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Abstract

Indium (In) is a strategic rare element, which has irreplaceable application value in high-tech fields
such as semiconductors and photovoltaic cells. Affected by the scarcity of resources and the com-
plexity of mineralization, indium has long been a research hotspot in the field of geochemistry and
mineral resources. Based on the core of “occurrence mechanism - metallogenic process - resource
potential”, this paper combs the distribution, geochemical characteristics, occurrence state, metal-
logenic regularity and control factors of global indium resources, and analyzes the limitations and
key gaps of existing research. Studies have shown that the distribution of indium resources in the
world is extremely uneven, mainly concentrated in China, Bolivia and other countries. In 2024,
China’s primary indium production accounted for 71% of the world’s total, and recycled indium has
become an important source of supply. The main occurrence form of indium is isomorphism in
sphalerite, accounting for 95% of global indium output, but the contribution of micro-nano inclu-
sions and adsorbed state occurrence has been underestimated for a long time. The ore-forming tem-
perature, fluid composition (Cl O concentration, pH value, oxygen fugacity) and tectonic setting
jointly affect the enrichment of indium. The tin-poor skarn type, cassiterite-sulfide type and lead-
zinc polymetallic type deposits are the main enrichment carriers, and their mineralization is closely
related to magmatic-hydrothermal evolution and fluid-rock interaction. At present, most studies
rely on sphalerite geochemical indicators, and there are deficiencies in the migration and re-enrich-
ment of indium in the supergene environment and the assessment of resource potential of small
and medium-sized deposits. In the future, it is necessary to focus on the accurate identification of
low-grade indium and the coupling mechanism of fluid and indium enrichment, so as to provide
theoretical support for efficient exploration and comprehensive utilization of indium ore.
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1. 3]
1.1. IRERSHEEN

2 M 5 2N 0.056 ppm HIMECTER[1],  H BT A R IBSL 1) TR IR, EZE M4 TR
WA T8 B2 & RSN IR . BERRGEHEARABKRE, MSERGEMYATOEM . MM
H(CIGS) 7 IR A BH B Bt Ak & 2K SR (AL AR InP)25 7= i b (0 5 SR BR G BE T ), JL s s A7 R 58
CEACECINRIYPS I NP

EERHZR A RAIEOLE 1 FR), CERBMEET, BERIZET 5 18%. P Wb 13%. K

1% Y 26%; o ERERIER 54K 25.75%, FEERELRE. NEHERX. IR ER XS
14 SR XCRT[3] [4], R BREgOR IARAE ™ BRIV 2% 1 . 2024 4 rp [E] AR HR ™ 5k 760, - BRiE 7 & i)
T1%; SUCFER, FAE A R IRGE, 2023 5 E RS [RICR R LG G 268%, 2024 AR Bk
1033 t, HIRBCONBIBELA 1T 3], (H R B AC BT “ARi =5l O, mms= it 07 ke
Bi, W ITO ¥EAF. TN ZGEmai M mem H sk 5], HImih SR P A 5 FOsR, 2L SRS 7

Tk
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Figure 1. The proportion of indium mineral resources
in each country in the world [28]
1. £k EERY FIRE SEE[28)

1.2, BB FEBESHRIESR

SR B A b2 SO eh™ 1 5 BRI T 1 KR AT, (AR = Lo [ e o i 1k«
1) ERRPEEIRA MRS PR TS A BRI MR AR G, ARG DRI 2 7 52
[31[6]; 2) WHEAFS Y FIRAA TS B AN RU MAPR RERAAIRE I IEARA L, HAH
AT RGUCE I - BB R A SRS SRR TR 2 M AN 7] 815 3) AT B BT A BT 4R
(KPR R G AME— EZAAEA B SIS RIRYERBIE 018, SRR SIS 22 9]

ARG RO, M CAIREHER R - MR S A - AL - BT R - AR -
WU IR FCHEZE, R GUHE A IL A R B AN TSR (JE A 2023~2026 F i 8dl), B Ah e 2Bk
WIS 7 B 5 B WU SR, B FE NG R BRI 58 35 5 SR IR SC B AR it 5 %5 .

