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Fig. 1 Slice photograph of grayish green nephrite
and gray nephrite
RU-1, RU-2, QH-1 and QH-2 are grayish green nephrite; YT-1,
YT-2, QM-1 and QM-2 are gray nephrite; the length and width of

samples are 1 cm
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Table 1 Descriptions of grayish green nephrite and gray nephrite
g GETE RS 7 R 2 R SRR AE AH T %% BE
RU-1 HRZ I AR 2 0% A WA B, R T 2.9827
o RU-2 R W AR B 20 I WA OB KR 2.982 2
o QH-1 A 4 B BN T W OB B T 2.992 9
QH-2 H AR AL A T RH . BEW]. R 2.993 6
YT-1 BT HL JoU R B A WA, OB, B B 2.967 3
- YT-2 HE T R EFN/w g RH . EW]. RO 2.967 0
o QM-1 9 LK B SF S ET WA BB, B B 2.945 8
QM-2 B LR B SPNw N Epi] R BB, BT 2.947 1
1.2 UHERSH A — B, W E T TC R AR R 25 Ah- 0T LS Ol T A A 6 28 A

A6 v ] R 2 (B 0D Bk 5 A e 9 UV-3600 4 4
A LA EIERE T, ARAR TR B2 AT LR G . K &
i+ PG 200~800 nm, RAERIFE 0.5 nm. & HH T 2k
F2FBE A BRUKER TENSOR 27 {8 B 28 4 21 40 S8 15X
53 TR PRS0 0 S iR AR T AR SR LD AN . R R
WA ARMTEE 2 000~400 em™", FHHi 32 W, S HEE 4
em™ . BEHFEIIR 4 F: KBr JE . AT 4 000~400
em ', FHHE 16 K ABEE 4 em L BE ST RS T A 7E
b 5T K 2 (A 50 AL 4R S0 8 2 1 EMPA-1720 R L 745
RS

2 #RHIHE
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HRTE E W% Hh-TT 0L RS S 38 # 280, 450,
490, 530 FI 660 nm BT 0 e 0 =R 0 . AN E B 2 (RU-
1 A1 RU-2) B0 T HoAt B 5 6% o R BLAY 510 nm 55 0% Al
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Fig. 2 UV-Vis reflection spectra of grayish

green nephrite and gray nephrite
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Fig. 3 Infrared reflection spectra (a) and transmission spectra (b) of grayish green nephrite and gray nephrite
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Table 2 Location and attribution of infrared absorption peaks of grayish green nephrite and gray nephrite
. RAHEW R/ em ™! B4 em ™!
s e iE L I E
RU-1 RU-2 QH-1 QH-2 YT-1 YT-2 QM-1 QM-2 RU-1 RU-2 QH-1 QH-2 YT-1 YT-2 QM-1 QM-2
- - - - - - 3674 3674 3674 3674 3674 3674 3674 3674
OH 1145 5k 3 - - - - - - 3661 3661 3661 3661 3661 3661 3661 3661
- - - - - - 3643w 3643w 3641w 3645w - - - -
1150 1153 1151 1144 - 1148 - - - - - - - -
1136 1138 - - - 1136 1138 - - - - - - - - -
0—S— 0 1090 1092 1092 1092 1090 1092 1092 1092 1107 1107 1105 1105 1103 1105 1105 1105
S—O-Sify 1047sh 1047sh 1051 1033 — - — 1039 1059 1063 1063 1065 1061 1063 1063
EMBEAES L 1040 1040 1040 1040 1040 1040 1042 1042 1040sh 1040sh 1040sh 1040sh 1040sh 1040sh 1040 sh 1040 sh
O-S—OMH 1018w 1018w 1018sh 1018sh  — - — 1016w 1016w 1016sh 1016sh 1018w 1018sh 1018sh 1018 sh
LR 995 995 997 999 997 999 999 999 1001 1001 999 999 997 999 1001 1001
- - - - - - 951 951 951 951 951 953 953 953
920 920 920 918 918 920 920 920 924 924 924 924 922 922 922 922
758 758 760 760 758 758 758 756 756 756 758 758 756 758 756 756
Si—0—Si 27w 21w 723 w 723 w 723w 721sh 725w 723 sh 723 723 725 725 725 725 727 727
LEiSET 683 681 681 683 683 683 683 683 687 687 687 687 685 685 687 687
1R 656 660 660 658 660 660 660 662 662 662 662 663 663 663 663 663
640 638 638 638 642 640 638 sh 642 642 642 642 642 644 644 646 646
540 540 542 544 542 544 544 544 542 sh 542 sh  542sh  542sh 544w Sddw  542sh 542 sh
509 509 511 509 511 511 511 511 511 511 509 509 507 509 509 509
S0 159 461 459 439 459 461 463 465 465 65 465 465 465 6T 465 467
.Ziﬂf\]/lﬁEL(j]) 444 sh 444 sh  4ddsh 442 sh dddsh  4ddsh dddw 444 w - - - - 453 sh 453 sh 455 sh 455 sh
Bt 419 419 417 417 419 417 415 417 120 420 420 420 420 420 420 420
413 sh  411sh 413 sh 411 sh - - - - - - - - - - -
- - - - - - - - - - 401 401 403 403
Note: w means the low absorption peak, sh indicates the shoulder peak
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Fig. 4 Infrared reflection spectra of grayish green nephrite and
gray nephrite in the range of 1 100 ~1 000 cm™' (a)
and 440~400 cm~' (b)
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Fig. 5 Infrared transmission spectra of grayish green nephrite

