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Paleomagnetic study on baked earth from Izumo-Sugisawa ruins

*EIl MEE'

*Tadahiro Hatakeyama'

1. LR R AERME T V5 —

1.Information Processing Center, Okayama University of Science

ZHEWNENRE U TREDBR ST OETTE RHDELMEKIAMLHE TE. EIOHEE & E SR
LEtRSHEETS, 8. #BEERZEICLSBEIMTUVDIEONZ L, BASHICHEEILOF 1) —B
ExLO>TUD, BICEEREERNLUCHAHEENCTIIRANYULEZIXADOHESTFREATHED RIS
BRETEHSNTULDIHBENRE . BRBEIEEFRIFL TV EVSEKRTIEBOH TRELETDAZ L, LM
L. SBERAEIHE - SHEREIRECARICH VW TEEREHAEIB T S LUHIE ENRAVZIREED ZXIFDERAGEIE D
WRELEDBZH. CNENWRAESVAKSTHBEEE LD, TSICHEHBBEBNES LOEREOREEME
H > T MMERALBEIOEGHHESAENE (FBH TLLEL . ZOEDIESDETEANLEDKRET L,
ZDLSEH T, SOFIRERHEBECITEIR) DARBEEZ(CH(TRER - BN SR DH\ o IZWFHk
EEZSNZHEAKEICH T DHIHS - EARKETOLRREREIT D, URIIEBBEHEHR(IHE)
B])(CHDAZREIC. TERMOERICHE > THER - RIEINTULILBRNKILEZH THD. EENCL
FECIIYUBOLBENEESI N, SEREADITERAG >RIBFAICNUBETIEEZISNTUL D, RiEQEHE
MHBEZRER(CL>TITOHN., BARZAEO—BRE U ThHIMEKAEET oIz, BRHIEMARCERICUBY
3 B7NEY3 (S102) | HKT MNIIER10 (SI03) | NOEEKE KL D REHEMREIELT210-15emD T
Ow Ok E ZERELZ. Tz IRAUEETOEHICENZNOBRYIIMEL D20y D FDHEEAL TULL
WEBDONBRE (BRI L D 1~mBENTZAIB LD ) EFRE L Iz,

ZAEF—WNHAZRHOEFMEAEICKID. COBBROERBBEIEVTFNENEIDFENCERDNOEDT. &
MASEEITHREMEL Y S —DOBGEMNEERVT. AEET Ok, TOEBR. Z< OWAKEIEID
HEBBILSED TREZETIES DERAKRETVC ERDHD., ENNIETHIHDHKET S EHRET
HoTT,

—AT. WOHDOFEBHCT U THRSEAFFZ HOEBMESOT(EZER) &EfT ol & C 3. BRIFIC(3H400C X
NERES CREERLDEVBIELBEE RLIZ, O ENSERF00CHHATETNEETICH(TBILENE
BN TR CESZTBRD > EMEEIND, BERUSENS. COBEILIOELEYINY
Th>VIRTALEEBEIND, BIE - BEEEICTHSKA(ETE)PICEINDIEEZXSNDIMN. BN
N OAY A E IPEARICTASH Ol EDABEINFICEOIZENDEZEZXIDINDARZEYUTH S D, OF
D, COIFOKREIFRERIC40CU LI TMERASINLEN D2, HBIVWISKKRBOFNMBA TN, HRES
(1.5cm)ATIE T TICA400CLUTDREICUNESIEVES THh oz, £EEZXS5ND, GG AEE
T2 T, BERELBMEANERLEY Y TILTE. BSOS EREEEROBEOENTE/NS
Molce COERBHIMEHRTRSMASNZEUNSERUIZEDEHEEIND,

F—O—F  EOHHSE. SHRKRE. SRERA

Keywords: Archaeomagnetism, Paleomagnetism, Yayoi Era

©2016. Japan Geoscience Union. A1l Right Reserved. - SEM34-01 -



SEM34-02 HAMERSER S EA2016EAS

MAR—/ BROI7HBEYH ST SNICHIRSKAUOREDEHEIE
Reliability of paleomagnetic directions of the Ichi-no-megata Marr sediments as a secular
variation record

*RE MR ME B 68 BF. RFwT UFe—RY RO ®. Bx R’ LA f1%. BARE &
e KEE (=7

*Kazuhiro Anraku', Akira Hayashida?, Ikuko Kitaba®, Richard A. Staff®, Tsuyoshi Haraguchi®,
Yoshitsugu Shinozuka®, Kazuyoshi Yamada’, Katsuya Gotanda®, Hitoshi Yonenobu®

