Japan Geoscience Union Meeting 2014 /0 <9 ’

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]gggggiem

Union

SGL42-01 =55:419 IRfil:4 H 29 H 09:00-09:30

IntCal133{r] A¥ i HHFA 75 D by
Why is the IntCall3 special?
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An evaluation of the effect on 14C dating (AMS) by alkaline treatment of the ABA

method on charcoal sample
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Dating of sea-floor hydrothermal barite collected at the Okinawa Trough by ESR and
radioactive disequilibrium
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The temporal change of submarine hydrothermal activities has been an important issue in the aspect of the evolution ¢
hydrothermal systems which is related with ore formation (Urabe, 1995) and biological systems sustained by the chemical specie
arising from hydrothermal activities (Macdonald et al., 1980). Dating methods using disequilibrium between radioisotopes suct
as U-Th method (e.g. You and Bickle, 1998j°Ra<'°Pb and??®Ra-*?28Th method (e.g. Noguchi et al., 2011) have been
employed for such studies.

Okumura et al., (2010) made the first practical application of ESR (electron spin resonance) dating technique to a sample c
submarine hydrothermal barite to obtain preliminary ages, while Kasuya et al. (1991) first pointed out that barite can be used fo
ESR dating. Toyoda et al. (2011) determined the optimum ESR condition while Sato et al. (2011) confirmed that the signal is
thermally stable enough for an age range of several thousand years. Takamasa et al. (2013) obtained U-Th and ESR ages wh
are roughly consistent with each other.

The samples were taken by research cruises operated by JAMSTEC. Barite (BaS0O4) was extracted from hydrothermal sulfic
chimney samples taken from two sites at the Okinawa Trough. Blocks of sulfide deposits were cut into pieces, and about 2.0g we
crushed. The samples were soaked in 12M hydrochloric acid, left for approximately 24 hours. Then, 13M nitric acid was added
Finally, after rinsing in distilled water, the sample was filtered and dried. Impurities were removed by handpicking. An X-ray
diffraction study was made to confirm that the grains are pure barite. After gamma-ray irradiation at Takasaki Advanced Radiatior
Research Institute, Japan Atomic Energy Agency, they were measured at room temperature with an ESR spectrometer (JE
PX2300) with a microwave power of 1ImW, and the magnetic field modulation amplitude of 0.1mT. The bulk Ra concentration
was measured by the low background pure Ge gamma ray spectrometer. Assuming that Ra is populated only in barite, the do
rate was calculated with the alpha effectiveness of 0.043 (Toyoda et al., 2012), where the decay of Ra (a half life of 1600 years
was also taken into account.

The obtained ages range from 4.1 to 16000 years, being consistent with deteéttiRain younger samples and radioactive
equilibrium/disequilibrium between radium and daughter nuclei. The variation of the ages within each sample is mostly within
the statistical error range. The relative order of the ages is consistent with the rédtiRaf'°Pb method, where the difference
in absolute ages would be explained by several hydrothermal events that form the chimney. It was found that Yoron Hole field i
the youngest, then, Daiyon-Yonaguni Knoll field, Hatoma Knoll field, being nearly equal to lheya North Knoll field, then Izena
Hole field, which is consistent with the direct observation from the submersible.
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Thermoluminescence property of calcite
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Zircon observation by atomic force microscope: Fission track or alpha recoil track?
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Excess argon in phengite from the Sanbagawa eclogites: Constraints on argon behavi
during subduction zone metamorphism
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K-Ar system dating of phengitic mica is a powerful tool to determine cooling ages of HP?UHP metamorphic rocks. How-
ever, discordant ages in a same metamorphic unit have been often reported, particularly from rocks in Alpine-Himalayan type
collisional metamorphic belts. For example, UHP-metamorphosed continental crust materials of the Dola Maira massif (wester
Alps, Italy) show the discrepancy due to the existence of excess argon in metamorphic minerals that has been inherited froi
the precursor rocks with polyphase metamorphic records. Over the last two decades, we have addressed an excess-argon |
hypothesis in oceanic petrogenesis of Pacific-type convergent margins. According to the hypothesis, metamorphosed ocear
materials in Pacific-type HP metamorphic belts with only a monophase metamorphic records do not contain significant amoun
of excess 40Ar; in other words, the K-Ar system in syn-metamorphic phengitic mica is significantly reset during fluid-induced
metamorphic recrystallization at a Pacific-type convergent margin. Well-documented geological examples are of schists fron
Sanbagawa, Suo and Renge metamorphic belts in SW Japan, and from Otago metamorphic belt in New Zealand. Ar-Ar phengi
analyses of HP-UHP metamorphosed oceanic lithologies of the Lago di Cignana (western Alps, Italy) also show negligible ex-
cess 40Ar in eclogite-facies syn-metamorphic phengitic mica.

