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Geochemistry and genesis of vanadiom deposits in northeastern Guizhou

SHU DuoYeou, HOU BingDe, ZHANG MingQiao and XIE XingYou
{No. 103 Geological Party, Guizhou Bureau of Geology and Mineral Resource Exploration and Development,
Tongren 554300, Guizhou, China}

Abstract

Lots of medium and large sedimentary vanadium deposits have been discovered in northeastern Guizhou in
recent years, which are inescapably hosted in black carbonaceous mudstone of lower Jiumenchong Formation
(€ 13m)of Lower Cambrian. In order to investigate the sedimentary environment of ore-beating rock series and
genesis of this kind of vanadium deposits, the authors adopted ICP-MS method to analyze the major elements,
trace elements and REE in the vanadium orebody and its overlying and underlying strata, employed the sequence
stratigraphy method to make stratigraphic analysis of the ore-bearing rock series in typical vanadium deposits,
and fully utilized geochemical elements to probe into the oxidation-reduction conditions for the formation of the
ore-bearing rock series and genesis of the deposits. The results show that the ore-bearing rock seties comprise
mainly marine deep {shallow) water continental shelf facies sediments, which owing to repeated evolution of
sedimentary facies during the sedimentation process, have evolved into the present somewhat differential litho-
logic association. In addition, due to the continuous variation of the geochemical field, the major elements, trace
elements and REE concentrations in the sediments exhibit unique distribution regularity. It is revealed for the
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first time that the ore bearing rock series and vanadium ores are both products of reduction environment, and
vanadium deposits are mainly of normal marine sedimentary origin, which had a certain relationship to biclogical
action but were not obviously affected by hydrothermal solution. The results achieved by the authors not only
improve the theoretical research level for vanadium deposits of this area but also have some practical significance
for further metallogenic prediction and ore-prospecting breakthrough.
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Fig. 1 Regional geological map of northeastern Guizhou area, showing distribution of vanadium deposits (ore spots)
(modified after Shu et al. » 2012
1—Cretaceous pebbly silty mundstone: 2—Silurian shale intercalated with siltstone: 3—Ordovicisn limestones intercalated with shales:
4—Cambrian limestone, dolomite, shale; '5—Sinian, Nanhua system and Qingbaileou system till conglomerates limestone, shale, slates
6Normal fault; 7—Reverse fault; 8—Fault of unknown nature; 9—Stratigraphic boundary: 10— Vansdium deposit (ore spot)s
11— Sampling site and semple mumber
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B WP ERE T B GO R E T A, X
TR A B R HE R TR T, WREE X
BRE e B AERE TN LA EREEN
YRS, B CE, 2009), KB A FHRT . 290
HEERRSEE, BT —EREEH, 2EHER
A5, SHBBER MBS EREH4HE: B
=REBEEVNHRZ BHTAMREMEREH, K
Ar 3 AP IR 7, % X PUAR PR B 38 O SRk B R 2
BEHR. GIRT —EXE KR SRR/
BB IRIE S KD BB RIS MTHRASE, A -
THET T RKENE2 HHELR, B OREET,
HAPIm D> BRY R TUE /i MMEsah it
Bredp. R, e EA SURERRNE
BN, k)5, BR-PE T M, SX T rKe
AR IR, VTIFFHE i K B i 3 22 K B MR IR
T, L T KRG RBE, LK EER, S /%y

BOMBRERA.BDREE IR R E M TH
86 A, VLRSI B ) - 2B S A A AT

X—RRN B R R, B AR
LREERPRER. 2RO EEEH (Isozmkis
1997; Canfield. 1998; Bratton et al., 1999; Kaiho et
al. » 1999; Turgeon et al. , 2006), FEFHFHHHLL
FE43 B9 S BR (Jones et al. » 1994; Tribovillard et al. ,
2006), LHE— & BT R B R AN A
X AAL I R & PR AL B U, X s iR BT DAEE
T J52 8 2 DX IR U AR B 1 S AL R R 4, AR R
ERATEHEARE KBRS 2008). RIFAMT
BELBEHAFT ER L. THEFSEAERFE
R E A RRTELE.

