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ZIRSEP OMPUEWZ, £ < ONEUHET LRI OBRERICHDATNE Z LIZX o TERS
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Z1E, Osanai et al, 1998). WHWOFEEIZIE, —f&IZ
TG L LB, HHVIEET U7 (1

FUNREAR A BE A 2 SCAL AT 1A 2 SO Lo Bt i Pl B35 i

T IA =W REGHTPHWONTE 7z ET
TH—=TA 70T+ T AV =2 KESHTIE,
FACFHL O E R T ATTRETH B &\ ) FlTidd 5
bOD, Yl L SUHEWHAERMIZEL L T 2idiud
%53, SRR AAYIIRE S NS, JFEHEMEEIC
L LHETHBIE T, PR AP 2 Sk A 1
DOREIIRETH D, TNHMEROFHETIE, MHTH
YVoREIHREERS SRS ), T B Tl mMasy
REELCELH SR dusty” ERHT L2 L b H D (B
Z 1%, Yoshimura and Obata, 1995). F 7z, ‘@AWH R

Division of Polar Region Environment, Graduate school of Social and Cultural Studies, Kyushu University.

* IUNREER A BE UL & S U T T e R 28 Bl B 1) M R4S ) g

Division of Earth Sciences, Department of Environmental Changes, Faculty of Social and Cultural Studies, Kyushu University.

TR R BERT H5R
Division of Earth Sciences, Yamaguchi University.
* BEERR S HCR T B IR RS R

Department of Natural Environment, University of the Ryukyus.

73



RS AL ANDA N - ESL ER] - P - ORAE IR - B HRER

Fig. 1. Appearances of inclusions in metamorphic minerals. (a) BSE image showing fluid inclusions as pores on
the thin section surface. (b) Photomicrograph of inclusions in garnet, with focused depth of 2 um. (c)
Schematic illustration of multi-depth analysis for identifying fine-grained inclusions. (d) Composite image

of the multi-depth observation.

TR CHEHETHIE, BB RrESRTLE
W, BB E LCERICHENS (Fig 1la). MATEwO
F7ElE, k- wEIA 7 — 2 & A 2 726 B 2 v
LON—HTH L. T, WARUEYOELEE
B X UKREL IR OWERE R SMIFEE 21T ) FETH
573, 1 um 2D LAD OMFEEIZIHETH 5.

INSOMEEERT L2012, HRL - -9
Yotttk R o F ARG S Tw s (B 213,
Katayama and Maruyama, 2009). BEf&L —¥%—5 <~
SR, HERWEICL -t x B L, SWHE
EA D7~ CHEDEE A EORB I LTI~ >~
BECTREZHES S ETHRON 2T Y Y AT ML
M B HETH D Bl 2L, AL 2009). FFEE,
L= =&y 27 aaesnva r iz E0ENZR
SR oAEMTHIUL, ZIFTRTE LumOBEZE
o EECRETRETH 0, AU HEWORIEIZ S #H
T& % (B121X, Frezzotti et al. 2012).

B L — =T~y itattke Mws 2 LT, e
HEFYOREDNTETH LD, LROMMIAEN % &
GG, WHEMORE - BITICIZL RaRKEMEET S
BB FEREE AR W R AR O BAMEE T, IR, RiAE,
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7 &% GEE T & Bl T A Y O =R ITHY 70 5540 % [F] I
BT & v, 22 TAMIETE, MBI NT
THINTA 7O R T — T %A SRR AT T B ST
L7z, AT, HHBOEE TR LHE TEEE Zh
b EAM L7 REA G (Figs. 1e, d) Z v, b5
FORFf E ZRTeE 2 AMEIC L, S d & IcBEm T ~
T E R CEAEM R FET 5.

