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PyPARMC: A new software for the analysis of remanent magnetization curves

# Xiangyu Zhao[1]; Masakazu Fujii[2]; Yusuke Suganuma|2]
[1] Paleomag, NIPR; [2] NIPR

Discriminating magnetic minerals of different origins in natural samples is useful to reveal their associated geological and envi-
ronmental processes, which can be achieved by the analysis of remanent magnetization curves. The analysis relies on the chc
of the model distribution to unmix magnetic components. Three model distributions were proposed in past studies, namely, thi
lognormal, skew normal and skew generalized Gaussian distribution (SGG) distributions, which are related to the normal distri
bution. Recently, a new model distribution, the Burr type Xl distribution, is proposed as a model distribution. We demonstrate
that the component analysis is sensitive to model distribution as well as measurement noise. As a consequence, the decom;
sition is subject to bias that is hard to tell due to the lack of ground-truth data. It is therefore recommended to compare result
derived from various model distributions to identify spurious components. So far, however, each software for unmixing remanent
magnetization curves supports one model distribution only, which discourages users to compare different model distributions. /
new software, PyYPARmMC (Python Package for Analysis of Remanent Magnetization Curves), that provides all available mode
distributions is developed. PyPARMC also provides an automated protocol for assigning parameters necessary to initiate tt
component analysis, which can greatly reduce the efforts of users and therefore improve the efficiency and objectivity of compo
nent analysis. Samples ranging from igneous rocks, marine sediments, red beds, biogenic magnetite and synthetic minerals
analyzed using the software to compare the suitability of model distributions.



R004-02 217 B B¥RY: 11 B 24H 11:00-11:15

Submersible Magnetics for Understanding Off-axis Volcanism and Hydrothermal
Systems of the Central Indian Ridge

# Masakazu Fujii[1]; Kyoko Okino[2]
[1] NIPR; [2] AORI, Univ. Tokyo

Hydrothermal circulation within oceanic lithosphere is a fundamental process in mid-ocean ridges, and it essentially affects
the solid-Earth cooling, ocean temperature, and material cycles. The Kairei and Yokoniwa hydrothermal fields are located a
an off-axis volcanic knoll of the Central Indian Ridge, and known as their unique geological background where both mafic and
ultramafic rocks are involved. Despite intensive investigations, their geological and geophysical background is still debated
Here, we show new results of near-seafloor magnetic data obtained by the submersible Shinkai 6500. We investigated crust
magnetization of the hydrothermally altered zone and surrounding off-axis lava flows, and evaluated their intensities compare
to previously reported values at axial areas of seafloor spreading environments. The Kairei hydrothermal field is characterize
by low coherence between observed and modeled anomalies and low values of magnetization. This result suggests that magne
minerals within basaltic lava flows were likely altered by hydrothermal fluid circulation. The variation pattern in the observed
magnetic anomalies above the lava flows is in phase with that of modeled magnetic anomalies for a simple assumption witl
a magnetization direction parallel to the geomagnetic field. This result suggests that this lava flows preserve normal magneti
polarity corresponding to the Brunhes chron. The estimated magnetization intensity reaches 20 A/m in this area, which i
clearly greater than that of previously reported off-axis areas. This study provides new insight into the distribution of highly
magnetized lava flows and indicates the distribution of recent off-axis volcanic activity, which is potentially linked to sub-seafloor
hydrothermal circulation.
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Comprehensive study of the relationship between exsolved magnetite and host
plagioclase: implication for crustal magnetizations

# Masahiko Sato[1]; Masashi Ushioda[2]; Ryoichi Nakada[3]
[1] Dept. EPS, UTokyo; [2] IEVG, GSJ, AIST; [3] JAMSTEC

Natural plagioclase crystals sometimes contain fine-grained magnetite inclusions, which are considered to be originated fror
exsolution at subsolidus condition. The exsolution process can crystalize and hold nearly pure fine-grained magnetite in dee
crustal rocks, and natural remanent magnetizations (NRM) carried by the magnetite bearing plagioclase should play an importal
role in the source of magnetic anomaly. Therefore, to elucidate crystallization mechanism of magnetite in plagioclase crysta
and to understand origin of its NRM is of prime importance in paleomagnetism and rock-magnetism, while the mechanism ha:
been poorly understood yet. In this study, to precisely determine the chemical species of Fe in the plagioclase crystals and
better understand the crystallization mechanism of magnetite, magnetic measurements combined with microscopic observati
and synchrotron radiation study were conducted for single grain plagioclase crystals.

Plagioclase crystals were prepared from natural mafic-plutonic rocks. A gabbroic anorthosite from the northwestern part of the
Duluth complex, a layered gabbro from the Sumail massif of the Oman ophiolite, two layered gabbro from the Haylayn Block of
the Oman ophiolite, and a medium-grained gabbro from the Murotomisaki gabbroic Intrusion were crushed into mineral grains.
The plagioclase crystals were collected under a stereoscopic microscope and used for the measurements after a hydrochloric a
leaching. The main series of measurements for the single grain plagioclase crystals were as follows: (1) To estimate a content
magnetic mineral in the plagioclase crystals, magnetic hysteresis loop was measured using an Alternating Gradient Magnetom
ter. (2) To investigate the average valence state of rg,-&dge X-ray absorption near edge structure (XANES) measurement
was performed at synchrotron radiation facilities. (3) To investigate chemical compositions of the plagioclase crystals, micro-
scopic observation was conducted using electron microprobes. In addition to these single crystal measurements, low-temperatt
remanence measurements (field cooling remanence, zero field cooling remanence, and room temperature saturation isothert
remanence) were conducted for plagioclase grains using a Magnetic Property Measurement System. On the basis of measu
ment results, we will discuss a relationship between the content of magnetite and the Fe state in plagioclase crystal and wi
evaluate the contribution to crustal magnetizations.
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Magnetotaxis in oxic pelagic red clay? Assesment from magnetic anisotropy

# Yoichi Usui[1]
[1] JAMSTEC

Abundant biogenic magnetite produced by magnetotactic bacteria has been reported from oxic clayey pelagic sediment (re
clay). On the other hand, red clay often fails to give reasonable paleomagnetic records. Because biogenic magnetite is &
ideal, stable ferromagnet enabling efficient magnetotaxis, it is a mystery why red clay is a poor paleomagnetic recorder. On
hypothesis is that the bacteria may not use the magnetite for magnetotaxis in the fully oxic sediment, and the alignment o
biogenic magnetite is not strongly controlled by the geomagnetic field. To test this hypothesis, | analyzed magnetic anisotropie
of red clay collected around Minamitorishima. Anisotropy of magnetic susceptibility (AMS) shows simple sedimentary fabric
for most of the samples without preference in azimuth. However, at a depth corresponding to the highest biogenic magnetit
content, AMS shows inverse fabric with a clustering of minimum direction to a certain azimuth. Furthermore, anisotropy of
anhysteretic remanence (AARM) yields horizontal foliation, and the maximum AARM shows clustering to a direction similar
to the minimum direction of the inverse AMS. Preliminary comparison with the core orientation recorded by orientation tools
indicates that the AARM-max direction broadly agrees with the North-South direction. This demonstrates that the biogenic
magnetite preferentially aligns along the geomagnetic field, suggesting that the bacteria performs magnetotaxis even in the full
oxic sediment. The poor paleomagnetic results should be explained by other factors such as slow and intermittent sedimentatic
or oxic diagenesis. The result also demonstrates that paleomagnetic direction except polarity may be recovered by magnet
anisotropy from biogenic magnetite even when remanence is completely overwritten.
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The function of chemical treatment for the magnetostratigraphy - a case study on reef
limestones -

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

We have reported the magnetostratigraphy of reef limestones using a new chemical demagnetization method at the society
Geomagnetism and Earth, Planetary and Space Sciences meeting (138th, 140th and 142th). In these presentations, we dev
reductive chemical demagnetization (RCD) and discussed the results for establishing the magnetostratigraphy of reef limestone
The selective removal of secondary chemical remanent magnetization (CRM) is indispensable in paleomagnetic studies of re
limestone. The CRM appears to be carried by ferric minerals precipitated in voids or between grains in a rock, and the chemice
reaching must be effective removing secondary CRM. However, conventional chemical demagnetization with a strong acid is nc
applicable for carbonate rocks. Therefore, we devised reductive chemical demagnetization (RCD) using ascorbic acid solution
a reductant, and confirmed its effect from rock magnetic experiment and paleomagnetic measurement. In this report, we descril
the details of the magnetostratigraphy of the Ryukyu group in Miyakojima island and compare the magnetostratigraphy of the
same group in Irabujima island, and discuss the significance of RCD.

The RCD is most effective on the MY-Unit1, which is a stratigraphic unit at the bottom of the Ryukyu group in Miyakojima
island. Results of thermal demagnetization (TD) in Site: Q-4 of MY-Unitl showed clear normal polarity at DaddA=39.4
(MAD=3.5 ° ). However, the result applying RCD + alternating field demagnetization (AFD) on the same site showed reversed
polarity at D=163.7 and 1=-38.2 (MAD=14.9°). Site: Q-28 of MY-Unitl shows similar results. On the other hand, in
some sites from upper MY-Unit2 and 3, the result of RCD + AFD shows clear reversed polarity, while the TD gives ambiguous
intermediate polarity. This suggests that MY-Unitl acquires a severer secondary CRM which is hard to separate with TD thar
other units.

Sakai and Jige (2006) reported that the Ryukyu group in Irabujima covers from Jaramillo subchron to Brunhes chron. They
noticed, however, that the magnetostratigraphic assignment is not compatible with the oxygen isotopic stage and the calcareo
nano fossil datum. Their upper boundary of Jaramillo subchron (1001 ka) is higher than these reference strata (987 ka). Th
stratigraphic horizon is correlated to MY-Unit1 of the Miyakojima Ryukyu group, whose NRM is in normal polarity by a stronger
secondary CRM. Their results could also be affected by the CRM which might be removed by RCD. In the paleomagnetic
measurements of reef limestones, it is extremely important to remove secondary CRM, and RCD will help finding the more
accurate the geomagnetic reversal boundary.

MR = I A9 A FREREREOMAUE T DAL X UZ DT TH % E b AN OERICOWVWTE 138 140
142 [ HIBRFERGA « HIBREKE 2BV THEIZ S LT &z, TNHOWME TR, EEOIKEDAE T Z NS %
TeDISE ARG (RCD) ZERL, TORRICOWTCEmEIT> 2. GRS O N IR A CERER C &1k
T FFRRNE (CRM) OEIRIIEZETH D, ZD "X CRM Z 159 2 REMEIEY) O & H F 72 1 PR & AT & bR N R
DZEFARRIFRITH % LRI NS, NS ZRINCHLD BR < TR AERNE S TH 20, —Rizamigz v
TALZEEE TR S ISR T E R0,

Z T T, #uthlE UT7 AV E VB2 -V CHRL T 23 b2l (RCD) ZER L, A aki& G0t
SUHEN D ZOMRZHERL TWD. RERETIE, #YLEE T ERERETFOMSEF OB XU, BT 2R
BTREREREOMSE T & OXEE#TTV, RCDIC K 2 HaiUE O EEIEIC DWW T 5.

