagnetic direction with these windows, which should be biased toward older ages and would be necessary to |
treated with different statistics as Fisher and Bivariate Fisher.
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Magnetic mineral distributions from the red soil on land to offshore sediments: a case
study of northeastern Okinawa Island.

# Noriko Kawamura[1]
[1] ICGA

The red soil called Kunigami Margi is distributed in the northeastern part of Okinawa Island northeastern part. Coral reefs in
Okinawa Island are damaged by red soil which is transported rivers in the short steep slope. In order to investigate the red soi
distribution in the nearshore marine sediments, rock magnetic analysis was conducted in this study. The samples were take
from the natural beach to continental slope in the northeastern part of Okinawa Island. The red soil and nerashore sedimen
have significantly low S-ratio values, while the value shows high in the offshore sediment samples. The value low-temperature
magnetometry shows the Morin transition at around 250 K in the red soil samples. This suggests that the magnetic carrier c
the red soils is hematite. The offshore samples have a slight decrease in IRM at about 100 K. This decrease is interpreted
be the Veywey transition of magnetite, and its suppression is indicative of oxidation (maghematization) of magnetite. These
thermomagnetic results suggest that hematite is distributed from the land, and the principal magnetic minerals are maghemize
from nearshore to offshore sediments.



R004-P010 O O : Poster O0:110 20

Jodobbbooobobobuooouoobboooooooog

#00O OO0 [1; 000 [2;00 00 [8;000 OO0 [4; 00 OO [5]
[1]00000000000000000000;[2]0000000000;[3]00000000;[4]00000000
00;[51000000

Magnetic properties of a piston-core sample from Haneji-naikai: Effects of the red soll
erosion and reductive diagenesis

# Yutaro Takanashi[1]; Akira Hayashida[2]; Kazuyoshi Yamada[3]; Katsuya Gotanda[4]; Hitoshi Yonenobu[5]
[1] Sci. Environ. Math. Model., Grad. Sci.&Engi, Doshisha Univ.; [2] Environmental Systems Science, Doshisha University;
[3] Culture and Academia Bureau, Shizuoka Prefecture; [4] Chiba Univ. Commerce; [5] Naruto Univ. Education

We investigated the magnetic properties of a sediment core sample of 286 cm long, which was recovered from the Haneji
naikai bay in Okinawa Island. Pass-through measurements of u-channel samples show a gradual down-core decrease of low-fit
magnetic susceptibility, followed by sharp decrease of anhysteretic remanent magnetization (ARM) of about two orders of
magnitude at about 150 cm below seafloor. Measurements of isothermal remanent magnetization (IRM), made on discrete cub
specimens, revealed that the proportion of low-coercivity magnetic minerals (S-ratio) shows variation consistent with the ARM.
It is also found that high-coercivity component of IRM (HIRM) is enhanced at the topmost part of the core (above 80 cm),
corresponding to the variation of the color indicesgiad kx) measured on the split core surface. IRM acquisitions and thermal
demagnetization experiments on selected samples suggest occurrence of goethite and hematite as high-coercivity minerals &
titanomagnetite and magnetite as medium to low coercivity minerals. These results suggest that a loss of fine-grained magneti
have occurred in the lower interval due to reductive diagenesis and that inflow of the red soils from the watershed increased afte
ca. 500 year BP.
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