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Abstract: This paper is the result of mineral exploration engineering.

s B H#A: 2020-07-19; 2[5 H #§: 2020-10-12

EeWH: HEESHAIT(2017YFC0601303) BEH)

EE B BRIE, T, 1996 44, A, T2 =R 9 4E 4 @ e VE A 9T ; E-mail: jt1951120@163.com.
BIER: 220630, B, 1964 454, BF5% b, EENIE A 408 ™ 1E ST ; E-mail: lijinwen958@sina.com,

http://geochina.cgs.gov.cn F1 E M1 T, 2024, 51(2)


https://doi.org/10.12029/gc20200719003
mailto:jtl951120@163.com
mailto:lijinwen958@sina.com
http://geochina.cgs.gov.cn

9551 42 SR R B PR R BT SR PR 427

[Objective] The Erdaohe silver—lead—zinc deposit is located in the middle section of the Greater Khingan Range. It is a
representative large—scale skarn—type deposit discovered in recent years. Studying the origin of this deposit will help guide the
exploration of polymetallic deposits in the middle section of the Greater Khingan Range. [Methods] On the basis of field geological
survey, this paper made research on the fluid inclusion in the keatite selected at each stage of mineralization, and discussed the
ore—forming fluid and material sources in combination with the S and Pb isotopes of ore and the C and O isotopes of calcite.
[Results] The research result showed the formation of the deposit throughout the process from the skarn stage to the quarte—sulfide
stage and to the quartz carbonate stage. According to the temperature measurement result, the inclusion in keatite was mainly
characterized by gas—liquid phase, with the homogenization temperature of 310—435°C at the skarn stage, 195-310°C at the

quarte—sulfide stage and 148—195°C at the quartz carbonate stage, and the salinity of 11.7%-0.71% NaCleqv at the skarn stage,
12.9%-0.35% NaCleqv at the quartz—sulfide stage and 4.18%—0.35% NaCleqv at the quartz—carbonate stage. The C and O isotopes
of calcite indicated a water—rock reaction of the deposit, in which atmospheric precipitation was found. The *'S value of the S
isotope of ore was 5.4%0—10.0%0 from a mixture of sulfurs in magma and strata; as per the characteristic parameter of lead isotope,
the source of lead was associated with the orogeny—related magmatism, where the lead was mostly from the upper crust, and slightly
from the deep source. [Conclusions] Accordingly, the ore—forming fluid and material sources were considered the products of the

large—scale magmatism caused by the extension after the closure of Mongolia—Okhotsk for orogeny.

Key words: Erdaohe Pb—Zn—Ag deposit; fluid inclusions; C—O—S—Pb isotope; source of materials; ore—forming fluids; ore deposit
genesis; mineral exploration engineering; Inner Mongolia

