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Gem mineralogical and geochemical characteristics of the black cyan nephrite
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Abstract: In recent years, a kind of black cyan nephrite containing pyrite has appeared in the domestic market. It
is mainly produced in Xinjiang and belongs to a relatively rare nephrite variety, which has mining and utilization
value. This article systematically analyzed the mineralogical and geochemical characteristics of seven samples using
conventional gemological instruments, polarized light microscopy, infrared spectroscopy, Raman spectroscopy,
X-ray powder diffraction (XRD), electron probe (EPMA) laser inductively coupled plasma mass spectrometry
(LA-ICP-MS), and isotope mass spectrometer (MC-ICP-MS). The results show that the color of black cyan neph-
rite is dark green to black, the refractive index is 1. 61, the relative density is 3. 08 ~3. 17, and the Mohs hardness
is 6.0~6.5. The main component mineral is tremolite, the secondary mineral is mainly pyrite, and a small
amount of chlorite, epidote, sphene, zircon, and graphite are also contained, with a typical fiber interlaced struc-

ture; The characteristic peaks of infrared and Raman spectra are consistent with the standard peaks of nephrite; The
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main chemical components of the sample are Si0,, MgO, CaO and FeO. The Mg/ (Mg+Fe®*) value indicates that
some tremolite has transitioned to actinolite. Based on the trace element Cr-Ni mapping, the sample is identified as
a dolomite marble type genesis, while the content of rare earth elements is relatively low, in a left leaning mode,
The ore-forming hydrothermal fluid is mainly magmatic water, containing a small amount of metamorphic water. The
sample contains pyrite with Co/Ni>1 and small amounts of As, Se, Cu, Zn and Pb, §S ranges from 8.87%o to
20.92%o, suggesting that it is of magmatic-hydrothermal origin and the source of sulfur is a mixture of magma and
formation sulfur.

Key words: black cyan nephrite; pyrite; gemology and mineralogy; hydrogen-oxygen-sulfur isotope
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Sample photos of the black cyan nephrite in Xinjiang
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Table 1 Gemological characteristics of black cyan
nephrite in Xinjiang

Prippie AN JEE IR
(s)  wmE )y
.61 3.12 6.0
.61 3.09 6.0
.61 3.10 6.5
.61 3.08 6.5
.61 3.16 6.5
.60 3.17 6.0
.61 3.15 6.5
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Fig. 2 Micrographs of black cyan nephrite in Xinjiang
a—iB N BORAE FEE5H (Tr- 1) (IEZLHIL) 5 b—iB N A1 27 4 fORAS S 4540 (Te- 1) B IN A B HURET e SUE SR 254 (Tr- 1) (1IR3 i
) 5 e—RBUBETRIEN A (IEZ2RE) 3 d— KRBT R R ERNEIR (EZMIG) ; e— PO Bk &8 68 () 5 S fi58
BN (ERM) 5 g— SRR R D /0 A5 (IEZDG) 3 h—5 A G BB N A A (ESG) 5 i—H A BURLE D (EASE) 5
A RS (IEZEROG) 5 Tr—iBINAT 5 Py—B8kI"; Gr—A1 88 Pyr—REERD™; Chl—&tlef1; Ep—&¢%ii {1 Sp—Hf; Zin—85 00

a—tremolite porphyry metacrystalline structure (Tr- I ) ( cross-polarized light) ; b—tremolite fiber interwoven metamorphic structure (Tr-1I ) , tremo-

lite felt-like fiber interwoven metamorphic structure ( Tr-Ml ) ( cross-polarized light) ; c—microscopically radiating tremolite ( cross-polarized light) ;
d—Tlarge amounts of pyrite are distributed in a black opaque state ( cross-polarized light) ; e—pyrite has a strong metallic luster (reflected light) ; f—
chlorite alternating tremolite ( cross-polarized light) ; g—graphite and pyrrhotite are distributed in small amounts in the sample ( cross-polarized light ) ;
h—epidote is represented by tremolite ( cross-polarized light) ; i—small particle size of sphene ( cross-polarized light) ; j—complete crystal structure of

zircon ( cross-polarized light) ; Tr—tremolite; Py—pyrite; Gr—graphite; Pyr—pyrrhotite; Chl—chlorite; Ep—epidote; Sp—sphene; Zir—zircon
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Fig. 3 X-ray diffraction result of black cyan nephrite

in Xinjiang
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Fig. 4 Infrared spectroscopy test result of black cyan

