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WE:HNTHARA - FBEFTHERNEBREMN Zm, #OT TSR Ea- S4B E EERK
WL g AR EREXA. SR MEA S48 amme sl N2 20 F0 19 /ML 8, £ BT
MR ZEHSZ AMETM, LB RRXARER K FMIEBELT MR K, TS EWER K
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FE A S:0521.2 X EkFRIRES: A

GARFARD TN XY, 2., Xo Y Z 430 R+ ik /TR Fn DO i AR B, ¢ R B
o BHERUL, X MY 0243585 2 M FHES 7 (Ca®', Mg®, Fe*'. Mn*") fil 3 #r BHES F (AIY", Fe**, Cr') &
W5 Z Or ke Siv i 4, ¢ FRORRYFAE FAigk OF ., OH Al F 54 i T+ iR A\ iR o7 & vl 132 &
BT, NIRRT AEa R RN EERE XA B PR RSRE AT asi, dEim
SRR GRS T A e, 2R g e o U A B R Al A T

IR 3h GG AT LA T [ R a5 f A o, AniR | S L BT B R R AR AR [ A
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PRI BT 3 4 BHES T RARHIRT ST . 2 3 I ARA B Fe¥, AP TR R4 (0.654 F110.535 AMY)
BIA R 2200, A5 5008 A -5 28 A1 (Gro-And) VAR IR A 1T MIES CE . A M X JHEaT H ok
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il Boffa Ballaran 21" (41 40 (TR) JE1E A 5T 45 S 26 WA, 22 %5011 5 1A il e 157 i G 252 4 1k A8 Ak, R A0
ML MEEr 25 . Fed - Shd i B T ALY, [a] k0 3 K 8 2 4% 22 1 o U PR 3l . H AT, Gro-And
AR P (Raman) YEIEWF AR B = .

AWFFE 1 e A 10 AU 853 19 Gro-And [E AR AE & (3 GPa, 1 100~ 1200 °C), i & Raman i
SIHT AP-Fe® B AR 4540 A S i SR G e L T L IR0 AR AL i S L S 25 M 10 56 2R, O M R A A1 0
I S Ak G 110 7 A PR 5 i i 3 Ao ST e 06 B 5 AT 2R MR B S &R, T Gro-And [V TR A 48 FRAE .

1 ZWB5E
5 AR T AT S M T [ AR (Cag(ALFe,),S150,,, 0 < x < 1.0) 4 i 52 30 75 Jb 50 K 25 i 1L s TR Se i 28
Y 7S T TR ALY thSE R, A BT A 3 GPa, A TR EE R 1200 °C, & BT [A] A 24~28 h, SLE AT &%

SCHk [20]0 SEES Br A AR 7 A A A UGS R A . B IR AN BUR S R BOR, AT A A,
3 Mk L) (Fe**/(Fe*'+Fe™)) KT 95%, #f it fiiid 2 2 Sk [20].
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B TR AR I B2 0638 M8 7 b 5K 2R MK 5 23 )RR 2 2 B s, TR A BSR4
In Via Reflex O . fhr 8015 AL, e HCR &G HIY 100~1200 em™ o L5 fH 1 50 x KAEFEY B, BOL
Wk 532 nm, ZHIHF 50 mW, (UEHEBEEARL 1 um, % HR 1 em™, (R RERE . HT
& Fe At BA & #5238, 85 5B A o o0 SO 2GR0, Rt A TR R R G0 H200iE R
WOCTR B TCIE G — o BASSEIAE S D 5% 10 41 DL B OG5, R4 T REAIL Y 07 4 UKL (AR 58 v Y
Raman U735 Ry Z 4DGIG LA 2MH) o W8 209 65 1 43 B s 224> DR, 43 S 41 B e i R 2k, Jl it
Peakfit v4.12 B F AT R E o R H Gauss + Lorentz 1 15 Raman W7 F12 06 58, 723005 5540 14
A B A Y Raman W 722 (1 [R]EF, 30065 <A A LUAR A5 B IORG ff i) 25005
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6 NI AGE . BEHE T A R, AT A 453 A 25 A B WP 2 g )
I'=3A,,+8E, + 14T, )
T 3 M FHE TR AL R4S, AT LLF, & FoR s A S AR R 2w . ARBESE R H
Hofmeister ¢! fil Kolesov 5" X} /4 1 A Raman S 3% 4R 8l 06 (9 45 D\ 5 = . v 431 DX 3 ply i 40 DY T 44
(SiO,) H Si-O i sl =4z, B (Si-O)y,; HH X3 i Si0, H Si-O &5 #h ¥R sl 7= 4, B (Si-O)yengs A X 35k
H A 4R 3 (B FRSMIR 80 ) 7= A=, 446 Sio, B k5% 5 (R(Si0,)) . “F-3h (T(Si0,)) Al 2 #i FH & -3l (Ca®;
T(Ca)) .
B SR T A R or A0 A8 A AR D 1y 2 0 o 300G 45 R, BSR4 BK R A i T 1Y
Raman WEQ7 5 SCHR [14, 17, 22] TECH—3. B T 0640 S Ko B AR, #HR TN AY 25 4~ Raman VR
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Fig. 1 Raman spectra of grossular-andradite solid solutions (The spectra are divided into 5 regions'"*'”". The number

