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Chemical composition and prospecting significance of sulfides in Pb-Zn-Ag-Au
deposits of the Qingchengzi ore concentration area, Liaoning Province
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Abstract: For the purpose of clarifying the ore-forming fluid and the origin of the lead-zinc-silver-gold deposit, the
authors used galena, sphalerite and pyrite for microscopic identification, electron microprobe analysis and ICP-MS
analysis. The results show that their consolidation sequence is pyrite, followed by sphalerite ( altered pyrite by
sphalerite) and galena (altered sphalerite and pyrite by galena) . From the spatial distribution of sulfides composi-
tion, the authors detected that the migrated pathway of ore-forming fluid was from Diannan-Zhenzigou to Erdaogou-
Xiquegou and Dadi-Baiyun, respectively. The formation temperature of sulfides dominated by galena is about 322 ~
327°C according to the consolidation temperature of galena (327°C) and the uniform temperature of quartz fluid
inclusions (322°C). Meanwhile, the sulfide formation temperature of sulfides dominated by sphalerite is about 360
~ 400°C with reference to the uniform temperature of quartz fluid inclusion (300 ~360°C), the temperature of
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chalcopyrite dissolved from sphalerite ( >350°C), the temperature of galena-sphalerite formation (344 ~ 464°C)
using the Cd partition coefficient thermometer in galena-shpalerite and the experimental brittle deformation tempera-
ture (about 400°C) of pyrite, but the ore-forming temperature of Ag( Pb-Zn) ore deposits was limited to 390 ~
400°C. Since natural gold mainly occurs in pyrite micro-fractures, the brittle deformation temperature of pyrite
(about 400°C) and the temperature of quartz fluid inclusions (230 ~370°C) constrain the metallogenic temperature
of gold to about 370 ~ 400°C. The higher metallogenic temperature of Ag( Pb-Zn) and gold deposits may be attrib-
uted to the deeper location of the samples collected. At last, the relative relationship between the ore-forming fluid
and the Mesozoic ( especially the Indosinian period) magmatic rocks was judged by the comparative analysis of trace

elements. According to the characteristics of the Indosinian magmatic mixing, it is considered that the magmatic

mixing might have contributed to the mineralization in this area.
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Fig. 1 Regional geological map of the Qingchengzi lead-zinc-silver-gold ore district( modified after Li Dedong et al. , 2019)
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1—Quaternary sediments; 2—schistosites of Gaixian Formation in Liaohe Group; 3—marble of Dashiqgiao Formation in Liaohe Group; 4—graulite of
Gaojiayu Formation in Liaohe Group; 5—Proterozoic granite; 6— Indosinian granite; 7—gabbro; 8—diorite; 9—granite porphyry; 10—lead (zinc)
deposit; 11—silver-lead-zinc deposit; 12—silver deposit; 13—gold deposit; 14—fault; 15—sampling location; 16—range of the ore concentrate area;

(D—Baiyunshan anticline; (2—Xinling anticline; @—Toudaogou syncline; (@)—Zhenzigou anticline; (5—Daling syncline; ©—Zhujiapuzi anticline
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Fig. 2 Field characteristics of the lead-zinc-silver-gold deposits in Qingchengzi
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a—the 80 m altitude orebody in the Xiquegou deposit; b—the 190 m altitude orebody in the Erdao deposit; c—the —40 m altitude orebody in the

Diannan deposit; d—the 230 m altitude orebody in the Zhenzigou deposit; e—the —70 m altitude orebody in the Dadi deposit; f—the 30 m

altitude orebody in the Baiyun deposit
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Table 3 The correlation coefficient of each element of galena in Qingchengzi
Pb S Fe Cu Zn Ge Sh Co Ni Ag Te Sn

Pb  1.00 000

S -0.754 34 1.000 00

Fe -0.30643 0.22566 1.000 00

Cu 0.03069 -0.10516 -0.230 15 1.000 00

Zn  -0.91273 0.76587 0.003 17 0.090 88 1.000 00

Ge -0.04307 0.128 17 -0.11227 -0.014 58 -0.014 28 1.000 00

Sh 0.09108 -0.174 32 -0.107 56 —0.105 38 -0.141 40 -0.116 05 1.000 00

Co -0.05658 -0.088 69 -0.146 69 0.53720 0.11972 0.62262 -0.14516 1.000 00

Ni  -0.47469 0.21484 0.53880 -0.12898 0.32532 0.12295 -0.31443 0.23472 1.000 00

Ag  0.06399 -0.17226 -0.122 10 -0.111 36 -0.103 14 -0.076 68 0.943 46 -0.118 71 —0.33295 1.000 00

