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A study of gemological characteristics of a new nephrite jade material

LI Liu-fen"?, QIU Zhi-li"*, LIANG Ting"?, ZHAO Li-ping',
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Abstract: The research on the origin and locality of jade is one of the most important items in the study of
gemology and jade archaeology, and a basic method for study is to comprehend the detailed characteristics of
jades from different producing localities. Based on the conventional gem constants and the analysis using such
means as X-ray diffraction, scanning electron microscopy, electron microprobe analysis, and laser ablation plas-
ma mass spectrometer (LA-ICPMS), this paper reports for the first time the gemological characteristics of a new
nephrite material from a new locality of Guizhou Province in China. With mainly the porcelain white-gray color
and micro-leaf-like crisscross and microporphyroblastic fiber-crossed structures, The transparency of this material
is a little lower than that of common nephrites. The other data, such as the Mohs hardness scale of about 5.8,
the refractive indexes of 1.600~1.608, the S. G of 2.88 and the compressive strength of 357.4~446.75 MPa,
are slightly below the standard data of nephrite. The results show that the mineral components of the new

nephrite type are mainly tremolite, with subordinate diopside, calcite, albite (?) and quartz mineral inclusions.
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The crystal chemical formula of tremolite is (Cry g Aly. o3 Fep o3 Mg o4 ) (Crg g2 Nag g3 Ko 01 Cag og) (Sis 246
O;1)2(OH),. As for major elements, silicon is rich, but there exists no titanium. The content of rare earth ele-
ments is high, with obvious HREE and LREE differentiation. Lay/Yby ratios vary from 30 to 60. There exists
depletion of HREE, with negative Eu, Ce anomalies. The REE distribution pattern is of relatively steep rightly-
oblique type. In comparison with the nephrites found in other areas, the authors hold that the nephrite material
studied in this paper is unique and seems to be a new nephrite jade material.

Key words: nephrite; gemological characteristics; electron microprobe analysis; REE
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1

Fig. 1 Microphotographs of nephrite jade
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a—fiber woven-like structure crossed nicols b—porphyroblastic structure crossed nicols
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1 XRD
Table 1 XRD data of samples
Gl-1 G1-2 G2-1 G2-2 G3
d A I % d A I % d A I % d A I % d A I %
1 8.6716 83.0 8.9222 42.1 8.6782 30.5 8.607 6 4.8 9.3204 42.3
2 5.180 8 48.1 8.4674 60.0 4.8221 22.0 4.599 6 5.4 8.484 1 67.2
3 4.9130 51.9 4.8849 50.9 4.5438 27.1 3.8865 10.2 5.0550 24.9
4 4.5589 62.2 4.508 3 46.7 3.9033 13.4 3.4024 4.3 4.8655 34.6
5 3.4136 51.9 4.1983 17.6 3.3578 100.0 3.2973 4.8 4.507 4 36.5
6 3.2926 100.0 3.8913 20.0 3.2886 37.3 3.0538 100.0 3.3860 46.2
7 3.1470 93.4 3.3863 33.3 3.1356 45.8 3.0153 5.9 3.2759 71.1
8 2.9587 86.3 3.2799 53.3 2.956 4 38.9 2.960 6 5.9 3.1251 100.0
9 2.710 8 89.6 3.1252 100.0 2.710 3 62.7 2.8627 3.7 2.9374 61.4
10 2.6027 79.3 2.9358 64.3 2.607 1 22.0 2.7147 4.8 2.704 1 69.3
11 2.5450 89.6 2.6947 77.6 2.5379 37.3 2.5077 12.9 2.5930 48.0
12 2.3307 62.2 2.594 1 60.0 2.4643 18.5 2.2919 12.3 2.5309 67.2
13 2.1682 62.2 2.528 1 62.1 2.3399 22.0 2.1010 14.5 2.3184 40.4
14 2.0511 34.4 2.3281 40.0 2.169 8 32.2 1.9363 4.8 2.2722 26.8
15 2.0231 31.1 2.2762 28.8 2.0490 18.5 1.9151 11.3 2.1631 49.9
16 1.902 4 24.1 2.1612 37.6 2.0215 15.3 1.8820 15.5 2.0380 28.9
17 1.7571 34.4 2.0456 26.7 1.8680 13.4 1.6281 3.7 2.0155 28.9
18 1.6868 34.4 2.0079 30.9 1.6554 20.4 1.6069 4.8 1.894 6 17.3
19 1.656 1 51.9 1.6502 37.6 1.8624 19.2
2 XRD
Table 2 XRD data of tremolite and samples
Gl-1 G1-2 G2-1 G3
hkl o CNN W\ o o o o
' d A [ Iy d A I I d A I I d A I I d A I
110 8.3800 100 8.6716 83 8.9222 42 8.6782 31 9.3204 42
310 3.1310 100 3.1470 93 3.1313 100 3.1356 46 3.1251 100
151 2.7030 90 2.710 8 90 2.6947 86 2.7103 63 2.704 1 69
240 3.2680 75 3.2926 100 3.2799 53 3.2886 37 3.2759 71
510 1.8920 50 1.902C4 24 2.1612 38 1.868 0 13 1.894 6 17
ICDD —13-437
3 XRD Feg.0s  Sit.o9 Aly.os Tig.o1
Table 3 XRD data of calcite and samples Sio, 58.949% ~
G2-2 61.20% 60.09% MgO 21.54% ~
hkl o o
d A I I d A 11 24.32% 23.47% CaO 12.36% —~
104 3.0355 100 3.0538 100 14 .54 % 13.07% 5
116 1.8753 23 1.8820 16 96 % ~ 98 % OH
018 1.9124 22 1.9151 11 24
113 2.2846 20 2.2919 12 7 Cro 02
202 2.0944 16 2.1010 15 A10A03Fe().03 Mg4.94 NaO.OZ KO.OI Ca1.98 Si4.25 Oll 2
ICDD —47-1743 OH , CapMgs SiyO;; OH ,
CaO 13.8%
6 MgO 24.6% SiO, 58.8% Mg Ca
Fe Si

