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Calculation of EFG due to ligand oxygens nearest neighbors to

Fe’*in the M1 site of aegirine

Keiji Shinoda* (Osaka City Univ.), Yasuhiro Kobayashi (KURNS)

Mobssbauer spectroscopy is an excellent method for the analysis of Fe** and Fe** ratio in minerals, and
has been used widely for the analysis of Fe-bearing minerals. Although a powdered sample has been
used as a Mossbauer sample, it is not useful for the Mossbauer analysis of small areas in mineral grains.
Recently, M6ssbauer microspectroscopy is used to measure the spectra of individual single crystal in a
thin section to overcome the disadvantage of spatial resolution of the powder method. The electric field
gradient (EFG) tensor of the *’Fe Mossbauer nucleus is an important physical property in Mossbauer
spectra measurements of a single crystal because the EFG gives a constraint on the intensity of
quadrupole splitting peaks. Zimmermann (1975, 1983) introduced an experimental determination
method of the EFG tensor from the Mossbauer spectrum of a single crystal and proposed a formulation
of the EFG tensor from the intensities of the component peaks of an asymmetric M6ssbauer doublet.
Using Zimmermann's formulation, we revealed the EFG tensor of Fe** in the octahedral M1 site of
aegirine (JMPS, 2019). In principle, the EFG tensor can be calculated from the crystal structure
because the EFG tensor components result from ligand and valence electron contributions and are the
second partial derivatives of the potential of a point charge of an electron at the Mdssbauer nucleus. In
this study, the experimentally determined EFG tensor and asymmetric parameter 1 of aegirine were
compared with the EFGs and s calculated from the crystal structure of aegirine reported by Clark et al.
(1969) and Redhammer et al. (2000). The EFG due to ligand contributions is calculated from the
nearest neighboring six oxygens coordinating Fe** in aegirine. As a result, the EFG tensors and the
asymmetric parameter 7 calculated from the crystal structure show considerable variation, depending
on small differences in atomic position suggested by X-ray diffraction analysis. Thus, the EFG
calculated from crystal structure analysis may not be reliable for predicting the correct EFG and the
intensity of a quadrupole doublet. Experimental determination of EFG is required for single crystal

Mossbauer measurements.

Keywords:Mossbauer spectroscopy, microspectroscopy, electric field gradient, aegirine
*Corresponding author: shinoda@sci.osaka-cu.ac.jp
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ARANDT—RREICIORFEREZEEGD N FED

Fe*DEIBAE TV VILDHTE
fE Il RER (Berfik), HE IR (i), /IRERE (R - A4
An estimate of electric field gradient tensor of Fe?* in M2 site of augite
by Mdssbauer microspectroscopy
Daiki Fukuyama* (Osaka City Univ.), Keiji Shinoda (Osaka City Univ.),
Yasuhiro Kobayashi (KURNS.)

BEAIEA /A B CTH Y, bR
(Ca, Fe,Mg)2Si.0s &R I DH. HAIXMED &
5 Si0, PUEARN 1 >OTESAOEFE AL L
THRIZOBRNB ST D, Si LSOBA
E, Sio U A OMIZA Y, Si0, U
OTERCTHENDALE T M, JEE CHE
NOHNET R FEEMEND. ko in e
B JE DGR KD D B A AN T —45
WIEN D D . A AT T =03 WIETIEHm AR
OEAPHEIZHNONTERR, Z0Fik
TIXE R ORI A OREITEE L.
FEELTE TO X AN T — 5 HIEDN N X
N3z ETZoOMBESITMIEIND EE X
s, HEdmERE 0SS, WiRT-4 7
Ly b= (1 17°%) 1%, AR oOH
EREO L DI TIER L, Fifh e v oA
FHMC L > TR D, ©— 2t (17 1°%)
CEE T R X — ORI v — 7 mfE (1)
KRN F—DWIN e — 7 mifg () Ofn
(1= 1) ZxEd B Em R — ok
WE— 7 [fEDOHRDZ L ThDH. “Fe A AN
T —X 7Ly MIFe* L Fe¥DEFEN T
% JiE D ESGARL (BFG) 7 > Y v E R L T
% (Zimmermann 1975, 1983). X - T, HfE
EaE g D A AT 7T —IEIZ BV TIXEFG
TUYIVERET DT, AEBEOFBIZEBT 5
C— s ErEHT O ENAREE D

Tenannt et al. (2000) |2 X » CHEM G D
M JED Fe¥'® EFG 7 Y VAL ™IS
TWh, L, HEHEAD R D EFG |2
DOWTIEH LM STV W, RFFETIE,
Zimmermann (1975, 1983) ® Hikic Xk v, EF
MR OWEESA D Fe A AN T — 2L
7 MG /e HENEA D IR KD EFG 7
VINERDDZEEARE L.