Highlights: Through methods such as geological mapping, orebody profiling, and drillhole logging, we clarify the geological
characteristics of the Erdaohe lead—zinc—silver deposit. Based on this understanding, various geochemical techniques will be
employed to explore the characteristics of ore—forming fluid evolution, the origin of mineralization, and the genesis of the deposit.
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Fig.1 Regional geological map of the Erdaohe Pb—Zn—Ag polymetallic deposit (modified from Inner Mongolia Third Geological
Mineral Exploration Institute, 20129)
1-Quaternary; 2-Baiyingaolao Formation of Upper Jurassic; 3-Manitu Formation of Upper Jurassic; 4-Manketouebo Formation of Upper Jurassic;
5—Tamulangou Formation of Middle Jurassic; 6-Niqgiuhe Formation of Middle Devonian; 7-Luohe Formation of Middle and Upper Ordovician;
8-Duobaoshan Formation of Middle and Lower Ordovician; 9-Jiageda Formation of Upper Proterozoic Qingbaikou System; 10-Late Yanshanian
granite porphyry; 1l1-Late Yanshanian hornblende—quartz—monzonite porphyry; 12-Early Yanshanian moyite; 13—Early Yanshanian granite;
14—Early Yanshanian granite porphyry—monzonitic granite porphyry; 15-Early Yanshanian biotite adamellite—monzonitic granite porphyry; 16—Early
Yanshanian plagiophyre; 17-Early Indosinian granite; 18—Late Hercynian granite; 19-Middle Hercynian granodiorite; 20-Middle Hercynian granite;
21-Fault; 22-Measured and inferred unknown faults; 23—Unconformable boundary line; 24-Erdaohe mining area
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Fig.3 Major ore features of the Erdaohe Pb—Zn—Ag polymetallic deposit
Sp—Sphalerit; Gn—Galena; Ccp—Chalcopyrite; Py—Pyrite; Mag—Magnetite
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Table 1 Paragenetic sequence of hydrothermal minerals in the Erdaohe Pb—Zn—Ag polymetallic deposit
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Fig.4 Representative photos of each mineralization stage of the Erdaohe Pb—Zn—Ag polymetallic deposit
a—Early garnet intergrowth with quartz; b-Rhodonite intergrowth with sphalerite and pyrite; c—Rhodonite intergrowth with sphalerite and quartz;
d-Epidote intergrowth with sphalerite and quartz; e—Calcite intergrowth with quartz and fluorite; f~Late calcite interspersed with epidote; Grt—Garnet;
Qtz—Quartz; Rdn—Rhodonite; Py—Pyrite; Sp—Sphalerite; Epi—Epidote; Cal-Calcite; F1-Fluorite
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Fig.5 Microphotographs of fuild inclusions of the Erdaohe Pb—Zn—Ag polymetallic deposit
a—f-Inclusions in quartz; g—i—Inclusions in fluorite; j—I-Inclusions in calcite
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FERER B (Bodnar, 1993) o XFAS R BLA™ B B R iy
A BT UK SRR S8 — IR B, e A 2 A
A3 — R BE AT W 2 Sy i il AR A BB,

G35 3 A B B (W R A B Be . A i Ab
B P RRIRER BB AR o R B B A Y 3
— I VI PR g 310~435°C, i WEAE g 370~380°C,
£ F o (NaCleqv) & 11.7%~0.71%NaCleqv, £k i

o(NaCleqv) EEH 5.0%~1.5%NaCleqv; FHiE KB
PR — IR VS R 195~310°C, JRLE IE(H 4 260~
270°C , ¥ ¥ o(NaCleqv) N 12.9%~0.35%NaCleqv,
EhE o(NaCleqv) W 1H M 1.5%~0.5%NaCleqv; 1% i
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Table 2 Results of microthermometric measurements of fluid inclusions in the Erdache Pb—Zn—Ag polymetallic deposit

FRH IR A BB VRN Y] K7Num SAAEL/% Vi S=vA® L5 % /% NaCleqv Y —iE /I C
iR W B Qtz. Fl. Cal 3~18 20~40 -1.1 11.7~0.71 310~435
i AR TR B Qtz. Fl. Cal 5~22 15~30 -0.2 12.9~0.35 195~310
IR G TRR R B B Qtz. Cal 3~35 10~15 -0.5 4.18~0.35 148~195
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6 4
< <51
= 51 =
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Fig.6 Histograms of homogenization temperatures and salinities of fluid inclusions in the Erdaohe Pb—Zn—Ag polymetallic deposit
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B Be 0 45 19 34 — i B VS B R 148~195°C, iR
FEUEAE N 165~175°C, £h [ o(NaCleqv) N 4.18%~
0.35%NaCleqv, # & o(NaCleqv) % 5 N 2.5%~
0.5%NaCleqv; I I 45 5 7R B AV RER 0 1Y %
W RARZ T M & (310~435°C) 3] i (195~
310°C) VA B AR IR (148~195°C) (i Ak ot F2 . i HL,
Wi 5 30 ) AT, DA v R B P R B B, TR AR A R
AL AR K, FEARLE 0.35%~12.90%NaCleqv 25 1k ;
EE] TARIR BB, 85 B ARG, T 4.18%~0.35%
NaCleqv, iRZEREH, s FARZ DT T N F3
B e R R A A TR L TP e, B
B 5 BRI . IR B By Ak, [RIE S B AT RB A X
RS FEKRIRA
7 ML R
7.1 C.O R &4

