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Abstract: As a kind of essential and vital resources, vanadium has been listed as the critical metal by some countries. In this paper,
the authors thoroughly summarize the deposit types, geological features and spatial-temporal distributions and metallogenic
mechanisms of vanadium deposits, hoping to enrich theoretical research of vanadium deposits, to improve the efficiency of prediction
and exploration of vanadium resources, and to guarantee the vanadium reserves. According to the ore-forming process, vanadium
deposits are divided into magmatic vanadium deposit and sedimentary vanadium deposit. The magmatic vanadium deposits, which
mainly refer to V-Ti-magnetite deposits, are formed contemporaneously during the evolution and emplacement of mafic—ultramafic

magma, and the vanadium from the upper mantle enriched in the V-bearing titanomagnetite by crystal fractionation. The sedimentary
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vanadium deposits mainly concentrate in the Low Cambrian black rock series, in which vanadium is derived from seawater and wall

rock and is enriched in organic matter by absorption or silicate minerals by isomorphism due to reducing of the redox potential. A

number of scientific problems concerning mineralization processes of vanadium deposits such as the sources of vanadium, their

migration process, and the state and enrichment condition need to be solved in the future. It is suggested that the study of the

chemical behavior of V, the physical, chemical and biological conditions of wall rock, and the geodynamic settings of magma are

crucial to understand the metallogenic mechanism of vanadium deposits.

Key words: vanadium deposit; deposit type; material source; occurring state; enrichment mechanism
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PSStk gt ke T, RECH
LB Ry K fik 4 )& (Kelley et al., 2017"; EC, 2018%;
Ettler et al., 2020; Bai et al., 2021), REAGMLF K
Y A, AL S M ek . & DL
Ak T AN FH T 12 (Kelley et al., 2017), /2 i
2R PRI B 4 A T Ak T AR R0 1) 2 22
B RS, 2018) o BB, SAFERERE )T L B A
FEER N, G TG PR i RV R 5
BT TE R E AR M WORANE . P S &
B BB 43 [ 28 (Moskalyk and Alfantazi, 2003; Kelley
etal, 2017"; USGS, 2021%) . o, frs | k% 7.
WK RS RN e IR A b DX 2 BRI BT U A
99.3%([&l 1a), T FE1E N PUTT U4 2 A1 oK,
oyt BB E T 61.6% L = (] 1b) . HE
USGS(2021) “Geit, S eRuE A FEKRE LD B 11 4
T 25 89% BB, Horb 71% B9PUME BBk Tl iy
R at o e 18% BB E 4 I A SRR 3 .
HA 11% A A 32 2050 2ok B | il S SR 4
HARIE 1e) .

FE] AR OC T BT IR 8 JB PR IR, e PR 2 8
BRI . PLITRAARAS | T B A 451155
5 T 2 U — 2 R (4 Sergeeva et al., 2011; Xing
et al., 2012; She et al., 2015; Shi et al., 2019; Rosa et
al., 2020; Tang et al., 2021), {HBF ¢ 2 B B A G
BB IR, A LR T A2 BRPUGE IS A FRAE
ANRIZEAVH PRUDFRAAE . B iR L ™ ook
U5 WA XA s A R A5y THD () F 5 i e, %t
FELERREHEAT 15307, L RIS B FE B¢
PRR™ 2 BB HERL 2 AR

1 A RERE

BT R FE W R 3228 4 2Ry o R B R AR AL K
% (Kelley et al., 2017") . Hirp, Fr3g RIALH PR 32 %

