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Archaeomagnetism in Kamihonmachi relic, Fukuoka -A study of the paleodirection
before Kofun era-

# Yu Kitahara[1]; Masao Ohno[2]; Masataka Egami[3]; Yoshinori Tajiri[4]; Tadahiro Hatakeyama|5]
[1] ISGS, Kyushu Univ.; [2] Division of Earth Sciences, SCS, Kyushu Univ.; [3] Education Board, Tagawa,; [4]
Archaeology,Kyushu Univ; [5] IPC, Okayama University of Science

A total of 682 data is housed in “Japan Archaeomagnetism Database" which compiled the most of products in Japanese a
chaeological research until the present. The humber of data is so substantial in the world. However, it also has a problem that tt
number of the data every age is not constant, and 86% of the data is in the period between 5th to 14th century, because the m
of the dataset is from the data obtained from Suemura relics complex in Osaka and ancient kilns of middle age in the Tokai are:

We carried out archaeomagnetic sampling in Kamihonmachi relic in Tagawa city, Fukuoka to understand the trend of paleodi
rection in ancient period when the data is insufficient. A lot of archaeological structure, between Yayoi era to Asuka era, have
been excavated in the relics until the present. In this study, we sampled some baked-earth blocks from the burnt part of 3 remail
named S-240, S-307, and S-374.

After cutting out the baked-earth sample into a 1.5 cm cubic specimen from, we carried out the rock magnetic experiments an
the stepwise thermal demagnetization to evaluate the sample quality and the burning condition. In the result, it was estimate
from the rock magnetism that S-374 was burnt under the highest temperature, S-307 was burnt under the middle temperature, a
S-240 was burnt under the lowest temperature, respectively. And then, it was confirmed from stepwise ThD that the characterist
remanent magnetization of some samples are stable, although the intensities are relatively weak.

Then, we carried out stepwise AF demagnetization to restore the paleodirection of each remain. In the result, we obtaine
each direction as follows; D = -1°11 = 33.6°, a95 = 1.8 from S-307 (n = 20), and D =-11%71 = 45.5’, a95 = 1.3 from S-374
(n =10). However, we did not restore the significant direction from S-240. The archaeological age of S-307‘s is undefined anc
that of S-374's is estimated to be early 6th century, respectively. Here we focus on the direction of S-307 which has a significan
characteristic that the inclination is very shallow. The period that that has an inclination value shallowertigtindifed to
be between 1550 A.D. and 1750 A.D. The S-307's typology suggests that this remain is not a modern structure. Therefore, if i
assume that S-307 is a remain in the Yayoi era as same with some neighboring relics, it restores a paleodirectional trend that t
inclination became deep approximately &tween Yayoi era and early 6th century.

In addition, we will start the further discussion about excavated artifacts, and carry out the new archaeological sampling in the
relic soon.
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Reconstruction of paleosecular variation from Lake Biwa sediments: Improvements in
resolution from cm to mm scale

# Hirokuni Oda[1]; Yuhji Yamamoto[2]; Yoshio Inouchi[3]
[1]1 IGG, GSJ, AIST; [2] Kochi University; [3] Human Sci., Waseda Univ.

We have conducted measurements on a piston core sample taken from Lake Biwa off Takashima (BWK12-2; length 1633 cm
Sediment comprises of clay intercalated with at least 13 ash layers. Thirteen horizons were dated with 14C using plant piece
giving a maximum age estimate of more than 40 ka. Paleomagnetic cube specimens, u-channel samples and LL-channel samp
were taken from the core. Preliminary results of inclination from the cube samples show an agreement with the paleosecule
variation reported by Ali et al. (1999). Results of u-channel and LL-channel with deconvolution will be shown together with a
possible trial using SQUID microscope.
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Some excursions from paleomagnetism in deep-sea sediment

# Takaharu Sato[1]
[1] GSIAS, Hiroshima Univ.

Our paleomagnetic studies using deep-sea sediments, and studies in a number of fields that have been done in connection v
them are reported. The first is a area of studies using deep-sea sediment cores taken from the western equatorial Pacific Oce
Ages of top sediments were estimated by ESR dating. Paleointensity variation was studied and wavelet analysis was performe
It was shown that the saturation isothermal remanent magnetization (SIRM) variations of the cores were caused by calciur
carbonate disolution change. The second is a area of studies of environmental change using the sediment taken from ponds &
lakes. The environmental magnetic studies were performed for the sediments taken from Lake Nakaumi and Lake Shinnji. Th
third is the area of the monitoring of heavy metal pollution of the tree in the environmental magnetic method. It was shown that
simple inspection of heavy metal contamination of roadside tree may be able to be performed by using SIRM or magnetic initial
susceptibility.

CTTT, EEEDMTo T, WEEERHEREY 2 AWz S A e . ZThEBE L T TEREOHL O T
DRI DV TN T TIEL,

HEFEX, 19704 5 100 AT — )LD R 2 5§ % H I THEIRHERY) 2500 & LU TifgE 21 1-
T&ET, ZOHT, FEIREARTAHEDKEE 4000maz D OIFEN S E NI 2 R0 a7, KH73-4-7& KH73-4-80 51X,
2 DM THEFRITHERME DNz, BELIREDRNKLLANE IZITD NI, BERICDOWTIRE IS TAR O
WRKEL AT —IRPIC KB FERHEE IR TH - 7o WEAUEFF EILAIC K 2FERHEEITARETH o 72, a7 i b
HBOERIC OV TOFRIIEGSNah oz, T T, Y, FFLIRE EilH 5N Tz ESRERIINE 1 2 B ECHEREY)
WEA L. a7 EOENRERDTZ, iz, 2007 TRERNAL & SFRRERE (SIRM) HEOMHB AR
T LICDNT. SIRMZEDREE VS ™ WAIRISZENC X > Th b E N T & 2R U, IKIARDKIAZSE) & —ih% 7%
FHFERIGER DD ZEN > T T BRI /1 )V > T INTARREZSE) & B RNALEZE DY, SIRM Z258) & R ZE RN AL
ZE#OMHEZE 6 Liel &R Uiz, 51T, BREFENAKLIC K > THEAODHEE TN TV S [F T S RIS iz
AT7DT—REZMATz, EDETIADIATICONWT, BREFANKEELZHOT—XIIOWTITbNTWey =7 Ly
N 2R, EENT B AR R RR Lz,

HEFIEIE, 1990 IR D B IE, NAMNEE DI > TEEFE R — )V Ol « SRIEHEREYIIC DU CERERESIF
78 T, HERRI OB sa e FVE UL B OR2EE & HIC T HHERY)IC & % HisEREE B O 92 211> T\ 5, I
JLETHICIE 1002 EHTD D HERYI DK > TV A TN Z S L TW5, T T TiE. HigEOfREY I HF 13 THRE
INTza7IcDOVT, KR E I ZAMDIER U EAGRHREM ISR DWW TN 5 T & 2R 3 5 A AE D ERBIHEA
72509 %,

HHIT. RFOHRBREREEBR T, BREMGN TR X B IEER D U bR E B RS ik B TS, T—
2R R Uz dHCRNR % 2 L IENEETH > Tz BAREENIZRI D, 21 I OREE IS DUV TSRS TSR
BB TELNMEBERT S 707 I LI, KENA AR AENTRHAEINZCEH 0, HREHOE E MR EOE
SEERZWKNGTETEZRZY) VIS 25 2E 2Tz, ZTOME, BEIHAROBEROGEICIE, EREIX. HdbdW»
BRI OB LA RSNTEZX Y VT HRETH B FEARE Nz, BT, HiKIC X 0 kb 2 WIS
AN R 5N 2 EREME T D Z ORI D L EHERaN NI RKGIERORAE KL T3 EEZZ BNS, HEBETE,
3 ACHIRIFT N S 2 AT TEEIA ERE TEIIE N THE D, ZeMIERIETE RV, N1 A< XFIHAEY 57z 3
HICKE T % I3 AERERENRE N,