represents the mole fraction of andradite component. The peaks with asterisk can’t be observed for
andradite end-member. Grey areas mark the zones where extra peaks are observed.)
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BE AT ULEEH] . X T A5 H A8 A i o, SEULI 2] 20 4 Raman 1§ P904 (AT ABFZE! HHE A7l 904 em ™ f
Raman I§) 5 P577 58 & i 55, O HERHL4; P852 5 C 15 (848 cm ™) IE (. E&; P178 5 U (182 cm™)
H5; P383 5 M I (376 cm ™) 423, FEAS B SE R BOULEEH . X T8 8- A0 A o oc, ZEWEI0 3] 19 4
Raman W4, HAth 6 411540 45: P874 5 B 1£(874 m ') H &, P843 5 C (842 cm™ ) &, P494 5 J 15(493 cm™)
FE,P370 5 MIK(371 em™) &, P174 5 U & (174 cm™) &, P593 IE5R 455 .

AT A R Raman WA 5 R0 2R S R AN 2 fir s . BlAE Fe’ B i X, BI3E N, BT A WAV )
R g e . 28 RIn P21k, C. G M TR PERR BE R 25 . Horp, C W& T B A1 D iR Ig 2 [1], 4
GBI AR KR EE. G AT IERNAEL AT 68 55 F R SGR G RS . 2 e
AR RSP EEE, B G M TIEAE RSP RS . E R G 023 51 76 55 2R AR A FES 405 4 A i o
RETE S, 106 2 BAE U A5 AR AR A1 S e AL, T4 25 T 15%And S8R 8050 0 15% MORERS ) o T IR 4 42
A REAZ BIA MG I T4 (P 2 43 ) , 55 H 04 % 52 i) (5 Bk AR A i o) A G
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Fig. 2 Raman frequencies of grossular-andradite solid solution as a function of composition: (a) high frequency (Si-O),,, modes,

str.
(b) medium frequency (Si-O),,,, modes, (c) low frequency lattice modes.(Several modes show discontinuity along solid solutions.
Symbols: downward pointing triangle = (Si-O),,, rightward pointing triangle = (Si-O),,, diamonds = R(SiO,), upward

pointing triangles = T(Ca), squares = T(SiO,). Colors: black = T, red = E,, blue = 4,,. A linear regression by

o
least-squares analyses was applied to all the peak frequencies. Note that the y axes have the same scales and
the steepness of the slopes can be compared between the three plots.)

A WA 5 B0 1 6 R BB I /D IR RS (S5 R LK 1), BERF R AP-Fe B AR 52 i
JE . (Si-0),, AR N —7.28 cm™'/mol %, FBH Fe’-AP B XX Si-O 145 Ik sh i 52 /N . AR 0 52 2]
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B 520 B K T(SiO,) HIZE AL }—9.13 cm™'/mol%; T(Ca) 1) A5 1L % F—16.33 cm /mol%; R(SiO,) IZEfLF Ny
~17.08 cm™'/mol%; (Si-O)yeng 2L H IR K, -25.52 cm ™ /mol%.

x1 SEBA-GHRBARRTFREMENR N _RENSER

Table 1 Linear regression results of Raman frequencies of Gro-And solid solution versus composition