PIBEAF Mo VaU HLK, 52 MoV 7T
BEANREFEFR S ZHE, KA SERE
P2 A B ¥ BRI B AT 4847 (Sarkar et al.,
2003: Algeo et al. - 2004: Arnold et al. » 2004,

Mo EEERETATHEREHBHTHMI
A EF w(Mo)FHIH 70 X 1076 HILFET
BB w(M)Z DT 2% 1076 REFEHRY
Hep(Mo) B B, B AT IE 18 X 1076 (X] 42 %,
1987). IEXAT B BFH w(Mo)LFH] 89.33
X 1076, B FRERA(1.13% 1071 79 1%, B £
BRAEG.30X107 M 14 % EREPHEERE
3K 17~45 FCDHERR IR 1962 EMTBE EE
AR, BT B(U R LETUE B BEHR
SRR R PR

VEFHRERE L EH RS BN G,
Bk, B w(VIERERREMF T K ones et
al.» 1994). XA BFH (VI H 352.19 X
1075, 2 vV ESBAE T EEEN 2.6 £, BRHBX
R S IR R .

&3 BRI XA RITIRERGER R E A2 L W3R
Tahle 3 Ratio calculations for discrimination of sedimenisry environment and genesis of vanadiom deposits
in northeastern Guizhon

_ R
XA

BHEE

FREETE BEME

Hol-1 H021 HO3-1 HOL-2

noz2-2

HO3-2 HO1-3 H02-3 HO3-3 HO14 H024 HI3-4

V/(V+ND
V/Cr
Ni/Co
U/Th
Co/Zn

0.41 0.40
0.73 0.69
3.38  2.89
0.36 0.51
0.65 1.08
3.59 4.43

0.43
0.75
317
0.42
3.03
3.63

0.88
3.00
3.59
1.07
0.15
3.74

0.81
4.60
4.56
0.75
0.40
4.07

071 0.8 0.9 075
469 6.19 7.18 8.4
820 58 410 6.9
.71 1,12 0.1 0.75
0,40 0.23 021 0.36
3.47 391 379 342

0.75 0.78
2.06 1.91
11.20 3.32
2,50  2.00
0.01 0.m
616.66 132.23

0.77
2.16
10.19
2.4
0.02
117.19
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VENHE VEEZEABRELHTER
(Lewan, 1986), &k, H v/(v + Ni) He{H BR 3 i +h
BrKERNREEREME % V/(V+Ni)<0.46
i, B IR V/(V+ N >0.46 I, Sk FRig
(Yarincik.2000). BFREAT BH v/(V+NDOHE
H0.75~0.94, LEBATERN v/(V+NDHMAER
0.71~0.88, 3K T 0.46, Bl BERHEFET
HI7= 4

MREBERERFBRZE.KERE, TH v/
Cr HLAERT Ni/Co HeAE 48 20 TH3 JT R 4 5 3 ¥ M 3R
B, V/Cr>2.Ni/Co>>4 B it #7738, )
2 BRI (Scheffler et al.» 2006). HREHAF
B V/Cr BREN 6.19~8.44, Ni/Co HfEN 4.10
~6.96, FFET R EEBEAEN v/Cr LR
3.00~4.69,Ni/Co HAH % 3.59~8.29, MA AT
B R FERRIUE TR AL TR RFER.

U SIS E TS #EER R, 3 UOL,(00,)4
A, R RFHE T, DB A NG KRN TS
HIBRR U0, Us0;, 2 ZETLR Y B B (Jones et
al.» 1994; Tribovillard et al. , 2006, i Th FE#EKH
HT AN EHEMTE, 2ERERH L9, WE U.
ThZR, % U/Th LLEEN SRR RHHR—
AEH,, U/Th>1.25 B, REHREFRE; 1.25>0/
Th>0.75 i, AR A EFE; U/Th<0.75 B AR
S AL A B (Jones et al.» 1994; Pattan et al. s 2005).
VIREHS B U/Th HEX 0.75~1.12, LBR
EHMU/Th EX 0.71~1.07, HERAT ER L
BRETAERTRENEEAE.