nephrite in Xinjiang
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Fig. 5 Raman spectroscopy of black cyan nephrite in Xinjiang
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Table 2 EPMA results of black cyan nephrite in Xinjiang
HQ-02-1 HQ-02-2 HQ-03-1 HQ-03-2 HQ-05-1 HQ-05-2
BN
Si0, 56. 87 56. 66 56.12 55.75 55.48 55.78
CaO 12. 00 11.81 12.55 11. 84 12. 10 11.78
MgO 20.78 21.44 19.71 20. 48 20. 47 20. 08
TiO, 0.04 0.03 - 0.12 - 0.09
Al,O4 0.64 0.65 0.53 0.30 0.12 0.69
Cr, 0, 0.02 - - 0.04 0.01 -
FeO 4.52 4.33 7. 66 7.04 7.16 7.09
MnO 0.08 0.13 0.08 0.07 0.08 0.15
Na, 0 0.12 0.15 0. 06 0.13 0.08 0.10
K,0 0.04 0.06 0.02 0.02 0.15 0.09
NiO - - 0.02 - - 0.01
Total 95.14 95.29 96. 80 95. 81 95.67 95.90
R
Fe 44.69 42.46 45.07 44.56 41.61 45.41
S 52.15 50.34 52.90 52.01 48.27 53.73
Co 0.04 0.05 0.02 0.01 0.11 0.08
Ni 0.05 0.05 0.01 0.02 0.04 0.00
S/Fe 2.04 2.06 2.06 2.06 2.02 2.07
x3 FEESMHER LA-ICP-MS JitER w, /107
Table 3 LA-ICP-MS results of black cyan nephrite in Xinjiang
HQ-02-1  HQ-02-2  HQ-04-1  HQ-042  HQ-04-3  HQ-04-4  HQ-06-1  HQ-062  HQ-06-3  HQ-06-4
IAKEE 3
Cr 2.30 0.56 6.19 4.92 5.21 3.79 3.56 2.93 1.56 2.43
Co 22.00 18. 60 4.20 4.58 4.14 4.68 4.87 5.20 5.25 5.78
Ni 13.20 11.30 7.24 7.49 7.12 7.53 3.72 5.02 5.20 4.83
Mn 826 909 1 089 1101 1169 1187 1321 1342 1285 1296
Ti 332 350 320 280 341 334 298 304 306 294
Zn 36.30 45.20 38.40 52.70 41.70 46.90 50. 80 55.40 50.90 45.10
Rb 3.65 6.83 7.97 15.10 10.30 10. 80 8.21 16.70 13. 10 6.09
Sr 9.93 10. 40 6.09 6.18 9.99 6.94 15.10 15.90 15.50 13. 60
Y 0.80 0.83 0.84 0.86 1.26 1.03 0.91 0. 86 0.77 0.64
Zr 3.60 4.08 2.57 2.70 3.99 3.05 3.09 4.97 3.56 3.19
Nb 0.34 0.33 0.67 0.62 0.73 0. 66 0.63 0.54 0. 60 0. 65
Ba 4.21 5.23 2.14 4.17 4.27 3.10 4.89 6.43 5.03 3.43
La <0.01 <0.01 0.02 0.04 0.06 0.07 0.03 0.02 0.02 0.03
Ce <0.01 <0.01 0.07 0.11 0.17 0.08 0.04 0.07 0.07 0.04
Pr <0.01 <0.01 <0.01 0.01 0.02 <0.01 <0.01 0.01 0.01 <0.01
Nd <0.01 <0.01 <0.01 <0.01 <0.01 0. 05 <0.01 0.03 <0.01 0.03
Sm <0.01 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01
Eu <0.01 <0.01 <0.01 <0.01 0.01 0.01 <0.01 <0.01 <0.01 <0.01
Gd 0.05 0.04 0.07 0.08 0.04 0.08 0.07 0.04 0.04 <0.01
Th 0.01 0.01 0.02 0.02 0.03 0.03 0.02 0.02 0.01 0.02
Dy 0.12 0.14 0.13 0.11 0.18 0.20 0.09 0.20 0.13 0.13
Ho 0.04 0.01 0.04 0.03 0.08 0.04 0.05 0.04 0.03 0.03
Er 0.46 0.33 0.31 0.46 0. 66 0.44 0.62 0.48 0.45 0.54
Tm 0.08 0. 06 0.06 0.09 0.12 0.13 0.07 0. 06 0.06 0.09
Yb 0.24 0.30 0.13 0.13 0.24 0.15 0.14 0.23 0.28 0.12
Lu 0.08 0.06 0.06 0.09 0.12 0.13 0.07 0. 06 0.06 0.09
Hf 0.24 0.30 0.13 0.13 0.24 0.15 0.14 0.23 0.28 0.12
TS
Cu 0.15 0.72 0.39 0.26 0.24 0.90 5.44 3.10 0.20 0. 06
Co 767 1 058 1 094 1198 916 2 052 216 557 164 487
Ni 104. 00 71. 60 108. 00 214.00 40. 30 527.00 88.90 80.70 6.35 19.30
Se 13.40 14.70 15.50 8.54 23.70 18.70 7.57 26. 00 8.55 14. 00
As 4.43 9.92 11.40 7.32 2.37 1.92 10. 10 12.70 3.30 6.00
Sn 0.10 0.08 0.06 0.08 0.07 0.10 0.08 0.09 0.08 0.07
Pb 1.12 1.18 1.08 3.60 1.09 7.86 6.38 4.12 1.30 1. 11
Zn 0.29 1.18 0.42 1.12 2.49 13.30 0.08 1.79 1.11 1.22
Ti 3.36 3.46 3.97 3.90 3.55 12.20 15.30 18.30 18.30 19. 40
Bi 2.32 1.44 1.71 0.65 0.15 0.09 0.78 0.09 0.41 13.10
Te 0.71 0. 64 0.54 0.13 0.50 - 0.27 1.03 - 4.91
Co/Ni 7.32 14.70 10. 80 5.55 22.70 3.97 2.46 6.93 25.80 25.20
Se/Te 18. 88 22.96 28.70 65.69 47.40 - 28.03 25.24 - 2.85
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*k4 HEESHHENSERMAEINER
Table 4 Hydrogen and oxygen isotope analysis results of

