937 B 5
2010 4 10 H

o
GEOLOGY IN CHINA

Moo Vol.37,No.5

Oct.,2010

FAFRR TR IR
B IR AL FHRHE S LR E A E

R FER

2 ERAl

(1.8 A ERARTIE KB B 710054;2. 8 X F K&\ BE 710068)

RE . THRITFYN K™ T 208 T HER G KE H U (e, sh) B A R IZREE R BO S IREETUS & Rk I e
A A AR, PR R R 0 A DR AR AR EHT W EREAN AR, BOERA A EE
I3 N S10,,ALO; K0 55, & & TFe Ba.Zn P .Cu .Ni,Cr.Sr.Zr Ag . Ti Mn.V EZLMILE, ROER n(V)/n(Cr)=
5.92~30.64 .n(V)/n(V+Ni)=0.88~0.99 . 6 U>1, HI W HOW B TURRIREE | B AAREFUE n(Si0,)/n(ALO;)=238.81,U/Th>1
PR 8 ¥Si=—0.1%0~0.5%0 . § *O=20.2%0~25.8% , I W7 2y 2 B 1 iy B DT AR G HOK TR IR, Y4 n(Si0,)/n(ALO;)
=5.69,n(Al)/n(Al+Fe+Mn)=0.63 , n(Si)/n(Si+Al+Fe)=0.74~0.76 FI Wi HA i Bl it (B2 B HORE M, Sz T
S Ty A TS 10 2% R B T B 4 eP TR 0 SR 8 2 R AT T A L P e ) A A ST T e 1 Y8 S R ST A BT 1
Pe b ed 4 FE DR R T S U8 A B e A B U R A R R A A A LT R & B B (E | LA Cu P Zn As W,
Mo S5 C R B AEMA S v U R A B, U IR W) 5 3 B UE TR IOK U i W B S L e R B
BEH], LR IR M BRI SRR AR AR K TR A AR ISR DR G

X B OWR. TR BEER BOKDIE, EEME,
XEHRS.1000-3657(2010)05—1490—11

FES %S .P618.61 XEkFRERS . A

MEKET TERERO AR, HhokHid
F—SRAEPUE R = FE & -9 K5 — R IR
BUIR . W T s 2 M LA ST RIS #HL
HOAWFZHEH AT THIE, TP 20
A OO B TA M YRR R RO S R Tk
BB RIS PR, X HA AR AE K S LR AT 5 A
PO 8 R A ST RS BE A9 58 HoAY
R RE R X, M E I R (A R rh s B
AL X,

1 DX b 57y 5t

A7 DXOR i A 3 07 B L A T Rl 22 0 o L AR — B 52
A h B, S I bR R 5 E UG it 4R ([
1) o DI 22 R0 U R 2 0 1 22 0 X o 8 2 A
T HREWI RS A —Sk e A . KSR A A

W5 B H#.2009-11—16; B E H#1.2010-03-08

FIRER AR BS R T RO R E R BE I
HARBE KT e Wh A 5 m THCE 85 RTHCE 1T
AL = KRB Ty AR KA 10 20 7R 5 7% fi ot
RO EETUS RVETCE 5K @B
MR A e m MAE 52 P A T4 e 4 A
BRIRER Fr , A /D O )= ok 2
XN EZRFH R LZ—,

DL g 2R e 3 B —HE K — 1L B — R R —
WO AT — ZR N B A A AR, A P A AR
WA R NI BEUSE T S R AR BRI
L bR Bg— Tt AR RS Z AN, At Rk
R, PRSI LTl R U R I TR K —F TR 7K
UG B W B b LR IR DURUE il i AR K VA
HAMRE A FR, HWgnfi T 7B K —im T
P —af7 K2 230 ke, WBL G077 B4 F] 5 0

E&WA VA @R 5 A 5 H (2003—2005) FIRHIFE H (2006) 78
EEBIN R, B, 1963 /4w TR KNG & 8 7= 2 BHIFAE AR A P T AR ; E—mail :865219134@qq.com,,



ERYESE R

AREL IR 5 208 T S ST PR Ml 5 Ml Bk A 2 o AR 55 LAY g S LA 1491

W02 TR RN T Z a0 B s AR
(E ),

2 TR HL R

21 XK

W DXASE T8 7K TR] {80 A ) AL B (fRI 5% 3 ) M i
2 R ACVG PUE ) M2 e Sy — SRR 5
X Wi 2k 3 0 A T o0 E AL R B R R PG E P
BoEmF by, HILmimE A F10 P11 P12 3 4%,
B etk — B Me kiR 2 IR BT 24 1t 0 XA A A
KE(E2),

