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Study on the effect of heat treatment on the color of zoisite and the cause
of coloration: The example of yellow and blue Tanzanian zoisite

YANG Shu-qi and LIU Ying-xin
(School of Gemmology, China University of Geosciences(Beijing), Beijing 100083, China)

Abstract: The natural Tanzanian zoisite (tanzanite), with its distinctive blue-violet tone, is a rare and valuable
gemstone. Heat treatment can optimise the color of zoisite and make it more economically valuable. However, the
exact cause of this captivating blue-violet of zoisite has been a subject of debate for years. This study presents an
examination of natural yellow and blue zoisites. The color changes of stones at different thermal stages were ob-
served by setting three different temperature conditions 300°C, 400°C and 500°C, and using the L*a" 5" color pa-
rameter. The research findings indicate that the gemological properties of different colored zoisites remain consistent
before heat treatment. It was determined that a temperature of approximately 500°C is optimal for achieving a light
blue-violet tone in zoisite. Heat treatment results in a pronounced enhancement of the blue-violet hues, enabling
the modulation of zoisites’ yellow or brown undertones through temperature control. Notably, the yellow zoisite expe-

riences a fascinating color transformation from yellow-brown to blue-violet, with the critical temperature range between
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400°C and 500°C. Using energy dispersive X-Ray spectroscopy (EDXRF), laser ablation inductively coupled plas-

ma mass spectrometry (LA-ICP-MS) and ultraviolet and visible spectrophotometry (UV-VIS) techniques, the study

identified that the blue color in natural zoisite is primarily caused by V** and Ti** ions working in tandem. On the

other hand, the yellow color is mainly attributed to Ti**. The V/Ti ratio plays a supporting role in coloration of nat-

ural zoisite. Moreover, the development and intensification of blue-violet tones in heat-treated zoisite, as well as the

transition from yellow to blue-violet, are intricately linked to the charge migration of Ti**+V* —Ti* +V**,

Key words: Tanzanian zoisite; heat treatment; color; the cause of coloration
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Fig. 1 Natural Tanzanian zoisite samples
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Table 1 Conventional gemmological properties of natural

Tanzanian zoisite
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Fig. 2 Microscopic features of natural Tanzanian zoisite samples
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a—light yellow-brown transparent sample C1; b—yellow-blue color zoning of sample C7; c¢—indigo blue transparent sample C9; d—grey-blue

plate-like sample C11
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Table 2 Major chemical composition of natural Tanzanian zoisite

FE b Ca0 Sio, Al, 04 Sr0 S0, FeO

C1 46. 88 30. 06 20.31 0. 64 0. 60 0.00
C7 54. 66 25.49 16.20 0.14 1.25 0. 00
c9 47.67 29.70 19.78 0.27 0.36 0.00
Cl11 47.17 30. 36 20. 08 0.29 1.07 0.00

V,0;  Co,0,  MnO  Ti,O;  Se0,  Cr,05  Total
0.43  0.00 0.06 0.00 0.05 0.02 99.05
0.84  0.40  0.00  0.00  0.00 0.06 99.04
1,92 0.00 0.00 0.00 0.03 000 99.73
0.47  0.00  0.00 0.06 0.0l  0.04 9964
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Table 3 Trace element contents of yellow and blue natural Tanzanian zoisite
Cl C7-3 C7-¥% C9 Cl1
JLHR
1 il FHE bienil FHE i F-HH bEniEl FHME L FHE