RIEETIE, w7y — &L RTY 7 0fOBAT6 %
W9 b, sy -Gl Mo RERENICHE
DOPHGEREEZMZ 572D ERENLEEZLNTVD
(Hollister, 1970). @HMOHAM ZEHI 25, Fr o
AP D X 7 & —1ZX 5 SN LM 7 7 — R,
HAEN % & ot R4 OB S E 5 s S nTw
% (81 1%, Andersen, 1984; Burton, 1986; Yoshimura
and Obata, 1995 ; & T, 1996; &, 1997; Vance et al,
1998; Pattison and Tinkham, 2009). Tl E¥ Tt ¥ —
R H 2 B um DUF oA 7 WA W s E iR ST
WBH, ZOMEIRIZEAETONT I hh o7 (Bl 213,
Yoshimura and Obata, 1995 ; &3, 1997).

B, #YONEF1E Whitney and Evans (2010) 125
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ZREBTFEL KORESRMG

AHITIE, ZREBT TEO T2 R (Fig 22H).
ZUREEMATTIE, T3 (1) AT ICE L2z ot %
To7z. I, (2) BN 24T ) B CTHBOREDOH
TEREZHE L, SREGREGEIER L. SRES
MR &M 42 DIETHEHEZ S EIZUHEYOILRE L WA
WO L2 LT, (3)FEET) WhaEMZE L,
(4) L — W=~ ptamEEz e TaaY
MaFELZ 512, (5) Bl O ibEK
EAEYOGA R L7z, DITICER 2 FIEE, e
ES iR IN

\
| Taking microphotographs (1 pm depth interval) |
1(2) I I
' ‘ Making multi-depth composite image ‘ !

|
I

\ using digital microscop

\®D

Analysis of three-dimensional position, shape,
grain size and color of inclusions

(4) |dentification of inclusions

using laser Raman microspectroscopy

! Analysis of host mineral chemistry |

|
using FE-EPMA and SEM-EDS |

Fig. 2. Flow chart of the multi-depth analysis of
inclusions in metamorphic mineral.
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MiE, 30004 D7 F ¥ ¥ L CTHIELZ%E, AMVT A
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ZE AR M 2 S DU DL 2 I8 T B 72012,
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2. BHRREDHETEEL L REARERDER
LIRS OW I, SN RFERERE &0k
WERICERE SN TWA TV IV~ 70 xa—7 (%
—x > 248 VHX-1000) &GF s (= o ki
OPTIPHOT2-POL) # w7z, F¥ ¥ Vv~A 70 A3
=7, BEEECCDH AT EflfHla sy Ea—F 05
RERC S, SEFBAMEE IR LIRE 21772 ). AWIZET
(&, SR O NIV ORI 40 R DRI L~
A%, 0.2mm % 0.15mm DI % 14 AT L 72,
DT cidzkm GREM) 2 54&%Mm (Oum) &L, A7 4
N7 7 ZARFMOES 2 3RE (IEOETHERR) & LTURT
RIS TFIRZ R

3, RS FEEAOum T, 1 um HFETHEEE
JE &2 2 T1600 X 1200 7 v V0§ T HEE %, —1H
BUZ O EFHOBERE L7z, RIZ, 40O T EHE %,
VHX-1000 o &l g EE G bR CE R L 72 (Fig 1o).
R A bR L, BB RICE S DG o ol &
Wil HIEEEET, BUNRWIEO ZRITHIIERE & [T 5 %
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H{§ %1572,
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ABFETIE, BB TORERTEEZHTWL720,
WHEYOEE L HITREOERE LR TE S, FIZIL,
W L CREE L7z b o UaMoya, 1IRED
H T ER TR EMES AU 2, SIRESKEG TIE
ZOWEE X TOMPTEET 720, SRR
WEEIESIZRETES (Fig 1d). 2HROTENE &
ATVLEETY, BRIZT X CTOREBEOLH WA
TE%. UHMORED, GEL TV AH T HEEOHREAL
EHROON L, Rk § 20786 T3, BERERNEY]
HMZE RO TAAMOEIZRERIEVIIRIO SN Eh o7z
720, REEIVEZTTICHEE T 2 WA 2@l L 72,

4. BHL—YV -SRI REICLDETEYVDORE
AWFTETIE, [AES 5 WIEAM O =RITHIEZ T

WOREEFT 72, WA L) FKEM T L —F—h059k
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WL —H =tz BWOWREWICRHFHT 52 LN TE 5.
BEM L — W — T~ vt E I, U KRR
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Y- OFELER L. B, SAMNYOT<
AN MVEEGEL, TNEHBLNIZTY I ANRT ML
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(20°C) THEMi L 7z.