EHEICMY ZHEKEROR ME (MY-Unitl) 3RHICEE 7R RCD ORIRMERTE /2=y FTH 5. MY-Unitl
D Site:Q-AUT DV TEWHME (TD) Zfr-=4EHi%, D=0.9°,1=39.4° (MAD=3.5°) THIZEWMZERS. LHL, [
YA FTDWT RCD + XA (AFD) 217 - 7o htisid D= 163.7° ,1=-38.2° (MAD=14.9° ) TififiikZz 9. MY-Unitl
D Site:Q-28¢ Ak DIERTHS. LH L, RCD+AFD @fﬁ%b\ﬁﬂﬁﬁﬁﬁﬁﬁﬁi%?@‘ MY-Unit2 35 X T MY-Unit3 D554
4 b id TD OFERIGRAK CHBIFRRZ RS, O &I, MY-Unitl Ao fEHe & Lrig U T & b i1/ TD Tld o dEh
HLUW_XCRMZERLTWVWA T L ZRET 5.

PREEICOAT HHEKERIINT IV T 70y NS TV 7 ua r £ TO/EKEFA Sakai and Jige (2006)
iof#ﬁiéﬂhflﬂ% oIk, BEANMAAT—YBIXUOAKES /balEr & ORI X D FRz2RHLTHWS0,
NZIIY T ooy R (1001ka ks OEUER (987ka XD & i THRESNTB O TRY. TOkE
BT = BERERIERED MY-Unitl &xfkb X, =X CRM OEFFIC K D IER#Z R L TV A A[REMNNH O, RCDZHW»
THMETS 208 NHBTEA 5. HEMEA S O IR SINE 217 5 BRICiE, RCDIC K 2 Hailllic X b —X CRM Z [k
ETHT VD TEEGZHRFIATH D, KO IEMEHESEESERZRWET T ENAIRELEST245.



R004-06 217 B B¥RE: 11 B 24H 12:00-12:15

BlbE NI 73224 M NI RER ek s D B AT E L

# ] el (10, O AC[2]; (L B (3] ABR BUE [4]; 1T E3E (5]
[1] FIZFEK « BT [2] JErPi; (3] BEKRHIT, [4] SRS HRARR; [5] UK - B - Hisk

Retrieving primary magnetizations carried by oxidized magnetite from the Quaternary
Kurobegawa Granite

# Koji Fukuma[1]; Hisatoshi Ito[2]; Ryuji Yamada[3]; Takashi Kubo[4]; Mami Takehara[5]
[1] Dept. Env. Sys. Sci., Doshisha Univ.; [2] Central Research Institute of Electric Power Industry; [3] NIED; [4] Kurobe
Yoshida Science Museum; [5] Earth and Planetary Sciences, Kyushu Univ.

Since granitic magma bodies cool down slowly and the prolonged crystallization process leads to formation of coarse-graine
or exsolved iron oxides and sulfides, natural remanent magnetization (NRM) of granite often comprises of several component
extending over broad ranges of unblocking temperature and coercivity. The Quaternary Kurobegawa Granite, which is the
youngest granite with U-Pb ages "0.8 Ma and forms the Hida Mountain Range (the Northern Japanese Alps) elevated to 30C
m above sea level, provides a unique opportunity to study primary magnetizations of young granites. Also the paleomagneti
analyses of the Kurobegawa Granite and surrounding rocks contribute to elucidate the emplacement and deformation proces:s
related to the mountain building. We collected oriented blocks at eight sites of the Kurobegawa Granite and five sites of the
surrounding granite and volcanics. Because low unblocking temperatd&0(degC) and low AF coercivity<(10 mT) com-
ponents occupy significant portion of NRM of the granite specimens, we applied first low temperature demagnetization with
liquid nitrogen and then performed thermal demagnetization at every 25 degC step from room temperature up to 600 degC wit
the automated magnetometer-demagnetizer systems Tspin. Low temperature demagnetization erased 10-75% of initial magr
tization. Low temperature cycling of 2.5 T isothermal remanent magnetization (IRM) down to 5 K exhibited dual transitions at
120 K of magnetite and at about 100 K of maghemite for most specimens, and 34 K transitions of pyrrhotite for some granite
specimens. Ubiquitous middle-range unblocking temperature (250-400 degC) of NRM and IRM and kinks at about 300 degC o
thermomagnetic curves show that maghemite carries significant portion of stable magnetization along with magnetite. Oxidatiol
of magnetite occurs during emplacement of the Kurobegawa Granite and is responsible for the primary magnetization. Magne
tization directions at most of sites are well clustered for the Kurobegawa Granite and are of normal polarity without exception.
The primary magnetizations postdated the age 0.8 Ma of U-Pb geochronology with a closure temperature 900 degC and wel
acquired during the Brunhes chron(.77 Ma). While no tilting nor deformation was found out from the site-mean directions of
the Kurobegawa Granite, its surrounding rocks showed discordant directions.
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New paleomagnetic data from early Miocene sediments in central Japan and tectonic
implications

Takuro Matsuo[1]; # Hiroyuki Hoshi[2]
[1] Kariya High School; [2] Dept Earth Sci., Aichi Univ. Education

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

We present new paleomagnetic data obtained from early Miocene (ca. 18-17 Ma) sediments in three areas (lwamura, Tel
gudana and Niinotoge) in central Japan. Oriented cores consisting mainly of mudstones and intercalated fine felsic tuffs wer
collected at more than 50 sites. Stepwise thermal demagnetization of both natural and isothermal remanent magnetizatiol
suggests magnetite as a main magnetic carrier, with possible presence of greigite in rock samples from some sites. Site-me
directions of characteristic remanent magnetization components are all reverse polarity, suggesting deposition within the san
reverse polarity chron, probably Chron C5Dr. Declinations of the site-mean directions are mostly southwesterly and deflecte
clockwise from the expected direction, indicating clockwise rotation after deposition. These declinations are similar to those
from early Miocene and older rocks of the main part of the SW Japan arc, while they are significantly different from the unde-
flected paleomagnetic direction from Tomikusa, located 10-20 km northeast of Niinotoge. Thus, the Iwamura, Tengudana an
Niinotoge areas are located on the main part of the SW Japan arc. It is suggested that the main part of the SW Japan arc has
eastern ‘rotational’ boundary with a differentially rotated piece of crust between Niinotoge and Tomikusa.
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Geomagnetic paleointensity experiments on diverse contemporaneous materials from :
monogenetic volcano
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Geomagnetic paleointensity experiments on diverse contemporaneous materials from :
monogenetic volcano

# Hyeon-Seon Ahn[1]; Yuhji Yamamoto[2]
[1] Gyeongsang National University; [2] Kochi University

Reconstructing full vectors of the Earth’s magnetic field over time and space is vital for deepening our understanding of the
Earth’s deep interior and its evolution. However, in particular, obtaining reliable paleointensity (PI) estimates is often difficult
due to frequent occurrence of unwanted experimental results, which are generally caused by non-ideal materials for Pl exper
ments as magnetic remanence carriers, surely common in nature. So, investigating relations between unwanted PI results &
inherent non-ideal magnetic signatures of material and thus attempting to connect them can be a good way to immensely impro
the reliability of Pl determination and the acquisition rates. To this end, volcanic and archeological materials of the recent pas
and historical period and experimentally simulated ones, having known initial magnetic fields that we want to seek, have beel
frequently utilized. In this work, we have utilized diverse contemporaneous products from an old monogenetic volcanism, i.e. the
3.7 ka Songaksan eruption in Jeju Island, to investigate behaviors of Pl results with two different methods. It is expected to hav
a good opportunity to explore effects of magnetic signatures on PI results and finally make the best faithful Pl determination.

The 3.7 ka Songaksan eruption is known to be a sequence of basaltic phreatomagmatic and magmatic eruptions, providing
variety of products including basaltic juvenile and non-juvenile pyroclasts within tuff ring deposits, ponded trachybasaltic lava
and scoria deposits with spatters/agglutinates. Of which, currently two kinds of volcanic materials, i.e. juvenile pyroclasts and
lava, have been applied to Pl experiments with the Tsunakawa-Shaw method and the 1ZZI-Thellier method in conjunction with
rock-magnetic characterizations based on thermomagnetic curve, hysteresis parameter and first-order reversal curve analys
These samples could be characterized by different magnetic mineral phases, domain states and magnetostatic interactions
follows. [1] Type I: juvenile pyroclast, dominance of magnetic mineral phase having a low curie temperature (Tc) of about
150-280°C with occasional co-existence of a Tc"540-6@phase, single-domain (SD)-like particles with suppressed magne-
tostatic interactions or mixtures of SD and superparamagnetic-domain particles, thermal stability in temperatures between rooi
temperature (Tr) and "300C; [2] Type lla: trachybasalt lava, a single T¢c"580 phase, magnetostatically interacting SD-like
particles, thermal stability between Tr and 610 [3] Type lIb: trachybasalt lava, a single Tc™580 phase, magnetostatically
interacting pseudo-SD particles, thermal stability between Tr and®’610ZZI-Thellier Pl experiments for type | specimens
show near-ideal results for the temperature ranges up to the temperature at which the pyroclasts were emplaced (less than ™z
°C), giving PI estimates of "50-65 micro T. For type lla specimens, |ZZI-Thellier Pl results all show sagging non-ideal Arai
plots allowing variable slopes corresponding to "10-85 micro T, but the corresponding Tsunakawa-Shaw experiments all shov
ideal results giving Pl estimates of “20 micro T. For type lIb specimens, both 1ZZI-Thellier and Tsunakawa-Shaw results show
apparently a consistent Pl estimate of "60 micro T, although the IZZI-Thellier results show somewhat zigzagged Arai plots. Most
of the acceptable PI estimates from different specimens with different magnetic remanence carriers are concentrated at arou
60 micro T ("20% higher than the present-day), which may indicate an actual surface magnetic field value at that time. This
can suggest that juvenile pyroclastic rocks can be good materials to have promise for Pl determinations. On the other hand, tt
highly biased PI estimates of “20 micro T for apparently ideal Tsunakawa-Shaw results of type lla lava specimens should b
investigated further to seek the cause.

