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Table 1 ~ Content of Fe’*and Fe’* in Qinghai nephrites with different colors

. W (%) =

Bk pemas @y TeOEE Rt RO am Fea (%)= Fen(%) = .
SRS " w ~Fey

AR Hi (%) (%) (%) (F +Fe* ) Fe,0,x112/160  —4—=E2100

1

BE B-4 YRE] 0.75 0.23 0.32 0.55 0.53 3.64
; B-2 wHH 1.11 0.12 0.67 0.79 0.78 1.27
T Y-2 % 0.41 0.17 0.13 0.30 0.29 3.33
o Y-1 PN 0.59 0.13 0.29 0.42 0.41 2.38
W T-2 H 0.89 0.27 0.36 0.63 0.62 1.59
o T-1 B 1.09 0.18 0.62 0.80 0.76 5.00
IR H-1 % 1.24 0.39 0.51 0.90 0.87 3.33
- H-2 % 1.55 0.32 0.79 1.11 1.09 1.80
HHE QB -1 /% 0.55 0.13 0.27 0.40 0.39 2.50
0B -2 PN 1.12 0.33 0.48 0.81 0.78 3.70
mEE C-1 53 0.86 0.32 0.29 0.61 0.60 1.64
S C-3 % 1.41 0.49 0.54 1.03 0.99 3.88
5E Q-2 53 4.01 2.33 0.61 2.94 2.81 4.42
Q-1 W 6.53 3.66 1.07 4.73 4.57 3.38
s BY -1 % 5.88 2.35 1.95 4.30 4.12 4.19
= BY -2 % 8.87 3.76 2.72 6.48 6.21 4.17
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Table 2 Content of transition metallic elements in Qinghai nephrites with different colors
b e g . Ti Mn Cr \Y Co Ni Cu
IR AR i (ng/g) (ng/'g) (ne/g) (ne/'g) (ne/g) (ne/'g) (ne/'g)
B-4 % VRS 21.93 502.51 22.94 1.7 2.98 14.84 5.83
HE B-2 % =] 27.08 460.97 16.52 7.26 2.8 7.67 4.72
W Y -3 % 53 143.3 57.03 16.49 8.24 2.29 12.37 6.22
Y-13% W 169. 05 101.99 16.92 13.35 2.11 12.41 15.4
WE T-2 ¥ H 32.25 483.11 9.99 3.2 2.32 5.53 3.09
o T-1 B 37.52 680. 17 20.38 1.79 2.56 7.53 4.73
- H-1 % % 314.27 161.2 34.89 7.11 0.4 37.44 10.98
SR H-2 % % 273.12 282.23 26.60 13.1 5.8 12.7 10.3
HHE 0B-1 & 53 23.42 322.85 18.9 1.64 1.69 6.22 5.36
0B -2 % PN 23.63 306. 62 11.53 4.64 1.87 7.37 4.77
mE C-13% H 2564.13 128.11 128.80 68.38 1.97 38.08 14.39
S C-3 % 1140.5 108.4 260.26 36.7 2.9 38.2 20.9
5E Q-2 ¥ 53 265.75 1844.4 21.54 9.87 25.43 24.72 3.82
Q-1% b 167.12 1357.94 18.76 7.28 9.61 24.39 6.5
g BY -1 # % 61.59 914.55 1943.25 645.78 59.68 1406. 16 4.62
BY -2 % % 65.96 1413.15 1957.30 648 54.5 1369.7 9.2
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Histogram of transition metallic elements content in

Qinghai nephrites with different colors
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Fig.2 Comparison of electron paramagnetic resonance spectra

in (a) 3010 —4010G and (b) 260 —6760G in Qinghai

nephrites with different colors at room temperature
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Study on Color - causing Elements in Qinghai Nephrite by Elemental
Analysis and Electron Paramagnetic Resonance Spectroscopy
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(1. College of Earth Sciences, Guilin University of Technology, Guilin 541004, China;
2. Guangxi Key Laboratory of Hidden Metallic Deposits Exploration, Guilin 541004, China)

HIGHLIGHTS

(1) The relationship of Fe’* and Fe’* contents with hue in Qinghai nephrite indicated the effect on color —
inducing.

(2) The relationship between ICP — MS data and tone was used to illustrate the transitional metal elements related
to color.

(3) EPR data indicated that Cr of the chromogenic element in azure — green Qinghai nephrite was Cr’* and the
crystal position was M, or M,.

(4) Ti’* EPR spectral line was not found at low temperature liquid state, indicating that Ti element related to color

. .4
formation was Ti"".
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ABSTRACT

BACKGROUND ; Color is the important manifestation of nephrite value. Qinghai nephrite has different colors, but
there is a lack of research on coloration. In recent years, the study on the coloration of nephrite in Qinghai mainly
focused on azure — green and blue — violet, and it was considered that Cr’* and Mn’* were respective coloration
elements of azure — green and blue — violet. The color of Qinghai nephrite is not a simple color, such as white —
green, azure — green, and blue — violet. Therefore, Qinghai nephrite should contain a variety of color — causing
elements.

OBJECTIVES: To reveal the color — causing elements of eight colors of nephrite from Qinghai based on the
relationship between analysis data and hue changes.

METHODS: X - ray Fluorescence Spectrometry (XRF) , Chemical Titration, Inductively Coupled Plasma — Mass
Spectrometry (ICP —MS) and Electron Paramagnetic Resonance Spectroscopy ( EPR) were used to study the color
— causing elements of nephrite.

RESULTS : The color — causing element of white Qinghai nephrite was Fe’". The color — causing elements of white
— green and azure — green Qinghai nephrite were Fe’* and Fe'" | respectively. The chromogenic elements of green

>* Fe’" and Mn in high valence. The color — causing elements of azure — green Qinghai

Qinghai nephrite were Fe
nephrite were Fe’" | Fe’" and Cr’*. The chromogenic elements of yellow and brown Qinghai nephrite were Fe’*
and high — valence Mn. Fe’* and Ti** were the color — causing elements of blue — purple Qinghai nephrite.

CONCLUSIONS:; This study determined the color — causing elements of different colors of Qinghai nephrite,

which provided a theoretical basis for the study of the coloration mechanism of Qinghai nephrite.

KEY WORDS: Qinghai nephrite; Electron Paramagnetic Resonance; color — causing elements; Fe
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