Ti 5~24 17 10~17 13 2~8 5 6~9 7 14~79 41
Vv 382~415 403 549 ~ 868 708 907~1 349 1128 1 499~1 960 1 696 309~ 605 470
Cr 35~57 48 42~86 64 98~133 115 89~108 103 32~87 60
Mn 4~7 6 4~6 5 2~5 4 2~4 3 2~4 3
Fe 15~49 21 0~83 41 0~20 10 62~179 114 4~74 26
Ca 57 450~65 928 61 464 50 590~82 374 66 482 50 091~75 466 62778 66 712~100 612 77 873 73 820~88 228 81 024
Sr 580~738 661 127~171 149 149~155 152 281~490 351 172~452 326
Ga 30~39 34 30~35 32 37~41 39 51~70 58 15~31 24
Y 24~28 26 16~25 20 13~31 22 16~32 22 40~84 56
Se 8~9 8 4~8 6 11~16 14 11~19 14 2~6 4
La 33~39 45 5~15 11 23~30 27 33~54 41 6~19 13
Ce 58~100 75 11~26 19 40~48 44 62~77 69 18~36 24
Pr 8~11 10 2~3 3 5~6 5 7~13 10 2~6 4
Nd 23~41 31 5~14 10 17~24 21 34~51 41 9~26 17
Sm 3~7 5 1~3 2 3~5 4~11 2~9 6
Gd 3~7 5 1~5 3 2~5 5~9 4~13 8
Th 0.4~0.7 0.6 0.4~0.7 0.6 0.3~1.1 0.6 0.6~1.1 0.8 0.7~2.1 1.3
Er 2~3 2 1~2 2 1~2 2 1~2 2 2~6 4
Yb 1.2~1.5 1.4 0.4~0.7 0.6 0.5~0.6 0.6 0.6~1.0 0.7 2.6~6.9 4.8
Ho 0.7~0.8 0.7 0.3~0.9 0.6 0.4~0.9 0.6 0.4~1.1 0.7 1.3~2.7 1.8
Dy 2~4 3 1~4 4 1~4 3 3~5 4 5~13 9
Eu 0.5~0.6 0.5 0.4~0.9 0.7 0.6~1.1 0.8 0.8~1.8 1.24 1.5~2.0 1.6
Tm 0.1~0.3 0.2 0.16~0.21 0.18 0.09~0. 16 0.12 0.06~0. 17 0. 10 0.4~0.9 0.6
Lu 0.16~0.30 0. 20 0.05~0.10 0.70 0.07~0.20 0.13 0.05~0.20 0.14 0.3~1.0 0.7
Th 17~24 20 0.8~1.7 1.3 1.3~2.2 1.3 1.6~2.1 1.9 0.7~1.4 1.1
U 19~26 22 0.9~1.8 1.4 1.5~2.4 1.4 1.7~2.4 1.9 0.7~1.5 1.1
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Fig. 3 Chromogenic elements of the first transition group in natural Tanzanian zoisite

a— ik TEE Ti \V  Cr Mn Fe TEB T 410 0 & 0 18] b—HCk TG Min T Fe  Cr TE B 5 47 1 i G 5 e 2041 2]

a—distribution of trace elements Ti, V, Cr, Mn, Fe in natural Tanzanian zoisite; b—distribution of trace elements Mn, Ti, Fe, Cr

in natural Tanzanian zoisite
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Table 4 Relationship between vanadium content and

color of Tanzanian zoisite with different blue tones
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Fig. 4 Elemental content of Al with V and Ti in different colors of natural Tanzanian zoisite
a— AFBERE AP AL VTR SR b— AR BHORMIHR M A AL S Ti TR &R K

a—plot of elemental content of Al with V in natural zoisite of different colors; b—plot of elemental content of Al with Ti in natural zoisite

of different colors
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Fig. 5 Color changes of yellow and blue Tanzanian zoisite samples at different temperatures
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Table 5 Coloring parameters of yellow and blue Tanzanian zoisite images at different temperatures

'y L¥ a* b* Cc* e P
Cl-A Ik - 527 -79 376 384 102° 12.6
C1-300C - 58.4 -52 225 230 103° 09
C1-400C - 61.6 4.8 18.1 18.7 105° 6.6
C1-500C - 37.1 1.0 -18.3 183 273° 53
C1-600°C - 42.1 0.6 -20.1 20.1 271° 1.7
C7-wi-A s - 322 1.0 242 242 88° 7.9
C7-#:-300C - 232 0.8 174 17.4 87.5° 7.9
C7-1-400C - 29.8 0.4 20.7 20.7 89° 73
C7-15-500C - 20.1 7 -16.5 179 293° 43
"\

C7-85-600C 410 1.9 -18.4 18.5 276° 35
C7-H-A s - 458 -3.6 -10.9 11.5 251° 22
C7-#5-300C - 384 1.2 -15.3 153 275° 5.1
C7-#5-400C - 279 0.25 -15.7 15.7 271° 9.0
C7-#5-500C - 27.1 6.4 -24.9 258 284° 8.3
C7-#5-600C - 430 43 -20.6 21.1 281° 20

CO-A: ik - 393 0.7 -24.0 24.1 272° 6.5

C9-300C - 21.3 24 -15.7 159 279° 33

C9-400°C - 204 34 -19.2 19.5 288° 49
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Continued Table 5