PDUMIC E BN A 2T,

. EHIRE SRS A . Z DT = —T Ly M

. R EHEREY) 75 £ O ESRAEHIE

- OKIARDKIAZEENC L S BRIE 71V 2 7 LNTARRZSE)

. FNCEAEER IR R O WG HEREY) ORGSR E

. NHEREY DRERB FIEIC K 2 TRV B DISE

. RS I HERE ) O BB R <R SE

. BB TIEEIC K B IEER IO 7= 0 R IRV TG ST & D it 7
. HEERSIETER R £ ORI R 2 E LD R

OO Ok WD~



R004-04 215 C BFRE: 11 8 21H 10:10-10:25

IBEHERY) TP DAY~ 7 3 2 A s ORiR#E(L

# (Ll PR [1]; 7OF T [2]
[1] SARSGEDT, [2] BEA - B2 - HhER

Low-temperature oxidation of biogenic magnetite in deep-sea sediments

# Toshitsugu Yamazaki[1]; Chisato Anai[2]
[1] AORI, Univ. Tokyo; [2] Dep'’t Earth & Env., Kumamoto Univ

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

Magnetites in marine sediments of oxic environments such as surface sediments above the Fe-redox boundary and red cl
cores that do not have the Fe-redox boundary usually have suffered low-temperature oxidation. This is evidenced, for example, t
a blurred Verwey transition in low-temperature measurements, and explained as that a shell of a magnetite particle is oxidized t
maghemite, whereas a core of the particle remains intact. Under a transmission electron microscope (TEM), it is often observe
that biogenic magnetites (magnetofossils) in oxic environments are covered with very fine particles of a few nanometers in size
We applied a reductive etchant to a red clay sample, in which biogenic magnetite dominates the magnetic mineral assemblag
The reductive etchant was prepared to be -60 mV in the oxidation/reduction potential (ORP) and 5.7 in pH using ascorbic acic
(5%) buffered with NaHC®. The fine particles covering magnetofossils were mostly dissolved by applying the etchant for
72 hours. We do not think that maghemite was altered by the etchant, because the results of low-temperature measuremel
(low-temperature cycling of SIRM acquired at 300K and thermal demagnetization of 10K SIRM) before and after applying the
etchant were identical with each other and did not show the Verwey transition even after applying etchant, and because SIRI
of the sample did not change for 72 hours. The color of the sediments is still reddish after applying the etchant, which alsc
suggests that maghemite still remains. We estimate that the fine particles dissolved by the etchant may be hematite; Fe iol
diffused from a magnetite lattice by low-temperature oxidation may have been combined with dissolved oxygen in interstitial
water, which resulted in the production of hematite. The effect of the hematite dissolution by the etchant would not appear in the
low-temperature measurements because the hematite particles are superparamagnetic in size, their total volume is smaller tt
that of magnetite-maghemite, and the saturation magnetization of hematite is much smaller than that of magnetite-maghemit
The low-temperature oxidation occurs in a geologically short period of time; magnetofossils with hematite cover are observec
commonly under a TEM even in sediments at the sediment-water interface (the top of a pilot core).
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Near-seafloor magnetics reveal hydrothermal alteration and strongly magnetized lava
flow at the Irabu knolls, Okinawa Trough

# Masakazu Fuijii[1]; Kyoko Okino[2]; Hiroshi Sato[3]
[1] NIPR; [2] AORI, Univ. Tokyo; [3] Senshu Univ.

Magnetic mapping is of increasing interest in studies of seafloor hydrothermal systems because such data can promote t
understanding of the location and spatial extent of hydrothermal alteration zones. Previous studies reported both reduced al
enhanced magnetization at hydrothermal fields of different tectonic settings, suggesting that the destruction and production ¢
magnetic minerals are controlled by geological and tectonic background. In order to characterize magnetic response of ar
backarc hydrothermal systems, we investigated the Irabu hydrothermal field (IHF) at the southern Okinawa Trough. The Irabt
knolls are located on the axial area of backarc rift and consist of basalt to andesite. Near-seafloor vector magnetic measuremel
were performed using the AUV URASHIMA during the R/V Yokosuka cruise YK14-16. The seafloor rock samples from the
same region were used for rock magnetic measurements and petrological observations. The integrated analysis of the magne
anomaly and rock magnetic properties led to the following conclusions:

(i) The IHFs are associated with reduced magnetization reflecting the hydrothermal alteration of magnetic minerals present i
the extrusive lavas and the deposits of non-magnetic hydrothermal material.

(ii) The basaltic lavas show high natural remanent magnetization (NRM) intensity ranging from 7 A/m to 214 A/m. These
extremely strong NRM were caused by less oxidation, abundant single-domain-titanomagnetite grains formed under prope
crystal growth rates, and low Ti content for titanomagnetites. These strongly magnetized host rocks produce large variations ¢
magnetic anomalies in the Irabu knoll, resulting in a clear magnetic contrast between the IHFs and their surroundings areas.

(i) The low magnetization zones (LMZs) related to the IHFs are located at the rim of the caldera floor in an elongated direction
parallel to the local strike of the caldera, and extend into the caldera wall. These observations suggest that the hydrothermal fluic
ascended through the caldera fault and caused accumulation of hydrothermal deposits and the occurrence of hydrotherma
altered zones in both the caldera floor rim and wall.

(iv) The LMZ extends across several hundred meters along the caldera rim. Compared with similar hydrothermal fields of
the Hakurei and Brothers situated in other arc-backarc volcanoes with summit calderas, it is clarified that hydrothermal system
controlled by caldera faults have horizontal spatial scale equal to or larger than those of detachment-controlled large hydrotherm
fields at slow-spreading ridges such as the TAG. It is implied that the permeability structure and style of hydrothermal circulation
may play important roles in the formation of the larger demagnetized hydrothermal fluid pathways at caldera-controlled systems
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Changes in source of lithogenic particles in the Ryukyu forearc region revealed from
rock-magnetic properties

# Masahiko Sato[1]; Takuya Itaki[1]
[1] IGG, GSJ, AIST

Knowledge of source of sediment particles is key to understand the evolution of sedimentary environment and ocean circula
tion. Rock-magnetic parameters can be used as a sensitive proxy of source of sediment particles, especially lithogenic particle
In this study we conducted systematic rock-magnetic measurements of sediment sample in the Ryukyu forearc region, to reve
the changes in sedimentary environment and ocean circulation in the region.

Sediment core GH08-2004 was collected at the Ryukyu forearc region using a gravity corer during the GHO8 cruise of R/V
Hakurei Maru No.2. The sedimentation rate of the core was 3.2-15.6 cm/kyr and the age of the core bottom was estimate
as approximately 26 ka (Amano and Itaki, 2016). Dried samples were used in a suite of rock-magnetic measurements. Usin
MicroMag 2900 alternating gradient magnetometer (AGM, Princeton Measurements Corporation), we conducted measuremen
of magnetic hysteresis parameters (coercivity $aturation magnetization Msaturation remanent magnetization Mand co-
ercivity of remanence B), isothermal remanence (IRM) acquisition curves, and first-order reversal curves (FORCs). We also
measured low-temperature remanence curves using an MPMS-XL magnetic property measurement system (MPMS, Quantu
Design): a thermal demagnetization curve during zero-field warming (ZFW) from 10 K to 300K for IRM imparted at 10 K in a
field of 2.5 T after zero-field cooling from 300 K (ZFC remanence); a thermal demagnetization curve during ZFW from 10 K
to 300K for remanence given by field cooling from 300 K to 10 K in a field of 2.5 T (FC remanence); and a low-temperature
demagnetization curve for saturation IRM imparted at 300 K in a field of 2.5 T.