4.2 KBRS

FoHERRE P RAL B RZ KR4
B3, 3 R T 5 DA R K I A SR AL A he vk
Rk 4 A, R 530 80 R (X B S 25, 2008), #1¥F
AR ESI NAAOF AR E YR (REK
%.1995: FFH B, 1997; M IE 384, 2001; & KRR %,
2004 [ 57 75 1 1 W B 2 i, 0k % bl € 2 S e 2%,
2004; KR RFE, 2007; SRTFRE, 20100 FHB#,
THENTFRT, BRTARSH4AANRAER
(FRAEZF, 1987: F £ R 5. 20100, A PRI B4t
TYIRER. S RBEEET RGN B E%5SR
BFEEK EWEE SR T (EHRS, 1995: 5K
B3, 20080 RAET B4, M AL EERS, 7
3 EFREHCEH M, 2006028 THE K.

EVARRTHBRAK LR BREEH,. 0D

JRRRER, ME2(THERME, G LERESBS
WEMXR, KRAGTERERANERR Y, £H
BRI, 3 SR B DUAH B R AR A .

KRERLRH, B THRX A FIREBHREE, LUK
FAERBERRTE] V,Ni.Mo FLERZI
WERAF . Hb, & VEETEK BEHRE. R
HRE%E. BEEAXHENGRIER, %X i
MRS A T SR K Bl 0 AH » ZEAE S PR K
HETBREERAE T, UV AENFTHEBRGRR
AR {h R T B IR E AL Kk R K34 v DL
ARBE F(H, VO ERARM T Mn B Fe FEZ
ALV 4 BRI » FERL IR T, SLER IR B T3
[E R IE AR RN FIRAVO D), B A LS
EWEIK S PV (Van et al. » 1985). FEERK 4T
HHE, 3k B THEK LB F R Y B 4.,
LEMIET S IUR T K, IRV R A R, &
JEREH M R SRS TR U ARIR, Bl A E
A, TR EEEIENE KSR, Sl H#F
ARETFERBMBREARFAR, BRETHE R
BERmE, BRECKARS E. FHBHEA
WAKBEHREN B, B T S AN a8 A S
&, (B A4S R, RUTIR ERAET Tl
Bk,
ELHSMEERRT S EERTE HET
FEMA, B Lo BMHRE B GR 3), AL FeOs-
MnO RIAEFRFRIRCR 40 A BP0 o B B A
& (Adachi et al.» 1986; Murray et al. » 1991).

BEELT, 2 w(SIO, ) wlALO) LIE B
3.6 0, FAPEEEUMBN I &0/
w(ALQ;) >3.6 i, & UAEMR#FAK KR R E(Tay-
lor et al., 1985). AR K AT B M w(Si0,)/
w(ALOD W E N 3.42~391, 5E LB KEH
w{8i0; )/ w(ALO Y HAE (3. 59 ~4. 43 )88 85, 46T
TERRH Ca iR MR .

U/Th HE R % B IEH KIS #AKTH
WEESHZ —, ¥ U/Th>1 i, TERHKTRH,
U/Th<1 i, EB R IE# K I (Bostrom, 1983).
WRXHAF EM U/Th X 0.75~1.12, EBB
JATUAR U/Th EBER 0.71~1.07¢E 30, BR K
PUEER KA E.

Co/Zn WAE T A F X 27 F e B8 36 2 iy P
M, Co/Zn<0.15 I, B % # K B F; Co/Zn >
0. 158, BLYT L RE B % £ (Toth, 19800 . BF R K 4
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#* 4 BHEIHLEAT KR EF AFEERTREER
Tahle 4 Characteristic value calenlations for genetic disarimination of vanadiom deposits in northeastern Gulzhon

B2 HE R RS

Al Oy/ (ALO; + FeyOy + M)

Fe;0a/ CALOs + ALO, + M) Ce 3Fu

HH(E jm*)
HO1-1 0.48 0.51 0.55 0.62
H02-1 0.55 0.24 0.50 0.79
HO3-1 0.32 0.35 0.66 0.50
BRETAE (S im!)
Ho1-2 0.89 0.11 0.78 0.63
no2-2 0.81 0.19 0.95 0,58
no3-2 0.82 0.17 0.87 0.69
HFHBE(C jmD)
HO1-3 0.71 0.22 0.74 0.56
H02-3 0.81 0.19 0.83 0.61
H03-3 0.83 0.17 0.87 0.68
BRE(ZL)
H01-4 0.12 0.81 0.65 1.87
no24 0.38 0.55 0.72 1.4
134 0.37 0.57 0.48 2.16
¥ RE# Co/Zn HER 0.21~0.36, LETUE K Co/ ALOS
Zn WA 0.15~0.40 (& 3), RIHUEFHEK S
s
WBAE. QO w