%% L* a* b* c* e i
C9-500°C - 332 52 —21.5 221 283° 47
Co-600°C - 311 7.0 —26.7 276 284.8° 56

ClH1-A findi - 446 48 =152 159 288° 34
C11-300°C - 388 99 -18.0 206 299° 46
C11-400°C - 398 12.6 —24 8 278 297° 4.1
C11-500°C - 385 292 -16.2 164 280° 1.8
C11-600°C - 445 7.1 220 23.1 287.9° 20

(i) Ak 8 %o 880 45 A € 1 2 T, L6 RO A b 3R A
A PS5 S AN ) € AR B i AR A, HAR I B
SHARL IR 5 s, 18 6 X e B A 2 500 o
BT, e 5 4 1 b 1 A ) 5 A A A RN R AR £k
L

P 5 Mg T, vl L BUOK W) TR R A
OB ARESL CT7- .CO AT C11 B (L™ ) IR
25 RN BT A, PR AR O AT L B S R B 1
B/ AZ G, AL, B 5 C1 AT C7-357E 500°C
TR, EATH LWk B TR,
X—IG 5 B a A [ B r S B A A B Ok,
AL RS R . 7E 400 ~ 500°C Y5 Y, B A5 47 C1 Al
C7-# A, TR L & Tika,
PR A8 € 5 B 5 A ) P S R

WA A A R AT e S A A (he) A
b AR K, TR AN B AR A
HRAT AR L A BN B ARG L A R4 6 0
o O MEE(ETE, 2019), WFE S PR, 7E
AL FE SIS | 23R EE A 400°C TH R & 500°C 1) BE
atr C1 N C7-¥E 1Y ho 031N, JF328 ¥ 1) B3 €5 1) B b
g EKsh, FE, —F 0 6" (M IE(EE A FfE,
RO, X AT RESE T ho 0 b (L RAVE T, 755
HEOMIEAS, NITER T8H AMEL6, K40
B ERE RIS (B A5 A) 150K

HESZG A IER F (B OF, 2019)

58 B R, 400 ~ 500°C R LS C7-#5 1 500 ~
600°C FHESD CO MBI EEARfL /N, SR T i B
RCPGANRE T B B SR IR, X R 7R B LA
TREEAAS TGO AR BE S8 0, 45 i it 2
ARG INAAR, BLAk, 7 05 A A B AR i
R, b ORI (C™ ) AFTESRUAH K IE R (Qiu et al.
2022) , X —IRAEASCH T b AR 2] T ENUE, N
25 iR, fERAE TR BEE b WAL, B
C7-# .CO I C11 By C™ AHRLHG I, (45 B A5 £ 0 5
S AT
2.5 ERSM-RTILS S 4R AE

RAREGPRAL R 5 3 5 A 72 R IR R 1y 254k -
AL G R AN E 6 TR,

&l 6a S BLAYJE B €0 R B A A AR A C1 54—
Al LGS, AT, AR BT AR S C1 AXAE 460 nm
F1660 nm AL IR i 2 ARG IR . X —I 4
FEE W T H 2 T0E 0 BT A 7E AT LG DXk 8
Wehe s, BRHTE 58 A= AT DL OGiE b 3R B R 1Y
W WSS RN A AT A I s B, Fe ) DL 450 nm Ry
0> (425 ~480 nm 70 [l N A IR ISCHT 2 o8 60 3 A5 1 AR
TEMG T, Z Wl T RE S Ti IAEAEA VI X R
( Olivier, 2006)

TEPAE T FEA | 460 nm A0 R HE R WO 25 4k
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Fig. 6 UV-Vis spectra of Tanzanian zoisite samples at different temperatures

A RE (Kl 6a), i EEFHE 2 500°C B, AT LS
£ 460 nm WIS Y5 B 2RI B ARG, I 1 2 30 77 o) g
w5 Ut B AR C1 A B W IT 4 A
RO T IR ES G, YRENRET &SR
600°C ,460 nm 2k B I 58 4 2%, R8T A
T 380 nm BT AW CHT , BUEHRE fy C1 3 (R AL AR Sy
W, DRI, A0 Hf 0 SR Ak B S B A5 A PR B (0
A LA IS 5 460 nm A i Y R AR AT 380
nm W SCHT ) H BRAT 25 D) Sk

