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Abstract: Gallium metal resources are dominant resources in China, but gallium reserves in China are gradually
declining with increasing global demand. This study systematically collected the research and exploration results
pertaining to gallium-rich deposits in China and preliminarily summarized the distribution, metallogenic

mechanisms, and prospecting directions of gallium-rich deposits in China. The results indicated that gallium ore
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in China is mainly associated with bauxite, coal, and lead-zinc mining, with gallium in bauxite being the most
important. According to the different modes of mineralization, gallium-rich deposits of industrial value in China
can be divided into five types of associated deposits, sedimentary bauxite, accumulative bauxite, lateritic bauxite,
coal mine deposits, and Mississippi Valley-type (MVT) lead-zinc deposits. The spatiotemporal distributions of
these different types of gallium deposits were summarized. In terms of time, gallium-rich deposits in China
developed in the Proterozoic, Paleozoic, Mesozoic, and Cenozoic, but mainly in Carboniferous—Triassic,
Jurassic—Cretaceous, and Quaternary. Among these, gallium-rich bauxite mainly formed in the Carboniferous,
Permian, and Quaternary, with the Carboniferous period being the most important. Gallium-rich lead-zinc
deposits mainly formed in the Sinian and Cambrian periods. Gallium-rich coal mines mainly formed in the
Carboniferous and Permian periods. Spatially, the gallium-rich deposits in China are mainly distributed in seven
zones: the Jin—Yu metallogenic zone, Youjiang metallogenic zone, southwest metallogenic zone of the Yangtze
landmass, Sichuan—Yunnan—Guizhou metallogenic zone, western Hunan—West Hubei metallogenic zone, eastern
Hunan—West Jiangxi metallogenic zone, and the northern margin of the North China landmass. The different types
of gallium-rich deposits have different metallogenic mechanisms. Generally, gallium-rich bauxite forms under
weathering and sedimentation. Gallium and aluminum often exist in isomorphic forms. Gallium-rich coal mines
form as a result of biochemical deposition. The gallium often exists in inorganic, organic, and mixed forms. In
China, it is mainly hosted in inorganic form within boehmite, diaspore, and other minerals. Gallium-rich lead-zinc
ore forms from hydrothermal fluids. Gallium in these deposits often substitutes within the lattice of sulfide
minerals, dominantly sphalerite. Based on the mineralization, enrichment processes, and geological backgrounds
of the different gallium deposits, this study established ideal models of gallium-rich deposits and integrated ores
in coal mines, lead-zinc mines, and bauxite and considered the prospects of these deposits. Prospecting directions
and key prospecting areas were proposed. The prospecting of sedimentary and accumulative bauxite should be the
main direction, but other associated gallium deposits such as those of coal mines and lead-zinc mines can be
considered.

Key words: gallium; bauxite; coal mine; lead-zinc mine; mineralization zone; prospecting direction
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Fig. 4 Profile of sedimentary bauxite and gallium content change
(Data sources: TANG et al., 2001; YE et al., 2008; YU, 2012; CHEN et al., 2013; CUI, 2013)
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3 K Ga WIRFRSFRIEEE: Qin et al., 2015)

Table 3 Occurrence type and source of Ga in coal (modified from Qin et al., 2015)

IRAER TS Ga 7 HH/(x107%) Ga Mk 4 Ga kIR W IR 275 3Tk
12~76 A fi R A HERS R BRI A Dai et al., 2006
Tl 5.7~38 K408 A [GR/RIT] BB ) 2= Dai et al., 2012
41.91~66.42 FERRE AR W il W5 A% S8 w2 AR A, 2018

P— 48 — i Y5 S8 AR H 5 H - F A, 2017
33.0~106 Al JlPE A o AR A2 Dai et al., 2010
REEA 7.4~54 DA MAa N A Y fi A ) HERS IR UG IR S R Dai et al., 2008
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Table 4 Typical gallium-associated deposits in China

