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Fig.1 Distribution of black rock series and typical ore deposits in the Qinling Mountains
A—Xiajiadian vanadium—gold deposit; B—Zhongcun—Yinhua vanadium deposit; C—Wusegou vanadium deposit;
D—Gangou vanadium—gold ore spot; E—Qianjiaping vanadium deposit
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Fig.2 Composite stratigraphic column of Shuigoukou

Formation
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Fig.3 Photographs of rocks in Lower Member of Shuigoukou Formation

a—Thick—bedded siliceous rocks; b—Carbonaceous clay rocks interbedded with siliceous rocks in thin layers;

c—Carbonaceous siliceous rocks intercalated with clay stone
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Table 1 Trace elements and some related parameters of Shuigoukou Formation black rock series

Hlx H x5 G & B
S TC36-1 PD5-CM6-1 PD4-3B X-GZ-3  X-GZ-2(2) X-GZ-2(1) X-GZ-1 X-IS-4 X-IS-5  X-JS-6 jin;;t’%“
P BEIRNT TR LR WIHCE REENCE  AdeEE BLUUE  ATRAER R ?J“z’&i)?‘i
eIy B TR BN BE BRI AR
Sr 472 35 38 201 133 140 46 63 59 196 375
Ti 878 1660 2393 3406 2989 3160 352 1368 2599 3101 4400
Li 7 6 16 57 31 28 9 20 23 35 20
Be 1.0 1.7 1.7 5.0 15 1.6 0.5 2.8 33 1.8 28
Zr 32 38 73 64 75 74 12 56 72 81 165
Nb 3 5 7 11 9 9 1 4 11 8 20
Mo 2 5 2 57 18 23 39 185 26 27 1.6
Mn 272 204 2241 68 204 340 272 136 136 204 950
Ag 47 19 7.6 3.0 15 1.5 1.6 3.1 58 1.9 0.07
Pb 509 113 6328 15 23 22 20 15 15 20 0.01
Bi 29 1.0 44 02 02 0.3 02 0.5 02 0.3 02
Th 38 5.1 9.0 8.7 89 9.8 2.0 6.6 8.6 1.3 72
U 11 16 27 38 79 10 16 74 64 10.4 1.8
Cd 132 033 155 0.14 0.23 0.17 0.66 3751 032 0.52 02
In 0.30 0.21 0.42 0.03 0.04 0.05 0.03 0.04 0.04 0.02 0.1
Sn 2.6 3.1 57 1.6 1.5 1.5 [.1 2.0 08 1.7 2
Cs 1.4 1.1 6.6 8.4 3.6 39 1.1 38 238 9.8 3
N 12 15 13 15 13 13 12 14 15 14 22
A\ 2453 3401 317 3831 499 622 1459 20360 1509 650 135
Zn 370 76 1369 46 33 53 42 1242 110 49 70
Co 5 24 18 23 14 14 5 10 22 18 25
Hf 12 1.5 2.7 2.6 29 29 0.4 1.7 25 29 3
Ta 02 0.4 05 1.0 1.0 1.0 0.1 0.4 1.0 0.6 2
w 6.0 1.2 1.3 6.3 22 3.0 3.6 1.9 08 1.0 1.5
Tl 12 1.3 27 16 25 243 1.4 6.0 9.6 4.8 0.5
Ni 46 282 88 246 93 97 44 490 259 143 75
Ga 6.6 8.8 12 11 10 9.6 4.8 11 16 73 15
Ge 13 1.7 02 0.8 1.5 12 L1 12 32 0.8 15
Rb 24 60 125 130 103 120 15 114 134 127 90
Y 63 31 15 20 11 13 10 130 58 24 33
Ba 4862 2253 442 1678 8873 4294 1012 7079 10330 1593 590
Cr 347 161 145 222 103 110 217 2710 96 79 100
Cu 525 18530 7336 92 23 29 28 205 60 114 55
56U 1.79 1.81 092 1.85 1.44 1.5 1.92 1.94 191 1.46
w(Ni)w(Co) 9.20 11.75 4.89 10.70 6.64 693 8.80 49.00 11.77 7.94
w(U)Yw(Th) 2.89 3.14 0.30 437 0.89 1.02 8.00 11.21 7.44 0.92
w(VYw(V+Ni)  0.98 0.92 0.78 0.94 0.84 0.87 0.97 0.98 0.85 0.82
w(V)/w(Cr) 7.07 21.12 2.19 17.26 4.84 5.65 6.72 7.51 1572 8.23
w(Co)/w(Zn) 0.01 0.32 0.01 0.50 0.42 0.26 0.12 0.01 0.20 0.37

