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FT-IR Micro Reflectance Measurements of Water Content in Melt Inclusions

Atsushi Yasupa*

A technique based on micro reflectance spectroscopy using a vacuum Furier Transform infrared (FT-IR)
spectrometer has developed for the quantitative measurement of dissolved water in melt inclusions in phenocrysts.
The technique is superior in sample preparation to the conventional transmission method, which requires doubly

polished samples with known thickness.

Four synthesized glass samples with H,O contents ranging 1.17 to 4.05

wt% were examined in this study. A linear correlation between the logarithm of reflectance intensities around
3650cm ' by H-bearing species and the water content of the glasses is obtained. At the lateral resolution of 30
#m, the precision of the measurement caused by random error is 0.23wt% (1o), and the value is low enough to

apply the technique to the measurement of dissolved water in melt inclusions.

A method which corrects possible

contamination of inclusion spectra by the olivine host is also proposed.
Key words: FTIR, reflectance measurement, melt inclusion, olivine contamination
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TR KK AE 2 v b o —vd 2 T TER
D—>THY, EKOHERE & bz~ 7 < hoffFMR
DNEPEDE I LIS L, EABZO
EEIIRFEO o HIRpEE V., v 72l v kE%:
T2 = 7 <o R IR 5 R AEYP
GEA S 2D oHAH LT, <7 <O AR AR
AL LT & & DB E R 570 &, KL
KOWFFLIT BT, TNHDOA 5 ZAhofFHE )%
Emohd 4B ICEHOLNIEEEZ Y 2,
Roggensack et al., 1997; Metrich et al., 2001).
KILEHIOEESMriccnE T LIE LIERHENAT
X 72 Fourier transform infrared (FT-IR) i&:87557# (2,
ek 2 i 4 2 ARG O IR A HIE B i ik
T, RO SR TH 7 A OIRP BRALERRDE
H|MTA S (A1, Stolper, 1982; Dixon et al., 1995).
L LIS3 S, @it 2 llE L CERMTE1T5
fodicid, IFEFEICE O IEER (E8010um) 253
HEHE LT LSRR 5 dF, Ao OB S
ZAEWCEREN 7 ZAORTRES TR Bhr -7, 2O

7o, BTRRE~<A 7 07 o— 71Tk 58N O S
Fricd SXRTHEOHENE L, HOBEZEL F— 4
Ty b T OBE LA L Pl R S IRER T
» % (BZ1E, Bureauet al., 1998; Luhr, 2001; Saito ef al.,
2001; Wallace, 2005).

—, KHHEIC X B FT-IR 213, 3R E TR L
TL B EE BRI ICE W TSI E1TH HikETh
5. HANEEHN S 2D &S mERERENCIEE T 2 &,
KB DN %V F — 3Bl 575, — i EE G
Ll Lcn 95, IR L5 BED KIS 5 23
BHZZER H 2 WIREZER» SN EAS LS AICR, B
HLiczxVF—DBXZ 5% BRFENS. FHOKE
FER &t (FERGE) DM EAEH D72, KD b < hiAs
DOES PO AGAE, B, WkoErsIckiFd 2
M, @E, 1~ pum TH5 (Grzechnik et al, 1996; H
B, 1994). A, @iliko X 5 iU AR
FEThHDHIEPRBOESMENRES T Eny, Wk
HEO S THERELD b hTEBY, 2HORE % HEE
WAl B ICi3ERR AL EIRES N TV 3 (Grzechnik
et al., 1996; Moore et al., 2000; Hervig et al., 2003). L »»
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L5, BoNAESHENEREEH~NS EFL L
K<, HHIR X 7800 T LT s i 2 iR T
S, RIGEIOEITICH W& L Tiaalsr
5 2 (f]Z 1, Larson, 2008) 7% EICfRESNTEH D, HE
a7 REEYIO X O By NEA I EERA S h T
Winote, KR TE, Sv 72759 v F /A4 XDIER
DIz OITHE A2 EZEIT L - BZERIPAMGR/L FT-IR % H
W3 EEbiT, MERMEZEPTLENITREEREZ 5
ZEiLk T, BT S REAEMOREEST A T
FH L, ARTE, ATl wTtiinds L L b
12, B E Coa PR A 5 2 aEYIEIC B
BEBHIC O WVWTIRNG,