HER. FAM T TR BRRLES TR
AR RN BRA TRFRHR. R#MKILH
FI# L0 E B BBMK, HREE H LREE & &%, &1k
ETARELE RN HEE T AR ZHAR, B
Eu ERE,Ce BETHRIAR; MR, EFWAKITHUH
ML TuRBERES, LREE/HREE LER K, £k
TEFRELERHLNAHEE, R En AR ER
BE, Ce 8 IE 7 % 58 55 £ 7 % 4E (Murray et al.,
1992; ZF Ji: 5% 5%, 1995; # 955, 2005; ¥ % & &,
2013). HRXAST ERTH L TENSTRIE B
THEHEHE 20, 8H0EV ETHRLGRREE
F]203.91 X 10" %~214.72 X 1075, LREE/HREE #%
2.18~2.86, #R AL )G 9 75 th 4R 8 b B AL Eu
KA R (0.56~0.68), Ce ABARE(0.74 ~
0.87), RBEHZEX ET B RMUBREHAKEHRXR
HAHE, MUNFREERE. 5 LB KERN
FIFAEEE A —B T TR A R H -5 HKRE
H—ERXR.

IEHBKARBRNTRE SR RKIERABE
RIIEUE R B & ALO; MnO- Fe, O3, {8 B T 2 #17K
EWAEHHATE R FeO £4 M Fe,O5, RIFUT
BHb ALO;Fe,0-MnQ =H S BB, BT 1
E AR A R B, A A A R K R E R
KRBT KL E (Adachi et al., 1986). HBK

o g

TigyOy Wi

A5 BHRIBhRARAT KA RERREEARE
(E 48 Adachi et al. s 1986
I—4#sE, 1I—HKEE, T—dehknE
Fig. 5 Genetic discrimination of rocks related to vanadium
deposits in northeastern Guizhou (Base map after Adachi
et al. » 1986)
1 —Piological origin: [ —Hydrothermal origin:
[I—Netr-hydrothermel arigin

X AT RH REA KA ERT SR, Bt H
SRE OBTREAHEE 51, 7 RS
HEHKREX A, FFERTBRATE . SHE
EHUR FEREHEERBOKBRERX, A &5
BENRESESEYRERRE, BARAHET
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HEBRERKXEAT B 5), LEIUEHEH
VOB AR 2, 5 4 A T R — R K R AR

5 % ®

TR E R ST E R R ERRE KR
8, GAVBRMAES LR BN L n KRR E
MXRTR AN EETT A

(1) BRIEMERAT KRYERRR THL
[THECE  jm ) —ERER ST A R T HAOKKE
A BERAE R AEHBEWIR%, KT E
H . R RS WETIHREN 8B, SR KRB BT
B UIBUE R AL, b TV BMHEE, BR T AF
—EERMEEAS.

(2) X XA JLR AR, IR PG EE
HWRHME RS TR, 2B REAH TR
MERARPRERERNER. EREFH T R
R RIFECHST ) 8RR RE B & J5 55 38, S8 2R K B b
R ERB(TSTIHRK. B A B HE R 58
6, % R B R TR EG B RA
FANZRL, 3 SERRVE &  BUS 3t S 30, Pl rY
ERBEEEARYHRATAI N, FEBER S
REBNHBRT R I ERAT K.

(3) i MR E M TR B AT HL B, 5
AR EER AT EAGHE R ST, 26 038 ¥
FHRES K& SRR RRET HMHE
%, BT ARBFFIIRE A KR,

(4) MULRE 1A ARRRAE . 2R 5 DA B
RAGEWAGT KRERT TR, EREH.BR
KGR IE R BHIIBRRE, SEYWERATRE
—EHRXR, HERARXBRI AT E.

F W FAXESRGUET, BIPERFEX
FOEPOM T EHR . MY HBRT ~REFER
PRFEFAFAR F AP RERRRETE
JHRIA LR, ERHRARE T KREH X,
R R B eSOR ., ZE YRR
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