XTI 6b A 6c 1] & B, 2 0 08 1 B A A
BEfh CT-TEFN CO 48 71— 1T DG AC i Pl e B A
R, R N T A HL 2 |/, BE &L C7- 1 €9
¥ITE 378 nm AbAT 1 A AEF A, 580~ 610 nm
BHEAFAE 1 ATy, BEANEATIATE 460 nm 533
nm 1 750 nm FffiE 45 A 1AM, H T At
5, X LW i il BE 2R RS VBT RT

S, AR, 300 ~400 nm i P A I GE # 5
VO; #15%;580~610 nm [ 55 WS F1 750 nm Ak ()
MU 5 V245 & (Tsang and Ghose, 1971; Derkaoui
et al.,
2018; Pluthametwisute et al. , 2020) . {HA5HH &MY
& AT AR ER B 5 Fe® MIOCHY 505 nm I
7 ( Brooker et al. , 2014 ; Derkaoui et al. , 2016) .

HEAN, B d CT-E 0 CO 2 i FAAL FR ) , 580 ~
610 nm A Y W ISCHE 5 R 347 i Ui 85 1) P o 17T 49 5 (IR
6b.6c) o X EE A o £ £ 20 5 4 i € S ik
AR (Olivier, 2006) , 7E 300 ~ 600°C H A 4k
PR AR, 378 nm 4B IR IO L 52 3 B A 3
A, JF HOH R BE o 3G

I 6d S i €038 45 2% 58 008 1 B A A0 A
C11 BY5EAh =] WO, RAR B9 Ik 5% (A
C11 7E 460 nm A0 1AM BT, [ IRFFE 500 ~

2016; Thongnopkun and Chanwanitsakun,
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650 nm YL A 1 DFEMCHT , HIEE A T 535 nm
H1580~610 nm Ab, S5 GRS C7-8F C9 L,
FARBY AR C1L BRI 380 nm BT A4 58 WA
XAl e SR A B 2R T AR A G,

283k 600°C 11 =y ik Ak S FE &Y C11 FE
535 nm F1 580 ~610 nm AbAY 2 4~ 5 W ST 58 FBE Ik
B0, I A ) (R X ) B TR (I 6d)
FET HAMA IS HEWT I B IR B A T FE AL CLL
BT ) A 0 1) TR €5, 55 (2 5% 8 (Nassau, 1987 ) . X
536 5 v BoRINRE S C11 B 28 A s A — 3, 75
PR 580 ~610 nm A 4 W i 14 5 [ A AR KR
i C7-W A0 C9 #a] I, Pluthametwisute 5 (2020) f)
TR, S B 5 A 2t 550°C s, H e Hoy
[ () B0, 2 DA RS (L8 Sy 55 ) HL 585nm &b IR WSCHY
(SRR BRI, 0 H 580~ 610 nm W SCHT A7
FEFARAE 5 P Ah S B 75 A 55 B 7 A B % )

A, AL 6d ATUREER , S AR EE A3 500°C
B, B AR C11 BT 1AM T 380 nm (557
Wy B R AR TR 2 600°C i M e - 1)
A kAR s, 5IEEA, BEA C11 Y 8 20
W E I el b | W2 NG O TR O W U e S B e R
(5), [FFEHL 380 nm W UACHT ) i 2 A8 Ak b o 3R
FERRAL IR 2 500°C B BobE A C1 ISR A Eig E
I, PRALEE S 380 nm BRI FE W AL Yo B4 A A € 1Y
TR BN AE ] . 380 nm MRS AT LIAE Sy 25 5K
SR G KD BB A5 A M AR Al B R A (O B K A ek
SOOI 1 EZRE

3 e

3.1 RAYBANHERE

A AR A SR R — BRI A
FMFE R, KIWILUR 350183 A Ti Fl vV 7630
BT A B ARG P8 [ Al0, ] A, i
P2 HE RSO A (Hurlbut, 1969; Franz and
Liebscher, 2004) . 4 VB A I B 45 £ (23 5
PR W 22 (5 9 A8 WL ( Deer et al., 1986) . Olivier
(2006 ) 14156 FH—F01 22 4 — TG €00 23 €5 40 DX 1) R AR M i
AT TR T, PR BoR, 76 W — A i
WS X VOB H TG Xk E D 1 200 %
107, X—RIHE—HUESE T 16 B A5 A 45l 2
R,V TR DL B R AR I T RS

TESIRNER A AT . XA EAE T V TR 28
S A7 PR O TR .