2. ERBABDHSHUTRE
2.1. WRFESEKERSH

HAAE H IR P S R AR 5100 A0, B H5EPEFE FEAY 0.056 ppm [1], 22K T4£(70 ppm). £5(13 ppm)
EENBRITER. WEARURE, WERVES KA LR ST 0.08 ppm)Hh & &g & T E M E (X ls
1341 0.03 ppm) 5 UTRE (WA T2 0.04 ppm) [6], X HHAI)SEA SKIMARRRE R DIHI G .

A BRA TR ZE AR T PSR 1) R EVEARES - BER R (SN H - #OE. TR R R X
K7, BN RAH BE S & rT A BT Can ) P85 B A DXOR) B AR BEJE &6 5000 t) [10]; 2) FIR4EER
e By (BRI 4R LB ), DA - BRI BN IRAE A SRR AE (3] 3) Mk M7 25 U H07 B 1) S 3
(Pitkdranta " [X), HHZIHEfGHIL 1585~2536t, F B/ TR/ -RA BT IRIINEER F[11]; 4) Jb3&khid
PR ONE R KE), UETEZ SR IR (3],

AU AT A BRER i B Al SAPAEZE 5. Werner S8[610E T 1512 NN IRGuit, KT E 2 /D
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35.6 Jit, H o EMRIEE 7.6 /i t; 1 USGS i iion, HE. BRI, 20 mEXUEAE TS
AFRAE R 60%LL_E[3]. P EMHGE IR EES T ESR(36%). | TR HIEX(22%) W5 HIEX (18%),
KA REFE SR ASE ] TR FVR XK WEEE BIR X KRR E > 768 ) HHF B ek 1 L%5[3] [4].

2.2. 2B SIHEREN

22.1. B BESHEHE

R NFEA SR, 95% L BRI JEASK B EG REI = Mh[6], ABRIE A 5 N 2018 4E[1 741 t HEK
2024 1 1077 to FEFAEMEFEEM 2018 4E11 300 t 3 A 2024 1) 760 t, HAEERMEIM 40.5%T+ 5
1% [3], FEBETEREY O HERE) 505 R

A C o A BRI 2R A% OB KA . 2020 A7 S 4 BR T AR A Sl JE AR A, 2023 AR 4Bk F A4
PR LIE 54%; P E AP S B, (5 2023 FESCILSERE, R 1TO b E - &9k 828 t, 2024
FIEZE 10331, o E AR R 60%. H AR FARHEAR UL E, 92% AR EESK B P LCD 5 ITO 42
M, FERERETIIE 150 t[3], HAEARBRE IIRE - B EH N E[12].

2.2.2. JHBREH: REWEESFATEHAF

AEEREANH P LA ITO BEA (A T 78.5%), T LCD WonmiiR . fildi bt 5 57 M 45 (HIT) KPHAE
Mo Y A, (LY S4R(nP, InSb) 5 CIGS 5 A FHAE i g KRG InP 737 B HLH
2022 K 30 /23ETCHE A 2028 EIW 64 123KT0, FHEEKE 13.46% [3]; CIGS JGARUMURAMH T KTt
2050 SEKG AL ITO ¥E44, " [E CIGS A4 75 SR 8k 168~1141 t.

23. R THSFRRZEHEK

SFREATT 7 H AL T L35 SRR A, 2017~2023 SE4BRIS AR P~ EAE I K 2.7%, H B K 1.1%,
PEAFFFEE B, (HKWIRE, FE=KP: 1) EAMBS 25 TAeHa = fE——Tiit 2050 S35 280 7 R
7 7700 Ji tBErE e, K SE04900 7t BRI 2.13 12 tCO HEIL(3]; 2) A IE s dn A B O B3, 2022
SRR AR I EIA 86 t[3];3) FRAE BHIRIEIAE I B RIE MR TR R, A FKIK LCD HH4H & &1A 530 mg/kg,
CIGS JAR BB S IR 19%, EE LCD Sy Rk BIReE: 71t 2035 45 & 23R E A0[3] [12].

