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Helium and halogen compositions in MORB vesicles
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N7 BRI B OB ZARERIZ X K b > TV, B iR DONTT v OHEZFIRT % 7=
HIZ MORB DXUAICEENZENY T L« 0T VA ZRE Uz, RO 8 Al GRS D 130N-170S;KP4
FEH IR IERAD 150N-370N;H A > RYFERED 24-2508 THRENE N7zadRlZ NaOH F 7213 NH3 /8l HICRA L. ik
R OE TYARZ Bifs X B 7IRE TR L T&Uah o EmE 2 it Ulze 2 L TAY U LORINAH A Z F 7T A
HERHEF VG-5400TC, 7 v - HREROTHEEZAA 70X N7 57 4 —ICS2100CHIE LTz, T HICHT A5
DT w3 - WRBEZ KA EEDHEF NanoSIMSTHIE U 7z,

Ao 3He JEREIX (4.5+ 2.1) X 107° mol/g, FPHe [t & CIPHe Ltid (1.4+ 0.5) X 10%, (2.9+ 0.6) X 10" &fH5H
Teo ZLTINHEDLLERBIHID 3He & 530 mollyh 5. 7w - lEOMIEE LT (7.1 2.8) X 10° molly, (1.5+
0.4) X 10'°° molly 55Nz, TNHIREBHEISOMHBED FEEE L TEAIALNS, B¥ELIETVvE - BEOHS
A EARRBAIATNEARICN L TZNZN 70001504 F, 100650 ETH b #rEtiih o Z N5 O rEo—ahvErET
NERTHTZI THHEDKEL EN>TLESI NS TH B, Kidh e AT AHhD FICI LD #EIE 7 v 3 - RO
—H T AN B B0EROENZ KL TED, TNHOILEOUHEICE I B AR KETEVLH B &
FEABbN%, £72MORBICH UL THAAE (M2 U TR ONO T Y 2T ANE L, ZN5 DO/
ADFNHESHZ1TS T & TrDONa 7 VR ZTET 2F1E) 2175 7%t [1] OFEERM 5. X3arho Br/Cl kb & 1/CI
LBiE (1.84+0.1) X 1073, (5.4£ 0.1) X 107° LEIHE I Nz, TS DMEIFZFEIZE THE SN TV SERA T AhDit#k
DFEHEIZIFFECTHD, O LRBEOLXREER I RICB T 5HHE - BRE - IUEOKIE—H T XD HR
BIMUTWBE T L ZRLTWS, BriClLL, IICI LEB X UAWNE CEONIEROMINREZRIC, BE - VRO
5OfittEIE (2.7 £ 0.8) X 10" molly, (8.3+ 2.4) X 10° molly LFHHE I NIz, TN 5 He DFUHEIIH U TRIZIIC
BT 2 C L THELNIADTORSE - AVEDIFRICB I ZMEEOHEMTH ., HELFACHME T FRETSH
HEEZBEND, AWFEOTIE LT H AL BHAGDR TR Z 0T % 2 & T, HNa T Y eEORFE KRR
D DR ARER, « WEIBBRIC DWW TCHTERBENMESLNBE A5,

£E R [1] Kendrick et al. (2012) GCA 81, 82-93.

F—U— R bR RIlE, N U L,oNa Ty, i, YA
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Magmatic process of Cretacious plutonic complex in lkoma mountains, SW Japan
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BN AN SRR, KO & R RIROREEINE T 5 BB L 049 % iR DER AR T, AFICB S RA
HROESEEATH S, EEIZANOEREICIE, BN 2 EIEH 5 JEPIC 09 % WP RIS & iRIRIIC & 7
BAfRAGRD 5N D (B HIESERH IS 7 L—, 198675 E). T Dz, KFECld NS ZERIZANWESSK L
LT, SO, Ao, SR Z21T0, 2077 A DN TERE L.