and gray nephrite in the range of 3 700 ~3 600 ¢cm™'

(a) and 500~ 400 cm™' (b) (spectra in the fig. 5(a)

are calibrated by baseline and Gaussian)
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Table 3 Mg(M1+M3)# ratios in grayish green

nephrite and gray nephrite

4 BESRS Mg(MI1-+M3) Fe2' (M1+M3)Mg(MI1+M3) #
RU-1 2. 639 0. 361 0. 880
] RU-2 2.614 0. 386 0. 871
HH
QH-1 2. 677 0.323 0. 892
QH-2 2. 651 0. 349 0. 884
YT-1 2. 781 0.219 0.927
YT-2 2. 821 0.179 0. 940
HE
QM-1 2. 826 0.174 0. 942
QM-2 2. 848 0.152 0. 949
2.3 o

HEME ETH WM FEEB 5N S0, , MgO i CaO(GR
O, KA ESHH 57.79% ~58.71%, 21.47% ~23.58%,
12.60% ~13. 78 % , X 2608 5% [N A1 1k 2 B BLe 8 1 4 82
B ZT PN EERAFRGET 3 M EETHE 5BNA
it FAW 4, Mg® =Mg/(Mg+Fe ) EHIHRKF 0.9, LI
AR EERERY, ZENEET AR N ENA . 55
ZHEMgMFeT S RERFBR: FE Mg G (Gap flwkh
4.45~4.53, INTH EW 4.66 ~4.78; #H# Fe?' &8N
0.28~0.49, KFHEM 0.10~0.23, Rfi. W/HFHMY
EIA Y Mg fl Fe'™ 22 F I A B (QH-2 A1 YT-D).
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Table 4 Electron microprobe analyses for grayish green nephrite and gray nephrite
v T wp/ /i BT 3 MUEFHERIE TR
" TS0, ALO, Ti0, (nO; TR0 Mg0  NO  Zi0 Ma0 GO NeO K0 Tow S AN ST Al
e RU-1* 5779 0.21  nd 0.0 419 2147 0.05 019 017 1260 0.24  0.05 96.98 803 0.00 803 0.0
nE QH-1* 57.84 0.42 0.01  0.06 244 22,03 0.38  0.20 0.05 1343 0.35 0.08 97.28 798  0.02 800  0.05
YT-1* 58.21  0.45  0.06  0.02 202 2273 0.07 nd 013 1318 0.25 0.09 9719 8.00 0.00 800  0.07
#E YT-2* 5847 033 0.09  nd L1000 2304 0.1 015 011 1378 0.20  0.06 97.43 800  0.00 .00 0.0
QM1+ 58.71  0.62  0.04  0.07  0.84 2358 0.02 0.06 0.08 1331 0.29 0.08 97.66 7.98 0.02 800  0.08
BT BALRETFIEHE TS
e HagE | BT 23 AMERF IS R A
T G Mg Ni Zn Fet Mn >C Mo Ca Nao 0B Na K D>VA DUCAT Mg®
e RU-1* 0.00 0.00 445 0.00 0.02 0.49 0.0l 500 0.0 1.8 0.06 195 0.00 0.00 0.00 1499 0.901
e QH-2* 0.00  0.01 4533 0.04 002 0.28 0.0 494 000 199 0.01 200 0.0 0.01  0.09 1503 0.942
YT-1+ 0.01  0.00 466 0.00 0.00 0.23 0.02 498 0.00 194 006 200 0.0l 002 0.02 1500 0.953
HE YT-2* 0.0 0.00 470 0.0 0.0 0.13 0.0l 492 000 202 0.00 202 0.05 0.0l  0.06 1500 0.974
QM1 0.00 0.0 478 000 0.0l 010 0.0l 498 0.00 194 0.06 200 0.02 0.0l  0.03 1501 0.981

