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Effects of pressure on the Verwey transition temperature of magnetite
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The Verwey transition of magnetite is one of the basic issues in the rock magnetism, since the magnetic property measureme
using low temperature cycle (LTD, field cooling/ zero-field cooling method, and so on) is a powerful tool for identifying magnetic
minerals of rocks.

Mori et al. (2002) reported that the Verwey transition temperature (Tv) decrease with applied pressure by measuring the elec
trical resistivity on single crystalline samples. In contrast, Rozenberg et al. (2007) observed increase in the transition temperatu
with pressure by X-ray diffraction and Mossbauer experiment under high pressure. Therefore the Tv change with pressure he
been controversial. Recent developments of experimental techniques enable us to measure sample magnetizations under
pressure (Gilder et al., 2002; Kodama and Nishioka, 2005; Sadykov et al., 2008). We focus on the Verwey transition of magnetit:
and conducted systematic experiment under a pressure of up to 0.9 GPa.

In the sample preparation, natural magnetite of large crystal was crushed by hand and sieved in an ultrasonic bath to be 45-
micrometers in size. The pressure cell used in the present study is made of CuBe and zirconium oxide (Kodama and Nishiok:
2005). Samples are placed into a Teflon capsule As a pressure transmitting fluid, we used a 1:1 mixture of Fluorinert NO. FC7!
and NO. FC77. To calibrate the pressure inside the cell we placed small chip of indium whose transformation temperature i
given as a function of pressure (Jennings and Swenson, 1958).

We performed thermal demagnetization of a saturation isothermal remanent magnetization (SIRM) imparted in a magneti
field of 2.5 T at 10 K using a Quantum Design Magnetic Property Measurement System (MPMS). Samples were cooled from
room temperature to 10 K in zero-field. A 2.5 T field was applied at 10 K and then measurements of the magnetic moment upol
warming started. Measurement frequency upon warming from 10 K was 1 K between 90 K and 140 K, with coarser temperature
step below 90 K and above 140 K.

Systematic changes in magnetization intensity curve were observed under high pressure in the present study. Under atm
spheric pressure, the sample magnetization down sharply at the known Verwey transition temperature. Applying a pressure, the
is a little decrease in magnetization in approaching Tv from below, followed by a sharp decline of magnetization due to the
Verwey transition. The Tv values identified as a sharply declined temperature gradually shifts to be lower with pressure (2 K/
GPa). After decompression, the magnetization curves recovered the original one at an atmospheric pressure.

This supports the results by Mori et al. (2002) and suggests that the Verwey transition may be caused by the electron hoppin
Combining other low temperature cycles, we will discuss behaviors of magnetite concerning the Verwey transition.
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netic records through the M-B boundary

00 00 ™ 00 00 !, David Heslog, Andrew P. Roberfs 00 00O 3,00 OO 4
Yusuke Suganumi&, Jun’ichi Okund, David Heslop, Andrew P. Roberts Toshitsugu Yamazaki Yusuke Yokoyam#

0000000000000 000,2The Australian National University ] 0000 0000000,40000000
googd

INational Institute of Polar ResearchiThe Australian National UniversityGeological Survey of JapariAtmosphere and
Ocean Research Institute