TR E AL IR (RILER R 2R IR ) (Kelley
etal., 2017"; Wang et al., 2020; Tang et al., 2021), 3
SOy AR AE R S RO A I R e R A T K
Mo (E 2) . HAT, PUERREERD 0 R i AR 1
98% M 4L, I [ i & h 63% MY LK HiZ K w IR
(EC, 2018%; Bai et al., 2021) . HUEk AR 514 3=
BT L WA DL SR s SRR o
BERUA I A T, Ko e 5 sk KB 2k
BEER TR K A8 I 30 % U1 AH G (8] 25 Ganino
et al., 2013; Kelley et al., 2017"; Cao et al., 2019) .
5 4, F [ 28 P R R M X SR RE B TR h L s
X5 R KA % R A R AL 5 U AH 5G (Li et
al., 2012; Ganino et al., 2013; Liu et al., 2014; Bai et
al., 2021; ¥ ML, 2020); B[ EE I8 FUIR SEHLIE PH S LA
KARES e DUMR AL PR BB BE R ™ 17 K = A7 T
WA R e SR R B T Bk i A P (Devaraju
et al., 2014; Gongalsky et al., 2016), ItAb, 76K
A, FAE. mESEU . JLSEPA HBLLARH A
WA il 5 10 5 % R V-Ti-Fe B PR (8] 2), R W 7E &}
KA RO R i) DU s S — e MR . %k
WIRE A P — . EZ RSP, v,0, F
a5 BRI, Tl HAE 0.2%~0.5% (% 1), {3 R A
SRR R R TR KU AR B VAR OC, 15
KA AEFE 5 K (Moskalyk and Alfantazi, 2003; Kelley
etal, 20177) . v, § 3 B 4E R AL A Rt B
H S I AR T, 26 R i R S R A T IR R AR
(Pécher et al., 2013; Charlier et al., 2015; Cao et al.,
2019) ., KRR KH Fe, Ti F1 V %4 J@ WU, P4k
&R R A 5 26— /Y Ni, Co. Cu Fl PGE 5§
oA W = N S s A 2 1 = 2 NI S T T -
(Gongalsky et al., 2016; Maier, 2015) .
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Fig. 1 Summary of the vanadium distribution and production (after USGS, 2021©)
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Fig. 2 Distribution of major vanadium deposits in the world

(B KI5 : Wanty and Goldhaber, 1992; KK PHZZHH, 20105 [R@E#i45, 2011; Zhou et al., 2013; Sracek et al., 2014; Zhang et
al., 2014; Zhang et al., 2015; Villanova-de-Benavent et al., 2017; Kelley et al., 2017; Parks et al., 2017; F Il 5§, 2017; Yi et

al.,2017; & FF 25, 2018; & CHFZE, 2019; R4 XA F 12K, 2019; KL FHZE, 2020; ©4sE#E, 2020;
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r, R AR BT LA A A R AT AL R, %2
W IR B & 45 B o 5, V,05 & i 2 8E P e
0.8%~1.0%(% 1), P& % FZL5HEE YT
WA A G, SHEB S E RIS R AK
(5454, 2019; Bian et al., 2021) . B A FUVHLE R
/b, b E B AR PR R T, Q05 ALY
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JE £ B A
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{ii(Evans and Garrels, 1958; Wanty and Goldhaber,
1992) . BEAHFRAPH UL B & FUR AR U
e fEICE DL R AR B AR, SRR Z A 1
PO A2 55, 2015; B 8% £, 2020; Bian et al.,
2021), 7E3& E47 T M R AR | AR AR LA K Z e
BTz A (8] 2) o S5ba BT RAH L, 2B
tn RBP4z e K. TERELFIE
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Table 1 Major vanadium deposit and general geological feature in the world
75 EA S & = S| BAY V.0 B0/% VL0 & /il