EENIANNEGERIEOEIZ, (1) BEAF2—LLA b (Plcumulate) (2) E@BAARIEAF 2 —LLA
L (Hbl-Pl cumulate, (3) E@MARIGIZANN ./ —F 4k (Hbl gabbronorite O 3 21 1253 51 %. Plcumulatgd
KT, BHEAZERIE LTEH, TN5OKBIIIREADOMICAKGPEAZEN R S5N%. Hbl-Pl cumulated i
K CHEENSYBEOREAB I UMAOEERIY &S 5. £, Hbl gabbronoritéZ i 5 Hki ¢, Hbl-Pl cumulate
S ERINCELT 5.

AR ANWES RIS 5 A LRI, SIo, BH & 44-63wt. YD HEIPH Z/Rrd. LA L, SIO, BH =R
50wt %25 & LT, SiOp<50wt.%Wc BT, D EEB X UMERDICHT 2 SO, ZHREDZ(EADV/NE WV,
SiOy>50Wt.%Tld, SiO, A RITHMT & HICTKE AT %, Pl cumulateds & T Hbl-Pl cumulateld F21C SiO, <
50wt. %D TEIIC & F 1, Hbl gabbronoritdd 321 SiO, >50wt. D FEIKIC & E N 5.

Plcumulated Z E£ N2 BIEMHEO BORHENAIE, Ang_ss HIICHKE— 7285, COREAOHKIE, et
ARSI B Pl cumulated t L ROERRICIEFIE—KT 5. £z, REAOT— FHEKEEEHKRICET % CaOF
HRICMHEPR NS T EnD, 2O MDD, PlcumulateDik b L RIEKICBW TIRBHEADERBRIC K S
FENRBEND. TTIIVEIEZITo 28R, SIO, A =i 50wt YDfHRZ HRYIE & LT, WA 70 %REEOREA
DEFCE > TEEHK N L Y FOFHENEETH 5 Z EHHLENICE 572, Pl cumulatdd AR T H 25 D @ WG RT
WKL TED, 2EHEKRICBITS CaOFARLIEGSICHWVERN LS EOMBERR SN 5, ITIIEXEHICE
FAREADERGIZ KM L TS EEZBNS. —J5T, Hbl-Pl cumulate’s & U Hbl gabbronoritdc & £ N2 RHEA
&, NAE—FIVsHEKZRL, TOHIE Ang_rs (BEICERRKDE—7 7%, Z LT Angs_go HEIC/NE R E— 7 Z2FED.
cDTeh B, ERZANOEESEERICE T Z2READRBICIZDEL L 2DDEMMNH -k, LT, AnIKE
OREANER LTz Pl cumulateDIERLIC Hbl-Pl cumulates X OF Hbl gabbronoriteMERR X Nz LA RBE NS, L
L, Hbl-Plcumulatdc DWW Tid, ARG EREADERIEHOATRE/MK ML Y F2HEBIT5 2 LIdWHTHD, £
DFEBGAFIC DOV TIZHE R B Mt DB TH 5.

82Mall B B AENI ANWESHEERD SrRINARIEEE SIO, A EORICIE, SHWHBEMNRS5NS. coT e
NS, EEZANOCESSEROERRICEREY V< &, KDEEE T SrEMAYEMHOEWIE EDRENH -T2
EMRBEND. FENIANOCESEREDCE, RERICED LEREENM G LTED, NEOEERORE
ERERE, AEBNEANWESEIRD SiOy>50wt.%W BT 2 kL > FOEEEEMOEER FicfiEd 5. UL, £
TIVEMEDRER, N5 DOEARD SrEMAYIAEMEEE, BEOHEEERKT E LTEZRICXKKTELZ T ENbho k.
M- T, EFNFANNES SR, FRMROEREEEI D & &V SrRNAYEMEZ R OMRIE LIRE LTV eE X
5.

(iR BB LIBESRAFFE 7 )L — T (1986)HIERF}#, 40, 1022114,

F—U— FHEEK, YTV R, KRR
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\olatile compositions of apatite grains from pyroclastic flow deposits of Aso volcano
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AWZETI, AV AV T)I— 3 YOI KD A )V F DEKEDHEE X N TV BBk A AR 0 77 7%
A NEDHIL, 7INZA4 D OH&EE X)L FDEKE L DRI DWW THRET L -.

