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Abstract: Three kinds of seal stones from China, namely, Shan Paol.v (SPL) seal stone in Qingtian, Yue WeilLv (YWL) seal
stone in Shoushan and newly found Xi AnLv (XAL) seal stone have been studied by X-ray diffractometer, electronic micro-
probe analyses, environmental scanning electron microscope, and energy dispersive spectroscopy to obtain their mineral compo-
sition, chemical composition, micro-morphology characterization. and cause of color formation. It has been found that the
green parts in these three seal stones are dio-octahedral 2M; muscovites and they belong to mica-seal stone. As to minor mineral
compositions, they are dolomite, pyrite and apatite in SPL; it is kaolinite in YWL, and it is dolomite in XAL, which can pro-
vide some information for their respective places of origin. Micro-morphology characterization of the three kinds of muscovites
indicate crystallization of muscovite in XAL is better than that in YWL, and the crystal shape of muscovite in SPL is not good
because it has undergone hydrothermal alteration. On the other hand, chemical analyses of impurity ions in octahedral sheet
have been studied in order to discuss color causing factors of green muscovite which suggests that green color in YWL and XAL
are caused by Fe’™ and Ti'" while green color in SPL is caused by Cr’" in company with Fe*™ and Ti't.
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Fig. 1 X-ray powder diffraction pattern of three different

green sealed stones

1989). FHIE AT L. 3 B 2 41 = BE Y d (060) {ELR
TN HEARZE R s Oy S 5 2= REA5 .

WA 3 FhIEIEE A P 2 BB S AT S R R

M/ Atk 9214 )Pt R RIS 46
RUNZE 2 Fros. 3 M E = B LG o Bl 0 B
JELLR b S A B R T Il s A H B &b B =
B0 ¢ B B s /INT HABPT RN E =
2.2 HETFRSSW
2.2.1 EMSDW EHDHIXS 3 FE T A
(9 T Z P A XRD Jo ik 2800 ) i) 20 Yy it 47 1
HLFIREE 0T (36 3). Jl A & B, LA &% (SPL)
HIRFEFE D BB IR AT (Cas [POA L, (FLOHD) L #ELL
MO LRI T A7 R B AR A P2 2 b (T
WY E A (CaMg[ CO; D o i TRRFRAR A HL T8
B iR R, I 1 = A e, Hoa
FrRE R 51,807 V0. ASE UM BT B L 3 it
AP A SRR T EEICR KAL S b, il 17
TEZ4 5t R Na,Ca, Mg, Ti, Fe; L1 &% tpik f7 16D
Y Cr oo, T H = BE7E XRD MK gk B o
TONTRSEAE S PR il Fe JTER A ALY B9
HE RN =M e 7GR 3.
2.2.2 HEEBHREUZEMEE ikl
LR AT AT UBSR AT il F 5 B S A
FPRAIE. 3 3 A = RS A o & SR
HAv a5 M=, URCE AT I A\ AR K Z 1)
HUAT AT, H o B A s EL 11 A8 2t
4 (Bailey, 1984) , 3% 4 115 43 (1 fb AR fb 27 45 1
2 HA M 2 1 = BERY P 28 AR A 2 25 A R
Ko.s73 Nagosr Cagoos C Alp gz Mgo oss Tish: Fellns
Cri o2 ) s=1.085 (Sis 113 Alg g5 )s—1 O (OH),, H BB %%
ﬁ%ﬂ@%ﬁ%ﬁﬂ%%%%ﬁﬁ Ko 516 Nag 013 Cao, 06
(Al ss Mgos Tibor Felbs ds—1os ( Sz Al 7z )
5101 (O » P25 2 B 1 2 f A4l 27 45 4
R Ko, 020 Na, o15 Cao, 001 (AL 10 Mo, 515 Ti5 oo Fe o1 )52, 015
(St 507 Al 493 5—1 O (OHD .. FH = BRH SR A AL 2 25 44 X
Hh N T A B B8 2 — 25 FTRUTF ST Y 3 b &l
AT L I S S B i 1Y /AN T 7 N7 O
VOAL/ (PUAL +UFST) HHAE 0. 5~1. 0 Z[8] . £F
B BB AR A G ORI Hx 3 i = BERY
Fe f Al BEEEA .