Peak No. V/em™ Slope/(cm™'-mol % ) Error Assign AVG/(cm™-A™ R?
A 1007 -10.96 0.42 0.99
B 880 —4.44 0.35 . 0.95

(S1-O)y, -34.67
C 848 —4.49 0.89 0.73
D 825 —9.22 0.51 0.97
E 629 -25.49 0.85 0.99
F 591 —14.95 0.22 1.00
G -25.11 2.12 0.95
H 550 —35.54 0.40 . 1.00
(Si-O)yry ~121.52
1 527 —23.42
J 510 —18.60 0.79 0.98
K 479 —27.02 0.41 1.00
L 418 -34.02 0.26 1.00
M 376 —6.64 0.77 0.89
N 370 -17.81 0.47 . 0.99
R(Si0O,) —81.33
(0] 350 —24.42 0.48 1.00
P 332 —19.43 0.30 1.00
Q 318 —22.07 0.99 0.99
R 279 ~14.72 0.25 T(Ca) -77.76 1.00
S 248 -12.20 0.55 0.98
T 240 -10.14 0.17 . 1.00
T(Si0,) ~43.48
U 182 —8.13 0.54 0.96

Note: (1) The Raman modes of Gro and And are assigned according to Kolesov, et al'™"
(2) AVG: average value of slopes in each assignment. Unit cell parameters of grossular and andradite are 11.84 A
and 12.05 A respectively according to our single crystal XRD data.

& 3 @R T AN Raman W42 05 58 (FWHM) 5 00595 R o T A Raman W5 35 78 o R 241 43 26 21 58
TEBLG: . BeAh, il MR R R T A0 T4 BB oM, 6 22 B B35, TEED T 44X (A 1
*fﬁal:ﬁ): RIUEAM, K. T, E. A W22l FT 940 em™ Kb A48T 06 o AR 35 450 71 68 14 4 15, 940 em ™" Ab () 3

AT BE Ay (R A5 0 P A5 AT s s A 0, A 4R M A HL 04 (550 em ™) 55 MU (376 em ™) ) & 926 em ™! AT
lﬂ i, AR U] BB 45 M X AR PRI 26

3 i ig
3.1 AP-Fe' B F & K %1 55 % 59 52 fim

PR G B BUR B TR AIAROC, T [ VA R R 9 v B 2 B AR U AR 2 R,
5 APALE, T Fe' i BT FE AR R, fE /N R h 2 Fe AU T AP, i o AR foa R 8 K47 1)
T #% o

XY (Si-O) g A 52 HABIR 3 T8, BT T 3RAE DU TR i A8 T2 2, Gro-And [TV % o 451 068 fi 7%
/N H AR EERF, 5 Si-O B AL RRAE X 1 P
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Fig. 3 Peak widths of selected Raman modes change with composition along grossular-andradite solid solution.

The vibrations these peaks can be assigned to Kolesov, et al.' are: Si-O stretching (a),

Si-O bending (b), SiO, rotation (c), Ca translation (d) and SiO, translation (e)

A DX/ T(Ca®") Bl B3 A8 b 1 26 P 2 BE 454, 5 McAloon 581 (1 IR BFSR 45 R — 3. R4
Wang 2529 [ fifF 57 25 5, Gro-And [E AR H 1Y Ca-O #E K 7E 30%~40%And &b H B 0 22, X BG83k
TG A B R B . Hofmeister %17 (YWF5E K W, T(Ca) 5 X-O KM XRIFAK, FEE XE T
JREARIC . BLAh, R X 5 & AR A 4R Bl o xfE DAV Bf 2 BRE B — IR 2 () 4 1 2420,

A X (Si-0)yeng 52 AI-FE AR M i K o ZINL S HA A T4 BA A 225 20 7, JR S
Gro-And [ AR /NG Si-0 4K . O-Si-O M ARUAFFET, AR5, (Si-0),, 2 %N 34.67 cm™'/A,
(Si-O)peng ZEALH R 121.52 cm™ /A, 43 HIXE R BE 4048 A -E5 50 8 A (Pyr-Gro) SR AZ £ %R 130 cm /A
63 em /AN, EA BT ZH (Si-0)yeng BRI AR AT 55 5 45 i Iz B 85 /INI 0 H50, ZAR RE S AR
FTE T AV opend > AVisiopn ERAFT