5. BETIRMIMYDIYHCFER E DEMD IR EDLER
NS O B AR & EREAT Y O 53 A5 DB FR % ] 5
I B 72012, SPMLFHBOME L TRy ¥ v T
TR ol TO%, TEY v ¥ MR L SIRERIR B
SOCUEYMDO Ry F2ER, AEWOERMNZRZELE
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AL ZERE IS B S AT D T AV F — 43 R X 55

Fig. 3. Photomicrographs of the analyzed sample. (a) Occurrence of the sector zoned garnet. Garnet
porphyroblasts are associated with sillimanite, biotite, muscovite, quartz, plagioclase and K-feldspar. (b)
Matrix of analyzed sample. Sillimanite and biotite make metamorphic foliation. (c) Analyzed sector-zoned
garnet. (d) Sector zoned garnet, which includes staurolite in the rim and shows clear hexagonal sectors.
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Table 1. Inclusions in sector zoned garnet (Depth (um), Mineral or fluid (Min.), Size (um) and Shape).

Point Depth Min.  Size Shape Point Depth Min. Size Shape Point Depth Min. Size Shape

Domain [ Domain II (core side) Domain Il (rim side)
Area 5 30 0 Rt 4 E Area 2
1 0 Qz 1 E 32 0 Cal 6 SC 1 8 Cal 12 E
2 20 Qz 6 LC 33 15 Rt 4 SC 2 6 Cal 5 SC
4 25 Rt 4 LC 34 15 Rt 5 E 4 23 Cal 6 E
5 10 Qz 8 E 35 20 Rt 4 E 6 15 Ms 8 E
6 27 Rt 3 LC 36 20 Rt 5 E 7 11 Ms 9 E
7 25 Rt 8 LC 37 10 Rt 4 E 8 6 Cal 4 SC
8 11 Rt 5 SC 38 0 Rt 4 LC 9 5 Ilm 1 LC
9 4 Rt 11 LC 39 15 CO, 3 SC 10 10 Rt 2 LC
10 17 Rt 2 SC 40 17 Rt 4 LC Area6
11 15 Rt 1 SC 41 7 Rt 6 E 2 20 Ap 6 SC
12 8 Rt 2 SC 43 12 Cal 6 E 3 18 Rt 3 LC
13 8 Rt 1 E 44 10 CO, 4 SC 4 40 Cal 16 E
14 20 Rt 2 SC 45 10 Cal 6 SC 5 10 Cal 6 E
15 20 Rt 3 LC 46 8 Rt 3 LC 6 8 Qz 28 E
16 20 Rt 2 LC 47 4 Rt 4 SC 7 12 Cal 5 SC
17 7 IIm 4 E 48 5 Rt 4 E 8 26 Cal 7 E
18 10 Rt 3 E 49 20 CO, 3 SC 10 30 Cal 6 SC
19 5 Rt 4 SC 50 18 Co, 2 E 11 20 Cal 7 SC
20 15 Rt 4 LC 51 30 Rt 4 E 12 30 Cal 4 E
21 10 Rt 8 LC 52 25 Rt 2 E 13 20 Rt 4 E
23 40 Rt 1 E 54 20 Cal 3 SC 14 10 Cal 6 E
24 20 Rt 3 E 55 20 CO, 3 E 15 9 Cal 7 E
Area 8 2-1 20 Rt 5 SC 16 40 Cal 7 E
53 40 Rt 2 E 2-2 15 Rt 4 SC 17 10 Cal 4 E