1 Campo Alegre V-Ti-Fe JIE-N REKE R — 0.32 326 457
2 Lac Dore V-Ti-Fe JIIE=yN B A AR — — it

3 Hawkwood V-Ti-Fe N B A =R — — et

4 Canton Arnaud V-Ti-Fe N B A R — — LRkt

5 Tete V-Ti-Fe SN MEE =R — — oAy

6 Gabanintha V-Ti-Fe JIE DN R s HHEA — 0.22 674 960
7 Kunene Fe-Ti-V TR L B A R — <0.20 —

8 Unaly Hill V-Ti-Fe WARRT BEg-HgEg s A — 0.64 2918400
9 Mustavaara V-Ti-Fe WMARF W BEE-BEBESRE ARH — 1.73 8053 800
10  Magazin-Musyur V-Ti-Fe L KFIF  BEg-HHEY S SHEE — 0.3 14 136 000
11 Victory Bore V-Ti-Fe i PRk -EBE S ARA — 0.75 731325
12 Lumikangas V-Ti-Fe =X BBR-BESNE HEM — 0.43 426 130
13 Bushveld V-Ti-Fe gk BEE-HEEEmE SRR — — K
14 Tete-Ruoni V-Ti-Fe mEK BR-EEEEE HEM — 0.31 2868 740
15 Gremyakha V-Ti-Fe WRFI BB S HEM — 0.42 362 040
16 Gremyakha V-Ti-Fe WKFI BESR-BESE SRR — 0.44 664 400
17 La Blache V-Ti-Fe WKFIW B -EEREkE HRA — 0.09 92293
18 LacTio V-Ti-Fe WMARF T BEE-BEBESRE ARH — 0.7 880 600
19 Lac Dissimieu V-Ti-Fe ~ M KFIW SR BELIE HEA — 0.52 1123200
20 Everett V-Ti-Fe WKFIW B -EEREkE HRA — 0.48 1169332
21 Lac Paul V-Ti-Fe WMARF W BEE-BEBESRE ARH — 0.29 958 740
22 Rhovan V-Ti-Fe 52 B -BEgERmE HHA — 0.36 346290
23 Routivare V-Ti-Fe %= BB BRE — — it
24 Canegrass V-Ti-Fe Mebrt  BEE-WEEEE AR — 0.21 949 500
25 Akkavare V-Ti-Fe g2 BR-BEE HRA — 0.17 931 600
26 Windimurra V-Ti-Fe TR BR-EEEERE HRH — 0.39 364 260
27 Pipestone V-Ti-Fe R BBR-BEBNE SR — 0.11 124 300
28 Lauvneset V-Ti-Fe E1119: B -BEgERmE HHA — 0.08 244 140
29 Younanmi V-Ti-Fe E954 B HBES e ¥ — — it
30 Skaergaard V-Ti-Fe mB W BB-BEERRE HRA — — Ay
31 Balla Balla V-Ti-Fe mP i BEY-EERRE AT — — KA
32 Eulogie V-Ti-Fe P BRE-EBERRE AR — 0.54 643 200
33 Pudozhgorskoe V-Ti-Fe MP W BE-EEYmE AR — 0.77 3968256
34 Isortoq Gardar V-Ti-Fe mB W BRH-EBEER s BRA — 0.54 5057100
35 Magnitnyi V-Ti-Fe mMaAE BB MBEE S AR A — 0.88 707 960
36 Bushveld - V-Ti-Fe El BERL-HBERE AR — 0.5 645 500
37 Speewah V-Ti-Fe EES BH-EERE ARA — 0.2 1878 000
38 Tellnes V-Ti-Fe T 4 BRI B UE BRA — 0.36 499 800
39 Magpie V-Ti-Fe ¥ L Bu-BeESR s HRA — — Ay
40 Longnose V-Ti-Fe % B-EERE ARA — — Ay
41 Iron Mountain V-Ti-Fe % BRI B UE BRA — 0.17 228310
42 7 & Fe-Ti-V o Bg-BeESRE HHXEAE 275Ma 0.8 —
43 BL 75 B35 Fe-Ti-V W e BH-EER s AXA 283Ma 0.2 —
44 H 5 Fe-Ti-V (] BEE-EBER I E AXA 261Ma 0.21 2835000
45 21 1% Fe-Ti-V LRI BH-EESREE AXA 259Ma 0.24 15120 000
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&R
Continued table 1

75 EA S fr & = HM A AR V050t B0 /% V0% /il
46 K HlFe-Ti-V g 1 BEEL-E B E AR 262 Ma 0.27 4887000
47 B R AEFe-Ti-V Il B -BBEY R AR 263 Ma 0.3 6300 000
48 Berg Aukas V 49K B e oy YUAR Y — 0.6 —