black cyan nephrite in Xinjang

8" 0y /%o
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330C  350C  450C
HQ-01  -82.3  2.49 -60.6  2.98 3.23  4.00
HQ-02 -79.9  2.31 -58.2  2.80 3.05 3.82
HQ-05 -81.9  2.86 -60.2  3.35 3.60 4.37
HQ-06 -89.5  3.55 -67.8  4.04 4.29 5.06
HQ-07 -96.1  4.78 -74.4 527 552  6.29

XA it o R B AT R [ a7 3, 2
LR HQ-02 5 KE i 678 B 3, £ 20. 87%0 ~
20.92%0 N, t 72 A 0. 05%o, %5 4 Fa 5E ; HQ-05 FiI
HQ-07 S FE i 6*S {HAE 17. 03%0 ~ 17. 54%0 2 8] ,
20 0. 51%0; HQ-03 S 67S 4 8. 87%0;6™S (HAZ
FEIE K, AT 8. 87%0 ~20. 92%0 22 8], I K
17. 28%o , 12574 12. 05%o0.
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3.1 YR
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NAIIE A K 3 I (Te- 1 —»Te-1TT —Tre-10) , 5.1
TV WA RELAE 375 TR 7 9% i 300 1) 0 525 TR 1 2 4 224X
TE BT b A RS RN K, B 2 I AR Y e )
PR TR il A AR PR v R 5 A AL ) A AR
A7 BRI T BRI AT 0 | A Jm 3 A A i
RN B, G e AT 22 2 B33 TN A 1l 22 T O 11
WHGW A T YA e AR RYIRE
FTH E 8 5 A ¢ (51, 2020)
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AT IR A WAL | 45 Ak 2 E L b, X
BN Me™ il Fe? 28 5T [ G2 A, A1 A A% AH B35
BT = A S5 3 (MR F155, 20145 (3RS, 2022)
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LR Sy B AT ,950 512 480 em ' ZEALIE A (i FS
L e 23 T Fe BACAYR I

3.2 HBERILZE4FE

HEME ERES P ENA EE A5 A
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IR FERYS Fe LR A K, RS FH# 50
TP DR ) A W SR R B (R
4 2018; St A, 2022) , AR TRt
TTBHE F 80055, I £ Fe” 55 (Liu et al. |
2011b; ¥ 4R4E, 2018; Stni&%, 2022) , HOR
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Fil, HQ-03 1 HQ-05 Wi MFE S Fe™ i, )R
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BRI AR R (RS0 E0) O Fe 46.55%,
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2022) . FESLHPECERET S/Fe {H M 2. 02~2. 07, k0%
B, R T Co TREEBRFELZMRET Fe LHE
JT i A, U6 R R AE T i IR R R, X 5
M E # T IR BE (330 ~ 450°C) #HAF (Liu et al. |
2011a) .

FVH A R 3253 5 e S AH G Y 422 finh A2 ot
WIRFS 2= A KRB A DG i 22 fl se AR o™ IR
— B, S SCAE A AT E (B ETR) T Fe,
Ni.Cr &85 (Adamo and Ilaria, 2013) i@ id 4%
R ICER Cr-Ni Bl (B 7) B dh Cr Ni %
/D 5 REEAVH EH Cr(2x10°~79%107°) |
Ni(0.05x10°~471x10°°) | Co(0.5x10°°~10x10"%) &
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5 R BHA R O 1 4 fih 22 AR AR ™ IR A & P T
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from Sun and McDonough, 1989)
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Fig. 9

Hydrogen-oxygen-sulfur isotope relationship diagrams of black cyan nephrite in Xinjiang (a according to Taylor, 1997;

b according to Li Jie, 2016 )
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