56 10 Rt 2 E 2-3 14 Rt 3 SC 19 9 CO, 2 SC
57 19 Rt 1 E 2-4 35 Rt 5 E  Area9
58 10 Rt 4 LC 2-5 3 Rt 3 SC 1 10 Cal 8 SC
59 19 Rt 4 LC 2-6 3 Rt 4 SC 2 10 Qz 9 SC
60 5 Rt 1 E 2-7 4 Rt 3 E 3 15 Qz 1 SC
61 0 Rt 3 E 2-8 7 Rt 2 E 4 5 Cal 7 SC
62 5 Rt 8 N 2-9 9 Rt 2 LC 7 20 Bt 15 E
Area 11-3 2-10 9 CO, 5 SC 8§ 30 Bt 35 E
1 25 Rt 2 LC 2-11 2 Rt 3 SC 10 30 Rt 5 SC
2 10 Rt 2 E 2-12 0 CO, 4 E 12 25 Cal 9 SC
3 5 Rt 2 SC 2-13 8 Rt 3 E 15 10 Rt 8 E
4 0 Rt 5 LC Areall-1 17 18 Rt 15 E
5 22 Rt 3 SC 1 5 Rt 2 E 19 4 Cal 4 SC
6 28 Rt 3 SC 3 2 Cal 2 E 20 19 Cal 4 SC
7 14 Rt 2 SC 4 10 Rt 6 LC 21 10 Rt 6 SC
8§ 0 Rt 1 E 5 20 Rt 7 E 22 11 Rt 5 SC
9 5 Rt 8 N 6 25 Rt 4 SC 23 12 Rt 2 SC
10 3 Rt 5 LC 7 14 Rt 3 E 29 0 Rt 3 LC
11 5 Rt 2 E 8 22 Rt 6 E 38 7 Cal 3 SC
12 15 Rt 4 SC 9 29 Rt 8 LC 39 0 Cal 5 E
13 12 Rt 3 SC 10 27 Cal 4 SC 40 5 CO, 4 SC
14 12 Rt 4 LC 11 18 Rt 4 SC 41 12 CO, 4 SC
Domain II (core side) 12 24 Cal 5 SC 42 0 Cal 8 E
Arca 8 13 25 Rt 6 E 43 12 Rt 7 SC
1 0 Rt 55 N 14 11 Rt 4 SC 44 8 Rt 5 SC
4 0 Ilm 7 E 15 5 CO, 4 E 45 15 Rt 8 SC
5 4 Rt 7 E 16 0 Rt 5 SC 46 10 Cal 5 E
6 3 Rt 3 SC 17 0 Rt 4 E 47 16 Rt 7 SC
7 10 Rt 4 E 18 5 CO, 3 E 48 14 Cal 8 SC
8 6 Rt 6 LC 19 0 Cal 2 E 49 17 Rt 3 E
9 17 Rt 5 E 20 14 Cal 8 LC 50 22 Rt 10 E
10 26 Cal 9 E 21 0 Rt 3 E 51 32 Cal 9 SC
11 33 Rt 7 E 22 2 Rt 7 LC 52 18 Qz 7 SC
12 10 Rt 3 LC 23 2 Rt 3 E 53 16 Rt 3 SC
13 15 Rt 5 LC 24 6 Rt 3 E n0l 35 Cal 9 SC
15 0 Rt 2 E 25 10 CO, 5 E n02 2 Rt 12 SC
16 5 CO, 4 SC 26 15 CO, 5 SC n04 27 CO, 4 SC
17 7 Rt 5 SC 27 21 Rt 4 SC n05 10 CO, 5 SC
19 10 Cal 5 SC 28 15 Rt 4 E n06 22 Cal 8 E
20 5 Cal 3 E 29 10 Co, 6 E n07 22 CoO, 3 E
21 0 Rt 3 E 30 0 Rt 25 N
23 0 Rt 3 LC 31 25 Rt 22 N
24 15 Rt 4 SC 32 13 Rt 5 E
25 20 Rt 4 E 33 19 Rt 8 LC
26 30 CO, 4 SC 34 7 Rt 2 E Average size (smaller than 20 um)
27 20 Rt 6 SC 37 10 Rt 20 N  Domain I 3.5 um
28 0 Rt 3 E 38 15 Rt 28 N Domain IT (core side) 4.3 pm
29 20 Rt 5 SC 39 25 Rt >35 N Domain II (rim side) 7.1 um

