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Experimental study for argon release and possibility of rejuvinated age after frictional

heating granite
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Isotope ratios of noble gas in certain minerals are believed to be modified easily by their ambient reservoirs when the mineral
reach higher temperatures than their closure temperature. The thermal history of a rock or a geologic event, even a fault mov
ment, can therefore be determined quantitatively by applying radiometric dating methods to a set of different minerals. However
neither traditional K-Ar nor Ar-Ar dating methods can be applied easily to faulted rocks because, in the case of faulting, it is
difficult to prove that the temperature of an event was greater than the closure temperatures of minerals.

Frictional heating experiments performed on fine grain homogeneous gabbros with high temperatures induced by frictiona
heating using a high-velocity friction apparatus were used to test whether rapid fault movement can rejuvenate the argon isotoy
ratio of fault rocks by the Argon released. The temperature on the artificial fault plane is flashing and above the closure tem
perature of the K-Ar system, as expected from the calculated cooling age. The anticipated rapid equilibration of volatiles during
the frictional heating of rocks implies that the Argon isotope composition/ratio was released to an atmospheric value during this
experiment.

Privious result of gabbroid analysis, we could observed that the reset was occurred only frictional plane, and we setted the
second fuse enviroment (stable melted and pseudotachylyte was made) at the time. Rejuvenation and/or apparent increases in
K-Ar ages were only observed in a narrow, 3-mm-wide zone around the fault plane that appears thermally altered and mechan
cally fractured in thin sections.

In this study, for the granite friction experiment, the Argon gas released timing is faster, which called "first fuse” (Hirose et
al., 2005) in the time. The granitoid, which is composed upper crust, include the potassium rather gabbroid, which composet
lower crust, because the radiogenic Ar is more abundant in the nature. After granite friction experiment, Argon and other gase
released by the sample were collected in a small aluminum tube in a nitrogen atmosphere before and after the frictional heatir
granite experiment, also. Therefore, we could not observe glass and glassy material after granite experiment, but the argon g
released at "first fuse” stage. We report that the measured noble gas isotopes in an Aji granite sample analysis, compared wi
gabbroid analysis.
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Re-Os geochronology of the Hitachi VMS deposit, Ibaraki Prefecture: The oldest sulfide

deposit in the Japanese Island
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We applied the Re-Os isotope dating method to the Fudotaki and Fujimi sulfide ores from the Hitachi Deposit in the Ibaraki
Prefecture. The Re-Os isochron of the Fudotaki sulfides yielded ca. 540 Ma which is the oldest age among the all other met:
deposits in the Japanese Island. This isochron exhibited excellent linearity and the Re-Os age of the Fudotaki sulfides is muc
older than a timing of contact metamorphism by the Irishiken Granites (Late Cretaceous). Thus, we interpreted this Re-Os age ¢
a primary depositional age of the Fudotaki sulfides on a paleo-seafloor. On the other hand, the Re and Os isotope compositiol
of the Fujimi Deposit showed no correlation in the 187Re/1880s vs. 1870s/1880s space. The Fujimi sulfides underwent highe
grade metamorphism than that of the Fudotaki sulfides up to epidote-amphibolite facies or granulite facies, and the Re-Os isotoy
system of the sulfide ores was disturbed by metamorphism. Since the Hitachi Deposit is a syn-genetic sulfide deposit, the eruptic
age of the wallrock (basic volcanic rock) is also estimated to be ca. 540 Ma. This Re-Os age obtained here will be an importan
age constraint to clarify the geological history of the Japanese Island.
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Evaluation of the influence of alteration on K-Ar dating for Hawaiian tholeiites
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To obtain reliable K-Ar ages, the lava samples need to meet various requirements, and lack of K and Ar loss during weatherin
or alteration is one of the most important considerations. It is desirable to choose fresh rock samples that have not been affect
by weathering/alteration; however, such samples are generally not available among the tholeiitic lava of shields older than about
Ma. In order to evaluate the influence of alteration on K-Ar dating for Hawaiian tholeiites, unspiked K-Ar ages were measured for
21 samples from four lava flows with varying degrees of alteration collected from the Makapuu Head section of Koolau volcano,
Hawaii. The samples were classified based on freshness of olivine phenocrysts and the groundmass olivine, and the preser
of secondary minerals in vesicles. The age data was evaluated by meap®®, ratios, 36Ar volumes, and calculated
atmospheric Ar contamination. The results indicate that the ages for samples with fresh groundmass olivine are reliable, eve
though olivine phenocrysts may be slightly altered (thin reaction rims) or secondary minerals may have crystallized in the

vesicles.
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ESR dating of tephra with quartz: inconsistency between signals
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Determining the age of tephra is important for reconstructing the history of environmental change during the Quaternary epoct
To this end, we consider dating of quartz using the electron spin resonance (ESR) method. Quartz was first found to be useful fc
ESR dating of fault gouge while the mineral was also used for dating of tephra, heated flints, and sediments.