1. AEAKREXERETZMER. 2. ASAXPETIZHREY X7 LERL 3. UMEXEER/MEEAETY
H— 4. F YD RXT#—RREERZPEMBAAER. 5. XKML KZAXZREEPHTRL 6. I mEBAFIm
BOO—-NIb - 1/ R—=2 3 VFEEE. 7.8M8 b - X8 XMEZEMBE SUO (CHIRRER=1—Y
7 LR 8. TEANAZEERIBIRZER. 9. [RFIBEEXRZEAZRARABHAFER

1.Graduate School of Science and Engineering, Doshisha University, 2.Department of Environmental
Systems Science, Doshisha University, 3.Research Centre for Palaleoclimatology, Ritsumeikan
University, 4.Research Laboratory for Archaeology and the History of Art, University of Oxford,
5.Department of Geosciences,Graduate School of Science,Osaka City University, 6.Ritsumeikan Global
Innovation Research Organization, Ritsumeikan University, 7.Museum of Natural and Environmental
history, Shizuoka, 8.Faculty of Polycy Informatics, Chiba University of Commerce, 9.Graduate School
of Education, Naruto University of Education

FE, THREOHRSKERL (PSV) OFKMETILNRRINTULIN, ZOEMRE L SHEBYIO SR
[T =S ORCIGAERICENDDS FRHMNLEZERTHEVEDEFET D, ETILOBEICHL SN
BT—IDDHEBERETIEHICE. BESNTULVBIHMEHS T —59 DEADLVHISE TEREREICED
V28O 1 7RECEFEDMBA CHRNINEGIRE T — S EB83NETH D, AMETIIMHEBEEE(IC
IBI 23—/ BEROHEHERYICDOVT. EHOI7DRBHCEREL. PSVOEHE L TOEEMERSTL
zo

— JBBTIE. 20065 2013F(CT YDA —Ib - BYTFS—E2HWZITY U IONTHN. EREHSBEH
BYEWES - ~EST I T7ERIMG6 (2R3 HKXUIMGI3 (2K118m) MEEEINZ, CN5n 3
7 DEHITHEBEYHSEBIZUF v RIVERO/NR IR —BIEEEGDE. 2013F(CENLEER Ny - OF
IMG13P-1H K TV'IMG13P-2 (£ES5.9m. 6.2m) (CDWVTIem’F 1 —ITHRIOBILBIEET o fe. IMGO6T T (C DL
TlXEvent free depth (EFD) THIMNZEMR R+ MK ETIVICK DDA TILVY W FIEICKD (Bronk Ramsey
et al., 2012) . BREDOFERREEIT 2, IMG13T 7 H K UIMG13P-1& IMG13P-2(C DU\ TIISFHEHIL SRS
K UL NEEE IMG06 E LT B E LK > TERBEEET oI, BONDIEBRIEDRAICDVT

F. I7DEIY3 VBRICTRERGELEDCEDHENRETH D20, HIMEZRVTERET Do

UF v RIVEERIE + 1 —THEBOBRBERBEBORER. S=TBEWESI—EF T RBOLWTFNICHLTE
NRMANRE R (CAH > TEIFRNICREIT S C ENERTE . CDS5. WI0ERNDET20-30cmDI—ES 1 ~
BICDWTERDENICK > TKRODIZHLAMIZE 4 DOITFETHELIZEC S, RADEICEELENRARS
Nieo ZORRE LT, I7ERESHZVEYITY YT U IRICHERFOBELIEC > IalREENRE X S
N3, SZFEBOBMEOREEABANH/ERANDZHIIT7RATEIS —BHLTHD. PSVEREL TULSABEMMR
Bl 5l EBMHSIREINFPSVOEEEE (ALl et al., 1999) &EEHELILTULDCENS, HENELE
BEHta<. BARIES KUBBMIEKICH (FBPSVOEENL IR E U CHEBYIORECET ILOERE U THI
BATE3CEMBESMIEDI,

F—O—F  EREBL. SitSKERE. —/ BB, STt

Keywords: remanent magnetization, paleomagnetic secular variation, Ichi-no-megata Maar, Holocene