2. BEM FT-IR ¥ X7 ADHEHE

AT, HEAFHIENFTICEE SN TV HE
ZERBAM IR AL FT-IR 536G (H AR5 b8 FT/IR-
660plus OGIR+F4E1) & IRT-30VC (B2 = ~+
B ZfAGbEIbD) 2L HFE I EE
Ets5 3y 7 8KE E—4271) v ¥ —I3 Ge/KBr,
HigRE ¥ v /Yy K MCT hds, BAMAO oo D 32
fEn e 7L okigs GO 455D 2TV 5. i
fEIEIZ, I €L vEEE MCT S ORICE -~ N
feT7N—=F ¢ EFEEN RO B Z - ¢, —dn81
um AL O ICHRETE 5. £/, CCD A1 A 5 & 20
EoRF L v XM Y 2 7 2iHlAAENTEBY, 7
N—F v & - THIFR S Uil %, PC AN LT
HRDEIC & B g FIcERTERRTE 5. ik
lZ PCHfHl O XYZ B8 2 57— ¥V LIcEWTH D,
AEZE2PSHR b =9 — LTRBEEE LB 00
AIEZBFEICESR ENTX S,

HITE 1E, 900-7000 cm ™' D ELEIPH, 4 cm ™" DS A
BE, 20X20um 2> 5 100X 100um D 7 /¥ —F £ H 4 X&j
FATITWV, cosBAMAE T KA ¥ —v 3 vBIKE LTH
WCA vy =7 =875 L00%T- 2, JIER, ¥
7 F /7 A X (S/N) et d B RERRIE D 28 A N
L 121, 128 [A]Hr 5 2048 [A|OFER 21T - 72, HIEICHE
BRI, 2048 BIREDIGA TR 25 9 Th 5. B
27 bVORTRIE, TR SR E Ve E K
(98.3%; #klfl, 1967, p36-43) )7L v 2&ELTH
W, B EASHICHIE L TT - 72,

DV AT LADERRKDFEHIE, KD, SKBRHEZRICEH S
R RT A, JHOliEE Y 7 E2FWT 10°Pa £ THER ]
BEL T & Th B, HERUCET 2 BEIEIE & Ty
330 R, kRS S RHERE A K s T h 5.
PR T A EENBRER =255, £, HLEADOK
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Fig. 1. Reflectance spectra of gold obtained at pres-

sures of 1 atm (10°Pa) and 10*Pa.

Infrared absorption by water vapor (3650cm ' by
the fundamental stretching vibration and 1630
cm ! by the fundamental bending vibration) and
carbon dioxide (2400cm ' by molecular CO;) in
the sample chamber quite reduced by evacuation.

TN o OB & 2B A KT & 2, FEEZE
D FT-IR & HATRZES & B FR7E D I 5
HWTonNy 2759 v R4 X EBDTNELLTES L
tThb “FKEEIR, BT BT EITE - TOLETS
TOXEDRTRIC & 2BFEHHIS NS 7, HFED
BENER UFNEHESKRELSBELETHE. =FK
Hiz, SLEBAOMEAS N/ ERORES B2k - TRME
DD SN G D%, BZRICT 5 T Eick - Tl
X52ETHDE. —HHEZFHOHERNI L -T, 20
B THIIHZSICEEST 3 = 2 Vv FE N L 72 nx
T, HBBICHNEE ST 2 2 & x5 LR LI
L 2RO R Y 7 b OMERL, ERBICOIZZAETS
FTELILARYT FUBE LN &V EIRIISIE S
Hote. INoOHFHRDI DI, AR LBV
M & T S/N BSKIFICSE L, #5572 RN DZ
L2 W T HIEERSERT 5 C EWAJFEICTS - 72,
HMEAPER T 5 L oFMEARTHIE LT, JRAA
okt U TREENEWEZEERZHIE LS s
D, PEKET (1 5UT) EHERR (10°Pa) OB R <7 b
% B L C/Rd (Fig. 1). #503650 cm ™' {3 & I 5K
1600 cm ™ il DZES I DIKZETUC £ 2N, B LT, K
2400 cm ™ 1T D ERALIRFRIC K B IRINAHERUICT & -
TARIRIME T4 5 & & biT, b 2V F BB
R TE L L ->THD (3650cm ' TIF 2 EFRE), ek
HEZEICT B T EDENEN DB,

3. SEEE FT-IR REHER S &
TR D VERK 2 SUFHENIE OVERERHN 13, KIRD LI
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Table 1. Data for of transmission measurements at
3650 cm L.

sample  thickness®'  density net ns* H,O
(um) (g/em’)  absorbance ** wt% ®3
Al 6 27 08613) 5 117(2)
A2 37 276 10253) 5 251(08)
A3 38 276 1091 5 260(09)
Ad 24 271 1053(5) 5 40521)

§1 Thickness determined using a digital micrometer (Mitsutoyo) with a resolution of
Tum.

