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Abstract: Lantian Jade is one of the most famous jades in Chinese history, but there still exists controversy
among researchers in recognition of the difference between modern Lantian Jade and ancient Lantian Jade, and
hence the research on mineralogical characteristics of modern Lantian Jade is of great importance in the archaeo-
logical study of Lantian Jade. In this paper, the techniques of proton induced X-ray emission (PIXE), X-ray
diffraction (XRD) and laser Raman spectroscopy (LRS) were employed to analyze the chemical composition and
mineral structure of modern Lantian Jade from Shaanxi Province. The proportions of several samples were esti-
mated. The results indicate that the specimens can be divided into two kinds. The major mineral of the first kind
is serpentine, the major mineral of most specimens is antigorite whose Raman characteristic peaks occur at 231,
373, 458, 527, 648, 681 and 1 045 cm ™!, and the formula of specimen LT2 is Nay 30(Mgs o5, Aly 14, Fep ag)
(Sis 06019) (OH)g. However, one of the specimens belongs to lizardite whose Raman characteristic peaks occur
at 226, 344, 379, 462, 623, 690 and 1098 cm !, with lizardite being found in Lantian Jade for the first time.
The major minerals of the second kind are serpentine, calcite or augite, together with minor dolomite, talc and
tremolite. The formation mechanism of Lantian Jade seemed to be regional metamorphism together with contact

metasomatic metamorphism. The formation process is as follows: dolomitic marble generated low temperature
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metamorphic mineral serpentine by magmatic hydrothermal metasomatism at low temperature, with two kinds

of specimens corresponding to different serpentinization levels. There are no other minerals in the first kind, be-

cause the calcium was moved away by hydrothermal SiO,. The existence of dolomite and calcite in the second

kind suggests incomplete serpentinization. In trace elements, the content of Mn, Zn and Zr is higher than that

of other rocks. Both Lantian Jade and Xiuyan Jade belong to serpentine jade, but they can’t be distinguished

from each other by available technologies. These characteristics can provide useful data for the study of archaeol-

ogy and civilization of Lantian Jade.
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Fig. 1 Photographs of the specimens
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3.0 MeV 40 kV 40 mA
2.8 MeV 1 mm Cu X CuK, =0.154 06 nm 20
X SiLi Mn KaoX =5°"~90°
5.9 keV full width at half maxi- Raman
mum FWHM 165 eV 11 Na Ren-
11 ishaw Invia
X 488 nm
Na
PIXE GUPIX 2
PIXE
Cheng et al. 2004 2.1
XRD PIXE 1
UltimalV X 1 LT1
1 PIXE wp %
Table 1 Major chemical compositions of the specimens determined by PIXE technique
LT1 LT1 LT2 09LT-1 09LT-2 09LT-3 09LT-4 09LT-5 09LT-6 09LT-7
Na,O 1.13 1.61 1.88 1.78 3.22 2.51 0.90 1.64 1.56 1.78
MgO 43.08 43.09 41.89 45.59 44.55 38.50 21.66 32.62 18.88 28.77
ALO; 0.61 1.51 1.49 1.23 2.18 0.69 0.17 0.55 1.04 0.15
SiO, 51.30 50.59 49.96 50.90 47.10 39.02 23.06 29.75 52.76 25.00
P,Os 0.06 0.14 0.17 0.21 0.22 0.04 0.00 0.02 0.25 0.25
K,O 0.05 0.11 0.06 0.06 0.02 0.03 0.00 0.00 0.00 0.00
CaO 0.65 0.08 0.05 0.06 0.04 19.07 53.86 34.90 25.33 42.04
TiO, 0.02 0.01 0.02 0.01 0.04 0.00 0.00 0.02 0.00 0.00
Cr, 05 0.01 0.00 0.00 0.00 0.02 0.00 0.02 0.00 0.07 0.04
MnO 0.08 0.09 0.07 0.00 0.03 0.01 0.03 0.00 0.00 0.06
Fe,05 2.96 2.75 4.33 0.16 2.37 0.13 0.24 0.46 0.09 1.82
CoO 0.02 0.00 0.02 0.00 0.06 0.00 0.03 0.02 0.01 0.00
NiO 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CuO 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.00 0.00
ZnO 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BaO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PbO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LT2 09LT-1 09LT-2 MgO 55x107% 13x10°% 117x10°° 4
SiO, MgO Sr
50.15% SiO, 49.85% 2 Sr Ca
09LT-3 09LT-4 09LT-5 09LT-6  O9LT-7 Ca 09LT-
MgO SiO, CaO Na,O 5 09LT-6  09LT-7 CaO 25% —42%
Kzo A1203 T102 CI‘203 MI’IO COO NIO
2.2 X
PIXE 2 Mn Zn X LTl d oot
7r Co Ni Cu Ga =0.724 nm dyp=0.361 nm di31=0.253 nm

