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Fig.1 Sedimentary tectonic setting of mesozone black shale in Qinling orogenic belt
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Fig.2 Mesozone black rock series and related ore deposits in Qinling region

A—Xiajiadian gold—vanadium deposit; B—Zhongcun—Yinhua vanadium deposit; C—Wusegou vanadium

deposit; D—Gangou gold—vanadium ore spot; E—Qianjiaping vanadium deposit



%36 8 %5

ZEFCA VG 1L PH BB (A A R P R — AR AU PR b TR R 1101

B — AR A B R TR SO Tk i

Q% = H B (egsgl )« & BT 1 I B e AR
SRECA T )Z  ZE B A 1 AR A AR A i
VRO, WP FR)ZAL, FEAH & R BT
A BZEE 165 m, FRE A RBURAR A B
5% Fr 28 2= BF (95%~98% ) I il A1 B (1%~3% ) i< 3T
(1%~3% ) BUZ — 22 2R EBET™ (1%~3% ) 22 BR i S 3
PRI AR AT B B A BCIREE B IR R S5 4% | R
B SOz BRI S R BT A A
T 235 A J2 11 R BRI 5 7 388 15

@MU PEBE (eysgh ) A BT MR 7 — Ve AR A (Kl
+FE)RFET)E, HIZE 0.05~0.30 m, A8 5 &
VARG | 2l & 0 A 50K =B (74%~98% )
HAREE A BT (15% ) By AR B | W B A A D
Fifa%E, B KN FHBE, TR A
JE IR BRAUA — A A R 0.5~1.0 my LB
mIEK 5, B R EBRRAT TR, BE
9.75~18.75 m,

KV FAH B (esg,) : T 2 D TEB.OF
R Z A KA R 2R, B2 )R 5~10 cm, E
B AN SR & T A (93%~99%) , K A = A A
Yo PR KRS, A PEBUE 24 m, @5
BT BRI S — T K I LR L PR B K
wEB 17~22 m B, MM T RA (75%) MimH s
A1 (25%) . EAET A A A TS TR E 205
60% , AT F&MR, AR T Je B = B &, 5 1
b E R A

KRB (e,sgy) : T BRI — K W)=
PR EIEGDERBRABZTKS, LHHIRZEM
in o a Je W2 KA Je K JREE 39.94 m,

22 B ERHBIE
221 AF B REREFHFE R

25 138 3 X K VA AL 0 R I S A Y
W HOE H o BT RE RS A B AR S T K A
A AR, 2 A A A AR TR A R R
e R AT T SRR A A R R R DR
i MBS R ZCAE R WY, B TR IR R
AR,

CHRCOA RE T 2 MU | RIEVTR
DT Ah 1 S35 5%, 4 1R KBG AL 2 M f A
TRARSERRIOAREGHZ L, —EiFH
ROk LIEEFT S - BUA A LA E 2 A A G

8 T8 B0 R ity B85 A Jrg B T B 2 — e (sl 75 —
TR Z il T & A Y S 8 i DR A 0 M
BREEHERY, SAMNBY TEAEGH Au Ag.V.P,
Ba.U.Mn.Ni . Cr.Cu.Pb.Zn %5, RHZ &I AR
N TEKAE IR AN AR & B W AR IR &, 5
T DV () A BT I 0 1 B T A LR L ) BT Y
MIRPUKIRAA HELR

2228 F B RIHALF A4

H B B8 A RIS T O R LR SIO,
SRR TR AR E & K0, WA MLk #i £ N
TR B RE A MR MR A P S RE R A R
n(SiOy,)/n(ALOy)TH 4 :10.81~281.63,21 1473 68.48,
T B 26 n(Si0)/n(ALOY) (N :3.14~8.42,15 ¥ 1
6.83, MIZEAEA n(SiO)/n(ALOYEIE T 3.6, M
WL IR A KT K T oK DT = kb 7t

Jewell et alP$ i LA B n(Al)/n(Al+Fe+Mn)
{E>0.5 I, HA W A R IR 1% H i <0.35 B R #0K
A o AHD IXEE BT 2 n(Al)/n(Al+Fe+Mn){H 4 0.36~
0.83(# 1), ¥ i A2 n(Al)/n(Al+Fe+Mn)fH 0.34~
0.91, Ay Ay i Y5 R IS HAOK TR W0 TR A
2,

