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Fig. 2 Geological and minerals sketch map of the Zhashui-Shanyang ore deposits cluster
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1—Tertiary; 2—Upper Carboniferous Wuwanggou Group; 3—Middle Carboniferous Tiechangguo Group; 4— Lower Carboniferous Jiehe
Group; 5— Lower Carboniferous Eryuhe Group; 6— Upper Devonian Tongyusi Group; 7— Upper Devonian Xiadonggou Group; 8— Middle
Devonian Qingshiya Group; 9— Middle Devonian Chigou Group; 10—Middle Devonian Niuerchuan Group; 11—Cambrian-Ordovician
System; 12— Silurian System; 13—fine-grained porphyritic granite; 14—biotite granite, hornblende biotite granite; 15—granodiorite; 16—

granite porphyry; 17— dioritized porphyrite; 18—angular discordance; 19—Stratigraphy dip; 20—fault; 21—large and deep fracture; 22—

ore deposit and occurrence
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Fig. 3 Geological sketch map of Daxigou-Yindongzi polymetallic ore field
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1—The second layer of the third lithologic section in Daxigou Group; 2—the first layer of the third lithologic section in Daxigou Group; 3~

5—the third layer of the third lithologic section in Daxigou Group; 6—the second layer of the second lithologic section in Daxigou Group;

7—the first layer of the second lithologic section in Daxigou Group; 8— the first lithologic section in Daxigou Group; 9—Indosinian granite;

10—fault; 11—copper orebody; 12—lead orebody; 13—iron orebody; 14—gold orebody; 15—imandrite dike; 16—lamprophyre dike; 17—

stratigraphy occurrence; 18—exploration line
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Fig. 4 Geological section map for NO. 57 exploration line of the Yindongzi Ag-Pb polymetallic deposit
(after Yan Jincai,1995)
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1—phyllite; 2—limestone; 3—carbonaceous slate; 4—silver and lead orebody; 5—lead orebody; (7)—the orebody number
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Table 1 Chemical composition of rock and ore in the Yindongzi Ag-Pb polymetallic deposit ( % )

5 SiO: TiO; Al O3 | Fe; O FeO MnO MgO Na; O K. 0O CaO P2 Os H,OF Los Total
ES 53. 41 / 17.53 1.85 4.13 0.18 2.52 0. 47 4.48 5.03 0.11 1.2 7.79 98. 94
E4 53.95 / 18. 20 2.03 6.98 0.18 1.70 0.97 3.67 4.51 0.12 2.68 3.98 99. 07
E3 52.99 / 17. 94 1.49 5.82 0.23 1.70 0.90 1.25 4.33 0.08 2. 60 5.93 95. 35
E2 21.6 / 6.02 0. 86 2.63 0. 20 0. 65 0.15 1. 67 34.31 0. 05 0.72 20.16 | 89.41
El1 54.33 / 16. 30 1. 95 6.21 0. 26 1. 46 0.29 4.38 3.75 0.17 1. 90 7.38 98. 45
El4 53. 65 / 19. 94 2.05 1.51 0.11 1. 30 0.71 4.82 3.72 0.12 3.18 3.16 94. 35
M377 52.89 0. 65 18. 49 2.81 2.62 0.13 1.32 3.73 4.23 1.37 0.14 0. 43 1. 46 90. 38
SPC 57.15 0. 68 17. 42 0.78 0.62 0.02 0. 89 3.96 2.43 0.75 0.28 0.32 0. 40 85.70
E15 33.98 / 9.45 5. 49 21.19 0.93 1.65 2.25 1.61 1.95 0.13 1.32 12.91 | 93.17
E16 41. 41 / 12.85 5.59 16. 4 0.93 1. 05 2.62 1.97 1.57 0. 10 1. 50 9.98 96. 18
E7 49. 94 / 17. 04 1.63 7.11 0. 25 1. 46 0.54 3.72 4.8 0.11 1.32 5.73 93. 83
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Table 2 REE contents of rock and ore in the Yindongzi Ag-Pb polymetallic deposit( X 107¢)