§2 Densities were measured by float/sink method in sodium polytungstate solutions
with controlled density (+0.01 g/cms).

§3 Numbers in parentheses represent 16 of multiple measurements.

§4 Number of measurements at different positions on the same sample.

§5 H,O wt% was determined using a transmission extinction coefficient of 72
I/mol-cm; although this value appears to be slightly higher than the reported
values for basaltic glasses (e.g. Dixon et al, 1995), its validity was tested by
Karl-Fischer titration of a glass chip corresponding to the sample A4. Numbers in
parentheses represent expected uncertainties in H>O content of the samples
determined by error propagation of uncertainties in measuring of absorbance,

density and thickness of the samples.

= (Si0,=49.7, TiO,=1.1, ALO;=17.0, FeO (total)=
10.5, MgO=7.6, CaO=11.2, Na,0=2.2 (wt%); XRF
il oMo HED - HER) ORAICHIK
EINATHNEAS 2 B TER L I XREEEKT 5
ZEHAWTIT-1. TOEKH T 213, T FT-IR 158
FITk - THEBARR T A L &b, SKBEIEL
TdH 5 (Table 1). KAHEAIET I, Si@klEak £ F
L7 b D & [E—D &G D S EE 200 4m FRED 7
oy ZIROEKA 7 A aficico L, choezx
KE VRBEER (R FoEF Y 154) [THEHDIAALR HD
& T (BARHICiE 94 Y E Y F<—Z } lum T
SEEmES) L CrER L 7o, SRt NiED S O REHED R
ANZRET 5728, SRR EZ O % L THIrd
5 EiF T T, Gk A S OREPEE, (1)
THTOEFREBZHVEE BlAEH 5 2 E2ER),
(2) L& FHEONVATENSR WSS, 3) PO FiEE
BEWEE, (4) RO S, CEBFICE S o
7o, WA S no @@ maE % £ o £ £ ]KEPE
B L5, B um~100um E 0K T I3 R
R TG DRI & » ChER s hie. —F, Fif
I EF VRBEERITRAIA N H T RIhED (T 7250k
T, FEHTOBITEEESKLS, Lfis Fiie 8P
bz, FH» S OgPEREESIhTwn, &
7o, REROHENT 7 2 aGWEnhd 2551Cs, (1) »
5 (4) Militc ShaPl3mo TR 2 & Ebh, %o
POTBEE L 2R DA SAFRTON 5 28 EY):
B & 15~30um, REALGTO A 5 2@EGY: EE 15~40
um) T, TS OKEPLIFBE S Nish - k.
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Fig. 2. Comparison of FT-IR reflectance spectrum
with transmittance spectrum of hydrous basaltic
glass (A3, 2.60wt% H,0O). Aperture sizes are
50 X50um for transmission measurement and
100 X 100um for reflectance measurement.

KBRS L, HE L KILEHYIh OB A 5 2
AHEYNCOWTIT - 7. R 7 R aEsE K IR
FITEBLTVEEEZ LNAEE3Iem L Foxa Y
TaY VI AT VEBRCTHPEE LIk, BefVT 125
250 um %4 R ORI F-EHE W, FOhh o ERBEME T
DNV FE Y 7ICE-T, EBEBH S ZEEMEETH
A S AGBEHE & RHEABEE 2@ Lol & L
fo. ThoOHREZ ¥+ v REERICAE L b0 %
254 FH 5 2ITHED F1F, 1200 & DM 7KHFEER T@E 4
5 2 EEYERER I TR S £ TEOWE, 3
mBEIFlum DY A ¥ E Y F<—Z b &\ TR
WREE L 72,
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[HHEIC X BEIKH 5 ZAD A< b vD—{F|% Fig. 2
WWRT. RO 72, 6 U EKEOHERE S clE
LR 0 CORY. By It TRz o1
WMzrxrvF—%1 (@) &L, V77 Ly RMEERRT
0, sRHAIE A TRT: s T T &, KEEIE, R (v)=L )/
L (v) TERSNS. BRFEOHEICE, AL
BCTOHELRT s TRL, BRFLVHIELRT0TER
T &, BRRE, T @)=L W)/ () TEZRSNS. D
, SEOIINIT IF Lambert-Beer ORI, logi (1/1p) =
—& (V) cd, DKL T B (e (v) ZEE v BT BIE D
TR, d dElRIE S, o JPEO T VEE) 1o
YR (absorbance) % A (v)=—log T (v) & EF L,
AblogkEA2HEREERE C TREHTNIE, C=18.02A
(v)/pdey (v) OBIRMERAL S 2 (HFE, 1994). 72720, o
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BRI OB, ey (v) BHEE Y I8 57KD VIR
BThs, REEOEAICE, GKEERGREREES
I % Lambert-Beer O D X 5 75 B 517 75 BAR IS HF
TEL WIS, ik & OO MEH b, REHECBVWTH
Bk LRI A ER L, BOLE A(v)= —logiw R
W) #HVWTERT HT LT 5.