Aitchison et al$2 i JLFUA 41 W n(Si)/n(Si+Al+
Fe){H R 0.9~1 B Sy il 0 A= Wik | 1B <0.9 ) B 4
UTHR B PIIR X A M DCRE BT 428 n(Si)/n(Si+AI+Fe) (A
4 0.88~0.99(F& 1),21 4F3 0.95; it 72 n(Si)/n
(Si+Al+Fe){H H 0.70~0.86,15 14F- 0.70, R BEA X
ORI IR F I AR B B R il X VR A

Murray™i# F n(ALO-)/n(ALO;+Fe,O) i F i &
DBV M DU K A 15 PR 45 % LUAE R 0.6~0.9 By
KGR, ZE R 0.4~0.7 B N ERIGUTRIAEE |
0.1~0.4 I Ry VR i 08 A58 BF 98 X kT %5 26 n
(ALO,)/n(ALO;+Fe,Oy) H A 0.56~0.91 (F 1),21 £
F0.69; U8 T A 2K n (ALO,)/n (ALO;+Fe,O:) fH H
0.52~0.96,15 1514 0.77, AT KBl i 2 H 50 75 5%
(0.6~0.9) FGIF TR IREE (0.4~0.7 ) 138 I Hb A7 14 36
i MG BAERKE T RIE,

n(MnO)/n(TiO)H<0.5 — %k 41 Zk 15 A1 K fili
IR KPERE UL IZ LU 1K 0.5~3.5, BFFEIX
FEITA 1Y n(MnO)/n(TiO,) fHH 0.02~2.89 (£ 1),
R X R A R i T R T KB & S
TR AL P b R E 2 R BOKTIBRLA |

PLUF B4 B iz A A R 0 A K T R R R



1102 i 5| i J 2009 4F
F1 BEERERUFESTAD REBXSH
Table 1 Petrochemical bulk analyses and related parameters of Zhongcun—
Yinhua black rock series (102
n(Aly n(Si)/n n(ALLO
N _ _ n(Si0s) (AD ) (ALOY MOy
Fay ‘lﬁ S10; ALO; FeOs MnO TiO, n(AHFe (S1+A1 /n(A1203+ .
n(ALO3) /n(TiO2)
+Mn) +Fe) Fe,03)
IRIFERR A R R R )
P 56.98 6.36 5.23 0.03 0.1 8.96 0.48 0.83 0.66 0.16
OARTIVE)
GRRACE 51.39 2.51 1.27 0.05  0.08 20.47 0.59 0.93 0.76 0.65
RS e el
P 72.99 9.84 6.10 0.01  0.42 7.42 0.55 0.82 0.72 0.02
OARTIVE)
SO ST 97.51 0.58 0.71 0.05  0.02 0.02 0.09 0.26 0.56 2.89
VKA 35.18 4.23 1.70 021  0.13 0.13 0.07 25.66 0.80 1.60
IRIFERR A .
P 67.80 8.05 3.67 0.04  0.41 0.41 0.66 8.64 0.77 0.11
OARIIVE)
Tk JFRCAE A A 93.00 1.04 1.38 0.04  0.06 0.06 0.68 2.62 0.54 0.72
TR ST 70.59 9.85 4.26 0.05 053 0.53 0.24 5.89 0.78 0.10
TR JFUTCA 7Y . 5 - 3
P 72.52 9.83 3.57 0.03  0.50 0.50 0.21 5.36 0.81 0.07
OARIIVE)
JrEALYERR
N 49.85 14.6 5.97 0.01  0.57 0.57 0.15 16.88 0.79 0.02
N el
R R
P 65.66 5.45 2.10 0.02 0.3 12.05 0.66 0.89 0.80 0.07
ARE)
TR e 63.51 9.95 1459  0.02 043 6.38 0.34 0.74 0.52 0.04
TREEPURAR A 66.50 9.87 4.71 0.03  0.52 6.74 0.61 0.81 0.77 0.06
TR 95.33 0.98 1.15 0.03  0.04 97.28 0.39 0.98 0.57 0.68
IR
N 80.22 7.42 1.09 0.01  0.42 10.81 0.84 0.89 0.91 0.02
e
kR 79.51 6.16 5.18 0.01 029 12.90 0.47 0.88 0.65 0.03
e s 14.50 3.25 1.12 0.01 015 4.46 0.68 0.76 0.82 0.07
WRIFHES 88.50 1.15 0.87 0.04  0.04 76.96 0.49 0.98 0.67 1.02
R T 95.60 0.60 0.64 0.03  0.02 159.3 0.40 0.99 0.59 1.90
TR ST 68.80 10.74 3.81 0.01  0.57 6.41 0.68 0.82 0.82 0.02
TEJFRCE 25.47 1.90 1.35 0.04  0.11 13.43 0.51 0.89 0.69 0.33
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Table 2 X-fluorescence spectral analyses of major components in ores (x102
AR () SiO, AlLOs  CaO MgO Na,O K,0 TFe TiO2 P2Os LOI
REFUCATY (4) 85.31 4.85 0.47 0.54 0.08 1.94 1.96 0.23 0.34 2.59
RIFIeHCAETL (4) 60.07 8.62 0.97 1.92 0.09 439 4.24 0.36 0.31 16.94
EFRBCA T (3) 72.69 9.86 4.03 0.66 0.10 4.06 3.46 0.43 0.24 6.07
T 2 P LA (I e I 0 2 H
F 3 BRI RAEETZERT EAPRERS
Table 3 Mode of occurrence of vanadium in host rocks of the Zhongcun—
Yinhua vanadium deposit
M5 ks 5 k ik Joi e Ll 4 61% V20s T | REBUA A 44% | V20s
A ‘ 091% | 1.16%
FHHRE i PeRA Lesl 39% ok B YRk Ll 56% | i
I5A 5k i Jo e LL A1) 24.8% V205 AR Va0s i 0.25%
0.72%
FHHRE Ve Ll 75.2% ok PHCHZ V20s & i 1.77%

