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FCELATHBD YL YD SHRIMP, LA-ICPMSIC & % U-PhEMR & AP, ERHEO K-Ar 48, vay, 73% A
DT 4 way Ty ZERERDHIERED S HEE L 236509 2 FIEIGBERZOEANTILEE LTI L TE
. VD LZEZEENII)IVaVE, K-Ar RERHNE TIREZIREG LRV, L UATAILEES 75 KU
K OALPEHEIN 77 1 R Z U DO E F R RE O )L 3 IR O FAZERFE OFYIR IR A E YN A NS, A OF
1RV Y DRNAZRDRIAEIC X % “RNEERLZZ T TV B ARENE 2 RTEDOTH Y, EFROVILay vz &
EZ DR 2T TWIRN EIFR 5750, U-PhRICEEANTEVERICH LT X D ifUds K-Ar R7z2fi> TZ D85 C
Lo aryhoaaYOREERZNS ETEETHS. EREEINEIC X > TEEFZ X DR L <HETT 5 HN
THRIFI)L A NH LT AP Ar D S Nz,

PR TR D )L O > 7z ERBEINER L 4OAr iR Z e L7z & T A% < Ok 1 Tld 500-1000C D E R Tld H
F O E N 0AY, 1000-1100C ik % 727573 9 > T 1077 ccSTPIge W5 AV 7 L& E kWi & LTt
MZED YA B ENZ T N5t ZTTENSDI VA VKT T TIES U YAAr i@ ZRTfT-7. £
B OAr (~1019ccSTP DI, BRI 400 A4 72575 LDV ayns 0 32Ar 1 107 183ccSTPEELIR T
Holz. BACARETH 2 - DREOMMENFEEL -1, 575 R)ILOY)barh5id 1000-1400C D 3°Ar 75 7
23 VTERD 70%x i A T 43.9 +3.4EE L WV S FEDIIE S Nz, BIRERITIE T D PAr )L 3 > O YA s
B LR RNFERIC K > TH S NIDARI 7 )V I > Tl e R 5 T LidHskEwy. Uh UEE 7))V 3> iR
WK F3a < B < TR —H O SR TH > T, [[—0@fE 7 )L I U 4AERZER LI K W, FEROENMEE O Bk +
MEHEENIZC &, £/21000C L EE WIS EIRD TS 7Y 3 VTHERENS T Ed TS OFEAMERN T L, B
R SR ENTERC L ZRET 5. iDL a v DR L L TRETT 5.

F—U—R: BERI)Va, Oar3Ar age
Keywords: Haedean zircof Ar/3°Ar age

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

SGC51-02 21 A04 FFR9:5 H 24 H 15:30-15:45

R« T 2 —)V XA 2 TT Y FHBICER S 2 LA R RGE L i D D ORI ZE

DRt
Two regional metamorphic belts in assemblages of subduction-related orogens in Wale:
England, U.K.
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Cryogenian-Devonian orogenic belt in the British Isles consists of accretionary complex, arc-related volcano-plutonic belt with
regional metamorphic belt that have formed in relation to an oceanic-plate subduction in the lapetus Ocean. This subductior
related orogeny plays an important role in understanding of the geotectonic history of the pre- Ordovician orogenic belt in
Wales-England.

Wales-England consists of ca. 677-450 Ma calc-alkaline volcano-plutonic complexes and ca. 608-539 Ma accretionary com
plexes, suggesting that the subduction-related orogeny continued for ca. 200 My. Four metamorphic units related to this oroger
exist in northwest Wales. However, their metamorphic ages, except for one unit, have not been constrained yet. Therefore, w
performed U-Pb dating on detrital zircon in psammitic schists and K-Ar dating on phengite in pelitic/mafic schists from the four
metamorphic units in order to constrain their sedimentary and metamorphic ages, respectively.