49 Plateau V % e PURA Y — — —

50 AR TE V tiigla BEOER PUARAY R 0.91 —
51 =N oY bigld HEOHER prAa R 0.8 —
52 & H-ZAINi-Mo-V Wik BEER PUARAY RLIg 0.99~1.50 —

53 RV # Ak BEOER DU Rt 0.83~0.88 —
54 FHZ IV A HEOHER PURAR RLIE R 0.70~0.89 —

55 #ropdbv Hol HBEAER PUARAY RLIg it 0.79~0.88 —

56 HmILEV ik BEOER DU Rt 0.64~1.03 —
57 LY RAY (5] HEOHER PUAR A FR4 0.91 500 000
58 J# Z R V-Mo Bk 75 HBEAER PUAR B mH4 0.56~0.83 —
59 KtV SE-an EEAR PIARA R it 0.73~1.60 6 800
60 RV i HEOER ?mﬂiié RHa 0.99 —
61 MR EV-Ag 4k EEAR VI oo AR 1.50

B LA B L V,0

SFYIEE, WIKREAZ A R,
N R — RO LU B ; UK H: Wanty and Goldhaber, 1992; Rk BH %2 B ,

LVErEEq:i/]VZO5uu{LElﬂ%'ﬁrﬁiq:i’]uu4i{lllfﬁﬁ
20105 Mm%, 2011; Zhou

et al., 2013; Sracek et al., 2014; Zhang et al., 2014; Zhang et al., 2015; Villanova-de-Benavent et al., 2017; Kelley et al., 2017@;

Parks etal., 2017%; W%, 2017; Yietal, 2017; 4 F3 %%,
s,02020; X, 2020, WEESE, 2021.

RARBES RXBE YA RRGE, i7EvT 4 B
Kl ZEFR AN EP IR AR LT 1209,
2019; JAFe 4245, 2019; X #E 5%, 2020) ., Hii, FKE
A RTPIRIAR V.0 8 1.18 /2, Bk 7L

BT R b LB IR 6.7 4%, B Al K
V,0, B (Eai S, 2017) . JEH, BaA R W

V505 19 A7 (0.3%~1.3%) W] . K T SRR Bk
(9 V,05 B AR (29 0.2%) (ERK S, 2009) o KT,
TR aA R SR E A YL A2 L
Pyrb, SR 433 AR BOR: H HT AR A D i AR MERE,
FURTY 10% BB FIZ R R (L 5%, 2017; R
FHAE, 2018) 0 BREUSD, W PR O E R hida] w4 —
FE R B A R BEUR, HORTE & B M [ 2k —
# & 5 (Bowell and Davies, 2017; Bosi et al., 2020;
Bian et al., 2021) .

2 YLEH BT

EARRLT PRI OV FH 55 4 B o A I
AR B R K 4R A7 TR I % 4R (She et al., 2015;
Kelley et al., 2017"; Shi et al., 2019; Bai et al., 2021) .
R, B B RO T A S AR A ], (R

2018;

1ZCMESE, 2019; ERIR LA 129K, 2019; KL

PR AR Ry o3 B, % sk DU R LT
MR e RPLERREZR DT IR IE T 1858 Ma e fh, 5
HH A KK A RHK A llUE 5 i — 3
(Gongalsky et al., 2016); E[J & 1k LR 58 138 P4 HB 4L
BREGERAT I BT 0 oKl AUk B R gk B
i 31 18] (Devaraju et al., 2014); 45 7 2 N 41
BRI B A 1470~1 302 Ma, 5 HFlA
ﬂfﬁ%@ﬁ@iﬁ"‘*ﬁ(Benavent etal, 2017); F& [

ZEVG DL NOR s LR G 0 R AT AF % 43 0l 5 1S L
R b FT FE 111 R KA 8 T SRR — 2, S b AE
&% (Zhang et al., 2014; Cao et al., 2019; Bai et al.,
2021),