In the year 2000, as a preparation to guide participants for the IEC Conference in Japan, we have determined K-Ar ages
phengite and paragonite from the eclogite-facies Sanbagawa metamorphic rocks in Shikoku; the twenty-two results were obtaine
from four localities including Seba (84-89 Ma), Gongen (123-136 Ma) and Western Iratsu (78-80 Ma), and Kotsu/Bizan (82-88
Ma). Excepting for the quartz-rich kyanite eclogite from Gongen (GO), phengite and/or paragonite yields similar cooling-age
ranges of metasedimentary rocks of the Sanbagawa metamorphic rocks in central Shikoku. Phengite K-Ar ages of GO eclogite
are significantly older than syn-metamorphic zircon U-Pb ages at the same unit. These old ages are interpreted as the presence
excess 40Ar in phengitic mica. The bulk-rock compositions of GO eclogites suggest a sedimentary protolith such as greywacke
When, where and how has the excess argon been trapped in phengite crystals? Considering the geological fact that the GO ecl
ites are closely associated with the Higashi-Akaishi (HA) meta-peridotite body, the false age obtained from phengite were likely
attributed to an interaction between the meta-sediment (GO eclogite) and the meta-peridotite (HA peridotite) at eclogite-facie:
depth. We postulate that the fluids exchange between deep-subducted sediments and mantle material enhanced a hydratior
peridotite and mantle-derived noble gas (including extreme 40Ar) was diffused from mantle material to the sediments. During
the exhumation of them, the rigid HA peridotite might have prevented a ductile deformation of GO eclogite and consequently
mantle-derived argon gained from HA peridotite in GO eclogite might have been inherited by the limited-argon-depletion due to
less deformation. This is not only very rare example of false K-Ar age of metamorphosed oceanic materials but also remarkabl
observation to explain argon behavior during sediments?peridotite interaction at a deep portion of subduction zone environmen
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Deciphering early Earth’s differentiation using short-lived isotope systematics
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Knowledge of the timescale and nature of early Earth’s differentiation is central to understanding the evolution of the young
Earth. Here | discuss short-lived isotope systematics of terrestrial samples that extended our knowledge of early Earth’s differ
entiation. Recent high-precision W isotopic studies revealed positive 182W anomalies of up to 0.15 epsilon unit in ca. 3.8 Ge
Itsag rocks from West Greenland and 2.8 Ga Kostomuksha komatiites from Russia. | explored the geologic significance of the
182w anomalies by combining with trace element and other isotopic data. In this context, the W isotopic data are interpreted t
reflect early silicate differentiation events on Earth. Under the assumption that the bulk silicate Earth has a 5% higher Sm/Nc
than the chondrite average, the 182W-142Nd-143Nd chronometry constrains the age of the source mantle differentiation for th
Itsaq samples to 4.53-4.49 Ga. The age may reflect the timing of silicate differentiation during a sequence of magma ocea
solidification.
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Formation age of Fengtien Nephrite, Taiwan: Dating low-temperature ¢#0 (m) zir-
con rims by NanoSIMS
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Nephrite in the Fengtien area is associated with serpentinites within the subduction-accretionary complex in eastern part c
the Central Mountain Range, Taiwan. In addition to nephrite, there are also other metasomatic rocks, such as diopsidefels ar
epidotite, present between serpentinites and their country rocks (metapelites and metapsammites). Among these metasomz
rocks, diopsidefels is the most common one observed, while nephrite and epidotite are less frequently present in associatic
with diopsidefels. When all these rocks are present at one outcrop, the common lithologic sequence is serpentinite-nephrite
diopsidefels-epidotite- metasedimentary rocks. Nephrite, diopsidefels and epidotite were interpreted resulting from fluid-rock
(serpentinite+country rocks) interactions during subduction metamorphism. Field occurrence and petrographic observation
clearly showed that while nephrite and diopsidefels are mainly metasomatic products after serpentinite, epidotite is after metay
sammite. The formation temperature has been estimated to be 300°c 4&Ged on regional geology and thermodynamic
calculations by previous studies. Timing of these metasomatic processes, however, has not been constrained, although the hc
ing subduction-accretionary complex was thought to be of late Cretaceous in age due to paleo-Pacific subduction beneath tl
Eurasia continent and to be correlated with the Sambagawa belt in Japan. Zircons were separated from one epidotite samyj
in this study. Most of these detrital zircons were shown to have a thin zircon rim, which is less than LBn-i@G@hickness.

