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Mineralogy of green nephrite jade from Canada

SUN Li-hua and WANG Shi-qi
(Gem Appraisal Center of Peking University, Beijing 100871, China)

Abstract: The mineralogical, gemological and spectral characteristics and chemical constituents of all kinds of
green nephrite jade from Canada were studied by using slice observation, electron microprobe and infrared spec-
trum. The results indicate that the main mineral components are tremolite and actinolite, with actinolite being
dominant. The green dots of green nephrite jade from Canada are chrome grossular, the black spots are
chromite, and the waterlines are advanced tremolite.
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Fig. 1 Different colors of green nephrite jade from Canada
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Table 1 Mons' hardness scale of green nephrite jade

from Canada
BB 4
e o I T
1 2 3 4 5

C1l 5.73 5.09 5.73 5.32 5.49 5.09—5.73 5.48
C4 577 52 53 571 35.49 52~5.77 5.49
C5 568 6.03 5.91 563 584 5.63~6.03 5.81
C7 6.16 6.15 6.24 5.98 6.04 5.98—6.24 6.11
C8 574 6.08 583 6.06 5.91 5.74~6.08 5.92
C10 6.41 6.24 6.03 6.27 6.22 6.03~6.41 6.23
Cl11 6.2 6.01 6.39 594 6.03 594—6.39 6.11
C12 595 597 6.25 6.13 6.14 5.95~6.25 6.09
C13 5.78 6.01 4.69 5.81 5.96 4.69—6.01 5.65
Cl14 6.3 6.09 6.05 571 5.8 5.82—6.3 5.99
C15 5.29 558 5.45 5.33 5.51 5.20~5.58 5.43
C16 5.B2 6.26 6.2 5.85 5.9 5.82~6.26 6.01
C-17 5.35 4.76 6.33 5.34 5.8 4.76—6.33 5.53
C18 5.82 6.58 5.98 6.03 5.96 5.82~6.58 6.08
C19 5.41 5 5.73 5.61 5.19 5~5.73 5.39
C21 5.64 6.26 5.79 5.7 6.08 5.64—6.26 5.89
C23 529 5.1 5.3 519 539 5.1~5.39 5.27
c2z7 4 542 4.98 5.44 5.7 4.96~5.7 5.38
C29 597 58 6.12 6.2 6.05 5.82—6.2 6.03
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Table 2 Gemological characteristics of green nephrite
jade from Canada 3
6 )
C-1 1.624~1.635 3.01 2a
C-2 2.98
C3 2.99
C-4 1.620~1.628 3.02
C-5 1.614~1.620 2.99 @ 2b
C-6 3.02
C-7 1.618~1.630 3.01
C-8 1.612~1.630 3.02 @
9 2.98 2¢
C-10 1.618~1.628 3.01
C-11 1.617~1.620 3.01
C-12 1.617~1.630 3.02 @ 2d
C-13 1.618~1.628 3.01
C-14 1.619~1.632 3.04 « ”
1 cm
C-15 1.618~1.630 3.02
C-16 1.620~1.628 3.05 @ 2e
C-17 1.620~1.630 3.04
C-18 1.620~1.630 3.04 @
C-19 1.620~1.630 3.04
20 3.02 21
C-21 1.616—1.628 2.99
C-22 1.618~1.626 3.00
C-23 1.620~1.631 3.02
C-24 2.99
C25 3.01 2
C-26 3.00 Mg2+ Mg2+ +Fe2+ >090
C-27 1.618~1.626 3.00
+ +
C28 3.00 0.50<Mg>" Mg*"* +
€29 1.618~1.626 3.0l Fe?* <0.90
2
JXA-8100 3.1.2
JXA-8100 15 kV 3
1310 ¥ A 1 pm PRZ 1
SPI 53 0.5~5 mm
1984 3d
3.1.1 e
- 95% 2
- 0.1
80 % - ~1 mm 3e
3
0.1~1
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Fig. 2 The structures of tremolite (crossed nicols)
a—BRRAMAT RGN, RSN, R, dRARREN, IRFRRENY, —OUFEReW
a—Tfelt-like fiber weaving structure of tremolite; b—bundle structure of tremoclites c—broom-like structure of tremolite; d—long fibrous
structure of tremolite; e —radial structure of tremolites f—crab-like structure of tremolite
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Table 3 Results of tremolite in samples by electron microprobe