©2016. Japan Geoscience Union. A1l Right Reserved. - SEM34-02 -



SEM34-03 HAMERSER S EA2016EAS

TRV FOERAREN S OEIESRIRERE - 2 DNEREZEHD Aral TOv ~OBEICE
TZENT

Palaeointensities from Pliocene lava sequences in Iceland: Emphasis on the problem of Arai
plot with two linear

segments

M F3A *LE B

Hidefumi Tanaka'??, *Yuhji Yamamoto’

1.2MXE HEZE. 2.5NKZ BFI7HREMRLEY I —
1.Faculty of Education, Kochi University, 2.(Center for Advanced Marine Core Research, Kochi
University

Palaeointensity experiments were carried out to a sample collection from two sections of basalt
lava flow sequences of Pliocene age in north central Iceland (Chron C2An) to further refine the
knowledge of the behaviour of the palaeomagnetic field. Selection of samples was mainly based on
their stability of remanence to thermal demagnetization as well as good reversibility in variations
of magnetic susceptibility and saturation magnetization with temperature, which would indicate the
presence of magnetite as a product of deuteric oxidation of titanomagnetite. Among 167 lava flows
from two sections, 44 flows were selected for the Konigsberger-Thellier-Thellier experiment in
vacuum.

In spite of careful pre-selection of samples, an Arai plot with two linear segments, or a
concave-up appearance, was often encountered during the experiments. This non-ideal behaviour was
probably caused by an irreversible change in the domain state of the magnetic grains of the
pseudo-single-domain range. This is assumed because an ideal linear plot was obtained in the second
run of the palaeointensity experiment in which a laboratory thermoremanence acquired after the
final step of the first run was used as a natural remanence. This experiment was conducted on six
selected samples, and no clear difference between the magnetic grains of the experimented and
pristine sister samples was found by scanning electron microscope and hysteresis measurements, i.e.
no occurrence of noticeable chemical/mineralogical alteration, suggesting that no change in the
grain size distribution had occurred.

Hence, the two-segment Arai plot was not caused by the reversible multidomain/pseudo-single-domain
effect in which the curvature of the Arai plot is dependent on the grain size. Considering that the
irreversible change in domain state must have affected data points at not only high temperatures
but also low temperatures, f, >= 0.5 was adopted as one of the acceptance criteria where f is a
vectorially defined fraction of the linear segment. A measure of curvature k” was also used to
check the linearity of the selected linear segment. It was avoided, however, to reject the result
out of hand by the large curvature k” of the entire data points because it might still include a
linear segment with a large fraction.

Combining with the results of Shaw’s experiments, 52 palaeointensities were obtained out of 192
specimens, or 11 flow means were obtained out of the 44 lava flows. Most of the palaeointensities
were from the upper part of the lava section (Chron C2An.1n) and ranged between 30 microT and 66
microT. Including two results from the bottom part of the lava section, the mean virtual dipole
moment for 2.5-3.5 Ma is 6.3 +/- 1.4 10" Am’ (N=11), which is about 19% smaller than the
present-day dipole moment.
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The Late Triassic was characterized by several catastrophic events, such as widespread eruption of
the Central Atlantic Magnmatic Province flood basalts, and large extraterrestrial impacts. The
stratigraphic record of these events has been recently reported from the Triassic bedded chert
successions in Japan, deposited within a Paleo- Pacific (Panthalassa) deep basin. However, the ages
and durations of these events are uncertain because the magnetostratigraphic studies and the
conodont biostratigraphic studies of chert sequence in Japan are not well known, and the
radiolarian biostratigraphy of Sugiyama (1991) established in the chert sequence is not correlated
with the Tethyan biostratigraphy.

Here we present Carnian to Rhaetian magnetostratigraphy and biostratigraphy (conodont and
radiolaria) of the Upper Triassic bedded chert successions from the Mino belt, Inuyama area,
central Japan. 416 oriented samples were collected at four sections (Section H, N, Q, R) where
Sugiyama (1997) investigated the radiolarian biostratigraphy. All samples were thermally
demagnetized and analyzed at the paleomagnetic laboratory of Center for Advanced Marine Core
Research, Kochi Univ.