Te 0.26284 -0.22075 -0.10390 0.153 04 -0.21198 -0.12436 —-0.733 52 -0.098 19 0.007 78 -0.634 53 1.000 00

Sn 0.33590 -0.60180 -0.101 30 0.097 68 -0.254 07 -0.209 25 -0.23508 0.03255 -0.09375 -0.173 12 0.40508 1.000 00

W S A INEER SR, B Zn ] BE LU B8 7 B X
B Pb. HEIuHES Ph A REEL, (R eI 1A
8 = AR IS, 1 Sh-Ag( R* =0.94) Fll Zn-S(R* =
0.77) HA 8 LA, Sb-Te( R® = —0.73) F1 Ag-
Te(R* = - 0.63) HATH w1 UG, BT IX 20 3%
N AR M B ERAT 5 J7 AA DA LA S AR X AE 7 Re-
nock and Becker,2011), 1M Cu.Co.Ni.Ge.Fe 5 Pb
MR RBURMK, 12 & 4172 18] ( Cu-Co~ Fe-Ni 1 Ge-Co)
HLAT S B i i IE AT SR PEC R 43531 24 0. 54.0. 54 Al
0.62), YL L0 55 ) fE At LLAS AT DL S 4 A ol 3 2k
Aok B A T A7 T

TENEE 5 HEA KR RECER DO P, Zn 5 Fe £
B2 AR = =0.99), 1] Fe 76 NEEN " 225
FUAMGE R Zn. HEICE S Zn AHOC RECEAK, (A
Pb 5 Ag BB IEAAKECR =0.99), Pb-Sh Fl Ag-
Sh A AHALCR? 43 5] 49 0. 66 F10.61), {H Ag

55 Sh AL MECR? =0. 61) AR T 7B TH & 1
MIFMECR? =0.94), Ag 55 Te R m GMIRMECR? =
—0.84), UL I EED T o] BEAF AR CBRD SR [ %%
& ( Renock and Becker, 2011), 1 Au-Ni Fil Au-As H
AR IR A DG CR? 439324 0..92 F10. 67, it 1]
INEER T H AT BEAFAEAN AT L5 AT B0 44, I H A
b T H ARG T X AMB AR AR & R ) e .
TESERN S5 TG MR T (R 5), Fe 5
CoNi IR MER 2, M5 Zn 255 IEM K ME (R =
0.68), U] Fe 5 Zn 2R FGAA4E. HEILHRMN
FHSCE LE A TP 25, Au-Ni 2 B IEAH G (R =0.99),
Au-Ag EIFIEAK (R =0.56) , P HEA F Au R
T ARG INE TR AR AE SR ok, 5 N BT
Au 5 Ni & BEAHOCIE A2 — 30, R F IR R X
FERIR 4, o] G LAAS 0] WA JE A7 7E o Pb-Cu L
AW IEMICCR =0.95), B Ai15 Fe L AT fi M 5%

R4 FHFHEEEIRT AN STREXREE

Table 4 The correlation coefficient of each element of sphalerite in Qingchengzi

Zn Fe S Cu As Pb Sh Te Co Ni Ag Au
Zn  1.000 00
Fe -0.987 95 1.000 00
S -0.57342 0.477 06 1.000 00
Cu -0.35508 0.261 02 0.288 83 1.000 00
As  0.48241 -0.42320-0.69551 -0.149 16 1.000 00
Pb 0.47035 -0.48248 -0.378 59 —-0.021 65 0.13532 1.000 00
Sb 0.63209 -0.693 03 -0.033 79 -0.157 26 0.217 44 0.65525 1.000 00

Te -0.61151 0.610 61

0.39335 0.29246 -0.357 51 -0.894 25 -0.826 72 1.000 00
Co 0.207 89 -0.167 90 —0.211 07 -0.395 22 -0.264 18 —0.279 66 —0.339 67 0.272 65
Ni  0.393 81 -0.32633-0.65076 -0.384 55 0.770 58 -0.15125 0.041 35 -0.144 79 0.271 96