The ratio J rc(10)/J=c(10) is lower than 1.4 from 26 ka to 14 ka while it increases to 1.6-2.0 after 13 ka, whggg10)
and J-¢(10) are intensities of ZFC remanence and FC remanence at 10 K, respectively. The samples during 26 to 14 ka sho
the Verwey transition of Ti-poor titanomagnetite in the low-temperature measurements, whereas the transition is unclear for th
sample during 13 to 0 ka. The ratio, MM slightly varies in 0.13-0.19 during 26 to 14 ka, and it gradually increases from 0.14
to 0.24 after 13 ka. These results suggest that source of lithogenic particles during 26 to 14 ka and 13 to O ka were different fo
each other, and it gradually changed from 13 to 0 ka. Taking into account the results of IRM acquisition curves and FORCs, we
will discuss the changes in sedimentary environment and ocean circulation in the Ryukyu forearc region.
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Preservation states monitoring of the 2011 Tohoku tsunami sediments, as determined b
geochemical and rock magnetic analyses

# Noriko Kawamura[1]; Naoto Ishikawa[2]
[1] JCGA; [2] Human and Environmental Studies, Kyoto Univ.

Near-shore marine sediments deposited along island arcs preserve evidence of past disaster events such as tsunamis. A tsur
occurred on 11 March 2011 off the Pacific coast of Tohoku, Japan, and the event is likely preserved in marine sediments. Thi
study aims to constrain the distribution of tsunami deposits and its preservation states at Sendai Bay, located in the Tohoku are
by geochemical and rock magnetic analyses. Sediment samples from Sendai Bay were collected at four stations, located e:
of the epicenter of the 2011 Tohoku earthquake, between 2011 and 2015. The intensities of IRM unblocked atG@@-700
soft component is greater in the 2011 samples from offshore stations S-4 and S-5, suggesting the presence of material with
higher Curie point. However the increase of soft component intensity is not found in the 2013-2015 samples. Magnetic grain siz
parameters, Mr/Ms and Hcr/Hc, show a similar pattern in 2011-2012 samples, while the trend is not recognized in 2013-201¢
samples. Cr content increased in the sediment samples just after the 2011 Tohoku tsunami, but it decrease in the 2013-20
samples. It is suggested that sediments from the inner bay and/or coastal area were transported and redeposited by the 2(
Tohoku tsunami, and removed after 2013.
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Measurement of slow magnetic relaxation in natural samples and its application to rock
magnetism

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

Dynamic magnetizations in natural rocks and sediments were measured as either exponential decay of magnetization in tin
domain or Debye-type magnetic relaxation of ac susceptibility in frequency domain. Both phenomena are physically identical,
but their measurements require different instrumentation. This study provides results from various kinds of natural samples witl
different domain structures including SP, PSD, SD, and MD. Measurements were performed in frequency domain, and low-fielc
magnetic susceptibility was measured over a number of frequencies ranging from 1 Hz to 1 kHz. Magnetic relaxations were
found only from the PSD and MD samples. Each of them demonstrates Arrhenius-like straight line, but their gradient is greatel
for PSD than for MD. This suggests that these relaxations could be due to the oscillations of domain walls in local pinning sites,
but the corresponding local energy barriers may be greater for PSD than for MD. Comparisons and interpretations of the dat
from samples of different domain state and grain size were made, and their application as a potential diagnostic tool for rocl
magnetism will be discussed.

PSD~MD DAKILFE> SPO BT 51 Tk, FHREHE (<107% 9) DREKFEMZ 7”9 (Kodama 2013; Kodama et al.
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Kodama K (2013), Jour Geophys Res, doi: 1029/2012JB009502

Kodama K (2015), Earth, Planets Sp, 67, doi: 10.1186/s40623-015-0294-z

Kodama K, An Z, Chang H, Qiang X (2014), Geophys J Int, 199, 767-783, doi: 10.1093/gji/ggu299
Ustra A, Mendonca C.A., Ntarlagiannis D, Slater L.D. (2016), Geophysics, 81, 1-10.
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Mapping of loess magnetic fabric changes by demagnetization experiments

# Balazs Bradak[1]; Masayuki Hyodo[1]; Yusuke Seto[2]
[1] Research Center for Inland Seas, Kobe Univ.; [2] Planetology, Kobe Univ.

The behavior of the magnetic fabric of loess and paleosol pilot samples, originated from Hungarian succession, were studie
by anisotropy of magnetic susceptibility (AMS) measurements during stepwise alternating field demagnetization (AFD) and
isothermal remanent magnetization (IRM) experiments. The same samples were measured 10 times in every demagnetizati
step. The magnetic experiments were completed by scanning electron microscope (SEM) investigation.

The changing of the magnetic susceptibility (k), the replacement of the maximum (kmax) and intermediate susceptibilities
(kint) and 45-120 deg. change in the orientation of the kmax were observed. The change of some AMS parameter, such as tl
shape of the magnetic susceptibility ellipsoid (T) was also notified. Besides the change of the T, no characteristic change of th
degree of AMS (P) were observed.

In materials with low magnetic susceptibility, such as loess, the appearance of paramagnetic phyllosilicates (e.g. muscovite
chlorite) can be responsible for the possible replacement of the kmax and kint, which is possibly controlled by the crystallographic
anisotropy of the phyllosilicates.

The flipping and the instability of the fabric orientation and also the change of the k possibly indicate the transformation of the
domain structure of various magnetic components. This change is possibly indicated by the change of T also.

The behavior of the loess magnetic fabric, suggested above, draws attention to the difficulties of the magnetic fabric analysis
More care must be taken during the determination of the paleowind direction by the orientation of the kmax in the future studies
of loess, when 45-120 deg. differences of the paleowind direction, triggered by crystallographic anisotropy and the change of th
domain structure, could indicate absolutely different paleoenvironmental condition.
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Effects of stably stratified region below the core-mantle boundary on the long-term
core-mantle evolution

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

Here we show an impact of stably stratified region below the core-mantle boundary (CMB) caused by the core-mantle thermo
chemical coupling in long-term core-mantle evolution model in humerical mantle convection simulations. To implement the
core-mantle thermo-chemical coupling into the model, we assume chemical and baro-diffusion effects caused by an equilibriun
chemical reaction of metal-silicate as a boundary condition of thermo-chemical structure of Earth’s core based on Frost et al
[2010]. In addition, we also include the growth of sub-adiabatic shell if the CMB heat flow is below the isentropic heat flow.
Using this model, important findings are shown as follows: 1. The initial CMB temperature would be 4800 to 4900 K rather than
6000 K derived from thermal evolution model without a stably stratified region. 2. Thickness of thermo-chemically stratified
region would be strongly dependent of chemical diffusivity and 140 km with? 10"2/s of chemical diffusivity, which would
be consistent with propagation of MAC wave caused by geomagnetic secular variation for the thickness [Buffett, 2014] and
theoretical computation of chemical diffusivity [Ichikawa and Tsuchiya, 2015], 3. The CMB temperature would be rapidly
cooled down in first 100 Myrs and not changed after such a rapid cooling, which would be around 4000 to 4200 K. On the CMB
heat flow, it would not be greatly changed with time neither, which is around 12 TW being consistent with recent theoretical
formulation of core evolution [Labrosse, 2015]. Those evolution diagnostics would be consistent with a recent hypothesis or
core evolution from melting temperature measurement in the deep mantle [Andrault et al., 2016]. This suggests that a stabl
stratified region caused by thermal and chemical effects would be the strongest heat buffer in various mechanisms on heat buff
for heat transfer across the CMB (partially molten region and compositional anomalies above the CMB). 4. The most important
physical property for understanding core evolution is the thermal conductivity of Earth’s core. For the best-fit scenario of core
evolution with a stably stratified region, the thermal conductivity of core would be higher than 150 W/m/K, which is consistent
with recent inferences from the electrical resistivity of core material on high P-T physics [e.g. Ohta et al., 2016].
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Dynamic effects of the geomagnetic field on the modeling of core surface flow

