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Study on Mineralogical Characteristics and Coloration Mechanism of Purple Chalcedony |

SU Lin, FAN Jian - liang, GUO Shou - guo
(East China University of Science and Technology, Shanghai, 200237, China)

Abstract: Purple chalcedony is a type of silica gemstones, which belongs to volcanic hydrothermal
mineralization. It is popular to wide consumers for its exquisite texture, high transparency and ap-
pearance of more beautiful than that of natural purple jadeite. Purple chalcedonies of different color
tone from Bogor deposit in Indonesia were selected as research objectives, and amethyst was select-
ed as reference sample for the present study. In this paper, metallogenic condition, characteristic
of raw gemstones and gemological characteristic were briefly introduced. Analytic methods of spec-
troscopy, involving in XRF, Raman and UV - VIS - NIR absorption spectrum, were performed for
studying the spectroscopy characteristics, and it was found that the purple color of chalcedony was
also attributed to the hole centre ([FeO,/M + ] +e” ). Additionally, annealing treatments were
carried out at different temperature for 3 hours in air, so as to study the color center stability of pur-
ple chalcedonies.

Key words: purple chalcedony; UV - VIS - NIR absorption spectrum; Raman; color center; an-
nealing
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Fig.1 Raw stones of purple chalcedony
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Fig.2 The profile of raw chalcedony
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Fig.3 The color of purple chalcedonies
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Table 1 Quantitative analytic results of purple chalcedonies
performed by XRF
Si0, Fe,0, S0, Na,0ALO, CI P,0,Ca0 K,0 it
C; 98.790.22 0.420.200.13 0.15 - 0.020.0599.98
C, 98.280.44 0.380.300.26 0.170.060.040.0699.99
C, 98.330.55 0.300.340.25 0.080.050.010.0899.99

B> [Si0] *Si* 80> '

M4 AERRTANRELEH(EZHATANTERY)D
Fig.4 Crystal structure of silica gemstones (plane pro-
jection along C - axis)

BABMETHE _AUREXEREE, BN
PR WE 4, BETFABEA NN ERTR
3L, ¥4 PO T A 2, B o A ) L AR A D e S I

FK[Si0, ], Si - O PUFTHHE Z ik R A i oF
—FRE— SRR E NN =5 8RR ; H—MH R
HEARHERERE, b & 5 0 & A EEH LAY
LATERNE , B FLERIEX 0.2 nm, ZILEREHN
FEWOEEGHFY . b TFRREANEK]SO,]+ K
Si** BAB/MIE FEE(0.042 nm) M HHBEF
A +4) , BB EHER R[S0, ] Si** HRE
BTMHEMRS, BEMCANBRRNETE. AP
(0.051 nm) .Ga** (0.062 nm) ,Fe’* (0. 064 nm) .
Ge** (0. 053 nm) . Ti** (0. 064 nm) FI P** (0. 035
), NEL HRMTERRE, EEMPAHE
A F AP FI P ETFEEB TREANE
[ Si0, 15 Si*t , Hidh Fe’* 1 AP 7 @ ik P O 77
ENBENRSEEYWERENHEERNSSE; T
WPEE T (Na* K", Ca™" ) TR Bl T b2 A
YEF, i S R AR AR e 4, SEHL R S F AT A B
RY, BEKREEGHIEST Y Fe'r R FRK
g it HFRBRIERG, Fe' BT R P Rt
BFZ—-ZHHE, BEEE XML ([FOM
+] +e7) , MELIELT0.1% ~1.0% B, 7K
R E IR, T P U R E T A&,
Fe’* s F &t B8 T BRIE 7 5 | R B RO K i 2
B A, 5 AP RBREPR S F2ER
& e AL ([AI0/M+] " +e7), K6
DB RMRE K FEAKE, AT XE.0 K FE
FESKEBEO([FeO,/M+] " +e ) ERTI, M
AR ECHREEN, SLEH, ZEMITGE
AREFE S Fe'* B AL BB E MR A X,
T AL B AE T BN SR =t — E M TR

3.2 HSKIEHIE

AR R 1% 88 7E 200 ~ 1 200 em ' P BE N
MR & iR AR, B S PRAETEEHC, M
BKE Q WALk, MBS MY HIEREE
R B RF2, HA 1200 ~1000 cm ™ B
WP E MBS Si - O MR FRB4E IR 31A % ;800
~600 cm ' JEXH BB MBS Si - O WX FRMZE

HRENAE ;600 ~300 em ™ FBA MBS B 5 Si -
- 0 {935 R BN A 5 5 T 300 ~200 em ™ B R HIRL S

% SEEA MM EE( Si0, ] MBRR RSN B ik H
Ko HBEENE, E AR ET £ KA
Botilkd 78 464 om ™ BHE AR B RGMR -



<2 FERPSHAE

2008 4

BB E R o - HIPH Si - 0 XEFHE HIRD
prElE™ e S EFEN o - ARAR
HEAKS TH.SHS) AFEENE L

S EHEMEK ST 200 ~1 200 em B A
NENERAME, WA E—LER:

(1) EEBEFTER 8N K45 % (FWHM)
A B H K AR R, A SR A4 T W48 B e 2
P 464 em™' K 9 FWHM 7 8.4 nm 247, T
S LA FWHM 72 11. 8 nm 47, FWHM kb
HERBT RENSREE, EB/MLASRBE
HE. EKEIEREEA, HEABREEZ4EL
HAEATER; MEERIRAREA, BIFEH
/N R R R T AR, 4 AR R K R, T
H FWHM 85K A B K,

(2)EEEHON Sk, — A A7 501
em ' BHER P @ MBS, TR K BBk,
AFEFE 501 om ™' BHE KL S A8 , (HLER 4 FT BB
A 509 em ' HHE IR B4R Hr 8 A1 501 em ™!
HIEH o - AEFH Si -0 TR FIE, HRH
—F45 M “ moganite” FF P K] Si - O SFFRE i1 IR 3h
Bt o “ moganite” A1 K& FHF M E BRA K,
FEESABN PR SR a R ek
S JLEARTETE . AT, %K 509 cm ' RLEM
BB TF—FAREEK, ETMEH o - AEMIK
PRSI AR

464
44
E
S| o2
| )
Bl P Q
w06 ;; -’f’ o8 "‘" tog2 1159

AR i}

F/t\"‘-.J'\J\J 3o ‘ A _,Lj.iss.
263 354402 l C, ¢
Vo "

™ w0 e . w0

R fH(em’) '

M5 EEMC, MEARQ HHEBRY
Fig.5 Raman spectra of purple chalcedony C, and ame-
thyst Q,
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Table 2 Raman shifts of C;, Q, and mode assignments
B & A E

#KE 206,354,501 263,402,464 ,808,1082,1159
KT 205,355,509 264,402,464 ,808 ,1082,1159
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Fig.6 Near infrared (8 000 ~4 000 cm~") absorption

spectrum of purple chalcedony
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Fig.7 Absorption spectra at the range 380 ~ 800 nm of
purple chalcedonies and amethyst
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Fig.8 The change of color after annealing at 400°C for 3
hours in air
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Fig.9 The changes of absorption spectrum of purple
chaicedony after annealing at 400°C for 3 hours

in air
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