No. B&% KO Na;O MgO  Cr0Os CaD S0, Al O, MnO TiO, FeO NiO Total FHWERK
1 71 0.00 0.06 21.33 0.31 13.33 57.55 0.56 0.29 0.02 4.47 0.17 98.09 FI&EFH
2 7-3 0.03 0.0 20.79 0.23 13.46 57.59 0.52 0.32 0.00 4,71 0.26 98.02 FHEA
3 7-4 0.02 0.03 21.08 0.26 13.21 57.47 0.55 0.33 0.00 4.51 0.22 97.68 PBHEER
4 132 0.00 0.03 21.11 0.13 13.30 57.32 0.11 0.24 0.03 4.47 0.09 96.83 PMHEF
5 13-3 0.01 0.04 21.19 0.24 13.26 57.43 0.11 0.19 0.00 4.02 0.12 96.62 ENRA
6 134 0.02 0.01 20.82 0.19 13.05 57.54 0.16 0.20 0.00 4,42 0.15 96.56 PBHEA
7 105 0.02 0.02 21.02 0.16 13.43 57.93 0.27 0.21 0.00 5.01 0.07 98.14 PHEER
8 93 0.07 0.06 21.48 0.16 13.59 57.54 0.08 0.24 0.00 4.01 0.15 97.37 ENWA
¢ 296 0.04 0.03 21.00 0.09 13.31 57.44 0.10 0.33 0.00 4.14 0.17 96.65 BEMNFE

