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There have been numerous case studies in the last few years that successfully constrained the
timeframe of brittle faulting through dating of clay-size fault gouge fractions. However, the
radiogenic isotope systematics of fault rocks are complex due to the intimate mixture of minerals
of different origins such as detrital phases, potentially from a variety of sources, as well as
authigenic/synkinematic minerals. Consequently, it is often difficult to unambiguously interpret
measured ages. Special sample preparation techniques involving freeze-thaw disaggregation to avoid
overcrushing and extensive size separation to reduce the amount of detrital phases can address
these issues [1]. Progressive size reduction down to submicron size fractions (<@.1 pm) increases
the proportion of authigenic clay phases in the clay component and minimizes contamination
suggesting that the most reliable isotopic ages for authigenic clay minerals are obtained for the
finest size fractions.

Brittle fault illite K-Ar age data and 6D from several studies in Europe, Scandinavia and Japan
will be presented. All study areas are located within igneous or metamorphic rocks collected from
tunnel or drill core samples, which offer a unique advantage as no detrital illite is present in
the host rock, thus reducing potential contamination and weathering sources. The age data were
obtained using a simplified and standarized method described by Zwingmann et al. (2010) [2]. Ages
range from the Mesoproterozoic (1240126 Ma) for the Finland to the Neogene (6.0%2.1 Ma) for the
European Alps study. Fault gouges in Japan scatter around the Paleogene -early Eocene.

The illite ages decrease with grain size, and are consistent with the cooling history of host rocks
as bracketed by Ar-Ar, AFTA and ZFTA ages. The data indicates that the fault-rock samples formed
within the stability field of illite and the main temperature field of brittle deformation (< ~
300°C). The internal consistency of the illite K-Ar ages of fault gouges from samples, as well as
their consistency with independent constraints from field relationships and existing
geochronological data, demonstrate the potential of this simplified method for providing reliable
data to constrain absolute timing of brittle deformation.

[1] Liewig et al., 1987. AAPG Bulletin 71, 1467-1474.

[2] Zwingmann et al. 2010. Geology, v. 38, no 6, 487-490; doi10.1130/G30785.1
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Crank, J. (1975) The mathematics of diffusion, 2nd ed. Oxford Univ. Press, New York.
Dodson, M.H. (1973) Closure temperature in cooling geochronological and petrological systems.
Contrib. Mineral. Petrol. 406, 259-274.
Pullaiah, G. Irving, E. Buchan, K.L. and Dunlop, D.J. (1975) Magnetization changes caused by burial
and uplift. Earth Planet. Sci. Lett. 28, 133-143.
Turner, G. (1968) The distribution of potassium and argon in chondrites. in Origin and distribution
of the elements (ed. L.H. Ahrens), pp. 387-398. Pergamon, London.
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BREKERZ. 1984F(C LIBERBERNSEINSNILERZTER SNz EILA XD XS V5 — Rkl (KS=
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6.1Ra) KDBWMEZERURZ, SOBSNEAY D LRMIALE. 1984F (/SN EILHT XD VT —RE
BDZNELDEEEICEV . 1984FENS201TEICNTTOAY D LRRHELED ER(E, AL/ KIF5E it
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The Izu-Bonin-Mariana (IBM) Arc is an active intra-oceanic arc, where silicic to intermediate
granitic crust is being generated through subduction zone magmatism (e.g. Tani et al., 2015 EPSL).
It has been active since ~52 Ma and for the last 15 million years has been colliding end-on with
the Honshu Arc at the Izu collision zone (ICZ). As a result of this collision, voluminous
syn-collisional granitic plutons are exposed in the ICZ that have attained geochemical features
more akin to average continental crust through crustal modifications during the arc collision (e.g.
Saito et al., 2007 J. Pet.; Tani et al. 2010, Geology). The collective understanding of silicic
crust formation in modern intra-oceanic arcs and their successive modification during arc-arc
collision is important, as they may be the modern analogue for continental crust formation during
the early Earth history.

Since oxygen isotope ratios are sensitive to low-temperature geological processes and zircon is one
of the most robust crystals to preserve initial isotopic and trace element compositions of the
coexisting melt, zircon oxygen isotopic compositions are commonly used as a key tool to estimate
the onset and degree of crustal recycling in the Archean crust (e.g. Valley 2003 RMG). However, it
is unclear whether the zircon oxygen isotope systematics of the modern intra-oceanic arcs and arc
collision zones are concordant with what is assumed for juvenile crustal formation and successive
crustal modification in the Archean.