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

Fluid motions in the Earth’s core give rise to secular variations of the geomagnetic field. Such core flows can be estimatec
from spatial and temporal distributions of the geomagnetic field. When one relies on the frozen-flux approximation to estimate &
core surface flow, the magnetic diffusion term in the induction equation is neglected. However, in reality, there exists a viscous
boundary layer at the core-mantle boundary (CMB), where the magnetic diffusion can play an important role in secular variation:s
of geomagnetic field. Hence, Matsushima (2015) has devised a new approach to the modeling of core surface flow; the magnet
diffusion is explicitly incorporated within the viscous boundary layer, whereas it is neglected below the boundary layer at the
CMB. It should be noted that the tangentially geostrophic constraint is also used for the flow below the boundary layer. That is,
the dynamic effects of geomagnetic field on the modeling of core surface flow have not been taken into account so far. Here
the tangentially geostrophic constraint is relaxed, and the tangentially magnetostrophic constraint is used, as carried out by Ase
and Lesur (2011).



R004-12 215 C BR9: 11 8 218 14:00-14:15

WebZZH|H U7t ifids « S Ak —2 71y b —)b

# Bl MEEE [1]
[1] R BK - T HRLEE

Online plot services for paleomagnetism and rock magnetism

# Tadahiro Hatakeyama[1]
[1] IPC, Okayama University of Science

http://mage-p.org/

In paleomagnetic and rock magnetic studies, we use a lot of types of graphics by which obtained data from the measuremen
are analyzed and plotted.

Many researchers in paleomagnetism often use not only general-purpose plotting programs such as Microsoft Excel but als
single-purpose programs.

The maximum benefit of the latter is that we can make a beautiful figure for our own data. However, those programs require
limited environment for their operation such as type of platform and hardware, type of operation system and its version, and s
on. Itis difficult to share the result and graphics among the collaborators who use different environments on their PCs.

Therefore, the best solution is likely a program operated on the most popular environment, web browsers.

Now we develop a web service which was originally a program with a command-line user interface (non-GUI), and we
prepared web pages for input of the data and options and a wrapper script which transfers the entered values to the program. T
results, analyzed values and plotted graphs from the program are shown in the HTML page and downloadable.

In this talk, we introduce our program and service and discuss the philosophy and efficiency of these services.
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Injection direction of a clastic dike inferred from magnetic measurements: an example
from the Osa dike

# Hiroyuki Hoshi[1]; Komi Kondo[2]
[1] Dept Earth Sci., Aichi Univ. Education; [2] Aichi University of Education

http://hoshi.a.la9.jp/index.htm

The Osa dike is a 50-70 cm thick sandstone dike intruding early Miocene sediments (Morozaki Group) on the Chita Penin-
sula, central Japan. An earlier investigation suggested that the dike formed by upward sand injection. A later study, howevel
found microfossils from the dike, whose age could be younger than the country rock, implying downward injection. Our study
presented here was performed to solve the problem by means of magnetic measurements. Thermomagnetic results indicate m
netite is the main magnetic mineral. Hysteresis data fall into the pseudo-single-domain range. Analyses of alternating field an
thermal stepwise demagnetization results revealed a north-northeasterly paleodeclination of normal polarity characteristic rem:
nent magnetization. The age of this paleodirection of the Osa dike is possibly younger than that of the easterly paleodirectio
of the Morozaki Group that represents early to middle Miocene clockwise rotation of southwestern Japan. More importantly,
anisotropy of magnetic susceptibility (AMS) measurements suggest imbrication of magnetic foliations that is consistent with
downward flow within the dike. Therefore, downward injection is supported by both the paleomagnetic direction and the AMS
result. We suggest that magnetic measurements can be a useful tool for determining the injection direction of clastic dikes.
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Field-dependence of magnetic susceptibility for subaerial basalts

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

Magnetic mineralogy of subaerial basalts are usually variable from sample to sample even in a single outcrop depending o
oxidation state and microstructure of Fe-Ti oxides contained in the basalts. Retrieving paleointensity from subaerial basalts he
been attempted for past several decades, and magnetic mineralogy is of prime importance for interpreting paleointensity expe
iments. Curie point (Tc) of bulk basalt specimen can tell us the composition of contained Fe-Ti oxides, but often we encountel
multiple Tc from a single specimen.

Field-dependence of magnetic susceptibility has been known to be related to Ti-content of Fe-Ti oxides. Almost no field
dependence is observed for Ti-free magnetite, whereas high-Ti titanomagnetite (e.g., ulvospinel content x = 0.6) exhibits sever
tens of percents field dependence for one order of field magnitude. Previous studies on drill cores of basalts showed a strong c«
relation of Tc and field-dependence of susceptibility. In this study we measured the field-dependence of magnetic susceptibilit
using a ZH susceptibility meter that can vary the field amplitude stepwise at 10, 20, 40, 80, 160 and 320 A/m (c.f., 80 A/m is
almost equivalent to 0.1 mT).

For about four hundreds of subaerial basalt specimens from Izu-Oshima and Miyakejima islands, we observed linear deper
dence of susceptibility against field amplitude. This means the Rayleigh law still holds for the field amplitude range, and we can
calculate initial susceptibility Xi and Rayleigh coefficient b. Here we will give the field-dependence susceptibility by the ratio of
b/Xi instead of the previously employed empirical ratios like XHd(%). After selecting specimens with single Tc we plotted b/Xi
and the single Tc, and found the value of b/Xi is about 1e-3 m/A for specimen with Tc less than 450 degC and rapidly decreast
down to 1e-5 m/A with increasing Tc. We can assume that b/Xi represents the averaged Ti content of titanomagnetites in a bul
specimen containing titanomagnetites with different composition.

Interior part of lava flows showed low (below 0.2) Mr/Ms and b/Xi values larger than 1e-4 m/A. This results is interpreted
that Fe-Ti oxide phenocrysts remain homogeneous and lava interior is generally not suitable for paleointensity studies. Some
the clinker samples have lower b/Xi and higher Mr/Ms, indicating that low-Ti and fine-grained titanomagnetite is contained in
clinkers. Scoria samples have relatively Ti-poor titanomagnetites and showed scattered Mr/Ms.

For analyzing magnetic mineralogy, temperature dependence of strong-field magnetization or susceptibility is traditionally
measured in order to obtain Tc. However, Tc is sometimes difficult to be determined and often multiple Tc are obtained from &
single specimen. Measurement of susceptibilities at several steps of different field amplitudes can be performed at room temper
ture within a relatively short time (10 minutes per specimen). Field-dependence of susceptibility is useful for detecting dominant
Fe-Ti oxides contained in basalt samples and should be routinely applied for selecting samples of paleointensity studies.
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Magnetic petrological characterization of eruptive products from phreatic eruptions

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

The 2014 eruption at Ontake volcano reminded us that a phreatic eruption can cause a devastating consequence even thot
its volume is quite small and there was no newly produced juvenile materials during the eruption. In order to clarify eruption
processes and transport and emplacement mechanisms of the 2014 eruptive products from Ontake, we have carried out magn
petrological analysis. Our results indicated that magnetic minerals in the 2014 eruptive materials are characterized by abunda
pyrite and small amount of titanomagnetites, suggesting the materials were derived from a shallow hydrothermal reservoit
Thermomagnetic curves showed rapid increase of the induced magnetization above 380 degrees C, derived from decompositi
of pyrite to magnetite. Using this magnetic petrological character, spatio-temporal re-distribution of the 2014 eruptive materials
has been revealed.