Reconstructing full vectors of the Earth’s magnetic field over time and space is vital for deepening our understanding of the
Earth’s deep interior and its evolution. However, in particular, obtaining reliable paleointensity (PI) estimates is often difficult
due to frequent occurrence of unwanted experimental results, which are generally caused by non-ideal materials for Pl exper
ments as magnetic remanence carriers, surely common in nature. So, investigating relations between unwanted PI results &
inherent non-ideal magnetic signatures of material and thus attempting to connect them can be a good way to immensely impro
the reliability of Pl determination and the acquisition rates. To this end, volcanic and archeological materials of the recent pas
and historical period and experimentally simulated ones, having known initial magnetic fields that we want to seek, have beel
frequently utilized. In this work, we have utilized diverse contemporaneous products from an old monogenetic volcanism, i.e. the
3.7 ka Songaksan eruption in Jeju Island, to investigate behaviors of PI results with two different methods. It is expected to hav
a good opportunity to explore effects of magnetic signatures on PI results and finally make the best faithful Pl determination.

The 3.7 ka Songaksan eruption is known to be a sequence of basaltic phreatomagmatic and magmatic eruptions, providing
variety of products including basaltic juvenile and non-juvenile pyroclasts within tuff ring deposits, ponded trachybasaltic lava
and scoria deposits with spatters/agglutinates. Of which, currently two kinds of volcanic materials, i.e. juvenile pyroclasts and
lava, have been applied to Pl experiments with the Tsunakawa-Shaw method and the 1ZZI-Thellier method in conjunction with



rock-magnetic characterizations based on thermomagnetic curve, hysteresis parameter and first-order reversal curve analys
These samples could be characterized by different magnetic mineral phases, domain states and magnetostatic interactions
follows. [1] Type I: juvenile pyroclast, dominance of magnetic mineral phase having a low curie temperature (Tc) of about
150-280°C with occasional co-existence of a Tc"540-8@phase, single-domain (SD)-like particles with suppressed magne-
tostatic interactions or mixtures of SD and superparamagnetic-domain particles, thermal stability in temperatures between rool
temperature (Tr) and "30QC; [2] Type lla: trachybasalt lava, a single Tc"580 phase, magnetostatically interacting SD-like
particles, thermal stability between Tr and 84D, [3] Type llb: trachybasalt lava, a single T¢c™580 phase, magnetostatically
interacting pseudo-SD particles, thermal stability between Tr and’610ZZI-Thellier Pl experiments for type | specimens
show near-ideal results for the temperature ranges up to the temperature at which the pyroclasts were emplaced (less than ™z
°C), giving PI estimates of "50-65 micro T. For type lla specimens, 1ZZI-Thellier Pl results all show sagging non-ideal Arai
plots allowing variable slopes corresponding to “10-85 micro T, but the corresponding Tsunakawa-Shaw experiments all shov
ideal results giving Pl estimates of “20 micro T. For type llb specimens, both 1ZZI-Thellier and Tsunakawa-Shaw results show
apparently a consistent Pl estimate of "60 micro T, although the IZZI-Thellier results show somewhat zigzagged Arai plots. Most
of the acceptable PI estimates from different specimens with different magnetic remanence carriers are concentrated at arou
60 micro T ("20% higher than the present-day), which may indicate an actual surface magnetic field value at that time. This
can suggest that juvenile pyroclastic rocks can be good materials to have promise for Pl determinations. On the other hand, t
highly biased PI estimates of "20 micro T for apparently ideal Tsunakawa-Shaw results of type lla lava specimens should b
investigated further to seek the cause.
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Preliminary report on depositional environment and relative paleomagnetic intensity of
IODP Site U1490

# Yuho Kumagai[1]; Norihiro Nakamura[2]; Robert G. Hatifield[3]; Toshitsugu Yamazaki[4]; Yuhji Yamamoto[5]
[1] Earth Science, Tohoku Univ.; [2] IEHE, Tohoku Univ; [3] Oregon State Univ.; [4] AORI, Univ. Tokyo; [5] Kochi University

We report preliminary paleomagnetic results from between “180-258 meters composite depth (mcd) of International Ocea
Discovery Program (IODP) Site U1490 recovered during Expedition 363. The aims of Expedition 363 were to reveal the role
of the Western Pacific Warm Pool (WPWP) in regional and global climate variability. The recovered cores span a broad spatia
and temporal range from the middle Miocene to late Pleistocene. Pelagic sediments recovered from IODP Site U1490 (westel
equatorial Pacific, 2341 m water depth) are composed of calcareous and siliceous nannofossils with varying proportions of cla
and ash. Seismic reflection data of Site U1490 revealed current-controlled mud waves that are prominent deeper than ~1¢
meters below sea floor but gradually decrease in amplitude up-section. Since deep water is enriched in dissolved oxygen due
downwelling in polar regions, the mud waves were probably formed in an oxic environment by deep water currents, inhibiting
the dissolution of magnetic minerals in the sediments.

Shipboard analysis revealed that the paleomagnetic data is uninterpretable in terms of geomagnetic field behavior betwee
"25-180 mcd at Site U1490 because magnetic minerals have been dissolved by diagenetic alteration. However, in the upper ™
mcd and below “180 mcd sediments have a stable magnetization that span from the present to the early Pleistocene (0-1.9 M
and from the middle to late Miocene period ("9-19 Ma), respectively. The latter represents recovery of an exceptionally long,
continuous, core sample that provides an opportunity to study long-range past variations of the paleomagnetic field.

We will report the measurement of natural remanent magnetization (NRM), anhysteretic remanent magnetization (ARM), anc
isothermal remanent magnetization (IRM) on U-channel samples from splice sections of Site U1490 and develop a preliminan
estimate of relative paleomagnetic intensity (NRMr/ARMsq,,7). NRM was demagnetized with stepwise alternating-field
(AF) demagnetization in peak fields of 20-80mT and reveals two additional geomagnetic reversals than the 34 identified on
board ship using a single peak AF demagnetization of 20 mT. The range oLNRNARM g, is 0.002-0.36 with lowest
values accompanying the reversal horizons. Future works include the periodic analysis of relative paleomagnetic intensity an
its normalizer to check whether orbital modulation affects the paleomagnetic record of this site as has been previously reporte
in other Pleistocene age cores from the WPWP.
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The geophysical meaning of Elsasser number

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

We present results of linear instability of axisymmetric toroidal magnetic field imposed inside a rotating fluid sphere, and
discuss the geophysical meaning of the Elsasser number that plays a central role in the magnetic instability. We use the magn
tostrophic approximation in which viscous and inertial terms are neglected in the equation of motion of incompressible rotating
fluid. We assume an axisymmetric toroidal field that is maintained by some external mechanical and electromotive forces. Whe
the Elsasser number, that is proportional to the product of electrical conductivity and square of maximal toroidal field intensity
and inversely proportional to the product of density and rotation rate, becomes about 10, the field becomes unstable irrespecti
of the toroidal field structure and a prograde slow wave propagates. The azimuthal wavenumber is inversely proportional to thi
size of the cross section of the toroidal magnetic field. This is the resistive instability in which a finite resistivity is important. The
linear growth rate becomes maximal when the Elsasser number is of the order of 10 to 100, and the maximal value is proportion:
to the wavenumber.

If the magnetic instability occurs when the Elsasser number is about 10, it is suggested that a toroidal field created by planetat
dynamo action should be destroyed by magnetic instability. And it is also implied that there is an upper bound in the Elsasse
number of the planetary magnetic field. If the dynamo action that creates an axisymmetric toroidal field and the magnetic insta
bility that destroys it are balanced in the saturation state, the ratio of the Elsasser number to the critical Elsasser number does r
exceed 10, and the magnetic field intensity does not increase infinitely even if the magnetic Reynolds number is huge.

AFRELTIE. T HHRFAEKICEHINE N7fipaFR b a1 SOV ORIEALEICDWNT, FHERMRZHAN L, T5IcZ
C THULI R &2 SR T2 9 XTI T B 2 TV RO HERY A EBKIC DWW Tk %0 JEFERA TR RGTRIAR D E] /7
BRRICBNT, MiltEHEABTEE L 2 1§ 2 A ERRa 2 £ DV b, W aN B K CRENZRGE L., &
PR b0 SOV 2R B0 BAURIEE LIRS D RAMO AR E ORI LI L, #E & HidE ORI KLY
B, DIV 10REICRS L. 20 bAoA VGRS D5, NENRT D, BOBA I E IR
T 5, WIAMODWKER., GAT oA VSO 1EOWHOKRE SICEBBRHIT 2, AROBSUSEEDEH
B LVIRAT 4 TREETHO. T)VTy FEIEH S 10018 E THRIEMERDMARICE S, MEROKRES TR, K
REOHFICKIHT %,

I)VY v D 10FEEICAR D DD THRANZENRC S LT 5L, MEXAFENDL S v aA ZXIVHGE . &
BRRELL FICin 2 EAREEICE > THEEINS, WS T EMREEINS, Lizho T, HEMGO IV v I HIiE LR
MHZDOTEEVD, LS TEHREENS (Zhang and Fearn, GRL 1993 & L. HlptFr h a1 XV 2 DL %5 X
AFEFERE, ZOMGEZE LU TIEMSFR ORI Z I T 2R A LZE LD DD H S T LI K> THEZRENRE -
TV LT 5E, T)LY Yy FEOERIIVY v S EISHT 2 LE 00 100BENRKTH > T, ML~ /IVARZ
EAFICRELLTE, ERICKE < IE XRS50,
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Influences of inner core radius on thermal convection in a rotating spherical shell near
the critical Rayleigh number

# Yuki Nishida[1]; Yuto Katoh[2]; Hiroaki Matsui[3]; Masaki Matsushima[4]; Atsushi Kumamoto[5]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] UC Davis EPS; [4]
Dept Earth & Planetary Sciences, Tokyo Tech; [5] Dept. Geophys, Tohoku Univ.