SC: short column; LC: long column; N: needle; E: ellipse.
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Ml 2 5875 L 7B A TR F B8R (H AR FAh 3
JSM5310S-JED2140) BL U7 =)V FT3I v a v &
Fru—7<4 707+ 7 4% —(HAEFHHEJXA-
8530F) & 27z, 43 #7247 7% o 7276 F 1L SI0,, TiO,,
Al, O, Cr,0,; FeO, MnO, MgO, Ca0O, Na,O, K,O
DEEI0ITLETH L. oHraME, JSM5310SJED 2140
DN EE15kV, HFESER0.35nA, E—AF 1um T,
JXA-8530F 23 hms# 8 = 15kV, H4FEIL12nA, E— 24
F2umTh b, FEEZEHIE, KIREWB LG
(ASTIMEX-MINM-53, P&H Block No. SP00076) # fii
ML, GHEDORIEIZIZ ZAFHIE 7075 L% vz,
LRIV T IE T4 =V FZI vy a BT 7u—
TxA a7+ 74— (BAREFHEIXA-8530F) &
M/, gtE~ v ¥y 7 efiolznHRiE, F7 oo
W& L C—#&i9 7% Fe, Mn, Mg, CadfiicTiB L »*
PT#®%. Fe, Mn, MgB XU Can~ v ¥ 7 D5Hisk
&, IEFEE 15kV, FFERS0nA, ¥ — A& 5um
T, —EH7) OF ML 25msec./pixel TH L. 75
MiFAIZ4.5 X 4.5mm T, 5 8EE902 X 9025 TH
5. =, TiBLXUPDO~y ¥y ZOatrsitix, ik
FEFE 15KV, BEFER600nA, E—LFE4um T, —HH
720 OFHETIX 30msec./pixel TH 5. ML 3.5
X 3.5mm T, W ENL874 x 87415 Tdh 5. 43t
FZFNFNFelZLIF, MnlZLIFH, Mg!Z TAPH, CalZ
PETH, TilZPETH, PIZPETH % Hw 7z,

REREZ B DEENH

1. BB OREH S AEREHY

Rt 2 AT e o727 ¥ — M2 R 7 n AL, HE
EFE ZILHIR O X — 2 v IS AT A A —
HA - BEF AP ISR 5N S (Fig 3a). [FF
FRE O ERRERSEE, ¥ oh, B, BEN H
EfE, AV EA, PHEABIOHET, RIKSHEWE L
THERIY VA Y, EFAA%EG. BENLE 7+ 70
I A4 MROEEBRAPEMERY L, HRRRAREE 295
HHASCRENOBHICHELEDSRO 5N L5605
v (Fig. 3b). F7-, A, RERICECERELTLE,
MY EHR, SIEABLCAHECEDEHET S EET
B, W7 URBEIRERE, BEFSEARERL, B
31 —4mmTHhY, 1T AETHEYOHANE 72 ERY
2 & B 7 ¥ — % 7R3 (Figs. 3¢, 3d). 4,
ZUREMATICH VW2 7 0k, a7 ciifmnte s ¥
— MR /RL, U LAETIEX, WAMIIEEALETINT
We s (Fig. 3c).

2. TEYOREM

ZURBEMRNTIC X 0 [F%E L7 a Y ORE - Kk - B
K& Table 1LIZ/RL, RENLRIAEWD T~ AT b
V& Fig 4\R3. Fr7ufadhouaFmiE, FISVvFn,
A, AIEB XUCO, T, PEOAIVAFA N, HER,

CO, (1385) (@] |(b) Cal (1083) Rt (612) (©) | | Ap(es3) (d)
>
B
=
o
E
c Co, (1281) ot
£
5 ¥
Ap (580)
Ap (592)
v J o
L : L | | ipamaad |
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Fig. 4. Raman spectrum of representative mineral and fluid inclusions in the sector-zoned garnet. Garnet
indicates the spectra of the host garnet. (a) CO2 fluid inclusion. (b) Calcite. (c) Rutile. (d) Apatite. (e)

limenite. (f) Muscovite. (g) Quartz.
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Fig. 5. Sketch of the sector-zoned garnet and inclusions of the analyzed areas. Boxes are rutile. Circles are
calcite. Triangles are CO2. (a) Sketch of sector-zoned garnet consisting of three domains; domain |,
domain Il and rim. (b) Inclusions and texture of domain I. (c) Inclusions at boundary of domains | and Il. (d)
Inclusions and texture of rim side of domain Il. (e) Medium-grained inclusions in the analyzed garnet.

