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Abstract: The abundances of rare earth elements and some trace elements such as V, Ni, Cr, U and Th of the black
rock series from the Miaowan Formation in North Qinling Mountain were measured by using the ICP-MS method.
The results show that the black rock series of the Miaowan Formation is usually of the LREE-enriched type, that the
samples are characterized by slightly negative or positive Ce anomalies (§Ce=0.65~1.02) and distinct positive Eu
anomalies (with Eu mostly higher than 1.54), and that the ratios of U/Th display a wide variation range from 0.38 to
4.07, the ratios of w (V) /w (V +Ni)(= 0.38~0.93) are normal, and the ratios of w (Ce)/w (La) (=1.27~2.17) are rela-
tively high. A study of the parameters of REE and trace elements in comparison with the available data and an analy-
sis of the La/Yb-Ce/La and La/Yb- REE diagrams reveal that the black rock series was formed in a dry, anoxic and
shallow sea environment belonging to an active continental margin, with the participation of some hydrothermal fluids.
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Fig. 1 Geological map showing section locality of the black
rock series in North Qinling Mountain
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a. Baishigou section; b. Jiangshan village section
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1 tEAFTHAECERABIAENBONERNEIWERREXSH10°
Table 1 REE and some trace elements analyses and related parameters of the Miaowan formation black rock series in
northern Qinling mountain

BaS H-BS-2 H-BS-3 H-BS-4 H-JS-1 H-JS-4 H-JS-5 H-JS-6
Hag BRAETHE JFREBEE RETHE ARUCEATHE BRETHRE SH&KE KETHEHE
La 23.73 30.63 104.50 31.18 46.18 9.96 32.45
Ce 43.00 56.16 174.20 52.66 100.10 12.61 59.19
Pr 5.44 5.14 19.48 5.81 11.98 2.05 7.00
Nd 20.22 16.47 64.09 16.97 48.00 5.82 23.80
Sm 4.11 2.20 10.94 2.73 6.85 1.04 3
Eu 14.06 1.70 221 2.96 3.67 3.07 422
Gd 3.87 291 10.28 315 1.73 1.17 3.97
b 0.88 0.51 1.23 045 1.04 0.16 0.60
Dy 428 1.23 3.79 1.82 5.27 1.04 3.30
Ho 1.14 0.37 0.83 0.52 1.31 0.22  0.86
Er 2.39 1.44 4.30 1.72 4.59 1.03 2.31
Tm 0.56 0.31 0.38 0.33 0.51 0.09 0.41
Yb 5.00 1.64 2.90 2.28 4.06 0.67 3.01
Lu 0.89 0.27 0.35 0.31 0.55 0.12 0.43
Y 22.61 8.91 13.75 12.56 30.01 8.25 22.77
ZREE 129.56 120.98 399.47 122.90 241.84 39.04 145.28
LREE 110.56 112.30 37542 112.32 216.78 34.55 130.38
HREE 19.00 8.68 24.05 10.58 25.05 4.49 14.90
LREE/HREE 5.82 12.94 15.61 10.61 8.65 7.69 8.75
(La/Yb)n 341 13.44 25.89 9.79 8.16 10.66 1.74
(La/Sm)x 3.61 8.70 597 7.13 421 5.97 5.46
(Tb/Yb)n 0.75 1.33 1.80 0.83 1.09 1.03 0.84
SEun 10.61 2.06 0.63 3.07 1.54 8.48 3.34
8Cen 0.89 1.00 0.88 0.89 1.02 0.65 092
(La/Yb)s 0.45 1.77 3.40 1.29 1.07 1.40 1.02
(La/Sm)g 1.03 2.48 1.70 2.03 1.20 1.70 1.56
(Tb/Yb)s 0.70 1.25 1.69 0.78 1.03 0.97 0.79
SEug 16.54 3.09 0.98 4.69 2.35 12.97 5.14
8Ces 0.90 1.04 091 0.92 1.01 0.66 0.93
Ce/lLa 1.81 1.83 1.67 1.69 2.17 1.27 1.82
\4 291 184 155 1297 96 15 164
Zn 48 46 57 44 27 54 47
Co 31 8 24 11 9 5 6
Ni 68 25 103 101 40 25 109
Th 13.7 7.5 50 21 9.8 23 11
U 10 22 19 26 40 1.6 17
V/(V4Ni) 0.81 0.88 0.60 0.93 0.71 0.38 0.60
U/Th 0.73 2.92 0.38 1.25 4.07 0.71 1.52
V/Cr 3.06 1.40 191 17.77 1.55 0.54 5.29
Ni/Co 2.19 313 4.29 9.18 4.44 5.00 18.17
Co/Zn 0.65 0.17 0.42 0.25 0.33 0.09 0.13

B WBERLACSRHFEA M ICP-MS HME (TR N BRI B AR, S RRILLTEHREL).
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Fig.3 Chondrite-normalized REE-patterns for
the Miao wan formation black rock series
(modified from Sun et al., 1989)
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Fig. 4 NAAS-normalized rare earth element
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