Instinct geomagnetic field is thought to be sustained by a dynamo action of fluid iron alloy convection in the outer core.
Recent studies suggest that the solid inner core was nucleated about 1 billion years ago and after that it has grown to tt
present size from thermochemical calculations [e.g., O’'Rourke and Stevenson, 2016]. There is a probability that change of th
convective-rigion geometry influenced on the outer core convection, but geodynamo has sustained over 3.5 billion years fror
paleomagnetic analyses [e.g., Biggin et al., 2015]. It is important to reveal properties of dynamo in a rotating spherical shell
corresponding to the past Earth in the perspective of understanding magnetohydrodynamics and elucidating the environment
the past Earth. Because there are a few studies, in which Heimpel et al. (2005) discussed dynamo onset in the various inn
core radii, geodynamo different from the current inner core size has not been fully understood. In the present study, using
numerical dynamo code Calypso [Matsui et al., 2014], we carried out non-magnetic thermal and dynamo simulations in three
different aspect ratios:;fr, = 0.15, 0.25, and 0.35 (the present value), whei@nd r, are the inner core and outer core radii,
respectively. In order to quantify a convection structure, we calculated a length scale of flow in azimuthal direction [cf. King and
Buffett, 2013]. As a result, it is revealed that in both cases/of  0.25 and 0.35, the dominant length scale in MHD cases is the
same as that in non-magnetic cases in the range of Rayleigh number where dynamo is not sustaingd, £Rd&al.9 Ra,;,
inr;/r, =0.25 and 1.0 Ra;; <Ra<1.3 Ra,;; in r;/r, = 0.35. Ra is the Rayleigh number and.Rais the critical Rayleigh
number. It is also found that the scale of structure in non-magnetic cases gets larger than that in the Ra range of non-sustain
dynamo cases, but that in MHD cases is comparable to non-sustained dynamo cases in the range of Rayleigh number whe
dynamo start to be sustained, in both cases of aspect ratios, 2.2 RRa<2.8 Ra,.;; inr;/r, =0.25 and 1.5 Ra;; <Ra<2.0
Ra..;; in r;/r, = 0.35. Itis specifically shown that the dominant mode in thermal convection is changed fromm =2tom=1in
r;/r,=0.25 and from m = 4 to m = 3 inkr,=0.35 with Ra increasing. On the other hand, it is also shown that the dominant mode
in dynamo cases convection remains for m = 2;in,r= 0.25 and m = 4 inr, = 0.35. These results show that the mode of
maximum growth rate depends on Ra and initial magnetic field. In order to understand the structure of convection, it is needed t
investigate what modes are easy to grow. It is known that the critical Rayleigh number in a rotating spherical shell is a function
of the spherical harmonic degree, the aspect ratio, and the Ekman number [e.g., Bisshop, 1958; Chandrasekhar, 1961; Robe
1968; Busse, 1970]. We also compare the results of our simulations in thermal convection with these studies.

HHER DA R 13 IMZIC B B BFADIHRIC X 2 XA FEEAICK > THERF SN TV S EEZ5NTV 5, D
RESIFHEAERTRZ EZIL LT E e, 9B, ) LOEERTLARTNICIENEDMFIE LR > Te DD 10 fE4ER(]
ICARDIEILE N, TORBIEE TIRE L TE R EBELE T IVEIEN DGR S N TV 5 [e.g., O’'Rourke and Stevenson,
2016} VA A MU —DZE(IZZF DFRT EITHESHRNZ L U T EAlRetE 2R g M, HIERSX A B3 ER 35 E4FRM
HERF SN T & 72T &V HIRE SN T IS 72> TV 5 [e.g., Biggin et al., 2015] NEZDEITEEX D/ W, EEOH
BRICHIST % BERERERT O X A FEDOWERIASMCT 3 T LIFEEREOMIAD FTEHAIRAIZMCEEETH
%o L ULENE, ZAFEFREZMHFITOWVTELR L Heimpel et al.(2005% 13 H % & DD W7D HEA TR,
Z T THRALIZ, BIEX A JE3— R Calypso[Matsui et al., 2014 il L C 31D DHEIx B 9% (r,) W (r;) 8Lk, D
£ D r;/r,=0.15,0.25,0.38(1E) IC BV TG & LEUHRETE & XA F IR Z 5 Uz, HEET NS 0iEZET %
7z, King and Buffett (2013Yz & R S R OFRN O MII I 27— )V 725 R LTS R, ri/r,=0.25Tid 1.0 Ra,.;
<Ra<1.9Ra,; BT, F/zr1/r,=0.35Tl 1.0 Ra, ;s <Ra<1l.3 Ra,; ICHBWT. DED r;/r,=0.25,0.35D F D
FICEZA F DR S NI DVEONI VLAY —# (Ra) TlIRES 7 LEGHRE MHD HEE AT —)VidEb ST
EHVRENTZ, TT T, Rayy BFHEFRL A xRS, 5. RaZRLICEINE XA FEWE Uk 251410,
I5b 5 r,/r,=0.25TlE 2.2 Ra,;; <Ra<2.8 Ra,;; lI<BWT. r;/r,=0.35T!lZ 1.5Ra,;; <Ra<2.0 Ra,; ICHB VT ATr—
WRETR UTAERN BIE. WIFNOIMENEC R LT & BUHROMEED RaD/NE W TCOFHRRERICHRTREL X
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YRR E— RA RaDZ(LIE D m=21 5 m=1-\, 1;/r,=0.35DIFAEITIE m=4/15 m=3\EL 2t %—)7T. MHD
FHETIE. WINO RalZBW T EZEIMNEE— KA 1r/r,=0.25DAICIE m=2, 1;/r,=0.35DFICE m=4 kx5 &
WRENT, YU EOFERIIBGHRICBEWTRERDRA L RS T— KRB RaDEMNICHENEL LIz E2RLTED, &
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AZE TR, FPHEHOREERB LB I 2 L—ya Y REMLUTHIET S Lick b, RARET— RO RalklF



PEICDOWVWTERT %, BEOWIZETIE, MERERRERHRIC BV THER L A U —BUXER T FTRIBE A O L & WM %

b, T VOIS T EAVRENTED [e.g., Bisshop, 1958; Chandrasekhar, 1961; Roberts, 1968; Busse, 1970]
CNESEICWS R LBROBEIEONTVERALADY 2 2 L— g VEEREHEMGTT %, 5T, Bihk LA
TREXAFTEDY I aL— g VEREHIET 22 LICK D, FHRICEZ 2 OFBIOVTEERT B,



R004-12 217 B B¥RY: 11 B 248 14:45-15:00

A core surface flow and acceleration model toward building IGRF-13SV

# Masaki Matsushima[1]; Hisayoshi Shimizu[2]; Futoshi Takahashi[3]; Takuto Minami[4]; Shin’ya Nakano[5]; Hiroaki Toh[6]
[1] Dept Earth & Planetary Sciences, Tokyo Tech; [2] ERI, University of Tokyo; [3] Kyushu Univ.; [4] ERI, Univ. Tokyo; [5]
The Institute of Statistical Mathematics; [6] DACGSM, Kyoto Univ.

The International Geomagnetic Reference Field (IGRF) is a standard mathematical description in terms of spherical harmoni
coefficients, known as the Gauss coefficients, for the Earth’s main magnetic field and its secular variation. It is used not only fol
scientific studies but also for practical application, such as navigation and physical surveys. We are going to submit a candidat
model to the next IGRF revision, the 13th generation of IGRF (IGRF-13), in 2020. We plan to model a geomagnetic secular
variation (SV) rather than the geomagnetic field itself using our strong points, such as geodynamo numerical simulations, dat
assimilation, and core surface flow modeling.

To predict a geomagnetic secular variation, a geomagnetic secular acceleration, the second derivative of the geomagnetic fie
with respect to time, must appropriately be described. The geomagnetic secular acceleration is given by the time derivative c
the magnetic induction equation, in which not only core fluid velocity but also core fluid acceleration should be investigated.

According to Fournier et al. (2015), core fluid acceleration could be neglected to forecast the geomagnetic secular variatiot
through data assimilation to build a candidate model of IGRF-12. It should be pointed out, however, that this procedure might no
be applicable to a period during which a geomagnetic jerk, defined as a sudden change in the geomagnetic acceleration, occ
That is, acceleration of core fluid is likely to have a large effect on the geomagnetic secular acceleration.

Hence, in this presentation, we attempt to model the velocity and acceleration of core fluid near the core surface towart
building IGRF-13SV. Modifying the method of Matsushima (2015), we estimate fluid acceleration as well as fluid velocity inside
and below the viscous boundary layer at the core-mantle boundary from geomagnetic field models. This leads to estimatio
of the first and second derivatives of the radial component of geomagnetic field inside and below the viscous boundary laye!
Then we investigate influence of fluid acceleration on the geomagnetic secular acceleration related with short-term geomagnet
secular variation. The velocity and acceleration of core fluid can be used as an initial state in geomagnetic data assimilation ar
geodynamo numerical simulations.
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Magnetic anomaly mapping of Moon, Mars, Mercury and Earth with SVM method

# Hideo Tsunakawa[1]
[1] Dept. Earth Planet. Sci., Tokyo TECH

Magnetic field observations by spacecraft showed many magnetic anomalies on Moon, Mars and Mercury (e.g. Coleman ¢
al. 1972; Connerney et al., 2005; Johnson et al., 2015) as well as Earth (e.g. Maus et al., 2007). These magnetic anomalies :
considered as crustal origin, yielding valuable information about the crustal structure and the ancient global magnetic field. W
have developed Surface Vector Mapping (SVM) method to provide magnetic anomaly maps from datasets observed at variol
altitudes (Tsunakawa et al., 2014, 2015). Global and/or regional maps of magnetic anomalies with SVM method will be reportec
for Moon, Mars, Mercury and Earth.

ANTHERICK B H < K2 - IKBEOWGEIIIN S, KSR OFENREENTW15 (e.g. Coleman et al. 1972; Connerney
et al., 2005; Johnson et al., 2015\ N & HEYVE LR O Th 0. HFEAE LA D 70— VEEZIC DV T
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Halekas et al., 2002 H Mk rJEEM: (e.g. Takahashi et al., 2014 & ZFHMICRET LTz, F/2. SVM A B H 010
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I K B /KERSGEI T — 2 EERO i s, &% 10-60 km) I SVM IEZEA L. ARy MIRRESUEEHE O1FEE
TR LTz,
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Analyzing the geomagnetic declination in 19 century Japan from Santou Houi Ki
recorded by Inoh. 7th report

# Motohiro Tsujimoto[1]
[1] none

The Santou Houi Ki is a national treasure of Japan, consist of 67 volumes ledger of approximately 200,000 magnetic compas
survey azimuth data by 0 degree 5 minute unit in 1800 to 1816,cover from eastern Hokkaido to Yakushima recorded by maj
surveyor Tadataka Inoh. We executed the inter disciplinary and simultaneous analysis of real azimuth, magnetic declinatior
precise position of target points and the survey reference point where the value of magnetic declination to any target points at
similar or approximation. We analyzed the magnetic declination at 227 points in Japan. In the World, there are lack of declinatior
data in Japan from middle 17 century to middle 19 century equal to the term of national isolation of Japan. It is necessary tc
introduce the declination data analyzed from Santou Houi Ki to Historical Declination Viewer according to Gufml by Andrew
Jackson et al. Add the comparison table of both geomagnetic declination data in 1800 to 1816 in each region from Honshuu t
Kyuushuu.