Geomagnetic field intensity records from marine sediments (relative paleointensity) have contributed to a better understanc
ing of variations in the Earth’s magnetic field, and have helped to establish age models for marine sediments. However, lock-ii
of the geomagnetic signal below the sediment-water interface in marine sediments through acquisition of a post-depositions
remanent magnetization (PDRM) adds uncertainty to the temporal synchronization of marine sedimentary records. Althoug!
guantitative models enable the assessment of the delayed remanence acquisition associated with PDRM processes, the natur
the filter function and the thickness of the PDRM lock-in zone remain topics of debate. We have performed forward numerical
simulations to assess the best-fit filter function and thickness of the PDRM lock-in zone in marine sediments based on a recent
published comparison of Be-10 flux and relative paleointensity records. Our simulations reveal that the rate of PDRM lock-in
increases in the middle part of the lock-in zone and a Gaussian function with a 16 cm lock-in zone thickness is the most suitabl
for representing the PDRM lock-in process in the studied core. This explains why the PDRM lock-in is largely delayed relative to
the other sedimentary records, but distortion of the geomagnetic signal is relatively small. This result also implies that the PDRN
is not simply locked as a result of progressive consolidation and dewatering of marine sediments, and that the arbitrary lock-ir
functions (linear, cubic, and exponential) that are often used to model PDRM lock-in starting from the base of the surface mixec
layer cannot explain the observed paleomagnetic signal in marine sediments.
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Theory of the Anisotropy of Magnetic Susceptibility (AMS) of rocks is based on the assumption of the linear relationship
between magnetization and magnetizing field, resulting in field-independent susceptibility. However, pyrrhotite, hematite anc
titanomagnetite may show significant variation of susceptibility with field. Three methods were developed for the determina-
tion of the field-independent and field-dependent AMS components, all based on standard measurement of the AMS in variabl
fields within the Rayleigh Law range. The former component basically reflects the magnetic sub-fabrics of mafic silicates anc
pure magnetite, while the latter component is controlled by the pyrrhotite, hematite or titanomagnetite sub-fabric. Examples ar
shown of separation of individual magnetic sub-fabrics in some ultramafic rocks.

In some geological processes, such as very low-grade metamorphism, new very fine- grained magnetic minerals may orig
nate. Their fabric can be investigated by means of the frequency-dependent magnetic susceptibility and its anisotropy, which |
in environmental science and palaeoclimatology traditionally interpreted as resulting from interplay between superparamagneti
(SP) and stable single domain (SSD) or even multidomain (MD) particles. Through standard AMS measurement at different
frequencies, the contribution of SP particles to the whole-rock AMS can be evaluated; appropriate method and program wer
developed. Various rocks, soils and ceramics, showing frequency-dependent AMS, were investigated. Attempts are made of the
fabric interpretation.

0O 0O 000 : anisotropy of magnetic susceptibility, field-dependence, frequency-dependence
Keywords: anisotropy of magnetic susceptibility, field-dependence, frequency-dependence
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It is generally believed that the geodynamo works in the so-called strong-field regime, where substantial part of the Coriolis
force is balanced by the Lorentz force. In this regard, the ratio of the two forces defined as the Elsasser number, $¥Lambda$,
used as a measure of the strength of the dynamo-generated magnetic field. In the strong-field dynamo, it is reasonably hypot
esized that $¥Lambda$ is about unity in the Earth’s core. From geomagnetic field observations, however, $¥Lambda$ at thi
core-mantle boundary (CMB) is of the order of 0.1. It is suggested that the geomagnetic field in the outer core is much stronge
than that at the CMB. On the other hand, from numerical dynamo models, the volume averaged Elsasser number can be as lar
as 100. Thus doubt has been casted on validity of the hypothesis of order-one-Elsasser-number.

In this study, we have obtained a strong-field dynamo using dynamo simulation with the following parameter set: Ekman
number, E = 10°, magnetic Prandtl number, Pm = 2, Rayleigh number, Ra = 3 @ Prandtl number, Pr = 1. In the dynamo
solution, the Elsasser number is 1.6, while the magnetic Reynolds number is 76, somewhat smaller than that of the Earth’s cor
Notably, the magnetic energy is more than 55 times larger than the kinetic energy, indicating that the inertia is minor compare
with the magnetic effect. Also, effects of strong self-sustained magnetic field on evolution of core dynamo are investigated. Fromn
the present result, it is suggested that the strong-field dynamo is likely when the inertial force as well as the viscous one is suffi
ciently small compared with the Lorentz force. Such a condition should be well satisfied in planetary core.

googo:goobo,00b,0boobgon
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The effects of the initial magnetic field on MHD dynamo in a rotating spherical shell
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It is likely that turbulent motions occur in the Earth’s fluid outer core with very small molecular viscosity. Such small-scale
flows, which are highly anisotropic because of the Earth’s rapid rotation and a strong magnetic field, can enhance a large-sca
thermal diffusive process in the core. This suggests that a thermal eddy diffusivity should not be a scalar but a tensor. We hav
been carrying out numerical simulations of magnetohydrodynamic (MHD) turbulence in a rapidly rotating system to investigate
the effect of anisotropy on dynamics in the core, by prescribing elements of anisotropic thermal diffusion tensor.

