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Environmental rock-magnetism of red clay in the South Pacific Gyre during the Cenozoic:
relation with rare-earth content
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Regional differences in magnetic properties of topmost sediments of the Northern Lake

Biwa
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Rock-magnetic investigations have been performed on topmost sediments above about 30 cm below sediment surface (b
cored in summer (June to July) and winter (November to December) at eight sites with different water depth, where dissolvec
oxygen (DO) content in bottom water and its seasonal variation are different, in the first depression at the North Basin of Lake
Biwa in order to reveal early diagenetic effect on magnetic properties of the sediments.

Low-temperature magnetometric results indicate that a partially-maghemitized magnetite is a principal magnetic mineral in
the sediments. Warning curves from 6 to 300K of isothermal remanence (IRM) imparted at 6K in 1T after zero-field cooling
show a remarkable decrease of IRM between 90 and 120K, which is regarded as a suppressed Verway transition of magnetif
The amount of IRM decrease between 90 and 120K increase downcore at all site, implying the dissolution of maghemite skir
covering magnetite. The IRM decrease is more slightly remarkable in the sites with shallower water depth. The degree o
maghemitization may be lower in the site. Samples from sites with deeper water depth below about 70m show another IRN
decrease between 20 and 30K with the inflection point at about 29K. The IRM drop disappears in samples with hydrochloric acic
treatments. These low-temperature IRM behaviors may imply the presence of ferro-rhodochrosite. The IRM drop is detected i
samples above about 18 cmbss, and the samples in two zones of 0-3 cm-bss and 6-15 cm-bss show the IRM drop more cleat
The IRM drop is more remarkable in samples with deeper water depth. The occurrence of the magnetic mineral with the charac
teristic low-temperature magnetic behavior seems to be influenced by the DO values and its seasonal change.

As common characteristics in downcore changes of magnetic properties, the downcore decrease of magnetic coercivity is ol
served in the uppermost sediments above about 10 cm-bss, and the amount and grain size of magnetic minerals subsequel
decreases and increases downcore below 10cm-bss, respectively. These changes are considered to be associated with the d
lution of maghemitized magnetite by the early diagenetic effect. The presence of magnetic minerals with finer grain size anc
higher magnetic coercivity in the sediments above 10 cm-bss is more remarkable in sites with deeper water depth.
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Magnetic properties of the sediments and suspended solids in the sea surface water at t
Hiroshima bay station.
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Suspended solids (SS) in sea water are consisted of planktons and insoluble particles, and are an indicator of transparency.
particles adsorb and incorporate metallic ions. Iron is a metallic ion, and an essential element for phytoplankton. It is suppliec
from river to sea as bivalent or trivalent ions, and exists as iron compounds as organic complexes in sea water. Aeolian dusts a
consisted of SS, and also consists of iron compounds. They will deposit on seafloor, and be sediments as the climatic recor
It is important to investigate the distribution and mode of iron compound in SS for the present and past environmental studies
This study aims to diagnose magnetic minerals in SS. Enough amount of SS sample for magnetic measurements are collect
by magnetic separation from seawater at the Hiroshima bay station. 4 L of seawater is filtrated, and the particles above 0.4
um in diameter are recovered for XRF analysis. The amount of magnetic particles in sea surface water shows relatively higl
values from April to July in the bay. The maximum value is found at the station, which is located near an iron works (the supply
source). The particle is opaque minerals and looks like needle. The values of IRM imparted at 0.3 T and 2.5 T are not stable
It suggests that SS has strong anisotropy. Results of thermo-magnetometry indicate that magnetic carriers of SS samples «
mainly magnetite, and goethite and hematite is also recognized. Magnetic minerals in the sediments at the station are magneti
hematite, and greigite. It is implied that goethite present in the sea surface water and it may be dissolved on sea floor.
Keywords: Suspended solids, Iron compounds, Goethite
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Paleomagnetic study of the turbidite sediments around the Daini Atsumi Knoll
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Emplacement mechanism of marine volcaniclastic sediments (IODP Site U1397, 1398
based on rock magnetic properties
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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. This stu
focuses on magnetic minerals in the marine volcaniclastic sediments and carried out rock magnetic measurements.