Note: * indicates the mean value of two determinations of every sample; n. d. : not determined
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Infrared Spectra of Grayish Green Nephrite and Gray Nephrite:
Characteristics and Significance
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Abstract Grayish green nephrite is named for a kind of nephrite belonging to green nephrite type, but with appearance similar to
gray nephrite. Although their appearance is similar, the price of grayish green nephrite is much higher than that of gray neph-
rite. Thus a phenomenon appears that some dealers tell their consumers green nephrite while selling gray nephrite. In addition,
some jade materials with such appearance appear in some unearthed jade artifacts, but their types can not be accurately identi-
fied. This makes it particularly important to quickly and accurately identify grayish green nephrite and gray nephrite. In this
study, representative grayish green nephrite and gray nephrite samples were investigated using ultraviolet-visible spectroscopy,
Fourier transform infrared spectroscopy and electron microprobe analysis, and all the characteristics were yielded. By comparing
the features between them, it can be found that there is no significant difference in the UV-Vis reflection spectra of both types of
samples. However, the differences in the infrared spectra of them are recognizable. In order to explore more effective identifica-
tion features, the reflection and transmission methods were used to obtain infrared spectra. The infrared spectra of both types of
samples were generally the same, with the following distinguishable differences. The peak or shoulder around 1 050 and 1 018

em ™! and the broad shoulder near 411 cm™' occur in the reflection spectra of grayish green nephrite which do not appear in those

1 1

of gray nephrite. The shoulder around 453 cm ™' and the peak near 401 cm ™' exhibit in the transmission spectra of the gray which
do not exist in those of the grayish green. The above findings can be used as spectral characteristics to identify grayish green
nephrite and gray nephrite. The intensity of the OH stretching vibration bands at 3 674, 3 661 and 3 643 cm ' after Beer-Lam-
bert Law transformation of the infrared transmission spectra and the Mg and Fe*" content in the M1 and M3 sites are well corre-
lated. The Mg(M1+M3)* (Mg/(Mg—+Fe*" ) in the M1 and M3 sites) ratio calculated by the relationship between the above
two can be used to distinguish between grayish green nephrite and gray nephrite using their infrared transmission spectra. Mg
(M1-+M3)* ratio in grayish green nephrite (0. 871~0. 892) is smaller than that of gray nephrite (0. 927 ~0. 949). Moreover,
the result of electron microprobe analysis showed that there are some differences in chemical composition between them. Mg con-
tent in grayish green nephrite (4. 45~4.53) is less than that of gray nephrite (4.66~4.78), and Fe’” content in the grayish
green (0. 28~0.49) is larger than that of the gray (0.10~0.23). However, Mg and Fe’" content between them are not much
different from each other, suggesting that the difference in infrared spectra may be related to the physicochemical conditions dur-
ing crystallization besides having a certain correlation with the composition (the genetic types of grayish green nephrite and gray
nephrite are ultrabasic rock type and dolomitic marble type. respectively). The above infrared spectrum identification features
not only have important gemological significance for identification of grayish green nephrite and green nephrite, but also have po-

tential application value for discriminating origin and analyzing occurrence of some ancient jades with the similar appearance to

the studied nephrites.
Keywords Grayish green nephrite; Gray nephrite; Infrared spectra; Identification
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