10 821 0.014 0.015 21.971 0.026 13.16 57.599 0.066 0.133 0 2.158 0.12 95.262 ENA
1 832 0.013 0.057 20.978 0.067 12.632 57.392 0.226 0.186 0.021 2.635 0.127 94.33¢ ZEAH
12 1421 0.009 0.069 19.268 0.122 12.898 55.871 0.463 0.443 0 7.356 0.025 96.524 FOEFA
13 3221 0.016 0.073 20.791 0.105 12.747 57.705 0.415 0.275 0.01 2.65 0.111 94.898 FENA
14 3231 0.015 0.075 20.197 0.048 12.951 57.465 0.665 0.398 0 5.74 0.094 97.648 PHEA
15 211 0.023 0.031 21.784 0.025 12.983 357.62 0.182 0.087 021 2.36  0.043 95.159 ENWNA
l& 221 0.024 0.06 21.395 0.017 13.091 57.992 0.2 0.051 0.154 2.512 0.044 95.54 FERA
17 27111  0.025 0.087 21.25 0.034 12.873 57.711 0.155 0.071 0.041 2.41 0.108 94.765 BERE
18 2721 0.02 0.09 22.053 0.228 12.835 57.321 0.567 0.053 0 2.13  0.154 95.451 EWH
19 521 0.042 0.034 21.848 0.017 12.909 58.971 0.064 0.016 0.072 1.816 0.063 95.852 FENHA
20 5222  0.045 0.068 21.927 0.018 12.911 58.798 0.108 0.098 0 .76 0.099 95.832 EWNA
21 522 0,025 0.044 21.853 0.159 13.004 58.269 0.124 0.096 0 2.025 0.074 95.673 ENE
22 20-1-1 .021  0.03% 22.035 0.221 12.848 56.826 0.885 0.018 0 2.513 0.08 95.486 EAA
23 202 0.002 0.065 20.957 0 12.634 59.356 0.138 0.057 0 4.718 0.028 97.975 FEF
24 20-3 0.015 0.056 21.138 0.025 13.168 58.919 0.144 0.094 0.01 2.854 0.04 96.463 HENAE
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Table 4 Results of minor minerals in samples by electron microprobe
No. K,O Na,O MgO CrO4 CaO SO, ALO, MnO TiO, FeO NiO Total
25 8-1 0.007 0 0.943 0 54.475 1.464 0.028 0.148 0.066 0.259 0.029  57.419
26 8-3-1 0.015 0 0.122 7.591 31.542  38.549 15.504 3.21 0 1.284 0.057 97.874
27 1422 0.02 0 0.136 11.136  31.81 38.085 12.361 2.946 0.438 1.158 0 98.09
28 2722 0.026 0.039 28.383 2.845 0.006  30.389 16.915 0.159 0 7.349 0.308 86.419
29 2723 0.044 0.072 8.856  54.402  0.005 0.04 11.958  0.408 0.186  21.551 0.08 97.602
30 2724 0.007 0.055 9.072  53.721 0 0.059 12.469 0.37 0.051 21.846  0.046  97.696
31 15-1 0 0.055 8.675 31.336 38.983 14.616  3.862 0.469 1.148 0.035  99.179
32 15-2 0 0.042 0.208 9.117  30.845 38.598 14.187 4.035 0.397 1.296 0.017  98.742
33 15-4 0.007 0.022 0.185 4.928  22.221 38.034 24.725 0.24 0.051 2.464 0.011 92.891
34 5-2-1 0 2.017 4.376 3.501 21.21 55.095 1.409 0.216 0.01 1.394 0.033  99.267
35 20-1-2 0.038 0.237 1.045  40.773  0.093 1.285 6.706 1.484 0.303 40.805 0.009 92.778
36 20-1-3 0.057 0.153 1.51 38.888 0.08 1.887 5.655 1.548 0.228  42.417 0.034  92.457
4 1 3a 3d
20~100 0.5~2
pm - mm 5
2 3b 3e
5 0.5~2 mm
0.01 mm 3 3c 3f
2008
6 5
0.2—~0.5 mm 3.2
Tensor
7 27
0.5~3 5 11 27 18 23
mm - 3 mm
8 4
cm ! 4000 ~400 cm !
32 26C
60 %
5 4
3.1.3
2007 1200~
20 mm X 20 mm X 3 mm 900 cm ! 1150 1090 em™' v, Si—O
1040 1020 ecm ! v, O—Si—O
1995 965 em ! v, Si—O—Si 918
em ' v, S—O—Si 1090 cm ™!
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Bl 3 ERTRRSREH
Fig.3 The special structures of the sample
a FERPHEA b FRPNRE ¢ HRPNBLKE, 4 BEHA(-) e BEF (=) - FHABHRH)
a—The green dots inn the sample: b—The black dots in the samples c—Multiple waterline in the sample; d—Grossular{ — ); eChromite{ — J:
f—Multiple amphibole veins( + )
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Table 5 Results of characteristics section in samples by electron microprobe
No. 05 KO NaO MO Cr0; CaO SO, ALO; MnO Ti: FeO NiO  Total HHER i
37 72 0.01 0.08 1.29 39.20 0.09 0.26 2.96 3.35 0.60 48.19 0.12 96.15 $E&%F  BEEEM
38 75 0.01 0.11 0.79 39.03 0.17 0.32 3.55 3.40 0.58 48.66 0.24 96.86 &P~  HOSCEEED
39 131 0.00 0.14 0.17 43.07 0.3 0.07 0.59 4.82 0.08 45.99 0.01 95.27 #H& HEIEELD
40 135 0.00 0.00 0.04 B8.84 34,74 37.92 13.94 1.57 0.07 2.34 0.00 99.46 H4SEHEA #x
4 136 0.00 0.00 0.05 9.65 34.75 37.91 13.87 1.58 0.02 2.14 0.03 100.00 #4543 £33
42 101 0.00 0.06 0.41 9.53 34.03 38.09 13.24 1.54 0.06 3.59 0.14 100.69 LA E-3
43 102 0.00 0.03 0.07 6.46 34.75 38.22 15.44 2.41 0.06 3.07 0.00 100.51 #/SHEEH @A
44 103 0.01 0.03 0.05 6.48 3.99 38.01 15.05 2.71 0.30 2.94 0.01 99.57 HiSEMEA FH
45 104 0.01 .00 0.33 10.05 34.45 38.09 13.36 1.85 0.10 2.37 0.01 100.61 #4HHHEA =3
46 201 0.00 0.03 21.82 0.05 13.63 57.63 0.08 0.18 0.00 3.66 0.16 97.25 A& KR
47 292 0.01 0.20 1.38 44.8¢ 1.63 3.59 0.54 516 0.15 38.61 0.00 96.12 &&F  BAEEM
48 294 0.00 0.07 0.43 3.88 0.62 0.05 0.12 0.90 0.03 94.40 0.00 100.50 WHEY  EIERN
49 295 0.01 0.02 2207 0.13 13.47 58.36 (.05 0.17 000 3.79 0.11 98.18 e bi &4
50 297 0.00 C.08 0.56 7.47 34.10 38.24 14.63 2.34 0.03 2.70 0.00 100.14 #45HHAE SSGEED
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= X
7 SiO,
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e 21.56% —24.58% CaO  12.43% ~ 13.00%
4 TFe, O3  4.49% ~7.76%
Fig. 4 Infrared spectra of sample
Fe
3.3 X CaO MgO
D Max-RA12 KW 4.2
X Cu
40 kV 100 mA VG VG AXIOM
1° 0.3 mm 1°
8° min 0.02° 8
6
Cr Ni
Mn Co
6 X Mn
Table 6 X-ray powder diffraction data of green nephrite
jade samples Cr Ni
Zn
C-1 84 % 16%
C-2 83% 17%
ES Y 100% . Cr Ni
c9 96% 4% Cr Ni
C-10 92% 8% Cr Ni
C-14 100 % 7
C-16 100 %
c21 100% C-25
C-25 100 %