3. Tk FE MR
3.1. HEKCFEMRETHEY

B R F P ECN 49, HFRON[Kr] 4d'95525p!, BIERAH3 MBHE F(In*), BFEEN081 A, 5
Zn* (0.74 A). Fe?" (0.72 A). Cu'(0.77 A)SE B T 1080x, AHKFFERERIRM 1 AR5 2Eah13],
R ERAL 4T B B H SR (AL A B R B > 10), (05 A FE rh i im) T HEANBR AL,
TAERGRRAR R 32 22 DL InCl, S48 S TR [14], HIEBEE N SIMIERE . $hE K& pH HZ V)M :
R (300°C~400°C). FEh . S9RR MR A TARN AR S0E, THREERME . pH {H T s el fE 16
A AR e & B [15].

3.2. MERSHZ TS S

WAL R E B N =2, HP SRR ERAEGONN TSR, (HITE RO AR

TR Z ot 58 0.
3.2.1. XFREREE
R 3 Bl AR A B A AT dm A%, BB ARHLEA In¥* + Cu'e2Zn®, ZHLHITE IR Z AT
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RS BIRHIE[13] [9]o PhfE Lawu 20 A B0 IR, INEEDT I In & B &1L 747 ppm, LA-ICP-MS
I 8] 23 3 B SR In 5 Zn (55 2SN, IESE In 38 280 M Rk N INEER AR [9]; WZ i HIRX K
I Sn-Cu Z& BN IRIMINES (a ), In FHEFEZE 0.18Wt%, HTHRE TGRS AEER In 5 Cu £
IEMRRR, #F—PTETHAEBNANEI16]. 1A, Wn¥HERED I + Ag' + Co* -3Zn* L2 e B AR
BENNEED™, XRBNRAEE Co. Ag MPWH RS NH W9,

3.2.2. WAKREBRERE

B 32 S FL R (TEM) 5380 3 1k FUBRE & 55 B8 T B (LA-ICP-MS)H R R &, Tk R T4
LR IR A 2B B R  BF 7RI, 72350850 & B IN B T, A7 7E CulnS, (B AR ) 9K L AR [17],
XA FER BN 5~50 nm, fEG02: BB LR, S BOLTE R T R NSRRI G ) PR
EEVE X RS R T, S EAT 0491 x 100~65.1 x 1076 2 [d], XRD 43 Hr s i Stk 2
Homs K FARAE(E, HENAZEE A9 K R AR 10]. M2 #r Pitkdranta 5 X [ INEER 1, HERILT
THERR AT (CulnSy) B EA, HATTHR 5 HLL) 15%~20% [11]. XBRAAL R EIBREL T “H5iF %
ME—EFRAFIE R e G g, (HLAE A BRI P 6 TR L A7) 7 R v AL

3.2.3. HMIESIRTE

W B A T AR AE T R AR I mIs A R SRR A 2, e A R R B k%
HEREE . BRI R AT R, B R AR P & A 12.6 ppm, REET
JEAER A R PR A 18] TS LR IR I AT o, B A T 1B A B T SR AR A )
3~5 i, A B AR & R [19] . IXRIRAE I SRR HRIT R M e i, 7 R A AL 2 P T B b R /KT RS
TR AL & s, B H R R B — AL 5 A S IR B R AR TR R 55 -