The K-Ar analysis was carried out at Okayama University of Science, and the U-Pb ratio was determined with LA-ICP-MS at
the Kyoto University. Three metamorphic units give K-Ar ages of 578-545 Ma, which overlaps the Ar-Ar age of 560-550 Ma re-
ported by a previous work. During this metamorphic event, accretionary complex and calc-alkaline volcano-plutonic complexes
also had been formed. On the other hands, one metamorphic unit, called as New Harbour Group, exhibits a younger K-Ar ag
of 474+9 Ma. The youngest U-Pb age of detrital zircons from the New Harbour Group isE2Ma. These ages suggest that
the New Harbour Group formed in the regional metamorphic event different from that of the above three units. Calc-alkaline
igneous rocks of ca. 480-450 Ma exist in Wales-England, which coincide with the second metamorphic event. Therefore, we
conclude that at least two regional metamorphic events occurred in the geotectonic history of Wales-England.

Keywords: British Isles, Subduction-related orogeny, Regional metamorphic belt, K-Ar phengite ages
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Ar/Ar Geochronological analysis of Paka volcano, northern Kenya Rift
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B =7V 7 M, KBEHGERICE T 25 W0AIEDN DT 7 b=y 7 REHORLEE K TH B, LHrLiEH
5, RixZWROEET, BET 2 KOIRKBICOWTORS NIZERERNS, V7 MRNICBT 2 Z0D K5 RiGH)
ICDWTIEREICFHIES 5 C N TH 5, Slal, LBy =7V 7 McfiEL, E&HVT IEIRKLTH %75kl
KT B IAETRD 30D OAr3 Ar FEAIERS R 22D THE T %,

J3AkE ) 7 R DEHED 5 Ed 650mDILIATH b, trachyte, mugearite, basdits 75 2 A S N T 280knt A
HbN TS (Dunkley et al., 1993) Dunkley et al. (1993)%, 4 ikl VA Ar FERHEED 5, Dix< &% 0.4 Ma, 0.2
Ma, 10 kall KILTEEID B > Tz & LT W%, Fifffs UKD OHIE & ZhUc k5> U 7 MiRATNCIA © WiE R ORI,
ISAKINE BT B KILMENDT 7 S =y ZIRIEEI, U7 FNT, FHCRBFEROFWERTOEFEFRICEEL T3
AMREMEZ R L TV B, TOX D RO EWEREMIFIZMS C L&, L=V 7 FO#ihs 77 b=
7 RO XKIPEDTEB O IEMERFHI D7z DI E DO TEHETH 5,

Slal, WY R LRETD OABAr SERPFED T=DIC, TEETN D I 325:AR RN E Nz, BARIOFEEIX Dunkley
etal. (1993DHIE X & /S KILUN U IO AEEHEZ BB L, SEERIBIFONz, FEAh b AREZREL
FRILEE L 721%, 4 L d 2 K% TRIGA JF 740 CLICIT fitiak T 4 Rfsdirb A8 U 7zadklz, Ry & LT A0Ar 9 Ar
FRUEZIT Tz COy L—Y—ZHWIEFEIMBADIRZFRAXRT NS LETAY 7y bHaiciaiL, e
W EDGETHREDRBWVERMMAE SN, HD Dunkley DEMRfEE E K —K LTz,