These zircon rims were considered to be newly formed during metasomatic interactions between serpentinite and country rock
which also led to nephrite/diopsidefels/epidotite formation. The CAMECA NanoSIMS NS50 at AORI, the University of Tokyo
was employed to date these low-temperature thin zircon rims with a 5 nA O- primary beam confined tora @&meter.

Sample surface was pre-ablated for 5 minutes to remove the surface Au coating and any possible surface contaminants. Dz
acquisition time was 500 seconds. The resulting 238U/206Pb-204Pb/206Pb inverse isochron gave a young-atj&y dfi&.3
(MSWD = 2.1, n =5). The date clearly showed that the Fengtien nephrite would have formed during the (initial) exhumation of
the subduction-accretionary complex, which should be of late Cenozoic in age related to subduction of the South China Sea pla
beneath the Luzon arc. The present study gave a good example that NanoSIMS is able to date zircon rims with a thickness abc
15 pum formed under low temperature conditions only a few million years ago. The instrument has a great potential in future
studies dating various low-temperature hydrothermal, metasomatic or metamorphic zircon overgrowths.

F—7— F: NanoSIMS /L1 >, U-PbE(RIIE, %71 |, istlillk, 57
Keywords: NanoSIMS, zircon, U-Pb dating, Nephrite, Central Mountain Range, Taiwan
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Significance of external morphology and zircon chemistry for precise U-Pb zircon dating
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Improvement of U-Pb zircon dating by microbeam analysis has been provided opportunity of discussion about more detailec
geological events. Recent analytical precision of less than 2% at Paleogene zircon allows us to investigate shorter period ever
such as crystallization differentiation in magma chamber. However, the highly precise U-Pb age data yield an importance o
confirming their accuracy and assaying disturbance of U-Pb system and incorporation of exotic components. In this study, w
introduce data processing method of the highly precise ages based on zircon morphology, trace element abundances as well
statistics.

The precise U-Pb zircon dating by using a sensitive high-resolution ion microprobe (SHRIMP 1) at National Institute of Polar
Research, Japan, was applied to igneous rocks of the Tertiary Ishizuchi Cauldron in the Setouchi volcanic belt of Miocene ag
in northwestern Shikoku. A primary ion beam of about 10 nA was used to sputter an analytical spot of aboutiéineter.

A retardation lens system was utilized as a means to increase signal-to-noise ratio, and a secondary ion optics including sli
of source and collector was adjusted to maximum transmission of the secondary ion under suitable mass resolution avoidin
isobaric interferences on Pb isotopes. The surfaces of grain mounts were carefully washed with diluted HCI and ultra pure wate
to remove Pb contamination. A correction for common Pb was made on the basis of the mé&4eineaind the model for
common Pb composition.

Weighted mean ages were calculated frdfiPb?33U ratios corrected by°7Pb. In order to ensure the accuracy of U-Pb age,
age known zircon, OD-3, was analyzed together with unknown sample. Concentrations of Hf and rare earth element (REE) i
zircons were also measured at the same analytical spot of U-Pb dating by SHRIMP.

Zircon grains from the Bansyodani-biotite-rhyolite were divided to two types based on the external morphology: sharply
euhedral type and relatively rounded edge of prism and pyramid t§{§€b”38U data of whole zircon grains were widely
scattered beyond analytical uncertainty and show a weighted mean of18.18 Ma (mean square weighted deviation, MSWD:

3.4). On the other hand, the euhedral zircons yielded the weighted mean oft1@.23 Ma (MSWD: 1.0), whereas the relatively
rounded zircons were older than the euhedral zircons, which suggests the incorporation of exotic components.