3.4.2 A 0 A8 o T

M T 24 W T R W S7 B LA, KRG
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Rl R & m R G I8 A5 ET A AL
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WOy BRI AR B 2 2R R
AL & AT SR T R . A ik
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Fig.3 Trace element CCV distribution patterns of
mesozone black rock series
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Table 4 Trace element analyses and related parameters of rocks and ores
from the Zhongcun-Yinhua black rock series (10

TR
e X271 X-2-2-3 X-Z-7-6 ccv SDO-1 Y74
. o o o KR " et s
R RTINETIAT BRI R T
Ba 3103 4310 12390 390 397
Cr 190 1316 105 119 66.4
Cu 94 581 78 24 60.2
Sr 45 1000 64 325 75.1
Ti 1283 500 2509 4196 4256
Li 8 7 39 11 28.6
Be 1.4 2.6 29 1.7 33
Sc 14 12 16 22 13.2
A\ 302 13310 1886 128 160
n 48 3419 103 73 64.1
Co 37 7 10 25 46.8
Ni 226 381 372 51 99.5
Ga 10.7 13 13 16 16.8
Ge 1.4 1.0 1.9 1.25 1.3
Rb 108 30 116 8 126
Y 26 215 69 20
7Zr 55 14 65 123 165
Nb 7 2 9 12 114
Mo 23 26 11 0.65 134
Ag 2.7 13 2.6 0.052 0.09
Cd 0.49 112.1 0.64 0.075 <6
In 0.04 0.09 0.05 0.05 <0.2
Sn 1.9 7.6 1.5 1.5 29
Cs 1.5 9.4 2.6 2.6 6.9
Hf 1.4 1.1 2.5 37 4.7
Ta 0.5 03 0.9 0.7 1.1
W 1.2 1.4 1.0 0.69 33
Tl 5.6 2.5 1.9 0.39 8.3
Pb 29 22 16 12.6 279
Bi 0.4 03 0.5 0.27 2-<10
Th 6.2 23 7.6 5.6 10.5
U 28 66 33 0.91 48.8
n(V)/n(V+Ni) 0.61 0.98 0.85
n(V)yn(Cr) 1.62 10.32 18.34
n(U)/n(Th) 434 27.92 421
oU 1.86 1.98 1.85

. 6 U=2U/(U+Th/3),
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Table 5 Trace element analyses and related parameters of rocks and ores from the
Zhongcun-Yinhua black rock series (10
FEEFHLX FAVHLX
PR X-GZ-1 X-GZ-2(1) X-GZ-2(2)  X-GZ-3  X-WS-3 X-WS-4 X-WS-5 X-WS-6
H#W)a RAN L RRERE OO0 gmER RRERE LG TR
wir O g R WRER ORI (IR