We have found that a certain degree of anisotropy has an insignificant effect on the character, like kinetic and magnetic en
ergy, of magnetoconvection in a small region with periodic boundaries in the three-directions. However, in a region with top and
bottom rigid boundary surfaces, the same degree of anisotropy can enhance kinetic and magnetic energy in magnetoconvecti
depending not only on prescribed anisotropic tensor diffusivity but also on location of the computational region expressed in
terms of direction of gravity, or latitude. This implies that anisotropic tensor diffusivity, consequent on the anisotropy of turbu-
lent flows, affects dynamics in the core near the boundary surfaces depending on the latitude.

Keywords: anisotropic diffusivity, magnetoconvection, Earth’s core
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Oriented 1-inch cores were collected from 42 stratigraphic horizons of the Middle Miocene marine sedimentary sequence of th
Oidawara Formation, uppermost lithological unit of the Mizunami Group. Magnetic measurement with detailed alternating-field
and thermal demagnetizations revealed a magnetic polarity stratigraphy that divides the sedimentary sequence into three polar
zones (lower reversed, middle normal, and upper reversed). This dominantly reversely magnetized sequence can safely be c
related to Chronozone C5Br as the sediments are dated at approx. 15.8-15.6 Ma based on diatom biostratigraphy. The revers
polarity characteristic remanent magnetization (ChRM) directions determined by principal component analysis of stepwise de
magnetization data have a SSW declination (approx. 200 deg) after gentle tilt correction, indicating clockwise paleomagnetic
rotation. This is consistent with existing paleomagnetic data from the Early Miocene sediments underlying the Oidawara Forma
tion that display more deflected declination. The detected clockwise paleomagnetic rotation is attributed to the clockwise tectoni
rotation of the SW Japan arc associated with the Japan Sea opening as has so far been suggested, and the Oidawara Formz
records the paleomagnetic information in the course of the clockwise tectonic rotation. The reversed polarity ChRM inclination
is significantly shallower than expected at the latitude of the studied area, probably due to inclination shallowing of detrital re-
manent magnetization. The normal polarity ChRM directions exhibit a northerly declination and a moderate inclination, possibly
influenced by a viscous magnetic component that cannot completely be erased by demagnetization.

Keywords: paleomagnetism, Miocene, Oidawara Formation, Mizunami Group, magnetostratigraphy, tectonic rotation
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An upper Olduvai polarity transition record from the Ofuna Formation, Kazusa Group, in

Yokohama, central Japan
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We report a detailed geomagnetic record including direction and proxies of paleointensity at around the upper Olduvai polar-
ity transition from an on-land core, named as Core-l, drilled by Yokohama National University at Segami, southern part of the
Yokohama City. The 105 meters length core covers a part of the Ofuna Formation, Pleistocene marine sequence, consisting
massive siltstone intercalating ash and thin sand layers. Two ash layers detected at depths of 9 and 27 meters below the surf:
have been correlated with Kd38 and Kd39 respectively, which are key tephras recognized in Japan as indicating ages just abo
the upper Olduvai boundary.