BRI, REPNIBICBOTEMEHOY Y MVAAF I 7 AR CICKEREEZRIEFL TN D, TDX S K&
ERDIKDRLIROMEIAD Tz b1 iE, WIHHIERNERO/KDEZHSMNICT T ENEETH 5. FIHHHERNERODI/KDEICD
WTHIZ TN D & LT, HEREHOIYITHEEA—A TV T « V¥ v 7 )VAEHSThOY )V IV HhaaT %8
IR T IRZA WD D, TI8Z A MEZOREHICHRMN R (F, Cl, OH) ZHiDizd, v v 7))V AD7I8%A
~ A EYD S AEARBRNERDKIC DWW T DIEIRAE L NS T LI NS, LI L, 783214 FD OHEMS ALk
DEIKBEHEET BB L 155 T I8Z A F-A )V RO OH DB DWW T OHERIIA T TH 5728, ThEiS
MMCT BT ERARHFEOEHNE T 5.

AWFZEDFK T H 2 Pl M LI FRHERNE, ~ T« v Zidkle ) vy 7R H 0, BEAHhD AV N1V 7 )b—
Ta VD AINIC LS TEKERZI T 4 v T AV E ST Uy T AV R THS EHEESNT WS, FillG R N5 78
2 A FZH O LT EPMA CTHOM UTaRER, 13RO 7 8% 14 F O CLHEEIZIZIF—ETH D/, FIEEICEIS->
fz. THUIF & OH EMRHEIRICH B T LR L TWVD. iz, T7/8% A FD OH & & X))V F D& /KR HHES %=
L7z,

COFKE LT, XIVEHOD CatF &(bEWZEDLD. TISZA FAD FOLEEGTIEnS T ehEZHNS
(Mathez and Webster, 2005)X )V + @ CailfEld~ 7 ¢ v 75k T 3.34wt% 2V 2w 7Rl T 1.44Wmt%CTH D, <
T4 7 AV DS CalBENEh o727z, FOTIRZA SADFEHEL PHEETN, RO DICOHMBTIRZ A FA
IhLENTATREMEN D 5.

F7z, AIVHEREHEE T H72DICHHT LIz AV A U 7)b—2 3 Y OEKER, EERIE AV MERZ KL T
Moz WS T EEZLNS. AV AV 7)IV— 3 YHICIREIENE SFEL, KGEHZValilg & a7k v e
WHOEMIDA NS, Thkbb, AIVEA V7)) —" 3 HhoKIE&GEELTIRITLE>TEHED, AV MEKED &5
kEZE HEE > TV A AHEEDD 5. £z, RIEADOHRIED X)L MEK, HENSFHREI N AL FDOEKEIZY
T 4w 7T A4L-T.TW% ) 2w VKT 4.1-5.7Wt%C, X7 0w 7 XAV DS EKENE > REL BN
T3 (Kaneko et al., 2007) &> T, FEBUEZT /3% A4 RO OH & & X)L FOE/KRIZIEOHBRGR TS 2 aJHEDH 5.

10RO FIERE & OHEEEICIED D 2 KIS DWW TIE, B AICHED F-OH O LRSS EEF OHEFFIC X %
A MHEEOZ L Z KL TNE EEZ B NS,

AWZEOFER L UT, PR L PEREERITH D7 7832 4 D OH & & X)L O EKEIEWHHEZ /R L, 158060
FIsE L OHIEEICIEN D B LS T ebh oz, 5% AV FDOEKEEHE LTe T — X OERENES®, X))V hHo Ca
RFDMDITENT )82 A F-A)U MO FMTCEDBIC G Z 258095 EZ2 Mt L T BN H 5.