ARURMFFE LI T B Y EEER A A - RR R R
BB 10 07 A e ah it AT CL O Rz, Pk
SRR 3, 4 A DE— IR R M BOT it Bk . 4
G137 28 N 2 67 Cy g (%0 ) TE H—8.5%0~—2.4%o, -
B 1 —4.7%0; 6" Oy pp (%0 ) 1H F1—38.4%0~—22.7%o,
S5 H K —32.3 %0 3 60y guow( %o ) {H A —8.7 %o~
—1.7%o, “F-34{E N —6.2%0; ARIEH 1) 57K iy & Rl =
S A4 43488 75 B 1000In0 5 5 =2.78%10°T 2-3.39 i}
AT B B A B S R AL (T R fa] — A ™
B B i A A 25 AR 2 — R ) (O'Neil et al., 1969) .
4 A B TR R B B 7 A R 119 63 0,0 (%0 ) TEL
H—=7.7%0~—0.8%o, “F-YIH N—5.2%0.
7.2 WREMLERYHE

AR LI T B WMEVERER T 3 N B Bt
019 PEER Ak AT S R4 2= k. Ik 45 2R
(3¢ 4) W, i nd 3R B BERE 2k 1) 63*S (8- h
8.0%0~10.0%o, FAI{E. 8.8%o; INFFA (1) 6°*S HA 7.3%0~
9.0%o, PIMH 7.8%o0; J7 8T 1 6*S MM 5.4%0~6.5%o,
IH 5.9%o.
7.3 BRI EYFE

ARUHFFERE I E AR 14 148 Bk Y re
i EAT P [A ZEM05E, MAEE SR W28 5. BT
BEER Y 42 I8 B Ak 9 19 2°°Pb/ 2P 11 A8 Ak Y
18.414~18.518, ¥J{H Hy 18.457; *"Pb/*™Pb AYAE 1L L
FEl 2 15.620~15.765, #{E K 15.675; **Pb/**Pb 7%

k30 2 38.407~38.909, Y{H Hy 38.674, HIHEEAFT
B ARAER, FIFH Geokit B AS R A 62
B, A5 R 5. AL HY 1 9.50~9.78, w {H K
36.56~39.36, 315 T 1E # A5 il (1=8.686~9.238, w=
35.055+0.59); Th/U {H M 3.72~3.9, & F 1E # 4% I [Hl
(3.92+0.09) . VA 25532, B WA RIETIRY
Jo 07 B A A v U

8 1

8.1 FH ik B ¥ B kiR

T8 XN 5 7 A R Y TR A R,
HES i 2o MRS CH, S50 MR AA, A
1 DX T i A 8 Btk [m] 7 2 26 B AT 0 AR Sy LA™
PR B[R] A7 2 4 A (Ohmoto, 1972; 1% FE 45,
2012) . WFFEIX 4 D5 R ATRE R 67Cyppp MR AR T
Vi FE Btk R 3k (6°C=0%0 ) , ¥ T 7855 AR RV LN
(6"C==30%0~—3%o) , M7k 7T BEAR PR T IR A I o
TE 6" Oy.spow—6""Cy.ppp KU (1] 7)), 50 X7 T
RAREIKE M BB, BB R - 23 UK F R A,
X3 o PR A AR P BOK — SO R
(XNZK A4, 2004) o 2550 X AR LA & 5™,
DR AL AR PP R DL A A sV, AL 2D i = A
LR, (HAN DL 36 P S WO L B R SRR R
AL EAIF AR LS, PRI X7 g Dive 1k
CO, 1 B A HIIE 18, T2 R 7K — B Rl 32 e
RS S AE AL R 20 .