X M 2 8 R 2R e M 2 KB B — A B/ X
M2 ARG 1) — L PSP ) R A JR AR R R
BB RIT A (Zodn) FER RIKIE HH (e5) AR R
B4 (er) , Forl K30 AL E K 50 o2 (& 3),

KIS U (Zodn) 25 Ry — 25 PR 1 1 B T

107° 108° 109°

IR ER VIR 5 R IR BE Ly gl 8 A 3, 5 LK
TH) TTEH A VAT AN B G 4 AR VG [ IR A A fi ) b
Jevgskdbdt %

K T (€,5) AR VG I RGN, SR g — 03¢ |
e RIREE A G, 5 NMRATSE A AT ARG 4
filh JELEE 85.09 m, A TEA AT HE—2ER0 R 54
FPEBL, (2) (3) R (4) MBS A HLRRER &, S By
RBREER QMO RV ETEM, HZTHh.

(5) KA I PR i — P R 2 KR U8 ST o e 5 4,1
TUA RIEUE (00, 5 30~60 m.,

(HBEOTCAS RIS, &R L E A & 0~3.5 m.

G)KENEE T E SRR, N ET R JE 0195 m,

(2) IR BAO R B RE ST A e AR e ER AR, &
i, N FESER, JE 4.1~1828 m,

(HHAZBHAIBWE, JE0.1~0.8 m,

BRI (e) . 08 TR O HEZ b k4

110° 111°

I
O

0 150km
I
| |

107° 108° 109°

L1 [BH2 [=]3 &4 L5

(e ]6 [@]7

&1 1 e 2 0 DX IS 3 e (30 STk [4) 18 4 )
SE1— 5 FHEE Gl s SFE2— AW B G aly s 1 —HE B N7 )28 ;20— 25 W A e s 3— e P PR RS B s 4—HE K
5— RIS 6—& P K ;780 IR

Fig.1 Regional tectonic map of southern Qinling region

SF1—Shang—Dan suture zone ; SF2— Mian—Lue suture zone; 1—Thrust fault;2—Crystal basement block ; 3—Transitional

basement block ; 4—Granite ; 5—Unconformity ; 6—Gold—vanadium deposit; 7—Vanadium deposit
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Fig.2 Geological map of the Qianjiaping vanadium deposit,southern Qinling
(€5—0,)s—Upper Cambrian—Mmiddle Ordovician Shiwengzi Formation ; €&;y—Middle Cambrian Yuejiaping
Formation ; €;s—Lower Cambrian Shuigoukou Formation ; Z.dn—Upper Sinian Dengying Formation;
Z,d—Upper Sinian Doushantuo Formation ; Arlam—Archean Loufanggou Formation ; 1—Reverse fault;

2—Vanadium ore body and its Serial number;3—Attitude of overturned strata
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Fig.3 Ggeological section of the Qianjiaping vanadium deposit,southern Qinling
€;y—Middle Cambrian Yuejiaping Formation ;€;s—Lower Cambrian Shuigoukou Formation ; Z,dn—Upper Sinian Dengying
Formation ; 1—Dolomite ; 2—Lithic dolomite sandstone ; 3—Carbon—silica rock intercalated with argillite ; 4—argillite (or shale);5—
Limestone intercalated with mudstone ; 6—Dolomite intercalated with argillite (or shale) ; 7—Fault;8—Attitude of overturned strata

(dip/dip angle) ; 9—Serial number of the separate layer of Shuigoukou Formation
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Table 1 Analyses and typical parameter ratios (x10 of rocks and ores in the Qianjiaping

vanadium ore deposit

EENR I EE M C T o) B PUIRAE T (8) L OREBEREQ)  FHEAAD REQ KA. ATEG)
SiO, 93.64 66.78 62.13 58.10 9.31
AL O3 0.55 8.26 8.79 10.53 141
K,O 0.14 3.38 1.75 5.15 0.35
Na,O 0.04 0.04 0.04 0.06 0.06
CaO 1.05 1.11 1.64 429 24.09
MgO 0.31 1.33 3.93 425 16.03
FeO 0.53 0.21 0.38 029 0.24
Fe,03 1.15 1.96 6.57 447 1.30
MnO 0.06 0.01 0.01 0.02 0.07
TiO, 0.02 0.31 0.26 0.57 0.07
C 0.80 11.03 0.36 1.62 10.70
S 0.31 1.01 1.07 0.32 0.36
P05 0.05 0.07 1.03 0.08 221
Ba 0.49 0.26 1.14 1.36 0.48
V205 0.17 0.69 1.63 0.07 0.05
B KA 0.54 422 3.90 7.04 24.58
n(Si0,)/n(Al,05) 238.81 8.10 13.30 5.69 581
n(Al)/n(Al+Fe+Mn) 0.20 0.75 0.48 0.63 0.39
n(Si)/n(Si+Al+Fe) 0.97 0.84 0.76 0.74 0.64
n(ALLO;)/n(Al,O3+Fe;03) 0.31 0.81 0.56 0.71 051