Based on detailed study of the conodont biostratigraphy from the study sections, seven conodont
zones are recognized and calibrated with the Sugiyama's radiolarian zone. Thermal demagnetization
showed four distinct remanent magnetization components from the cherts. The highest blocking
temperature component shows positive reversal test and is regarded as the primary remanent
magnetization, which produced a magnetostratigraphy of the Carnian to Rhaetian. Paleomagnetic
polarity reversals observed at the vicinity of Carnian/Norian boundary and middle Norian/upper
Norian boundary are correlated with those of Tethyan marine sections (Pizzo Mondello and Silicka
Brezova). Assuming that the rocks in the two Tethyan marine sections were deposited in the Northern
Hemisphere, the magnetostratigraphic correlation indicates that the bedded chert of Inuyama area
was deposited in the Northern Hemisphere. The mean inclination of the last demagnetized component
suggests the bedded chert originated in an equatorial area.
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On reconstructing past geomagnetic-field variations from marine sediments, lock-in depth of
post-depositional remanent magnetization (pDRM) acquisition has been controversial for a long time.
By direct comparison of relative paleointensity (RPI) and %Be flux, Suganuma et al. (2010, 2011)
proposed a lock-in depth of ~15 cm, whereas Valet et al. (2014) reported ~@ cm. We studied lock-in
depth of pDRM using a marine sediment core obtained from the West Caroline Basin in the equatorial
Pacific Ocean (R/V “MIRAI” MR14-02 cruise, core PC@1). RPI and "Be flux did not show obvious
constant shift around the onset of the Olduvai subchron and the Gauss-Matuyama transition. This
implies a negligibly small lock-in depth for the studied core. We also examined the lock-in depth
of the PC@1 core by comparing 6'°0 based ages of recorded polarity boundaries and GPTS ages, and by
comparisons of RPI records among PC@1, MD982187 (Yamazaki and Oda, 2005) and IODP Site U1314 (Ohno
et al., 2012), which have different sedimentation rates. The results were consistent with the
negligibly small lock-in depth of the PC@1 core. This contrasts to the ~15 cm lock-in depth of the
MD982187 core (Suganuma et al, 2010, 2011), which was obtained from the same area. Furthermore,
Horiuchi et al. (in press) obtained lock-in depths of ~6 cm and ~1@0 cm from two cores in the same
area. Lock-in depth may depend on lithology and depositional processes of each core.
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Paleomagnetic re-examination of ca. 3.46 Ga dacite in the Pilbara Craton: a positive field
test?
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Spatial and temporal variation of vorticity at the core surface estimated from geomagnetic
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Fluid motion near the Earth’s core surface provides useful information on core dynamics, and it can
be estimated from spatial and temporal distributions of the geomagnetic field. Most of core surface
flow models rely on the frozen-flux approximation, in which the magnetic diffusion is neglected for
a large-scale magnetic field with time scales much shorter than magnetic diffusion time. It should
be noted, however, that there exists a viscous boundary layer at the core-mantle boundary (CMB),
where the magnetic diffusion may play an important role in secular variations of geomagnetic field.
Keeping this in mind, a new approach to estimation of core surface flow has been devised by
Matsushima (2015). That is, the magnetic diffusion is explicitly incorporated within the viscous
layer, while it is neglected below the boundary layer.

A core surface flow model between 1840 and 1990 has been derived from a geomagnetic field model,
gufml (Jackson et al., 2000). Temporal variations of the flow model contain information on
phenomena in relation with core-mantle coupling, such as the LOD (length-of-day), and
spin-up/spin-down of core flows. In particular, core surface flows inside the viscous layer at the
(MB may reveal an interesting feature in relation with Earth’s rotation.

In this paper, we have examined time series of the LOD, kinetic energy of core surface flow, and
vorticity derived from the flow model. We could not find any clear correlation between the LOD and
kinetic energy of core flow within the boundary layer, and rates of changes in the LOD and the
kinetic energy. Also the z-component of global vorticity calculated from core surface flows inside
and below the boundary layer was turned out to have little correlation to the LOD. By focusing on a
specific longitude or latitude, however, the z-component of local vorticity reveals moderate
correlation to the LOD. This result may be explained in terms of conservation of the potential
vorticity.
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Seismic anisotropy through alignment of crystal lattices suggests aspherical growth of the inner
core. Slow viscous deformation of the inner core and latent heat distribution by flow motion are
expected to be the origin of the aspherical growth of the inner core. A number of dynamo
simulations has been performed with prescribed boundary conditions at ICB to take into account the
inner core heterogeneity. In the present study, we perform geodynamo simulations with considering
the heat equation in the inner core. To compare the results with the simulation without considering
the inner core, we assume that the inner core is electrically insulated and co-rotate with mantle.
In addition, we set the same thermal diffusivity for the inner core and outer core, and introduce a
constant heat source in the inner core to keep the average temperature in the outer core through
the simulations. We also set a homogeneous heat flux at the outer boundary of the shell as a
thermal boundary condition at CMB. We compare the simulations results with the simulations results
using fixed heat flux or temperature condition at ICB. The results show that the time averaged
thermal structure at ICB is likely to the homogeneous heat flux boundary conditions. The time
averaged lateral temperature variation is approximately 26% of the average temperature difference
between ICB and CMB, while lateral heat flux variation is only 6% of the average heat flux at the
ICB. We also observe small scale temperature and heat flux variations; however, these components
vary with time. In addition, the length scale of the heat flux variation is smaller than the
temperature variation at ICB.