B R 7 R VIZE T, 2000-7000 cm ! D EEEEPH
TIRIF E A EWIEEA—TELHS, 3300-4000 cm ! fHIEIC
3650cm i A —27 & L CIREEDO LI EFEN
Hona (Fig. 2, LKA SIR). C OREGaEkE, ZEi
27 b IVOGETIZEED ETKEIT I L TR
BB ENMOENTEY, OH AEMEMFEIRIIC X %
LD EEZ LN TWVS (Stolper, 1982). 1600cm ' +Fiff D
molecular HO B EZAIRE)IC K 2 I S D3 I #iE
TX 505, 2000cm LU N OWEEIFIE T v 2 vy
1 b BEOREE (Si, ALO &5 ISR % IIX (Fine and
Stolper, 1986) MEAFEICT/E D N—2 54 v InKRE L EAL
TAHENMEDID, NSBEFSEEERT 5DRIELT
[FSAURN

B o OH BEHEMIFEHRE) IC & 5 3650 cm ™! T D
W LR, BREIC LB A~y bV EIET S &
FLNSL, 1/100 EEIC 4 0, @Eilkic & 20
FETERBOEE REHOES I fld 30T, HEoES
ZPEET HTEITL T, FHINCRE ISR E ST
EALEZFEES 5 T EMAIRERE DS, MAHEDEGGICEE
I LI TERL, ok, SiEEEN g
BT, Nw 2S5O YR IAZXETEEEFELILT
S/NZEH DT ENERICE S, £ TAIFED LS
12, AR LT/ A RNV ERIF A EDNEE
1%, KRQIETFE 10°Pa E THER LA LT, GKE
DFES K (1.17wt% & 4.05wt%) ZH L TiEon
B ANRY MU EDIEERT % % Fig. 3 I1CHEEL T
RY. RS FORIETI7KIT & 2 IINAS 3650 cm ™ f+F
HTEDONE DD, S/NBEW/ZH 1.1Twt% &
4.05wt% i & TIREE OBV A ERMICERTL &
GIRETH 25, 10°Pa T THER L 725E1E, 1.17wt%
& 4.05wt% TOWOLE DEAFEICHEER TE 5.
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BRI GBI S EKEEREST B HELELT2oD
HEsHmonTws, —oHIE, B L 7o REERE
LB OB HFIBIR AR s b C & AR L TRRER
HNC R AR A ER 9™ 5 7 (Hervig et al., 2003; Moore et
al., 2000) TH Y, bH—213, RKI AT kL% Kramers-
Kronig (K-K) Z#1 L TRIEM £k 23K, TN &R
LoBRERD B VS FHikTh B (HIE, 1994, p63-
64; Moore et al., 2000). HtZ X7 F L% K-K Z#L

#
Y S
" WA Ll oY gt
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Fig. 3. Effect of evacuation on FT-IR reflectance

spectra of hydrous glasses, A1 and A4. Each
spectrum consisted of 128 scans from the sample
using a 50X 50um aperture.

