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Abstract: Vanadium (V) is a strategic critical metal. Its mineralization research has attracted much attention. The Qingshan
lead-zinc deposit in Guizhou Province is located in the Weining-Shuicheng Pb-Zn-Ag metallogenic belt within the Sichuan-
Yunnan-Guizhou metallogenic domain. There are the Qingshan and Hengtang ore districts in the deposit which is a
medium-sized lead-zinc deposit. Previous preliminary studies showed that V is abnormally enriched in the ore of the

oxidized ore zone in the Hengtang oreblock, but its occurrence state is unknown yet. In order to find out the occurrence
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state of V in lead-zinc oxide ores, altered dolomite and diabase, inductively coupled plasma mass spectrometry (ICP-MS),
powder X-ray diffraction (XRD), and scanning electron microscopy (SEM) were used to systematically analyze their
mineral assemblages and chemical compositions. The results show that V contents of the oxidized lead-zinc ore, altered
dolomite, and altered diabase range from 11.9x107 to 5 963x10°, 168x107° and from 448x107° to 701x10°°, respectively,
with respective enrichment coefficients of 20, 1.2 and 4.1 relative to average V content of the bulk crust. The V occurred as
independent mineral of descloizite ([PbZn(VO,)(OH)]) in the lead-zinc oxide ore and altered dolomite. Descloizite contains
relatively high As content due to the subsititution of V by As in form of isomorphism. No independent V mineral was found
in altered diabase. V could mainly occur in the form of isomorphic substitution of Ti in anatase or rutile (TiO,) in altered
diabase. In addition, the good correlations between V and Cu, Ni, Mo, Bi in ores indicate that these elements could be co-
precipitated simultaneously to have formed the ore, with similar enrichment regularities. The distribution patterns of rare
earth elements and trace elements of ores are respectively similar to those of the altered dolomite, indicating that they had
been experienced similar hydrothermal process. Whether V was mainly sourced from the metasomatic leaching of dolomite
or the magmatic-hydrothermal fluid related to diabase needs to be further studied. This study shows that V occurred in
forms of independent mineral and isomorphism in oxidized ore / altered dolomite and diabase in the Qingshan deposit. It is
of certain indicative significance for the comprehensive utilization of V in lead-zinc ores.
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Fig. 1. Regional geological map of the northwestern Guizhou (Modified from the literature[28])
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Fig. 2. Simplified geological map of the Qingshan lead-zinc deposit (Modified from the literature [30])
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Fig. 3. Hand specimens of oxidized ores and wallrocks collected from the Qingshan lead-zinc deposit
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Fig. 4. Mineral assemblages of lead-zinc oxide ores, altered dolostone and diabase in the Qingshan lead-zinc deposit
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Table 1. Trace element compositions of different types of samples from the Qingshan lead-zinc deposit (x107)

FE i Li Be P Sc Ti \' Cr Mn Co Ni Cu Ga Ge As Rb Sr Zr
QS2101 - 0.04 153 0.4 349 18 5.4 23 2.8 41 2.3 0.1 0.21 31 022 213 6.8
QS2102 - 0.08 153 0.39 390 12 6.3 115 2.5 36 35 0.19 0.56 9 0.19 108 2.8

QS2103 0.15 0.24 186 0.54 157 5963 11 251 2.5 74 344 0.8 2 1509 0.22 62 3.7
QS2105 0.07  0.25 243 1.7 365 541 14 161 3.5 47 38 1.5 2.1 131 0.18 95 5.1
QS2109 0.37  0.69 221 0.82 334 1611 34 51 3.1 50 79 3.3 43 660 031 239 22
QS2110 - 0.04 166 0.61 149 4745 65 36 2.8 76 192 022 027 1534 0.1 177 19
QS2111 0.06  0.18 171 0.43 94 3361 12 37 29 55 170 05 076 1122 22 237 79

QS2112 - 1.5 232 0.48 153 5455 36 90 3.1 85 344 10 22 1704 025 186 11
QS2104 33 22 289% 24 36346 701 68 1498 33 58 448 35 16 11 16 130 43
QS2107 44 21 2206 32 31290 557 57 2523 29 52 435 31 20 33 23 161 47
QS2108 61 1.4 1005 23 18767 448 282 1130 38 100 227 26 22 2.9 13 19 68