Keywords: geodynamo simulations, Inner core boundary
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Regional mapping of the Martian magnetic anomalies on the surface with the SVM method
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The Mars shows strong magnetic anomalies of more than 100 nT at 400 km altitude by the Mars Global
Surveyor (MGS) observation during 1997-2006 (e.g. Acufia et al., 1998). The magnetic anomalies
indicate existence of the ancient Martian dynamo at about 4Ga, although the present Mars has no
global magnetic field. Several previous studies have mapped the magnetic anomalies using the MGS
observations at about 400 km altitudes of the mapping phase and at about 120-400 km altitudes of
the aerobraking phase. The mapping results show characteristic features: the E-W elongated magnetic
anomalies of about 15 degree width, and magnetic reduction/demagnetization at some large craters
(e.g. Acufia et al., 1998; Purucker et al., 2000; Connerney et al., 2005; Lillis et al., 2008).
However, it is difficult to detect fine structures of the crustal magnetic fields on the maps
normalized at high altitudes, since short wavelength components are attenuated. In the present
study, we have applied the Surface Vector Mapping (SVM) method (Tsunakawa et al., 2014, 2015) to
the Terra Cimmeria region and several craters on the Mars.

Terra Cimmeria is a part of the high land region on the southern hemisphere and one of the
strongest magnetic anomaly regions on the Mars. Applying the regional SVM method to the MGS
observations in 2005 (30-60 S, 150-180 E; -0.4 ~ 3 km in topographic elevation), the surface
magnetic field is estimated to be more than 10000 nT at some areas of the Terra Cimmeria region.
The SVM maps show elongated magnetic anomalies with about 5 degree width on the surface, which is
much shorter in wavelength than those on the previous maps. These short wavelength components are
recognized with relatively smaller amplitudes in the observed magnetic fields. We also have
analyzed the magnetic fields observed in 2001. Comparison of the SVM maps between 2005 and 2001
datasets indicates good internal consistency. Based on the SVM results, we have calculated the
magnetic field along the pass of about 125-375 km altitudes during the aerobraking phase in 1998,
resulting in good agreement of the calculated fields with the observed fields. Thus the Martian
magnetic anomalies in the Terra Cimmeria region are successfully mapped on the surface in the
present study.

One of the remarkable features on the SVM maps of the Terra Cimmeria region is that total
intensities of more than 14000 nT on the surface are restricted at areas with about 2-3 km
topographic elevations. The diagram of surface total intensity vs. topographic elevation shows that
maximum intensity increases with the elevation in range of -0.4 ~ 2 km. These features suggest that
magnetic anomaly sources in this region may be distributed in relatively thin layer near the
surface. We also have applied the SVM method to several craters and their surrounding regions. Most
of these crater regions show correlations between the the surface total intensity and the
topographic elevation, similar to the Terra Cimmeria region. The results from the Terra Cimmeria
and crater regions imply that the Martian magnetic anomalies seem to be carried mainly by crustal
magnetization of a layer with several kilometer depth.

F—O—F KB BREE. vvEYT iR
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Rock-magnetic studies concerning source of the Martian magnetic anomaly
Rock-magnetic studies concerning source of the Martian magnetic anomaly
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Mars Global Surveyor observed the magnetic field of Mars, and revealed that there are many strong
magnetic anomalies. The strong magnetic anomalies suggest an active core dynamo of early Mars
(about 4 billion years ago), and some mechanism of crustal formation in the dynamo field. Since
magnetic properties of crustal rocks depend critically upon the mineralogical form of magnetic
particles, the strong magnetic anomalies can give crucial information about the chemical
composition and oxidation state prevailing in the early Martian crust. However, source of the
Martian magnetic anomalies, which are originated from thick magnetized layers within the crust,
have been poorly understood yet because of the lack of basic information concerning magnetic
properties of deep crustal rocks. Here, we report the results of rock-magnetic studies to interpret
the source of the Martian magnetic anomaly.