HER, BWIKADRO LN B aiTho7zF 70
&, 7y —fErRTaTEHE s ¥ —HEERRS
W AEICKRBIS NS, a7 ERE, A (<20um) O
WEMHBELTHY, INSPHAIICEL, 2%
—HEEZ T 5 (Fig 5a). —H, V) AHOAEY O
FEEa 7EE RTIFHITD v, a7, aEWD
FIINVF VD OREK SIS Domain 1 &, VF)V, KfEA,

CO,mMRaEY Gt A 5HE S 1% Domain 110 2 %8
WIS S b, FHOUHEWOMEE % Table 2127177
DK IRO WA O R~ T

Domain I : VF VS, %t 2 & — N THHE RES % 7R
IOV FVORINE, EHEHTEWIZIZIEZETTHY,
AR L CHEEEICES LT\ % (Fig. 5b). BEAl§
LNVF NI, %83 umFEE CREIIK, AR, B
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Table 2. Variation of inclusions in each area.

Fine-grained inclusion (<20um)

Other inclusion

Domain I Rt, Qz, Ilm Bt, P1 (An rich)
Domain II (core side) Cal, Rt, CO, -

Domain II (rim side) Cal, Rt, Qz, Ms, Ap, CO, Bt. Qz, Pl (Ab rich)
Rim Zrn, Ap, Sil Sil, Ms, Bt, Qz, St

R BV IEEHRZRT. oM 20 um BLF OB
HWELT VI, A ANVAFA EPRBOLN,
20umbl Fowgsw L L TREN, IEADREOONS.
INSOHEWIE, 3umBEO VT VALY &3 B R
WAL, &7y — R RE R,

Domain II : Domain II 13 Domain I % 5& & (20 D
ATw5% (Fig. 5a). T2 TlE, VT, HEAB &L
UCO,S, &t 7 & —NTHZE LRSI %7Rd (Figs. bc,
5d). WHYWORHE Domain 1 & [F U4 T, HEAHAN
THhb. VFLVORFIE3IumBET, WA ECO,0
FAEIEE - 10umBREE PR E V. AT 5THWO
gL, Domain TIZHARRLRMETH L. IV FIVILHE

IR S BHIRD b 023% {, —fIZEHER - $HRD b
DHROHND. FEAIL, IR S FHIRD b D93
ZROOND. COUIEMTIRZ W LFAEIR - BAFIR%E
L®F. F72, Domain IINTIEY 2O HH L Y RIEE
MWREL B BEAPRO SN, BHISeLHNns (Fig
5d). 7y —fELEDLY L GMTHUEWE, K
BR20um LT O3, HAERB X UBIKA L, REN
20um A FOBRER, AEBIUREATH L.

DAES RO K912, U AEICIE T T EREE
WA, 27y —EIIRS %\ (Fig 5e). U4
WoUASEW, KA, Yvar, BEA, AERL
BER A#EBIOTTHA (Fig 3d) TH 5.

Table 3. Representative chemical composition of garnet.