A F AERZRUT 23RZBRO T b —2)L T 30HDERMES NIz, N5 IEZE 0.6 MaD X LTEEID X,
ORI 3 ; (1) 0428705 0.372 Ma, (I1) 016005 0.126 Ma,Z LT (I11) 0.039 25 0.012 Maic B CIEEINZ -
el &R Uiz (Fig. 1) CO3RHZEICL, 2TOEAZDED IR LT 5 (1) 0.6AH'5 0.35 Ma, (2) 0.350
5 0.1Ma,Z LT (3)0.175 0 Ma, ZHUcHE-> TRt & KILTEBIDOZE M523 \7z. &41IC Dunkley et al
W DOMD basalth’ trachyted %\ & mugeariteTdh % Z LWV o iz, ETE@RICEEFZETZ L THAhH o7, (1)
DI trachytel mugeariteD A PEHIO Y 7 b & ILADILERMANCEH Lic—77, N5 KD E W trachyteld (L
AT N-SA I > THEIN Uz, IEmHPIciE S N2 < OERTER, (1) ORICE N5 ILADOILH Ot
BEROPICDH R BNz, MmO Nb/zr i3, 3 RHADOR THICHZ 2 R Z2R L, <7< OFRAES)H
fIHICIRAICZE L LT b 2m Uiz, SRORL OERGFENRT—21E, 74—V RCBI2WEROBIREFLE
X<LAY, TSIy =7 7 FNOREOFEE T IV OREICHIRT 5 C LR E NS,

Reference: Dunkley P. M., M. Smith, D. J. Allen and W. G. Darling (1993): International Series, Research Report SC/93/1,
185pp, British Geological Survey
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4OAr/*Ar age distribution of all Paka samples
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Fig 1. Distribution of *°Ar/>?Ar ages of Paka samples and three inferred
periods of pronounced volcanic avtivity.
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Quantifying seawater assimilation across a single MORB pillow
Quantifying seawater assimilation across a single MORB pillow
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Halogens and noble gases are critical tracers of volatile interaction between geological reservoirs. The incompatibility of the
heavy halogens (Cl, Br, 1) coupled with their unique elemental composition and concentrations within surface reservoirs make
them suitable tracers of volatiles recycled back into the mantle [1]. However, as the halogens are concentrated within seawat
and other marine reservoirs it is possible that they are also incorporated within submarine basalts during eruption, causing tr
original mantle volatile signature of the basalt to be overprinted [2].

This study combines halogen (CI, Br and I), noble gas, K ap@ Honcentrations within a single pillow basalt to quantify the
amount of seawater assimilation during eruption, and to further elucidate the mechanisms of assimilation. In order to determin
the scale and heterogeneity of seawater contamination within the pillow, multiple sections taken at 2.5mm intervals were analyse
along a transect from the glass rind to the crystalline interior.

The two outer sections of the glass rim show enrichment in the halogens compared to the deeper glass and crystalline section
the pillow, which have distinctly MORB-like I/Cl and Br/Cl ratios. Lower K/Cl and Br/Cl ratios measured within the outermost
sections (#1 and #2) indicate the glass has incorporated a Cl rich seawater componeniOiCla&tios within sections #1 and
#2 show that the assimilant is a high salinity brine produced by hydrothermal boiling and phase separation of seawater caused |
the eruption of the basalt.

The extent of brine assimilation within the glass ranges between 8% in section>#808 in section #2 indicating brine
assimilation within basaltic glasses is considerably heterogeneous. The high level of brine contamination within the glass a
calculated from the halogens is in contrast with the noble gases within the glass, which still retain their magmatic signatures
This suggests that the halogen and noble gases within submarine basalts may be decoupled, with loss of atmospheric noble ga
from the assimilant during hydrothermal boiling.

The crystalline interior shows an increase in the Xe and | concentration relative to the glass rif?2Xé@°Ar ratio and
elevated iodine concentrations when compared to the rest of the pillow indicate the pillow contains a sedimentary componer
within its interior, most likely due to incorporation of fine sediments during eruption.

Combined halogen, noble gas, K ang®data presented here for a single pillow basalt demonstrates that contamination from
the marine environment can be variable and extensive. This combined analytical approach demonstrates the need for care
characterization of samples to ensure only samples free from contamination are chosen for analysis of mantle volatiles.