TEHONDZWINER £ 13, BRHE O A 1%
LTHD, k=A/(9.2127vd) (Moore et al., 2000, = (5),
6) &) OBRMNS B, F7, K-KEWAETH &I
Lo CRFFCEH ORISR G o0 5709, &Yk
ZMBEVSRTREDHERI ATV S, 2L,
K-K A3 b & b EmEAF OIS T 52 <7
FLVOfEFTICHVW SN TR Y, SEIER LS L Y
FED K D ITHANRE < FRD AFHERGT DO I 2
R P VER D DI BRI BILRSNETH B, F
fo, K-K BIAIFFEICIT D 72D1213, T IE Vi iE
WoOR~7 bvF=y PRGN TEY, D, A7
P OVDREAKIEIC 1S 5 TV BSFNH 5735, AAlD4sy
T2 DEEMH TSN TV W), K-K ZHiT &
LREAGHET 5 LR TH B, ChooMED
Y, ARETE, BRI ERELHETH REEARA L
EIKEDFIL A H T R (Table 1) ZH\WT, HEHEE
PERY L 72555 % Table 2 & Fig. 4 IS/Rd. 155 N7 K8t
ZR7 ML, TV T2 LY ADOREIR <Y R ILTE|
DELTHHEEDRICE L TH S, HMKED /1 X&H
T 7 DI PRI T 25 [ o BsE R B 21T o 7 IR
12, 3150cm ! & 4400cm ! DB AFEATN— RS A v
A5 X, 3650cm LTEOE— I S5 DR—R 5 v
ZZLGIWIIERD ¥ — 7 B S (A Absys) &Ko 12
(Fig. 4 (2)). COE—/7 @S 2E/KRIIH LT By b
95 & EMRSHEBRIR S S e (Fig. 4 (b)).
Hervig et al. (2003) T3, 3650cm (L& TOREIED
N=Z 54 Vip5DFEE 4000 cm ALE O ERTHIE
1t U 72 ARjss0/Rugoo & WV D B E G7KE E DEAR % - T
BEHRETIVTWE, CoMHE, EEORKIcET S
AR IR R OM S 2 7 + — 7 AIBIC L > TRE
EALS 508, & 2EEICHB T B RRIC & - THIBIL
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Table 2. Analytical conditions and results of FT-IR
reflective measurements for plotting regression

lines.

No. 8! Sample Aperture size Scan H,0%% AAbsys ARysy  ARysso/Roee
(um x um) (wt%)

1 Al 100 x 100 512 117 0.0060  0.068 0.0132
2 A2 100 x 100 512 251  0.0184  0.210 0. 0405
3 A3 100 x 100 512 2.60 0.0187 0.212 0.0415
4 Al 50 x 50 1024 117 0.0062  0.067 0.0142
] Al 50 x 50 1024 1.17 0. 0059 0. 065 0.0131
5 A2 50 x 50 1024 251 0.0181 0.197 0. 0409
5% A2 50 x 50 1024 251 0.018  0.210 0.0417
6 A3 50 x 50 1024 260 0.0193 0.219 0.0433
6% A3 50 x 50 1024 260  0.0201 0.204 0.0438
7 M 50 x 50 1024 4.05  0.0287  0.317 0. 0620
§1  Asterisk (*) means a measurement at a different position on the same sample.
§2  H,O contents in hydrous glasses are determined by FT-IR transmission

measurement (Table 1).

AAbs

3650

1.40
(a)

135 | ]
g PR _MNNb%%/
E-] 1.30

125

5000 4500 4000 3500 3000

2500
wavenumber (cm™)
0.04 - - -
(b) ——y=-0.00296 + 0.00828x R=0.991
0.03 |
0.02 ]
0.01
0 L
0 1 3 4 5
H,0, wt%

TEIEICELST, TNODEEL L BHIEEIIRETTRE
THBI LB, AEIOMENT TR OB DR
(Fig.4 (a)) Tl&, log A7 = ETOR=254 vDy|
SHOLY, "= 54 vORPETHIBIL LT &I
155 TH D, Hervig et al. (2003) DHIK\\ & FEEH 5%
Wid W, KR TE NG 22 LTI, 4000
cm ' OALE TR FIKOFEENRZ TV 57, Hervig
etal. (2003) &% - 7 RO R IThIE M7/, L
HLEAS, oD ECH-T, E=7E (BkZ
3650cm ) TORMHEEMLORESEN=—ZF4 VD
B THUEAL L 72 ARsgso/Ronse & W D & (Fig. 4 (¢)) &
EUKE & OBRD SMERREVERR L 7SR (Fig. 4 (d))
& Fig. 4 (b) L2 5 &, MEHOEMEICIIIEE
AEEVWEIRONT, BICHSORMSEL 120 TH

55
(c)
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" W“V\W "\\
S AR
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2
4.0 . ;
5000 4500 4000 3500 3000 2500
wavenumber (cm’)
0.08 : :
(d) ——y=-0.00569 +0.018x R=0.988
0.06 |
.
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o
£ )
0.02 |
0 ;
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H zCl, wtd

Fig. 4. Detail of a reflectance spectrum showing the definition of (a) A Absseso, and (¢) ARjigso and Rygse.
(b) Plot of A Absys, versus dissolved water content, and (d) plot of ARseso/Rese versus dissolved
water content determined by the FT-IR transmission measurement. Solid diamond: 50X50uxm

aperture, open square: 100X 100um aperture.

