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Abstract: Dispersed metals such as gallium (Ga), germanium (Ge) and indium (In) play significant roles in high-tech development
and national defense construction and have been classified as strategic and critical metals in China, USA and Europe. Pb-Zn

deposits are not only the primary source of lead and zinc non-ferrous metals, but also rich in dispersed metal resources. The
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Qinling orogenic belt is an important Pb-Zn resource-producing area in China. Research on dispersed metals in the Pb-Zn deposits
of this area is relatively weak, and there is a lack of systematic evaluation of dispersed metal resources. This study selected 19
representative Pb-Zn deposits in the West Qinling and East Qinling districts as the research objects. The trace element composition
of sphalerite from different deposits determined using LA-ICP-MS with previous analytical data were summarized to reveal the
contents and occurrences of dispersed metals Ga, Ge, In, and Cd. The research results indicate that the contents of Ga and Ge in
sphalerite from Pb-Zn deposits in the West Qinling district are slightly higher than those in the East Qinling district. Among them,
the Ga content in the Lengshuibeigou deposit is the highest (ave. ~210X 10 °), and the Ge content in the Xitonggou deposit is the
highest (ave. ~145X107°) The contents of In and Cd in sphalerite from Pb-Zn deposits in the East Qinling district were
significantly higher than those in the West Qinling district. Among them, the Luotuoshan deposit contains the highest In (ave.
~304X10"°) while the Poshan deposit contains the highest Cd (ave. ~7 186X 10 °). With the exception of a few deposits that
contained a small amount of independent Ge minerals, the dispersed metals Ga, Ge, In, and Cd in the Pb-Zn deposits of the
Qinling orogenic belt mainly entered the sphalerite lattice in the form of isomorphism with Cu ions replacing Zn ions. Based on the
results of this study and the zinc resource data of the deposits, the evaluation of dispersed metal resources in the Qinling orogenic
belt was carried out using the mineral calculation method. The evaluation results demonstrate that the distribution of Ga resources
in the Qinling orogenic belt is uneven. Among them, the Lengshuibeigou deposit in the East Qinling district has the highest Ga
resources (~479 t). Ge resources are mainly distributed in the West Qinling district, with the Ge resource of the Luoba deposit
being the highest (~190 t). In resources are concentrated in the East Qinling district, with the In resources of the Luotuoshan
deposit being the highest (~450 t). The Cd resource in the Qinling orogenic belt is relatively abundant, with the Cd resources of
the Changba-Lijiagou deposit reaching as high as 21 000 t. This study systematically identified the distribution patterns of dispersed
metals Ga, Ge, In, and Cd in Pb-Zn deposits in the Qinling orogenic belt and conducted a preliminary resource evaluation, which
holds significant guiding significance for the comprehensive utilization of associated dispersed metals in Pb-Zn deposits in the area.
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ore deposit.

0 5l5H

Fi il 4 R B (Ga) J# (Ge) A (In) 47
(Cd) £ (TD) fli (Se) [ fifi (Te) Bk (Re) &L HR , A
HER A AR A 2R T AL A R R 1M
B I WM ST AT R (UG HAE L 2004) . i il 4 s 7 1
RV BB IR/ RH B &
A EEAE R, 00 Ga 42 IR HAT KM A5 v ok s
P AR, 7E L P ML RN A ) B 2 Ty T A B A
Ge &R EM R SK, )z 8 H T2 S M8 40
ARG ALES S s In & 8 HoA B ks E v
P, RE T B R BT SR RS Cd
& @A — B ME A% EE T E v RN H B AL R
PRI 4 35k v Rk 2 40 A4 R 0 AT EE AR A L Ga,
Ge . In.Cd 55 7 1 4 Ja 1 W 4 R 56 2 15 91 R %m0
PEOCH Y FRE B AT R A1 Ga,Ge  In 55 i B
4 ) BEIR BRI LUk AR PR RN T Ak 95% DL
1 Ga.65% LA E i Ge.55% LA F 1 In 40% LA E 1
Cd (T 22 8 F1 3 /N L 2022) . 4 fa] 3L [ 3% 8 76 Ga.
Ge . In.,Cd %5 7 8 4 J& 76 98 A% 1t R A 7= O 1 09 8
PIF R AL FE A BRTT 3 03 1B AL, B ik Al i