QS2106 0.18 0.1 157 0.52 136 168 11 59 3.6 42 10 024 0.41 44 0.14 112 43
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FEih Nb Mo Ag Cd In Sn Sb Cs Ba Hf Ta w Tl Bi Th 8]
QS2101 1.6 0.47 0.01 23 0 0.59 0.4 0.01 2.7 0.04 0.14 0.15 0.01 0.02 0.06 0.05
QS2102 1.1 0.56 0.01 2.2 0.01 1.1 23 0.01 3 0.03 0.11 0.42 0.03 0.01 0.06  0.18
QS2103 7.6 13 0.02 19 0.01 0.74 27 0.02 31 0.08 0.08 0.81 0.06 0.06 0.1 1
QS2105 8.9 2.6 0.02 19 0.04 8.4 45 0.02 5.5 0.23 0.15 0.58 0.08 0.02 042 043
QS2109 6.7 10 0.01 29 0.04 1.7 100 0.1 3.6 0.12 0.11 0.69 0.04 0.03 0.13 1.2
QS2110 5.5 21 0.01 40 0.01 0.47 1.7 0.01 24 0.05 0.05 0.21 0.54 0.05 0.03 0.13
QS2111 53 16 0.01 33 0.01 1 15 0.2 2 0.04 0.07 0.24 0.06 0.05 0.08  0.29
QS2112 7 28 0.01 29 0.04 1.3 460 0.02 2.1 0.04 0.03 2 0.05 0.06 0.04 12
QS2104 590 2.3 0.09 0.4 0.16 33 0.43 1.8 254 12 4.3 0.6 0.09 0.03 9 2.4
QS2107 526 2.1 0.06 0.3 0.13 3 1.2 2.8 377 11 3.9 0.49 0.11 0.02 8.1 2.1
QS2108 198 1.3 0.03 0.4 0.1 1.9 0.31 13 429 5.4 1.6 0.39 0.13 0.01 2.9 0.74
QS2106 2.2 1.2 0.02 3.6 0.01 1.1 4 0.02 39 0.06 0.21 0.58 0.01 0.01 0.05 031
H: w7 REMTBM TR FRRS “QS2101” FQSIVET WHEN K, 210K 202 145 RER S, OUCERFEFE. QS2101%
QS2103. QS2105. QS2109%QS21 12 HFAMMEET A QS2104. QS2107H1QS2108 AMAEMELES . QS2106 B A= H . ZEFIF

B2 5 3 5 BEAAR R .
Bl5 F IR IRAS [F) SRR S (R i o s M ] P2 3 58 Al 48 SR (38D
Fig. 5. Trace element spider diagrams for different types of samples from the Qingshan lead-zinc deposit
(bulk crust data are from [38])
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198x10°~590x10° (HJ{E438%x10°°) . 0.30x10°~0.40x10° (HJ140.37x10°). 0.31x10°~1.2x10°
($5150.66x10°%); AR [ 25 K P AR PR B MG R NV, As. Mo, CAFISbILE, B
REN N 1.2 18, 1.5, 44, 20, HRIFMN T, SEMEET AMHEL (B5, 517 A%
BILEYEER IR I KA FE S P At B R B, &R & (Cu. Cr. Co. As. Sb. Mo. Ba. Cd) %
KW)E, VAR WA HEH.
3.1.2 # T FEMRAFIE

LB IR AR R ARLRE A Lo R g IR (R2) Bor, EMEEN 1 (ZREEHH N8.6x
10°°, n=8) MhA =% (SREEANT.1x10°, n=1) FEMHIH M B, MMAHES S (SREE
H N288x10°°, n=3) W LA ER . FMHEET AFMMLREE. HREE. LREE/HREELL X Lay/
Y b AR ALY 43 5 1.9~13%x107°, 0.73~6.0x10°, 1.8~7.4, 3.2~8.4; M3 =5 MLREE.
HREE. LREE/HREEPL 2 Lay/YbyZ 5 45.9%x107°°, 1.1x10°°, 4.9, 10; A4 A FLREE.
HREE. LREE/HREE LK Lay/Yby 24010 43 5 9 188x10°~327x107°, 33x10°~39x10°, 4.8~

x2 BULHHET AFEEBEERBELTERE (x10°)

Table 2. Contents of rare earth elements in different types of samples from the Qingshan lead-zinc deposit (x107)

FE il La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er
QS2101 0.92 0.33 0.16 0.67 0.15 0.04 0.24 0.04 0.31 0.08 0.25
QS2102 0.71 0.48 0.12 0.49 0.1 0.03 0.14 0.02 0.18 0.05 0.15
Q82103 0.96 1.1 0.28 1.3 0.33 0.09 0.44 0.07 0.53 0.11 0.32
Q82105 1.5 1.1 0.3 1.3 0.29 0.07 0.33 0.06 0.39 0.09 0.28
Q82109 5.1 1.8 0.95 42 0.92 0.24 1.3 0.21 15 0.35 1.1
QS2110 4 0.76 0.81 3.8 0.99 0.26 1.4 0.24 1.7 0.39 1.1
Qs2111 14 0.92 0.26 12 0.28 0.07 0.4 0.07 0.49 0.12 0.35
QS2112 2.7 0.63 0.49 2.1 0.51 0.13 0.67 0.11 0.76 0.18 0.51
QS2104 48 112 13 54 12 3.7 11 1.6 9 1.7 4.6
Qs2107 76 146 17 71 14 3.7 12 1.7 9 1.6 45
Q82108 47 53 13 57 14 3.9 14 2 11 2 5.1
Q82106 2.7 1.4 0.3 12 0.23 0.07 0.31 0.05 0.32 0.07 0.22