B A ANy 7 —lEREE L CTREF
B EESOEEEAZE W 'y
a LB ATERNT, a*, bricEE, KO (-
202) MHIZWATZR 3O EF M AR EL
-, BEAIC3 HFahb vy AN LT, 3
9ODRAANG T =AY "MLuEfE-. AR
7 NV ML JED Fe*' & M2 JE D Fe* I3 &2 V)
Ao TWNDLEREL, A AR T —ZART K
JUSEMNT Y 7 b =7 MossWinn # AW —
7 BEEAT o T2 DR, M D Fe* DB —
7 beiX Tennant et al. (2000) 2 AV TEE
L2 AT —Z DX T Ly F)D MO Fe?
DHXT Ly Nes| X, ROOXT Ly N IR
D Fe* DX 7Ly e LTz, Bohz 2
HED Fe* D F T Ly hOE— 7 Wb R JE
D Fe* D BFG 7 > V)V ZKRdT-. LA L, EFG
T UV NVDRBENRKE NI &, KOEEMRHE
Bt & EFG T VLl OPRRAGRE S L ThE

> 7.

Keyword: Augite, Mdsshauer spectroscopy, electric field gradient tensor

E-mail:m19sc021@hb.osaka-cu.ac.jp

@Japan Association of Mineralogical Sciences.

-R1-02 -



R1-03

BNFMRZER LEEFRF/ N2 — 2 DA GHER
WS JE (PR OR - BEEE), REE HOL (AR -PEL), Hf (4 K - R,
=% st (K - BrEh)

Pattern indexing of electron diffraction based on dynamical effect

Yusuke SETO* (Kobe Univ.), Masahiro OHTSUKA, Yohei IGAMI (Nagoya Univ.), Akira MIYAKE
(Kyoto Univ.)

ITCDIZ

716 T B (TEM) IS X % 8 7l ik
X, T A — )L T ORE SR FR RN E S HNLFRAT
DIEN 72— & LT IR IR B
M & 7o TV D, FRTITFEIL, mERED
CCD/ICMOS #1 A Z 3K L, @ norE i
B 72 BT8R O RSN KD X 95127 » T
W5, 7277 L. IERR O SN A S O3 ER0,
IR FRME & 2 VITEEB O M BNIR S 728
METR[E T X B — BT D5 A1, AR T s
RRIZR R AT T BT DO X2 250, S DI,
B EWEOMBEERIZIEFICRELEN
FHVNRNTEE T D 7=, [BIHTHERE O & &
B2 R L (X BRSO TlE vy, £
ZCAMFGE Tl B R R A ek L 7= |
BN 7 0 T DO T o T,
FE

i LTZEr N2 — 203, A X7 4 v F
L NE Median 7 4 V2 2R L%, 2 IRoC
T4 —2 FNEABTT 4T 47 L EHITA
Ry hOREELLEERET 5, —F5, G
i B D IAE - S VERE X & D HEHEH LD T T,
TOMBERBITHE L T <, W2, B
SNz EHT AR v b 22 R RS 5 Y 7R
BRI T2 T, [BlfiEtE O EFEE A (D —H)
DA A A O WRS 1 AR (O —EB)IC — B
L7=BE1T, AT 2175, 2 OB TR
FER—F L2 EP AR v MR S5 08,
—F Lo OEF ARy MZoOW
TUE, BID AL (B DVIEBIOFESE) 2B
FHHE LR L, & 5ITEY 2 ST A PR
T4, COFEICL-T, BRT Ty —
(HOLZ) £ TEHE O 7o HEM T, EH Ok
T KD 72 B AP HF — 2 DFRIT N AR
2%, LI, o kER AN A ETEC L
T, DT MK EER U 72356 O [R50
ZENSFEE L, B L - B R E (D ) &
b T 2B ORI & AL & B &I
H13 %,