MEITCRMAZ R R,V TR B AT A
M ERmNEEITR, SlRER VEE Ok
TT R RE P A 8 & Merelani 3 X B 75 A 19
HILE2EHFAE ( Boechio et al. |, 2012) o AN, #5 LB 7
AT EE ST WG B v By i e 5 A R S 1 vV
BEFEUIMSC, SR, T VR 4O AL ek
PHES T-H, T BK AT ( Faye and Nickel, 1971), V> &1
R ARG PR E 22 | AR XA
TE T B 45 A 45 #) % ( Cotton and Wilkinson, 1966) .
BT UL BB 8, W) A0 I R AR WE 5 M A5 0 A ] UL
T R W E AT VR VY d-d BRIE
( Olivier, 2006) .

T E IR A A B T RN,
AT I 2L A =] UL GG Y 460 nm WU
460 nm A0 A ISR TA Ay 2 TR AR i (5,38 15 A )R TR I
T (Hurlbut, 1969) , 4Nl 6 fis , #ab B i i v>*
G 580~610 nm F1 750 nm ALY 37 TR 1
SEMA /)N HAS AL R AR, T 460 nm AR W Y
SR PED B 2 9855 . 5 R B, 48 Rossman (1974) 1Y
WEgE, SO E 1 VY S GE 460 nm Al
830 nm BRI AYMLN . (HAS SCH TR I R AR B A5 A1 A
TR AR BUAT 830 nm MAETE (K 6) . Hilk
HEWT , 75 A1 460 nm AR 5 VORI VI EITE
K, H VIR R LN S IE X KR EAATE T
B A ) S AL R

Ti 2R IR B A IT R H LA T B8 Tit
BYIE X AFTE ( Faye and Nickel, 1971; Burns, 1981;
Cohen and Makar, 1985) . %5 A A94k 27 w4370 B
R, BR VTR, Ti 2R - ZHEEITR,
I, M54 460 nm ARSI RES T Ak, T
Ti* JEA SN B, BRI TR AE W] WG R 5 1k
W, T TS 1M AT BERT WG
FERER . H T HARTE T B I 5 R 45 (Ross-
man, 1988) X 577 H ¥ %5 41 19 Merelani # R & 7E
1o BE IR JE AR T R 2518 AH— 3 ( Olivier, 2006)
R, Ti% 2 51 A B A5 A 460 nm b W Iy 1Y) 3 %2
JRIA,

XA UL A B B 1, Mn™ 38 S S0 i
5 BB 4 55 k) @ ( Olivier, 2006; Schwarzinger,
2022) , abHEEA Cr WIE B A SRSk, Fl ™ A
Minas Gerais-Brazil #J B %¥ 1 ( Javier-Ccallata and
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Watanabe, 2013) , S8 Fe 197 & B0 & T Ti , {H7E
RSN R AR e L B ST N VT
Fe* FHOCY 505 nm WY, e Ah, 7R8I 77 A7 b A 25
Ay %\ T VA 1) 77 6 P AR S5 s B AL AT A2,
UL BE Ca 745, H— 28 A FH & 5 ] AR
Ca**#EA A {if ( Pluthametwisute et al. , 2020) , {H{&
THER ML, Mn® Fll Fe?" i % {UFE & & REE 4%
A7 BB iUAR (Y 7 A SR S 4l AT A (Tsang
and Ghose, 1971; Gieré and Sorensen, 2004 ) , ¥
R A B 25 A8 ) SRR 5 e AR AR B 2
A2 A7 WU 0] F 8% La Fl Ce JC K KiE 4 4 (Frei et
al. ,2003) . K, w DLW HERR Mn®* Fe® Fl Cr**
VB R AR W A0 B 15 A 3060 B8 R P REE

25 LR RAR IS e W 3 5 A 0 R (0 2
o VR T SR E G R VR T AT BEAL SR A T
B A AL R TR A1 AT A2 WM A5 (Tsang and
Ghose ,1971) ,,

T OB A5 Ak U, AL C1 R C7-35 /) Ti &%
Y TR A AR CT-EEFT €9, YV ILE K
JEAHITHT , OB AW T LT R8T A
1) 2~3 48, WM, B I AR L AR ] WG TN,
CEA 1AM T Frg [ A7 T 460 nm AL B 4R1E
Wty Mk = 5 VAR (Bl 6a) . BT A
(B DB 1 VP A R R
@LLRTE @ (Olivier, 2006) . PRI, Ti** W] A J2 B (4
MR ATIUE QN