R AT RS R R, — R R LR AT L R
) [R]

VR IR AE R A R B 4 B e VR 1% 2 R I
&, [ B 2 A T R R M 4 8 9 R (Schwartz,
2000; % VG M 45, 2004 5 Cook et al., 2009 ; i I HESE
2019 2 8 4 | 2019; X1 9% 8 45 , 2022; Zheng et al.,
2023). bR 5y Gal A7 T 48 £ 5™ 5 Ge IR
TS (A A%, 2002; fC i 5 45, 2014) , Ga,
Ge . In . Cd i B4 J& W W 5 OB BE0T R 11 2F & 4R
B, 32 DA ) G sk S7 0 W SR AE T N B
W H (Gunn, 2014 ; Frenzel et al., 2016 ; 15 1 1 2= I
I, 2018 i I HE 45, 2019, 2020). F [H Ga.Ge . In,
Cd 75 B4 JB e W o3 A A AN 34 5], 2B 48 P A/ 7 g b
X, H R M ORI E Ml X (ZE e 4 2024) . 2 14 i
Ly o R 7 R 7 b 2R T A
B4 @ B IR (kB R 55, 20025 9k B BT AE, 20045
Leach and Song, 2019). 7§ Z= I by X 8% 5% 7 K = %
Ay AR Tt AR AR TR A b, B B R B R A
250077 L b, e E AR WA 0 11.8% A2 47 (5K
K% ,2013; 177 H %, 2012; 15 #4 A, 2021) . Hi
A F V8 22 08 Hiy X1 ) 30— 2% G081 DR Y B 9T R A