To determine magnetic domain state of the source, we conducted in-situ magnetic hysteresis
measurement of magnetite under high pressure up to 1 GPa. The results show that magnetite exhibits
various pressure dependences of coercivity with respect to magnetic domain states: multidomain (MD)
magnetite (linearly increase with pressure at a rate of +91%/GPa), pseudo-single-domain (PSD)
magnetite (increases with pressure as a quadratic function), acicular single-domain (SD) magnetite
(constant up to 1 GPa), and equidimensional SD magnetite (decrease with pressure at a rate of
-15%/GPa). Taking into account these pressure dependences, relaxation time of remanent
magnetization in the Martian crust was calculated as a function of depth and age. Remanent
magnetizations carried by MD and PSD magnetites have been demagnetized within 4 billion years,
except very shallow crustal part. On the other hand, the SD magnetite can stably retain its
magnetization in the entire crust. Therefore, the source of the Martin magnetic anomaly is
fine-grained SD magnetite.

As the mechanism that crystallize and maintain fine-grained SD magnetite in the deep crustal rocks,
we focus on a plagioclase crystal with magnetite inclusions. The plagioclase crystal with magnetite
inclusions is ubiquitous in mafic and intermediate terrestrial plutonic rocks, and should play an
important role in controlling the magnetic properties of deep crustal rocks. To evaluate the role
of the plagioclase crystal, we prepared plagioclase crystals from gabbroic anorthosite of the
Duluth complex at Forest Center, Minnesota, USA, and magnetic measurements combined with
microscopic observation and synchrotron radiation study were conducted for the single grain
plagioclase crystals. The magnetic hysteresis parameters resulted in SD and PSD range on the Day
plot. The low-temperature remanence curves showed pronounced remanence reductions at around 100-120
K, indicating that the plagioclase crystals contained nearly pure magnetite. The magnetite contents
ranged from 40 to 680 ppm with an average of 270 ppm in weight, which could be sufficient to the
source of strong magnetic anomalies. On the basis of the experimental results, we will discuss the
chemical composition and oxygen state in the Martian crust, which was suited for bearing
fine-grained SD magnetite.
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We have been developing scanning SQUID (superconducting quantum interference device) microscope for
geological samples. In this presentation, we will demonstrate improvements in our scanning SQUID
microscope system. We introduce external magnetic shielding by thin shield film outside of a
double-layered PC permalloy magnetic shield box surrounding scanning SQUID microscope. We also
develop internal magnetic shield just outside of scanning SQUID microscope with five layered shield
film for AC and DC shielding. With this set-up, we also introduce a reference SQUID sensor inside
liquid helium dewar in order to compensate noise originated from environmental magnetic field.
Resulting signal-to-noise ratio is going to be analyzed and reported. In addition, we show a
calibration procedure for our scanning SQUID microscope in terms of its sensitivity and deviation
from vertical axis.

F—D— R EERSQUIDEME. J X, BRI —IUR. S/NE. RIE
Keywords: scanning SQUID microscope, noise, magnetic shielding, signal-to-noise ratio, calibration
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Comparison of magnetic relaxation-time distributions derived from measurements in
frequency-domain and time-domain
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Viscous remanent magnetitization of tsunamigenic boulders and the age of tsunami events
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Along some coastlines in Japan, there are erratic boulders apparently emplaced by tsunamis. The key
to understanding of past tsunami events is the ability to accurately date the emplaced age of
boulders. Although radiocarbon is one of powerful tools for dating boulders, subsequent movements
and non-organic rocks (sedimentary rocks and volcanic rocks) cannot be dated. To overcome this
problem, we use viscous remanent magnetization (VRM). Viscous remanent magnetization (VRM)
partially overprints original magnetization in rocks displaced by paleotsunami events. If a
magnetic-mineral bearing rock is moved or re-oriented, the magnetism of the smaller magnetic grains
re-aligns to the direction of the ambient magnetic field with time. This phenomenon is well known
as Neel’'s (1949, 1955) single-domain (SD) relaxation theory. Pullaiah et al. (1975) derived a
time-temperature (t-T relation) relation by assuming Neel’'s theory of magnetite. In principle, an
experimental combination of short relaxation time and high temperature for removing VRM can
determine the unknown relaxation time (tsunami age) at room temperature. We tested this hypothesis
to tsunamigenic boulders consisted of coral limestone in Ishigaki Island, sand stone in Beppu bay
and welded tuff in Sanriku coast. The demagnetized paths of all samples have VRM turning points,
and their demagnetization temperatures are compatible or higher value of the Neel's hypothesis.

