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The distribution characteristics and its significance for prospecting of rare and
rare scattered elements resources: A case study on 3 representative Pb-Zn
polymetal deposits in Shuikoushan orefield, Hunan Province
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Abstract

This study focuses on the Kangjiawan, Laoyachao, and Yagongtang Pb-Zn polymetal deposits in the Shui-
koushan Orefield with the aim to investigate occurrences and distribution of scattered elements in the ores, reveal
its relationship with the major ore-forming elements Pb, Zn, S and Fe, and summarize the enrichment regulations
of scattered elements in the ores from the Shuikoushan. The data used for this study came from field investiga-
tion, microscope-observation, and in-situ analysis (EPMA and LA-ICP-MS). The results indicate that Cd, In and
Te are mainly enriched in sulfide minerals including sphalerite, pyrite, chalcopyrite and galena. The ores from
Kangjiawang Pb-Zn-Au-Ag deposit have average In/Zn ratios of 0.86, ores from Laoyacao Pb-Zn-Au deposit
have average In/Zn ratios of 5.10, but the ores from Yagongtang Pb-Zn-Fe-Cu deposit have average In/Zn ratios
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of 611.20 and average In content of 33.83 x 10°~365.62 x 10°°. Therefore, it is concluded that In in the ores of

Kangjiawan and Laoyachao deposits occurs in the lattice of sphalerite and chalcopyrite as isomorphism, while In

in the ores of Yagongtang deposit may mostly occur in independent mineral of roquesite. Moreover, Te in ores

from the Shuikoushan orefield occurs as not only isomorphism in sulfide (pyrite), but also independent minerals

in tetradymite (Bi,TeS,) and Hessite (Ag,Te).

Key words: geochemistry, scattered elements, isomorphism, independent minerals, Shuikoushan orefield
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Fig.1 Geological map of the Shuikoushan orefield (after Ouyang et al, 2020, slightly modified)

I—Cretaceous Dongjing Formation; 2—Jurassic Gaojiatian Formation; 3—Triassic Daye Group; 4—Permian Changxing Formation; S—Permian
Douling Formation; 6—Permian Dangchong Formation; 7—Permian Qixia Formation; 8—Carboniferous Hutian Group; 9—Carboniferous Zimen-
qiao Formation; 10— Carboniferous Ceshui Formation; 11—Carboniferous Shidengzi Formation; 12— Carboniferous Menggongao Formation;
13—Devonian Xikuangshan Formation; 14—Early and middle Yanshanian granodiorite; 15—Middle and late Yanshanian dacite porphyrite;
16—Middle and late Yanshanian rhyolite porphyry; 17—Middle and late Yanshanian granite porphyry; 18—Dacitic lava breccia; 19—Gossan;
20—Geological boundary; 21—Unconformity; 22—Nappe fault and its number; 23—Reverse fault and its number; 24—Normal fault
and its number; 25— Typical deposit; 26— Ore district; 27— Inverted anticline of Yagongtang; 28—Inverted anticline of Laoyachao;

29—Inverted anticline of Kangjiawan; 30—Exploration line and its number
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Fig.2 Geologic section of exploration line 207 through the Yagongtang Pb-Zn-Fe-Cu deposit(a), geologic section of exploration
line 100 through the Laoyachao Pb-Zn-Au deposit(b) and geologic section of exploration line 127 through the Kangjiawan
Pb-Zn-Au-Ag deposit(c)
1—Black soil with rock fragments; 2—Yellow soil with rock fragments; 3—Cretaceous Dongjing Formation; 4—Jurassic Gaojiatian Formation;
5—Permian Douling Formation; 6—Permian Dangchong Formation; 7—Permian Qixia Formation; 8—Carboniferous Hutian Group; 9—Interbed
silicified breccia; 10—Granodiorite and its number; 11—Cryptoexplosive breccia; 12—Fracture zone; 13—Skarn; 14—Lead and zinc orebody;
15—Gold orebody; 16—Pyrite orebody; 17—1Iron and copper orebody; 18—Goaf; 19—Measured and inferred geological boundary;
20—Unconformity; 21—Nappe fault and its number; 22—Measured and inferred faults; 23—Drill hole and number; 24—Ore body number
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Fig.3 Microscopic texture of the ores from the Shuikoushan orefield