=222 YDo1 | YDO2 | YD03 | YD04 | YDO5 | YD06 | YD0O7 | 93-83 | YD08 | YD09 | YD10 | YD11 | YD12 | YD13 | YD14 | 93-96

z“%(ﬁ“? R ) W TR | A G %E? Ea% W T | A Elfﬁu{i o %ﬁﬁ%‘ RN Eijr'ﬁm TR

AR | 50 | A ik | Ak | | THCE WO PO |Had
La 12 21 16 4 5 24 2 30. 25 21 26 6 3 9 1 29 12.88
Ce 28 40 29 8 12 47 6 60. 31 37 49 19 5 16 2 46 26. 83
Pr 4.6 6.3 4.6 1.4 1.9 7.2 1.0 6.76 5.9 7.5 4.0 0.8 2.6 0.4 6.5 2.71
Nd 13 18 14 1 6 21 3 30. 84 17 20 14 2 8 1 17 15.07
Sm 3.3 5.0 4.1 1.3 1.6 5.0 0.9 5. 49 4.3 4.7 4.0 0.5 2.0 0.3 4.1 2.57
Eu 0.8 1.4 1.8 0.8 0.6 1.5 0.3 1.12 1.4 1.4 1.5 0.1 0.7 0.1 2.5 1.08
Gd 9 4.8 4.8 1.4 1.8 4.5 1.0 4.71 4.5 4.5 3.4 0.5 1. 0.3 5.8 2.73
Thb 0.5 1.0 0.9 0.3 0.4 0.9 .2 0.65 0.9 0.9 0.6 0.1 0.4 0.1 0.9 0.39
Dy 2.0 3.7 3.4 1.1 1.5 3.3 0.8 3.97 3.4 3.6 1.9 0.4 1.5 0.2 3.9 2.49
Ho 0.6 1.2 1.0 0.3 0.5 1.0 0.2 0.81 1.1 1.1 0.5 0.1 0.5 0.1 1.2 0.45
Er 1.1 2.0 1.8 0.6 0.8 1.9 .4 2.07 1.9 2.0 0.8 0.2 0.9 0.1 2.2 1.03
Tm 0.3 0.5 0.4 1 0.2 0.5 .1 0. 34 0.5 0.5 0.2 0.1 0.2 0.1 0.5 0.16
Yb 1.1 2.0 1.8 .6 0.9 1.9 0.4 1. 95 1.9 2.0 0.8 0.2 0.9 0.1 2.2 0.78
Lu 0.3 0.5 0.5 0.1 0.2 0.5 0.1 0. 31 0.5 0.5 0.2 0.1 0.2 0.1 0. 0.12

o

TE: 93-83.93-96 i AR AT, 2004 s HoE A SCHUHE B
525 ELAN 6100DRC,

i b A0 4 P AL 7 B R0 SR T TCP-MS J3 7 58 B BT 458 8 1 1A 35 3 2R

o

®3 REFREZEBVRSETERITERIESH
Table 3 REE feature parameter of rock and ore in the Yindongzi Ag-Pb polymetallic deposit

ke YDO1 | YD02 | YDO03 | YD04 | YDO5 | YD06 | YDO7 | 93-83 | YD08 | YD09 | YD10 | YD11 | YD12 | YDI3 | YD14 | 93-96
SREE 71.5 | 108.4 | 83.8 | 25.1 | 33.2 | 119.2 | 16.1 |149.58| 101.5 | 124.2 | 56.3 | 12.6 | 44.3 6.2 | 122.6 | 69.29
LREE 62.7 | 92.8 | 69.1 | 20.4 | 26.9 | 104.9 | 13.0 |133.65| 86.8 | 109.1| 47.8 | 11.0 | 37.9 5.2 | 105.4 | 60.06
HREE 8.8 15.6 | 14.7 4.7 6.3 14.4 3.2 115,93 | 14.7 | 15.1 8.5 1.7 6.4 1.1 17.3 | 9.23
LREE/ -
HREE 7.10 | 5.96 | 4.72 | 4.36 | 4.26 | 7.29 | 4.12 | 8.39 | 5.90 | 7.23 | 5.61 | 6.65 | 5.94 | 4.75 | 6.10 | 6.51
La/Yb | 11.54 | 10.87 | 8.69 | 7.43 | 6.02 | 12.14 | 6.07 | 15.51 | 10.84 | 13.24 | 7.31 | 12.34 | 9.64 | 6.87 | 13.37 | 16.51
Ce/Yb | 26.49 | 20.48 | 16.16 | 14.09 | 13.56 | 24.06 | 14.43 | 30.93 | 19.12 | 24.35 | 23.15 | 24.40 | 17.36 | 17.39 | 21.13 | 34.40
La/Sm | 3.75 | 4.29 | 3.84 | 3.39 | 3.22 | 4.74 | 2.77 | 5.51 4.87 | 5.62 | 1.49 | 4.81 4.46 | 2.59 | 7.10 | 5.01
Eu/Sm 0.23 0.28 0.43 0.63 0. 34 0.31 0. 37 0. 20 0. 33 0.29 0.38 0. 24 0. 34 0. 30 0.62 0.42