3.3. AT M T R MRHE

BRRAF BA BE LB, AR YA = R E K

INEER: AR OEART W), 43K 95% MR &k B INEEN TR ZRE I (6], AN IR N R (1 5 & 22
RRE: UA - LAY RINET In &2 H T 500~2000 ppm), W17 PR E G XK T N EE
W In EEAIE 0.25Wt% [20]; FHEH FA T PRINEEDT In & &R 2 (CF 100~700 ppm), FEjEK Lawu A~
PRINEER™ T T BYf In P35 820 5108 459 ppm. 645 ppm [9]; 4Y4E % & @AW PR INEER In & B AHXT 4L
IR 50~300 ppm), WHHIFE 7K LA PRINEE In &5 &2/ T 80~260 ppm Z[R][21].

BT ). B BP0 B05%. BEA S =l 20~400 ppm, PEIR Lawu iR
BT T B In PSS OA 293 ppm [9]; BB A S RBARGER < 10 ppm), H PRHEHBX K
W H VR PRI B KA In 5 & AT IA 65.1 ppm [10]; B H IS E— N 10~50 ppm, HaFHA BIK
A IO TR & Bk 2.75%, #HE NS EL) 1.8wt% [22].

T TR SCEART ). J78 . Bk, BETTERD 4%, In S E@H <10ppm [9][16], JLPAES Tk
EEEIEIER

4. SARRRT HLH SHEHIE R
4.1. BT A SHENERAE

4.1.1. B - BBE RS
At N =R, R L M SRR B A R
B - AL 2SR AR B RS SR, TR ST K A R ORI R A E(300°C~450°C),
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KR 5 SRR X B O SR R b B KRR [23 ] PRI IR VR X KT W H R AR E, S RN
M 1S A B I K A (RS 91.6 £2.4 Ma), HHBHE KAGVREZ 58 S5 nRFPIEE, EmAyb BiE
b 25 [ RN N AR [24], W PRIV YR Sk 5000, JETHE S AL[10]. &% Pitkdranta 1™ X (485 A
- A B R, BN E S Li-F 1R A I AR B UIAR DG, TR A 1 & Fel(Fe + Mg) LUAE(0.90) K
BRE T AR T E R (11].

WO RE R RIS SR A7, (RIR R IE Lawu 1 PK-5 1R B0 HF0 R AIBE
FUATHE 13X —1IA K. POj, Lawu B ROV BT 09 R4 Y Cu-Pb-Zn IR, ¥ & <10 ppm, {HILAEEN"
In & B A =IA 747 ppm, AN 338°C~427°C, WA E R EZRAREE S CIIREER], Fe*'s Cu’
MAEEAREE T I RIR A R BAR[0]; IR B IDIERY R A AL Zn-Pb W RIS R, B0 SRR
IR 26 I 201°C~316°C . pH 4.5~6.0- %8 3% % (logfO, = —32.2~29.7) 55 i i i i (logfS, =
—13.42~7.11), FARH HoS AEBERPIF, £ BRLL Zn?' F AP, SIS En LAl
[8]o IX—KRINEKW, TR AL R T IRE IR 1B TSR

WR &R SR IR i), WEEPSE, EERRT R RE AR (200C~350C), P
AR DU E AR, A SRR AR TR AL 2 B e ER (4], B BRI 2. NS EA X H S R AR
WIRHINEER In 8T 40~180 ppm Z[A], Bl 044 142.7 1.3 Ma, I E £S04 - A A HEAE
F S8 Zo> WS BLEE UIMI 5K [25]; o= M S PEVERD IR B TS R B, S Hb AR 5 25 SR AR IR A /2 T
TEEEREE, MRS SEEZ B 300°CREE 2007C), In-Cl &Yk MERRAK, (EBE4HRE N N g

W B [26] .
. N - o ‘ gmﬁmg%‘ ......................
.. Pb:Zn-Sb | ) Sn-Pb-Zn-In
SOET IS IR A P
2 e ~..’Sn-Pb:Zn-In \
A ) Sn \ ,
_ Ry - -
R + + +
ARE +++ﬁg++
i Sn, Pb, Zn,In
@y o T G
n, , 4N, in
| SO R R D G R