Phreatic eruption of stratovolcano can occur when heated groundwater stored in a shallow hydrothermal reservoir within the
volcanic edifice becomes pressurized and flashes to steam. Pyrite is a common mineral produced during hydrothermal alterati
of Fe-bearing minerals. Therefore, pyrite can be used as a marker of a phreatic eruption. In order to examine the gener:
presence of pyrite in materials derived from phreatic eruption, volcanic products from Yakedake volcano were investigated by
using magnetic petrological methods and the results were compared with those from Ontake volcano. As a result, Yakedak
samples did not show obvious evidence of pyrite. Dominant magnetic minerals were estimated to be titanomagnetites. It i
suggested that physical and chemical condition or duration time of hydrothermal system differ between the two volcanoes.
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Inverse geodynamo modeling to construct geomagnetic field models and dynamo
scaling-laws

# Hisayoshi Shimizu[1]; Tadahiro Hatakeyama[2]; Hiroaki Toh[3]
[1] ERI, University of Tokyo; [2] IPC, Okayama University of Science; [3] DACGSM, Kyoto Univ.

Inverse geodynamo modeling has been employed for the modeling of the geomagnetic secular variation and the results we
used to obtain candidate models for recent International Geomagnetic Reference Field (IGRF). There were no contributions o
the determination of IGRF from Japan so far but we are planning to contribute on it in the future by presenting geomagnetic fielc
models based on data assimilation.

It is well-known that the numerical dynamo modeling has been performed using parameter values far from those of Eartf
and planetary dynamos due to limitations of numerical computations. Validity of applying the numerical results on the studies
of Earth and planets has been shown in several ways. For example, Christensen (2010) demonstrated that the scaling-law
the magnetic field strength obtained by numerical dynamo models by assuming the balance between the power supplied by ti
buoyancy flux and that dissipated by the Joule heat could predict the magnetic field strength of the planets rather well. Also
Christensen et al. (2010) showed a parameter regime in which the characteristics of spatial distribution of the geomagnetic fiel
could be reproduced by numerical dynamos. Although the success of the scaling-laws, it is not clear whether the parametel
assumed to deduce the scaling-laws, such as the length-scale of the magnetic field in the dynamo, are appropriate to discuss
planetary dynamos using numerical dynamos, i.e., whether they are common to both dynamos. In this presentation, we are goil
to examine the assumptions for the dynamo scaling-laws to clarify whether they are appropriate to discuss the geodynamo. Als
time-scales of the magnetic field variation in the numerical dynamo and geomagnetic field are discussed to clarify the condition
for the use of the information obtained by numerical dynamo models on geomagnetic field modeling.

Reference:
Christensen (2010) Space Science Review, 152, 565-590.
Christensen et al. (2010) Earth and Planet. Sci. Lett., 296, 487-496.
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Magnetic field morphology affected by a stably stratified layer below the core mantle
boundary

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

A stably stratified layer below the core-mantle boundary (CMB) has been detected by seismic and geomagnetic field observe
tions. Chemically or thermally stable stratification is suggested as its origin (Helffrich and Kaneshima, 2010; Buffett and Seagle,
2010; Pozzo et al. 2012; Ohta et al. 2016).

In the core, the geomagnetic field is maintained by thermally and chemically driven flows via dynamo action. Assuming the
eddy diffusion in the core, the co-density has been used in dynamo modeling. However, the origin of stable stratification cannc
be distinguished with the co-density approach. Hence, thermal and compositional convection must be treated separately. In tt
study effects of a stable layer of either origin below the CMB are examined, adopting thermochemical double diffusive convec-
tion. One of the remarkable results is the effect of a stably stratified layer on the morphology of the dynamo-generated magneti
field, that is discussed in this presentation.
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Measurement of ferromanganese crust using a scanning SQUID microscope: Growth
model by sub-millimeter scale magnetostratigraphy

# Atsushi Noguchi[1]; Yuhji Yamamoto[2]; Hirokuni Oda[3]; Masahiko Sato[4]; Akira Usui[1]; Jun Kawai[5]
[1] Kochi Univ.; [2] Kochi University; [3] IGG, GSJ, AIST,; [4] IGG, GSJ, AIST; [5] AEL, KIT

Ferromanganese crusts are chemical sedimentary rock composed mainly of iron-manganese oxide. Because the ferrom:
ganese crusts grow very slowly on the sea floor at rate 3-10 mm/Ma, long-term deep-sea environmental changes can be obtain
from the ferromanganese crusts. It is important to provide reliable age model and growth rate reconstructed from the ferromar
ganese crusts, while there are few studies on sub-millimeter scale age dating. To obtain sub-millimeter scale age, we condu
magnetic study on a ferromanganese crust sample using scanning SQUID (superconducting quantum interference device) n
croscopy (SSM). The ferromanganese crust using this study was sampled from Hanzawa Seamoun?234®98384E
4362 m). Methods of magnetic measurements were adapted from Oda et al. (2011), which pioneered the investigation th:
estimate sub-millimeter growth rate using SSM. The vertical component of the magnetic field above a thin section sample o
the ferromanganese crust was measured using SSM. As the result, sub-millimeter scale magnetic stripes originating from a
proximately magnetized regions oriented parallel to lamina were obtained. In addition, we attempted to remove noises retainin
resolution of raw measurement data. After analyses, magnetic stripes could be recognized on the magnetic image. By correlatir
the boundaries of magnetic stripes with known geomagnetic reversals, we estimated that average growth rate of the ferroma
ganese crust sample from this seamount is 2.76 +/- 0.05 mm/Ma, which is consistent with that deduced'fiBeBe dating
method (2.56 +/- 0.04 mm/Ma).
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Preliminary result of Paleomagnetic Viscous Dating of Fault Gouge in the Nojima Fault,
Japan

# Tomohiko Fukuzawa[1]; Norihiro Nakamura[2]; Hirokuni Oda[3]; Tetsuro Sato[4]
[1] Earth Science,Tohoku Univ; [2] IEHE, Tohoku Univ; [3] IGG, GSJ, AIST,; [4] Earth Science, Tohoku Univ

Dating of an active fault is important task for tracing the history of large earthquakes and creating risk-management policies
for future disasters from geological evidence. Generally, we employ a fault-offset method that a sedimentary layer is cut by ar
active fault, but this method can not apply if there is no overlying sedimentary layer over an active fault and the fault has only
the outcrop of fault gouge. Direct age determination methods from fault gouge materials have been proposed such as potassiu
argon method to an illite in fault gouge, fission track dating of epidotes in fault gouge, and electron spin resonance (ESR) datin
to quartz grains in fault gouge. These methods are very powerful but hard to determine spatial distribution of ancient fault
plane. Although scanning ESR microscopy reveal this, ferrimagnetic mineral productions by thermal decompe3&iBa)
of paramagnetic minerals during frictional slips prohibit the application of ESR dating due to an overprint of un-pair electron
ESR spectrum by ferrimagnetic resonance spectrum. Here, we propose an alternative paleomagnetic age determination to te
advantage of the production of ferrimagnetic minerals during frictional slip. A newly-developed scanning SQUID magnetic
microscopy by AIST and paleomagnetic viscous dating are employed to the Nojima fault gouge to determine slip planes and t
reveal the age of their slip planes. Our preliminary results suggest that SQUID magnetic microscopy revealed the presence
highly magnetized slip zones less than 1millimeter. Alternating-field demagnetization (AFD) result shows that each slip zone ha:
two different components both of characteristic remanence and viscous component. The direction of its secondary magnetizatic
tends to record Earth’s current magnetic field. These results imply that we can use temperature-dependent viscous remane
magnetization to estimate the age of fault gouge. In this presentation, we will show the results of thermal demagnetization an
derive the age of the fault gouge, using magnetic relaxation theory.
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Preliminary result of Paleomagnetic Viscous Dating of erratic boulders in Kingdom of
Tonga