&) /R EHE Tl Bethe [ A ETE 2 V=,
COFETEH EHTOEZ2IE AL

TayROEBE TR L, AR T v v L
L CIHERRRREBE (T v v R ZRD
%o X HAZEEIO S HE TSI & BELEE & e
D HMNTET A Z LIk o TEPTE O RIE
EEET 5,
FER L EEE

1 IZHEA QYR E 1 [E147(CBED) N # —
VR, RIS DR R SRR O [ PR
PRERSEIT2IZE. 78v v REN)O
B+ REL T DHHLEND D (>~500)28,
B ) FEHE ORI NS IZHpT 5, 207z
W, BAEEFEEZ&SECEIMEL, SHICHE
FEIIGLTIA T T ) 2BETEIRT D
Z & TCHEAERMAEM TS LI LR L,

212, = AZ B A MNIEF R, Pbea)
WZxkF LT RS YR D S A il & A S LT
BlHff 8% — & OB R AR
(I 1), EBHEHS I 2 L— 3 (" 1) T
&, [001] L Eh AN S 10° FREEFRIZ N —
VOARy MIBIZHEE TE TS, 2720,
[IPAESE Xt A DN QAYANAY b SN E1E 713
LB T E TV e, BIGEE RO BIPriRE %
RHESHHET S L5110, REUEAR & i E
ML Bl SETEINFE VI 2 Lb—va vy
EITW BEBE LSO /Y — 2 OFHIZ
%Eh L 72 (X 2¢), JE3% TIEE ST DT
LN L, ATEOREERRD,

a b c d
. l 128 l 256 I 512

1. #¥4 (scapolite) D (@)CBED /X —> & XDV =
L—va URER (bed). N7 e v R o%

AlS ST b - . c -

2. TR LA NOEETHEITANF —2 & ZD(b)
HE) AR L OB ) ER Y R = L— 3 3 (t = 109nm)

Keywords: electron diffraction, crystal orientation, pattern indexing, dynamical simulation.
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Precession electron diffraction =D~ H & 2E4
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Precession electron diffraction method analysis of mineral.
Akira MIYAKE (Kyoto Univ.)*, Yusuke SETO (Kobe Univ.),
Yohei IGAMI (Nagoya Univ.) and Masahiro OHTSUKA (Nagoya Univ.)

WUNEY DFE DR TE PR TR DERIZE B
BEFIEME (TEM) ZAVEEFEIFEN
F<AWLWLND, XIREFTDIEZEES. REHH
HPT 1 @ALMECSHWVWERET D&
MNTE, COIETEBFMEITE L5, —
A. BEFETOSEE. EVWRABSPTE 1 2D
BEFNAELRFNVEIH=H. DO L%
EZELGHNEGLT. COI LB NFEY
BHrE &S, CD=HLEABMOBERmZE $
DY) - FEROEZES. EFEITEMHRIZARE
DHEBATIEEZASDRHIVEBERTETDHEE
NH5, £, BIFRE LB HEMEFTOR
BNTTL D, TO=0. AMEDRERL E
IZEE%E5Z25, —A. CORERRT S
OIZ. ASTEFHREAMRICTK S Z LITL-
T. T4 RV LOEFRFF LK EFE
#1 (Convergent-beam electron diffraction:
CBED) #&Msn5tTULVS, CBED (A TIXT
A RAVRNIZENSIBES L) oM EDE
M alaE&E 5, LA L CBED JATIEASt
BEFREMIRE=H. HAHIA—UNKE
<. YD BERGEHITEL>ND,
—AGEFEFEEIATWA T v a3y
TF M (Precession electron diffraction:
PED) i% (Vincent & Midgley, 1994 7 &) (X,
AFEFRELSHICTH L THERN I EREE
BN HBICES LEFRITRKE %
WMBTE2HETHD., chickY., EIHEM
MBEEFTETDHEINTWDS, £, A5
BFRERDIENG -, AEERIEE
T54 FEEDBFRIAA—JICHLEH
[CHBERAMNAIEET. S BICIE 3 RITLTHMET
% electron diffraction tomography & #i#&#&
HhEDIILITKY . BERBITLIAETIET
hTwd BFAIE, Jiangetal,2011), £
T. AL TIE. PED ZZHMIcEAL.
— iR HIFRREFE FEIT (Selected-area
electron diffraction: SAED) k& MDEA, &