F—O—F EREEE. MEERBHRL. REERBEEERIN
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Examination on natural remanent magnetization and its origin of single grains extracted
from the Ito pyroclastic flow deposits
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Changes of magnetic minerals in reductive chemical demagnetization.
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Demagnetizations are important processes in paleomagnetism studies. Alternating Field
demagnetization(AFD) and Thermal demagnetization (ThD) are two of the most popular techniques used.
However, there are samples that those techniques would not work for erasing secondary
magnetizations. In such a case, Chemical Demagnetization(CD) could be applied. It is widely used
for paleomagnetic studies of redbeds, as the post-dated magnetic minerals may dissolve earlier. So
it shall be effective for demagnetization of rocks with chemical remanent magnetization (CRM).
Chemical demagnetization in most paleomagnetic studies has been performed using concentrated HC1
solution, by leaching specimens for several months or for several days in high temperature. Those
procedures have not been widely used because the handling of the high temperature HC1 is difficult
or time consuming for the room temperature. In addition, they destroy limestone samples and any
other sedimentary rocks cemented by carbonate materials. In order to apply CD for limestones, we
examined reductive etchant of neutral pH under the room temperature.

The magnetstratigraphy of reef limestone (Ryukyu Group) using the Reductive Chemical
Demagnetization(RCD) is already reported in the 138™ Society of Geomagnetism and Earth, Planetary
and Space Sciences. Here we focus on the magnetic mineral changes in RCD, and magnetic properties
of the minerals charring characteristic remanent magnetization.

The reductive etchants tried are potassium iodide (KI) solution and ascorbic acid (C6H1206)
solution. The solutions are prepared in 5-20%, and for ascorbic acid (pH is about 2.4) the pH is
buffered to 6.0-6.5 with sodium hydrogen carbonate(NaHC03). The redox potential of those cases is
-150_-10mv. This condition falls in the domain of stable iron ion Fe2+ in the pH-pE diagram shown
in Henshaw and Merrill(1980). After the leaching experiment in this condition, we perfomed various
rock magnetism measurements.

As we wrote above chemical demagnetization in room temperature is very time consuming, drip-feeding
of etchant is also tested. Drips of etchant is supplied from the top of the sample, and flows out
from the bottom. The solvent (water) removes the solved Fe2+ faster.

We performed three experiments:

1) RCD of IRM: We compare the efficiency varying the etchants, concentrations and exposure method,
in eight kind of solution(KI:5,10,15,20% ascorbic acid:5,10,15,20%) which supplied by dripping and
dipping. The IRM is measured every 12 hours. The dripping enhances the demagnetization speed
significantly, and shortens the duration up to a 9th of dipping RCD. In the eight kinds of
solutions, the ascorbic acid 5% + NaHCO3(pH=6.52,0RP=-107mv) is the fastest, and the
demagnetization is completed in 72 hours. Those experiments indicate RCD dipping the reductive
etchant is most effective at least for those limestones.

2) IRM acquisition: The comparison of the IRM acquisition curves between before and after RCD
indicate that the significant increase in saturating field, 3T and 1T, respectively, by RCD. It
suggest that the RCD removes hematite and/or goethite, and remains magnetite intact.

3) Thermal demagnetization of a three-component IRM: Samples before and after RCD are exposed in
3T, 0.3T and 0.1T in each orthogonal direction, and then thermally demagnetized. It showed that a
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high coercivity magnetic minerals was demagnetized by RCD. This indicate that at least considerable
portion of the component demagnetized by RCD is carried by hematite.

These results showed that the RCD is effective for carbonate rocks. We think that the reductive
etchant make (D more versatile, as the ascorbic acid is easy to handle in the laboratory.
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Paleomagnetism and AMS of a slumped fine-grained volcanic ash bed
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