Kaede Ino[1]; # Norihiro Nakamura[2]; Tetsuro Sato[3]; Kazuhisa Goto[4]; Rennie Vaiomounga[5]; Taaniela Kula[6]
[1] Geology, Tohoku Univ.; [2] IEHE, Tohoku Univ; [3] Earth Science, Tohoku Univ; [4] IRIDeS, Tohoku Univ.; [5] Ministry of
Lands and Natural Resources, Tonga; [6] Ministry of Lands and Natural Resources, Tonga

In the Kingdom of Tonga, the island of Tongatapu, there are eight huge erratic coral boulders that are on the western coastlir
near the village of Fahefa. These boulders could only have come from the shoreline, as there are no nearby cliffs or hills
Tongatapu Island is 35-k#20-km and consists of 3000-m-thick marine sediment deposits overlain by coral reef limestone.
These boulders contain well-preserved corals, and living corals grow with a distinctly upright orientation. Field survey indicated
that two of the boulders are clearly overturned; two are upright but tilted; and the others are upright and normal emplacement
The largest boulder is upright but clearly not attached at its base as it sits on hard rock and has anomalously thin soils compare
to soils nearby on Tongatapu. Moreover, these boulders are 10-20-m above sea level and above any possible source, and
are 100-400-m from the present shoreline. Coral 230Th ages indicate that the coral formed during the last interglacial sea-lev
highstand, ca. 120-130ka. Therefore, it is believed that these boulders had been emplaced by a prehistoric tsunami. Howev
field evidence and radiometric age are controversial because soils beneath the boulders should be thicker due to its longevi
of the emplacement. Thus, we need to determine the emplacement age and its emplacement mode of the boulders. Here
report preliminary results of the application of paleomagnetic viscous dating to the boulders. The coral boulders possess
measurable intensity of magnetic remanence by a spinner magnetometer. Our thermal demagnetization result of the large
boulder showed that paleomagnetic orientation of characteristic remanence indicates 150 degrees westerly horizontal rotation.
this presentation, we will show results of paleomagnetic viscous dating of these boulders.
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Magnetic stratigraphy of the Ryukyu Group distributed in the land

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

Middle Pleistocene is a significant climate transition period, which is called as MPT: Middle Pleistocene Climate Transition .
MPT represents a change in glacial-interglacial periodicity, from 41kyr to 100kyr and in amplitude. At the same time, Ryukyu
Islands experienced great change in sedimentation environment, in the relation to the expansion of the Okinawa trough and b
ginning of inflow to the back arc of the Kuroshio Current. Around the time of the MPT, there deposited reef limestones which
recorded eustatic change of sea level around the Ryukyu Islands. Those limestones are widely distributed in Ryukyu Island:
because of active tectonic uplifts. As the on-land limestone strata of this period is rare, they are very important for studying MTP
thus global climate changes.

In the investigation of MPT, the age correlation is very important. Reef limestones are primarily correlated by biostratigraphic
ages. Calcareous nano fossils are used in the Ryukyu Group. Yamada and Matsuda (2001, 2002) shows the age of the Ryuk
Group distributed in Miyakojima as 0.95-0.41Ma. However, there is no datum level of calcareous nano fossils in this period,
and they cannot accomplish the international correlation. Besides the biostratigraphy, another datum level of this age is Brunhe:
Matuyama reversal boundary (0.78Ma). We tried to establish the magnetostratigraphy for the Ryukyu-Group of Miyakojima
Island.

There are two significant difficulties in the study of magnetostratigraphy of reef limestones, so that there are the very few stud:
ies. The first problem is the weakness of their magnetizations. It had been considered that magnetic minerals were not presel
But in recent years, the role of biogenic magnetite in the detrital remanent magnetization (DRM) acquisition is appreciated. It
revealed that it is possible to examine the magnetostratigraphy. Accordingly, a couple of studies of magnetostratigraphy usin
core samples have been conducted ( McNeel, 1988 Sakai and Jige, 2006). The second problem is the difficulty in establishir
stratigraphy on reef limestones cropping on land. However, Nakamori(1986) showed a significant method in the stratigraphy o
coral reef composite referring the relative sea-level changes. Following it, Yamada and Mastuda (2001, 2002) has established
sequence-stratigraphy of the Ryukyu limestones. Those works enable us the magnetstratigraphy of onland limestone sequnce

Onland magnetstratigraphic studies rather than the core samples has two merits: 1) Declinations are measurable not or
inclinations, as oriented samples can be taken. Very weak magnetization tends to bear large measurement errors. The angL
difference for distinguishing the polarity is larger for oriented samples and the credibility of the polarity can be expressed by the
latitude of VGP. 2) The reproducibility of the results can be granted as the accessibility to alternable sample is easy. In this study
oriented samples are collected from 20 sites referring Yamada and Matsuda (2001, 2002). We examine the polarity using th
latitude of VGP. Some of the samples does not bear credible results by the conventional paleomagnetic procedures (alternati
field and/or thermal demagnetization), so that we also applied a reductive chemical cemagnetization (RCD). The details of RCI
information is already repoted in the Japan Geoscience Union Meeting 2016. As the results, we obtained credible results fror
the 18 sites, and they reveals a geomagnetic reversal boundary near the bottom of MY-Unit 4 of Yamada and Matsuda (2002
Comparing the biostratigraphy and present magnetostratigraphy, we determined the reversal boundary to be Brunhes-Matuyatr
boundary. It will help the international correlation of onland reef limestones, not only in Ryukyu-Group.

T SR E  (Middle Pleistocene Climate Transition : MP®), #E/K¥EZHIDEIHAY 4.1 FHEN S 10 HEN
B, KIRENZIELIRTH 5. CORHOHERNSEAE, i~ S 7 0K & BEGliR O 1 i\ O A& 175
WA K DR HERID &, HEMHEREANEZE Uz, MMM 2R %Y > d7% Ttk & U AW ek iE
A2 FENCEER L TH D, MPT ORBEZTIfTICEEREE 2R3, MPT O TIEEREREMT DR E TH
. HEEAPCEDFARIREIZEEFERICK 2 DL ONERT, FHIHBKERICBWTEAKE T /bl K 55000
EMTONTWS. BiBkEREF AN M 25 SO G PCSE X 95 — 4L TERTOHERI CTH 5 T L AL -
[ (2001,2002)THE TN TV S D, T ORICIFEAERMN G L, FEERTERET N TRy, C OFERORAER T ETE T
DAMcERT %L, 70y ISR RN H 5. 22T, EHiHEOHERERHC OV THAEF O 721715 7z