We have conducted zircon oxygen isotope analyses of representative IBM and ICZ granitic rocks using
the CAMECA IMS-1280HR installed at the Kochi Institute, JAMSTEC. The analyzed IBM granitic rocks
range from Eocene (~49 Ma, Torishima forearc tonalite) to modern (<1 Ma Niijima tonalite xenolith,
Tani et al., 2011 EPSL) and ICZ granitic rocks range from 15 Ma (Kaikomagatake granite, Saito et
al., 2012 CMP) to 4 Ma (Tanzawa tonalite, Tani et al., 2010). The average 60 values of IBM
granites are generally low from 4.93 to 5.26, except for one diorite sample from Oligocene Omachi
Seamount (~38 Ma) that has high 60 = 7.03. I1(Z granitic rocks, on the other hand, show a wider
range of 6'°0 values from 4.77 to 6.40, which most likely reflects various degrees of incorporation
of mature sediments from the Honshu Arc and/or interactions with meteoric water during the
emplacement of the granitic magma at shallow levels during the arc collision. These data will
provide important geochemical constraints on the crustal development processes in intra-oceanic
arcs and arc collision zones and whether crustal development in intra-oceanic arcs and arc
collision zones is a modern geochemical analogue of Archean crustal formation.

F—DO—F YD VERRAME. HEFESIN. SIERS
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The temporal change of submarine hydrothermal activities has been an important issue in the aspect
of the evolution of hydrothermal systems which is related with ore formation Urabe (1995) and
biological systems sustained by the chemical species arising from hydrothermal activities
(Macdonald et al., 1980). Takamasa et al. (2013) and Fujiwara et al. (2015) showed that ESR
(Electron Spin Resonance) dating of barite (BaS0,) is useful for investigation of history of
hydrothermal activities.

Barite crystals formed by sea-floor hydrothermal activities contains large amount of Ra which
replaces Ba in the crystal lattice where the internal alpha dose rate in barite contributes 40 to
60 % of total dose rate (Okumura et al., 2010). As the LET of alpha particles is much larger than
beta and gamma rays, causing high-density ionization, the probability of recombination which do not
contribute to the generation of the signal is larger, therefore, generating smaller amount of
signals. Determination of alpha effectiveness is thus the one of the essential factors for
improving the precision of dating of barite by ESR.

Toyoda et al. (2012) investigated the alpha effectiveness for the ESR signal due to SO, in barite
by comparing the dose responses of the signal for gamma irradiation and for He' ion implantation
with an energy of 4 MeV, to obtain a value 0.043 +0.018. However, the dose response was far from
“good”, where the number of points is not sufficient. The experiments of He' ion implantation was
repeated in the present study for several samples to determine the precise alpha effectiveness.

A sample of hydrothermal barite, taken by the NT12-06 research cruise operated by Japan Agency for
Marine-Earth Science and Technology (JAMSTEC) was used for the present study. The values were
obtained to be 0.025+0.002 for synthetic barite, and to be 0.102(+0.014/-0.013) for barite
extracted from a sea-floor hydrothermal sulfide deposit, being four times larger than the former.
For the latter sample, it is possible that the slopes of the dose responses of the signal
intensities around the zero dose value may not be estimated appropriately due to the extrapolation
of the dose response curve. Tentatively, the value for the synthetic sample should be adopted.

F—-O—R ! ERA. BERKEE. BFAEVHIBFEMEE. 7ILT 7HR
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South Alps
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KA - EMEER (RER) ENMEBRO—ETHIHAIMEE, 201MEIBA1THOERII A KFEHE
(M9.0) LI, ZOFEMENRTSICET > TLSAREMRBRINTULS, B7ILTIRUEDMIE TR
AAEFHMEMRICREUCHEOERSMERD &, MEEHMNEREFHRFHNBORERERMET

&, REEENERAVTIIEACEREE L THOTF, REHRE (FEBRICIFFIIEB-—MEES T VIC
WATED, FRCODSTVAVWTERMENRE T DA8EMNRS D (Bl - i, 2016) . Fi2, FRIFWE
DOERERBICMEIT SRELKENT SICRAATIE, MEEERE U TORERODHEERSHMMA—EHL
THD, MEERTHIREHRNMERE(CMSHDOFEES I TV SAEEMRTL (8t - i, 2016) . —
7, BERELLKEBAZ) I IEBEOKESEAVCESREUAIETIE, 0.60. MMaLIE(CFEILIZE LW SBRAESN
TULS (48ih, 2015) , 2 TSE, BEILKEBAZ)IERBEDWI0knESICMUEBEIT SR YR IREEICHITD
REMEN SRR U2 N D I E AUV TESRERAIEE ML 1z,