The horizontal error bars show the uncertainty (20) in

the water content determined by transmission method (Table 1); where error bars are not shown, the
error was smaller than the symbols.

also shown for plots (b) and (d).

The vertical error bars are from Table 3. Regression lines are

Bold solid lines in plots (a) and (c) represent baselines.
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5. TIT, UkoEmITOUERGEMVTiTS. ©
OHHIZHEICFTIR ¥ 2 7 AIftE 9 2T Y 7 b
v L7 THHERRTOY — 7 S EAENELTH 50

5Th 5.

AL TR O NI, B L EKEE OO HFIREK
&, BRPFEICE T B EVBSERE D X 5 R ik
BTREVWI EICEE LW, KPFE A Lo
&, AT 2 9RASE D R S A3 I TR 7SN
SEEITH—T 3 < bl 5K & A3 & EEAE
T 2w EBHE. L, A7 L VEPE
I OREEICH 2 b DT, AT TR EE O
M FT-IR HE I IEEOZ I b N AR RO ME & Bb
N5, ZOWEDID, SO AFHEOEE I ASH
FERAFEME AR > C LI2is D, T OIS W TIIHEEA
FHE»RH 5 ENTRRINE. FHIISN SRS = x v
F—iE 3 7L v EBEOEMANAENOAERE
Tdh 573, YHEAIE UCTRERIERO ASHH &k o
JEHTRITIKIE LTV B 100, & D AR OIERIA S =
FVF — D FRE 15T 0 IR O B & Ok}
D RICTKET 5 T L5 5. FlROIEE & EkE
L oo BRI > VT, BRI & OFEE O #EHE
NS 20 E VWS PEICSWTIE, HlT 5% 14
BLTOROVOTHELATEODLSEW,

7t 7L BRI &R O RS 1L S R O
ToEER, WHIRKDO 7Y —F + ¥ 1 XIKEFEHE LT
HnaageEnd 5. 22T, BEB225007/—F %
# 4 Z (50 4m X 50 ym & 100 gm X 100 um) TillE %

fToTHID, INED2ODT/N—=F v 44 XITBIL
TR, HMEELABALEELSERAONE L - K
(Fig. 4 (b)).
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KEHEIC & 2 EROTEAEE LT3, EEEHC Bk
B LGN PE S (BRI A BE T 2 E DB 5.
A 1, BEAMERUIC O 2 FEEESUR O BEHE [ (SIKE)
DL/ NS Lich, BERE oKL v Y EIEP S
CEITk - T, BEEAKNFICERES § 5T ENE%RATHE
DT, AETEIREBOWREE T FEIKTT 2%E
WKOWVWTOAERT S, E— 7SS 05EAI 0 EE,
ARy S IVOBEMBEPEERICES /4 XL i3 &
AERIELTED, O/ A XL VOSHTEMKTHE
o WTHRETZ B T - 7o, WEREE AL (BKE
1.17wt%) %\ T 2900-4200 cm ! DFEELTITV, WL
g 50 cm ! D BARIFS B P E & IE M & D 22 D a2
(lo) 2/ 4 XL~k UCEHE L 7o, BIbS &7
TN=F ¢ A XEFEEETH S, ToN—F v AR
BRELCTHERBBICEEST 5 = 2 VF—BPKEL

Table 3.
different measurement conditions.

Noise level (lo) in A Abs determination at

aperture size scan noise level in AAbs equivalent error in

(um x um)  number (10) H20 wt% (10) *'
50 128 00040 049
100 128 00024 029
100 512 00013 0.16
20 1024 00046 056
30 1024 0.0032 039
50 1024 00017 021
100 1024 0.0008 0.10
30 2048 00019 023

§1  Equivalent error in HO wt% was calculated by dividing noise level in AAbs by

0.00828 (the slope of the regression line of Fig. 4(b)).