3 30 RV PR AR ) 452 2R W5 T LA I
f SRR, AT ] 6 2% 20 B 2 28 1 Sk ) A D B
B AR 5 %) 32 22 T H. (Ohmoto, 1972; Rye and
Ohmoto, 1974; Fontbote and Gorzawski, 1990; Seal,
2006; BRAKIESF, 20145 THHAR4E, 2022) o B
IR S [ AR L 6™S >0 S 1gap>0"'S yings TE
] — M ED701-47 vt S 30 2L AL, 16
WA DXL [l 0 3R B A TR 3] 1A, 25507 IXOR WL
FR IR Wy S, MU ALY 67'S AT AR i #4
VR SR [ 437 R 4 A% ( Sakai, 1968; Ohmoto, 1972;
KA RAE, 2000) . B YRR ALY 67'S A8
FEAXTEEAE, N 5.4%0~10.0%o0, Ui B I8 I B PR G5
PR — D — B, — A 7S 3 FhA
[7] 3 78 ( Chaussidon and Lorand, 1990; Rollinson,
1993 ) Mg H (6™S $2IE 0, T 0£3%o) . WEZK A (6™
S 2924 20%0 ) FIL J5E (TLAL) B (LA 'S T 0 4
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Table 3 Carbon and oxygen isotope compositions of calcite in the Erdaohe Pb—Zn—Ag polymetallic deposit
g5 R 613CV-PDB/%° 6180V-PDB/%0 6180V-SMOW/%° T/K 51 801-[20/%0
ED405-253 Ji i A -8.5 -31.7 -1.7 439 -0.8
ED103-46.4 V). ZE) —4.1 —22.7 =7.5 439 -6.5
ED102-152 JifiA -3.8 -38.4 -8.7 439 -7.7
ED701-119 T 2.4 -36.6 —6.8 439 -5.9
). SRR R 2 s s e g, 5 ORISR A TR &, RIHRA T — 2
T K BT 7 T R, % i pkpn ~ K
v e NIUIRN o SN 4 == A TH
WL R T SRR R A S T F) PORTRIG 47 01 1

G A A A A, TR G ) 2 2% 140k D5 1] e 4
7 AT AR AR IR . A UL, IR Y A

4 TEAH XEEAIRAER
Table 4 Sulfer isotope composition of the Erdaohe deposit

FEZ BN . T IE A EYRE R A A A R AL R AE
7P/ Pb—2"Pb/*"Pb 4} i) {3 KA =& (18] 8) Hh, T
AR A AR Z 2 b, wR R AL R AR L
i’@%‘?ﬁi’%?fa&ZL Wi B BT PR B AR TR AT fE