BEXS Bocchio 55 (2012) MUWLAL, A1 L TR JC R
VT RS Ti/ V(B AT BE XS B 77 A 2 Y
A HATHE N H B AR, SRR — WL, AR SR
BT EEAMEOMAG ORI TS VSR,
ICEE 6,

6 EGNEGEZEIHTEANTIEVEER
Lb1E w, /107
Table 6 Ratio of Ti to V content of yellow and blue

Tanzanian zoisite
Cl C7-if C9 clu
Ti 17 5 7 41
% 403

1128 1 696 470

C7-8
13
T08

ViTi 23.70 54.46

225.60 24228 11.46

Tilv 0.042 0018 0,004 0.004 0.087

NIRIBE ) RIREN T A1 V/Ti B Ti/ VA% A A
[]( £ 6) . FEW@IARES CT-1A €O, V/Ti {HEx
B AR AR 4~ 10 5, TS B A
AW E TR, RS C11 R, V/Ti (B 3%
TR, AN B AT, VT R, RS
Ti/VAE, FEih CT-H 1 CO MBUE MBI, X R
B RAR B 45 A0 1Y (0 BB, T/ V(BB
I, AT DA IS8,V 5 T &5t i) LB R R BT A
ARSI, AT RE S 3 H AR T, JUHAE B R (L
e R B TR YRR
3.2 RAEMFTEHNBERE

223 300 ~ 600°C By Pk R | 30 5 JE W i (3
AR At T LG DX A ) W ety 28 A g 2 AR o
TF 380 nm 460 nm #1 580~610 nm JEFEIHN (K 6) .

2ot 500°C =R AN TE B A FE A C1 FIAE
dh C11 BRI WG E3E i, e S A 2 1 47
T 380 nm A AET LT (18] 6a,6d) , X —E L
B, BAb RIS 380 nm BRI A B I WAy Xof 80 5 4 1 A
Y BUR S FURAE R . [RIEE, B 5 C11 A9 55 0
B4 MRS C1 W s AR A, T VY
TR J , BV IAATE T g 23 3 BURE S Wy 14
;e 2% (Faye and Nickel, 1971), 3&F DA 4>
Br, PR PRS0 5 8 (A B 75 A1 OB S 1Y 380 nm AR
WO AT RE AR T VT, AL, B IR R B TR
W OB AT ARE S CT-HE R CO 11 378 nm AR s
R AT e G Y R Thongnopkun 1 Chan-
wanitsakun(2018) ¥4 £ i, 380 nm Ffl T 19 W i iy 5
V&R, R, b B B0 15 A 0 508 135 n ] R
VRV,

ERINER Z 500°C B, AT 5 25 ULER 3] o 6. ) 715 A
R 460 nm W WCHT A9 5 B SR A, H A B
FErh W5 LB AT ARE S TP 460 nm AL 1RO B B B
AR R, X EEIEEY , miEnAcy Ti*
ST e A H R A S AR E I A2 S Ti* ((Olivi-
er, 2006) . M1 3. 1 /NI ERIAR , Tit Jaik s m] WG A
W, PR, KRB S B A 7E 460 nm Ab MK
WS R B HLTC TS 5 T AR DGR

A, B RALFE IS 460 nm Ab I ISCHT 1 I 25 6 55
BUH R, W B A N = O S Tk
FEEIAH, WCET B A o $A e BT A, b
B M & ¥ 4 ( Thongnopkun and Chanwanitsakun,
2018) , AL, A AR WL 3 FAAD 33 A5 A7 A9 58 G T
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AEZIX PR AR 5

TAAL PR T W (BT A R A B 580~ 610 nm g
M WA o B8 AT AT SR AT JL A, 3HL58 e ) i
A B =, A A Bl 7 1) B A R A I O
W, B A ¢ AT 1 580~ 610 nm FE M IRCHT 7 A
Ab PR S 2x 8 s, JF O B A A BN R 6
( Pluthametwisute et al. , 2020) . K, & FRHENAE 5
C7 F1 CO HYEHM AT WIRMOEIEAER T A ¢ Bl
(B 6b.6¢), X GHRAEIRIT 460 nm WIS 3 2 [
A AL ¢ b7 1o ) W5 55 CLUR B IR 258 AR5