T B S b A G R AE A BT R (2006) 20T

B 22 51 ST R A AT R R EETA T v,0, 5
FER R ZHCEA TR IEME RAET V,0, 5B
Bk R M ZBOEATTRIEA K BT A T v,0;
FEGREATRIEMK,

TERFIE RS RN T8 H L 7E n(V)/n(Cr) \.n(V)/
n (VH+NI) SF(EAE R TR U0k 8 IR et ot 48
Fr ., Krejei—Graf(1964)"FI Dill (986) 1242 H} 5 A
n (V)/n (Cr)<2 B RRA ARG | >2 I R A AR
5%, Lewanetal (1982) 4 1 #1fF 1 S PR35 b ok
1 n(V)/n(V+Ni)fH>0.5, M & Ak 25 7F T <0.4, Dill
(1986) W\ BLAL AT 12 B TKG H Wy i i b PRt
FrA R ALY S Al g Rk A T i, B
R HAE A R A >0.57 Fl<0.46, B IX n(V)/n(Cr)fH
HE PR 8.70, & HLA IS 30.86, U6 & B
W A1 15.64; V4 5.92, BFREE A 7.50, n(V)/n(V+Ni)
R & HUREES 0.91, S PLAERES 0.99, T8 B4
W 0.90; U84 0.88; kIREE A 0.90, &0 A REMA
eIk &R S 7

 U—Th XA, IEH VIS U/Th<1, #UK
DUBUE U/Th>1, 57 KRS &b R ARE BLRAT
HHARSA W LEREBA KA A U/Th BT
1HEEBL R ROASREAE THARS
JBRY A U/Th (E¥KTF 1, WA HOK TR (K 4),

Wignall €57 T 41 F i) U-Th X & .8U= U/
[1/2 (U+Th/3)], 6 U H KRR Al 5debn . #5
6 U1, RUIGEIAEL, #7 6 U<t I R 1E 5 1
IKEREE T IX B EIRFERTS 6 UMEN 1.84~1.98 Jik
fEF A 1.84~1.92 Je A AN A1 1.73~1.97 07 )2 T £
Hz A B 178, MUEBRITEHAH A 1.02,
W2 L REE KA 1.44 6% 092~1.15, 50 B A5
F 6 U KT 1, BRI HAA TR
3.3 H-|EMTR

— M, BERRA 6 St {EAE RN [E B TR R B
o 5L R AR R RO St TR 2 PT AR A R
2 ) T AR A A DR B LR A B 1) EE A AR
T E ORI A S § 0Si RN H ARG E
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Table 2 Content of trace elements (10 and typical parameter ratios of the rocks and ores of the
Qianjiaping vanadium ore deposit

WA FERED  FPUREEICA®) A REREICGQ)  BAEREIAAT) REQ) KA. BREE)
TFe 0.96 1.50 471 3.35 1.10
Co 5.12 5.00 16.94 9.50 6.67
Ni 59.38 56.00 544.76 50.00 31.33
Mo 2.89 7.95 13.64 3.75 1.87
Cu 128.38 69.50 687.76 30.50 50.33
Zn 246.00 176.00 2015.47 149.50 495.33
Ga 1.56 10.90 14.94 10.65 2.17
Ge 0.73 1.20 1.54 125 0.67
As 9.90 36.50 71.71 14.50 18.53
Sn 0.95 1.45 0.83 0.95 1.50
Tl 0.90 1.25 221 1.85 023
Pb 36.50 81.50 214.24 64.00 69.33
Bi 023 0.30 0.51 0.70 0.30
Li 8.56 10.80 42.19 17.15 11.53
Be 0.51 2.50 479 2.15 0.53
Sc 128 10.30 9.47 13.25 5.03
Cr 151.00 126.50 1023.59 66.50 35.33
Rb 478 64.65 39.71 79.50 9.77
Sr 55.88 57.50 453.41 165.50 386.00
Zr 32.50 48.00 69.80 87.00 31.00
Cs 043 1.90 2.81 455 0.60
Nb 0.73 8.05 9.35 13.00 3.53
Ba 4860.63 2606.50 11396.29 13642.00 4760.33
Hf 0.18 1.60 1.68 3.55 0.57
Ta 0.10 0.45 0.44 0.90 0.20
w 0.86 0.75 2.32 1.20 1.77
Th 0.49 5.70 521 10.25 2.57