1-inch diameter mini-cores were taken for paleomagnetic and rock-magnetic measurements using a core-piker at 452 stra
graphic levels from Core-l between 75 and 105 meters with intervals of 2 to 10 cm thickness. Measurements for stepwise altel
nating filed demagnetization (AFD) from 5 mT up to 60 mT with 5 mT steps, anisotropy of magnetic susceptibility (AMS), and
anhysteretic remanent magnetization (ARM) were conducted for specimens at all the 452 levels, and stepwise thermal demang
tization were done for selected 30 specimens. As the results, at most of the specimens, secondary components were removed
to 25 mT and/or 250 degree C levels and characteristic remanent magnetization (ChRM) components were extracted. The upp
Olduvai polarity transition was detected between 82 and 87 meters corresponding with a 7 kyrs time span between 1784Ka ar
1777Ka, which were derived by an age model using oxygen isotopic analyses.
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Matuyama-Brunhes polarity transition features from Sangiran, Java
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Detailed features of the Matuyama-Brunhes (M-B) polarity reversal transition are obtained from a 7-m thick section of fluvio-
lacustrine sediments in Sangiran, Java. Besides the previously reported multiple short reversal episodes, relative paleointens
(RPI) was determined with magnetizations of sediments whose magnetic carriers are magnetite (titano-magnetite) and hematit
RPI was calculated with the same coercivity spectra of natural remanent magnetization (NRM) and normalizers. We used a con
ponent of NRM demagnetized in a peak alternating field (AF) of 30 mT subtracted by NRM demagnetized in a peak AF of 100
mT (NRM30-100). Two normalizers were used; one is anhysteretic remanent magnetization (ARM) demagnetized in a peak Af
of 30 mT (ARM30), and the other is isothermal remanent magnetization (IRM) demagnetized in a peak AF of 30 mT (IRM30).
ARM was imparted with a peak AF of 100 mT superimposed on a DC biased field of 50 ?T. IRM was imparted with a DC field of
100 mT. Therefore, not only NRM30-100 but also ARM30 and IRM30 are mainly carried by magnetite, and scarcely contributed
by hematite whose remanent coercivity is higher than 100 mT. Magnetic data of 3 to 5 specimens per horizon were averages
The horizon mean NRM30-100 value varies by 320 times. On the other hand, the horizon mean values of NRM30-100/ARM30
and NRM30-100/IRM30 (RPI proxies) vary by only 13 and 10 times, respectively, being consistent with the range of observed
RPI variations across the polarity transition. The two RPI proxy curves quite well agree with each other, showing double minima.
The first RPI minimum occurred between the first two short reversal episodes, and the second one in a broad range from the ma
polarity boundary to the third short episode, followed by a rapid increase in RPI. The RPI variation pattern is quite similar to
that of the M-B transition record from rapidly deposited (50-60 cm/ka) sediments of Osaka Bay, Japan. Four excursional fields
with VGP latitudes lower than 45 degrees were observed just before the main polarity boundary. The VGPs are distributed ir
the western south Pacific, overlapping the VGP cluster of the transitional fields from Hawaiian lavas Ar/Ar dated at 776 ka in
average, and a Canary Island lava Ar/Ar dated at 780 ka. The base of the M-B transition lies about 5 m above the tektite horizor
which confirms the transition is distinct from the precursor event.

0o0do0:00o0bDodoo0oo, 000000 oo, 000000 o0,000,0D00oOon VGP
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Comparison of magnetic properties of topmost sediments at the first and second depre

sions in North Basin of Lake Biwa
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Magnetic properties of Lake Biwa sediments responding to hydrological and climate

changes for the last 46 kyrs

ooo.oooo0Yhoooot!
Akira Hayashid&*, Tomohiro Yamamott Masahiko Yasuda
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I'Doshisha University

Magnetic analysis of a piston core sample from Lake Biwa (BIW95-4) revealed that anhysteretic remanent magnetizatior
(ARM) increases in the post-glacial stage and at interstadial intervals in the last glacial period (Hayashida et al., 2007). New
core samples recovered from other sites in 2007 and 2008 reproducibly extended the ARM record back to 46 ka, featuring majc
interstadials of Dansgaard-Oeschger cycles and Heinrich events. It is thus suggested the magnetic mineral content in Lake Biv
sediments represents hydrological changes associated with climate changes.

We made rock magnetic analysis of the core sediments in order to identify magnetic minerals carrying the ARM and respond
ing to the millennial-scale climate changes. Comparison of ARM acquisition curves up to 100 mT suggest that samples with
higher ARM values are characterized by higher magnetic coercivity compared to low ARM samples, although the difference is
not clearly distinguished by IRM acquisition over 100 mT. The variation of magnetic coercivity correlative to the ARM variation
is also shown by measurement of hysteresis loops with a vibrating sample magnetometer. Hysteresis parameters displayed i
Day plot show that most data fall in the region of pseudo-single domain (PSD), where the samples with higher ARM provide
lower Hrc/He and higher Mrs/Ms data. We suggest possibility that the ARM peaks were yielded by increased flux of fine-grained
ferromagnetic minerals, such as pedogenic magnetite, possibly associated with enhanced precipitation during the interstadial i
tervals and the post-glacial period.
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Keywords: Lake Biwa, anhysteretic remanent magnetization, Dansgaard-Oeschger cycles