Sal—Y a3 EnLBEEEFTOT=,
EER(X. TEM (JEOL £t JEM-2100F) & .
HREM %MDY 7 + QED ## & &EhHETITHo
1. & 1 [ forsterite M SAED E# (a) . PED
X#z (b) 779, SAED ®FzIZtk R T, PED
R . LAEFTRELAELNTNS I EMN
hHhhd, £f-. BEBDERKAIC K > TEAXE
HADREIZDOWLTH, SAED FBIZK bR
T PED R TIL, BEMNMNSLHE-LTLNVD

ZEDHN D,

la: SAED X®

Vincent & Midgley (1994) Ultramicroscopy, 53, 271.
Jiang et al. (2011) Science 333, 1131.

Keyword: precession electron diffraction, selected-area electron diffraction, mineral
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Background holes in wavelength-dispersive X-ray spectrometry

using thallium acid phthalate analyzing crystal
Takenori Kato* (Nagoya Univ.) and Mi-Jung Jeen (Pusan Natl. Univ.)

X B M D o3 sz, R
B R (WDS) & = kL — 43 Bl S5of
75 (EDS) 3% %, EPMA X° XRF ClIIEREIC
X MIBEZPETE D ERFHEE 22D, Fr

(2. P/B DRV ETT R O E RSV
T2 X M & EMECHIET 2 0 ER &

Do TDOXEOBRGEITHEL 2D HD—2I
Ny 77T Rix—nA035H2% (Self et al,,
1990; Kato & Suzuki, 2011), WDS Tl ik
B D —DDREGE TOHRT T v 7 DRSS
R T2 ST X MB35 2 & 2hiik
IZL TV, L, FFEDSM T TIIEHK
DFEETE T 7 v 7 O D72 S 4,
RERICEIET D X BROTRE D T BK
72h, T, X J TT700 RiF—é&
ME5, Z D3 @%ﬁﬁbfbiakxﬁﬁﬁ
ZIDICHRIES DRI H D, EDTD
77777VF$_W@ML%E%Cﬁ%

ISR A Upn K o i L
SR AN

Self et al. (1990) 1%, LiF (200) (21T 5N

oI T T R — L ORESM AR LT,
% 72, Kato & Suzuki (2014) 1%, PET(002)IZ35
FTAENRNY 7 T T R—/VORRESRMNE
LT, BILFE AT CTHW S LD TAP001)IC
BOTHRBROMENEAL 2 5720, Ny
77T 0y RBE—/RRET DR A, LLT
DOEMTRDIZ,
R I T T RIR—VERAESHE DG
Ifil DI FREK

hok 129 725 9
« (001)f D AK£4

25° -135°
ICDD @ PDF (00-030-1973)IZ
Tables for Crystallography (27~ S V77 55 514
Z 72T LA O T O S b R X T
%, F 2T, WRANZOWTIEZESE T
TOHDKEEBE L=, ZOFRMFIZENT,
8 y TNy 7 7Z 7 RAR—NADPFIEL 9
D EDIRENT, FD OB 3 » ATIE(001)H
DA A 29 LU FDEMATH -T2,

{Z. International

Keywords: Wavelength-dispersive spectrometry (WDS), Analyzing crystal, background hole, electron probe

microanalysis (EPMA), X-ray fluorescence analysis (XRF)

*Corresponding author: kato@nendai.nagoya-u.ac.jp

@Japan Association of Mineralogical Sciences.

- R1-05 -



R1-06

“INS A N

EAFHERD

- fL) (1)
EEBLIREH

el et TTAREERES (RS A MZERT)
“Paraiba” tourmaline (1); The gemological definition
and its geographic origin.