a. Containing euhedral quartz, semi- euhedral arsenopyrite, euhedral rutile and fractured pyrite; b. Sphalerite margin replaced by chalcopyrite, with
dissolved pyrite; c. Galena infills the fractures of pyrite with metasomatization forming a kind of network vein metasomatic texture; d. Porphyroclas-
tic texture of pyrite; e. Sphalerite replacement of pyrite along the fractures in the form of sieve hole; f. The first generation pyrite was metasomatized

by early sphalerite; g. Galena and Hessite infilling and metasomatizing along fractures in pyrite; h. Tetradymite and hematite replace electrum;
i. The tetradymite in garnet framework and the edge is replaced by hematite
Py—Pyrite; Cp—Chalcopyrite; Apy—Arsenopyrite; Sp—Sphalerite; Gn—Galena; Hem—Hematite; Hes—Hessite; Tet—Tetradymite;
Elc—Electrum; Q—Quartz; Rut—Rutile; Gt—Garnet
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Table 1 Sample location, mineral assemblages and key ore textures
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Table 2 EMPA data of sphalerite from the Shuikoushan orefield w (B)/%
W IRAFR K5 R S Fe Pb Cu Zn Mn Cd syl
Spo8 33.25 2.06 <DL <DL 63.64 1.29 0.27 100.51
Sp09 33.18 1.65 0.08 <DL 64.32 1.10 0.30 100.62
Sp10 33.35 1.71 0.06 <DL 64.16 0.93 0.29 100.48
Spll 33.11 1.44 0.03 0.01 63.74 0.95 0.31 99.60
K5 Spi2 33.07 1.54 0.07 0.03 64.78 1.12 0.30 100.91
Spl13 33.15 1.98 0.10 0.00 63.30 125 0.30 100.09
Spl4 33.01 1.56 0.04 0.11 64.01 1.09 0.30 100.11
Spl15 33.09 1.60 0.03 0.00 64.08 1.05 0.31 100.16
Sp16 33.65 2.55 <DL 0.21 62.91 1.08 0.25 100.64
. M 33.20 1.79 0.05 0.04 63.88 1.09 0.29 100.35
HETS Sp21 33.41 424 <DL 0.15 60.78 0.43 0.21 99.22
Sp22 33.66 5.35 <DL 0.07 60.22 0.36 0.20 99.85
Sp23 33.53 5.58 0.03 0.14 59.42 0.42 0.21 99.34
Sp24 33.52 432 0.03 0.13 59.65 0.76 0.21 98.62
K7 Sp25 33.65 470 0.08 1.12 59.31 0.45 0.20 99.50
Sp26 33.80 4.63 0.04 0.09 60.54 0.47 0.20 99.77
Sp27 32.93 3.68 <DL 1.16 60.93 0.42 0.20 99.31
Sp28 33.32 2.72 0.02 0.26 63.21 0.10 0.21 99.83
Sp29 33.71 457 <DL 0.61 61.06 0.36 0.20 100.51
FEE 33.50 4.42 0.02 0.41 60.57 0.42 0.20 99.55
Spo1 32.67 5.10 0.06 6.03 54.15 0.14 0.35 98.50
Sp02 33.31 5.73 <DL 6.72 52.90 0.21 0.38 99.24
Sp03 32.66 5.40 0.07 6.31 53.59 0.12 0.34 98.48
e LY3 Sp04 33.05 6.01 0.05 7.06 52.54 0.04 0.39 99.14
BRI Spos 33.24 5.36 <DL 6.05 54.36 0.08 0.34 99.43
Sp06 33.21 6.19 0.02 7.02 52.72 0.03 0.43 99.63
Sp07 32.85 5.64 0.01 6.33 53.04 0.06 0.45 98.37
F-HE 32,67 5.10 0.06 6.03 54.15 0.14 0.35 98.50
Sp17 33.69 9.37 0.01 1.49 55.05 0.11 0.21 99.91
. Sp18 33.47 9.70 0.01 1.32 54.23 0.14 0.24 99.10
5 3 Spl19 33.54 9.71 0.07 1.04 54.56 0.15 0.23 99.30
Sp20 33.46 10.50 0.03 1.07 52.89 0.13 0.21 98.28
FHME 33.54 9.82 0.03 1.23 54.18 0.13 0.22 99.15