5 X TR Ga FH/(x10°%) B R U
1 BUHFE R0 IR RAREA 44~130 AN SE, 2001
2 §E QLR MR ARRREH 21.5~75.4 wEE, 2010
EQLRIRIA AR FRAEN 19.9~40.9 T RS, 2012
3 BRI 1 RAEY 75~92 L7, 2002
4 S LEsE =S A RARREYA 14.9~44.9 HEfi, 2013
5 BRI 2 15 e RAEL 67~90 WS, 2002
BV i e RAEL 24.6~86.4 HEME, 2010
7 IPE AR AR R FRAEN 0.22~27.8 i AE, 2011
8 P 7 I PR LT AR FRAEN 9.27~71.03 N, 2011
1L PG R D BH it AR RARY 11.77~59.67 ks, 2011
10 1L S 555 AR FRAEN 18.59~38.59 ks, 2011
11 1L PG BH R Vap & Y e | 17~105.5 B 5, 1991
13 LV 22 TR s | Vap & Y SEX | 36.6~74.7 AT A Se i 8%, 1997
14 L7538 1l FIRRARU 7.18~56.41 ks, 2011
15 17 _F 553k FIRAARU 14.09~33.29 F4#,2017
16 LT AR IR RARA 20.13~47.19 I SCRIXB IBe i, 2014
17 ik P4 A ] EAAUTES 34~40.4 FREEFTAE, 2016
18 HEPE PR ESUTEN 34~48 FREEFTSE, 2016
19 FEVE PR ESUTEN 48,50~54.60 Wei et al., 2013
20 FEVE H PH EAUTEN 11.4~84 RATERSE, 2012
21 WP K H ERAUTEN 17.62~37.19 AT 455, 2009
W PR H EAUEN 45.2~59 Wei et al., 2013
23 W PR EHAUTES 65.74~79.26 XA NI, 2005
24 [ EAUEN 33.63~1314 TAEF, 2013
25 FEVG - EAAUTES 19.03~68.97 7k, 2016
26 AL K AT Vap & NI 12.26~96.57 2 NIAE, 2014
ALK AT Vap & NI 24.21~132.56 2 NIAE, 2014
28 2 i i e AR FR IR A 47~760 B E] SR, 1991
29 L INITE AR B ISR 32.3~50.7 Wen et al., 2021
LGN Vap & PIR: S Gkl 40.6~61.5 Wen et al., 2021
EL NI Vap & PIR: S Gkl 21.88~72.59 nFR 5, 2008
32 A 4 v Vap & YIRS okl 27.6~57.1 4 ESE, 2018
33 I Vap & YIRS ok il 12.99~37 HEIF, 2013
34 HLH I ZERPIA 15.19~43.17 A4, 2013
35 A R TERARPIIYA 25.1~120 HE 5, 2014
36 WAL BR TERRPILY 15.19~60.84 B e A, 2014
37 FN KM ZERPILA 20.4~71.4 ZF%, 2013
38 PN =&FPE 8.15~26.49 FATZEA, 2018
39 Fedttr ik ZEFREA 12.4~50.13 T, 2012
40 SR AR ZER A 9.82~48.75 £4,2014
41 AR R RHRIT A ~100(*) koA, 2013
42 PRy R R 23.65~53.34(*%) Han et al., 2015
43 PR NEN RE R 10.10~98.24(*) Li et al., 2020
44 BFAEE R —EFRFAA 5~358(*) A RZES, 2011
45 EE) b FER R B IR 4 10.1~234(*) F A4, 2021
46 RN sk A Al 20~250(*) YT, 2018
47 T FE 44 5 Ll BB 17.0~381(*) Yu et al., 2021
48 IFE 4 3 1L AR FRATETH 700~900(*) R RARSE, 2021
49 ) P 4 B FER R R 4 10.2~126(*) K4, 2021
50 W/ 8 K 3 FER R G M 41 100~1100(*) Liu et al., 2022
51 WP R IR e St "HRBELEH 16.63~63.5(*) FAE LA, 2012
52 Wm A4 fEE FER R M 4 10.07~172.21(*) Wi 755, 2021
53 WA FAE FER ARG M 4 20.7~158(*) it IRF-4, 2019
54 BN 4 vk FER R B I 4 18.43~64.61(*) A, 2022
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P X SR Ga & HH/(x107%) B ok U5
55 Bt A R 1 FER R R4 12.438~55.276(*) PREEAESE, 2019
G E=PNi FER R R4 16.03~48.71(*) B4, 2016
57 SN e FER RV M W 41 43.1~45.3(%) kR, 2018
58 N RN e EHRBEE N 10.64~36.09(*) HH 3% 5 45, 2015
59 CULER i FN ) RHRITHAH 60~370(*) FJ1,2016
60 By 5ot EHRITEA 11.18~639.6(*) WM 45, 2014
61 i A L EHRIT A 11.9~65.3(%) i dkIR, 2016
62 P KRBT mH R A 12.29~374.04(*) Yuan et al., 2018
63 UG ) ~ B YR RERITHA 15~37(*) 4%, 2011
TLPG R L % & 19(*) HANSE, 1998
64 1L A4 IR K A A 14.7~426(*) Sun et al., 2021
65 BRI IR AR MRS HR 40 11.97~40.7(*%) Jiang et al., 2021
66 mME] ARFR 23~69(*) R4, 2012
67 WA WL R Z-HER 11.3~186(*) 2R, 2020
68 ) i 8 I P R LAl ~1320(%) RV, 2021
69 IRAE LA bEE 74.5~550(*) TKIEE, 1993
70 VLV 4RI RE % 12.6~30.4(*) Dai et al., 2014
71 LA AL “BR 600~1900(*) Liu et al., 2018
72 S 5 B 2 ) RHFR — R EIESE, 2016
73 EE DO PN Y AN — W, 2022
74 e RET M PR 2 tH— B A — WL AR AT X 3K, 2020
75 HEMS RIS IR B2 () fim— B RNKFA 25~70 FHEE, 2009
76 e R BASI FR— & R 12~65.4 Dai et al., 2006
77 MM R E RS AR— B RKRIEA 3.4~59 Dai et al., 2012
78 TR AR— B RKRIEA 8.27~68.22 XIS 754, 2014
TR AR— B RKIEH 7.96~36.8 Di et al., 2022
80 NI IPIES Ei“—:ﬂ%jcmﬂ 5.7~38 Dai et al., 2012
81 JHE HL 3 e AR— B R R 6.6~171 FOOMESE, 2011
82 KA 46 Am—_F R4 12.9~35.4 FHIWEE, 2010
83 T/ N33 Eﬁ—:ﬁ‘é%Mﬁéﬂ ~80 24, 1991
84 B /RPLHL ZERPILA 19~44 5 [ 4§, 2007
85 7R R A CRRRRKIA 2.19~40.3 AR, 2022
86 i 2 3 ZERASTA 35.73~53.93 2R, 2019
87 T g TERAARTH 3~40 R A, 1993
88 g 111 5K ZEFRREA 6.19~78.50 HEFE VK, 2014
89 HERERRE CERFRREY 23.33~51.53 APRARAE, 2018
BRI L CERFRREY 41.91~66.42 ARRARAE, 2018
91 e R BAS I fh— B RKIEA 12~76 XK B4, 2018
92 il S fn— B RINTEA 66.5~168 ZEREFIZRALL, 2022
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Fig. 5 Histogram of ore deposit number/average Ga
content of Ga-rich ore deposits in China during the
metallogenic period
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Guangxi from CAO, 2018; Dujiagou of west Henan from TANG et al., 2001; Mianchi of west Henan from WANG et al., 2012; Yangquan of
Shanxi from LIAO and LIANG, 1991; Dazhuyuan of north Guizhou from LI et al., 2014; Xinmin of north Guizhou from HUANG et al.,
2014; Heidaigou of Junger from QIN et al., 2009; Nanwu of Chongqing from LI et al., 2018; Xiaoshanba of middle Guizhou from YE et al.,
2008; Wen et al., 2021; Ancient City of Qiubei from YU, 2012; Caijiaping of Jiangxi from Dai et al., 2014; Hehuashan of Anhui from Liu et
al., 2018; Tianyang of west Guangxi from CAI et al., 2012; Guigang of Guangxi from WANG, 2013; Xinxu of Jingxi from LIU, 2005.
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Fig. 6 Ga enrichment characteristics in lead-zinc ore, coal mines, and bauxite
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Fig. 7 Correlation between Ga and ALL,O3 in bauxite and coal mine (left: bauxite, right: coal mine)
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S AT AT AT A HA A AR BT IR o B T R
Wvg ., P, EK, s MBTNES IR,
4.1.1 %X