it 6 U=6U/(3U+Th),
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S

&l & Mg /K o oM
X-LS-1 X-LS-2 X-LS-5(2) X-XL-2 X-XL-4 X-XL-6 X-XL-7 BI0 B9 X-WS-3 X-WS-4 X-WS-5X-WS-6X-Z-Z-6 X-Z-Z-1 X-Z-7-3
% YRI5 RE-YeBR R

B BT SRIRBL MR RELR R AR R BURR R el g ERRBCRTR ey
MR BCE BREE TR RURE WA WS B B RS "?‘%‘M Yy VEBH ‘;ﬂfﬁ%‘“ *5,;1;;5‘» A
15 136 54 125 83 83 226 15 24 15 56 48 460 64 45 1000

110 791 2442 247 101 3437 655 270 2216 26l 2508 1758 882 2509 1283 500

3 15 35 4 10 23 8 2 10 4 17 15 20 39 8 7
0.4 0.7 24 0.1 0.1 1.7 04 05 34 0.5 23 1.7 0.5 29 1.4 26
14 29 67 7 4 88 21 8 60 10 63 49 23 65 55 14
1 3 8 1 0 9 2 1 8 1 8 7 3 9 7 2
5 13 177 3 2 19 2 13 63 3 13 17 1 11 23 26
340 1426 272 272 204 68 272 272 136 204 68 68 68 68 204 340
49 1.7 1.1 0.3 2.1 1.0 0.4 1.4 1.1 1.3 25 5.6 0.2 2.6 27 1.3
17 15 15 15 15 15 18 22 15 15 18 15 15 16 29 22
0.2 0.3 0.5 0.1 0.1 0.5 02 02 1.2 02 0.5 0.3 0.1 0.5 0.4 0.3
0.5 4.6 12 0.9 0.5 10.7 39 08 31 1.2 6.8 5.0 37 7.6 62 23
4.0 1.4 23 38 1.5 59 12 89 298 4.6 36.4 233 23 33 28 66
020 1340 19.95 0.07 1784  0.09 0.07 1396 03 0.51 0.07 12.06 025 0.64 0.49 1121

0.01 0.09 0.04 0.01 0.02 0.05 0.07 0.04 0.05 0.02 0.02 0.04 0.03 0.05 0.04 0.09

1.0 1.4 238 1.0 0.6 32 16 08 24 1.0 54 1.0 1.1 1.5 1.9 7.6
0.5 0.8 8.1 0.3 0.2 4.7 1.0 1 2.8 0.5 39 1.3 1.5 2.6 1.5 94
12 16 16 11 10 13 13 11 14 11 13 13 14 16 14 12

1474 197 2116 47 248 572 48 730 6766 2020 4007 2279 186 1886 302 13310

47 736 195 36 28 23 29 234 43 45 29 76 27 103 48 3419
5 12 23 5 5 6 5 5 5 7 6 10 5 10 37 7
0.2 1.1 24 0.3 0.2 34 08 03 1.9 0.3 22 1.8 0.8 25 1.4 1.1
0.0 0.2 0.8 0.1 0.1 1.2 02 01 0.9 0.1 0.8 0.7 0.2 0.9 0.5 0.3
0.4 0.8 0.9 0.5 0.7 1.5 06 09 26 0.5 12 1.1 0.6 1.0 12 1.4
0.5 33 62 0.4 0.8 1.4 05 03 14 1.4 23 1.5 0.4 1.9 5.6 25
38 144 507 45 24 39 30 49 29 47 31 256 28 372 226 381
42 55 16 29 1.2 13.1 3.6 4 17.7 35 11.7 10.9 53 13 10.7 13
1.5 1.6 1.2 1.4 1.4 0.8 1.1 1.5 14 1.1 13 1.9 1.5 1.9 1.4 1.0
S 18 114 7 3 90 23 12 108 10 108 70 37 116 108 30
15 19 35 6 4 10 13 10 5 19 30 21 15 69 26 215