T AR - PR R MR 5 5 A B B I Koy, <DL AR T A B

WERRELE T 0 AR e A . BRZIE W IR
WA B T B w(Te) /T 5.37x1076~2836x 107,
108 463.89x10°°, & A R4 KA A1 w K H
w(Te)f T 0.25%10°~55.12x10°6, F-14 5 12.05x10°6,,
5\ BT IR B A R H Y w(Te) At T 0.46x 100~
8.52x1076, 4414 5.27x10°°, 3 FIE 4 7], Te
TEE G By & BN 5), it U B Te 76 58 200
Hh DL [ O A (B AR Bk AT R

A5 Te ARSI S5 %, M8 E 3h.i M i

TSR EE I AR BB R AR 40 P LB A i D
MR A RIRAR

(5) 38 XF A A RAE A B SRR B 5L
FMG A PE PRINEED HL FHRER M 25 SR R 450
NERD™ B B Tl T K LA ICP-MS /3 #r2s
BB, e B A R BRI TR Y
Cd Ml Te & B AEW R LU pa B 4, In &5 2 0 52
B R AR e A . e b, RIS
S ELA PR DN EED HR T A 55k o 2 T 3 445 T v 444
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Fig.4 Histograms showing the content of scattered elements of different minerals(a, b are from Kangjiawang deposit; ¢, d are from

Laoyachao deposit; e, f are from Yagongtang deposit)

T, W28 YRR PRAT A BT P In i) 7 R TR L B
I o BRE SV G M BL 0 KA A1 BBk Te
4 5t B TR IS I3 . 3 PRAT 1 I BT
HRY Cd 5 RS AC TR , AN 2 Bl TR 1 i 49 o

4 1 i
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Cd FE B EAEAYVEET IR, Joie WP al R 2
RUER R IR, R R INFER FE7E , CA#F e &
£E 3] — E BB (Cook et al., 2009; 7K 7 %5 | 2003 ;
2008; Ye et al., 2011;2012) . Cd 3= F & LUK i il 4
WAE T INEED rh (3RS, 20165 TRIUHES ,2019) , IF

H AR INBET H 1 Fe (X14% P55, 2010a; 2010b) .
Cd?* \Fe?* Zn> A M b= 55 F , Cd> T 5 Fe? iy
TEY R 1.7,Z0% 7 1.6,Cd** Fe?* Zn? B 12K 0 5]
4 0.97 nm.0.74 nm.0.74 nm,Cd?* . Fe?* . Zn>"Hi B34
)2 8.99 eV.7.87 eV.9.39 eV, Cd?* . Fe?* . Zn* & T
HL A 20 M 2.06 €V . 2.7 eV . 2.7 eV, Cd2* \Fe?*  Zn?*
F i H B ) R 2,08 .2.12,2.20, Cd? Ay HL B 1
i M R I F B AR B L Zn2 B 4T T Fe? T, AR X
Cd 5 Zn 2B AYIEAHK KR (RH0.61),Cd 5 Fe.S
SRR TAHIC IR (R391128-0.61.-0.69) , T Zn 5
Fe .S 2 U AR (R71128-0.99.-0.53)