BN X TR AR U e R 2 11 X,
P AR SRR R AR L AT Y . Rl A AR, ARdE
Mk 54 R F- b 2 (8] () B I Ak A7 e . InEL
R, HEAUARP AR SR T IT 2 T I R) ) KU L
M5, BRI A, 2 s shig R 5
Wi, Hb5CIF UG D248 T %, SRS FEA TR 52 AR TR
I EHREE, 2021) W RbsERE . B BREY RN
S FIZ IR ZNFE R, v K i 21 B T A P
G S Z B0 R SRR AY i) e A b Ay
AR gk o EAEk, Mg |
e DA Kb g B H R A SRS R A H, AedE
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XA AR SRR 0 R T AR E R B FE R %k .
Wil g2 SR B — A FER TR IR, AR
TR EIRE T 4417.71 ¢ WP PHE MY X &
PR AR 0 Z A A SR AR R BRI 2 11306 t; 7E
BV ZEE L P R AR 1 041 & B
VOB BRI & B AR RS 1 739 ¢ 55, R,
AIDAXFILPE A 2 3 B B i iv iy v Ak
RITIOIE, WAL EFER . =k R | Bk
B R L BT R B TR O A X R
TR A R IR A A T, BB L
BEK AR A R FE AR IR, Hh AR R &
A R T Tl S GRIEESE, 2020), B TEILE
FEIWRA T EHTY, KBS MEMCKR, i
DA X LR RS R AR S, R+
W B S  E WA FHRB AR B AT RE
4.1.2 AEEHEX