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U"m .
SEMO036-P01 oo0:.000000004ao Oo0:50 260 10:30-13:00

googopopoOoooooOooooooooooo. o
Sea?onal changes of magnetic minerals and their grain sizes in the Hiroshima Bay sed
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Paleomagnetic and rock magnetic records of 90-150ka obtained from sediment core BIV
B in Lake Biwa.
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Magnetic behaviors of sediments including maghemitized magnetite in thermal demag

netizations of artificial remanences
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Low-temperature oxidized magnetite (maghemitized magnetite: Magh-Mt) has been recognized as a common magnetic mir
eral in sediments and soils. It is important to identify the presence of Magh-Mt and to clarify its magnetic property for environment:
magnetic and paleomagnetic investigations on sediments and soils. We present results of thermal experiments performed
Magh-Mt bearing sediments, especially progressive thermal demagnetization (PTHD) experiments of artificial remanences. An
alyzed samples were taken from a sediment core (BIW07-5) obtained by piston coring in Lake Biwa, central Japan. The cort
consisted of homogeneous lacustrine clay with 6 tephra layers. Freeze-dried clay samples were used for thermomagnetic expe
ments.

Low-temperature magnetometric results showed the presence of Magh-Mt in the clay samples. Warning curves from 5 to 300t
of isothermal remanence (IRM) imparted at 5K in 1T after zero-field cooling showed a large decrease of IRM between 5 and
40K and suppressed Verway transition of magnetite between 90 and 120K. As S-ratios (maximum field of 2.5T and back filed of
0.3T) of the samples were higher than 0.965, Magh-Mt was regarded as a principal magnetic mineral.

PTHD experiments of artificial remanences in air and Ar were carried out for clarifying magnetic mineralogy. Samples were
packed in small quartz cups. IRM was imparted along the cup axis in a DC field of 1.9T, and then anhysteretic remanence (ARM
was imparted perpendicular to the axis by a peak alternating-field of 200mT and a DC field of 0.1mT. PTHD up to 68Cor 700
were performed using a noninductively wound electric furnace in a six-layer mu-metal magnetic shield; the internal stray field
was less than 5 nT. The initial magnetic susceptibility (Xo) was measured using a KLY-3S susceptibility meter at each demag
netization step.

During the PTHD in air, decay curves of ARM and IRM components showed inflections at about 280 aGd iz&pectively.

The ARM components were unblocked at 820 The IRM components were unblocked at 68&fter small or no decrease at
620°C. Xo decreased gradually up to 680-700 During the PTHD in Ar, the ARM components increased at’Z8Gccom-

panied with increase of Xo, and were unblocked at°&850rhe IRM components decreased at 88@nd were unblocked at
640-680C. Xo increased from 280 to 680-70D. The ARM component is carried initially by Magh-Mt, and carriers of the IRM
component are likely carried by Magh-Mt with higher coercivity and primary hematite. It is suggested that the conversion of
Magh-Mt occur from 280C and that magnetite converted during heating in Ar may acquire remanence newly or inherit rema-
nence from parent Magh-Mt.

Additionally, PTHD experiments above 50D in Ar were performed after demagnetizations in air at lower temperatures (200,
300, 400 and 48TC). Decay curves of ARM and IRM components above®D@rom samples demagnetized at 2G0in air
were quite similar to the curves during the PTHD in Ar at all steps, indicating the complete conversion of Magh-Mt to magnetite.
Samples demagnetized at 300-480n air provided the presence of remanence unblocked between 540 &@ @é20ng the
PTHD in Ar. The amount of the unblocked remanence increased with increasing the demagnetization temperature in air. It i
implied that a converted product from Magh-Mt during heating in air is stable for heating and carries the remanence unblockec
up to 620C.

A PTHD experiment of artificial remanences is a simple and useful method for identifying magnetic minerals. However, in
the case of Magh-Mt bearing samples, it is inferred that decay curves of artificial remanences do not represent initial magneti
mineralogy because a converted product carries remanence during heating.
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Magnetic properties of tephra in Lake Biwa sediments
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Onboard paleomagnetic results of pelagic sediment cores from the South Pacific Ocea

IODP Expedition 329.
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IODP Expedition 329 surveyed and cored the sediment at 6 sites throughout South Pacific Gyre (SPG) and at 1 site its soultl
ern margin. The central SPG has been describes as Earth’s largest oceanic desert (Claustre and Maritorena, 2003). The domin
lithology of this expedition is zeolitic metalliferous clay at the deeper water sites on older basement (58te M) within
the gyre (Sites U1365, U1366, U1369 and U1370). Manganese nodules occur at the seafloor and intermittently within the uppe
sediment column at these sites. The cored sediment at the shallowest site (U1368) is calcareous nanno fossil-bearing clay. T
sediment at Site U1367 is transitional between these 2 lithologies. Site U1371 lies out side the low-chlorophyll region, and its
cored sediment is dominantly siliceous ooze with abundant diatom debris.