Figure 2. Metallogenic model of lead-zinc polymetallic indium deposit [29]

E 2. e BEET A RXE(29]

4.12. RERUERT RS

FARETH, AT IR AR SRR, 0400 3 W B R 25+ P sk s L R T
TR A & 5, B4 T B L T 7K A S DU B K AR AT R [ 19] 0 IX KA PR IF B HL i1 LA FE £ 27 i
NE, BB E. RIS EAE A IRl R AR R E I (18] {2 H AT R AR ST
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R A WP - AR sl T3 2 MU AR BRI T2 S U sk =, IR T R I BRSP4l -
4.2. XEITHIER

4.2.1. REES

T A E R O E, ERR(300°C~450°C) B A A TAH A M 5 ik B4R, 795 Lawu
W R GGIMFis Hbu i B v iH 45 B, INEE T I TV B 25 S FE 73791 R 398°C . 395°C . 356°C,
YR In &8 R FIBEGEA9]; WS BIRX KN IR Cu-Sn M B A 5 (350°C~400°C ) i 3 =
T Pb-Zn [r Bt(134°C~160C), T3 Cu-Sn BrEINEFH 1 In & 5 (P 300~478 ppm)izi 5 T Pb-Zn B B (P
¥1<70 ppm) [16]; IR BV FRA IR NEED 1, S IRFT BL(316°C)IE Ml Spl BYINEER" In “T35 & &k
134.54 ppm, M e HIER IR BE(219°CHTE A Sp2b B INAEN In P35 81X 34.43 ppm [8]. il X4 = 4
s HILE] E 2RIy SR T INEED AR BRGNS 2, R FE R BRI G EEE 2GRN, SR
H In-Cl Z& &R e PR, 1EK THIMIEAERE [ 14].

4.2.2. FiERyiE

AR A e CUIREE . pH [H-5 EAIE JFE AL BB B 505 . & CLIKREEL
mol/L) A4 i T A g 1) InClL, 4554, (R PR BT R, V5 Lawu 7RI G Z AR CLIR A
1.2~1.8 mol/L, NI & L5t TARIZFAE0]: FIRRVENAE(pH = 4.5-6.0) A FI T In* % fE, 1 pH E T+
(>6.5)2 FE In(OH); YLiE, L ILBARERE[15], WIRT VLR RIS FRESE, pH 4.5~6.0 /280 =
LR T B AR X TR [8]s A S FEA (Eh) (1 B O SR IR0 ) 2> (R BEBRAC A B0 DT E 338 1T 5 B e ok 248 ot [+
FHENEERG, NS EIR X KFHFHR Cu-Sn BBt Eh {6 8—0.25~0.15 V, EEKT Pb-Zn (B, S5
(& SR AE = FE VI & 16].

4.2.3. MESERERTH

FaIE TS SR AR (IZ A2 EIE 5 A A 18], HRET PR B AT T AR BRI b Bl P9I L SR

ORI 2T BT o A ) 14 MR BOR™ DXC 220 SR K W 2R ], AR R AN IH - A0 ROl i 52 210 10] Wy 2 i 42 il
DLV AT S IO T A b (4] B2 Pitkéranta A X (HHEIRAL T Salmi #HCE - AR S &
S AMERE, % NE FIREWIER S 16N A S BIE I Ehl[11].

FRE SO B R EA R AN SR 5ma i a i, JtH27emiRIE ek
H5 Li-FAER A, RAQERE RA R, S WRARHE, IR T FECE R, et A 14
- VLR IIEE[27]5 6B IR M R BE 5 70 S A B BB S M A 1 o 4 BR300 20 St B A1 s e A 5
BT R 23].