[1] Sumino et al (2010) EPSL, 294, 163 - 172 [2] Kumagai and Kaneoka (1998) Geophys. Res. Lett. 25(20), 3891 - 3894

F—77— F: Halogen, Noble gas, Seawater contamination, MORB
Keywords: Halogen, Noble gas, Seawater contamination, MORB
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Halogen analysis of mantle xenoliths by extending Ar-Ar and I-Xe dating methods
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Ar-Ar BE T I-Xe FAGIIEEZIGCHT 2 2 LIc kD ME N NOT VOERMNATREL 55, FHFFRICBWTRERHC
RIS A L. N (Cl Br, 1) R K, Ca Ba. UbDSHKED Ar, Kr, XeRNADERT 5, T EmEK
ERAAERANZ AN TERT ST KD, FElOEBOBCEZFRICERT ST EMNAHETH S [1], 72 LA
T AFINANOZEEHRIE . AHRD RER OREAEER 2 [ kR I rh e TS, 754 RERA DT U TIRET %, TOTHEICK
ZNa7 Y OMIEBRAE ClL Br, 1IZDWTZENZFN 10710~ 1071, 1072 - 1074, 107 - 10 mol TH D, Hh
BEZIC BV CEFHAVENS X 5 B TiEK D & EBHTEW,

AT VEFERE AEGTRTH D KICHSERT 2MEZE D, HEKICBWTIEEREICERBE THFEL, ¥
Y RVNTOBEEIZEY, iz, ZFUPF—N=IZBVTAKELL BRZ0EZMRERT, 2OXI BENME, ar v
<Y PN ETRFHFALIKDER G L—Y— L7535 2 EWHRFENTWVS, 7z, /"Nu%7 Vi LIL (large-ion lithophile)
TEEDINEICKEZELHG L TWVA T L ERBEINTN D, B 7 ICFENICZ < ZENS LIL tEIE, ATT7Hh5
BB ENZKAARE LI Y VT 2y VIR ENTVE EEZENT VWS, N\aT UAKRIARICEET ST &
T. LIL jtEIFRAKT 105258 < AKIRIRICHEE T 2 T EMFEBRINTRE ENTVS 2l TOXIIN\BT VIFATT
MEY PN ENBFIKICB W TREEELTTED 1D THH. ¥V MUiESICEETNSHEKkaEI~ Y+
PG ENTZRAD R OEMR R E KSIREL TV RS NS, LA L, 2 Mooy ViR, i
BREZIC BV CHFEHWO NS FETOERIINHETH S, 20710, 2 MUVIES O N BT 2 W61 AR
DT,

AL TIE. Ar-Ar BRU |I-Xe FAGEEZ IS LTe FEZHWT, 7 V7 HEDOE ARG (I LF- v v, T+
JEY, HILHA) RI—a v/ (T A7 o)), A7 AV A (e X, FIVR—2k—)b) TEH LYY MIVE
BICEFENZNNOT VRSN Uz, sl S/ A A 2T 2R, GO Z Y C Y9 % 2 LI K D ke GY)
DN U . INBARIT 5 C i K DR ko o Uk F N E NS T,

Koy hTEHLUES Y MUVESICEENS. HO ICETHIRUAEYIO NN VHEAIEE W IICH B & LEERT
—E7% Br/Cl tbZz R U, iIEHEREY I O RIBRKIC K ST/ TH 5 (3] ik G YOI LR Cl
BH, ClZZ L GUHMAET BT EERRLTVSD, RO BIBRKDORONEFENHALNS, BKEZ AT T K
=N TR LI AL ABICE RIS TWT, BIBUKICHERT 2 \0 7 VU, IRATHEET L— o
AT HE D EKIEINCH D AN ¥ FIVANIEPAALT NS T EDRBENTNS [4], NA7 VEEIIEOD, FREx
HERDEIMH O > BV — A DNz, T—rwSe b7 X A TREH LIS > RIVEFESD 1/CI, BriCl Lt
&, MORB DOfk7Z & Es X 5 L@ OB R Z /R LTz,