Ba 1012 4294 8873 1678 710 7055 9414 202

Cr 217 110 103 222 540 770 80 45

Cu 28 29 23 92 186 87 18 16
Sr 46 140 133 201 15 56 48 460
Ti 352 3160 2989 3406 261 2508 1758 882

Li 9 28 31 57 4 17 15 20

Be 0.5 1.6 1.5 5.0 0.5 23 1.7 0.5

Sc 12 13 13 15 11 13 13 14
v 1459 622 499 3831 2020 4007 2279 186

Zn 42 53 33 46 45 29 76 27

Co 5 14 14 23 7 6 10 5

Ni 44 97 93 246 47 31 256 28

Ga 4.8 9.6 10 11 35 11.7 10.9 53

Ge 1.1 1.2 1.5 0.8 1.1 1.3 1.9 1.5
Rb 15 120 103 130 10 108 70 37

Y 10 13 11 20 19 30 21 15

Zr 12 74 75 64 10 63 49 23

Nb 1 9 9 11 1 8 7 3

Mo 39 23 18 57 3 13 17 1
Ag 1.6 1.5 1.5 3.0 1.3 25 5.6 0.2
Cd 0.66 0.17 0.23 0.14 0.51 0.07 12.06 0.25
In 0.03 0.05 0.04 0.03 0.02 0.02 0.04 0.03

Sn 1.1 1.5 1.5 1.6 1.0 54 1.0 1.1

Cs 1.1 39 3.6 8.4 0.5 39 1.3 1.5

Hf 0.4 2.9 29 2.6 0.3 22 1.8 0.8

Ta 0.1 1.0 1.0 1.0 0.1 0.8 0.7 0.2

W 3.6 3.0 22 6.3 0.5 1.2 1.1 0.6

Tl 1.4 243 25 16 1.4 23 1.5 0.4

Pb 20 22 23 15 15 18 15 15

Bi 0.2 0.3 0.2 0.2 0.2 0.5 0.3 0.1

Th 2.0 9.8 89 8.7 1.2 6.8 5.0 3.7

U 16 10 79 38 4.6 36.4 233 23
n(V)/n(V+Ni) 0.97 0.88 0.86 0.95 0.98 0.99 0091 0.88
n(V)/n(Cr) 6.86 5.77 4.95 17.62 3.82 5.31 29.08 422
n(U)/n(Th) 7.86 0.99 0.86 421 3.73 5.18 4.57 0.59
ouU 1.92 1.5 1.44 1.85 1.84 1.88 1.86 1.28

. 6 U=2U/(U+Th/3),
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Table 6 Trace element analyses and related parameters of rocks and ores from the
Zhongcun-Yinhua black rock series (10
BRG] X Jel X cov
P X-IS-4 X-IS-5 X-IS-6 X-LS-1 X-LS-2 X-LS-5(2) Kbt SDO-1 Jéf
HAEOH WG RRALYe REESGE  BOEE O RRAOE R =1 e
BCETRT B L&) it it ebiRT afE
Ba 7079 10330 1593 481 4942 5929 390 397
Cr 2710 96 79 166 26 221 119 66.4
Cu 205 60 114 61 92 126 24 60.2
Sr 63 59 196 15 136 54 325 75.1
Ti 1368 2599 3101 110 791 2442 4196 4256
Li 20 23 35 3 15 35 11 28.6
Be 2.8 33 1.8 0.4 0.7 24 1.7 33
Sc 14 15 14 12 16 16 22 13.2
A% 20360 1509 650 1474 197 2116 128 160
Zn 1242 110 49 47 736 195 73 64.1
Co 10 22 18 5 12 23 25 46.8
Ni 490 259 143 38 144 507 51 99.5
Ga 11 16 73 42 55 16 16 16.8
Ge 12 32 0.8 1.5 1.6 1.2 1.25 1.3
Rb 114 134 127 5 18 114 8 126
Y 130 58 24 15 19 35 20 —
Zr 56 72 81 14 29 67 123 165
Nb 4 11 8 1 3 8 12 114
Mo 185 26 27 5 13 177 0.65 134
Ag 3.1 5.8 1.9 49 1.7 1.1 0.052 0.09
Cd 37.51 0.32 0.52 0.20 1340 19.95 0.075 <6
In 0.04 0.04 0.02 0.01 0.09 0.04 0.05 <0.2
Sn 2.0 0.8 1.7 1.0 1.4 2.8 1.5 29
Cs 3.8 2.8 9.8 0.5 0.8 8.1 2.6 6.9
Hf 1.7 25 29 0.2 1.1 24 3.7 47
Ta 0.4 1.0 0.6 0.0 0.2 0.8 0.7 1.1
w 1.9 0.8 1.0 0.4 0.8 0.9 0.69 33
Tl 6.0 9.6 4.8 0.5 33 6.2 0.39 83
Pb 15 15 20 17 15 15 12.6 279
Bi 0.5 0.2 0.3 0.2 0.3 0.5 0.27 2-<10
Th 6.6 8.6 11.3 0.5 4.6 12 5.6 10.5
U 74 64 104 4.0 1.4 23 0.91 48.8
n(V)/n(V+Ni) 0.98 0.87 0.84 0.98 0.61 0.83
n(V)/n(Cr) 7.67 16.05 8.4 9.06 7.73 9.77
n(U)/n(Th) 10.88 7.24 0.9 7.95 0.29 1.94
ouU 1.94 1.91 1.46 1.92 0.93 1.71