Thermomagnetic measurements showed almost reversible curves and induced magnetization decayed to almost zero bel
580 °C, suggesting little contribution of maghemite or hematite. Two Curie temperatures (Tc) with 350-40@ 500-550
°C indicate that the main magnetic carriers are Ti-rich titanomagnetite and Ti-poor titanomagnetite. The proportion of low-Tc
titanomagnetite in central and bottom part of thick turbidite units was larger than that in hemipelagic sediments and in the topmos
part of turbidite units, suggesting Ti-rich titanomagnetite is derived from volcanic events. Tephra fall deposits also showed large
contributions of Ti-poor titanomagnetite, resulted from large amount of volcanic materials. On the other hand, thin turbidite
units showed small contributions of Ti-poor titanomagnetite. This suggests that thin turbidite units are derived from diluted flows
which contain few heavy Fe-bearing magnetic minerals.

Magnetic susceptibility and hysteresis measurements showed that heavy and large magnetic minerals in most thick turbidit
units were concentrated at the lower part of the unit. Samples from the topmost and bottom part of turbidites showed highe
degrees of anisotropy than those from the central part, indicating strong influence of suspension settling at the topmost part ar
shearing at the bottom part. Bottom parts of fall units contain heavy and large magnetic minerals, whereas upper parts of fa
units contain fine magnetic minerals. On the other hand, in thin turbidite units such features cannot be observed and hysteres
parameters and susceptibility values were almost concentrated. Probably thin turbidite units did not experience segregation
specific particles during transportation and settling under the relatively calm condition.

These preliminary results suggest that magnetic minerals are useful indicators of volcanic events and rock magnetic approach
can identify various types of depositional processes about marine volcaniclastic sediments.
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Paleomagnetic direction of the Tomikusa Group in southern Nagano Prefecture and it
tectonic significance
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Rock magnetism and its petrological charactization of fossil Porites coral frameworks in
Ishigaki island, Japan
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Radiocarbon!(:C) is produced by the cosmic rays in the atmosphere and is utilized for analysis of the past sun activity. But
the Earth’s geomagnetic field also controls radiocarbon variability, suggesting that a strong field would shield the planet from
high energy charged particles. This mimics lower sun activity. Also, the short-term (in decadal or centennial scale) movemen
of the geomagnetic pole to the low latitude, such as geomagnetic jerk, could lead to an increased cosmic ray flux impinging
on the terrestrial atmosphere and thus to a high€rproduction rate. Therefore, in order to study the past sun activity from
the 14C production rate, we need to know the movement of geomagnetic pole position, its field strength and the variability of
radiocarbon production during decadal to centennial periods. Many researches, which aim to reveal the paleomagnetic secul
variation (PSV), have been performed using datasets obtained from volcanic rocks, sediment, and fired kilns. The some recol
struction models of geomagnetic dipole moment are also established from these data sets. But there are few recorders that c
be used for the reconstruction of PSV in a decadal or centennial scale. Here we propose an alternative candidate of fossil cor
frameworks as a possible paleomagnetic recorder for PSV research. The coral framework has an advantage in reconstructing b
the radiocarbon variability and the geomagnetic field, although usual corals show extremely weak intensity of remanence and it
low stability. However, it is shown that our recently-ceased coral framework samples from Ishigaki island possess a remanenc
intensity of 10° -10~* A/m and a single-domain like stability from Lowrie-Fuller test. We prepared the standard 1-inch core
samples cut parallel to the growth direction of capalrites including coral’s growth bands for a ten to several tens of years. Our
thermal and AF demagnetization experiments of oriented coral samples show that a characteristic remanence direction is par:
lel to the present Earth’s magnetic field with some fluctuations. On the other hand, some samples exhibit different remanenc
directions from the present geomagnetic field with a calcite peak of X-ray diffraction analysis. The presence of calcite indicates
that the meteoric diagenesis which changes aragonite coral frameworks into calcite affect the direction of initial magnetization
To constrain the remanence carriers, we are conducting a first order reversal curves (FORC) measurement and petrologic obs
vations by a Schottky field-emission scanning electron microscope (FE-SEM) of acid-treated residuals of our corals. Our result
suggest that Porites coral framework samples provide a role as a potential use for paleomagnetic recorder for annual to decac
scales with careful examination of calcite content.
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Keywords: fossil Porites coral frameworks, paleomagnetism
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Effect of thermal expansion on Neel's relaxation nomograph of magnetite and its agree