Paleomagnetists of Expedition 329 measured natural remanent magnetization (NRM) of all archive-half sections from Site:
U1365 to U1371 using the three-axis cryogenic magnetometer at 2.5-cm intervals before demagnetization. The archive-half se
tions were demagnetized by alternating fields (AF) of 10 mT and 20 mT. The primary magnetization of pelagic clay generally
degrades at a few meters depth below the sediment water interface. The boundary between the primary and stable magne
records often occurs in the later part of Gauss chron and coincides closely with the late Pliocene onset of northern hemisphe
glaciation (Opdyke and Foster, 1970; Kent and Lowrie, 1970; Prince et al., 1980). Magnetic directions of this expedition are not
interpretable throughout most of the pelagic clay (Sites U1365, U1366, U1367, U1368, and, U1370) possibly due to magnetic
overprint during coring (high positive inclination), viscous remanent magnetization (VRM), or diagenetic changes in the sedi-
ment. In addition, appearance of manganese nodules often hampers indigenous magnetic direction in shallow sediment sectio
However, fortunately the pelagic clay sediments of Sites U1369 and the top of U1365 (0-6 m) were less these influences.

The lithology at U1367 changed from metalliferous clay (Unit I) at the top to nannofossil ooze (Unit Il) at the bottom. The
metalliferous clay unit extends from 0-5.5 mbsf in U1367. Consistently, NRM intensities and magnetic susceptibility in Unit
| were in the order of 10?-1 to 10?-2 A/m (more than 100?107?-5 vol. SI) and decreased to about 10?-3 to 10?-2 A/m (10 tc
50?107?-5 vol. Sl) in Unit Il (nannofossil ooze).

gooob:obooooobob, 0oL, oL b, 000U, b0oU,bbboo o
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Paleointensity study of the 570Ma Grenville dike, Canada: a preliminary result
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Recent numerical simulation for the long-term evolution of the geodynamo revealed that high heat flux at the core-mantle
boundary (CMB) generates a continuous high virtual dipole moment«b66Am? throughout an Earth’s history (nearly
3.8Ga"present) and that low heat flux at CMB shows secular weakening of the moment to less1tdAra2. The Pre-
Cambrian paleointensity study can solve this enigmatic result but is still luck of reliable data due to heavy alteration and meta:
morphism. Although a single silicate grain paleointensity method is a best way for the study, more primitive but basic test to
reveal a reliable primary thermal remanent magnetization is a full paleomagnetic field test such as full baked contact test wit
hybrid zones. The Grenville dike is of the Ediacaran Grenville dike swarm intruding tonalitic gneiss (1Ga) of the Grenville Struc-
tural Province (Ontario, Canada). Hyodo and Dunlop (1993) reported a successful result of full baked contact test with hybrid
zone. Here we report a preliminary result of Thellier-Thellier type paleointensity measurement for the chilled margin samples
of the 570Ma {°Ar/3°Ar age) Grenville dike. The characteristic component of the Grenville dike yields a virtual geomagnetic
pole position at 51N and 145W, being different from the compiled VGP positions of the other Grenville dike (Murthy 1971).
We obtained paleointensity results of nearly«1&2Am? from three samples of chilled margin (quality factor of 17.00°74.67),
being much lower than low heat flux model at CMB. Although the number of our successful samples is limited, it seems that the
Grenville dike samples possess a potential to reveal reliable ancient paleointensity data.
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Frequency spectrum of AC magnetic susceptibility: A