AR [ PR3 07 ) A Wy i 44 2% D1 2 o BEA20
H = B2 o 1 2 (Rieder ez al. , 1998), Frtlf
FEHY 3 B = B DU A SiE R g (U S
MAEME NS, 0~3. D & T2 hEH =& Horp



984 Bk —— b E TR 2= 25 4 55 37 4
*1 3IMFEEEANTIENRITHEUE
Table 1 The main data of X-ray powder diffraction of three different green sealed stones
SPL YWL XAL

20)  d(A) /I, Min hkl 20)  d(A)  I/I, Min hkl 20)  d(A)  I/I, Min hkl
8.8917  9.9372 93 M 002 8.8967 9.9312 100 M 002 8.9251 9.9001 99 M 002
17.7988 4.9793 38 M 004 12.4438 7.1072 14 K 001 17.8824 4.9562 52 M 004
19.9713 4.4423 18 M 111 17.7893 4.9818 25 M 004 19.9044 4.4571 12 M 111
20.756 7 4.2759 8 M 111 19.9275 4.4518 12 M 111 20.6732 4.2930 5 M 111
21.6926 4.0935 7 M 022 22.9950 3.86441 4 M 113 21.6591 4.0998 5 M 022
22.9960 3.8644 16 M 113 23.8842 3.7225 5 M 023 22.9626 3.8699 10 M 113
23.8984 3.7205 19 M 023 24,9633 3.5640 8 K 002 23.8650 3.7256 12 M 023
25.5696 3.4810 19 M 114 25.5628 3.4817 5 M 114 25.5863 3.4787 17 M 114
26,8062 3.3231 71 M 006 26.8118 3.3223 60 M 006 26.9399 3.3069 100 M 006
27.9259 3.1924 20 M 114 27.9009 3.1950 7 M 114 27.9426 3.1905 21 M 114
29.9312 2.9829 22 M 025 29.2498 3.0507 6 M 025 29.9646 2.9796 25 M 025
30.9840 2.8839 100 D 104 29.9192 2.9840 5 M 025 31.3517 2.8509 17 M 115
31.3182 2.8539 18 M 115 31.3080 2.8547 7 M 115 32.1872 2.7788 14 M 116
32,0870 2.7872 14 M 116 35.0849 2.5555 10 M 131 34.5769 2.5920 7 M 131
33.0896 2.7050 16 P 200 35.944 2 2.496 4 6 M 008 35.0114 2.5608 17 M 131
34,7106 2.5823 10 M 131 36.6336 2.4510 3 M 008 36.1645 2.4818 8 M 008
35.1451 2.5514 21 M 131 37.8526 2.3748 2 M 133 37.7855 2.3790 4 M 133
35.9807 2.4940 21 D 110 40,2506 2.2387 3 M 220 42.464 7 2.1270 7 M 135
37.1171 2.4202 10 P 210 42.5187 2.124 4 3 M 135 45.6398 1.986 10 M 10(10)
41,1779 2.1905 15 D/M  113/042 45.3563 1.9978 16 M 00(10) 53.0429 1.7251 3 M 139
42.5148 2.1246 11 M 135 55.8476 1.6448 3 M 139 55.4159 1.6567 6 M 20(10)
45,4226 1.9951 10 M/D 136/10(10) 61.9125 1.4975 5 M 060 55.9339 1.6426 10 M 139
50.5529 1.8040 16 D 018 60.9306 1.5193 5 M 245
51.1044 1.7859 14 D 116 1.716 0 1.5018 5 M 060
55.8504 1.6448 10 M 139
56.3183 1.6323 14 P 311
60. 8136 1.5219 7 M 245
61.9667 1.4963 10 M 060

Min. 7Y 55 s M. FUB 8D, AR A1 P 3B s Ko @l o,
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Table 2 Lattice parameters of muscovites in three different green sealed stones

AR a(A) b(A) (A @) V(A%
SPL g S5 5.169 4 8.988 4 20.0539 96°2' 926. 634 8
SPL gt b 22 0.0018 0.004 5 0. 006 1 2! 0.4320
YWL Bl S 5.1809 8. 956 6 20.074 5 96°1' 926. 3989
YWL g bR 0.003 9 0.0106 0.0131 4’ 0.980 9
XAL 2R/ iS5 5.182 2 9.028 2 19.975 3 95°46' 929. 849 0
XAL R b2 0. 002 2 0. 004 1 0.003 9 1’ 0.4274

VUL B A St s . JF B AHHR
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A1 AR RS0 B T L L PG 24 =B Mg 3
F8 5 ARG T /T A o G 2 o 2 1 B AR [
Wi T RER A P R S B TRE .5
B0 B 8 U TR\ TR 7 A g A D T A2
W vh SRR AR (47X SR S5 AL e A8 U = 5 2
VAR [0 2% S 5 1 (9 A DT {68 7Y 22 2 P 5 B 1