F—T—F: TSR A b, K, EFEECR, IR, <7<
Keywords: apatite, water, volatile component, the early Earth, magma
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RIRZHERAAYEY R (VR F F) OF A I LFRIGAKRELHIITE DRl
Measuring osmium isotopic composition of natural polycrystalline diamond (carbonado)

and implications for its origin

'ElLl
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The origin of natural polycrystalline diamond, carbonado, has long been enigmatic. Carbonado is characterized as high poro:
ity, no genetic relations to kimberlites, light carbon isotope ratio, and lack of mantle-derived mineral inclusions. Based on these
observations, several hypotheses about the origin of carbonado have been proposed: transformation of subducted organic cart
into diamond in a cold slab (Robinson, 1978); shock metamorphism of organic carbon by meteorite impact (Smith and Dawson
1985); radiation-induced diamond formation by spontaneous fission of uranium in crustal environment €daima991);
formation in an interstellar environment (Gagtial., 2006); crystallization from C-O-H fluid in cratonic upper mantle (Ishibashi
et al,, 2012). However, no conclusive evidence has been provided to settle a controversy about the origin of carbonado. In thi
study, we first tried to measure Os isotopic composition of carbonados collected from placer deposits in the Central African
Republic in order to identify its origin.

Natural samples have a wide variety of Os isotopic rati®s/*#Os, depending on their origin becauséRe, the parent
nuclide of radiogenid®’Os, is a mildly incompatible element during mantle melting whereas Os is a strongly compatible ele-
ment. 1870s/880s ratio of upper continental crust ranges from 1.0 to 1.4 (Peucker-Ehrenbrink and Jahn, 2001), whereas tha
of primitive upper mantle is about 0.13 (Meised al., 1996). Os isotopic ratio of the micro diamond crystal itself can reflect
the environment where diamond grains crystallized. Carbonado is a porous aggregate of micrometer-size diamond crystals al
original chemical characteristics of the grain boundaries could be heavily altered after the diamond growth.

This study was designed to determine Os isotopic ratios within diamond crystals of carbonados and in the grain boundarie
separately. Two-step sample chemical leaching was carried out by Carius tube method (Shirey and Walker, 1995). First, ca
bonado samples were crushed to submillimeter grains and were sealed in a Carius tube with spike solutions and inverse aq
regia (HCI + 3HNQ). The solution was heated at 2ZDfor 24 hours. This procedure was for extract Os in the grain boundaries.
Second, the residue of solid samples was heated in a vacuum chamber to convert diamond to graphite. A graphitized sample w
decomposed in acid solution in the same way as the first leaching process. The second process was to extract Os within diamo
grains. Osmiums in the both solutions were purified with the solvent extraction (Cohen and Waters, 1996) and microdistillation
(Roy-Barman, 1993). Osmium isotopic compositions of the samples were determined using thermal ionization mass spectrom
try (TIMS). Blank levels of Carius tubes and inverse aqua regia solutions prepared from several chemical regents were checke
As aresult, a quartz glass tube was found to have the lowest blank level compared with other glass tubes made from borosilica
glass.

In the presentation, we will report preliminary results of Os isotopic ratios of the carbonado, which have the potential for a
decisive evidence to close the debate on the origin of carbonado.

Keywords: carbonado, TIMS, Os isotope, diamond
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ZnTiOz D ik e AR L .
High-pressure high-temperature phase transitions in ZnTiO
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a7 ZAHA MIMGSIO; I I~ > MIVOFERERSEI TH 5 EEZ 5N TS, MgSIOs 1E, 22-24GPa 1400-1800
CTANATFTA NN EROT A KA NUCHER T 5, 1IVATF A M MgSIOs D7 Fa7WETHZAIVAF A+
1 ZnTiOs 1. 9 20-25 GPaC ZnO + TiO, I 73f#3 % (Ito and Matsui, 1979) UL L. Z DFBERIZFENAR SN T
Wiholz, T T, AT ZnTiOs D&EiREE N COMBRERTE LTz,

HIFPIE DA IV AF A R ZnTiOs 1X, ZnO & TiO, ZE/VEE 1:1 TEA L. 800°CT 32K IINEAT 2 T LI K D &k
UTzo NIHEL 6-8 IVF 7 E)bmEFeAEREZ v, R 2 13-35 GPa 1000-1400C DZ&4-T 1-2 RFE AR %,
AEEIY U7z, B U 7230RHS DWW T, iR X #RIEHTE 2 O THORIEZTT - T2,