P i e P R T X R E 0 KUk ST T
FUER 8777 IX, 2% X My A QA R K AL 15 52 3
P —YOE B S, B 1 uk b - ) pk W 2% 2 Y i
VB . ERCIE], TV T Y A AR A fi R Y
B R R B e g . AR AR 26

FEAFHGFRRA TN, 0KV R, K
EoE Y A RZYTE i R (1 N W A R S
Tia] YA 1 FH 4 3 00 R T AR VR ™ A (4 S,
2017), 2011 AELASE, JEHORTEIZ X B 7 B R g
B X Lok, WS T — R EEE, 1 5N
KATRE S A A B AR AR 3K 4 i 1 5 448.25 ¢, BT RR
LB A R S YR B 7 534 (RRE B AN R
2010; 7R R4, 2021) A, SN S5 —IE—iEH
XA RIS X 4 0 i1
i e PG R R (X Ga FR07 A9 L B X

A VTR X TR R 3 AR AR 0 = B4 A o
MR TR N AR E T, K HEER
JERTIE I, (AR ERB 2L, fEZFIR
S iE AL BB, B B KN — R | B
PEERHER T sr2r + 2, H BT REE S5 A AL
AL 4 o MERR AL 4 ) TR 0T Ao — 2 Rl AL
NI, 2005; TRAEFISE, 2016): TEHRZEL 12 . ka2
ARG 4 2 (WP el T 55 )2 . BAEw )29 13
AR, TR MR R I B E S, BAEN
WA AT, RS RC LR THILRN
PEAE TR AREER (£ 5). a0, =g sCil. AL

®5 RE#ESRBITPHETHEE

Table 5 Average gallium content in gallium-associated bauxite in China

@(Ga)/x107(kE i B i)

AT X S HE (B 1K)

BRE wtw iiRste) [iElie ) iRt e)
ZT—4r v 24.42(3) 39.9(14) 38.7(6) 32.5(7) 37.38(7)
I B —rf FH — 45.6(3) 45.05(2) — 43.75(2)
R — 56.2(3) 59.5(2) — S
TR 25.1(7) 51.55(7) 29.1(2) 31.05(7) 36.2(6)
P — 59.45(4) — — 35.5(2)
B X Z X —¥r 23(2) 69.85(6) 47.76(5) - 45.6(3)
[{EP7 — 71.86(11) 49.63(3) — 34.05(4)
=g — 3.61(1) 60.27(20) 38.75(8) 51.7(3) 52(1)
M —xEF—& 10 — 60(6) — 30.32(1) S
HH — 18.77(10) 28.15(2) 36.34(2) -
HFH—& 54.88(4) 40.12(9) 37.48(8) 37.14(8) 21.12(3)
KA 51.02(8) 52.65(47) 45.59(12) 6.18(10) —
T 26.33(1) 64.85(18) 80.46(5) 37.77(12) 2.32(1)
R 55.9(2) 47.34(22) 54.11(8) 28.17(11) 3.11(1)
Y F R PR & NI 17.7(1) 22.5(2) — 24.55(6) 17.7(1)
YL — B —AE IR —_— 36.05(10) — 22.2(7) -
M — — 22.48(4) 42.11(2) 35(2) 30(1)
HIAR—EE — 54.10(18) — 31.85(8) 6.57(3)
Xl 31.89(7) 67.14(1) 28.6(1) 38.7(2) —
Wil —_ 59.09(1) — S S
LT X Fdt 35.72(5) 41.62(3) 25.26(3) 32.63(10) —
Y PR 75.39(3) 70.14(5) S — —
P K 47.57(3) 25.46(21) — — 37.7(1)