AR A 250 B %, DUTER 5\ R A AHEE , AL -Fe B8 A0 23 5% i DU 1 44 9 7 A5 Wi AR 202271 Gro-
And } Alm-Ski(ZBk# 41, Fe*'Fe’*,S1,0,,) [El % /& Raman ., IR Hpiié 35 & A 8] W i i #2U°. XFTF Gro-
And [, Fe B A0 AP IFEAAUALS Shk& 2 M, 25 3 B O T A 5% A1 o S 25185 i ( Alm-Ski [5135 14< 4 T
T DA B R AR AR . T I K I AE 30%~ 50%And &b ) 171 i 25 1T G615 DU TR RS £ o JELR 2B AL X

FR s A R AR AL A TT RE A A IR BN AU 45 S . Hofmeister 2517 ST 45 R W, il i R 18 5
FHES 7 B AHOC . Fe MAHXT IR 7 B it o Al WIS, B 7 84X Raman W™ A8 B 2 . BUARAEIS
TN Ry 3 4 BHES F A 7= A Raman 36 P06, (0G0 K % AR G IR sh 9 52 071, Kolesov %51 Al
Pascale %5242 [ HfF 5 45 S R WA, B & 00 X 8 4h, Raman # IR IE 0 & Z RS2 5. Al-O# S
Si-O B 1Y 3 i A1 24, T(AL) 7€ IR J6ii oh B &2 i 2 i X, Y B0TE 423 #1472 em "0, (R, AP 38 3 #8
AR5 R0 Raman Y A X L2 SR 22—

WE 3 Fis, ARG S ARSI I T e SEAb IS o 4 43 SE AL IR R 55 R F L, P RE
SR I0F BES N | A AR AR AH U2 T, Al mT B R TS R ) RO S

TE A A AR A R PR 30 615 o & LA A A g R G2 1 17290 g AR 2 1 A T B
1%, 51 ks W AR POV, ZE R XERR P BEAR, 4R S0 2 4, AR, B R R R A A
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A B R X R, 25 B S50 Margule J7 B 4 i ARl
AH> 122 4L
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KA H RIS, AT13W, = (22.13+1.84)em ',
PLA AN & 4 frs . MR 4G Becker 604 1y 115
455, 50%And 4b (1 AR G 454 0.75 kI/mol, Xt
% W, =3 kJ/mol, C, = 0.14, Gro-And [& ¥4 14 it
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Fig. 4 Fitting curve of Ah** of peak H and the predicted AfFex
for grossular-andradite solid solution
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Fig. 5 Fitting curve of Ah®* for pyrope-grossular solid
solution (Black dashed line: peak L of Du, et al.!"! Red dotted
line: the predicted excess enthalpy of mixing curve. Red solid

line: the fitting curve for calorimetric excess enthalpy of

mixing data from Newton, et al.l'")
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Raman Scattering of Grossular-Andradite Solid Solution
WANG Yichuan'?

(1. School of Earth and Space Sciences, Peking University, Beijing 100871, China;
2. Key Laboratory of Orogenic Belts and Crustal Evolution, MOE, Peking University, Beijing 100871, China)

Abstract: The effects of Al*-Fe’* substitution on 10 synthesized garnet samples along the grossular-
andradite binary were investigated using Raman spectroscopy. Twenty and nineteen peaks were observed in
non-polarized Raman spectra for grossular and andradite end-members, respectively. The frequencies of
most peaks were changed almost linearly with the composition. Two-mode behavior was not observed in this
study. Differing from previous reports on other garnet solid solutions, the medium frequency modes, which
are assigned to internal bending vibrations, have the largest average rate of change with the composition,
which may be related to structural connectivity and coupled vibrations. Due to the reduction of symmetry,
extra peaks appear in the Raman spectra of garnets with intermediate compositions. Peak broadening in
intermediate compositions was also observed, which is related to disordering and distortion. One-parameter
Margules equation was used to describe the full width at half maximum of peaks, and a relationship with
enthalpy of mixing was proposed.

Keywords: grossular-andradite; Raman spectroscopy; bending vibration; extra peak; enthalpy of mixing
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