1.000 00
1.000 00

Ag 0.404 98 -0.42079 -0.312 00 -0.009 66 0.001 22 0.990 02 0.607 67 -0.843 65 -0.233 51 -0.254 13 1.000 00
Au  0.081 01 -0.006 76 —0.598 40 —0.300 10 0.666 53 —-0.117 82 -0.10521 -0.113 40 0.167 24 0.917 84 -0.201 51 1.000 00
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Table 5 The correlation coefficient of each element of pyrite in Qingchengzi
Fe S As Cu Co Ni Pb Sh Zn Ag Au
Fe 1.000 00
S 0.197 71 1.000 00
As 0.136 14  0.028 24  1.000 00
Cu -0.11002 -0.701 72 -0.21559 1.000 00
Co -0.06837 0.20843 0.40358 -0.13696 1.000 00
Ni -0.14238 0.32155 0.35171 -0.09742 0.280 17 1.000 00

Pb -0.14482 -0.68186 -0.31522 0.951 39

Sb -0.28535 0.24756 0.15155 -0.24812 0.176 85
Zn 0.679 80 0.12498 -0.341 12 0.072 48
Ag -0.03564 -0.08972 0.297 18 0.46532 0.45075

Au  -0.13358 0.28577 0.29348 -0.07583 0.213 11

-0.31043 -0.205 41
—-0.241 54 -0.313 14 1.000 00
-0.25498 -0.270 11 -0.021 20 -0.122 44
0.634 08
0.987 71

1.000 00

1.000 00
0.326 87 -0.43988 -0.077 52 1.000 00

-0.171 58 -0.250 81 -0.282 13 0.56239 1.000 00

P, B SR TP A AE S S Ph F Cu MOk A 44,
5B RN R L AT I D BT A A B
WAV G
5.2 WIS E B LEFE
T3 TETT WTA EYRET DR AR A A AT
W6 T DU 5 5050 v 1) 96 38 A8 AR AR SR AR AN [
PRI o A2 4K
TETTETT 1A BB v, AN TR IR HE e s A1 AN
Ao A HEAS AL S 0 2 T 2 20110 L, 35 859
Pb %5 (85.54% ~86.37% , ¥ 85.94% ) Fl — i
Pb & #(85.28% ~86.39% ,1-14 85.97% ) IR M ik,
T (83, 84% ~86. 81% , V-1 85.45% ) Fl K
H1(83.84% ~86.81% , V-] 85.33% ), A% T4 Pb
500 . . . . 5000
P 4500
4000

¢ 3500
2 3000
E‘ 2500
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500

0

T (81.32% ~86.15% , V- 84. 44% ) F K. 7
DAAS R IR A R AR A 1) 5 B 7 8 R L CJE 3O,
Y v Zn & A — @ S AL AR, B B A —
I B KR T JCHB IS S A R i, B
219.00 x 10 ®—> 514.00 x 10 °— 2 058.00 x 10 °
-~ 2064.00 x 10 "*C*FII{E)— 4 554.00 x 10 ~°. Cu
O EHA LA p T O 23 0l ) -
B VAR Mo 38 N 94, Sh Ga F1 Cd 5 &8 B DLk
TV Ry R Sl ) T T VA A ) K b B AR
I H, Mo A& i BRAH H A7 I 5 58 76— — 38 )
M1V — ] e 0K M PR AR R 35 (18 3D . an R4
WX 7 AT AR R BT RO A
FAFTE 18, A N7 85T T & & B o 3= & & s k]
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Fig. 3 Changes in the composition of galena in Qingchengzi
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DL Y B 889 388 R A7 B A X v, el gslb, T RESZ LIRS Mo A (R RIRAE, 2019)
B RV RR M R & A B () ZnaSb Cd Ga, Bi O AR B SE R T 80, I8 75 E 3 — D9 .