Hiroshi Kitawaki*, Kentaro Emori

e LTo b= U AT ALEHEERONE
MDIRL . A—=N—=T NV —T %R L TND,
*ﬁ%’ﬂﬁiiﬁfi XY3Ze(T6013)(BO3)3V3W VC%
IRhTHEY XIZiX Nat Ca2t, K, O Y IZix
Fe?*, Mg?*, Mn?*, Cu®*, AI**, Li*, Fe%, Cré*; Z
Wi AR, Fe¥, Mg?*, Cr3*; T IZiL Si**, AR,
B3*: B {Z1% B%; V 121X OH, O%; W 121X OH,
F,O? A%, TNENOH A MIABITLHE
DOHEDLRFIZLY , =Y T E< O
FHEDNFAET S, BIE, IMA @ CNMNC 12
BWTIBREPERIN TV,

DL, ML=l E LTEATHE TR
SNDEHDODITEE A LT elbaite T, —FA
liddicotite (Jgk% 21X fluor-liddicotite) . dravite
L wite THDH, Ll FAODOEHERRE
BIFETIE, by~ U > OFE % B IZ R E
THONRREER T, Efs & LTI I
B4 EHELTOO M= U v RN T
5, BlzZIZe 7m0 k<) X T .
r= U v ERHEN TV D P, S5 FR9I2IT
elbaite < liddicotite 23 fF/E L T\ 5,

INT AN h= U 0L, 1989 FEIZEA
MBI BG LI ERS N F A~
EEOIERD ML= o Thbd, YW 7 T
CNDNT AW TRERLINTZTZD, NT A
AR VI 2l Bl O G I A N b ol i NN
1990 FRICITBEET D VAT T 7 - R -
VTP BEEIND L DI o7, il
MPABLFEHLZLDIRELEZEFEELTH
B, KBlEhad Z &< RT3 |k
= TR T,

I 5T 2000 HERICA-T, TIVNMNE
ELEENTZ T A P2 ) TREF -T2
EOT 7Y AFEENLLREEBEOEGH S~
VUNEHRIND IR  2OR—I
T RE L 72 o T, [FEER e EAER T AR T
A X 41 % Laboratory Manual Harmonisation
Committee (LMHC) Ti&, JREMIZ LR < |

Keywords: Paraiba tourmaline, Copper bearing tourmaline
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HBIR~ > 2/ THHEA~EOD
elbaite /37 A4 /N« hL< U U EMEST 2T
L. 2006 4£ 6 H (Z Information Sheet & 47 L
72o LU, 2010 LR, v — 27
DO—EBDEG N~ U 21 liddicotite (289
Db DONHER I NIz, £ Z T 2012 4, LMHC
TIZFEHC h L~V v ORI A R EE IS
BfR7e < | BO~FEEADOEH FLv~ U &R
FGANR s A=Y UV EER LT, 2O L7
TEFE DT 1L, CIBIO ([EFE &4 A i )
BLOICAHBEEABE)ICE T HEEE X
nTEY . HENREATSE TR ZIT AN
bhTW5,

RIA N ML= U UOFEEMT, 7T
WoRT A NP DNZ— T gL FE R o i
ELTHATH DD, BIIEOEHIZRERN T
Hb, BT VA TT T« K 2T M
WZIZFy M RFEIL & AV ZHRIL N EREE L
TWed, BIEIR%RE OB L T\ 5D,
FTA TV TEOEH MV~ Y X 2001 4
BT L2y, FEH R 2L, B
FEILEREICAOND DL TH D, 2005 F
DI, EATHICIET 2/37 4 /8 fb~
VDL IZETEV U E—2ED L O THRIE
HREMCHGHG ST 5,

l Fig: Paraiba tourmaline from Brazil (8.6ct, 14.9ct,
3.3ct)
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Paraiba tourmaline (2); Chemical analysis using LA-ICP-MS
and its application for origin determination

Kentaro Emori*, Hiroshi Kitawaki (Central Gem Laboratory)

Chemical Analysis of tourmaline using LA-ICP-MS is difficult because chemical composition of
tourmaline is complex. In this study, we analyzed Paraiba- tourmaline using LA-ICP-MS based on some
assumptions and studied the origin determination of Paraiba- tourmaline.