% 6 M

2 o A R T LAl A R OR R B o A L B A

2085

ik 1248 J7 t, J& 38 H 56 DU K4 4% 7 IR (Leach and
Song, 2019 ; W5 8 i 45, 2021) . 75 Z2 I8 M X 4 BE B IR
K5y A T 0 b A AR A TR & B A o VR i
1 500 5 t( 4374, 2006 ; Cao ef al.,2015).
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Tectonic districts and distribution of representative Pb-Zn deposits in the Qinling orogenic belt (modified from Dong
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Fig.2 Distribution of Pb-Zn deposits in the West Qinling district (modified from Leach and Song,2019)
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4520065 M 42 F5 45 20065 2% 5 &, 20135 Li et al. ,
2013). Vo VR B R4 v 7 B 3t 44 f 22 4R 1) H-O 7]
P R AL F W, BB B AR BR S OK R E
Bl & AW ok B AT A KK B AR B in A (Han
et al.,2014) TRIRER ¥ C-O [Al iz K 4 W e v —
B G i AR R B R Sk M2 9 BTk (Li ez al., 2013).
N B )5 £ B R He/'He e 4 0.25~0.74 Ra,
OAr/CAr HAE Ry 439~2 431, BRI AR R 5E 18
TR A (Xu et al.,2023) . [RIIF, I7 85857 A 405 [R]
A 2% BAR 43 6 72 [ A 4K B 2 5 b — i oo ol AR A
Tk R 46 L JZ2 22 8], F8 78 WL I AR op Pb A= Ath 42 & ot
ZH WKV (Lieral.,2013; Xu er al.,2023) . 4 |
W7 i X B R 5 X R St A R B A
O BRHR A K T 1) 1 is B i 2o AR v DR AR T AR
R dh i 2 A I T 4 @ T F, SOV A ik R Ak b )2 2 TR
B I Bl 5 e A 5T AR R A Y L A X s
TR TE 15 0 W 2448 15 N B SRR KR A
DLHE R (Li et al., 20133 Han er al.,2014; Xu et al.,
2023). 81 1 U-Pb [Alfi 2 AFEAR 05 R WD, 8 PRI
PR ANYD V8 0 PR AT B A 55 5 BF V8 B 30 1 1<) B 25 1A
f2 o B AR— 3 (~125.940.7) Ma) , #F T 42 1 ix 2
TR N 5 55 5 BB 2l %5 U0 A DG 19 3 AR T A T
B A (Tian et al.,2023).
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BB B T /1N 20 R i i 4 30 )2 TP R 52 BRIk R T
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9.2 10 *)UESE T WA i 4 14 25 3 ok U5 i v e 1A
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T RCE 0 R 7=k 2 iAo R &R
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N ) TR AR A R AR RO A 2
VR T A PR, R 1o R KRR K A
TR R R B RIE BR AL . & 08 45 & W e A, DT 5 3504
PR B AR ULTE (R BSR4 2018,2020).
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4520105 A 5T 4 20115 Cao et al., 2015; B 463
420165 Li et al.,2017,2021,2023) , A 1€ K £
5B U A RS S A G (Li et al, 2017,
2023 5 i 4K 4 2018, 2020 Tian et al., 2023; Xu
et al.,2023;Chai et al., 2024 ) , W M55 (1) 22 7 T 5L
TR R B B 22 R
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TG AL AT AR CBE % 1) D 38 5l T 67 IR ML
XS i 1045 S8 B YR AT AR (5 ), AR YR AF 5 4 )
T WY VY 2R U A AR 2R U S [ R ASE B A PR AR A BF 5
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Fig.4 Photographs of Pb-Zn ore specimens and microscopicgraphs of sphalerite minerals from representative deposits
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MSS 73 #7152 56 T3 K W 35 5 5 e WK 2 [ 1AL 75
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Ge &, o B0 0 : 0~616X 10 ° (FF3 145X
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S PR AR ALY SRR MR, Cd B a5k
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Fe’, Jf- 48 i B 2 5 ) Cd AR AL Y 32 22 B A
A YRI5 K B % U8 i LU HE AN TR BE AT R I BT Y
Fe 5 Cd A7 & A B AH M (B 7g) . il an , Y5 97 IR
T Fe 5 Cd s BB 1 i 6, RN BT T Cd 5
Fe B, B Cd* o Fe . 78 28 )1 AR IR 18 7 IR
H,Cd 5 Fe BRI R IEA &, KW CAd T fE S Fe
A0 Zn, B . Fe” +Cd” «—2Zn™ . 45 |, Z b 1%
WA HY BT IR N EER Hh Cd A 2 R AR AL, ASH 5
PR Cd #EA N EE 1 LA ]

Cook er al.(2009) #2& i INF- 7 h = #r L DU 4
B FEEETY S M EEHET Cu' Ag
EEMK IR TNET = WhE&EHE TS
— 4 )8 PR B T e] e R AR A A R A B Th 714
FWE T ZE e A A BT R N RS H Ag. Cu s =
Br e 2R KR K 7Th B8 Ag 5 Gat
Ge+1In ¥ A B 0 09 A &Pk, LI 71 b 46 K88 43 5 4
5?&§(CU/G3+G€+ID) o= 1 £ 43 A 8 5 A e 28
DL X R B R 08 1 (LA i RET R IN B R Cu' T
w35 Ga Ge' In**%ﬁm%J-ﬁﬁAg KA Z
Z 5 ABLEA N R AT AR S Cu' 2[R i & fr A FH
BTN . I§l7IEPiI3§MﬁI%E'5§J\Z‘ﬁT(Cu/
Ga+Ge+1In), =12 LI I, X Al fEJ& H F Cu' b 1]
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fES 5 Sh* Sn' 45 7 45 BB T i 4 4 B 1R i
e 1o ) 52 R A T