15-20 GPa 1000-1400°C T2k L 7z mIERHE . LiNbOs BIHGE THh o720 IV AT A FELE LiNbO; BRI DRI IZ
P(GPa) =19.9-0.0038TQ) kT E Nz, AIVAF A Ml FeTiO; &, 15 GPal TR 7 A H A MUCHFE L, JE
R T LINDO3 T L 72D, ANV AF A S eRaT R4 b OHBEFFRIADAR ZHD (Ming et al., 2006) —f&IIC,
WAFA MINERTT A H A MINDEERE TIE 2 Wil A4 > OBENED 6 05 8\HEINT 572, EDOTLY haE—
2l ind, TORH, HERIBAOHE D, —J7. LiNbOs BID 2 i1 4 & 6 EidiiTdH D . {KIC LINbO; %!
MEEWNLZERE L LIz &, THRINSHEFROARIZIEE %S, Lizh> T, FeTioy LRI, ZnTios XL R T
RXOTAHA MUITH-T=H DM, TEEFE T LINbO; UCHE LIz & EZ 5N %5,

#4120 GPall L Tirb N7 REDO EIGIRNE, IV ET ZnO & a-PbQ, B! Tio, TH o7z RBT A A FHLIE
ZnO+TiO, DL AL P(GPa)=9.5+0.010TC) & IRE SNz, ZnOEH 6 GPaT )LV EEI M S k) MU 7 LANIC
i5f% U (Kusaba et al., 1999) TiO, (3% 17 GPaT a -PbQ, Hh 537 L7 A MMlIC#EzFS 9 % (Tang and Endo, 1993)Z D
Tz, FHOZERE TIE, ZnO & TiO, X ZFNZFNHELF NV T LR ENRF LY A MNITHEHET B EEZ 5N,

F—7— R: ZnTiOs, LiNbO3, R T X4 A b, @EiE
Keywords: ZnTiQ, Perovskite, LiINb@, High pressure
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Quantitative multi-element imaging of geological materials by femto-second LA-ICP-

MS
Quantitative multi-element imaging of geological materials by femto-second LA-ICP-

MS

G R N
CHANG, Qing"* ; KIMURA, Jun-ichit
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1 Japan Agency for Marine-Earth Science and Technology

Elemental mapping analysis of geological materials using X-ray related methods (EPMA, XRF) or SIMS suffers from insuffi-
cient sensitivity and poor quantification. LA-ICP-MS has advantages of high sensitivity and less matrix effect, therefore has beel
developed for elemental and isotopic imaging analyses over the last decade. However, quantification problem by this metho
remains unsolved because of the lack of a suitable sampling volume correction method and necessity of matrix-matched standa
This work presents multi-element imaging/mapping analysis of orthopyroxene and plagioclase minerals by femto-second LA-
ICP-MS using a novel normalization process. Laser sampling volume is corrected for by analyzing ten major elements (SiO2
TiO2, Al203, FeO, MnO, MgO, CaO, Na20, K20, and P205) followed by normalization of the analyzed total sum to 100
wt% to obtain correction factor. This correction method is free from any external analysis (e.g., EPMA) for at least one internal
standard element (e.g. Ca), and can be applied for both spot and line scanning LA mode. This allows LA-ICP-MS method
standalone and liberates from errors inherited from any local heterogeneity of the samples picked up differently by the differen
analytical techniques used. Use of USGS basalt glass as a standard eliminates matrix effect in the levels less than 10% RD f
these silicate minerals. Two-dimensional elemental distribution images of 43 elements were acquired fiondégih of the
sample surface with a “40m lateral resolution. An area of 58®00m can be scanned simultaneously for 43 elements in less
than 2.3 hours. Trace elements in silicate minerals can be imaged at sub-ppm concentration level, while major elements we
mapped at sub-percent concentration.

Key words: femto-second LA-ICP-MS, elemental mapping, minerals
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