(La/Yb)n| 6.69 | 6.30 | 5.03 | 4.30 | 3.49 | 7.03 | 3.52 | 8.99 | 6.28 | 7.67 | 4.23 | 7.15 | 5.59 | 3.98 | 7.75 | 9.57

SEu 0.76 | 0.87 | 1.23 | 1.85 | 1.00 | 1.01 1.09 | 0.69 | 1.00 | 0.91 1.27 | 0.74 | 1.10 | 0.95 | 1.60 | 1.26

3Ce 0.88 | 0.81 0.80 | 0.78 | 0.87 | 0.84 | 0.87 | 0.99 | 0.78 | 0.81 | 0.90 | 0.84 | 0.78 | 0.89 | 0.78 | 1.06

x4 REFREZERBVREANTYHE.ERAUESNER

Table 4 Silicon and oxygen isotope compositions of rocks and minerals from Yindongzi Ag-Pb polymetallic deposit

FE b 4 T b 1 KRR 5°° Singszzs (%0) 3" Osmow (%)
Ag-3 &R ANCE KA IRl 0.1 17.3
Ag-4 FHEBRA S Ly Rta I Rt — 0.3 17. 2
Ag-2 e Ky R IR E S M o P N R 7 —0.3 19.0
Ag-10 Tk . E AW AT — 0.3 16.0
Ag-11 MK A K. EANA A — 0.4
Ag-16 FHERE S il HAWA — 0.3 19.3
Ag-26 A 1170 m B 45 £k, & 11 & ik — 0.1 22.6
Ag-27 KA H 1170m B 45 £, K A1 )2 5 — 0.2 20.4
Ag-28 TR 1170m B 45 4. kA 280 0.1 19.6
Ag-28 A 1170m HBL 45 28 &0 A oefik — 0.1 23.0
Ag-29 Tk o 1090m 1B 53 £k, # R ARk — 0.1
Ag-33 R 1090m 1B 53 £k, # KSR — 0.2 16.4
Ag-36 Tk S 1090 m W B 47 £k, BERA —0.2 19.1
Ag-36 A ik Jot 2 op A ek 0.0 23.2
Ag-37 i 1090m W1 47 £k, HolRw —0.1 21.7

T 46 22 T 45, 1997,
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Fig. 5 Chondrite-normalized REE distribution patterns

for rock and ore Yindongzi Ag-Pb polymetallic deposit
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Fig. 6 Chondrite-normalized REE distribution patterns

for rock and ore Yindongzi Ag-Pb polymetallic deposit
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3.2.3 $ERMLE
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(97 Pb/*" Pb 24 18. 01 ~ 18. 25,%" Pb/*" Pb H
15.55~15. 85, Pb/*' Pb  37. 97 ~38. 94, &% [l
PR AR Ry 399~576 Ma, F- 34 482 Ma; /4 4
2 FE 192 Ph/ Pb iy 18. 28 ~ 18. 32,27 Pb/
21Phky 15. 63 ~ 15. 71,%° Pb/*' Pb 4 38. 81 ~
38. 70, g5 [l R AR WSy 263~385 Ma, 4y [F]fif
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Fig. 7 Sulfur isotope composition frequency distribution
diagram for Yindongzi Ag-Pb polymetallic deposit
T8 52— 83— NBFR 44— BT 5 Ea A

1—Pyrite; 2-—galena; 3—sphalerite; 4——chalcopyrite; 5— barite

4 AR

BRI AR 2 & )BT IR &0 )2 1 Rb-Sr S8 if £k
AR R 342432 Ma, iZ0 K 1Y HE B4R I8 378 &
8 Ma,13 S # {K ) Rb-Sr 2B L 4E 1 K 374 Ma, 13
SRR A B RE y 399 ~576 Ma (iR A4,
19895 EAHAF 1996 , 3 BB AFI% 5 3% X HOK TR K
A1 Rb-Sr % i 28 4 % 364. 94-10. 9 Ma (&
20, 1997) AHXTHZ I L 3R W 7B 5 oK DR L
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Table S Pb isotopic composition and model age for the Yindongzi Ag-Pb polymetallic deposit

e (a7} Hi 5T 7 R 206 Pp /201 Py 207 Py /201 Ply 208 Pl /201 Py Doe 4£ 1% (Ma)
DSW-2 Wk H EH 2 18.317 15. 626 38. 805 263
DSW-3 B T HZE 18. 283 15.709 38. 699 385