Mineral name Grt (0=12)
Position Domain I Domain 11 DorrTain 11 Rim Outer. most
core rim Rim
S10, 37.94 37.67 38.13 37.97 37.07
TiO, 0.23 0.32 0.00 0.00 0.00
ALO; 20.83 20.50 21.32 21.46 21.43
Cr,05 0.00 0.00 0.00 0.09 0.00
FeO 24.15 24.29 30.23 32.72 30.99
MnO 11.06 10.81 6.18 4.05 7.21
MgO 1.03 1.12 3.58 3.79 2.70
CaO 6.47 5.77 1.38 1.24 0.84
Na,O 0.00 0.02 0.18 0.02 0.00
K,0 0.07 0.02 0.00 0.00 0.02
Total 101.77 100.52 101.00 101.34 100.26
Si 3.013 3.026 3.021 3.003 2.986
Ti 0.014 0.019 0.000 0.000 0.000
Al 1.949 1.940 1.991 2.000 2.034
Cr 0.000 0.000 0.000 0.003 0.000
Fe 1.603 1.631 2.003 2.164 2.087
Mn 0.744 0.735 0.415 0.271 0.492
Mg 0.122 0.134 0.423 0.447 0.324
Ca 0.551 0.496 0.117 0.105 0.072
Na 0.000 0.003 0.028 0.003 0.000
K 0.007 0.002 0.000 0.000 0.002
Total 8.003 7.988 7.997 7.996 7.998
Fe** 1.603 1.631 2.003 2.164 2.087
Fe** 0.000 0.000 0.000 0.000 0.000
Xy 0.07 0.08 0.17 0.17 0.13
Alm 53 54 68 72 70
Prp 4 14 15 11
Sps 25 25 14 9 17
Grs 18 4 4 2

Fe** calculations followed Droop (1987). Total Fe as FeO.
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Fig. 6. X-ray images of sector-zoned garnet for Ca (a), Mn (b), Fe (c), Mg (d), Ti (e) and P (f).

3. ML EEAERR

W7 uEOXMY v ¥ 7B LR Te 7 7 4
VEZENENFig 6 & Fig TIORT. £HOF 27 0mO
I AL % Table 31289 . &Ry M@Em & L
TH7ufmiZa7ilnr o) AT TMgB L U Fe
AL, Ca®Mn, TidSiA 3 % MR 2R
T kS —EEERIRE BV LEPICER, POEH
XTI T ERAERTH L. S HITRIMEFETIX, Mn
DN E Mg B U Fe DA H RO 5 b, Fe & Mnld
TS AT T TRV AR ISR ZL T 5
7%, Ca, MghB LU THIMME X 7 & — W& 2RI
BB E T REEL T A R Cali oMK 2L
3, SHEMEOZLE IS L T b L) ICR 2 5 (Fig.
6a). LLTFIC, WHEWIC X 2 HEIEBO X 5EOHY b
WO % L3, 9, Domain 1D 4 TE\v:Cafk
43% L9, Domain 1103 7l Tl AT Ca sy A3
B LTBY (Fig. 7), Domain I® 1) 4l TiE, Domain
Ooa 7N HRE W Calsr 2 Rd. U AETHE, K
W Calll 77 % 7% §. Domain 1 ® fb 5% #l B 13 Alm,, -,
Prp; 4SpSss 20Grs ;13 Cd 5. Domain ITDALE AR 1
Alms, ,3Prp, ,Sps9 ,:Grs4 , TH 5. F72, V) LEHD
AL 1 E Alm,, Prp s Spse Grs, T, HAMER O fbaa4l
BE Almgg 0 Prps11Spsy; 1;Grs, ; TH 5.

4. TEYESRMCEERDRERG

WU EMOLRERTIZEY, &7 & —fiEe Ry
F7ufid, Domain [-11& Y AEICHS SN S, &
ARREBIE, AL EE D & R AE R TR S 1L
7elEZONLTH I I TlRiEm LV, UFT LYY