Cr Ni
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Table 7 Results of main chemical compositions of green nephrite jade from Canada
SiO, ALO; TFe, 05 CaO MgO K,O Na,O MnO TiO, P,0s LOI Total
7 55.16  0.56 4.77 12.63  24.37  0.01 0.05  0.247  0.003  0.007 1.74  99.55
C-14 54.37 0.74 7.76 12.72 21.56 0.02 0.10 0.615 0.005 0.006 2.01 99.91
C-15 53.66 1.61 6.72 12.61 22.46 0.02 0.19 0.504 0.021 0.007 1.60 99.41
C-16 53.81 1.10 6.64 12.62 21.99 0.02 0.09 0.541 0.021 0.006 2.52 99.36
C-21 56.20 0.31 4.49 13.00 24.58 0.01 0.08 0.222 0.007 0.007 0.72 99.63
C-25 55.08 0.61 4.84 12.43 24.30 0.05 0.28 0.101 0.012 0.014 2.24 99.95
54.67 1.00 4.23 13.14 22.43 0.29 0.77 0.08 0.019 0.08 3.28 99.99
55.82 0.37 3.32 11.73 25.46 0.01 <0.01 0.007 <0.001 0.016 2.88 99.61
8 wp 107°
Table 8 Results of trace elements in green nephrite jade samples
C-7 C-14 C-15 C-16 C-21 C-25
Li 3.01 3.75 6.41 6.71 2.15 1.58 3.39
Be 0.45 0.39 0.63 0.76 0.35 4.59 4. 20 0.08
P 60.25 39.33 57.10 48.91
Sc 7.02 0.85 20.09 16.21 4.03 0.30 4.29
Ti 29.06 43.50 132.99 122.42 49.91 93.78 43.15
\% 33.28 16.68 37.53 45.46 22.58 10.28 0. 45 19.99
Cr 2 046.46 52.16 2893.71 3006.41 1578.75 11.45 99. 08 1430
Mn 1960.87 5062.02 4002.99 4414.061 1757.19 853.87 631
Co 70.02 49.15 58.21 65.02 55.36 11.11 23. 78 48.03
Ni 1298.83 209.74 1259.56 1521.46 928.27 7.29 26.41 1008
Cu 3.55 0.72 2.85 3.87 1.52 1.73 4. 52 4.16
Zn 167.23 103.22 114.14 131.32 89.80 34.91 34.13 19.14
Ga 0.37 0.53 0.68 0.57 0.23 1.20 3.07 0.55
Rb 0.56 0.65 0.38 0.52 0.17 4.05 4.02 0.59
Sr 3.88 3.23 5.97 .78 3.56 11.43 11.34
Y 0.50 0.25 5.79 34.46 0.52 3.16 0.36
Zr 1.68 0.75 15.67 173.73 0.47 2.73 2.85
Nb 0.10 0.06 0.58 0.28 0.12 0.52 1.04 0.14
Mo 0.36 0.22 0.41 0.38 0.08 0.18 0.28 0.59
Cd 0.06 0.04 0.07 0.28 0.07 0.04 0.56 0.03
Sn 0.25 0.22 0.59 0.02 0.59 0. 66 0.13
Cs 0.52 0.23 .73 0.69 0.39 0.24 0.64 0.1
Ba 6.98 1.75 21.69 13.66 6.18 5.41 1.09
HIf 0.03 .01 0.43 3.72 0.01 0.06 0.06
Ta 0.02 0.02 0.01 0.01
w 0.05 0.03
Tl 0.02 0.02 0.01
Pb 0.99 0.44 0.73 2.33 0.87 0.84 5.36
Th 0.00 0.01 0.04 0.53 1.21 0.0
18] 0.01 0.03 0.01 1.52 0.92 0.10
Mn Zn 5 5
“u Eu
4.3
VG VG AXIOM
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Table 9 Results of rare earth elements ingreen nephrite
jade samples

C-7 C-15 C-16 C-21 C-25
La 0.08 0.13 0.23 0.09 0.58
Ce 0.14 0.62 1.90 0.11 1.34
Pr 0.02 0.04 0.05 0.02 0.22
Nd 0.04 0.19 0.15 0.09 1.07
Sm 0.01 0.06 0.04 0.03 0.33
Eu 0.00 0.01 0.01 0.00 0.04
Gd 0.01 0.12 0.04 0.03 0.35
Tb 0.00 0.04 0.01 0.01 0.06
Dy 0.02 0.36 0.06 0.06 0.34
Ho 0.00 0.11 0.02 0.02 0.08
Er 0.02 0.40 11 0.05 0.20
Tm 0.01 0.08 0.03 0.01 0.03
Yb 0.05 0.57 0.29 0.08 0.18
Lu 0.01 0.09 0.05 0.01 0.03
10

0.1

—— (7 —>—C-16

—k—C21 ——C-15
——(25
0.01 1 I I I L I 1 1 I I 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

5

Fig. 5 Rare earth element assemblage diagram of samples
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