TR DCHESE (2019 ) X601 B4 by DX PR Y 147 BF
FER IR, B TEA IR B RE T IR B SRR R O i, 1T
ANTEVE PR IN LR Hh (14 & B i & A 5 — 2 A
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TR, INBERT 1 Fe i & it X6 IR i ) ' SR 7 B
FIREA B EEM W, B0 =/ & AR B R A
BE T w(Fe)TE 300% 1076~1400x 107, 171 48 5 1 % 25
(10(Cd)=5000% 10-~35000x 10-°; Zhu et al., 2017); I
JIRF IR IR INEED H w(Fe) l 0.36%~1.35%,
T 408 2 1 T 2 (10(Cd)=1998 x 10-6~4887 x 10-6; Zhu et
al.,016), MR 2 M HLFIREH 3 Hr & SRt ml LUK B,
A DR AT AR S R S e IR AR, ez
BR A AR A AR S TR R S BRI AR
XA g Cd i A TN BRER 1T RE 2 LS TR 2 (0 IE
KB T Fe, 3 LA Cd-S 3 98 =X = B A7 7 IN BF
Wy
42 HHITEInHEEFEERX

(1) 7E AR A In 54 RS0 KA & % V)
M) 2% 2 (Cook et al., 2009; Ishihara et al., 2011b) ,
FEWAE TR, 4 R 2808 2 LI R 4
A8 AE T IR A v, o B T A3k A 0 D5
17 1 95%(Lerouge et al., 2017; Werner et al., 2017);
IE AR SE RO, & TR 2R A -
LW R M & Sn ) Cu-Pb-Zn 57K , I H. In T ZAFAE
TINFER X PRI FR Z o8 In & S B0 I IR
FA 55 W)L Jm Ik (SR REAF , 2003 5200552008 , HUK
R BT R B T B A B
W BRSBTS B ( Brris-
key, 2005 ; ZE BRI %5 2019; JRILHESE,2019) . HH5
A AE AR AR S RN R R A KT A 26 B Tt 55 Zn 1Y)
B TR 518 0.81 nm A1 0.74 nm, HL P4
1.6, 564 AT DA 2 A 25 o W) 42 e i A DO T A4 v 5 HL
In** 5 Fe?*(0.72 nm), Cu?*(0.72 nm). Cu*(0.96 nm),
Sn**(0.71 nm). Sn>"(0.93 nm) ¥ 2 42 A 6L (X1 5 4%
1984, 551 [ G4, 2003), I, 48 0T LA R [H]
SHEABINERY EE ST Y

(2) 22 F X HOT R B LR R I T K
5T, A 23 LA ICP-MS 3 #1 J5 v I 5 IN B
B TR B, AN Cut+In® <> 2Zn? 2 i i3 A TN
PENT Y B E He ML (Cook et al., 2009 ; Murakami et
al., 2013), 7& XANES I i:{ P 1 45 2] 7 AH LA R
(Cook et al.,2012); {HJETEA L8 IR P AF7E Ag'+In®*
< 27Zn* YIRS, 1) 41 Akenobe 7 IR EB e AT K (Mu-
rakami et al., 2013), Belissont %5 (2014) 3 i< Xf =
Noailhac - Saint-Salvy #" JK & % IN £ 47 #1719 LA-
ICP-MS M3, e BLAR E A TN B 4 1Y & 45 AL i
S +In* + <> 3Zn* R ARHL I (T M 23 47), Frenzel

(2016) 4 i TARBIAYRARCHLE] . A X In 2 MKAF
TN A DR WA T B rh o A XN
BER Y In 55 Sn 2 B Y IEAH 9E 56 R (R2 2R 1.00)
In 5 Zn 5 —E AR (R4 0.2695) , 1 In 5
Cu.In Ag MAHMEA T . L, IAA X 1) In 3
FLP) Snd+In¥+ [ > 3Zn2* [0 R AT T TN SR
Hh T ELDNEE R G Tn SR B LR TR AT AT