W ANV 1) R 7 454 [ 45 1) ZnSb.Cd\Ga JCF /238 & FEAN [ ™ R AN [ b 7 #0007 70 B AL
(7o MRHE T EYET R Zn (55 ANPY [ AR IZE W0, U CIE 4D, WS [ ER 7 #E T Zn Cd Ga B AT AR
W7 B0 [ 45 ) PR VAR AR R R ARARR AL, BT 5 AR P 488 05 Cus Mo In B AT S
Zn BT UM E TG Ph &7, M S IE-E PRI 0 AR A SR aC AR AR AL, 3 A A
T4 I B A HI AN SR A, DRI ek b AT B R, 1T TR e B A 1 Sh 3 B A
ol e R HR Tl . B AR N - JF HARORRE AT . S S DA TR A o R
T8 2 TR 23 S T R U P USRS, BT 0 AOAR SRR M 45 R, T DA DR P L AT K
CuC T fig e AR 7 B SN B HH s 5 I SO T AR AT AR B 4 1™ DL K K8 18 TR B 1R 9 0, i
O RPN, JBRIT 8 Cu S HRARVINM Mo AT REE 2L 2 Wk 574 Mo 7 [ ™ At 4 5% Wi e
i 1A R R TV CrRole) BEBMIR . J5B A T Mo & 85 IF HIX I S M £ 1 A AR R CHF 3002 20 m A5 i)
R DL Y R R K

w(Zn)/10™ w(Cu)/10™ w(Mo)/10™ w(Sb)/10™ w(Cd)/10°™ w(Ga)/10™ w(In)/10™
—_— kg W fe LA
e o o <@ <° ol ) =
°S2883882388 432

B4 T80 o X0 R AN R bR i 77 B0 1 AR AL T

Fig. 4 Variation of composition of galena at different altitudes in Qingchengzi

BN B L, f r NN Zn & 8 Cd DLRRAS S e ZnC EFREE4E, 2011), 10 KHs
(57.26% ~57.96% , V-1 57. 61% ) LAR T e 7 W IRINEED T BA m & & Sb. Cu 1 Ag IR T K
N Zn 5 78(57.44% ~58.26% , 1¥957.85% ), S8k AT WA7AE, SR T Rk IR SR
MRHL N BT Zn 5 5 (64. 61% ~ 65. 88% , “F-1  FUHREEH(ZEBEEE, 1998) & 2.

65.38% ) fi iy, Sb Fl Ag A IEFAE Zn FHAL, 1M S, FEAN RIS INBERT 1 B3 (1 6) 5 Ph Mo
Fe Cu B HAMEACES) . INEET Fe 8 In ¥R¥E R4S, M Cu M Sh ¥R & & B8 =, 117 Cd
AR T TR G BE = ICC E 255, 2011), Bt fil Ga LM ), 3 B A BARH & & W%
TR TV TN BT T B P 2 v T KM IR I 388 CuSb B C AR BYA A ARG BR AR ) B8 %, 1M
PEWE IR T . BT INAERT Ph (P34 17 714 xSRI SR SRR L .

107°).Cd(F14 3 983 x 10™°). Ga( *F- 14 28. 68 x FESERY Wy Ee b CI 7)), IR IR Bk
107 &40 i T KM PRA R 5 5 (9 048 x  Fe & HAT SR8, (HE 5 Sb B, Ui Sh il R
107°.2 812 x107°.8. 16 x 10 ™°), i Cu F&E AN T Fe, i Sb LAAS ] WHEBHR A X A7 72 5
BV CPEIE 3 100 x 10 ™) [ KHL(3 304 x 107°) ARl PRIEEN™ S & B AT feARAH, H Te & Sf i,
WA AR )R S AERE IS O BB Te 55 S AAEEWAER . MWL E TR ERMK
131,25 x 10O HEALF K503 x 107°) . NEF  F, Sa9va B EN & ARSI As, BT R B2k
R Ph S il RE R INEER TP AR AEAN T W7 By EBR S RPRkA, 1f fl B SR RS Zn i,
W ioRL A4, 588 TSR 2] 5 8v i S ARINEED L U0 Zn 5 Fe DUR T RIMGUR AR E e AR ELECH &0
ZHFFE, Cd S BB S U I NEEN P AAE R IR, B o BB 53 H AT B K CoNi Fll As &
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Fig. 5 Changes in the composition of sphalerite from different deposits in Qingchengzi
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Fig. 6 Changes in the composition of sphalerite at different altitudes in Qingchengzi
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Fig. 7 Variation of composition of pyrite from different deposits in Qingchengzi
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5.3 WIKRBIRRERE