EEILEFM KR SEE LN L © 18004Eh 5 181641 Alsk & Nz ILIHEHERD 5 BABZD 67 BOME
TR VL R G IR St N OT IR St s D44 & 0 & 05 70 HAAL OHERTHY 20 J7 E ORGSR A A A idEkE N T
W5 IR Gt R R RS . R SR R RS . B0, MR AUR A Z2 [RIRERAT 9 %, RS S WVdho
TR St S AN\ D REEHANE /(1S & 5 F N B HIRESUR A DY — 8 BB 75 2 R A AL 72 3058 U T HAND 227 1
ICHIRE AR A Z AT Ulze WOR T HADSHE Uz 17 52 5 1 9 tid i HZ 0 H AR DO M &R O 7 — 2 HY
RELTWB, ZOAILEFHEDSDOENEZ T >V RV 21—« v 7YV 250 GufmliciE < NOAA 7 X V) A
KT D Historical Declination ViewellE A 3 2458 H %, 1800FEh 5 1816FEIZDAM M 5 NN DZHITOR /70D
MR AUR A 7 — 2 D LR 2 1,



R004-15 217 B B¥R: 11 B 24H 16:00-16:15

Dating of tsunami boulders from Ishigaki and Tongatapu Islands

# Tetsuro Sato[1]; Norihiro Nakamura[2]; Kazuhisa Goto[3]; Yuho Kumagai[4]; Hiroyuki Nagahama[5]; Koji Minoura[4]
[1] AIST; [2] IEHE, Tohoku Univ; [3] IRIDeS, Tohoku Univ.; [4] Earth Science, Tohoku Univ.; [5] Earth Sciences, Tohoku
Univ.

Fields of reworked boulders are amongst the most impressive sedimentary evidence of past catastrophic tsunami and extrel
storm events. Dating the deposition time of these boulders enables prediction of frequency-magnitude patterns of high-enerc
wave events. Although large radioisotopic age datasets from marine organisms reveal the reworking history at some sites, it is d
bated how one or several events are identified from individual boulders. As an attempt to overcome challenges for dating the dis
location of single boulders, we used a viscous remanent magnetization (VRM) dating method. Reworked boulders are expecte
to acquire a VRM approximately parallel to the geomagnetic field. The magnitude of such a VRM depends on several factors
including the time since reworking and ambient temperature for which there are well-known theoretical relationships. VRM un-
blocking temperatures can, therefore, be a powerful tool for determining the reworking age of boulders and can be used to asse
geological hazards. In this study, VRM unblocking temperatures of samples from Ishigaki and Tongatapu Islands are compare
with two candidate time&amp;#8211;temperature relationships for VRM acquisition. The Pullaiah nomogram is applicable to
assemblages of single-domain magnetite particles. Based on the Pullaiah nomogram, some samples appear to have anomalo!
high VRM unblocking. To estimate reworking ages of anomalous boulders, we use an alternative time&amp;#8211;temperatur
relationship defined by a stretched exponential law. This approach is applicable to assemblages of single-domain, vortex stat
and multi-domain magnetite particles. Moreover, we measured first-order-reversal curve (FORC) diagrams to confirm domair
state. We suggest that future VRM dating can be undertaken using a combination of two time-temperature relationships an
FORC diagrams.
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Primary remanent magnetization during Matuyama-Brunhes reversal from Boso
Peninsula: Change of magnetic minerals detected by FORC

# Hirokuni Oda[1]; Hiroomi Nakazato[2]; Tetsuro Sato[3]; Futoshi Nanayama[3]
[1] IGG, GSJ, AIST; [2] NARO; [3] AIST

We report magnetostratigraphy from an outcrop in Boso Peninsula, which is considered to record Matuyama-Brunhes polarit
transition. The outcrop is "4m height, facing west and situated along a roadside in Terasaki, Chiba Prefecture, Japan. The se
ment mainly consists of massive silt of Kokumoto Formation, Kazusa Group. The outcrop shows several tephra layers includin
TNTT (Byk-E) residing close to Matuyama-Brunhes polarity transition (e.g. Suganuma et al., 2015; Okada et al., 2017).

In order to identify the polarity of primary remanent magnetization recorded, we have taken 55 paleomagnetic drill cores at
intervals of 1-10 cm. Progressive alternating field demagnetization (PAFD) was conducted on all sub-samples taken from th
drill cores. The higher coercivity (&gt;20 mT) magnetization component has mostly positive inclination (normal polarity) and
shows a swing to negative inclination (reversed polarity) at 76-91 cm below TNTT. Progressive thermal demagnetization show:
sharp drop in remanent magnetization by heating up to 175 degC. By heating above 175 degC, magnetization decreases gradus
up to 3007350 degC and becomes unstable above 300350 degC. According to the experimental protocol proposed by Okada
al. (2017), ThD followed by AFD was conducted in order to extract primary remanent magnetization hidden by the secondary
magnetization both in vacuum and in air. The extraction of primary remanent magnetization was only partially successful, how-
ever, the polarity boundary could be located within +-50cm from the tephra layer Byk-E.

FORC analyses on bulk samples and principle component analyses (PCA; Lascu et al., 2015; Harrison et al., 2018) show
least three components. The three components are considered to be dominated by multidomain magnetite, single domain/vort
state (PSD) magnetite, or greigite with coercivities higher than magnetite (up to 2007300 mT). Volcanic ash layer shows high-
est proportion of multi-domain magnetite. In order to understand the difficulty of thermal demagnetization, we heated a bulk
sediment sample up to 400 degC in air and monitored using FORC diagrams with PCA. The results show a decrease of greigi
component during heating accompanied by a sudden decrease at 350 degC. By heating from 350 degC to 400 degC, significe
amount of low coercivity (0°30mT) magnetic mineral was formed.
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Absolute and relative paleointensity variations at the Matuyama-Brunhes transition from
the Haleakala lava sequence on Maui

# Nobutatsu Mochizuki[1]; Robert S. Coe[2]; Brian R. Jicha[3]; Brad S. Singer[3]
[1] Kumamoto University; [2] University of California, Santa Cruz; [3] University of Wisconsin-Madison

Sequences of lava flows are one of the best materials to recover accurate and precise paleomagnetic field behavior acrc
the Matuyama-Brunhes (M-B) transition, because successive lava flows can provide temporal variations of intensity as well a
direction combined with 40Ar/39Ar dating. This study has made paleointensity measurements on samples from the Haleakal
lava sequence on Maui, which records the M-B transition (Coe et al., 2004). The Tsunakawa-Shaw method (previously we
call the LTD-DHT Shaw method) was applied to 35 specimens of 20 lavas. Ten specimens passed the selection criteria. 11.
+/-0.1 microT (N=2) and 4.8 microT (N=1) were obtained for two lavas recording the transitional directions. 25.1 +/-0.6 microT
(N=4) and 28.3 +/- 1.1 microT (N=2) were determined for two lavas recording normal polarity, just after the transitional field. It
appears that the selection criteria are too strict for the samples recording the M-B transition since the samples probably acquire
aweak TRM in a weak field. Thus, we also applied a slightly relaxed criteria to the results; six results passed the relaxed criteria
For the flows recording the transitional behavior, mean of paleointensity estimates is 6.0 +/- 3.9 microT (N=9). We also check
paleointensity estimates without such criteria. These estimates, which are the same as Rolph and Shaw (1985) paleointens
estimates, are consistent with the estimates with the strict criteria and those with slightly relaxed ones. It should be also noted th
NRM/ARM values have a good correlation with the absolute paleointensity estimates by three variants of Shaw method note
above. Thus, the NRM/ARM values can be used as another indicator of paleointensity variation. On the basis of these absolu
and relative paleointensity estimates from Haleakala on Maui, combined with those from Tahiti (Mochizuki et al., 2011), we will
discuss the characters of paleointensity variation across the M-B transition. We have re-dated the Haleakala lava sequence st
that relative to astronomically-calibrated 28.201 Ma age of the Fish Canyon sanidine standard; the 40Ar/39Ar age of this lave
sequence that records the last stage of the M-B transition ist72%a (2 sigma).
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Analysis of Matuyama-Brunhes reversal based on high-resolution climatostratigraphy of
Chinese loess

# Masayuki Hyodo[1]; Kenta Banjo[2]; Yuki Yasuda[1]; Tianshui Yang[3]
[1] Research Center for Inland Seas, Kobe Univ.; [2] Planetology, Kobe Univ.; [3] Earth Sciences, China Univ. Geosciences

http://www.planet.sci.kobe-u.ac.jp/geol/hyodo.html

Multiple millennial-to-centennial scale paleoceanic and climatic events were recently found in the Marine Isotope Stage (MIS)
19 interglacial, in which the Matuyama-Brunhes (MB) geomagnetic reversal occurred. The events enable to construct a detaile
chronostratigraphy for MIS 19. We applied the method to the summer monsoon (SM) record from a 7-m thick loess-paleoso
sequence of Lingtai in the Chinese Loess Plateau. As a result, we obtained bi- to sub-centennial resolution records of the M
transition as well as of the East Asian monsoon. Progressive thermal demagnetizations at 15 steps for all samples show stal
decay curves of magnetic vectors, yielding reliable paleomagnetic field directions with MAD of 3.0 in average by principal
component analysis. Transitional magnetic fields, defined as those having directions with a virtual geomagnetic pole (VGP
latitude deviated by &gt; 45 degrees from the pole, lie within a 60-cm thick section between the SM peak of S8 and the SM
minimum of L6, correlated with sea-level highstand MIS 19.3 and lowstand MIS 19.2, respectively. This directional transition
zone consists of a main polarity boundary, two precursor episodes, and a rebound episode. The new chronostratigraphy date 1
main MB boundary at about 778 ka, and the directional transition zone to range from about 779 to 777 ka. The durations o
episodes are estimated to be about 100 years. The VGPs of Lingtai have a cluster in the southwest Pacific together with tho
from Java, Hawaii, and Canary.
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Geomagnetic reversal and the San’in Kaigan UNESCO Global Geopark

# Hiroo Inokuchi[1]
[1] Regional Resource Management, Univ. of Hyogo

A geopark is a kind of natural park containing geological heritage that has great scientific importance and value or that is
simply beautiful to look at. Geological and geomorphological conditions not only reflect the earth’s history but also have direct
relevance to people’s lives and cultures. Geoparks help us learn about and enjoy the earth’s activities as a set of heritage
The San’in Kaigan UNESCO Global Geopark (UGG) obtained admission to the GGN in 2010. The San’in Kaigan UGG was
readmitted to the GGN in 2014. The GGN became an official program of UNESCO in 2016.

A geological heritage that has great scientific importance in the San'in Kaigan UGG is the Genbudo Cave in Toyooka City,
Hyogo Prefecture. Genbudo Cave is the place where it was discovered that geomagnetic reversal occurred in the Quaterna
Dr. Motonori Matuyama of Kyoto University discovered that basalt at Genbudo Cave exposed by a volcanic eruption about 1.6
million years ago had a polarity opposite to the present geomagnetic field in 1926. This discovery indicated that there was a peric
in which the earth’s magnetic field was opposite to what it is today. Called """Matuyama reversed chron™””, the discovery of
reversal geomagnetic field has greatly contributed to the development of the theory of plate tectonics. An international agreemel
was made to recognize the Matuyama reversed chron as indicating the beginning of the Quaternary era, making it an index to |
used for determining the boundary between two different geological eras in 2009.