mate grain size distribution
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new rock magnetic method to esti-
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A new measurement system has been developed for detecting frequency spectrum of low-field alternating current (AC) mag
netic susceptibility for rock and mineral magnetic studies. The measurement method is principally the same as that of the previol
system developed for obtaining frequency dependence of natural samples (Kodama, G-cubed, 11, 2010, Q11002), but the ne
system has been improved so as to measure AC susceptibility at frequencies in the range of 10 kHz to 100 kHz. The wide ranc
of operating frequency, along with the capability of measuring both in-phase and out-of-phase components of AC susceptibility
permits to estimate the grain size distribution of superparamagnetic particles. Preliminary measurements were made on natul
materials, including volcanic rocks containing SD/MD particles, Chinese loess/paleosol samples, as well as several synthetic m:
terials. The result from the Chinese loess/paleosols, for example, shows a stronger frequency dependence for the paleosol than
the loess, over the frequency range considerably broader than ever reported. This result suggests that the measurement of w
band frequency spectrum of AC susceptibility can be useful, especially in environmental magnetism, as a new rock magneti
experimental method to help quantify the distribution of superparamagnetic nano-particles in a variety of soils and sediments.

00000:00000,00000000,0000000,00040
Keywords: AC magnetic susceptibility, frequency spectrum, grain size distribution, superparamagnetism
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Paleomagnetic thermal history of faulting: constraints from the Taiwan Chelungpu-fault

Drilling Project
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The September 21, 1999, the Chi-Chi earthquake (Mw = 7.6) attacked Taiwan. The Chelungpu fault caused this earthquak
and fault type is a thrust fault with left-lateral component. In the southern part of the fault, ground accelerations were higher,
even though the ground velocities and displacements were less than the north at Chi-Chi earthquake (Chung and Shin, 1999).
understand faulting mechanism of the Chi-Chi earthquake, the Taiwan Chelungpu-fault Drilling Project (TCDP) was conducted
to obtain shear zone samples at depth. Two cores called as hole A and hole B were drilled and three different shear zones we
found in these boreholes.

Many studies to investigate the faulting history of the active Chelungpu fault have been reported, e.g., in-situ temperature
measurements by using borehole (Kano et al, 2006); measurements of compositions of elements and isotope ratios (Ishika
et al., 2008); thermomagnetic analyses (Mishima et al., 2006). These studies imply that these signatures are attributed to t
latest event of faulting (i.e. Chi-Chi earthquake), on the other hand this active fault has been activated many times since 0.7 M
(Chen et al., 2000). Therefore there is a contradiction for the timing of the earthquake occurrence. Electron spin resonance (ESH
signals are also in turn used to reconstruct the temperature rise of frictional heat (Fukuchi, 2003). Although their methods coul
apply to the estimation of a single event of temperature rise, they give little information for thermal history and its timing on
repetitive frictional heating of the active fault. Additionally, ESR is generally accepted as effective dating method, and has beer
used for fault gouge dating (Fukuchi, 2001; Murakami et al., 2002). However, ESR dating age does not always mean the age
the latest fault movement, because frictional heating not always reach high-temperature to reset ESR. Here, | conducted syste
atic paleomagnetic analysis of fault zone rocks of TCDP hole B to trace faulting history of the Chelungpu fault. Remanences ar
very sensitive to feeble thermal changes, therefore it could be useful to trace the thermal history of repeated faulting by therme
demagnetizations.

In my previous work, anomalous high remanent magnetizations had been found from fault rock samples around core surfac
| reargued these anomalous remanences by comparison between surface and interior of core, and found they are almost of ori
from drilling-induced remanent magnetization (DIRM) except for some gouge in the 1136-m fault zone and BM disk samples.
The fault gouge should be exposed frictional heating, so that samples without DIRM carry original faulting-induced remanences
To investigate their thermal history, thermal demagnetizations for these samples were conducted and exhibited mostly three rem
nent components unblocked 580, 30000 and 25000 . Thermomagnetic analyses for these samples yielded that they comprise
magnetite and pyrrhotite as remanence carrier. Primary component unblocked ateBtDsecondary components unblocked at
3000 should be carried by magnetite and pyrrhotite respectively, and acquired during each mineral was produced. From time
temperature relation in remanence, tertiary components unblocked at 25@uld be acquired flash reheating about 260r
3000 in the case of pyrrhotite or magnetite being magnetic carrier respectively. Since the initiation age of the Chelungpu fault
activity is 0.7 Ma within Brunhes normal chron (Chen et al., 2000), faulting-induced TRM acquired in earth field should indicate
normal polarity. However remanent components of some gouge and BM disk samples indicate reverse polarity, accordingly, thes
reverse components might be acquired in excursion events. The youngest excursion with high reliability is at 0.3 Ma, therefore
the formation events to yield major fault gouge zones should have dated back to Mono Lake excursion at least 0.3 Ma.