09LT-5 09LT-6

09LT-7  Sr doo=0.460 nm  dgg=0.154 nm
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Table 2 Trace elemental compositions of the specimens determined by PIXE technique
Mn Fe Co Ni Cu Zn Ga As Rb Sr Y Zr Pb
LT-1 31 910 0 1 1 5 0 0 0 0 0 1 0
LT-2 305 16 590 39 5 0 82 10 9 0 0 27 0
09LT-1 47 1120 8 5 5 11 3 0 1 15 8 0
09LT-2 288 16 590 0 19 0 46 4 36 5 0 13 42 0
09LT-5 98 3220 3 2 26 5 0 0 55 2 14 0
09LT-6 39 630 14 0 4 11 0 0 0 13 0 24 0
09LT-7 499 12 740 29 18 9 53 13 0 0 117 0 42 5
3 JCPDS LT1—Nay 15Cag 0o Mgs.1s Aly g6
LT2  09LT-2 Fepis Sis1a O OH g LT2—Nag 30 Mgs. s
09LT-1 09LT-3 Alyg1s Feyog Siy. 06 Org OH g 09LT-1—Nay 5
di04=0.303 nm d59=0.249 nm d = Mgs.s6 Alg.1z SiyosOrp  OH g 09L.T-2—Nay 5,
0.228 nm d5;; =0.209 nm dpg=0.191 nm d= Mgs .s Al »-. Fey i Siz g AL O OH g
0.187 nm JCPDS 0<<r<<0.14
d=0.732mm d=0.152 nm
09L.T-5 091.T-3 76.77%
09LT-7 19.07% 09LT-4 39.85%
09LT-4 34.66% 24.08% 09LT-5
09LT-6 59.68% 31.15% 6.44%
DO9L'T-6 91 % 4.69%
PIXE 4 1.76% 09LT-7 50.15%
3 XRD
Table 3 XRD diffraction peaks of the specimens and standard spectra
LT1 09LT-1 09LT-3 09LT-4 09LT-5 09LT-6 09LT-7
02- 02- 05- 79- 24- 24- 71-
d I'ly 4 I1ly d 11y, 4 11y d I1, d I1, d 1 I,
0095 1036 0586 1343 1493 0203 1058
7.24 100 7.38 100 7.32 6.1 9.34 15.7 7.30 37.5 9.38 11.9 2.22 7.2 7.30 7.36 3.04 2.87 9.31 2.99 2.71
4.60 18.7 4.55 54.6 3.84 6.6 4.68 2.8 4.59 5.33 8.35 11.7 2.16 17.9 3.62 3.64 1.88 2.18 3.12 3.23 8.41
4.21 7.1 3.67 82.9 3.67 4.4 4.55 2.1 3.85 7.2 7.29 79.7 2.13 15.6 2.52 2.50 1.91 1.77 4.55 2.95 3.12
3.61 93.52.52 68.6 3.03 100 3.84 6.3 3.63 17.4 4.49 11.4 2.11 7.4 1.57 4.62 2.28 1.79 2.48 2.52 9.02
2.52 53.7 2.46 67.4 2.49 14.5 3.12 13 3.03 100 3.85 8.2 2.09 9.2 1.54 1.53  2.09 2.01 1.52  2.57 2.53
2.17 8.0 2.17 33.1 2.28 20.9 3.03 100 2.88 20.2 3.64 39.5 2.04 18.4 2.16 2.15 2.49 2.40 4.67 2.13 3.38
2.14 8.6 2.12 32 2.09 19.4 2.84 1.8 2.49 11.5 3.35 8.9 2.01 7.7 4.65 1.50 3.85 1.54 2.59 1.63 2.94
1.82 3.7 1.83 23.31.91 29.0 2.49 10.4 2.28 11.8 3.23 54.6 1.91 8.2 1.78 1.31 1.60 1.38 1.32 1.42 3.27
1.78 2.9 1.72 32.6 1.87 22.7 2.28 11.6 2.09 11.8 3.12 13.5 1.87 9.9 1.84 2.65 1.92 1.46 2.23 2.90 4.87
1.56 15.9 1.54 48 1.62 3.3 2.09 11.9 1.90 10.5 3.03 87.2 1.84 9.4 1.31 1.79 1.44 3.68 1.87 1.75 2.33
1.54 18.8 1.31 23.3 1.60 8.2 1.91 11.5 1.87 8.1 2.99 100 1.81 5.5
1.51 5.2 1.52 6.3 1.87 13.8 1.60 3.5 2.95 46.4 1.75 17.1
1.31 6.2 1.44 6.5 1.62 2 1.54 6.9 2.89 38 1.62 20.3
1.60 4.1 1.52 7.4 2.56 30 1.56 7.4
1.52 4.2 1.44 4.7 2.52 70.5 1.52 6.9
1.44 2.3 1.34 3.6 2.30 17.6 1.42 16.4
2.28 8.9 1.33 5.5
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Fig. 2 X-Ray diffraction XRD patterns of the specimens
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" O OH —O OH
b =0.915 nm b =0.945
nm a
3 3
2004 3 Raman
LT2 231 373 458 527
648 681 1045 cm ™! 3a
Rinaudo et al. 2003 231 373
681 1045 cm ™! 458 527 648 cm !
4 231 cm ™! O—H—0O

1 O SO, Onb
H 373 cm !
SiO, 681
em ! Si—Ob—Si
1 045 cm™! Si—Ob—Si
3 458 cm !
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Fig. 3 Raman spectra of the specimens
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