Graduate School of Regional Resource Management was established in 2014. It is composed of geologists managing tl
geopark ecologists reintroducing the oriental white storks into the wild and sociologists studying community development. Geo-
stories in the geopark are provided by geological, ecological and social studies. Collaborations of these different study fields wil
improve the understanding on the geopark.

Genbudo Cave is composed of basaltic lava with beautiful columnar joints and a representative geoheritage in San'in Kaiga
UNESCO Global Geopark. Genbudo Basalt is located on both banks of large river called Maruyama-gawa and is hard to erode i
comparison to the rocks in around area. Therefore, valley become sharply narrow at the Genbudo area and wide basin (Toyoo
Basin) spreads in the upstream side of the Genbudo. Most of Toyooka Basin become extensive wetlands and rice fields ar
provide prey fields for oriental white storks. Japanese native oriental white storks became disappear in the wild field in 1971, bu
they have been bred by Hyogo Park of the Oriental White Stork and released into the wild for the first time in 2005.

Willow (withy) growing naturally in wetland is used for wicker trunk in the past. This technology has been applied in current
manufacture of bags which are major local industry in this area.

Next Geo-story is relationship between geology and food. Catching of snow crab and breeding of Japanese beef cattle al
representative primary industry in the San’in Kaigan UGG. Furthermore, there are many sake breweries in the Geopark. The
are closely related to geology of the Geopark.

Main theme is """"Geological features, the natural environment, people’s lives and the formation of the Sea of Japan™”.
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On a project of reviewing ""History of geomagnetic researches in Japan - focusing on
the history before IGY™

# Hiroshi Nagano[1]; Yasuharu Sano[2]
[1] Asahi Univ.; [2] Asahi Univ.

The present prosperity of geomagnetism and planetary science is often told as the fruit of modern scientific activities during
and after IGY (International Geophysical Year), such as Antarctic expeditions, rocket observations, or launch of satellites. This
however, does not mean that geomagnetism blossomed out suddenly after IGY. It could develop after IGY, owing to, and als
based on, the large achievements for which the scientists of former years have exerted themselves for a number of centurie
Actually, observations of terrestrial magnetism, atmospheric electricity, and earth current have already started in early Meiji
Era. In Showa Era, our country participated in The Second International Polar Year, and observations of ionosphere and atm
spherics also begun around this time. Hence, it may be quite significant to reveal all the history after Meiji Era concerning to
geomagnetism in Japan. The authors have been reviewing the whole history of geomagnetism in Japan for many years, with o
manuscript finally arriving at the stage of describing the post-war history before IGY.

The outstanding feature of geomagnetic studies in Japan can be seen in its close relationship with international research act
ities. In early Meiji Era, young scientists of high abilities came to Japan as "foreign advisors hired by Japanese government™
with recommendation by Professor W. Thomson (later Lord Kelvin) at the University of Glasgow in United Kingdom. They
taught many fields of science and technology including experimental physics at University of Tokyo and at the Imperial College
of Engineering, bringing the Scottish liberal atmosphere into education. Excellent students were sent to Europe by the Japane
government after graduation, to study more in their specialty. They became eminent scientists after coming back to Japan, fc
example, R. Shida, who observed earth current in Japan during the First Polar Year observation period. Aikitu Tanakadate
known as the pioneer of geomagnetism in Japan and also known as the inventor of electro-magnetic declinometer, also went
the United Kingdom from 1888 to study under W. Thomson and A. Schuster. Tanakadate became one of the members of Con
mittiee on Terrestrial Magnetism and Atmospheric Electricity which was established in 1896 in the International Meteorological
Organization (present World Meteorological Organization). It was the first international scientific committee for geomagnetic
researches. Geomagnetic study in Japan is thus inseparably related to the global research network, so the authors paid eno
attention to referring to the world-wide trend of geomagnetic researches as well as to that of Japan.

Our book will consist of nine chapters; chapters one to seven are provisionally completed. Historical periodizations adoptec
in our investigation are as follows:

Chapter 1. Prehistory of geomagnetism until the end of Edo Era (until 1850)

Chapter 2. Dawning of geomagnetism in Japan (from 1850 to 1891)

Chapter 3. Creation of geomagnetism in Japan (from 1891 to 1912)

Chapter 4. Extension of geomagnetism in Japan (from 1912 to 1926)

Chapter 5. Japanese participation in the Second International Polar Year (from 1926 to 1940)

Chapter 6. Geomagnetic researches in Japan during the World War Il (from 1940 to 1945)

Chapter 7. Foundation of Society of Terrestrial Magnetism and Electricity of Japan (from 1945 to 1957)

Chapter 7 is published on the web, and is linked to the homepage of SGEPSS, as is presented in the bulletin of SGEPS
No0.233 (July, 2018). The authors are deeply grateful to Prof. T. Araki (professor emeritus of Kyoto University) and to the
steering committee of SGEPSS.

Remaining two chapters (Chapter 8. Large development of geomagnetism in Japan at the time of IGY; Chapter 9. Prosperit
of geomagnetism in Japan after IGY) will also be coming in near future.
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Online/offline plotting tools for paleomagnetic and rock magnetic data

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

http://mage-p.org/mageplot/

In paleomagnetism and rock magnetism, we use some types of the plotting method which is not hardly used in other area ¢
Earth sciences. To plot those data, specific tools which are bundled with the instruments and distributed among the researche
Almost all tools depend on the computational environments; e.g. working only on a specific operating system or demanding
to install a specific library. Here we introduce a web-service including plotting tools for the data obtained in paleomagnetism
and rock magnetism. In the web service, the user interface (Ul) is a web browser. All web browsers widely distributed are
based on the common protocol and display almost same look and feel. In our plotting service, the user can copy the data frot
their own spreadsheet program (e.g. Microsoft Excel) and paste to the text box in the input page, and get the plotting results i
the image formats of PDF, EPS and PNG. Now we provide four plotting tools on our site; the Zijderveld diagram of stepwise
demagnetization in paleomagnetism, the plot of paleomagnetic directions and their means on an equal-area projection, the pl
of thermo-magnetic analysis by the Curie balance (Natsuhara Giken, NMB-89), and the hysteresis loop by the vibrating sampl
magnetometer (PMC MicroMag 2900/3900). Here, we will also introduce the source code of the plotting programs working on
the local machine.
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Regularity of recent geomagnetic jerks estimated using wavelet analysis

# Hisayoshi Shimizu[1]
[1] ERI, University of Tokyo

Regularity of a time series after a singularity represents the exponent of the function with time that fits the time variation
after the singularity. This concept can be applied to represent the characteristics of a geomagnetic jerk that is a sudden variatic
of secular acceleration of the geomagnetic field components. Wavelet analysis has been applied to identify occurrence time «
geomagnetic jerks and their regularities.

The regularity depends on the time variation of the geomagnetic field components at the surface of the dynamo region, i.e
core-mantle boundary (CMB), and also on the electrical conductivity of the mantle, especially its lower part. It has been attemptec
to use wavelet analysis of geomagnetic jerks to estimate the electrical conductivity of the lower mantle (Alexandrescu, M. et al.
1999), and also to discuss the electrical heterogeneity in the D” region (Shimizu and Utada, 2017, JpGU meetiing). Regularity o
a jerk-like magnetic field variation due to geodynamo models has not been examined yet although Manabe and Takahashi (201
JpGU meeting) were keen to identify magnetic field jerks in a geodynamo model by other method.

The regularity of geomagnetic jerk will become a quantity that should be reproduced by geodynamo modeling, especially tha
employ geodynamo assimilation to examine dynamical processes in the core and to forecast the future geomagnetic field. In th
presentation, we are going to show regularity of recent geomagnetic jerks that occurred around 2003 and 2007 (e.g. Chulliat
al., 2010) and compared these with those occurred around 1969 and 1978. The regularity of recent jerks seems to be higher th
the older ones, and this would represent that the dynamical process in the core that produced the recent and older geomagne
jerks can be different from each other.
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Kinematic dynamo associated with a drifting columnar convection

# Hinami Taniguchi[1]; Futoshi Takahashi[2]
[1] Kyushu Univ.; [2] Kyushu Univ.

The terrestrial bodies that maintain their intrinsic magnetic fields have dynamos in the fluid cores, in which convection is
driven in various ways. In case of the Earth, it is believed that compositional convection, which is fed by light element ejection
from the ICB upon inner core growth, is dominant and powers the geodynamo: it is so-called 'bottom-up’ type convection. In
a body, iron ejection due to solidification of iron could occur at the core-mantle boundary under a certain condition, and the
solidified iron falls downward like snow drop, that is so-called 'iron snow’, which would also power compositional convection.

It strongly depends on temperature-pressure conditions and bulk sulfur content in the core which sort of compositional buoyanc
contributes to convection. In this study, we focus on the kinematic dynamo associated with a top-down type drifting flow, and
solve the kinematic dynamo problem numerically.