The first investigation pertaining to ESR dating of tephra using quartz was published using the Al center (a hole trapped at A
site replacing Si). Subsequently, several other successful results on tephra have been reported (e.g. Imai and Shimokawa, et
1988, Imai et al., 1992, Toyoda et al., 1995, and Yokoyama et al., 2004). Buhay et al. (1992) reported that the ESR age (45-4
ka) of a tephra from New Zealand is consistent with the 14C age (42-44) within statistical errors.

However, in other studies, systematic discrepancies were observed between the ages obtained using the Al center and Ti-
center (an electron trapped at a Ti atom replacing Si, accompanying a Li ion as a charge compensator). Toyoda et al. (200t
systematically investigated the ESR and RTL (red thermoluminescence) ages of tephra with a known age range of 30 to 900 k;
and found that ESR dating has problems in obtaining equivalent doses. Using the same dose rate, the RTL ages were consist
with the expected ages while the ESR based results were inconsistent and involved lage scatter in data. The scatter in ESR ag
was found to increase with age. Toyoda et al. (2009) proposed a new protocol, the multiple-aliquot regenerative-additive dos
method, which provides equivalent doses estimates with smaller errors than the traditional additive dose method. In the prese
paper, we have analyzed the same Nm-Sb tephra and A-Fm tephra and Ft to check the reproducibility of dating results and to te
if known doses can be recovered using the multiple-aliquot regenerative-additive dose procedure.

The age obtained from Ti-H center is consistent with the age reference for Nm-Sb while the ones from Al and Ti-Li center
overestimate. The ages obtained from Al and Ti-H center are consistent with the age reference for A-Fm while the ones fron
Ti-Li center overestimate. The dose recovery test indicates that the equivalent dose estimate based on the Ti-H center of Nm-¢
and A-Fm agrees within error of the expected dose (370 Gy). We consider the dose recovery test to be a useful procedure f
choosing the signal appropriate for dating.
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Thermochronological study of the dip-slip displacement and timing of initiation of the

Atera fault
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Lower boundary of the Caledonian Barrovian metamorphic belt at Loch Leven, Scotland:

Phengite K-Ar ages of metapelites
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Since the Barrow’s report (1893), the Barrovian metamorphic belt in the Caledonides of Scotland has become one of th
best-studied orogenic belts in the world. Based on many geological and isotopic studies, this belt has long been considered
be formed by arc-continental collision in the Ordovician-Silurian (the Grampian orogeny: ca. 480-430 Ma) (Dewey and Bird,
1999; Oliver, 2008). However, many controversies and fundamental uncertainties remain. For example, in terms of the polarit
of subduction, Ryan and Dewey (1991) and Oliver (2008) assumed that the polarity of subduction was toward the NW, but Clift
et al. (2004) proposed the opposite. Also, the main reason for the "orogeny” and metamorphism for several decades has been i
burial at depth caused by thrusting, which we consider to be a dated, unlikely concept.

The Barrovian metamorphic rocks in Loch Leven belong to the biotite zone, have been folded and thrusted northwestward
(e.g., Treagus, 1974; Piasecki, 1980), and they overlie weakly metamorphosed rocks (Eilde Flags). Inferring from our under
standings of the occurrence and exhumation of HP rocks in Japan (Aoki et al., 2008; 2009), and in many Barrovian orogenic
belts worldwide (Agard et al., 2009), we predicted that the lower tectonic boundary of the Barrovian metamorphic rocks should
have occurred at Loch Leven. In order to examine this model, we determined K-Ar ages of phengite-rich mineral separates fror
6 metapelites in the area.