5 Ze W& i Ll B B AT R 4 e BT
PRVFAr

51 BHEERBEHRER X

7= 98 R &5 A A5 PE A BLYE GB/T 25283~
2023045 1 T AR BEDT R P AR R HOT R A T 4 0 £
AR AR RS 0 A T Ga.Ge. Infm F 0.001%
AR BRI o 255 R, Cd & 7 0.01 % ik 5]
A A5 255 IR . 28 08 1 1Ly K o # B
PR /D A s B4 T o 7 B HE L BELAS Tl A
A7 3 T 8 i 1 42 U8 WS WRE M . RN B AR SR oY R
B4 50 PR R Ga Ge In . Cd B4 )@ FEEH T
IR th (38 645, 20045 Cook et al.,2009; Ye et
al., 2011 ; & ILEESE , 2019, 2020) . H §i &t %5 8% 4% 4~
IR R B & R M 25 A R, B2 R 28 H AR 9 N
BETT R, AR A 77 il BEAE B oh 3 B 4R 4 Ga . Ge,
In.Cd # 8 & )8 (32 % 45, 2020; % 15 55 , 2024).
Ga.Ge.In Cd i 4 J@ 09 BLA 36 2518, R IA
BEW AR A R A R TG ORI AT 4 E U R R
HE T IS T RE (R 224 2020) AH TRECE &
7S A3 R A K, AR M 2 T A U S 0 o B AR
P AT SRR MR RS RS —E IR
XFF AW YRR, A O R — A B S B
4 B VIR A B A IR T AEAE XS 25 08 3 LAy B R
PRI EF 0 v A B4 0 o0 A LA 98 1 Sk il b L 45 A
W IR A5 B B2 VR BCHE A B Bk O R BT RN,
ARk T

Q = q X(Mys/Mj, )X i X 107, (1)

(DX Q,H Ga.Ge. In.Cd i B 4 &8 1Y % I &
(0 5q MEVEET R Zn &8 5 (7 O, B4R B 3%
15 My M, 53 51K ZnS  Zn B AR R B 5 & 50 8 4E
R N BB A T £ Ga, Ge.In, Cd 9 &
(10 ).
52 BHEEABRINERSNE

ZE U8 1 1L A R R BTEE DR Ga.Ge In Cd i
A T A B R T B 4 R LB 3 AR 9.l T
Z N [A] 26 AL IR B AR AT DR T I i A L L TR
RN ERE S SR e Ve =N E I 97 5 €/ TR EN N (R €7
hoR B — SRR I S5 M E . 3 BRI B
Wi BT 3R 24 & B, IR 1L Ga Ge . In Cd
s 50 4 Je8 oAk 9 U5 43 03 A 1362 1,469 1.836 t Al

5.2277 t. % EEIAR R TAE Rt g it 7 19 4%
TR R IR A BHE , 808 3 1L 52 PR GaGe In,
Cd Fi B4 )8 B2 5 2 0 L i 4dis

ZE U 3 LR B RERT IR Ga 42 I8 W5 0 i R K
P57, Fov g YR S 1 O AR FE IR K AL Ve TR
(B 9a) , T35 479 t, i AR I SE A 28 08 3 1L AT Ga ¥t
P i 5350 5 Hok 78 208 B 4 VA B IR, Ga 5% U5 5 >
147 . V5 0 SR A LA BYEE DT IR Ga 8 IR 4y ]
WAL G (93 O BRI (42 ) /7 i — — B
(25 0). B T ¥ 7K AL 18 FVG 38 B BRAN | 4R 28 16 22 504
BETIR Ga i /N F 10 t.

ZE U4 Y5 1L YR IR Ge 42 @ W IR 2 B0 A
TV ZE 04 b X, i 0L A Y R XS 5K Ll R HE
2 H0 = (& 9b) , 348 K Ge ¥ I & 43 51 R 190 .
171 ¢F0 66 t, & THBE I i 5 A YOI 3 ) 22 04 16 1Ly
Ge WA 9020 LA | AR Z2 06 b XA BE 0T IR Ge B A
MR, B T ¥ Kk G ¥ A AR AL Y R DL AL
TS FE AR IR Ge W A Bt 1t