A Z Ao AR A R S 7 BT Bk
HTPRBER™ 22 [8] 28 - A2 e B AT W) S iRy AR A 1, B A
40 () 4 o ada AL s 7 s e B S, 8] 8a A 12
—5 {1 Pb H1 Cu & AR PEAS, K 8b v £ 1 1] Pb 1
Cu AT M3, M5 6 TERNTHT & Fe
o AT AH R AR A A Ul W 5 T S B AT L )
RAET PbCuly Fe B FATH. IXFPE] 122 # WV i%
RAEAR A IR B A5 AT S RO AR 4% 1 R T A
5 38 O [ A T A 2 ) mT DLR AR O AR
AR A M AR TR A, A L I A AT RE K
A FEACIR 2 1 B F- 28 ##: ( Forster and Hatje, 1997),
W R T R B v i A A AR A R Bk, R
DT SR A N 12 2 A A i B DR R
Tofs B DR TTASEAT 40 VA Wi R A ) 4 Je 2 DR 3 1) 3 38
b, Sebr BT R I A B
XFEIIG B, A Cu B 7677 8T Ffid i i A5 T A
T, UL BT T BT 2 R AN LA R R
JEZE o DRI, 7 B A8 AR R Y. 12 [R] I Ak T3
RO 8 g 45 A C 2220w T 7 BV I DT &5 b B
327°C) o G SEIO W TR B 0 N AR E S 1077 ~
10 7/s FEHJEIAE 1 GPa FRAMMH AL 2
/> IEF] 400°C ( McClay and Ellis, 19830, f1 B4 # 4%k
9% A WG P A 1 B C400°C) 4 & 1 — ANl 32
BRI, I 3% 5L 77 B 53 N e PR AR T' 1) B kAT 2
BT HE D B R A 2B A R TR U B AR T 400°C . A
BN 80 R AW SRR 7 T A AR SR
B Zn Co AL S, BT AT iy Co 1K S FHIE
HN N e BT 8 iR 3 3 ( Kullerud and Yoder,
1959 , I BEERA™ U HL 22 G5 V15 H 1) e il 4 360,
57°CCERE, 2017) KA, B H AR w3
BRI 7 iR G % Bi/Sh IMMEC < 1) KA, X
B 7 T N JE PR A BT CRE I A, 1986) 0 4
A RIS LLAE(2017) F R A Je i A0, 2 AR SR A 5 A VA
FSCA I AT 322°°C, SX AN Y 1% S T B[] 4 S
Ryl B, DRI L 5 8540 ok 3 AT IR e il B N A T
322 ~ 327°C 22 [H].

INEEN™ 2 s s B 5 B BA 3 () i 25
IR S CHE 8, 8D s IR 5 82 =1 1) Pb Cu-Fe
Ga FI Cd, WHHAHRHE Hall 22197 1) 32451 Cd 23 SILE
PR T S L AR AT ) v 1 B A D U BE T kv
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WA FE R AR C30 m bR D 1R B 38 5 22k —
2T

200 pm
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Fig. 8 The tested point map of sulfide of the lead-zinc-silver-gold deposits in Qingchengzi

a— = EAHTT 80 m B AT b— —IEHHT 190 m H A1 o1

FHTVEER” —40 m 040 d—HR TIWETEER™ 230 m B 5 e— KHBAR

BYEED™ —70 m B 41s F—HZ@W 30 m 415 Gn— 584" Sp—NBER; Py—3REkD"; Au—H A%

a—the 80 m altitude ores in the Xiquegou deposit; b—the 190 m altitude ores in the Erdao deposit; ¢—the —40 m altitude ores in the Dianna

deposit; d—the 230 m altitude ores in the Zhenzigou deposit; e—the —70 m altitude ores in the Dadi deposit; f—the 30 m altitude ores in the

Baiyun deposit; Gn—galena; Sp—sphalerite; Py—pyrite; Au—mnatural gold
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)
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Fig. 9 Standard distribution patterns of trace and rare earth elements of galena and sphalerite in Qingchengzi area
e, TR A A8 1 R A S R RIS (B B AR 51 B AU 25 (2018 5 I TR B A B 51 AR &) R (2018) 5 ILWTHE KB
w5l AR E RAE(1990)

data of Shuangdinggou intrusion, granite porphyry, quartz porphyry and mafic microgranular enclave after Xie Hongjing et al. (2018); Proterozoic

granite data after Song Jianfei (2018); Marbo of Dashiqiao Formation in Liaohe Group data after Li Xingyun et al. (1990)
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