TURBVI IR AR BF e b, k= B
AEIREE, (HEI N —E RN L EECR Do 18
eI BT B R B, 246K o3 rh A7 AE T 9
RGBOE R, RPN EZEPERIER
e, dnis At E AR b H X P B AR TR T SRR G
B A R B (R S %245, 2019; 88 8% 28, 2020)
WG L E A 32 2 A T JE G T B AL AL
B a2 AL UE  ORFPHEE, 2018) DU HBIX B &
BERARTE PRERGEAR B H RO (50) 5 F i (R &



2023 4F(1)

PUB PRITFEHE e 5 i B2 53

B1%,2010), BRI X A E R FEAE TERS
TK V) 1A R R I D P05 114 B A0 25 R v (o
A, 2011) . NS RIS R E A T 9€
KRB FACE A T (BRETW 4, 2020) . ARSHEE
(2018) %5 H i1 T2 R 20 A 100 s B R AR A W h
it fili A8 3, LA e AR BT T R JE R 4 T HE
BRA= AT AL 5%, 52 AR AR T RN 2,
B ZAE KR A DU S TR
52, EA I XY A Sl 7% H a0
IR R e AR E SA VLB R, &4 —
SERUBTEL, W PG F R X IR A R
EEERALBEE R (Zhang et al., 2015), N
TR IR DL LBV JE HZMF V-Mo §" £ 25
TR BB A (KL AE, 2020), 2 1
W5 482 WA FE D 2 4 B T IRIRAE T 1 740~
1 640 Ma & ik iz £ — 2= B LT A% 1 (Borozdin
et al., 2014), WAL R V-Ag B FRIE BT iy
RREBAEZR T, K, GO e E] LR
FER M b X3, [RIR e A B R HLA A
A BT S i — o AR L

3 IERER

ENEESSNEOE R 7 R RN w i w2 N T e o
BAAAE LT LR AL 20 W B 2R R 4 L AL
R fCA AR R il 57 5 9 (Zhang et al., 2015;
Ettler et al., 2020) .

E AN A R R PUERREART R R A, Tk =28
VALK RE R AT PR AN 40 K LS DA B 7 37 A1V L
o BRI R AT . T XK ISR IR ST R,
BBk 3 B SR TE S PLBRRE T (Ettler et al,
2020; Bai et al., 2021) . Hor, V1 Ti 4 0] Bl il
T RSB Fe’ & AR RE ST v GROI
,2017) 0 M TR o K R A B Ak
WERR A BT, B AT A2 o [ G i 2 A 08 L%
BUEKRE D 75 Z i — 15T

DURR LB PR v A1 8 2 DR oS 2 5 [R) 42 T2
KATETRRET Y. BT W MAEVLE . W)
R 2 B PLLL VIR VR 28 9 85 1 1 B 7 2%
AT 49y 3% T Bl At 3 A R R I ) SR AT S AR 3
Ry, J& TIRAY . BIAFENEILR. K
=B SIS AR LY BT AR AR R Y
ALY RS B ALY DA BGR A BRBR R . M3k
KA BT, B1LLL 4 8 45 A W E A7 7 (Zhang et