BEDT, /A ZXLNIVIPNSLE, L, By
AT LDN—=F 9 Z TGN S, TX—=F ¢34 X
CEHFEI X VF-—RELHES, TN=F v O
200um %H8A 5 dH1c 0 THFTHICE 5. F 7o, EREEKL
ZHEINSE 5 ETT/N=F v 44 XZLF 7D E[ERE
I/ A X VLRV EINSL TE S,

Table 3 ICHIESRMFERFFRA <7 bVvD /4 XL~
DREIEFED., /A A LNLVOKRE X IIOWICH
SRECRERE S 2 AR TH 505, ThIT 4-2 Hi TRk
LERBEHOEE 2T 3 &, S/KEOARREE I HE
TEIENTRETH BDT, TOFEREME TR
C OIFLIMEFROFPAN (—RA QMBI G R 72
FHN) ToOAERhTH 5.

HIEAS R, EHEREENST LItk -T, FEAN
HEEFICE T/ A LRV ERFSH 2 &EMafRers
EAERLTWA, FIAIE, 100X100gm ¥4 XD T /¥ —
F v ZHLGEA, 128MBHETIE, GKkERRET
0.29 wt% DIBRILFEMH 575, 1024 BIOFEE I NI,
EKEH 0.10 wt% DIRIREEZICH S 2 5 T EAVA]HE
Th 5. BT 5 2 aAEYEE ORISR O HIE IS 824
730X30um ¥4 XD T/N—F v ZHHLIEAETS,
2048 [B| DRI & - THIRFEAE (3 E/KEIE T 0.23 wt
%IcTES. LD/ 4 R LNIVOKRE S FEEEED
BKBICRIKIELISVWOT, SKEDORE 3HEEST
LGB0 ThH, MARREZEORESBED L,

44 KRR MRRICLBFEOEEEHIE

B A 5 2 @B & 5 15 RREE 0 i o4
&, oPricEEfHER 25RO H» 5, KILLFEICT
W=F o F A XKD bR E EOPHRATER T X
ZHIFTEBO, T/N=F ¢ 54 XED XY OFIKOHIE
& LA, EXE L CREHOBEE Y ORI
EHR-oTLEITREMEA S B, oL BRIEICBVLT,
FHAE I 2 R OB AR L, TafiEdTsC
LisTENE, MECHT BEMEEZED 2 ENTE
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Fig. 5. Variation of reflectance spectra (1024 scans,

30X30um) changing olivine content within the

analytical area. With increasing olivine content

absorption around 1000-1200 cm ' increases.

5EEbIC, MERNROEEFIEDICL S, FEE, &6
BT L 0TI, PASALREOEAHIES 2
HEREPRESIN TV S (FIZ1F, Nichols and Wysoczanski,
2007). = T CTRENEICBWTH, A S A GBI
HJIE A _T P VD E =7 2O THBEDOEEDERLE
AT

#Eic v catEhiE T E kil o =2 3 ) 7 EHYh»
SERILL 7oA S A LB (KR 0.25 mm, Mg# =
75) ICEENBELK S0um O IFIFERIEZO H 5 2 aGY)
Th 5. RFHIFER 46um OMEWHIT, FRoE
BEHRGWS L, 38wt G/KEERKD LN, TOHF
2EABEMERFHOMLA L AARRICE BB LT
NW=F v ZHEL, DTHFICAZPASAGREBDORE
AELSETRE R <7 b VEIRELL 7o (Fig. 5). %ikd
% baseline # 2R &, T/N—F ¥ 54 X(F 304m X 30
nm, 1024 [AFEETHRIE L TWA. 1000-1200cm ' H7 0
I3 A & AT 7S Mg, Fe S50 2 flif{-Diix
272 Si-0 FEEIT X AIINAS AL 511 (Duke and Stephens,
1964), A S AL OEIGHEEMT 21 Licn-T
IV E — 27 OES 3@ 1 >TW0Wa, Fig. 51K LICR
BITid, 1100cm ' D E— 27 & 1020cm ™ KT 5
A5, 1100cm 'O E =27 13K X b DMLASALGDEEE
FLIT & » TR EHEN I VAN E S, —J, 1020
em ' O E— 7 3ERGALIC L S H B IRE OME AR
TDT, DAGAADHELROE &G RELADITEL T
W53, ZT01020cm 'O E =7 S8 EMA S AL 100%
DA TRz 2RI P VD E— 7 &S THIBLL
EFNE1DSELIVEEDE, 3650cm ' DKIZE B
W& (A Absyeso) & OHEBEA & 2 &, BHTES E AR
WS 5N 5 (Fig. 6). L7chi->T, Ho6DLHKRZ MM
A5 A 100% DS TDNA S ABRDIRINE — 27 5S