WS EHSeHT AR G ORIE . AB—Ay K fi#

o AT 34, 0
He L LR O Svconlo K B, I 0
ED403-195 Tk 8.8 e N
ED104-268 éﬁ:%/ﬂ}* 93 *%5%ﬁ%¥ﬁ1ﬁ ,u\(ﬂi‘}@%%, 1998; %7K¥jﬁs%a
ED701-9 Bk 7.7 2014) . FEHFINIZR AB-Ay K, S AR5 A
ED701-47 TR 8.5 et o
ED701-39 ﬁ@im— 8 J:i&fb% [::jjnﬁl:':l’ /\'ﬁﬁﬁ BH (%')\J:i‘m)'h Iﬁﬂﬁmxhb =
ED705-50 R 9.2 B oy A ) A AR F AR IR X e, H 230
ED104-30 B 10 3 Sj7 3
Do e 0 BRI, R TR KU . ERT R A2
ED701-47 Ar=2 73 Capena BHIIEN QIO S = s NS R L I W
EDLo>- . ” L FEIN (& 10), WS RIR AR, Sd i
ED102-109 N2 8.1 W PRAT[E R AFAE, o A a R0 2 A IR A HT
ED705-50 e 2 A, SRR 1T Bl S5 e LL PR A G, S0
- T . . v . .
ED701-47 VikiUe 6.1 &T ULiﬂ%%}&jﬂﬂf {tb%//l\iffﬁl‘fﬁ E"JEJZEM/EFH o
ED701-39 T 5.7 8.2 ¥R ERT
ED102-59 Ji 5.9 N . R
ED102-76 ﬁéﬂ-ﬁ 54 : ﬁyﬁ%ﬁ%%%ﬂﬁ{zﬂ: EPEEI%,UJ%;E&, —LZB::[:E&
ED707-167 DAL 63 FRUCAIN T R 57— SRR T
x5 THEAEERT AREMNEZERESH
Table 5 Lead isotope parameters of the Erdaohe Pb—Zn—Ag ores
B 5 FEMARE PbAPb PbMPb P/ ™Pb u w Th/U Aa AB Ny
ED102-47 JTE 18.417 15.640 38.480 9.540 37.030 3.760 77.360 20.850 36.110
ED701-9 JiE 18.420 15.635 38.460 9.530 36.880  3.750  76.880  20.490 35.210
ED701-18 T 18.424 15.646 38.498 9.550 37.120  3.760  77.950  21.250 36.700
ED705-30 oAl 18.398 15.628 38.436 9.520 36.840  3.750  76.170  20.060 34.880
ED705-50 TR 18.518 15.764 38.894 9.780 39.360  3.890 89.480 29.320 50.720
ED701-18 NEER 18.481 15.697 38.837 9.650 38.680  3.880 82970  24.680  46.770
ED705-30 INEET™ 18.461 15.652 38.731 9.560 37930  3.840  78.600  21.560  42.120
ED705-169 INEER™ 18.414 15.620 38.407 9.500 36.560  3.720  75.410 19.440 33.160
ED102-47 R 18.462 15.677 38.768 9.610 38310  3.860 81.010  23.320  44.440
ED102-136 FERA 18.507 15.720 38.909 9.690 39.060  3.900 85240 26230  49.130
ED701-18 Y 18.472 15.696 38.658 9.650 37.980  3.810 82.860 24.640  42.180
ED701-98 pit NN 18.449 15.667 38.735 9.590 38.160  3.850 80.030  22.660  43.420
ED705-30 HRRAT 18.492 15.732 38.865 9.710 39.080  3.900 86360  27.130  49.050
ED705-169 RN 18.480 15.675 38.759 9.600 38.160  3.850 80.850  23.120  43.520
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45 1997; IMVEA 45, 2004; Wu et al., 2007; Miao et
al., 2008; 43 %4245 2009; Han et al., 2011; J& 7k &t
45,2014) . I X R W EERE Re—0s 45
P20 145 Ma(FB1a1 [, 2020), 3% 5 242204 3 X
B FE R85 1) A J BRI B4 Jo st B W 4 (5 SR 45,
2005; Lin et al., 2013), AT g2 R A5 —SP B IR e
TV A T K422 08 i X A RIS S5 A% X 3 S A
FH(XIBLEE, 2018; 23U, 2019; X1 Hi5€ 5, 2023),
IS 22 i Tty AR op I A VR (a2 4
4%, 2012; Wang et al., 2015), X8 _I 19 5l AR5 825
7 (140.7 Ma; 5z RUE 4%, 2007) . K EHHT (130
Ma; 18 7 55, 2009) 55 J& [ B 0301 S PR 55 T I A
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Fig.7 C—O isotope of clacite in the Erdaohe Pb—Zn—Ag
polymetallic deposit (modified from Liu Jiajun et al., 2004)
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AR (IR T4, 2012; BEIEIESE, 2014; 7K 50F] 55,
2020; 1KLL, 2022)
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BOH HAATE B MR RIS, fH T Zn, Pb 2L CI7
B R i5# (Baker et al., 2004), C1 & 12 B K
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U HEE, XA 4Rt E T e pH R
KA ¢ (Williams—Jones et al., 2010), C. O [y &
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Fig.8 Lead isotope compositions in the Erdaohe Pb—Zn—Ag ores (after Zartman and Doe, 1981)
A-Mantle; B-Orogenic belt; C—Upper crust; D-Lower crust
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Fig.9 Diagram of genetic classification by lead isotopes (after
Zhu Bingquan et al., 1998)
1-Lead from mantle; 2-Lead from upper crust; 3—Subducting lead from
upper and mantle (3a—magmatism; 3b-sedimentation); 4-Lead of
chemical deposition; 5-Lead of submarine hot-water; 6-Lead of
mesometamorphism; 7-Hypometamorphic lead from lower crust;
8—Lead of orogenic belt; 9—Lead of upper crust in ancient shale;
10-Lead of retrograde metamorphism
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Fig.10 Discrimination of tectonic setting by lead isotopes (after
Zhu Bingquan et al., 1998)