5. Y HAEMNFN. BRMESKERRSE
5.1. #UMRIZETIRASERME SN

U B0 SO MR AL 2 5 BRI T T = AN B R, RIS 0 & B VB 52 BBk -

B 1: KFRFAS WM WA ST RV R SRR 90%LL 1, B
KEFEESWIHSRAER R IED, X—fl T gesmfl. | PR B IR XK B H B0 XRD 5
EPMA EXE TR, 29 15%~20% 040 LAAR KL FE A4 AFELE10], 177 328 A2 A 558 o W B s 40 1) b A9 mT ik
30%LA F[18]s

B 2. INEEDT In & ] B3 IR WO PRSI /7. B BRIRVPAL 2 CLINEER In & SN O FR
(B0 T R EHRARD DI BTk = EA4) BRI A In &Rk 1.8wt%, AT IR DT
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MRk o LIk 25% [22], #% W Pitkaranta B X (US55 BE otk 12 10% MBI 11], 27 AN B
WORPHEXT R, = FERIRER.

8L 3: W E R EHEIEMIRKR: HEYNERIE RN 255, EIEE Lawu 29 R85
PR[9] 5l H s b FF A8 R AT RSB LR, TS S AT rTE B Tl w AR, X — AT
T - WA R g

5.2. IRFTESEARNRRYE

PO ARAE . 258 EPMA IR IIARZER (In £ 67 ppm)#fE LR BIME AL R 2, X9k
AFERI D PERAR L ; LA-ICP-MS [HEBE ELARGEE 29~51 um) K TR EEARRF, SENR R iR
H1559]

B IR MG S — . DA 2N EE™ GGIMFis HUFUR B, %0555 Ge & B8UK, M
W IRINEEN™ Ge & AR TAEMIARER, 3 30E S5 RATEE(16]; TGS R S AN IR 52 B R 3R e
SOE I REIA, M DA R S A

PRV A M ZE . AN RS R ZER B, oA RE RN RS B AR R IR
77, HE NI IX b Ik 60%, R TR IEE A E S BRI 35% [4], (HAHSCHE AN SR T
10%LA .

5.3. REKMRAE

VRIRVPE Ak EST AR + FARET Mok R, BRI SHIA I Tk, ik
B BRI s s /N R R b SR A S SRR A B (4]

BRI EOH: RBBER TR - B5 A (FIB-TEM). FI2BHEET X 52 OS2 45 F (XAFS ) 2545
AR, SEBURANK R AR A7 RS HEIR ;. B 7 “EPMA + LA-ICP-MS + XRD” Bx& M 7ik, #m
B AL D S A B

FA LSRG RGN RERE K - WARBEAGHE T, MR PORIE ST T, s
TR R SR AN R R IR R 2R N R SR T F R A, LA SR A AR [8 ]

FABHRA A : JFR K LCD. CIGS YGAR AR & — IR SR I s 8 B AR, TRALIRIR - T RIAEH -
fRREIER T2, s R 5 A 12].

6. &

EEMEIREI A ALY HFRRETT KRR, B EE Ny RREOC IR E S A, iR
PRI A R R R L EEAETE R TS BB B . AR T L BRAL 2 B T RS 2
J&, B3 T INERD RO BA AL AR - ARG SR, DURREE . AR RN (CIIRE . pH
. FIRE) S MG R BIEHIER, STHW e, 8h - B e 2 &R0 R
LR S q

(HIVA BT AR BB TR . BORTNE R IR SR VPAl i 22 55 7, A wh L3 I IRA7 R0 . 3T
BIRGA B RAERELERS R A2 R R AKRFTES ARG 2R X 554 -
FWEREE G, AR BRI, SRS B BEIR VR 5 e RN R AR R (RIS i P A B
IS AT A, PR R A ERER B 2 1R LB SRS

SE K

[11 Rudnick, R.L. and Gao, S. (2014) Composition of the Continental Crust. In: Turekian, H.D. and Holland, K.K., Eds.,
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