A 7 2 elEY) O EKEIE 47

0.04 . . . :
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normalized peak height at 1020cm™

Fig. 6. A plot of A Abssso versus peak height at 1020

cm ' shown in Fig. 5. The peak heights are

normalized to unity by dividing the peak height
corresponding to 100% olivine. Error bars are
from Table 3 (1024 scans and 30X30um except
for the upper left one which measured using a 20
X20p¢m aperture).

DRIEEIT-> TBIFIE, #7 RAFYRSORIEICE W
TR DM?A S ALBEOERPS—lL&/c L LTH,
ZOHEREAE LT, fIFFTRICE > TIELWEKE
ERDDHENTES.

CORIEAETIE, DASAADHEREEREDS 51
WHIT 100% 45 R EEY D 2 <7 kv (baseline) %5
g2 ENETHL, TOEE, TXN—F+H M X%
# - T baseline HDO 2 <7 MV EE B HENENTH 5.
C OWHGRIE T, PRI 3650em ! Hic b & T
B\, TN—F A ZE/NPNSLK->THRARY b
WD/ A RFIEEAEEET, BEBARS FVEE
5T EMTES. 22T, BIAIE, 20umX20um FEEIC
FTT/N—F v A XZHIFR L C baseline d A % HI5E L
TR3C2&T, BEOFEOIN O baseline 215 5
ZEMTEA,

ZEEOHE OGS, REAHETIcHiES hic
SRAUEMEHIIT L2V, RELOEAD, »
AHAFAEID HZAR7 M IVOELEIZ/NE WA 1000-
1200 cm ™ TR IS RIS FAE S B 728 (Fig. 7), D
E— 2 2RO CERONRE ERIES T E 2R H 5
A, TOFRIOVWTEHEERS THET S EIcd .
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Fig. 7. Representative FT-IR reflectance spectrum of

plagioclase. Reflectance spectra of olivine and

basaltic hydrous glass are shown for comparison.

WA ATRE S N A ISR L 2z, KL o
BLSL 5 2 alEY & LT R E W T AFAfERS
30X30um 4 ZXOMUNMEBOSHTICB VT, [BkEE
0.23 wt% 2 (lo) TERDTTE 5 T L AR L 1.
51T, FFOMA S ALHEIC X 207 — & D75
AEL, CHERIET 2 B2 RE L KRR,
BBFED X 5 ICHEEER 2R 2 LB [E S5
MHARET, BEBIf~A 707 0—7TOTRMERHD
HER 22 0 % FRMAANMTT 2 LN TE S0,
ZROFR A IO T E B THEN S AT Y
2 5.

BB X BAEICB VT, B VBOBRB DMK
FHrmonTs 2 oWERLSIhTwsd (flx
(&, Silver et al, 1990). HFEICH W T bIERRIC SR
DIBURIEE AT 5 b D EBbh, FlZ 1L Herviget
al. (2003) &, AR LRGBS 7 R, L8 n 5
2, WEUEEA 5 A DREHEAT 21TV, EREINCIEE
DF->TVIBVLEDOD, REROWEHZICHERELEZEZRL
LTWa, Licdi->T, KEHEER X0 —irI7sH
T R EEYSEE L TSRS E 5113, RER
DFHBIRIEE A I IC 2 T E BB OHRETH 5. &
fo, EREOSTEAESARE/NS T B0, B
BEKR ORI ZE A O MR EL MicHaicha <
LTRB30%ENSH B, TDHITE, LEEMOEL
EKEHEIPH O BHERAR O TS BIETH D, 5HRO T —
FILFEDHETH 5.

AL TR S/N D[] LD 72 I B DR & W5 ik
AW -t /A KERO 101 3E R H AR IR
EwoHEbd b, ZLOFT-IREHRICBVTZOR
OOBRESZ T SN T WS, T LTS, AR
B 2oV F —ScEmostiEEw T, MERNEE

#
{EBTEITE-T, KEITE 245 2aEYDEK
BEBNTEX2EEZ 0N, RUFHEIC L 3R1IE S —%H
FHEE L TELTE B AREME S 5.
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