U 451 32.00 30.61 3.70 3.67
238.75 304.50 4523.59 348.50 9726.00
Ti 117.13 1827.00 1578.35 3435.00 402.33
Ag 11.98 14.00 19.14 11.65 1.56
Cd 1.85 0.40 8.30 0.20 2.87
In 0.04 0.06 0.06 0.06 0.04
Mn 518.13 59.50 112.29 222.50 578.33
n (V)/n(Cr) 8.70 30.86 15.64 592 7.50
n (V)/n(V+Ni) 091 0.99 0.90 0.88 0.90
U/Th 9.20 5.61 5.88 0.36 143

T B o PG A 0 b ST E I 0 (2006) 2R ICP—MS 354347
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Table 3 Si and O isotope compositions of the Qianjiaping vanadium deposit and its neighboring areas

BRI 4 Bk FERMERR(EE)  d¥Sinesas/%e  d®Ovismow!%o AR(DHC AR HC 73 E
0.5 224 73.81 77.16
0.0 202 89.69 86.18
) 0.3 219 77.24 79.21 )
T R IR AT T AR
0.2 22.1 75.86 78.39
0.4 25.1 56.91 66.09
0.1 25.8 52.92 63.22
s 0.1 212
JikA7 &
SRR . " 0.3 215 80.05 80.85 itk @
;eﬁ)ﬁ/ﬁ
0.2 224 73.81 77.16
JRRH™ FH K TR i A (5) -0.5~-03 18.6~21.0
R ER IR JikAT£(5) -0.5~-0.1 20.6~21.9 o
FEDCA(3) 0.3~-0.1 16.0~19.0 23]
Pl o e oo
41 H5(8) -0.3~-0.1 16.7~22.6

B FR R 2 R R AT G IR A ST (2006 ) WK A BT

@R . BRI G0 ST SRS AR SRS VLA G s AR | 2003.
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Fig.4 U—-Th diagram of various rocks and ores of the black

rock series in the Qianjiaping vanadium ore deposit
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I - Ancient thermal water—extrusion sediments
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Fig.5 Geological and geochemical histogram of the strata in the Qianjiaping vanadium deposit
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Geological and geochemical characteristics and vanadium enrichment
regularity of the Qianjiaping vanadium deposit in southern Qinling Mountain

ZHU Hong—zhou', HOU Jun—fu’, WANG Shu—li'

(1. Northwest Nonferrous Geological Research Institute, Xi’an 710054, Shaanxi, China; 2. Nothwest University, Xi’an 710068, Shaanxi, China)

Abstract: The Qianjiaping vanadium deposit occurs in the black rock series of lower Cambrian Shuigoukou
Formation in southern Qinling region. The black rock series is composed of black carbonaceous siliceous rocks,
black carbonaceous siliceous rocks interbedded with argillite and argillite. The vanadium ore bodies are layered in
form. The ore type is mainly black carbon —bearing siliceous rocks interbedded with argillite. The vanadium
mineral is mainly roscoelite. The main components of the black rock series are Si0,, ALO; and K,O, with the
enrichment of such elements as Fe, Ba, Zn, P, Cu, Ni, Cr, Sr, Zr, Ag, Ti, Mn and V. The values of the black
rock series n (V)/n (Cr)=5.92—30.64, n (V)/n (V+Ni)=0.88—0.99, and 6 U>1 indicate that the sedimentary
environment might have been under an anoxic condition. The values of the black carbonaceous siliceous rock n
(Si0,)/n (Al,0;)=238.81, U/Th>1 and § *Si=—0.1%0—0.5%o0, and & O =20.2%0—25.8%0 indicate that the ore
deposit was probably a hydrothermal deposit in the closed semi—deep ocean basin. The values of the argillite n
(§i02)/n (ALO;) =5.69 ,n(Al)/n(Al+Fe+Mn)=0.63,and n(Si)/n(Si+Al+Fe)=0.74—0.76 indicate that the material
sources were probably of continental origin, affected by hydrothermal solution. The vanadium mineralization is
hosted in the black rock series deposited originally in the fault basin near the margin of the isolated paleo—uplift.
The vanadium obviously tends to be concentrated in the argillite inside or near the black carbonaceous siliceous
rock. The vanadium content is the highest in the transitional strata between the carbonaceous siliceous rocks
interbedded with argillite and argillite, so is the content of such elements as Cu, Pb, Zn, As, W and Mo. The
metallogenic materials of the vanadium deposit might have been derived from deep hydrothermal solution. The
absorption of the argillite is very important for the vanadium enrichment. It is concluded that the vanadium
deposit should be of exhalative hydrothermal sedimentary origin.

Key words: vanadium deposit;black rock series;hydrothermal sedimentation ;enrichment regularity ; Qianjiaping
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