hAARH THLNTNTT KIS, ThAAATSHIRHEREY HH ORIBRKEER O N7 > [4] Akl 7 e > FE T O
XY MVICBOWTEENTH AR EEZRLTWNWS, i, ZOHEINI VRN 5 EEIME TRATVS T EHRE
ENnb, TL—FRXLUDEEIC X > THIRICE 7256 ENET—a v R edbt7 XV o< v IV SEICH B Nz IICI,
Br/Cl LEOAHEARIfRIZ. MORB '~ > MVINZRHHED 5 D RNCEEINT % £ X b, T b ORI O KEE M~ > Ml
Booay VR EFERGET TSR 2 AR YT ¢ AL EZAHEEZRL TV,

[1] Turner (1965) JGR 70, 5433. [2] Kawamoto et al. (2014) EPS 66, 1. [3] Kobayashi et al. (2014) JpGU Meeting 2014,
SCG62-04. [4] Sumino et al. (2010) EPSL 294, 163.
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Across-arc variation in noble gas and halogen compositions of volcanic rocks from the
Izu-Ogasawara subduction zone
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Recently, subducted halogens and noble gases with seawater and sedimentary pore-fluid signatures were discovered in
humed mantle wedge peridotites and eclogites from the Sanbagawa-metamorphic belt, southwest Japan [1,2]. These findin
along with seawater-derived heavy noble gases (Ar, Kr, and Xe) in the convecting mantle [3] provide observations that allow us
to investigate the processes that control the return of volatile and highly incompatible elements into the mantle. Serpentinize
lithosphere of subducting oceanic plates can transport noble gases and halogens acquired from pore water in the overlying se
ment [1,2,4]. To verify whether and how such subduction fluids modify the composition of the mantle beneath subduction zones
we determined the noble gas and halogen compositions of olivines in arc lavas of the northern Izu-Ogasawara subduction zor
and IODP sediments and basalts recovered from the northwestern margin of the Pacific plate. Trace amounts of halogens (Cl, E
and I) in the olivine samples were measured by a combination of neutron irradiation and noble gas mass spectrometry [5].

The3He/*He ratios of samples from the volcanic front (Izu-Oshima, Miyakejima, Mikurajima, Hachijojima, and Aogashima)
and rear-arc (Niijima, Higashi-lzu monogenetic volcanoes, Nanzaki, and en-echelon seamount chains) regions are in the range
the mid-ocean ridge basalt (MORB) value, without systematic differences among the regions. This indicates a considerably lov
contribution to the mantle wedge beneath the arc of radiogefedn the subduction fluids observed in the Sanbagawa samples
exhumed from a depth ranging from 30 to 100 km [1,2].

In contrast, the'®Ar/36Ar ratios for each volcano (299-620) are significantly lower than the MORB source (up to 32,000
[3]), indicating significant involvement of atmospheric APAr/36Ar = 296) in the magmas. Systematically higHeAr/36Ar
ratios in the rear arc than in the volcanic front, and a comparison with those of subducting materials, suggest that subductio
of seawater-derived Ar significantly affects the noble gas composition of the magma-generation region. A simple mass balanc
calculation of subducted and mantle-derived Ar isotopes reveals that higher subduction flux than that of seawater-derived A
in the pore fluids in the subducting sediment/crust is required. The serpentinized lithosphere in the subducting slab is the be
possible carrier of seawater-derived Ar with high subduction flux.

Although the halogen compositions of most of the olivines are close to that of MORB-source mantle, some samples from
the en-echelon seamount chains show a significant contribution from pore-fluid-derived halogens. Combined with the noble
gas results, halogen-poor fluid associated with atmospheric noble gases may be dominantly released from the subducting sl
beneath the Izu-Ogasawara arc, while halogen-rich fluid significantly contributes to the magma generation region beneath son
volcanoes in the rear arc.