481 4942 5929 2862 8430 4002 1226 657 7663 710 7055 9414 202 12390 3103 4310
166 26 221 15 64 97 24 686 294 540 770 80 45 105 190 1316
61 92 126 30 98 26 23 118 5 186 87 18 16 78 94 581
1.92 0.93 1.71 1.85 1.8 123 094 194 193 1.84 1.88 1.86 1.28 1.85 1.86 1.98
7.60  12.00 22.04 900 480 650 600 980 580 671 5.17 2560 560 3720 6.11 5443
8.00 030 1.92 422 3.00 055 031 11.13 9.6l 3.83 5.35 466 062 434 4.52 28.70
0.97 0.58 0.81 0.51 0.91 094 062 094 100 098 0.99 090 087 084 0.57 0.97
8.88 7.58 9.57 3.13 388 590 200 106 2301 374 5.20 2849 413 1796 1.59 10.11
0.11 0.02 0.12 0.14 018 026 017 002 012 0.16 0.21 0.13 0.19  0.10 0.77
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Fig.4 Crustal abundance—normalized trace elements patterns for Miaowan Formation black rock series
(standardized values after Mason, 1982)

Th o AE GE % 55 4 b X 51 1 i K GO 5 #0K it
Y, 1E# KDL U/Th< 1, #OK DL U/
Th>12 55 X K T 4] U/Th=0.3~28.7(ZH K T
1); HPUKRHETTEY Co/Zn HAAT-YR 0.15, ©F
8 X 20 MM I Co/Zn HN 0.01~0.77 , 284675 [H]
AR HZHAE 0.1~0.2, B8 K TVHLUE A B
A POKIIRS 5 | B2 HOKEZ m fE EARTE
Hatch et alP"%F Jb 2L g 0 - =2 PH ik e W &R 2
TUAAIMF G R v/ (VN (R BB 2D s e 3R 55
AACIR 2 1 v/ (VAN E (0.84~0.89) 2 B 7K
A2, RIZ AR B 1S MR EREE,; %
(0.54~0.82) R 7K A4 43 2 AN 58 B (1% IR A2 3 B, AR AEL B
(0.46~0.60) K KR 43 J2 55 1 20 U R 8% IR 9 XA i
V/(VENDIE N 051~1(£H 0.8~0.9), FER &5

tH Ni/Co>7.00 A A —IREH IR | Ni/Co=7.00~
5.00 B R 28 AR Ni/Co<5.00 W& IR, i
FERBR 1 FE Ni/Co [H M 4.8 40, KRR T 5, &
KAEH 49, VI L RRIE(E 3R %8 6 8 R AR B R
TR A B W E-IRA IR RS, AlfRglh T
IR TR FBE 118 78 Ak 7 5 BG4 T B 5 Fsf 555
2.3 €T EBI I

KR A R A R R R R R — R AR
RN G B G U R R A U AR A
Fa 3 | A — AR A AT R 7 AT 50 43 Sk ek oA Y ik
JBRG B YA A R AR BT — ke BT e Al A AR 3 b, Horp
IRJFRG 1 VeARA RV A, AT 4o 3 RS . (D
PR R D BT I A TR AR A B | Q)R BT e e AR
TP A B R TK 2 BRI ACA YRR




ERDES R

FSLARAR R 1L FH K IR 2 R0 AR B DT R B A 2 RO DR S 1R R X 317

5 K TR OE R P B
Fig.5 Phosphorite nodules in Shuigoukou Formation
black rock series
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Table 2 Abundances of elements in some sea plants

TR WKPEE BEEWPEE BEERR

Ni 0.005 3 600
I 0.06 30~1500 500~25000
Ag 0.003 0.25 830
v 0.002 2 1000
Hg 0.00003 0.03 1000
Au 0.00001 0.012 1200
Co 0.003 0.7 2300
Bi 0.000017 0.06 350
Cu 0.003 11 3700
Cd 0.0001 0.4 4000
Se 0.00009 0.8 8800
As 0.003 30 10000
C 28 345000 12300
Zn 0.01 150 15000
Ti 0.001 12~80 12000~8000
Cr 0.00005 1 20000
P 0.07 3500 50000
Fe 0.01 700 70000
Pb 0.00001 8 26700
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Fig.6 Fossils of algale in Shuigoukou Formation black

rock series
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Table 3 Content of TOC, Au, V of black rocks in Xiajiadian area (x10