Let us consider an electrically conducting fluid contained in a rotating spherical shell, in which the velocity field is prescribed
as a drifting columnar flow. The velocity field is obtained by solving a linear stability analysis for top-down type convection as
an eigenvalue problem. The imaginary part of the eigenvalue associated with the critical mode gives us the drift rate of columna
convection. The Ekman number and magnetic Prandtl number ar&®.0and 0.10 respectively. The control parameter is the
magnetic Reynolds number in the kinematic dynamo problem. The induction equation is solved by time-marching with a minute
initial dipole field given as a seed. We search for the critical value giving the neutral growth rate of the dipole field to understand
a basic feature of the kinematic dynamo driven by top-down type drifting columnar convection. As a result, it is found that the
magnetic fields at the onset repeats a periodic change consisting of asymmetric growth and decay phases. In the growing pha
the magnetic energy is dominated by the small-scale components, whereas in the decaying phase the magnetic fields shov
large-scale feature dominated by the dipole component. Although numerical convergence is a concern, which should be check
higher resolution calculations, such an asymmetric behavior with respect to time may be associated with geomagnetic excursiol
and reversals, during which the dipole field is substantially reduced and then, the geodynamo might act in nearly a kinematit
manner.
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Morphology of dynamos by double diffusive convection with a stably stratified layer
beneath the core-mantle boundary

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

Seismic and geomagnetic observations reveal the presence of a stably stratified layer below the core-mantle boundary. Effec
of the stably stratified layer on convective motions in the fluid outer core, and the resultant dynamo processes are investigate
to gain insights into the origin of the layer. In this study, we use a dynamo model adopting double diffusive convection with an
either thermally or compositionally stably stratified layer. Regardless the origin of the stable layer, of which thickness is 0.1 fold
of the core radius, the resultant magnetic fields show weak non-dipolar fields, whereas strong-field dipolar dynamos are obtaine
in the runs without the stably stratified layer. In order to be compatible with the observed geomagnetic field strength and seculs
variation, it is suggested that the stably stratified layer should be thinner or more weakly stably stratified. When the compositiona
driving is dominant as in the present Earth’s core, the attenuating effects through the compositionally stably stratified layer is
stronger than that through the thermal one. From a viewpoint of the magnetic field, it is suggested that a relatively thin stably
stratified layer of thermal origin is preferable.
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Elucidation of eruptive sequence of Takamarubi pyroclastic flow deposit at Fuji volcano
using paleomagnetic method

# Akira Baba[1]; Hidetoshi Shibuya[2]; Takashi Uchiyama[1]
[1] MFRI,Yamanashi Perf.; [2] Dep't Earth & Env., Kumamoto Univ.

http://www.mfri.pref.yamanashi.jp/

For the understanding of volcanic history and prediction of medium- and long-term eruption, detailed elucidation of type, scale,
frequency, and sequence of eruption events is very important. Paleomagnetism can contribute especially to determine frequen
based on similarity to the paleomagnetic secular variation model (JRFM2K.1), and time sequence of a series of events, based
the similarity of paleomagnetic directions. Here we report paleomagnetic results of Takamarubi pyroclastic flow deposit which
is newly discovered in the field survey at the northeastern foot of Fuji volcano.

Takamarubi pyroclastic flow deposit is located below the Takamarubi lava flow distributed in the JGSDF Camp Kita-Fuji, and
can be confirmed from the Yohei-nagare river bed (about 1,430 m high) to the northeastern frank (about 1,120 m high). It ha:
a length of about 3.6km, with the maximum width of 700m and the layer thickness of 2 to 15m. The eruption scale estimated
to be about 1,240in the trial calculation by the average cross-section method. It is about five times as large as the eruption
scale of Takizawa B pyroclastic flow deposit (242:rWt. Fuji volcano hazard map review committee (2002)) used for Mt. Fuii
volcano hazard map. From tHéC dating of charcoals under the pyroclastic flow deposit, it is dated as 1,300yt BP and
1,490 +30 yr BP, which is translated to be around 590 A.D. However, Japanese trees tend to be calibrated older for decades the
real age when calibrated with IntCal based on American and European trees (Nakamura et al., 2013), thus we tried to date usi
a paleomagnetic method.

Samples for paleomagnetic measurements were collected from 3 sites of Takamarubi pyroclastic deposit. They were oriente
by a sun compass to eliminate local magnetic anomalies. At each site, we collected 16 to 20 samples using an engine power
core picker. Samples were measured using a spinner magnetometer with alternating field demagnetization (AFD) and therm
demagnetization (ThD). The mean directions of the Takamarubi pyroclastic flow deposit roughly show two distinctive ranges.
These are estimated to be two flow units erupted around 600 A.D. and 630 A.D. As a result of ThD, the magnetic minerals are
titanomagnetite from the Curie temperature (520 to 580 degrees C.) and flowed at a temperature higher than 580 degrees C. T
accessories materials of the pyroclastic flow deposit have high and low temperature components bounded at 420 degrees C. |
clear that the low temperature component coincides with the directions of the essential materials of the pyroclastic flow deposit
so that it was heated in the flowing and stationary process.

Based on paleomagnetic method, Baba et al (2017: SGEPSS) identified that several lava flows erupted between 580 to 7
A.D. from NE-SW eruptive fissures, intermittently. The mean directions of the Takamarubi pyroclastic flow deposit fit with
the mean directions of those lava flows, within a95 range. There are possibilities that the 5 units, showing similar petrological
features, were simultaneous eruptions. Our findings suggest that paleomagnetic method can clarify the eruption time gap, gradt
changes and eruptive sequence of Fuji volcano.
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Stratigraphic Correlation of Seismo-Turbidites in Japan Trench using Paleomagnetic
Secular Variation

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

A thick turbidite unit associated with the 2011 Tohoku-oki earthquake, and two older thick turbidite units, which are most
likely to have been induced by great earthquakes similar to the 2011, were discovered in the Japan Trench floor. Dating thos
deposits is crucial to understand the recurrence of Tohoku-oki earthquake. Because the basins are located in the hadal zol
obtaining detailed stratigraphic ages is generally difficult. However, paleomagnetic secular variation has been proved to b
useful approach to date slope sequences in the Japan Trench composed of frequent thinner turbidite sequences below CCD.
tested if the similar approach can work for thick turbidite sequences in the trench. Paleomagnetic and rock-magnetic analyse
were carried out on the samples. We measured magnetizations of demagnetized NRM, and ARM. Magnetic properties indicat
unique patterns, which are useful for stratigraphic correlations. We compared the paleomagnetic secular variation patterns to
reference based on magnetic properties correlation. Especially declination changes can be well corelated to that of the referen
We confirmed precise correlations of turbidite units in Japan Trench are possible, and the secular variation is available up t
4,000 years ago at least in the Trench basin.
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2HEDBREZ—EZA FEREAEIN, N5 2011EDO K S GHERMEN S > 2R LT3 EEX 5N,
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Paleointensity variation in Japan for the period between 4.5 and 3 ka

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

According to the paleointensity detabese, one may think paleointensity has been measured all over the world and it has bet
restored for the last several thousand years. However, paleointensity should be obtained at multiple areas in the world in order
compare effect of the non-axial-dipole field. In Japan, the reported paleointensity data are unevenly distributed for the last sever
thousand years and they are scarce between 4 and 3 ka. In this study, we measured paleomagnetic directions and intensities fi
lava flows and pyroclastic rocks around the post-caldera cones in Aso caldera, central Kyusyu, Japan so as to obtain paleointens
variation in this period. We applied Tsunakawa-Shaw method to samples. 145 samples of the 29 sites were measured and 1
samples passed the selection criteria. For 26 sites, three or more paleointensities were obtained and their standard deviatic
were smaller than 15% of the means. We adopted the paleointensities from the 26 sites for discussion in this study.Incidentally
paleomagnetic directions determined about 30 sites show a paleomagnetic secular variation curve. The carbon-14 ages of 3.3
and 4.1 ka were reported for Komezuka lava and Akamizu lava, respectively. On the basis of the paleomagnetic secular variatic
curve and the two ages, we estimated the erupted ages of the other lavas and pyroclastic rocks. We found paleointensity in Jag
increases from 50 microT to 70 microT during the period between 4.5 and 3 ka . The VADM increase in Japan appears to occu
at 1 kyr before the increase in Europe.
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Example deconvolution of natural remanent magnetization of a continuous
paleomagnetic sample using the software UDECON

# Yuhji Yamamoto[1]; Toshitsugu Yamazaki[2]; Toshiya Kanamatsu[3]
[1] Kochi University; [2] AORI, Univ. Tokyo; [3] CEAT, JAMSTEC

Paleomagnetic records of marine sediment cores have often been obtained by pass-through measurements, which are knc
to smooth and alter magnetic signals. Amongst many efforts, a standalone open-use graphical software UDECON (Xuan an
Oda, 2015) has been developed to deconvolve pass-through measurement data. As a case study to assess the applicabilit
the software to deconvolve natural remanent magnetization (NRM) of a continuous paleomagnetic sample, we chose 40 discre
samples from a piston core recovered in the northeast Pacific. We measured NRMs after alternating field demagnetization at 2
mT for both discrete samples and a simulated continuous sample, made by connecting the discrete samples.

The discrete samples show centimeter-scale variations in NRM. Such variations are smoothed out and mostly disappear in tt
results of the simulated continuous sample. However, after using the software to deconvolve the data, the variations are almo
completely restored. Good agreement between the discrete sample data and the deconvolved data indicates that the deconvolu
by the software is very successful. We observe detailed features of a directional reversal in the data from the discrete sampl
and in the deconvolved data but not in the data from the simulated continuous sample. This emphasizes that the deconvolutic
analysis by the software is a powerful tool to extract detailed features from continuous paleomagnetic records obtained by pas:
through measurements.
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Scanning SQUID microscopy applying for a speleothems obtained from Tonga, the
southern Pacific

# Naoto Fukuyo[1]; Hirokuni Oda[2]; Yusuke Yokoyama[3]
[1] AORI, Univ. Tokyo; EPS, Univ. Tokyo; [2] IGG, GSJ, AIST; [3] AORI, Univ. Tokyo

Speleothems are thought as an ideal record of paleomagnetism since they retain continuous geomagnetic records in sta
condition as well as their applicability for radiometric datings such as U-series and radiocarbon techniques. A previous study
reconstructed the natures of paleomagnetism during the Laschamp excursion successfully (e.g. Lascu et al., 2016), though th
weak magnetic signals hinder this archive to be widely used in the field. A scanning SQUID Microscope (SSM) can image very
weak magnetic fields with high spatial resolution, and hence could potentially solve this obstacles. However no studies have bee
reported using paleomagnetic study using speleothems to date. In this study, we have conducted paleomagnetic measureme
with a SSM on speleothems collected in Tongatapu Island, the Kingdom of Tonga.

The stalagmites were obtained at Anahulu cave in Tongatapu island (around 21 degrees 13 minutes S, 175 degrees 06 minu
W) in 2016. The'“C age of the surface part of the stalagmite is around 10 ka and were cut perpendicular to the growing direction
of stalagmite and shaped to thickness of ca.0.2 mm before they have been used for measurements.

We obtained natural remanent magnetization (NRM) of the average ca.1.5 nT with the SSM. Also, we compared magnetic
fields between the surface layer and the inner layer. The signals were statistically different, hence we successfully were able
obtain very small magnetic field change due to differences in laminated structures of a speleothem at submillimeter scale witl
SSM. Further, we operated first-order reversal curve (FORC) measurements using the alternating gradient force magnetome
(AGM). The results show that this speleothem can contain mixture of magnetites with different domain states. We also present th
map of rock magnetic parameters calculated by inversion of Isothermal Remanent Magnetization (IRM) measured with SQUILC
microscope. In this talk, we will present initial results.
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Rock-magnetic studies on seafloor hydrothermal deposits in the Okinawa Trough

# Chie Kato[1]; Masao Ohno[1]; Tadahiro Hatakeyama[2]; Jun-ichiro Ishibashi[3]; Shuhei Totsuka[3]; Kazuhiko Shimada[3]
[1] Division of Earth Sciences, SCS, Kyushu Univ.; [2] IPC, Okayama University of Science; [3] EPS, Kyushu Univ.