It remains unclear whether noble gases and halogens in the subducting materials are completely released beneath the rear:
However, the presence of seawater-like noble gases in the convecting mantle [3] implies that a small portion of seawater-dissolve
atmospheric noble gases, carried in the serpentine, might be transported to greater depths in the deeper mantle.

[1] Sumino et al. (2010) Earth Planet. Sci. Lett. 294, 163-172. [2] Sumino et al. (2011) Mineral. Mag. 75, 1963. [3] Holland

& Ballentine (2006) Nature 441, 186-191. [4] Kendrick et al. (2011) Nature Geosci. 4, 807-812. [5] Turner (1965) J. Geophys.
Res. 70, 5433-5445.

F=T =R WMAR, N\OT Y, hFRAB, PrE/ TGN, RBRK
Keywords: Noble gas, Halogen, Subduction zone, Izu-Ogasawara arc, Pore fluid
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New analytical methods and a system for noble-gas measurements of extraterrestrial m

terials
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Noble gas isotopes in extraterrestrial materials, meteorites, cosmic dust (micrometeorites), and spacecraft-return samples, «
one of the most useful tools of cosmochemistry. Radiogenic (€A4t, 12?Xe, and'36Xe) and cosmogeni¢{Ne, 8'Kr, 33K,
and!'?®Xe) isotopes are used for dating when gases have begun to be accumulated in the relevant minerals or phases. Primord
or trapped (neither radiogenic nor cosmogenic) isotopes are informative to infer the origin of the materials. Conditions of physi-
cal processes, such as evaporation and condensation, will be discussed based on elemental/isotopic fractionation effects.

The mass spectrometry system at Kyushu Univ. consists of a conventional mass spectrometer (MS) and a resonance ionizati
MS, called RING (Resonance lonization Noble Gas mass spectrometer). The conventional MS is mainly used to measure lig
noble gases (He, Ne, and Ar) in micro- or submicro-gram samples enriched in solar-wind noble gases, such as mineral sep
rates from regolith breccia meteorites, Antarctic micrometeorites [1], lunar soils, and the Itokawa dust particles returned by the
Hayabusa spacecraft [2]. Extraction of noble gases is performed using infrared radiation lumps for’60ag@0a resistant
furnace (called Pot-pie furnace) for 200-2000 In addition, the MS system is equipped with a Nd:YAG laser that produces
energy of 200 mJ/pulse (with a 10 nsec width) at 1064 nm and a spotasitlum in diameter. In the ablation of samples, plasma
lights are emitted due to the high energy density of the laser pulse, and have wavelengths depending on the chemical compositi
of the fused area. The plasma emission spectra are measured using a LIBS (Laser-induced Breakdown Spectroscopy, e.g., |
system prepared for the laser extraction system. Combination of the conventional MS and LIBS enables to determine K-Al
radiometric ages for the specific areas (e.g., shock-melt veins or feldspathic phases) of polished sections. Experimental analys
using terrestrial rocks containing K-rich phases (e.g., K-feldspar) and equilibrated ordinary chondrite samples are now on going

The RING mass spectrometer is designed to measure extremely small amounts of Kr afitDBe@afoms), as modeled after
RELAX (Refrigerator Enhanced Laser Analyzer for Xenon) developed by the Manchester group (e.g., [4] and [5]). In our system,
a dye laser equipped generates 3.5 mJ/puls€a6 and~256 nm of wavelengths that ionize resonantly Kr and Xe, respectively.

At this moment, we have got mass spectrum of Xe isotopes but not those of Kr yet.

In addition to the improvements and developments of instruments for noble-gas mass spectrometry, sample preparation met
ods have also been developed for combinational (multidiscipline) analyses for individual samples with micro- and submicro-gran
masses. For example, we have performed TEM and noble gas analyses for individual micrometeorites [1] and the Itokawa du:
particles [2].