WIBDESREMAIET(E, ERIICIZESR FE (Te) (IEBORFEEIER (Ta) OLREESXZNDT, Ta
TeE VWSBREAAW DD ($@ith, 2015) . RYRIREETIE, PHPHIEORBRRTEEENAYOF 1~
{ELTUVBR, REHGROMBEAVICIEROADKEFERCLIDEBOREL D INERINTUL D, XIREIFZ
WTIE, BEBADINSIXISA RMEHENTED, BEBHDIGHRISEFACERSI N EHESIN
Do AXDBIAF, RATIREICELDEB/BVEETRZENICERETETDIEEXSNS (HH, 2001) O

T, RYRIREE (BEMN1,395m) EIOHEEREA3C/100m, FYIEREREE2-3m/yERETDE, BB
AOIHRDIRAT 5 1 ~OEBFRISHT70-250 5 FLUEE REESN, RV R IIREBIET(IEMICICREHREM
SEELZABEE B VWC ERYIBAL Tz, —7, BE8ADIPORENSEE TN BDAIRLOBHIEES
(9=2.0187) =FIAL CESRELRIEEITOIEIER, 0.5540.12Ma CGREBRERIEI.2%) EVWSERENSSN
2o #€2T, RYRIREEEIORKREHRORIEEFHAL, 0.55:0. 12MalIFEHEEI NS,

5|k
fBHIRERR, 2015, ESREMRIEEICL S KEEEMETE. AXIKZRERFES0ISFEFXSHERES,
SGL39-01.

EHUEERR - 4th, 2016, EE77)L T RROBDMIEOEME S & HEESEL . LA SRS ABRSMCE, 2
17#, p.219-226.
SRS AEE, 2001, K5+ ZEHER, HSOWE32, 293pp.

F—O—R 1 @E7ILVTR. RE)|-EEBER. ESREAURAIE. BFIXEVHIS, MiBE. XXT51H
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Observation of zircon by atomic force microscope for establishing Alpha Recoil Track
method
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FILI 7 )AL ESy O (AR (EPURZDIRZE (PUR™'ThE) HlossiEs 9 3RRICE U BEET RIL
F—(CkD. BoERFENZORBTHETEIBENC && LS, ARTEFARTENKREICLHTEC &R
L. ARTEDSY - RUDLEBEERET S E CEREEEH T3 HETH D, JILIVICHTBARTET
EUSY - FUDLEBEICIDELEDIN. SHLEHENSHEAEINOERUNENTREICL S, ARTIZFTLDE
EBNS VT ENSHPBEHE COBRNARETH >, ) 4 —F—DE VD REEE 15 DR TR D EEM
BAFMZERHU D C & TEENTREE LDz, FBEDFR(2014) 785 NI/ (2015) TIEFIILAVICH VW TFTE
(FBASMCELEBARTS LE RS v OBRERST NIZ, MRIH(2015) TIEEERICAFME B THEAIBESH8000E D
JL Y (HKS8) DARTEDEHAIE 1T > Tz,

LA-ICP-MSIC THKSO8D™HSY - RUDLEBEEAELREC S, B—RFARTHS VERE150~270ppn. ~J™
LEES6.5~210ppm& (S DE MR TE /2o ARTHOEHAET O IZEC B EREREFENDISY - FUDLEE
ZRALUTCTERNEZSAELRECB1H4000FEEED . HIFHEXI D HVEDEBEWEREE LT,

BIDERHI BV CTERBDBERNESNIDOHERRBZIAL,, FRRICBEAFNRROIIL DY OERE. HIE
Ef1olc. BIEAM(1992)(C KD EARGHRHI2T52000~255000FENERBEFHF D, BREDERART~S Vv IORBE(L
0.001M8/2 1\ 50.116{8/2 £ (E5 DU e BIOIIIAVTISY - RUDLEBEEAELZECS. ZNEN
130~270ppm.  60~160ppmE 7LD, ENETICHE UZERTEFINZIERLDEVMEERT EVSBRE
Holze COEREAE LTARTY 7 IMhE < ERRHETI TEVTREM. £ U< SARTOREEEE(CRIENRSH D
AEDARTEENESNTOELWNC ERENREZSND, SSCHEROERBORET vF VI EL TEHE
BRI 3 EOMDARNBREREEL CTARTEDEIIAEBFTOERZ0,

{REEFEKER(2014), Improvement and development of dating methods using radiation damage for
reconstructing Quaternary volcanic history, Di, ERXZFE

INRBAS, RASMEF, WK &, FEEEABRR(2015), Observation of alpha recoil track in zircons by
atomic force microscope; An attempt, Zrwv>3> - - kSwIOZ31—XL 55—, 28, 13-15

HTEF, #$iHEX(1992), XMLXR7 S A[BARIISEZDFEID], BRAXZHRKE

F—O—R:7IIFVUIATILES YD IOV, RFEDEHE
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