Z U8 i LLHE B BT DR 2 980 AR N E R Y In BE
TR B AR5, FEAE P T REG X (A
9c). 7R ZE U 28 )11 FH 5% B¢ 1y, 48 1] 4R3I 940 PG 94
PR In B8 95 5 HE 44 A =, 200 4 431 €.72 t M A7 t, &
TF TR A AR DN B 1 28 0 1 LA In E U AL 8606
VG 25 0 by DX 40 IR Tn 8 U5 A 38 3 51K, R IR
F1efEAEREN R, EW KA R, S8 i
AIREE & In B Z 01 . AR YR B Z2 18 3 1A v 19
AR EE RO R, L 3s g 1 P @R R A
B H T b R RS N AN R v ) A
P BRI R & A 8.3 0 tA, FE S Y
B v 44 In & B R 93.7 X 10 ° (3R 585845 1 2023).
AT A I B L B T In & B 290 19 ¢,
A NEED h In 4 )8 B 0T AN 3815 R o In B
J5 5 248 450 t.

ZEUA 3 L AP YRR IR CA R IRy g, Horh ol
ZA )W — BRI R Cd % IR ik 2.19 7 (&
9d) , 24 o AU B % 08 1 Ll Cd B IR B 402,
T = ZE R IRINEED h Cd e R & B E RS
LAl B IR P OE AT, L Cd B R i AR R 2
Ry Zn G R R A L R K e K AR I g
By BRI PG A S I SR Cd B
11T 2 000 t. 75 25 04 5 B8 R AR AN TR Cd Bt
TR A, YR A2 100 t.

SRR ZE 08 1 1L YRR R B LA JE h Cd
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Fig.9 Estimated metal resources of Ga, Ge,In and Cd of representative Pb-Zn deposits in the Qinling orogenic belt

T R Gafl In W IRA A F 5, Ge B E 4
T AR T I (B % 3, 1 9, &1 10) . N HB IX K &, PE
IR K Cd Ge BTN F 5, R E IS H B
IRIn IR N FE&E M Gafe Vi ARBRWERNE
SR AN HT T IR U 2R A H B R e A T
AR TTER G N, ™ ) B wIA o £ Bk A
HE VS M2 B AR M 2 8 PRI AR (55 SRR il At
2005; £ L4, 2010) . AR ZZ W FYRERT R R ER 435
rh A AR R 350 s A B BB G &, L )
BT FEOR A TA KPR IR AR R IR e T HZ Y
(B 5 55,2006 Li ez al.,2013,2017,2023; Tian
et al.,2023;Chai et al.,2024) . F il & B AEVE (K%
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VU R W BV EERT R v 2 D) 2R T (W) 2 0 E U 7R
NEET B Sk, Ga 5 Cuk 4k Ga® +Cu’ < 2Zn°"
A BAINERD T Zn, H XM & 2 L6 7608 %
W b DX AT DR o T T A

(2) 205 3 1 B BE AT IR Ge & 4R 72 B2 AH X 5%
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Ge & A E 10X 10, Horh 74 Z2 I8 B 57 57 FR 1
T ARZBISET R R IR I Ge 4 8 W6 R i 4
oA T VG 2 A Ml XY RE TR, g BT A 1
FXB S A PR HE 24 1T = 5 8 28 0 i IXH B0 IR Ge

JF 4B Ga . Ge In Cd ik £ Fp B K L1 BB, BB 2% (DZT 0400-2022 8"
JEE ¥ Dong et al.(2011)

7Y WA e LRI 3 ) G b g

TR A AH X BN Ge 7E Z5 04 3 LA [N R P AT 2 il
TRAF RS, DA o W) G2 R A7 76 TN BT b A Hh s DA 3
AN/ ) AFTE N BT L e 28 5 TR 4 R A7 T o
. Ge FE S Cufli & B NN BT P 1Y Zn: Ge' +
2Cu < 37Zn"" . VG 08 By B VA HY AR TR kD i
HRUNT Y, B R AR T K
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BT 1 t.In 32 B2 L2 R 4 1) O =X A7 72 N
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