ment with the radiocarbon age
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Age gap between the paleomagnetic viscous dating and the radiocarbon age of tsunamigenic boulders in Ishigaki Island is fc
cused. Recent researchers have conducted radiocarbon dating to label tsunami age, being able to calibrate the paleomagnetic
cous dating. These ages should be the same for the initial tsunami event. In the paleomagnetic viscous dating, time-temperatt
relation assuming Neel’s single domain (SD) theory of magnetite is used. This monograph shows the older remagnetized comp
nent in nature can be erased by the higher temperature in the laboratory, and younger is its reverse. Thus, we can predict the ¢
acquired the secondary magnetization by calculating demagnetization temperature and heating time. Our viscous dating resu
sometimes represented that the unblocking temperature of viscous components for tsunamigenic boulders is higher than the te
perature predicted from Neel's relaxation theory of single domain magnetite, suggesting the older age than the one determine
from the calibrated radiocarbon age. Previous numerous studies confirmed that the departure from Neel's theory is attribute
to the presence of multi-domain magnetite. However, Lowrie-Fuller test, FORC (first order reversal curves) experiments anc
Low-temperature demagnetization of tsunamigenic boulders confirmed the presence of single domain magnetite. To solve th
problem, we consider the thermal expansion of magnetite during stepwise thermal demagnetization process and propose a mc
ified time-temperature relation to be able to fill the age gap. Currently, thermal expansion coefficient of magnetite is reported by
some researcehrs (e.g. Nikolaev and Shipilin, 2000; Levy et al, 2004). If magnetite volume is bigger than initial volume during
thermal demagnetization, unblocking temperature should indicate higher value under the assumption of constant coercive forc
To confirm this hypothesis, we conducted stepwise thermal demagnetization to a boulder emplaced by 1771 Meiwa tsunami (24
years ago) and compare them to our new modified time-temperature relation.

Keywords: thermal expansion, Neel's theory, single domain, viscous remanence, blocking temperature
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Rock magnetic study of single zircon crystals sampled from river sands
Rock magnetic study of single zircon crystals sampled from river sands
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Geomagnetic field paleointensity data provide critical information such as thermal evolution of the Earth (Stevenson et al.,
1983). Also a state of geomagnetic field closely relates to a surface environment (Kulikov et al., 2007). It is pivotal to know the
variation of geomagnetic field intensity throughout the history of the Earth. Until now we have not yet obtained, however, enough
data to resolve billion-year-scale geomagnetic field variation (Tauxe and Yamazaki, 2007) and need to obtain more paleointensit
data.

In this study we focus on a paleointensity experiment using single zircon crystal. Since river sand originates in rocks widely
distributed in river basin, detrital zircons in the sand have various ages (Rino et al., 2004). Therefore if the geomagnetic pale
ointensity can be measured using the single zircon crystal, we will probably obtain paleomagnetic data enough to resolve th
long-term geomagnetic field variation.

Zircon crystals used in the present study were sampled from sands of the Nakagawa River, Tanzawa Mountain. The Nakagav
River flows along bodies of tonalite, which is a representative rock of the continental crust. Using coarse-grain single zircon
crystals with weight of about 0.1 mg, a suite of rock magnetic measurements were conducted: low-temperature demagnetizatic
(LTD) and stepwise alternating field demagnetization (AFD) of saturation isothermal remanent magnetization (SIRM), and low-
temperature cycle using an Magnetic Property Measurement System (MPMS).