Cap.og Nag. 2

Mgy, 9

X
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4

XRD

Table 4 XRD data of diopside and samples

Gl1-1 G1-2 G2-1 G3
hkl . o o o o
d A I I d A I I d A I I d A I Iy d A I I,
221 2.9850 100 3.0090 37.8 2.9928 26.7 2.9956 18.5 2.986 2 28.9
310 2.9430 55.0 2.9587 86.3 2.9358 82.8 2.956 4 38.9 2.9374 61.4
220 3.2200 50 3.2926 100 3.2799 53.3 3.2924 37.3 3.2759 71.1
ICDD —41-1370
5 wp %
Table 5 Electron microprobe analyses of samples
SiO, TiO, ALO; FeO MnO MgO Ca0O Na,O K0 Cro05 Total
G-1 60.01 0.00 0.15 0.00 0.00 23.05 14.54 0.11 0.00 0.00 97.86
G1-2-1 59.16 0.00 0.17 0.02 0.00 24.32 13.13 0.00 0.01 0.00 96.81
G1-2-2 59.46 0.00 0.13 0.03 0.00 23.19 12.36 0.08 0.01 0.00 95.26
G-2-1-L 54.70 0.00 0.66 1.63 0.00 16.93 25.87 0.12 0.00 0.00 99.91
G-2-1-AN  58.94 0.00 0.19 0.77 0.00 23.38 13.10 0.10 0.08 0.17 96.73
G-2-2 60.54 0.00 0.12 0.64 0.04 23.99 12.64 0.10 0.04 0.00 98.11
G-2-3-L 53.77 0.56 1.59 2.90 0.00 15.13 25.73 .34 0.00 0.00 100.02
G-2-3-AN  68.52 0.00 19.44 0.00 0.00 0.15 0.19 11.09 0.02 0.00 99.41
G-2-4-AN  60.35 0.00 0.22 0.76 0.00 24.22 12.92 0.11 0.03 0.00 98.61
G-3-1 61.05 0.00 0.19 0.00 0.00 21.54 13.19 0.06 0.04 0.00 96.07
G-3-2-AN  97.30 0.00 0.00 .00 0.00 0.66 0.34 0.00 0.00 0.00 98.30
G-3-2-L 56.20 0.00 1.03 1.15 0.00 17.90 24.35 0.32 0.00 0.00 100.95
G-32-ZH  61.20 0.00 0.20 0.02 0.00 24.07 12.68 0.11 0.04 0.00 98.32
6 6
Table 6 Cations in samples pyroxene 6 oxygen cations
Sitt Ti** AP* Fe?* Mn?* Mg** Ca®* Na* K* (O
G-2-1-L 1.989 069 0 0.028 285 0.049 573 0 0.917 747 1.007 884 0.008 46 0 0
G-2-3-L 1.966 353 0.0154 0.068 528 0.088 697 0 0.824 829 1.008 121 0.024 107 0 0
G-3-2-L 2.003972 0 0.043 286 0.034 296 0 0.951 507 0.930 263 0.022 123 0 0
7 24
Table 7 Cations in samples tremolite 24 oxygen cations
Sit* Ti** AP Fe*t Mn?* Mg?* Ca?™* Na* K* Ccrt Mg Mg+ Fe
G-1 8.456 0.000 0.025 0.000 0.000 4.842 2.195 0.030 0.000 0.000 1.00
G1-2-1 8.403 0.000 0.028 0.002 0.000 5.150 1.998 0.000 0.002 0.000 1.00
G1-2-2 8.541 0.000 0.022 0.004 0.000 4.966 1.902 0.022 0.002 0.000 1.00
G-2-1-AN 8.415 0.000 0.032 0.092 0.000 4.976 2.004 0.028 0.015 0.019 0.98
G-2-2 8.482 0.000 0.020 0.075 0.005 5.011 1.897 0.027 0.007 0.000 0.99
G-2-4-AN 8.431 0.000 0.036 0.089 0.000 5.044 1.934 0.030 0.005 0.000 1.00
G-3-1 8.682 0.000 0.032 0.000 0.000 4.567 2.010 0.017 0.007 0.000 1.00
G-3-2-ZH 8.521 0.000 0.033 0.002 0.000 4.996 1.892 0.030 0.007 0.000 1.00
G-2-3 Mg Ca 97.3% 98.3%
Na,O 11.09% AlLO; 19.44%
SiO, G-3-2