A S E b B3 KT B AE )k /) (Bailey, 1984 ; Chen
etal., 2010).
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Table 3 Chemical data of main minerals in three different green sealed stones
Element SPL-1 SPL.-2 SPL-3 SPL-4 YWL-1 YWL-2 YWL-3 XAL-1 XAL-2 XAL-4
Na2 O 0. 287 0. 282 0. 068 - 0.071 0.121 0. 108 0. 098 0. 131 —
KO 10. 506 10. 123 — — 9.352 9.718 10. 115 10. 906 10. 923 -
Cr, 03 0. 067 0. 027 — — — — — — — —
MgO 0. 324 0. 247 0. 046 17. 943 0.093 0. 067 0. 086 4.916 5. 392 22.047
CaO 0. 108 - 56. 208 29.418 0.134 0. 081 0. 030 0. 055 0. 055 29. 634
MnO - — 0. 130 0.116 — - - - 0. 006 0. 006
Al O3 36. 734 34. 607 0. 007 0. 065 33.677 34. 390 35. 051 25. 159 25. 300 0.033
TiO, 0. 222 0. 261 0. 060 0.078 0. 050 0. 026 0. 034 0.124 0. 229 0.019
Fe; O3 0. 282 0. 218 0. 054 4,520 1. 797 1. 663 1. 544 0.012 0. 028 0. 051
SiO; 48. 207 46. 506 0.077 0. 048 50. 508 48.739 47. 825 52.520 52.551 0.017
P,0Os - - 42.123 — — — — — — —
Total 96. 737 92. 271 98.773 52.188 95. 682 94. 805 94. 793 93. 790 94. 615 51. 807
Minerals [EPagS B e EPaya] B P [EPagS B P EPaYa]
F4 3MEBEEATERENLESFR
Table 4 Chemical formula of muscovites in three different green sealed stones
SPL-1 SPL.-2 YWL-1 YWL-2 YWL-3 XAL-1 XAL-2
Si 3.126 3.159 3. 288 3.216 3. 167 3.519 3. 495
VDAL 0. 874 0. 841 0.712 0. 784 0. 833 0. 481 0. 505
VI AL 1.932 1. 929 1. 872 1. 891 1. 902 1. 506 1. 478
Crit 0. 003 0. 001 0. 000 0. 000 0. 000 0. 000 0. 000
Fe3™ 0.014 0.011 0. 088 0. 083 0. 077 0. 001 0. 001
Mg 0. 031 0. 025 0. 009 0. 007 0. 008 0. 491 0.535
Ti 0.011 0.013 0. 002 0. 001 0. 002 0. 006 0.011
Mn 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
K 0. 868 0. 877 0. 776 0. 818 0. 854 0.932 0. 926
Na 0. 036 0. 037 0. 009 0.015 0.014 0.013 0.017
“a 0. 008 0. 000 0. 009 0. 006 0. 002 0. 004 0. 004
Cht 0. 874 0. 841 0.712 0. 784 0. 833 0. 481 0. 505
Cho 0. 045 0.072 0. 092 0. 061 0. 039 0.472 0. 446
Chi 0.919 0.914 0. 804 0. 845 0. 872 0. 952 0. 951
vac(o) 1. 008 1. 020 1. 028 1.019 1.011 0. 996 0.974
VIR2F /(VIR2F +IVIR3T) 0,016 0.013 0. 005 0. 003 0. 004 0. 246 0. 266
VOAL/(VOAIH-VOFes ) 0.993 0. 994 0. 955 0. 958 0. 961 1. 000 0. 999

Cht. U4 )2 B ; Cho. /A TIAR)Z B LT 5 Chi. J2B]LE LT 5 vac (o). /TN ZS i s VIR RILVURS T 43 5 37 /i 4 v 4 BH S 7 i =
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Hil A Cr BT, Cr ' BB A = B IE R sk e )
W — B ATTIA AT (B 2 M FBROGE  1995). H
Y N N IS S N -2 kS S e = Rk
HH M &A CFF B, 5 A B E AL r
Cr*' B 2 5 T e O R 7 55, 2010).
IV A2 2 (L L a3 o O B P 3 & i
R 0. 047 % » H 2 15 1A i 38 BEAIK (BR 5, 20045 75 3L
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— BRI a A — R E JFH RS RS A
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Fe LRI H = BB 7= A Rt — &
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HARMOERSE, T Fe S RmE e, 1
R IF 25 (1983) ¥4 i WiV B AL B 8™ PR A ) 7 42k
2 Bl 1 55 4 0. Rossman (1984) 7E 245 1 -~ Bk
e, 8 R B R et Fe” X 60 i P ) S T 3R AN B
B Fe’ n] 5Tit" L fmlfE B B Sk 5. Bk iF
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Fig. 2 Morphology of muscovites in three different green sealed stones
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Table 5 Chemical data of minerals in three different green

sealed stones

O Na Mg Al Si Ca Fe K
Fig 4a-SPL 51.01 0.89 0.98 18.97 21.21 — — 6.95
Fig 4b-YWL 46.85 — — 19.18 24.31 — 1.45 8.21
Fig 4c-XAL 42,45 — 4,66 12.96 30.41 — — 8.99
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