SIRM intensities of the single zircon crystals vary four orders of magnitude ranging fronT1%1@x10~° Am?, and espe-
cially a few percent of the grains have strong SIRM larger than 1¥18m?2. The zircon crystals contain nearly pure magnetite
(Fe;04), and they are in both single-domain (SD) and multidomain (MD) states. The SD magnetite contained in the zircon
crystals has the potential to record the paleomagnetic information. The existence of MD magnetite suggests that stepwise
demagnetization after LTD treatment is an efficient approach for paleomagnetic measurement. Taking into account the relatio
between SIRM intensity and thermoremanent magnetization (TRM) intensity for magnetite (e.g., Yu, 2010), TRM of single zir-
con crystal may be measured with a high-sensitivity magnetometer such as a SQUID magnetometer.

Now we plan to sample river sand at the Mississippi River and to conduct rock magnetic measurements of the zircon crysta
collected from the sand. On the basis of the rock magnetic studies for the zircon crystals from the Nakagawa River and th
Mississippi River, we will discuss the feasibility of the paleointensity experiment using single zircon crystal.

Keywords: Zircon, Rock magnetic study, Paleointensity
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Development of the Japan Archeomagnetism Database
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D ED XS ic, HifEE T — 2 X=X DIEUIHIBRREEN ETH B, TDT—Z X=X K > THIREEUKFEZE
LEF AL OTEE N, FRHETIEICE RELEEGTEAT LI NS,

FITA VT —=ER=ZAY A TR DIEMT, BITHIREA - HHIRESUCBEI T 2 RF 2 AV FEEHELTED, &5
12, HIEEUKEZRLET IV & LI LI HARELGLOEE DL B % & 2 RHHO IR ST M ED IRt & 1hed 7z,

AFHETIZ. TNESOEERET S,

F—TU— R FEHIEKCE, 77— 2 \— R, HfE<UKFEZE b
Keywords: Archeomagnetism, Database, Geomagnetic secular variations

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’{;‘sgiem

Union

SEM37-P11 23 R AR —2 F#f:4 H 30 H 18:15-19:30

*E%y;@ll%iﬂﬁﬁ@éﬁﬁﬁ S BHEE & N5 H TR T X 70 O IS Y 73 SRR
DL (2)

Medium soscale crustal structure based on magnetic and gravity anomalies in the easte
part of Hokkaido, Japan. -part 2

Frbi BLE )l A
MORIJIRI, Rie"™* ; NAKAGAWA, Mitsuru®

U PERRIIHEL S S — L L A HUEL S
LGeological Survey of Japan, AIST

JEHEE FER AR RIS 13D TR IEO B A (e.g., ARAIE D, 2000 L EDOKSEH (e.g.,1IKIEH, 2005;
Sugisaki et al., 200L WHSFEBSHHENS. COFmENERER EBRHAOHER~H B =RINEEHONMNEZRL T LMD,
—MNIIBEEREOFAEN S ENEE DR EZ 5N TE (e.g. 1A - )11, 2009. Ui LEEHEICHNATYS
HERS S TIADIREEREZ ) CRENREZHNT 2 LENEETH -7z GRFLEH, 2000. FE L IE TN D OWZEZ
F 2, RPN NIEEDR S E UTERT S 7 VAU DAL AGHERAICEH LT, HEREOHRE
70, SEEEIE 7T 5 ONC HIRR R LAsRE, HrREROMEZ 170 20070 AR THE Uiz, S, & AIfnhiEEHh
BHICAHE T 2 BRI AR SN (LIE - 5i#E, 2012 e b, HAEETIVORBEIT- . ZORE, winlHe
ENTHERGE T T )VICEERATH 258 2 A EEDN N T & 2R L Tz,

F—U— R AN WSS, B R, AR, Jtimd
Keywords: magnetic property, magnetic anomaly, gravity anomaly, Nemuro, Hokkaido
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Seismogenic shear-induced thermal turbulence in Nouma fault gouges: micro-textura

and rock magnetic considerations

FRRT i o R 2L
NAKAMURA, Norihiro* ; FUKUZAWA, Tomohiko!