References: [1] Okazaki et al. (2015) submitted to Earth Planet. Space. [2] Noguchi et al. (2015) this issue. [3] Loree anc
Radziemsky (1981) Plasma Chem. Plasma Process. 1, 271-279. [4] Gilmour et al. (1994) Rev. Sci. Instrum. 65, 617-625. [5
Strashnov et al. (2011) J. Anal. At. Spectrom. 26, 1763-1772.
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Relationships between morphological features and isotopic signatures of noble gases
four Itokawa particles
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Introduction: Fine-grained particles of the asteroid Itokawa preserve the effects related to the processes on and near th
surface of an asteroid. Various types of surface modification were found on the very surféer(m) [1-6]. The modification
textures suggest that irradiation by solar wind (SW) plays an important role for their formation. Number density of solar flare
tracks in them ranges from a few 10° to a few x 10'° tracks/cmi [2, 5], which are considerably lower than expected. These
data suggest the mechanisms and periods of the surface modification of Itokawa grains are still unresolved. In addition to th
SW irradiation, there seems to have been another mechanism that modified the morphology and surface features of the grait
Matsumoto et al. [3] found some Itokawa grains were aggregates composed of subgrains with stepped surfaces, which sugge
evaporation and/or condensation. Noble gas mass spectrometry is another tool to infer the individual history of each Itokaw:
grain. Nagao et al. [7] argued that a grain experienced multiple processes: exposure to SW, burial in the regolith layer, an
removal of its external surface. We intend to investigate the relationships among morphology, surface modifications, and nobl
gas isotopic signatures to discuss the history of each Itokawa particle from various perspectives.

Samples and methods:We fixed four Itokawa particles on tantalum plates by acetone-soluble glue. We observed the surface
of the particles and prepared thin foils by FIB-SEM at Ibaraki University. After preparation of FIB foils, all the Ta plates with
samples rinsed by acetone in a flled glove box. They were transferred to Kyushu University and noble gas mass spectrometry
was performed for all the noble gas elements using a modified VG-5400. Noble gas extraction from each sample was conducte
stepwise at 50, 100, 200, 300, 600 and 1400

Results and discussion: SEM observation of the four Itokawa grains investigated shows various morphology and surface
features. Edges observed on the surfaces of three grains vary from sharp to dull. Additionally, one grain is composed of twz
subgrains with stepped surfaces. Morphology and surface features are related to the He release patterns. The three particles h
similar “‘He release patterns; they release més below 200°C fractions and a small amount &fle above 600C. Although
the gas-release profiles are similar to each other, there is a difference in the bulk concentratitesonfe of the three grain
having dull edges contain more abundide than the others having sharp edges. Because’bigkHe ratios in the three grains
are 2.5 to 6.5< 10~4, which is comparable with that in the solar wind of 4.8710~* [8], it is likely that the implanted He in
the grains increased as the surfaces were degraded by solar wind sputtering. On the other hand, the grain composed of subgre
with stepped surfaces shows a differéHe release patterriHe was released only below 260. This fact suggests that deeply
implanted He, which is probably related to He released above’®0®as completely reset by severe heating. The steps on
the surfaces of this grain may have been formed by evaporation and/or evaporation and subsequent recondensation by a heat
event, which released He from the interior of the grain. These results strongly suggest that micrometer-size surface features a
related to the amounts and the release patterns of the implanted He.

Referencesf1] Noguchi et al. (2011) Science 333, 1121-1125. [2] Noguchi et al. (2014) Meteorit. Planet. Sci. 49, 188-214.
[3] Matsumoto et al. (2013) 44th Lunar Planet. Sci. Conf. abstr. #1441. [4] Thompson et al. (2014) Earth Planet. Space 66
89-99. [5] Keller and Berger (2014) Earth Planet. Space 66, 71-78. [6] Noguchi et al. (2014) Earth Planet. Space 66, 124-134
[7] Nagao et al. (2011) Science 333, 1128-1131. [8] Heber et al. (2009) Geochim. Cosmochim. Acta 73, 7414-7432.
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