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Paleomagnetic and rock magnetic records of 90-150ka obtained from sediment core BIV
B in Lake Biwa.
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Magnetic behaviors of sediments including maghemitized magnetite in thermal demag

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

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

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

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

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

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

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

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

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

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

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

gooob:obooooobob, 0oL, oL b, 000U, b0oU,bbboo o
Keywords: Integrated Ocean Drilling Program, South Pacific Gyre, magnetic stratigraphy, pelagic clay, rock magnetism, viscou:
remanent magnetization



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
SEMO036-P06 O00:000000000a 00:50 260 10:30-13:00

oooo00ooooopoooooo. _
Rock-magnetic study on serpentinite from Tokunoshima Island, southern Kyushu, Japar

o000 *o0oo00YhoootoooOo?
Rie Morijiri 1*, Mitsuru NAKAGAWA'!, Makoto Saitd, Mutsumi Nakat

l0ooooOo000o0O00O0O0oOo0oon,?2000000
LGeological Survey of Japan, AISTDaito-Bunka Univ.

gooooooobobooooooooboboooooboobooboboobooboooobobobboboboobDo
ooooooooboboboooooooboboboooooooboboboooboooobobOoboboobooooon
ocoooooooo 30ogooooo0oooboooooboOoooOo0ooooOoooooOooooDODoO boboo"ooOoo
boooooooboobobooooooboobobobooboooooboobOobOobooooooooooboon
boooooooboobobooooooobobobooooooboooooobobobooooooobOOobOobOobn
goooboobooooobooooooo

oboooooooooobobobobooooooooooboboobooooooooooboooboOoboboobon
gboooooobobobooooooooboobobobooooooooobOobobOobooooboooooooboOon
tboooooobooooooboobobobobobooobooooobobobobooboobobooooobooooboDa
ooooooboooooooooooooooooooooboboobobobooboboobooooDOobDoDbOoDbo
gooooboboooobooboooooooooooboooobobobooboDobboooobobobooobDoOoo

obocoooooboboooooooobOOobobooooooooobOobooboooooooboOobooboboonoo
booooooobooboboboooooooooboobobooooooboobobobooooboooooboOoobOon
oo00o0opooooo0o00oooooooOooOo0o0oooOoO0OO0o00ooooooOOoOoOoOo3goooooooooo
goooooogooooooopooooovsMODOOOOOOOOMPMSOOOOOOOODODOODOODOD
gcooooOoooooOooooooOoOoooOooo0O0oooO0OobO0o0DbDbOO00oDOoOOoOoOOoUDObOOoOobOoOoOO 560
oooooooo

tboooooooooooobooboobobobobobobobobobobobOobobooooobooooobooon
gooooboobooboobooobooboobooboobobooboobooboobboooboobOao
ugbodgbougbooobgobooboobobbobbooboobooboobooboobooo

ooooo:000,000,0000
Keywords: serpentinite, Tokunoshima Island, rockmagnetism



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

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘Ei‘?"..
SEMO036-P07 oo:.o0ooooooog 00:50 260 10:30-13:00

0000000000000 0O0000noooono o
Paleointensity study of the 570Ma Grenville dike, Canada: a preliminary result
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Recent numerical simulation for the long-term evolution of the geodynamo revealed that high heat flux at the core-mantle
boundary (CMB) generates a continuous high virtual dipole moment«b66Am? throughout an Earth’s history (nearly
3.8Ga"present) and that low heat flux at CMB shows secular weakening of the moment to less1tdAra2. The Pre-
Cambrian paleointensity study can solve this enigmatic result but is still luck of reliable data due to heavy alteration and meta:
morphism. Although a single silicate grain paleointensity method is a best way for the study, more primitive but basic test to
reveal a reliable primary thermal remanent magnetization is a full paleomagnetic field test such as full baked contact test wit
hybrid zones. The Grenville dike is of the Ediacaran Grenville dike swarm intruding tonalitic gneiss (1Ga) of the Grenville Struc-
tural Province (Ontario, Canada). Hyodo and Dunlop (1993) reported a successful result of full baked contact test with hybrid
zone. Here we report a preliminary result of Thellier-Thellier type paleointensity measurement for the chilled margin samples
of the 570Ma {°Ar/3°Ar age) Grenville dike. The characteristic component of the Grenville dike yields a virtual geomagnetic
pole position at 51N and 145W, being different from the compiled VGP positions of the other Grenville dike (Murthy 1971).
We obtained paleointensity results of nearly«1&2Am? from three samples of chilled margin (quality factor of 17.00°74.67),
being much lower than low heat flux model at CMB. Although the number of our successful samples is limited, it seems that the
Grenville dike samples possess a potential to reveal reliable ancient paleointensity data.
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A new measurement system has been developed for detecting frequency spectrum of low-field alternating current (AC) mag
netic susceptibility for rock and mineral magnetic studies. The measurement method is principally the same as that of the previol
system developed for obtaining frequency dependence of natural samples (Kodama, G-cubed, 11, 2010, Q11002), but the ne
system has been improved so as to measure AC susceptibility at frequencies in the range of 10 kHz to 100 kHz. The wide ranc
of operating frequency, along with the capability of measuring both in-phase and out-of-phase components of AC susceptibility
permits to estimate the grain size distribution of superparamagnetic particles. Preliminary measurements were made on natul
materials, including volcanic rocks containing SD/MD particles, Chinese loess/paleosol samples, as well as several synthetic m:
terials. The result from the Chinese loess/paleosols, for example, shows a stronger frequency dependence for the paleosol than
the loess, over the frequency range considerably broader than ever reported. This result suggests that the measurement of w
band frequency spectrum of AC susceptibility can be useful, especially in environmental magnetism, as a new rock magneti
experimental method to help quantify the distribution of superparamagnetic nano-particles in a variety of soils and sediments.
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Paleomagnetic thermal history of faulting: constraints from the Taiwan Chelungpu-fault

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

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

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

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

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

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

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

gooobo:b0boo,0b0bbobo,00n
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Multi-component magnetization of the Hosokawa-dani rhyolite around the Gauss-Matuya
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A paleomagnetic study for cores from basement rocks of the Bowers Ridge, in Bering

Sea

ooooo L,ooo W™
Tomohiro Gokah, Makoto Okad&*

lopoo
Hbaraki University

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

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

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

O0000:0000,I0DPEXP323000000,000000
Keywords: Paleomagnetism, IODP EXP323, Bering Sea, Bowers Ridge
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