Bk [ BEIERRESE, 1991; MERSERESR, 1997; XK, 2005; M4, 2008; R ZE, 2010; &HEE %, 2011; PMEH,
2011; EMeHSF, 2012; T4, 2012; FEIF, 2013; {HERIC, 2013; FEGL, 2013; R4S, 2013; KIS, 2013; HKZE, 2013; £,
2013; Wang et al., 2012; XFE4-5F, 2014; W5 RS, 2014; ZE0MWISE, 2014; ££4%, 2014; Yu et al,, 2014; FEERAISE, 2015; BBERSE,
2015; Fr e, 2016; MFFSE, 2016; SEERMFISTCE, 2017; A3CH, 2017; REME, 2017, ARZESE, 2018; & ES, 2018; £17

F4F, 2018,
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b ELAEH, PR BT PSRRI R A X Y
YA T RETE B B
42 BT HREESEEREZT AR

T A P AR AR O IR AR I AR L
X FNPG b Hb XA T, Al b DR VG b i DX A b
AR IR R TV RS, FLE R G BUE o] Lk AR
A b DI v PR AR B 1 v T PG R B IX (3R 4) . Horb i
KR 6 S HEZH ALOs 1Y 5 52K 28. 54%~64. 9%, -
BIE g 40.76%, HARK) 5 ~92x 107k & H
FESTAE, 2009; (AP 4, 2013; UARIESE, 2021),
HERS R B R A AR R OC R R TR
PEAESR T S AL HEAS JR I R AN B 57 T 5B 2K
ZW RIS, XHWEIEAKR, 07 IKZ 2/ R
R A e . e AV 22 rh S B K LR R
KUK, ZF 5T 500 e . B, B
e 2B AT 2 i S, AN AR A = AT
FURZ RIE B B EAREZ, — AN 5 F U %
miEtk, £HERERER, RBURCRESSE
SRTEMHZ 9, e mSs R, MRS AR,
B ATE = MR R T B2 0025 5 e B A B o
s
43 AETPHEERTIERY AR

AR PA BRI R B 5. REE
B IR K ZHONRIRER A (MVT)H, %2887 KRR 2>
REBEHRZ, ZI0RCT 8 Ly i bl 2 F0RE 4
zZh, B IRES S SR IEN B R, T827
FI| AR PGB AE B BT IR (R £ 5%, 2017; Liu
et al., 2018), FEARERS f B AT EED IR 2 0K
PRI AN 28 1 OB AT IR G2 2255, 20115 3R
FESE, 2020), AVEED TR B S NEEDA C, Ga LA
KRR RBUR Zn AN BT 4 A% 2
o SR B, AR —ERT B X R
IRZ P AEAE 1Y) Ga 5/ B T HA X R (3 4).

5 &k

(DG X Fip NAFSE 0 A R b, A SR 5343
HTHEADEBETIRER, KK A TURBE L5
A RV R g AR R IR
RIRER A MV, £ ERE B IRER 2, &
HIURAE Al R JEZE A Se. Li. Cd. In. REE %,
HAmxF &80 I B S 80T SRR, W
A PR R 4 T8 i i b, DL B S A (4 s A
BARHE A g H 2538 2, mT AR B A BT
PRSI K R AR B4 8 e &

Q)R EER IR AT, MRS IR AT R
Oy BT AR R WX AT X

FREPPUR R X I —E—E 0 . WPT—3
VERA 7 . AR —R VG By . ARdb RS G
X o B VRS KL -DTRL AR Wb 22 0T RL . #A
WIERS ., 880 IREERY TARL., &4,
PRE R U o KL -TUBUE IR B & 550 R 3=
PR B A R R . HBE X AL X
Bl B P B X AT LU WAE-TURUR Ga, Li
Sc. REE %#iA &8 m 5 X o P —50 i
W AR— R VB A A — Y — S T N R R
HAMVTE Ga, Cd. In EMATERI EEX,

QVREEB IR 1z, WK Z, £
BIE R o R s AR AR A FEAS R A
A AR A R T S X DRI R
X, AR A T IR 0 Fe T BT LA LATORR AR AR £
RN HE AR R O I 1), U R A
WA MR IR
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