FE b Tm Yb Lu Y SREE LREE HREE  L/HREE Lay/Yby OEu JCe
QS2101 0.03 0.2 0.03 6.8 35 2.3 12 1.9 32 0.67 0.21
QS2102 0.02 0.14 0.02 2.8 2.7 1.9 0.73 2.6 3.5 0.68 0.4
QS2103 0.04 0.21 0.03 3.7 5.8 4 1.8 2.3 3.3 0.73 0.52
Q82105 0.04 0.24 0.04 5.1 6 4.6 1.5 3.1 45 0.72 0.4
Q82109 0.14 0.87 0.13 22 19 13 5.5 24 42 0.68 0.2
QS2110 0.14 0.81 0.12 19 17 11 6 1.8 3.5 0.66 0.1
Qs2111 0.05 0.27 0.04 7.9 5.9 4.1 1.8 2.3 3.7 0.65 0.38
QS2112 0.07 0.4 0.06 11 9.4 6.6 2.8 24 5 0.68 0.13
QS2104 0.61 4 0.57 43 275 242 33 7.4 8.5 0.99 1.1
QS2107 0.58 3.7 0.53 47 361 327 34 10 15 0.87 0.99
Q82108 0.6 3.6 0.5 68 227 188 39 4.8 9.3 0.83 0.54
QS2106 0.03 0.18 0.03 4.3 7.1 5.9 12 49 10 0.8 0.38

H: QSNHF I R4S, 2101-211218FK 214 R A R %5 . QS2101%QS2103. QS2105. QS2109FE QS2112 A M HEE ™
Fi: QS2104. QS2107H1QS2108 A A NESE A QS2106 N MA A =i . IR FEMGS & X 5 F .



358 VI /= S 2024 4
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Fig. 6. Chondrite-normalized REE patterns for different types of samples from the Qingshan lead-zinc deposit(chondrite values

are from [39], sulfide ore and distal limestone data are from [32])

3.2 ST A MTBETEMERE T MERFHE

XRD a5 RE W, fEEABET AT, SAHNTWEENRNTEA (15.4%~99.2%). Hah
(1.8%~83.2%) FUHEN" (0.8%~1.6%) LA/ EATEFIEL (0.9%), HAVIHSLT Y)-H
HyBew 2 HII/EQS2103. QS2110. QS2111LL & QS2112H, 57H4MQS2101. QS2102. QS2105.
QS2109 AR H AR Ay A H AR & L P . TSR SR MR 2, FEFHKA
(35.0%~84.1%) . R A (15.9%~48.6%) BN (5%~5.3%). WAk (2.6%). mEI&H
(45%). AT (3.8%~11.1%), HREFLEFRA. ZWA%E, KENESHT Y. e s
HEERTRA. Oof. ZhA. BatSyman, REHEHTYw (R3).

33 ST A MEBTEFERET MERUR KM 7

FeNAAHEEY A M BEAT TSEM A AT, BSEERIMG R, ST 12 3Pk & K
(100~800 pm), JoEBtAHHR /34T (5~100 pum), TR L ARFNEIR, 43 4F b o 9 B 8 28 A0k
SR, WA AEAEE (B4, 7. 8). BEEOHER, PUET EEHE (Pb) . £
(Zn). A (0O, L (V) Al (As) k. KiEPEaESER, PAET At &Pb. Zn. O,



H34

FKEE, & SUNT AR IR LIRS T AL 359

*3 BUSES R E A AT LER

Table 3. Mineral compositions of different types of samples from the Qingshan lead-zinc deposit

Bt ' B P B T )

QSs2101 FAER JiffA . A

QS2102 AR A FRA (472%) A=f (52.8%)

QS2103 FAE R JifRA (15.4%) A=A (83.2%) . HUEYER™ (1.4%)

QS2105 AU A FfRA (982). Hufa (1.8%)

QS2109 AU A A

QS2110 AT A JifRA (99.2%) . BT (0.8%)

Qs2111 AT A TifRA (98.7%) HUHVE (1.3%)