HEME A RS ORGSR, FRICHE EFRIEIC DWW T OMIZEE 2 DOREMIC L b, PIEENTWiaRY. 1 DHORENIX
HEMEG A ORE BRI TORBMMIOWNEEE TH 5. L L, 7k (1986)IC & b MK HEZL B & FV =Y > JHEE
BRI K BB ENRENTZ. T2V TILE - K3 (2001, 2002)0 e BRERSR T BBk B O 6 75 g e 2 17 L
frolickv, kEFBETOMKEREMEATEEL Ko 72, 2 DHORER, FRRNED T <, BIESEDEE LRy
EEZALNTETLTHS. TNUCTOWTILILF, HREIEREWCOBISICE T 2 EME T TV 7EROS 722 A
ks DIFBEINHFE S Nz LI K D (Blakemore , 1980 Kirschvink,1980 Kirschvink and Chang , 1984)./%UE ¥ D gt AS ]
RECHZ T LARENT. THUCKD, a7 ZRAWVIHSETFOMSEN DT M EN5iTbN T3S (McNeel, 1988 Sakai
and Jige,2006) 11 771C & % XU 7 DWFZEEARA O A THEZHIW L T30, #EMEA IS D K S IS b g5 iR
FEAVEA AL DR Z 3R 0 Zh\. RIFZE T, B SIC AT 2BRERE RS DWW CILH - #AHT (2001, 2002)2 7TiC 20



YA MO SESNTalRHREZI T, RO 2 il A 7z, 153 5 NI ARG SR (VGP) &2 -V TRESUE
Fre it Uz, MEMEA IS I3FRRARL LD 58 28D, lH OSSR - ZATHRE CILX R REA L 5 07 OB A IR e 7 Rk
RNZH D -7, KT, MY-Unit2-4 I T, VGP DREENEZ/RT D, -10ERETH D, IEMMTIEEZNEDD
Wik e B W29, PHERMEO RN TE Aoz, ZT T, RN/ PRBRLEBS Lz TH A S RililicT v
F ¥ ¥ FEFRUMET 238 (RCD) & Wz, RCD OFEHIC DWW T HARBRESRE R #H A RS 2016 K2
THE L.

RCD Z{7> 7z b CEBE AN 26§ 5 2 & C, XML DRREZNRINCITD TN TE 2. ZORRE, HIEL
1722094 bf, 18U A A SBREAFEERIGS C EMNTER. MY-Unit2 5 MY-Unitd FEICH T TlE VGP DS
M-60ELL N ERL, Wil TH 5T ehbhotz. TNK D ENOEEIZIER]Z/RL, MY-Unitd FE5CHIRE SO S
BRMAET BT EMNHLNE R > T2 F2, MY-Unitl 1DV TIE, BSOS R TIE VGP DM 60 S L FE 75D
BRG] DY, RCD 2175 1o b TR AT > Tid FHE-20 ik & 72 D, WiHiO e 2 /RS 255 L x>
7z. MY-Unit2 5 MY-Units OfERZ L8 RHER (41-9574Fw)) &xfkbd % &, MY-Unitd REBIC 7 5 N 5 Mg &G
BRI TV — RS (T8 FHAERT) T2 E A BbNS. FEIC AT ZHEMEAIKA, RCDZHAWS C & THAERFO
e IRETH O, FiBRERHCE R LT Re i 2R ET 2 T e N TE .



R004-P07 215 Poster BER9: 118 21H

RERET 75 0O B RTEE DOFEEENTFE

# A i [1]; E)I{# [2]
[1] REAKEE; [2] TR - HIERER G

Preliminary results of a paleomagnetic study on Izu-Oshima tephras

# Nobutatsu Mochizuki[1]; Takeshi Hasegawa([2]
[1] Kumamoto University; [2] Earth Science Course, Ibaraki Univ.

It has been known that remanent magnetizations of widespread tephras of large eruptions are consistent with paleomagnetic
rections obtained from the correlated welded tuffs of pyroclastic flow deposits (Reynolds, 1979; Nakajima and Fuijii, 1995, 1998;
Hayashida et al., 1996; Fuijii et al., 2001). These data indicated that widespread tephras acquired a remanent magnetzation p
allel to the paleomagnetic field soon after deposition. Since the widespread tephras recorded paleomagnetic directions, volcar
ash layers of small to middle scale eruptions, which deposited within a few km from volcanoes, may also record paleomagneti
direction. Yukutake et al. (1964a, b) reported the directions of natural remanent magnetization of tephras of 1zu-Oshima volcan
were consistent with the paleomagnetic directions obtained from lava flows although progressive demagnetizations were nc
applied to the samples. In this study, we collected tephra layers of Izu-Oshima volcanoes (Y1 and Y2 tephras) and the correlate
lava flows in order to compare characteristic remanent magnetization of tephras with the paleomagnetic directions obtained froi
the lava flows. In this presentation, we will report preliminary results of progressive alternating field demagnetization on the
samples.

WEDHIUC K O, JRIKT 7 5 DR  CERETRARED 70D (&, [ARACIEH U 7o KPR OTARSE M B 137258
A0 (BRRE LD hi =S 50D & —3 5 EMME TN TS (Reynolds, 19791 & « B, 1995
1998; Hayashida et al., 1996; Fujii et al., 20019 7xb B, AT 7 F I ZHEREEH O H AT M Z adiR s 2 18 % £ D,
—J7. KUBERE Bkm DI ICHERE L 727 7 I DWW TCid, IS NEE OIFENE & A E7x, ME—, Yukutake
etal. (1964a, bpMATKEAILDT 7 5 DAL M2 HIE L, IEEOWREL i O ZT5 % ELT, 779
HTHIRE G D& GCER U C OB TREME R IR LTV 5E, & L. AInafET 7 I h SREEO X Wil & 5 i 28t &
57551, HTHIRESUKEZ L DOIFER KB A BT 2/ LM KIBESE T 7 S 21 EHTE 5 EffE 5, L
U, YIRS BB AT - BRSBTS G2 W ] L TR WD T, “ BRI LTI 7 13 2 REEAL D8 321 T\ % A HENE
£HB, £T T, AEHETIE, PHERET 7 T8 DERFERRIHHEIER 21T Z ORI T AV &5 6 C
HEINEDZMETT B, TOMEHE, BUCTASRRE ORI NTWE T 7T YL, Y2 (e.g./hli - HIl, 1990 ZHu
%, TNHDOT T IHhBIEENTERERALTN L RERD B5E L NIRRT (=R G 0D 2 s %,

Y1775 (A777-78F) & Y2775 (16844F) ICDWVWTIE, & 2Y A MIHEBWT10cc T TAF v I Fa—T7%1fi>
TENNGREZ R Uiz, 77 IBBEICRINCEEZBEE LIz BT, TI9RF v 7 Fa—T %M LA TiEZRH
FLTHEHALE, chickb, MEaT 7 IO ORBERED TS, YL T 7T Y2 T 7 IICHttEns vl
WE - Y2TRAEICDOWTES 1 A M OEANGERIZRI Uz, £z, slRZERI L 7291 McBW0 T, &R A
DRI WS T2 DI KRR /TR < M SUR A RIE #1715 T2,

CNETIEYLTTT - Y2TT7TDFK 1 YA N DOEFEIEMN T T Uleo ERFERTRIAHLE. FRK 110mTEX T% 2.5
10 MTHEBRTIT o T %, ZOREFRIC KL, 10mTREELL F ORI 2 KL DR Z 2 E DD, 10mTL E
DBEACER R AT NS EARINCIRE U, R L & WA % BT A1 b 8 AR ORI G hid x &
EoTEO, FHHMNZFHE LR, Y177 73 RM 2.6, {Rf1 37.6/% (95%EHHEREM 1.6/8) THO. Y277 T
1 6.9, {Rfg 32.5/% (9B5USHEEA 2.9%) HESNZ, TNEDFEHNIE. ISWUESTEREMRD L)V THT, BIED
HERRGS ALE Fix 0, FTeY1TT7 5L Y2 T 75D TEELRS, Vi b YL T 75 - Y2 77 ORI 2
RT3 E 21 < W,
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Towards the estimate of absolute paleointensity from single grains extracted from the Itc
pyroclastic flow deposits