oooobo:0b00,0b0b000000o
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Multicomponent natural remanet magnetization from red chert in the Tsukumi area, east

ern Kyushu
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Middle Triassic (Anisian) red cherts in the Chichibu Terrane were collected at 27 beds for paleomagnetic study. Progressive
thermal demagnetization treatment revealed five distinct remanent magnetization components from the cherts. The first rem
nent magnetization component is demagnetized at around 200degrees. The component is similar to that of the present Eartl
geomagnetic field. The second component appears at around 250degrees and is demagnetized at around 420degrees. The d
tions of the component, before tilt correction, cluster well and have negative steep inclinations and southwesterly declinations
The third and fourth component is revealed between about 480 and 630degrees. The directions of these components, befc
tilt correction, cluster well and have positive intermediate inclinations and northwesterly declinations. The fifth component is
retrieved at the latest stages of the demagnetization from 650 to 690degrees. The majority of the directions of this componel
show steep inclinations before tilt correction and show northerly shallow directions after tilt correction. A few of the directions,
after tilt correction, have southerly shallow directions. This component is considered to be of primary because both polarities
are present and the antipodality between the two polarities is observed.

The observed directions are compared with previously reported red chert directions from the Mino-Tamba Terrane (Inuyam¢
area) that yielded four distinct remanent magnetization components. The directions of the first to fourth component in this study
(referred to as components A to D), before tilt correction, are well correlated with the in-situ directions of the first to third compo-
nents from cherts in the Mino-Tamba Terrane (Shibuya and Sasajima, 1986; Oda and Suzuki, 2000; Ando et al., 2001), althoug
the two regions are 500 km apart from each other.

The fifth component, with low inclination values after tilt correction, is well correlated with the tilt-corrected inclinations of
the D component observed in the previous study. The cherts in the present study have formed at around the equator durir
Middle Triassic times.

gooobo:b0boo,0b0bbobo,00n
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A paleomagnetic study for cores from basement rocks of the Bowers Ridge, in Bering

Sea
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The IODP Expedition 323 was done between July 5th - September 4th of 2009. Samples used in this study were collected fror
Core 8X - 19X of Hole U1342D. The Hole U1342D was drilled 127.7 meters below sea floor at 54.5 degree N in latitude, 176.6
degree E in longitude and 818.2 meters in water depth. This site is located on the crest of western part of the Bowers ridge, th:
has not been revealed its formation processes including age and location. The purpose of this study is to know the paleolatituc
where the Bowers ridge formed with paleomagnetic analyses on collected samples.

Lithology of the cores mainly consists of volcano-clastics including volcanic sands and breccias, and lava fragments. Since
there is no thick lava flow, which has not rolled after it settled, has been seen on the cores, we conducted the conglomera
and thermal contacted tests for the specimens to assess the quality of thermal remanences to reconstruct paleolatitude. O
inch diameter mini-cores collected at 26 positions and half-inch diameter micro-cores collected at 101 positions from the Hole
U1342D cores. Proogressive alternating field demagnetization from 5m T to 60 mT with 5 mT steps, and/or progressive therme
demagnetization from 100 to 600 degree C with 25 to 50 degree C steps were done for specimens from the all positions. Magnet
susceptibility at each step of progressive thermal demagnetization, and anisotropy of magnetic susceptibility were also measure

As the results, characteristic remanent magnetizations (ChRMs) were extracted from 50 one-inch specimens and 72 half-inc
specimens. Among those ChRMs, only 5 specimens from one piece of core show that the ChRMs settle in similar direction o
which the average inclination becomes -63.8 degree with 19.7 degree in 95% confidence limit. This value indicates 45.5 degre
in average with ranging from 27.3 to 73.9 degrees in paleolatitude. However, a paleolatitude assessment requires time averag
paleomagnetic directions at which the time should be much longer than the period of geomagnetic secular variation (c.a. sever
thousand of years), suggesting that we can not argue paleolatitude using our results.
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