Qs2112 AACEEED A JiffA (91.3%) . PUREEN" (1.6%) A=A (6.2%). 1A (0.9%)

QS2104 ARG BIKA (84.1%) BUEKH™ (5.0%). B (2.6%). mItH (4.5%). A% (3.8%)
QS2107 TRASRE SR RHERIEA (15.9%) WA (79.5%) BEBE™ (2.6%) . AJE (1.0%). B8 FPFIA. EHA
QS2108 o FEFRA (48.6%) mﬁﬁ<ﬁm@\5§a£;mxﬁﬁﬁwswa EHEA. FA.
Q52106 SFaEs) TfRA. Ak SElia. BB
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K7 AACEYEER A T LB T O BRI

Fig. 7. BSE images and energy spectra of descloizite grains in the lead-zinc oxide ores
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Fig. 8. BSE images of descloizite grains and associated minerals in the lead-zinc oxide ores
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R4 SR ASHTATETIBEN MEEELEERE (%)

Table 4. The EDS semi-quantitative data of descloizite grains in lead-zinc oxide ore and altered dolomite (%)

FE G Pb Zn 0 \% As Fe Si Ca V+As
QS2101/2/1 53 20 9.4 13 52 - - - 18
QS2103/1/1 52 20 7.9 15 57 - - - 20
QS2103/1/2 50 21 10 14 53 - - - 19
QS2103/2/1 49 19 11 12 74 - - 1.4 19
QS2103/2/2 61 14 7.0 14 4.6 - - - 18
QS2103/3/1 49 20 12 14 35 1.7 - - 18
QS2103/3/2 52 20 1 16 1.5 - - - 17
QS2105/1/3 51 22 9.7 15 3.2 - - - 18
QS2105/2/1 52 21 9.2 17 1.1 - - - 18
QS2105/2/2 51 19 10 17 - 3.1 0.46 - 17
QS2109/2/1 51 19 11 17 - 2.9 - - 17
QS2109/2/2 51 20 9.0 11 8.2 - - - 19
QS2109/3/2 51 21 95 12 59 - - - 18
QS2110/1/1 49 21 10 13 6.3 - - - 19
QS2110/3/1 52 18 10 16 1.7 1.4 - - 18
QS2110/3/2 49 21 1 13 6.1 - - - 19
QS2110/3/3 49 20 11 14 5.0 - - 1.6 19
QS2111/1/1 51 17 1 15 32 2.7 - - 18
QS2111/1/2 52 16 14 16 25 - - - 18
QS2111/2/1 50 21 10 13 5.0 - - - 18
QS2111/2/2 48 20 11 12 8.6 - - 1.3 20
QS2111/3/1 50 19 11 12 7.8 1.4 - - 19
QS2111/3/2 50 21 9.7 13 6.8 - - - 19

QS2106 51 20 9.0 16 4.1 - - - 20

E: QSAH IEEN R4S, 2101211 40K 219 KA B L Hgn's, /*/*RRBERE DT X LA K 5, Flan, QS2101/2/118EK 45N
QS2101 HIMOH Fr b 58 5 85— AN X3P RSS2 R 8 — A 1. QS2106 A% (1 2 REd, HE A 9 UL A B 7 B o

ARG A EBEAHRT Y RENK A (NaAlSi;05)« 84k /&4 A (Tio,) . Rk A
[(Mg,Fe)sAl(Si;Al)O,o(OH)]. HEF L W/ ERES A (BaSO,), TEIXLEH P8R LS
S, UIHPE XL Y S B RARECA A (K9,

4 HLRIIRAFIRZS AN R IE R 5
4.1 FHRERT

4.1.1 AR Y GAlRE & E P ANREIRS

XHEAH A BT FE S AT T XRDFAITCP-MS 7 HT LA K Ho 6B i ISEM 43 AT, 7E A AL AR Rl
AR Y B R OOR B T VR, AU B TEIHTSEM A T I 6 N FE SR B A AR, Bk
XRDZ BT A LE VU AN i R BRLER BE0, AT RE & B TAUER B 72 A AMAE R S 2 A E, IR T
Rl R PR, SICP-MSHrHr15 H B DY ANV 2 5 i (PR il A8 T 6 B2, Ul BHARAE R A o UL R
(1% AFAE

AR A TP R B S e = E T SARMER AT [PZn(VO,)(OH)[(Pb=51%
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Fig. 9. BSE images showing minerals of altered diabase
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Fig. 10. Scattered diagram for correlations of chemical compositions of oxide ore and descloizite
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Fig. 11. Binary plots showing the correlations of V with Ni(a), Cu(b), Mo(c), and Bi(d) in oxide ore samples
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