(3) Valkama % (2016a;2016b)ik K : D 7£ /& In/
Zn FAE T (In/Zn > 50) , 38 F 0] JE BB 80 4 o, {5
w(In)il T E R T 40x10°5, A BE I i K Bk , 76
B RS M IR A R In S AN, ARTE AL
s AT RESUE B S i A, 4 Korsvikberget 11X (In/
Zn =2000;w(In) < 29x107%) LA }& Sarvlaxviken } [X (In/
Zn < 338;w(In) < 20x 10 HHH" 17 ;@ 1% In/Zn HAH
(In/Zn < 50), In 2 DS 5 i) G2 KA T A B A R 2 4
W) S AE o AR BB R LG, B RS R
SART IR In/Zn HAE K 0.86 , Z S ALY EE 4B IR In/Zn
FEAR A 510, 1 28 35 8% A 2R 4R B IR In/Zn HE (BN
611.20, H w(In)F-25 4 185.87x10°, FE AR H H In
FE LB (w(In) g 47% ) BIE R A 7E, H K%
B i B ) 5 SOWRAE T B AR
S B S NEE B AR, RS R
W HR B AR A 2 5 TN 2 ) B A B
FNEE™ (42 fi i 2% DL OB b A P 30, a3 5
D7 Ml A3 A AN 0k 3G AR (B84, 2018)
George 55 (2016) A Ky, W Ga . Sn LA M In TR £ E
KA AL B v T AN S WA A I B R 85 v
A2 AR 1T RE B AG BH  TEE  B b 2 0y T L4
i VE R S0 T BT I R A5 E R, T ZE S A
FRTVRTRE B R A R . Al B
FVE AR PRV SLAYEE S0 R 4 T Y In S
DA [ 2 WA T DN B B 0 14 A o B
B In B A, ANHEBR In DUHE 1 e 1A =X
FEAERY 1T BE 5 17T 28 S A B B A 0 R A P B T T
RE LA AR AR 0 (9 2 SR A7 . Dill %5 2013) 8 T 1A
BT T N, BRIV EEET H Y w(CA)FE 0.2%~
0.6% Z [8], FRRER 1Y) S A% F 1 , 7 R 40 1Y & 42 L IR
AR T AR A O B AT A T N BT Y
w(Cd)TE 0.21%~0.45% Z 1] ,~F- 354 0.28% , P L]
AR DX IR Al A REAEAE ST R0
43 FHTETeHMERR

(1) WRAF T30 EARE™ IR ) Te I 22
AR R 08 O Ui e (R K R 5 ,2011),
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ARG A E AR T Te & &AL I 5T,
K [RS8 XRAE T3 g b . 2858 i 5L 50 47
Mr e B0 (& 3g hi), K DA™ H Y Te 3 £ DL ST
W) Wl S 0™ AR AR 7 1B U4 HE o /0 BT R AE
RFE 1) b T PR BE T BB B ST IR, 7E 2R3 Ly
BEL D ST Te 57 IR, SRR DY T A A R KV 5
s 5 Te  Bi A 1) 3 37 % 7 IR (Mao et al., 1995) o
S5 G WAWOWE RN B0 N EED R R i e R
LA ICP-MS 73 Hr 8 5 I /K L B ) Te 22445
2R IRAFIE 2 — i DL 5 [R) 508 U A T3k )
(BEERE) P 5 53— Fh LSS 0 M MR B (9 T30
Bi, TeS,) MR (730 Ag, Te) fAAE T0 A .

(2) Te t—FhoEHube TR, R ELME
W) B AR T I ALY SR AL A Au AT 2 AR ALY b sk
{24 JE P (Cook et al., 2009) , 7£ M 14 75 2 (22x
1079) 2 b5 & i (3% 107°~5x107°) 1Y 4~7 135 , Tt 4k
Yy B 20 S T IR A Tk . 28 S R OC Y
PRI A R B R0 5 R o I Bl sl e A 5 )
IR ZR X — AN RFE HAL S w0 IR 5 b E
ZAFFESL Al PO )1 KK SR, CLO0.S
He Ar S [ R {5 8 2B B i A P oA o e i 4
JE )2 5 (Mao et al., 1995 ; B 5304, 2000); & 5 F]
. Apuseni Hb DX 53R 7 AU ARAREE A A BRI 5%
T, PRSI O B A B R 5 32 A8 AR A
Pl b 3, S350 T A Au i Te (96 48 NN
Sacarimb 4 2L E T W) i R Al (Harris et al., 2013),
P JH R R, Te AT LA 3 2ok R A DB 284 ) T S O 4 DA TR 388
Hiu e iz 2 R A, B IE A X AR e
TR A 75 (R AR RS, 2019) , WP IR LR B R 3 4%
T HAEERTE L,
44 EHEX