Fig. 7. Change in chemical composition from core to
rim of the sector-zoned garnet.
OHOfLFEME L T2 &, HiRA L CO 24 ®mIZE
¢ Domain II TiZCaPBHEIZHA L T\wb. CaldFeX
Mn (2 AL FGRE ARV 720 (B 2 1 XREH:, 1995), T
R DARE % HL IR FE L T 2 W REE DS H 5. L72AS
- C, Domain II T® Ca ®{§41x Domain II DI D
WA OMBELE R T L7\, Domain 17225
Domain ILIZ22F T, #27 0fHOEKIZE D 5 HD{baE
MBEA—EZ LT 5L, CakSmICEHOLHFEADOLBLIL
P ufoCalim Dl IS L TwhAEEZLNS,
Tbb, FHEAET 7 oa L &IPSz OnE
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e & 52 AHENDTES. Domain 1T, HfEAITIE
ST, Cald¥ 7 oAl BEL S N5 7%, Domain 11TE
BRI UL, Cald 7 v & IRIC AR T 2 A 123 L
ENTDTHHH. F72, RIS D CO,DHAD,
Domain I & Domain 1T CTOH 7 0TSO ZAL % il
FL7ze b2 0N, SRR PLETHS.

T72, BIROEFIEHTHBE LIS WEEZOLNT
W5 P (#2113 Spear and Kohn, 1996) (X, 2 ¥ —Hik
EARERWVY) LAEBIZBWT, T T ER S IEAEG N
5. ZOAES R P OBIMNE, 7 v AT D
% FOALFALZEAL (B, 1997) R MR 5 I3
(Yang and Rivers, 2002; Kawakami and Hokada, 2010)
WCEBbDEEZLNTEY, 7 ¥ —HEEOFEIZFE
OOHNLY 7 ufOATEE ) AFETOIRGHEFEDE
BT L EEZLND.

D

REGTIE, F7I2BI%E L7 A 4 o sk [ 72 Tk
R, TOEBENDISABE R L. A TR
L7 B RERIT TR LD, ZHOMBLEY % & O
E£TH, lumA—F—CoOMREEELSEYWODEME L
SREDT S e e o7z, F70, RFFEHAVDLZET,
INF CTHELRRRDPHREETH > SR ER T — VM
DUFYNZONWT, K FFHRENT 21T LN TES.
COMDT =1L, WAROTAR R A MEWEEFED RO
24t HAHWIEIRE - R RUOZEAL e E ST 5 L THE
Thb 0D, SR L LRERNT TR &
570 A B ORI THEM R T S 2 5.
F72, BWLWE T THIUTTHEY O ERLTERED FFAT,
BLOOWEYOREN TR R BT20, TIAhDTEY
LA AR D Z i 7 S TR IS NS,

A

FHERHRIIE, REARZER e N2ZE, K
id# LCdESI N BCBR#HLET IS, %
B, AWFZEIIE, AR IREL & B A 0F 78 2l B 28
Bwrge A (R /MUNEEA B85 21253008 8 L U°
22244063) OWFsEEE & HH L 7.
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Multi-depth analysis of inclusions in metamorphic minerals

Kazuhiro Yonemura*, Yasuhito Osanai**, Tatsuro Adachi**, Nobuhiko Nakano**

Masaaki Owada*** and Sotaro Baba****

Abstract

Fine-grained inclusions in metamorphic minerals are generally regarded to be trapped during
the growth of the host metamorphic minerals. It suggests that identification and analyses of the each
fine-grained inclusion are quite important in understanding each metamorphic evolution. However,
identification and confirmation of the each inclusion phase are often difficult using conventional methods
such as optical microscope observation and surface analysis by an electron microprobe analyzer. In
this paper, we introduce a new analytical technique, named multi-depth analyses, to rapidly identify
very fine-grained inclusions in metamorphic minerals using digital microscope and laser Raman
microspectroscopy installed at Department of Environmental Changes, Faculty of Social and Cultural
Studies, Kyushu University. Using this technique, three-dimensional position, shape, grain size and
colors of fine-grained inclusions are distinguished easily by the multi-depth composite image in 1 um
depth interval. The minerals or fluid inclusions are identified by the obtained Raman spectra even
if the inclusions are quite fine-grained (= 1 um) or are situated in deeper position in thin section.
This technique should be useful not only for petrological studies, but also for the other studies, e.g.,

archaeology, using inclusions or impurities in non-opaque matrix.

Keywords : Laser Raman microspectroscopy, Digital microscope, Fine-grained inclusions in metamorphic

mineral, Multi-depth analysis.