FHE L COML~<U AR O A E
WD TILL, A== N —TEER L TND, —
A ERIT XY3Z6(Ts015)(BO3)sVsW THRSHL
b —RICEATH TRLNDL DT elbaite,
fluor-liddicoatite. uvite, dravite T&H D,

LA-ICP-MS % H\\ChL~U> OFLER 4T %
ATNTIE (V)M PH 23 FE B IR, A HE T
FRERETHIENTERWEOEKILERDE &
MR THD, (Q)Li & BEE A, ZbHiE
LA-ICP-MS 2L 70T IX FTRETlEd D3, — i
FIZHWHIL T WAHIEARE T T AR B Th D
NIST612, NIST610 (275 £4H Li & B DIEELE
DAENZFE LD EBESHTHEELL, L)
R DD,

ARIFFE TS RTA NIV Y TR E N
elbaite THY., — fluor-liddicoatite % T,
LA-ICP-MS % =L~ U s D43 T
UWCIE Sun et al., 2019 (ZXEBATHIZE N H DA,
elbaite |21 Li BEL<EENDHIELHY, LLTD
REICFEDE| Li, B #3 A TRDHZEICLT;
(1) Bsite | B 23585, (2) T site 1% Si & Al 23
55, (3)Z site & (5HDHILHEDHIE Al LIS T
PR ETHDHT-D AL HD D, (4) Li ORFEIX
Y site ICADA A DA FHNLHE TS, (5)V
& W IX OH BN EDD, ZOMEICHESE, JlE
SNTIREND mol tLERD | A4, B4
COMEL DB FERELLIR DI A A R
DAL RIEE AV E T DLV FE
W=,

EZHITTAN ML= D FEHBER D
WL SRR S 2017 EREHSICTI A

BT A W IZE A8 OFROFTRITL
7203, 2 PEML RO R Th o T, ARFFETIE
FANERTANL=YAZHDNTEL EDE
RiEE AW LA-ICP-MS [ ZX DM LB
HIEE RN DWW T OIS A MRFTLTZ,

AHFFETIIAR ~ LA-ICP-MS [ ICP-MS %5 &
EL T Agilent 7900rb, LA #£i& &L T NWR
UP213 ZHW, 7TV 94 5, F AV YT
79 W BV —TPE 27 WOV T VAT
IZHAW,

TN—RDIXTANNL=Y 1T Cuvs Ga D
Ty T AT EITHIZET Cu NEWTTUNGE,
Ga DEZWEFLE—JFE, li#HOEH EIMK
W AT 2T FEEXRIT HIENTEDHT LN
o, Fle. TN—T )= ~T )= TN —D
GEFHD/ T A=Y T Cu-Ga-Zn 71y M
ITHZETRIZDI N— T INAHETHD,
TIUNFEX In DL, TAY )T FEIL Zn 3
DIRMEICSH D, FT2T7 TV NVFETE Zn 3D
RS DIXTFT AT UTFEIZEES Cu F7201E Ga
DERRNPZNZERHLN 0Tz, TV —
RIZOWTIE, TTVNVEET Mg 3L, FAY
VT BT Mg VD 7pnb STl R H 5,

JE MU B OB TR X B D2 Y T D
IWEEDPITFETHY, BIRF LTI 7 BAR
T3 IR IS EM D%, A BITY TN B
LT =4 N—=2% FRIE TV TE THD,
Sun Z., Palke A. C., Breeding C. M., Dutrow B. L.
(2019) A new method for determining gem
tourmaline species by LA-ICP-MS. Gems and
Gemology, vol. 55, pp. 2-17

Keywords: LA-ICP-MS, tourmaline, elbaite, Paraiba tourmaline
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Two types of fine structure in the infrared OH-stretching bands of
gedrite-group amphiboles
Kiyotaka Ishida (Non)* and Frank C. Hawthorne (Univ. of Manitoba)

Abstract

Bands assignment and decomposition analysis for the infrared OH-stretching bands of seven pairs
hydrothermally treated (for 4 days at 700 °C, 200 MPa on the C—CH,4 buffer) and untreated anthophyllite—
gedrite series amphiboles have been done. All samples were characterized in detail by Schindler et al. (2008)
and Hawthorne et al. (2008). Below about 3690 cm™, two types of fine structure in the OH-stretching bands
with vacant A-site occur due to the two types of configurations of SiSi and SiAl at adjacent T1T1 tetrahedra;
the MIM1M3-OH-"0: T'Si"'Si-M2M3M2 series (labeled Ax—Da, Ag-Dp, etc.) and the MIM1M3-OH-":
T§iMAl-M2M3M2 (AD = vacant A site) series (labeled Ata—Dra, Ats— DB, €tc.). With heat treatment, the
intensities of the lower-frequency bands in both fine structures increase due to the exchange reaction:
M2V g+ MiEe?t = MI2IRe2" MV  Procedures for analysis: The spectra for samples with Al <
1.0 a.p.f.u. (anthophyllite-rich samples) were analyzed in one stage: after the background was modeled by a
spline, least-squares analysis with unconstrained frequencies, FWHMs (full-width at half-maximum height),
peak intensities, and the ratios for Gaussian and Lorentzian components for each band was done. Gedrite
samples containing Al > 1.0 a.p.f.u. were analyzed in two stages: using the parameters obtained in the first
stage (cf. left Figure), additional unconstrained parameters for the same number of band-pairs from the first