AR VR e % K T L SRR R AT A A W N R
B EH PR BOTE R A T A E
Cd.In . TeiX 3FFRHICE , i — LW T IRARIRE
A DL R 5 E TR (Pb.Zn S Fe) I C R,
SES TR HOTRAAEAR X R & LA, S T AKX
BaRITRm = 1L, o RS A Cd JIn . Te
SRS B AR TR AR TR

75 % 1§ %5 (20075 2010) | Ishihara % (2008;
2011a;2011b) 444445 (2018) A N AR A SR R -8 5
BRI ARGA R, R E B WA KPR IR (K
5745 ,2003 ; Zhang et al., 2007 ; Hu et al., 2017 ; 47644
2.,2019), Ishihara %5(2006)iA Jgi% 25 RH" PE 2 12

5165 A B RY R 7R R AR AR AR (VR
Ik #D) o A R HOIR B AL P B IR SR 4 Y
KA, 43 ) i A R B R 1Y 29.2% Fl1 28%(Werner
etal.,2017). 7K 1A H A i Ve 2202 52
AT MG SEET R R 0 IR LT A Y R
R IR, S A PE 0 KR 5 YOR AL A 5
PR K LA PR (Jmy 5 oo B WA 1 R A T B ), Bl
FVL TR A AR R U S ML TR Y e AT IR R L
PR o 7K LA™ FE G DR B i i RIS Ay oA A8 - e R AR
FRASE AR08 0 B, DSOS N A R kA PR v
TRAR R A A1 ) R EE R 3R, B A X 43 8 oo
R E R,

il Ak 1 BB 22 19 i I T R A BTR , AR X
TR HOCZR Te 1 H 4R, VLW A X Te J2 38 3o TR K W 44
) TR S U A DA TR 38t e v i i 22 9 b 5 v, s B
WE T2 XA Ry 7 i i & 8 (WK BH & 3 45, 2019)
G55 FENG 28 R PR G A 30 7= ik 1) 240 Jok R AR R
By AL, B HEIN A X BRER VT REAE AR RS R A
KB B, XA BRI R B S R

5 4%

(1) 3 XF K Ol N A 3 A~ LRI A 2 4
BT IR R GERAED AR, X LR R A H DN
W AR TR B TR TR R
TR i FEOTER A B R RHIE SR AR
HEAT T RGN R 0T, 5T 2 00« BR IS v 4
BT R A AR SR IR I A 2 4 Cd.
In TeiX 3FHICE

(2) KT BHE A R Cd ik AN 1T g &
DA R A 42 I R T Fe, 3700 Cd-S ERIE X 32
SIRAFAEINEET . K O A7 Y In 2L
Sn¥*+In¥+[1<>3Zn* 1 B AL A T INFED
T L 53 V8 A B A AR A R R 28 SRR B T IR
A1 ) I 2 DL T R G2 A 1 DA R 5 1 1
fn S R AN SIS In 0 A ASHERR In LB
AL AR TE A7 AE A AT B 10 5 2 5 4 B AR B IR
WA In AT RE DL AR 8 T 9 2UAE . K L
W H 1) Te 24 2 FRAFIE 2 —Fh LR [ 58
KA F oAb R ) v o5 —Bh LIl S i 4 #
Tl 5 B (43 T 200 Bi,TeS,) MR 4 5 (4 72X h
Ag,Te) f1E
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(3) WAL A BB 78 11 PR -5 R I Y 25
IR, X R BN S AR B R

B WANTARRRRDK O B8R A PR 5T
L2 R 22 B B v G TR B K ) SCRp AR 48 Bl
IS I A AT B v ] M SR 2 B A 7 B D 5 i [
T BEUEER VR S BT i S = R AL
FEOL R R K TR B R AR AR B AR 4 5, B
4 T RN G B O 8 SCER T e R L
R, eI — I 275 300 Ba |
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