Investigation of the mineral assemblage of seafloor hydrothermal deposits are crucial for understanding its formation environ
ment and process. Rock-magnetic measurements of the deposits are quick and effective to detect accessory magnetic minel
which are sensitive to the environment. We report our preliminary results of rock-magnetic measurements conducted on seaflo
rock samples of a sulfide chimney in the Noho Site, lheya Small Ridge and drilled core samples from Sites C9025 and C902
in the Izena Hole, Okinawa Trough. We selected four samples from 74.7 to 82.9 m in depth of core C9025 and five sam-
ples from 65.2 to 84.1 m in depths of core C9026, where pyrrhotite was identified by the on-board X-ray diffraction analysis.
Low-temperature magnetic measurements such as field cooled (FC) remanence and zero-field cooled (ZFC) remanence and |
temperature cycle of room-temperature isothermal remanent magnetization (IRM) were conducted using a Magnetic Propert
Measurement System (MPMS). IRM acquisition experiments was performed up to 1 T by an Alternating Gradient Magnetome-
ter, and up to 5 T on selected samples using the MPMS.

Chimney sample from Iheya Small Ridge showed decrease of FC and ZFC remanences near 100 K during zero-field warmin
Considering the X-ray diffraction patterns, it could be attributed to a Cu-Fe-S phase with sphalerite-type structure reported by
Wintenberger et al. (1994). However, the chemical composition analyzed by FE-EPMA was close to thaty&;Csderiban-
ite rather than the reported composition CyEe Pyrrhotite was also recognized by low-temperature magnetometry, XRD and
chemical analysis.

In the core samples from Izena Hole, FC remanence was 2-3 times larger than the ZFC remanence, and an extremely ha
component which does not saturate even at 5 T was shown in the IRM acquisition curve. These features indicate the contributio
of goethite (Liu et al. 2006), which might have been formed by alternation in laboratory. Signals of Cu-Fe-S phase and pyrrhotite
were also distinguished in some of the core samples. In addition, a sharp decrease of room-temperature IRM at 50 to 70 K we
observed during the low-temperature cycle. These features could not be explained by any of the magnetic minerals noted abov
and therefore suggest the presence of other magnetic component(s).
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Seafloor spreading history in the Shikoku Basin inferred from vector magnetic anomalies

=

# Tomoko Hanyu[1]; Kyoko Okino[1]
[1] AORI, Univ. Tokyo

http://ofgs.aori.u-tokyo.ac.jp

Magnetic anomalies associated with paleo-arcs and backarc basins provide the information on the paleo-latitude and/or rotatic
of the Philippine Sea Plate, as well as magmatism in the transitional phase from arc volcanism to backarc volcanism. Shikoki
Basin, located in northeastern part of the Philippine Sea Plate, was considered to be formed as a back-arc basin during La
Oligocene to Middle Miocene. Analysis of the magnetic anomalies in the Shikoku Basin has been conducted since 1970s
Recent study (Okino, 2015) identified the clear NNW-SSE oriented magnetic lineations north of 25-degree-north. In the south
the almost N-S oriented magnetic lineations in the Parece Vela Basin were also identified, suggesting that two basins were linke
ca. 22 Ma. However, there is a missing piece of backarc evolution between 25-degree-north and 21-degree-north, where tt
amplitude of magnetic anomalies is too low to identify the magnetic isochrons. The area is a key to understand when and hov
the paleo Izu-Bonin-Mariana arc was completely separated and two basins started to evolve as one system.

To tackle this question, vector magnetic survey based on the shipboard three component magnetometers (STCM: Isezaki, 198
was carried out in the southwestern part of the Shikoku Basin during KH-18-02 cruise of R/V Hakuho-maru. The total magnetic
data were also obtained by using the ship-towed Proton magnetometer. Vector magnetic anomalies and magnetic boundary strik
are calculated from vector magnetic data. We will present the identification of magnetic anomalies and structure of magneti
basement, and will discuss the detailed seafloor spreading history during the joint phase of two basins.
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Further examination of properties of remanent magnetization carried by magnetotactic
bacteria M. magnetotacticum MS-1

# Kohei Masaoka[1]; Yuki Morono[2]; Yuhji Yamamoto[1]
[1] Kochi University; [2] JAMSTEC-Kochi

Variation of the past geomagnetic field is recorded in marine sediments as a fossil magnetization, called natural remaner
magnetization (NRM). It has begun to be pointed out that NRM of the sediment is carried not only by detrital and aeolian magnetic
grains but also by biogenic magnetic grains originated from magnetotactic bacteria. To investigate characters of NRM carried b
biogenic magnetic grains, Masaoka et al. (2018JpGU) cultured the microaerobic baagriatospirillum magnetotacticum
MS-1 in laboratory and made samples using them for remanent magnetization measurements by simulating a very early proce
of sediment formation. They reported properties and characters of the remanent magnetization carried by the samples includir
simulated NRMs. We have further continued the investigation and will report results.

MEIEHERENIC 13 B ARAEREE (NRM) & U Tl ARG ZE I T ERIICREER S N TV 5. D NRM DRtk
AR T H RIS IC  EEFEEZ & DT EHISN TS D, WMEMEEFEOS 7 %24 b NRM 2159
2R, SN 5D NRM OMEEICDWTIERBIHDER DLW,

Bz h (2018JpGU T, WilkHHE Magnetospirillum magnetotacticuMS-1 (LUK MS-1) D53 ##% 521 T KRR
2TV, BEARZFIH U T L 7z MS-1OMIREEDHERITE BGEFED T < WIHNC BT NRM Z2#159 % Tt A0
B EBZITV, WEEIEE L. O Tid, B eiciiintir—e e LU 1tk 2.835% 10° cell/7 co , Hix3
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IFERBMEL TV 5.
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Rock magnetic analysis as a forensic tool to detect previously disturbed ground

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

https://researchmap.jp/norikokawamura/

For a successful criminal conviction to occur, it is essential to locate forensically important evidence disposed of in soil. In

this study, we attempted to use a rock magnetic method as a forensic search tool to detect evidence hidden in the ground.
2.5 m long survey line was provided in the campus ground of Japan coast guard academy. A 0.1 m x0.2 m x0.7 m sized hol
was created and was buried in the soil. Magnetic susceptibility (MS) was measured using a ZH instruments magnetometer
every 0.1 m along the line. Each sample position was measured six times. MS indicates relative higher values at the disturbe
ground. A core sample of 7 cm length was collected by a soil sampler at around the disturbed ground. The grain size of the so
core is classified silty sand with granule, and it increases with burial depth. Dried soil samples were taken from the core at ]
cm intervals and were packed into 1 tplastic cubes. Rock magnetic measurements; MS, anhysteretic remanent magnetization
(ARM), isothermal remanent magnetization (IRM), isothermal magnetization (Mrs), saturation magnetization (Ms), coercivity
(Hc), and remanence coercivity (Hcr) were conducted for on the cubes. MS shows a peak at 2 cm in depth. ARM and SIRM
indicate that the values gradually decrease with depth. It implies that the relatively high MS layer was at one time in the pas
exposed surface soil and as a result could be considered disturbed ground. In order to identify the magnetic minerals within th
soil samples, thermomagnetic analysis (Js-T) was performed on four samples which are collected from the surface (0-0.2 m
middle (0.3-0.5 m) and deep soils (0.6-0.7 m) at the disturbed ground. All samples indicate that the declines of the decline in th
MS curves at 580C and 680C. A slight inflection in the susceptibility curves at around 308100°C is was also recognized.
It suggests that this is due to the presence of maghemite and hematite. Almost all data plots in the pseudo-single domain (PSI
region for (titano-) magnetite on the Day plot (Mrs/Ms and Hcr/Hc). Magnetic grain size also increases with burial depth, and
is consist with grain size distribution. The values of disturbed ground are located in the central part of all samples which are
implied the all layer contribution. MS peaks have been recognized three month later when the disturbed ground was covered
weeds and the hole is undetectable. This result proves that MS can detect the location of disturbed ground even three mont
post-disturbance.
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Fabric tensor and its application to magnetic fabric of sediments and dikes

# Norihiro Nakamura[1]; Shusaku Kon[2]; Hiroyuki Nagahama[3]
[1] IEHE, Tohoku Univ; [2] Nippon Koei Co., Ltd.; [3] Earth Sciences, Tohoku Univ.

Anisotropy of magnetic susceptibility (AMS) is a proxy for determining the preferred orientation of magnetic minerals. Given
that fabric of magnetic minerals, such as magnetite, is coaxial to the alignment of rock-forming minerals, this technique is the
easiest and quickest technique used to reconstruct paleo-flow directions of sediments and magmatic dikes. This considerati
results from the mathematical framework on AMS by Owens (1975): bulk anisotropy of magnetic susceptibility depends on an
angular density distribution of uniaxial grains of anisotropic susceptibility. However, the grain-size dependence and character
ization of angular distribution have not been described in the framework, yielding the non-coaxiality to prevent the estimation
of paleo-flow direction. For example, Kon et al (2017) found inverse magnetic fabric of AMS in tsunami deposits. This is a
natural example for the non-coaxiality that AMS minimum axis is coaxial to the alignment of fine grained magnetites. In this
presentation, we introduce the concept of fabric tensor and explain such discrepancy by fabric tensor and also stereology. Th
understanding will help to estimate paleo-flow directions of sediments and also magmatic dikes.
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Magnetic domain state diagnosis using multiple FORC-type diagrams and their
application to the Inuyama red chert

# PENGXIANG HU[1]; Hirokuni Oda[2]
[1] AIST:
ANU; [2] IGG, GSJ, AIST

First-order reversal curve (FORC) diagrams provide a practical approach to assess switching and interaction field distribution:
which provide valuable information about magnetic domain states. FORC diagrams are a complex representation of remaner
induced, and transient magnetizations that can be assessed individually using additional FORC-type measurements. Recer
developed remanent, transient, and induced FORC diagrams provide substantial information in addition to conventional FOR(
diagrams that aids comprehensive domain state diagnosis for mixed magnetite particle assemblages. Transient FORC diagra
provide a measure of nucleation and annihilation fields of magnetic vortices and domain walls, remanent FORC diagrams enab
detection of stable single domain (SD) behavior along with thermally activated particles near the superparamagnetic (SP) to stab
SD threshold, while strong induced magnetizations are evident for stable SD particles in induced FORC diagrams. Triassic
Jurassic red cherts from the Inuyama section near Nagoya represent a complex mixture of magnetite and hematite. Using ne
FORC-type diagrams mentioned above, SD hematite, non-interacting SD biogenic magnetite, vortex state magnetite, and S
particles are identified in red chert samples. Our results demonstrate the application of FORC-type diagrams in interpreting th
domain state of complex mixtures of ferrimagnetic and antiferromagnetic minerals in natural archives.
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