D-M;-1-3 W 13 B R IS A [l 2 18. 202 15.738 38.589 475
AT-44 VK 13 S ik 18. 001 15. 55 37.965 399
AT-15 VAN 13 S5 {k 18.167 15.706 38.455 463
AT-40 kL 13 54k 18.236 15. 851 38.935 576

D-M,-I-4 /RN 21 BN R 18.195 15.729 38. 39 468

PNERCE RN 18.08 15.7 38.75 517
PR/ 18.03 15. 66 38. 84 516
PR N 18.05 15. 69 38.78 526

7ZK87121 I 13 S Yk ik 18.133 15. 702 38. 443 482

ZK87126 kAL 13 5 iy IR 14 18.13 15. 666 38. 345 443

ZK87092 RN 13 SR e ik 18. 191 15.792 38. 482 542

7K87096 VKA 13 S Yotk a4k 18.146 15. 646 38. 626 409

ZK87113 Jr i 13 502 714 18.174 15.719 38.316 473

ZK87090 EATE 13 SR04 18. 141 15. 74 38.554 519

ZK87085 Vi ATE 10 W 4 18. 252 15. 682 38. 344 465

ZK87093 VkiLE 75k 18. 141 15.677 38. 389 448

TR A T 4, 1989 F AL, 1996,
40
i I A ey b3 72
157
39 ; - 7 s AT T
£ / £
S Cissk_ sk
£ hSewes & i
38 i
153 Fuhk
0 W stata - O i /2 strata
27 1|7 18 l|9 2|O 17 118 119 210
*Pb/**Pb “*Pb/*'Pb

B8 AR FARA 2 4 BT R4 E) 7 2 4 A O B 35 Zartman et al. ,1988)

Fig. 8 Diagram showing Pb isotopic compositions and sources of ore and host rock in the Yindongzi Ag-Pb

polymetallic deposit(the base map by Zartman et al. ,1988)
At s B 1A C— FH5E s D— R 5e s E— Kl 4 B SCZR B L 1 451X 80 26 M1 18 A, Fie 2k B A 17 ] A 119 °F- 189 fi

A—The mantle; B—orogenic belt; C—the upper crust; D—the lower crust; E—the continental lithosphere; the solid line delineates

80% plot point in every block, the dot line delineates possible average value
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Table 6 Metal zoning of sedimentary rock-hosted seafloor exhalative Ag-Pb deposit
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The REE content of rocks and ores range widely in Yindongzi Ag-Pb polymetallic deposit, REE
distribution patterns dip to right, enrich LREE, and differentiates pooly for HREE, barite vein and ores
have negative Ce anomaly, the depletion of Ce imply submarine hydrothermal process. The composition of
S isotope has wide range in Yindongzi Ag-Pb polymetallic deposit, heavy S isotope predominates, § S
value of main orebody ore-bear solution is similar with that of Devonian sea water, it indicate that sulfur
derived form Devonian sea water in semi-enclosed reducing condition. Pb isotope analysis suggested that
Pb mainly came from depth, related with volcanic activity in sea floor. It showed that the deposit formed in
Middle Devonian era, and metallogensis happened simultaneously with hydrothermal sedimentary rock-
forming process by isotopic date references and geologic study. It proved that hydrothermal sedimentary
process was main ore-forming means by research. It proposed that the formation of this deposit divided
into two stages, included submarine exhalation sedimentary ore-forming and reformed metallogensis
stages, the former dominated and formed hydrothermal sedimentary rocks (baritic rock and silica rock, and
so on) and fine metal minerals. The metallogenic model of this deposit is built, too. Combined with
geological exploration work in Zha-Shan region, it summed up five prospecting criteria and took
exploration prediction in surrounding ore field and new region, and delineated eight predicting targets by
studying and analyzing relative references. These conclusion pointed direction for probing further

mineralization mechanics and exploring in Zhashui-Shanyang sedimentary basin.

Key words: Yindongzi Ag-Pb polymetallic deposit; geochemistry; hydrothermal sedimentation;

metallogenic model;exploration predicting