LR A HP A R A E
!Dep. Earth Science, Tohoku University

Nojima fault gouges exhibit a characteristic flow microtexture of laminated slip zones, billow-like wavy folds and turbulent
disordered structures. Power spectral analysis of the wavy folds indicates that the geometry roughly obeys a power-law of -1.¢
agreeing well with the previously measured value of Kelvin-Helmholtz (KH) turbulence in natural environments. The well-known
example of KH instability is a cloud that the cloud-atmosphere interface becomes an unstable vortex sheet that rolls up into
spiral. The instability occurs at the interface between two fluids of different densities shearing at different velocities (Thorpe
2005). The KH wave in Nojima fault gouges was found along a slip plane in a blackish cohesive gouge (pseudotachylyte-like
gouge), resulting in the presence of instability at the slip interface during ancient earthquake or creep. Thin section observation
showed the blackish cohesive gouge consisted of granular materials for both sides of the interface and the KH wave occut
in a denser granular material along an earthquake-originated sharp slip plane. Our scanning Magneto-Impedance magne
microscope observation shows the KH wave dense layer is only magnetized in isothermally-magnetized thin section, revealin
the production of magnetic mineral in KH wave. Because the Nojima fault gouge contains iron-carbonate (siderite), the therma
decomposition of siderite produces magnetite more than'@00herefore, we suggest that the KH wave is generated through
KH instability in a high-temperature-400 °C) granular dense layer with different densities and different slip velocities. This
result suggests that shear-induced thermal turbulence in the fault gouge plays an important role to weaken a frictional streng
during earthquake slip dynamics.
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Analyzing the early 19 century’s geomagnetic declination in Japan from Tadataka Inoh’s
Santou-Houi-Ki.

TEAR Jefd o s B 2 vz BRRH 3 s it
TSUJIMOTO, Motohird* ; OMOTANI, Akitoshi? ; INUI, Takaak? ; MIYAUTI, Satoshi*

VHARRY S, 2 (IR AT L avLa Y b, S MRS E, * et s
1Japan Cartographers AssociatiéBan-in System Consultartiylatsue Municipal comitee of propertiStudyies of Inoh’s map
and writing Assoc
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WT— 2R %, RITIE AT 178 A . IO HAS B O RARROME L FHARED 15 HORMA D
NAEDENIED Tz,

(2) 1828~18324EDEIMIE THINNT=H T A & 7 T—N— D RA IR QLR AR EWS) & ML h
01 DS LA EOFERAKRZ RS EBARE U TH 2 H. NGRS E TI3HEN RS NS, U AXKD
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% (1800-1815)k DM AN EEIC /5 5.,
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P& Nzt MBI, BEHIE SN OIREICINZ % & IEMAGHLEEDT C N TE S, DRBEEHY 7 N
¥ X)L L TE X TR S A & S S S OIS ORGSR & ETA A L 2R T B, ORIEIEE RO
MO E 2 R DB ESFRANDFE NS UL SRl OBEHIE0ifA 22 U W EaE 2 RA &35, O
HIER T LR 2 M EN RS AD R T ORA DN K 0TI 7 5 ALl 2 I E IR S REINIE . LT 7LD
HER TR IEMISRD B L TH B, OFHITHEER L GPSIEZER TR IR 3O E O SRS TRHHAILLT
DONBEZHEND THELRIB L, MEROIZEX D &3 H D IERE I OHEEIR H ORI I 55 0D 53 HAAL O Ml & R 7=
KB, ORESEF OHEeHi s d B0, KT E HOM T Tz A9 287 LisWahtY), Kz 3Tkt
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