stage were introduced (cf. right Figure).
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Chemical compositions of katoite from Tadano, Fukushima Prefecture,
Japan
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JNf#%A 1L Passaglia and Rinaldi (1984)IZ &
WA % U7 Campomorto $- A G205 7
+ /A4 NHROEREI VIR I, HEY
(IMA No. 1982-080) & L Citdi &7z, BT
#HTIEE O AL FERUT CasAly(SiO4)(OH)s
EEF SN, JREARA (CazALSi01) & M
1 DOMIC Si04 = 0(OH)4 & W 9 EHARIGR M
52 EARENT. flT, ARG
IMA CNMNC (Z £ 9 &AF S 72 (Grew et al.,
2013). ZAUIZ KD & akEaA R RO — R
RITGH YR (Z3)en & RBLS 4, A O
L F 20T {Cas} [AL](03)(OH) 1, & FFE 5%
i, & U CREARA—INEEA RS O—i%
FHLRE 21T {Cas} [AL](SisA0x)O12.4x(OH)ay & 722
D, x<1.5 DHA(SI> 1.5 apfu)l TR L FEA
2, x> 1.5 DEAIFMEAICSEISS. H
APE D IR KA — NG R 5O KE Sy 1%
Si > 15 ZoR T Wb w5
“hydrogrossular” Cd» 5. I 7(1983: =L
KEE)IEERIMLTZHEIC oM T 2%
st o2BLrer¥ )AL Si=
1.25-1.39 apfu Z /"9 JREEA RO —INEEA R
SN BT D8 DAL & it Lz, BE
73(1983)TlE Z #LiZ“hydrogrossular” & 7ol X
T D SRR BN TN (S 3 5. 4
[0l Z ONNEER @ EPMA 12 & LML O
Bt fTV, D EO S, FECRNEENRDL 2 &
DV L= TEOMEEZHIETS.
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FILEIC > CRIR A2 B L CET 5. 58
BTINEACERR S R ARG & LT
THZEHE. BGOSR, RT&5
5L EpeFE L LTI O, F, Mg, Al Si, S, Cl,
Ca, Ti, Fe 2@ S 7. BSE B#122 T,
MEAIIAREETH Y, LI S
(ZE T BTN, BOLERIC S 122 LW AN,y
i3 DA DGR D INEEA D FEERA A
A8k =Fe¥,Ca=3 & LCEHE L. H0 I
total anions = 12 & charge balance & ¥ 515 L
7=. YRR (n = 211)1X {Cas}[Al, soFe*0.20
Mgo.07Ti0.02]51.88(S11.15S0.1101.74)£3[ (OH)6.9904 81
Fo.16Clo.oa]lsi2 TP 5. Zsite Tido (vacancy)?d
EHE L, MEEEICoESND. S O
0.00-0.20 apfu TH 5. S OEINIZ VY,
MTALF Mg Til 1 & 4 L, % o &P I
1.73-2.03 apfu TH Y, S>0.03 apfu Z7~ T %
DI TALFe* Mg, TilI X BEARAE 2 apfu 2 A 512
TlE S . FIAENZ 5343 %5 S <0.03 apfu &R
TOMEE A O BHMEE O = 17) 1%
{Ca3}[Al 74F€>0.23Mg0.01Ti0.02]52.00(Si0.99S0.01
02.00)23[(OH)7.7504.0sF0.10Cloo1]s12 T&H 0, Y
site IZERARMEQ2 apfu)Z /9. ASBEIOMERIL,
% MEFPENNEEAT O Y site (Z1do (vacancy) D317
ELTEY, ZiUIHAKT 027 apfu IZEET
HT EERETD.
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