# Hiromi Takeda[1]; Yuhji Yamamoto[2]; Masahiko Sato[3]; Hiroshi Kawabata[1]
[1] Kochi Univ; [2] Kochi University; [3] IGG, GSJ, AIST

There are many widespread tephra around Japan. In usual paleomagnetic and rock magnetic studies, analyses are typice
made on an assemblage of tephra grains to measure macroscopic remanent magnetizations. In this study we have extrac
single grains from an unwelded part of the Ito pyroclastic flow deposits, Kyusyu, Japan, and performed paleomagnetic and roc
magnetic measurements on the extracted single grains. Takeda et al. (2016 JpGU meeting) reported that individual grains pro
ably acquired thermoremanent magnetization (TRM) as natural remanent magnetization (NRM). It is expected that an estimat
of absolute paleointensity is possible from each of these single grains. In this study we perform a series of rock magnetic an
paleomagnetic measurements to test this possibility. We will report these results.

HARACIEEZE K DIRBT 7 I W0 %0 (RO IR - S AACANZHC BN TR, 77 72K T %
B FREDESIRE L THEBR LTV E Y 7 0Btz T ot e LTETWE A, AZETIE & Okl 7hY g
U TR R 0 R & LT 2 D T35, IHIED QO16FEH G KE) Tld. AT ARERHERY O IETE RS A
520~30 Xy ¥ at AR (595~841 u m) O FZHi L, SO HHIRS - S a&ANS 2170, il U7k
T R BN s 7 a2 AU K o TR (TRM) Z¥1S L T2 aREEE/ R LTz, Lizh-> T, LA DT75
K72 x5 & U fo T G SR S HOHESER D nTREE D R  E B,

AL TIE, i U7ehi 7205 e UT, I GREHOHEDHEE 217 5 T O ORI MG 217 > Too BRHY
&, I U7z Aict LT BEREERE(E (NRM) 1 RA7 T8RRI E (TRMO) Z3BR=NT 30 p T DRESHT
610°C £ THEAT 3 & TEZ. fll-3> 3 —i% (Yamamoto et al, 20031 &> C. T DEBRERIGEZHEN S LLIETLT
ERAYINDY T e Ry

F9, BT AR 2 & Bk LEZE S5 e Ul P38 11512, ZOFEHR. NRMIZHAZ TR TRMO K&
U 1, 2[EEMNEED TRML, TRM2 13, EXFEASHRINRAC N U TLEMCTN S N B 282 R LTz, & 51, TRMO-TRML,
TRM1-TRM2 75 7 Cld. fHEAfRE r=0.812~1.00 CHEAREDZEDH SN, ZOMEHXIEX, —HBOHSEZFRE 0.808~1.21T
Hotz, DED, BNMEUCE > T TRM BRI NI EAVRBEINDD, NIBAICK > TROREEN/R > T3S
A[REMEMNEZ END, TDOEK D EEEOMIEZITD OIS IMADRTE CIERFETRRERL (ARMO, ARM1, ARM2)
AU, WINd BREEMIEGIC N U TR L E R Z#)Z2 7R L. ARMO-ARM1, ARM1-ARM2 75 713—&Z R &
FHEERE r = 0.231~0.715 L EHARMEN O NG o Tz, TOXEEXE TR, FIENOFHIIKNHETH S EEZ H5NS,

SHERBZHED, SRR L L8, ARM ZRIH L7HiIED T 552555 KT, ARM O & L THR
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Rock-magnetic properties of single zircon crystals separated from the middle Cretaceou
Iritono granite

# Chie Kato[1]; Masahiko Sato[2]; Yuhji Yamamoto[3]; Joseph Kirschvink[4]; Hideo Tsunakawa[5]
[1] EPS, Tokyo Tech; [2] IGG, GSJ, AIST; [3] Kochi University; [4] GPS, Caltech; [5] Dept. Earth Planet. Sci., Tokyo TECH

The existence of Earth’s magnetic Field over geological time is a key factor for understanding the thermal evolution of the
deep Earth, and for the evolution and preservation of a surface environment conductive to life. however, paleointensity data fror
volcanic rocks older than 500 Ma is too sparse to detect long-term trends in the evolution of the geomagnetic field (e.g. Tauxe an
Yamazaki, 2007). As granites have a more continuous recoud over geological time, and perhaps a higher preservation potenti:
several groups have investigated primary minerals such as feldspar and zircon as possible archives of geomagnetic paleointen:
information. Zircons in particular are resistant to most chemical alternation and weathering, and provide firm age constrains ol
both their crystallization time and thermal metamorphic history. Thus when weathered of otherwise separated from granite the:
could potentially provide consistent paleointensity data over most of geological time. however, paleomagnetic and rock-magneti
information from single zircon crystals have not yet been compared to existing data from their host-rocks, thus it is not clear
whether results from individual zircons of unknown provenance can be treated in the same way as data generated by tradition
whole-rock measurements.

In this study, we tried to establish a method to measure the rock-magnetic properties and possible paleointensities of singl
zircon crystals separated from granitic rocks. We conducted magnetic measurements of zircons from the middle Cretaceol
Iritono Granite whose whole-rock analyses are reported (Wakabayashi et al., 2006; Tsunakawa et al., 2009). First, we separat
the zircons form the granite sample using non-magnetic methods and tools. Next, the natural remanent magnetization(NRM) ¢
zircons mounted on double-stick tape was measured using a 2G SQUID rock magnetometer at Kochi University. 13 out of 115t
grains (1.1%) showed NRM intensities larger than the detection limit of the magnetometer ("2, @ithrough we were not
able to exclude variable components of the sample handling system contributing to the remanence. Following this we took th
ten most magnetic zircons to a RAPID-system 2G magnetometer in a class-1000 clean laboratory at the California Institute o
Technology, where we were able to mount individual zircons on “50 um-thick, acid-washed quartz-glass fibers by small spot:
of cyanoacrylic cement, thereby lowering the background noise of the sample handling system to thé teysAmfter an
IRM saturation pulse. Stepwise acquisition of isothermal remanent magnetization(IRM) up to 1 T and stepwise alternating field
demagnetization (AFD) of IRM were applied to the zircons. In the AFD experiments, 4 grains was successfully demagnetized
while the remaining 6 grains showed unstable behavior during experiments. NRM/IRM ratios of the successfully demagnetizec
grains were 0.038, 0.089, 0.21, and 0.68, respectively. The IRM of zircon grains with NRM/IRM ratios of 0.089 and 0.21
systematically decreased near to the origin by AFD treatment of 100 mT. AFD curve of a zircon grain with NRM/IRM ratio of
0.038 suggested presence of high coercivitf @0 mT) component. About 40% of the IRM of other grain remained at even 400
mT. Considering the magnetic components of their host-rock, the candidates of remanence carriers of zircons could be magnet
and pyrrhotite. Therefore, the present results were interpreted as zircon grains with the NRM/IRM ratio of 0.089 and 0.21 contair
magnetite, and grains with that of 0.038 and 0.68 contain pyrrhotite (or + magnetite).

We are going to apply the same measurements to further more zircon grains, and perform low-temperature measurements a
chemical analysis to reveal the magnetic inclusions which carry the remanent magnetization and their variation among singl
zircon crystals. We will discuss the comparison of rock-magnetic properties of the whole-rock and single zircon crystals.
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