al., 2015; 3& kS, 2018; R PHAE, 2018; 3 SUMESE,
2019; J& E 4 4F, 2020). Peacock and Sherman
(2014) Y™ & X SR MO vk (EXAFS) 43
R 2R, &I EZELL VO,(OH), F1 VO,(OH)
(1) 1% 29k W B 7E 41 8k B 2R 1, JE L Fe,0,VO(OH)
1 Fe,0,VO(OH), . F H., - 8ku™ F %k -0 ¥ 7E Wk
BRHBILISE, 25 AN [ X R A R4 5 70 2 4008 (Wu
etal, 2015) . KJEFI% EZH VA G RERRE:
1) i 45 A0 D R B A7 ) e AR D T AR < B )2
FZSYR LA AR /AR “PARGZ " [ AR Fe™,
n VPRl i RS APTE S AE R A7 (Zhang et
al., 2015; & Btk 55, 2018) . MK Vil id 2 [A]
I AR EL ™Y b AL, Fe 55 & 1-I5F, "] JE
WIS T Y —H b, PR R EETRON
A (A % 53%) (E SR, 2017) . BLAk, DLAEUAS
PLA R A7 (B ) 2D B (<5%) Hof Bl 2.5 4,
N Sergeeva et al.(2011) FEWFFE 25 = (I 4E FE RS PLH
B 7E B R Bk T R B Ui A . =
A BLRERR T LA BRI, A R i SE B0 7 40
Yy EZR A AR RO R IR 8, [ PR TR
RUHE A A PR, B8R A . PLERIR A L B8
e, AR ELAR B A AL I ST ) (N A, 20175
ek A5, 2018; AR SHAE, 2018; Bk LA 12714,
2019; FKLT M5, 2020) o

4 HPLEH HLHI

AT IR AL © 28017 7 KT
58, Hh Y ORI YY) BUs 78 SO & R R
EIR IR RS IR LAY B A Sk R Bk
J5 ok =B B 2A R AL 2 VDA O (Villanova-de-Benavent
et al., 2017; Cao et al., 2019; Bai et al., 2021), #F5%
MW, KM Bk Bk e 0 i 5 i
FEA G, b Ay AR A S (it 58 2 iy It
FREI LSS, [FIBFASHERR H7e TR G 2 5 5 9
{k.(Zhou et al., 2013; Liu et al., 2014; Villanova-de-
Benavent et al., 2017; Rosa et al., 2020; Tang et al.,
2021) o AP R B B AR R S A UG
PR i B K B VI AR OC, FEEAEAE LLT JLFR O 2
(D) & PURBE R T 208 BT 1™ 530, 78 & A
K A KRB RE A H 4 T S (Luan et al,
2014; Wang et al., 2020); (2)7E & 3 A6 70 5 i 72
S ERRE R IR ER 0y ) i X BB
2k 5y #r H (Pang et al., 2008a, b; Shellnutt et al.,2011;
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Song et al., 2013); (3) & PUBRBLERA™ A 5 Ak R £ U
AR FECHL R R, fERRELT W 4s fh b
i BRI A Fe-Ti-V IERAR A I, Kk & PLEKHE
R 45 AT B IR UL UE & 52 (Zhou et al.,2005; Liu et
al., 2014; Liu et al., 2016; Wang et al., 2018; Bai et al.,
2021) o EARME—d 2 by 3= SR AT R 6T AL IR
BEFTTEAN SR, i — 225 G e A MRk 2 S s
LAEF A

DURBLPLA ) Bk I ) @ 52 40, I HWLAS
AN, FEALFE LT AT RER I WK | TR A
TR 29 U 7K v B BIL A B Bl Y e S8 A A D DUAR Y
14 (U0 Evans et al., 1958; Breit et al., 1991; Peacock
et al., 2004; KK PH AL B 4%, 2010; i 5 52 5%, 2021),
SR, Z2 80T 98 2 i ORI G L AR L LA e
JE YR LL KA E WAL 3R S, P &5 [B] H 4 I 1%,
Bt = BRSSP IR ) B A A8 2o A
T AN 2 +5 . +4 F1+3 . SCE
LW, TEE AL KA T 24540, L H VO,
H,VO,". VO, B :UAF1E . B %R B R AR, Vv
PRI VY, LI VOT R VO(OH) %5 I A7 AE . 1M
FE IR JE IR B ViR — B R JE R VT, BL VT
VOH "l V(OH)* % J& 2U477E (& 3; Breit and Wanty,

1.0 vor T=
ja )
- e i
€ ! S| vos(ony*
1%0.5 - 3
]
) vo* VOs0H>
E
g . V3 (VO)2(OH)s"
VOH?*
ViO0s
V203
-0.5F
0 2 4 8 10 12

6
pH (&% )

3 V-O-HAFZEHPPFERRAREMFERLE (c (V) =
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