Our new phengite K-Ar ages are 398.2 +/- 10.4 (sample no. LL46), 406.4 +/- 10.6 (LL20), 405 +/- 10.5 (LL19), 399.7 +/-
10.5 (LL24) and 445.0 +/- 11.6 Ma (LL16). One samples (LL13) has an "anomalously young” age of 340 +/- 8.9 Ma, probably
because of its low K20 content (1.3 wt%). The main results indicate a K-Ar age-gap between ca. 445 Ma and ca. 400 Ma
which, when integrated with previous metamorphic-age (e.g., Oliver, 2008) and structural data from Loch Leven (Roverts, 1976
Atherton, 1977) suggest that the lower boundary of the Barrovian metamorphic belt formed at 445-400 Ma.

The lower boundary of the E-dipping, Barrovian metamorphic belt at Loch Leven has long been considered to be an extensiol
of the 430-413 Ma Moine Thrust (MT) displaced by the Great Glen Fault. The shear sense of the E-dipping MT is top-to-
the-WNW/NNW (Butler, 2004). Moreover, we have recently discovered that the upper boundary of the originally E-dipping
Barrovian metamorphic belt crops out near Portsoy in NE Scotland, the shear sense of which was top-to-the-SW (Kawai et al
in prep.). In terms of the internal thermobaric Barrovian zones of Scotland, the grade of metamorphism decreases symmetrical
upwards and downwards from a central highest-grade zone (Kennedy, 1948), which contains relicts of retrogressed HP rock
Integration of all multi-disciplinary data provides robust evidence that the Barrovian metamorphic zones were exhumed from &
HP depth by N-directed wedge extrusion. The lower wedge boundary was the Moine thrust-Loch Leven thrust, and the upper ex
tensional boundary at Portsoy enabled the downward emplacement of the overlying, lower pressure Buchan metamorphic zon
belt. Thus, formation of the whole Caledonian orogenic belt of Scotland was controlled by wedge extrusion.
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The Unazuki area, situated at the northeastern part of the Hida Belt, which is one of crucial sites for deciphering the Permo
Triassic orogeny in East Asia, has experienced the kyanite-sillimanite type metamorphism characterized by a clockwise P-T patl
The Unazuki area is classified into the Hida gneiss region (Katakaigawa group), the Unazuki schist region (Unazuki group), ant
the Unazuki plutonic complex. Radiometric ages of the Unazuki schists, previously determined by Rb-Sr and K-Ar methods,
are scattered from 248 Ma to 175 Ma primarily because of multi-phase metamorphism and deformation. Geochronological dat
for the Unazuki plutonic complex are limited. In this study, U-Pb geochronology of zircon and titanite was applied to the schists
and the plutonic complex to discuss about timing of the kyanite-sillimanite type metamorphism and thermal history.

Protoliths of the Unazuki schists are sedimentary and felsic volcanic rocks. Probability of U-Pb data of detrital zircons in
pelitic schist shows some peaks centered at 453, 365, 347, 320, 310, and 298 Ma, which suggests that protolith of the Unazu
metamorphic rocks were deposited after 298 Ma. U-Pb data of quartzo-feldspathic schist derived from felsic volcanics yield ar
eruption age of 258 +/- 2 Ma, indicating that regional metamorphism occurred after 258 Ma. On the other hand, U-Pb age of
granite in north part of the Unazuki area is 253 +/- 1 Ma. The granite contains some xenoliths of the Unazuki schist, in which
staurolite is replaced by andalusite and cordierite due to thermal flux from granitic magma. Therefore, regional metamorphisn
occurred between 258 and 253 Ma, suggesting a rapid metamorphic progression. 251 +/- 1 Ma of gneissose quartz diorite co
taining the Unazuki schists supports the timing of the regional metamorphism.

The granite in central part contains Eoarchean-Paleoproterozoic zircon inheritance and shows 256 +/- 2 Ma, whereas that
south part is 250 +/- 1 Ma. Hornblende quartz diorite in central part yields 191.1 +/- 0.8 Ma, whereas biotite quartz diorite in
south part is 275 +/- 2 Ma. Meta-gabbros in central part yield 260-256 Ma. Some parts of zircon in meta-gabbros were recrys
tallized at ca. 236 Ma.

Eboshiyama mylonite in the Katakaigawa group shows 250.0 +/- 0.4 Ma, which suggests that mylonitization of the Katakaigaw:
group occurred after the regional metamorphism of the Unazuki group.
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Age distribution of detrital monazites in the sandstones from the northern Borneo and its

tectonic setting
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