Zircon chemistry supported the classification by the morphology and the U-Pb dating. An average of Hf contents of the
euhedral zircons were 9523 ppm ranging from 8883 to 10496 ppm and those of the relatively rounded zircons were 8475 ppr
ranging from 7616 to 8803 ppm. Hf contents of the euhedral zircons were higher than those of relatively rounded zircons. CI
chondrite-normalized REE patterns of the euhedral zircons were characterized by a large fractionation between light REE an
heavy REE, large positive Ce anomalies and large negative Eu anomalies. In contrast, those of the relatively rounded zircor
were enrichment of light REE, weaker anomalies of Ce and Eu. Difference of the zircon chemistry between the euhedral zircon
and the relatively rounded zircons reflects source melt composition. Therefore, the external morphology, Hf content, and REE
abundance are useful criteria for the data processing of the highly precise U-Pb age data.
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LA-ICP-MS U-Pb dating of Oki Dozen volcano using non-polished zircons
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LA-ICP-MSIC X 22V a > ® U-PhERRNEEE, SRIL b, KRNCEIILTWS. o5k, d@E, I
aVEWELUIDREETHWS D, Chid, 25 <, common Pb® Pb lossé W5 I mEHAHETE LB <A F A E K
T BTDTHD, £z, SHRIMPD X 5 2 EOKIE (RE 1~2 p mAEHIEND) ZIHET 5 0L TlEas
HTdH%. SHRIMPIZLENRS &, LA-ICP-MS IZEERICZ < OREZIHE T2 (RHIEN2%ESIE 10 p mELE) 728,
CoT e, Wi, IIaryoRmHESNTE TEAERBITFERIETE S LZ2EKT . > T, MELZVWI LI
VERWAUE, FEENERD inherited coreDTEER TV A > DX Z P TORERBOMGHNC L EHATREE BbNnb. 5
M, #E LAWYV oy g iEiEstRl (Fish Canyon Tuffe OD-3) & R B LIDiENS DUV T LA-ICP-MS I
X% U-PhERIEETT> 2. PV a VIFIHEE 213nmdD Nd-YAG L—H'— (repetition rate 10Hz, T3 )VF—5 : 4~
5Jcnt) T3OMME 7 7T L—arzirolz. TxIVF—EE 5 Jlent T, RAMGIHIREE 27 p mickb, B®E
9-18 u m ® 206phP38Y tr2 W THERIEZ KD Tz, ZORER, WHELEWI)LarzHWiEa T EEBED mOER
MFHNS T EWEHERIOEREL KT 2 e DM ENT. £iz, RIESHERHE 6~7 MaDERERL,
BI7ED K-Ar 48 (5.4~7.4Ma &—HE LD UHWERMEO NI & Z2liET 5.

F—7— R: U-PoEMRBIE, 2V a v, LA-ICP-MS, BRIl &kl
Keywords: U-Pb dating, zircon, LA-ICP-MS, Oki Dozen volcano
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Crustal noble gases anomaly associated with fault movement and aftershock the 3.1
Northeast Japan Earthquake
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LJAMSTEC, SRRP2JAMSTEC, IFREE 3Faculty of Science, Yamagata Universitkayama University of SciencéFaculty
of Science, Kyusyu University

Noble gases have unique characteristics that they are rarely combined with other chemicals as their very stable nature. B
cause its main reservoir is atmosphere, their isotopic composition is well defined and believed to be uniform all over the world
insensitive to disturbance from anthropogenic and/or natural emission of geologically trapped noble gases in the earth interio
Based on our preliminary friction experiment, however, detectable amount of noble gases seem to be emitted accompanied wi
a fault motion (Sato et al., 2009). After the extreme Northeast Japan Earthquake occurred on March 11, 2011, extraordinar
increase of seismic activity as numerous aftershocks e.g. over 4000 felt earthquakes in four months, which may be a source
non-atmospheric component preserved in the earth interior. In terms of anthropogenic component, Nuclear Power Plant) is
potential source, which is frequently monitored by radioactive species of noble gases.

We widely collected atmosphere samples all over Japan from Hokkaido, Honsyu, Chugoku and Kyusyu Is. The atmosphere
have been sampled into vacuumed containers, Isotube@, at each sampling site to evaluate time-series changes. The eleme
and isotopic compositions of the samples were analyzed mainly by quadrupole residual gas analyzers (RGA-200, SRS Co.) ar
partly confirmed by sector-type mass spectrometers (GVI-5400, GV instruments). In the duplicated analyses of the selected
few samples, the measured elemental and isotopic compositions were consistent within analytical uncertainties.

The relative elemental abundances were changed at least in heavier noble gases. Argon was enriched to pre-3.11 Earthqui:
atmospheres associating with a hi§iAr/35Ar ratio. It might be contributed by emission of crustal Ar at aftershock earthquakes,
deformation and fault movements. In addition, a frictional melting was occurred-iM% earthquake as reported by Kanamori
et al. (1998). Further, radioactive Ar isotopé&Ar and3°Ar) were slightly abundant than those in "pre” 3.11 Earthquake atmo-
spheres. These radioactive Ar isotopes were regarded to be detected limitedly in neutron irradiated geological samples especia
in Ar - Ar dating. These altered atmospheric Argon isotopic composition in Eastern Japan area were observed until typhoor
season.
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