SiO,
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Fig. 3 Backscattered electron imaging BSE of sample G-3-2 a electron microprobe analyses of light medium and

dark three minerals and G2-4 b electron microprobe analyses of dark minerals
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a—microleaf-like crossed structure of sample G1-1

Gl

1

X 10,000

15.0kV SEI

b—

4

Fig. 4 SEM images of samples
G1-2

d—

G3

b—felt-like microfibrous-crossed structure of sample G1-2 c—leal-like

microfibrous structure of tremolite in different directions d—shape of nephrite section in sample G3

8 wp 1076
Table 8 REE content of nephrite from different localities
G1-2 G1-2 .
-1 2 Gl 1 2 1
Y 22.60 25.70 25.70 1.94
La 7.48 10.1 8.16 0.18 6.72 0.77
Ce 5.56 6.30 5.63 0.35 11.57 1.49
Pr 1.79 2.19 1.92 0.05 1.23 0.29
Nd 7.00 8.70 7.52 0.19 3.26 1.11
Sm 1.19 1.66 1.69 0.05 0.43 0.27
Eu 0.32 0.35 0.29 0.01 0.08 0.05
Gd 1.34 1.49 1.45 0.06 0.46 0.33
Tb 0.14 0.15 0.17 0.01 0.10 0.05
Dy 0.67 0.79 0.91 0.10 0.68 0.21
Ho 0.12 0.16 0.15 0.03 0.15 0.04
Er 0.18 0.39 0.30 0.07 0.46 0.15
Tm 0.02 0.06 0.04 0.01 0.07 0.02
Yb 0.09 0.23 0.16 0.08 0.43 0.14
Lu 0.01 0.03 0.03 0.01 0.06 0.02
Lay Yby 59.33  29.86 33.99 1.59 10.61 3.70
o0Eu 0.78 0.68 0.57 0.75 0.57 0.47
0Ce 0.36 0.31 0.33 0.90 0.94 0.74
Hugh 2000 Hugh 2000
2010 2002
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LREE oEu 9 wg 1079
0.57—~0.78 Table 9 Trace elements content of nephrite jade from
Eu Eu S5Ce different localities
0.31~0.36 Ce G1-2-1 G122 G-1-1
Ce Ce Li 14.80 13.70 14.30
Be 0.22 0.37 0.28 3.47 13.60
B 36.80 38.2 39.60 0.09
Sc 1.58 1.56 2.01 0.28
\% 2.49 2.94 3.18 4.30 17.57
Fu Ceo Cr 2.97 11.8 9.60 2.32 7.48
Co 0.08 0.17 0.24 4.99 5.06
Ni 0.95 0.71 1.63 66.60 2.31
Ce Cu 0.97 1.37 2.08 8.29 4.76
3.2 Zn 10.10 11.10 15.10  204.08 2.48
’ Ga 0.78 0.64 1.03 0.47 1.08
9 Rb 0.25 0.2 0.35 3.28
Cr Co Ni V Sr 22.6 25.70 25.70 8.96
Cr Ni Zr 0.23 0.46 0.08 6.95
Nb 0.86 1.11 0.93 0.23 5.75
v Mo 0.01 0.05 0.25 2.53
4 Ag 0.02 0.00 0.01
Sec Y Th U Zr Hf Nb Ta 2 Cd 0.57 0.09 0.06 5.35
" £ Nb Sn 3.31 2.14 2.56 0.72 7.07
Sc Y Th U Zr HE Nb Ta Sh 2.09 3.50 2.17 2.34
B Cs Bi Ba Rb Cs 0.03 0.26 0.20 1.07 2.32
Sr Li Ga Rb Cs Be Ba 7.89 11.70 9.30 6.82
Hf 0.00 0.01 0.16 0.16
Rb B Ta 0.07 0.06 0.06 0.02 0.29
Ba w H 0.01 0.84
Cd Mo Ag Sb Cu W Pb Zn Sn Pb 0.62 0.58 0.46 4.84 10.15
. Bi 0.00 0.01 0.01
2 Mo W Pb Cu Th 0.04 0.06 0.07 0.12 0.91
U 0.69 0.78 0.89 0.55 9.74
2010
4 2002
4' 1 13 ”
1997 2002 2004
2008 2005 2008
Sr
“ ” 2010
Ce
2010 2010

6.0—~6.5 4.2
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1991 -
1998 Harlow
and Sorensen 2005 2009
1997
x Fe x Fe+Mg
x Fe x Fe+ Mg 0~7 88%
x Fe x Fe
+ Mg 7~14 88%
x Fe x Fe+
Mg 0.006 5
Lay Yby 30 ~ 60
Eu Eu
Eu
Eu
5
1
5.8
357.40~446.75 MPa 1.600~1.608
2.88
2 X

Ca®" +Na' >=1.34 Na'<0.67 Na'
+K" <0.5 Si*">=7.50 Mg" Mg*" +Fet =

0.9
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