ET IS F g Au A% TOC/%
XPD3-CM192-1 TR U8 L 2 (RS 79) 75 3.350 0.090
XPD3-CM194-1 FERBCE P2 0.44 0.997 0.072
XPD3-CM194-2 BORETUS 5.38 0.209 0.062

XPD4-3(b) TR 15 A 2 T 0.13 0.542 0.176
XPD4-3(a) TR 15 R 2 e AR 0.13 0.542 0.094

XPD4-5 Tl BRCA 5 U6 5 LR 0.13 0.535 0.092

XPD4-7 VEtEa 0.13 0.961 0.081

XPD4-4 TR TR 508 4 L2 (RIRE Y ) 0.13 0.165 0.078

XPD4-8 K A B 0.13 0.010 0.071

XPD4-6 R R 0.13 0.184 0.054
XPD5-CMVI-1 R Ch/ 3 N S e 0.13 1.060 18.800
XPD5-CMVI-2 T OPRCE 0.13 0.790 0.173
XPD5-CMVI-3 A (G Al A1) 5.38 0.360 0.113
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Fig.7 NAAS—normalized REE—patterns for Miaowan Formation black rock series(standardized values after Sun et al., 1989)
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Fig.8 La/Yb—REE diagram for Shuigoukou Formation black
rock series (after Allegre et al., 1978)
1—Chondrite; 2—Oceanic tholeiite; 3—Continental tholeiite;
4—Alkali basalt; 5—Granite; 6—Kimberlite; 7—Carbonate rock;

8—Sedimentary rock
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black rock series(after Kunzendof et al., 1988)
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Trace element geochemical characteristics of the Shuigoukou Formation black
rock series in Shanyang area of the Qinling Mountains and their indication
significance for sedimentation—mineralization

WANG Li—she', ZHANG Fu—xin’, HOU Jun—fu?, FANG Bo’, ZHOU Yan’

(1. Xi’an Geological Survey Center, Xi’an 710054, Shannxi, China;2. State Key Laboratory of Continental Dynamics , Department of Geology,
Northwest University , Xi’an 710069, Shannxi, China; 3. Plant of Qinghai Oilfield, PetroChina Co., Ltd., Dunhuang 736202, Gansu, China)

Abstract: According to field investigation, it is found that the black rock series of Shuigoukou Formation in
Shanyang area of the Qinling Mountains is made up of micritic limestone,carbonaceous argillite, claystone,
carbonaceous siliceous argillite, carbonaceous limestone and silicalite. Phosphatic nodule and barite are commonly
seen in these rocks. The abundances of rare earth elements and some trace elements such as V,Ni,Co,U,Th in
the black rock series were measured using ICP —MS method. Some conclusions have been reached: 1) The
average concentrations of ore—forming elements (such as V,Mo,Ni,Ba,Pb,Zn,U,Ag,Cu,Cd,Tl,Bi and Cr)
are several times to dozen times higher than their crustal abundances), showing that they are rich in the rock
series, especially in silicolites and argilloid. Higher content of trace elements and rare earth elements is closely
related to phosphorus, TOC and barium. 2)Different concentrations of rare earth elements are connected with
different types of rock. The black rock series is usually of the LREE —enriched type. 3) The samples are
characterized by slight or intermediate negative Ce anomalies (§ Ce =0.40~1.00) and distinct positive Eu
anomalies, exclusively with high § Eu (>2.1). 4)The ratios of U/Th display a large variation from 0.31 to 28.7,
the ratios of w (V) /w (V +Ni) ( 0.51~1) and w (Ni) /w (Co) (4.8~49) are relatively high,the ratios of w (Ce) /
w (La) (0.68~1.89) are normal, and the average rate of?’w (Co) /w (Zn) 1s 0.21. According to a comparison of
these related parameters of REE and trace elements with the available data in the references and the La/Yb— Ce/
La and La/Yb — REE diagrams, it is suggested that the black rock series of Shuigoukou Formation was formed in
the environment of a dry, anoxic and profundal to semi—profundal faulted depression sea basin belonging to a
passive continental margin, with the action of hydrothermal fluids.

Key words: Shuigoukou Formation ;black rock series; geochemistry;dry and anoxic environment; Qinling
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