£ . 6 U=2U/(U+Th/3),
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Table 7 RRE analyses and related parameters of rocks and ores from the
Zhongcun—Yinhua black rock series (10
S HAET A La Ce Pr Nd Sm Eu Gd Tb Dy
X-GZ-1 G3jeey 7.3 8.5 1.4 5.6 1.0 4.0 1.0 0.4 1.2
X-GZ-2-1 Bt s 243 39.9 4.7 18.4 3.1 11.6 3.2 0.5 2.4
X-GZ-2-2 HehE s 19.5 31.0 3.6 13.7 3.1 9.9 33 0.7 2.1
X-GZ-3 IR 316 477 6.2 21.2 3.4 4.8 3.7 0.6 3.0
Ho Er Tm Yb Lu TREE ~ LREE  HREE LREE Lan/Ybx 3 Eu 5 Ce
/HREE
0.4 0.9 0.3 1.7 0.3 33.87 27.78 6.09 4.56 2.94 12.25 0.60
0.6 16 0.4 3.5 0.8 11490  101.96 12.93 7.88 4.66 11.29 0.83
0.5 16 0.3 2.8 1.0 93.22 80.87 12.35 6.55 4.74 9.46 0.81
0.8 2.1 0.4 2.8 0.4 12869 11497  13.72 8.38 7.76 4.08 0.76
o R b S R RCA I, AR PR R A B 2
= x-6z-1 Y187 Al 4 S R AE | B R Y AR SR Bl R £
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responsed to Mesozoic geological evolution of Qinling orogen and

Characteristics of the Zhongcun-Yinhua vanadium deposit in black rock
series, Shanyang County, Shaanxi Province

LI Mei', ZHANG Fu—xin’
(1. Department of Geography, Xinzhou Normal University , Xinzhou 034000, Shanxi, China;
2. Department of Geology , Northwest University , Xi'an 710069 , Shaanxi, China)

Abstract: The Zhongcun—Yinhua superlarge vanadium deposit is a typical sedimentary vanadium deposit in the mesozone black rock
series of Qinling region. The deposit occurs on the lithologic transitional horizon of siliceous slate —argillite —clayey argillite in Lower
Cambrian Shueigoukou Formation. The vanadium ores are of three types,namely siliceous slate type,clayey argillite type and
siliceous—argillite type. Strike extension and thickness of the ore bed are stable, and the V,Os content of the ores is 0.70%—1.17%.
Vanadium is closely related to clayey and politic slate and is relatively abundant in clayey argillite. There exists close geochemical
paragenetic relationship between vanadium and aluminum, potassium and iron. Vanadium occurs in kaolinite and hydromica in the
forms of phosphate, vanadate and adsorption. Studies have revealed that the vanadium —bearing black rock series was formed in a
sedimentary environment of rift zone on the marginal continental slope of North Yangtze Plate in Lower Cambrian under the action of
Yangtze Continent —North China Continent underthrust convergence. In the stagnant deep —water sedimentary environment there
developed vanadium —bearing sedimentary formation of anthrinoid — lime —mud —barite —siliceous rock. Therefore, the vanadium—
bearing sedimentary formation has the genetic characteristic of hot spring exhalative—sedimentary deposition.

Key words:sedimentary vanadium deposit; black rock series; mode of occurrence of vanadium; Zhongcun —Yinhua; Shanyang

County in Shaanxi Province, Qinling orogenic belt
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