SRt — 252 LA 580 nm Sk HC 1) FE WU iR
JEE5 M A W O RS AR R (R A I
AORERR C1T D92 IR X LA A [ JLRE T A I iy e
TERGEATRFSE . 58, LA 555 nm F1 647 nm B3 i
RO F I A TR TR R R A T, R
FIH origin BAFHEA TR A B BAR B IR TIAR . ARG
BRI SR 7,

®7 BWAtEs Cl EARFRETEL 580 nm A H0H
EREEHNEERSHAESHXR
Table 7 Relationship between peak area and color

parameters of broad absorption band centred at 580 nm

for zoisite sample C11 at different temperatures

i1 e fiy 4 h° i
ERIIEES 192 288°
300°C 1.73 299°
400°C 1.968 297°
500°C 2.26 280°
600°C 1.93 287.9°

PALFE TR DL 580 nm Ay H L 4 B W AT 1Y
WETA R S R A he B LU (3R 7) o AR €0 R A 1
B, RIARFEAT 2700, 5 €0 R, DL K B (0 A AR Ak #a
ORI LLKR IR, TE 300~ 600°C A TR EE L R N, FE AL €1
() 5 8 2 B SE RS T TR S BRI
FAE, T AR SE , LA 580 nm iy HPLC Y FE W I
SRIE S AR O R IR E R, A, 580
~610 nm &R CHT WO SRR VIMOC, gk

7 Wi, € 500°C B W AR A B0 B s . X R
580~610 nm WSS 1) AT D IR AL St 8 B e vy , SRS
B A 0 SR R I R Je AR, R,
A AR CL1 BRI B B 2454 500°C , {H
SRR NGIE K PN Tt N S e %7 N i IS T 2 N )
BT A0 A L 5 A 8 TR B AF 7E 22 5% ( Olivier,
2006) .

A1 ,450 ~460 nm 1R ST U2 B A5 A A R O
O ALY 56 £ [ 2 (Olivier,2006) o 241k B T} 2 48
I L (29 500°C ) B 3220 A0S B4 56 B 2 R
K, JFAE 600°C B 58 2 2 . TR b B fE
AAE 600°C I T34 1 4> 380 nm &b W W HF (& 6b)
PRI, A A B B 5 A Pl 2 A Ry i i AR a3
%5 460 nm WIS TH R B UIAHOC

i B A () F IR L 4R (EPR) U4 R 2
7, INEAJE Vi A AR S e A R S 5
XRM VBTN AR TE iR B & A 2R
DU A A PR AT B, — P2 V& gL Ry Vo 5 ) —Fil
M VS T e B R v R A T SR T
ASHYH T IT R (Olivier, 2006; K FE#], 2006; Ross-
man, 2014) , 454G AR SCE SN - 1] WG G EE 1) 4
Ti** A3 T REAE A B B P gl Ao TiY PR, 44
Ab P A A - R AR T RR S VORI T Y
G RN A

L5 L RTIR  JCIe SR e AR Sy SR I 02 A
O AR W SR, A S B A A R e A
FEE T+ VY ST+ VR TR %, BT
TR TE BT A 0 AR ES A b, v R S5 A R
A T4 AT B VO™ | I AR /b Bl b A7 76 ( Hut-
ton,1971) . B, #A4b BEAT R AR B A5 44 Y VAR
dAV SRNER Y, KRB ABH AV 2%
DLV IIE AT

4 g

(1) a8 R R, mT DAL O3 AT A Y
(NN 5 i e e ey N D N i TR ek
A1 A e TR AR ], el € SO €5 1 )
A ATE S00°C g S BL AR A 5 22 (0, BB 75 A
ZIE B IR AR RN, FE B L AR S i
ZI1E 400°C I & A=, T 600°C T 2 d5 1 1l #A 4k B3
JE | IS R 22 B0 A e 1 i

(2) KRR JE W A5 A Wt v
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3*itﬂ1’15}%ﬁﬁﬁ/ﬁi,,Jé,i%zfr\iﬁﬁﬁﬁzéa%%T AEH
AR, V/Ti B A X B0 75 A 1) B 6 I (8 7 A=
A SR BAE
(3) AP H A RSO R RS, =
TR INHG , B A 2R i 7 A DL R 66 A 3 8 52
%L'ﬁ Ti + VY STV +V LA A K,
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