LC-Lower crust; UC-Upper crust; OIV-Ocean island volcanics;
OR-Orogenic belt; A, B, C and D represent the relative concentration
of samples in each region

R

QNS =T P A IF A A BRTT A F. 2012, NZETT
EREIEE =t i) _ﬁivﬂﬁfl:%ﬁ%ﬁ’#ﬁ BHRIRAS [R]. 1-167.

References

Bai Daming, Fu Guoli, Nie Fengjun, Jiang Sihong, Liu Yifei. 2011.
Integrated Ore—prospecting model for the skarn polymetallic
deposit in southeastern Inner Mongolia[J]. Journal of Jinlin
University (Earth Science Edition), 41(6): 1968—1976 (in Chinese
with English abstract).

Baker T, Van Achterberg E, Ryan C G, Lang J R. 2004. Composition
and evolution of ore fluids in a magmatic-hydrothermal skarn
deposit[J]. Geology, 32(2): 117-120.

Bodnar R J. 1993. Revised equation and table for determining the
freezing point depression of H,0—NaCl solutions[J]. Geochimica et
Cosmochimica Acta, 57(3): 683—684.

Chaussidon M, Lorand J. 1990. Sulphur isotope composition of
orogenic spinel lherzolite massifs from Ariege (North-Eastern
Pyrenees, France): An ion microprobe study[J]. Geochimica et
Cosmochimica Acta, 54(10): 2835—2846.

Chen Yongqing, Zhou Ding, Guo Lingfen. 2014. Genetic study on the
Huaaobaote Pb-Zn-Ag polymetallic deposit in Inner Mongolia:
Evidence from fluid inclusions and S, Pb, H, O isotopes[J]. Journal
of Jinlin University (Earth Science Edition), 44(5): 1478—1491 (in
Chinese with English abstract).

Cui Xuewu, Jiang Shenghua, Li Hongbao, Chang Yaohui. 2015.
Integrated prospecting model of Erdaohe silver—lead—zinc deposit in

the Zhalantun area, Inner Mongolia[J]. Mineral Exploration, 6(6):

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


https://doi.org/10.1130/G19950.1
https://doi.org/10.1016/0016-7037(93)90378-A
https://doi.org/10.1016/0016-7037(93)90378-A
https://doi.org/10.1016/0016-7037(90)90018-G
https://doi.org/10.1016/0016-7037(90)90018-G
http://geochina.cgs.gov.cn

440 3l

Hb, Ji 2024 4F

667—678 (in Chinese with English abstract).

Ding Weipin, Xie Caifu, Huang Cheng, Zhang Bin, Xin Zhuo, Zhan
Huasi, Zheng Lilong, Kong Fanquan, Wang Hongbing, Huang
Fulin. 2022. Sources of Permian lead-zine ore-forming materials in
Sichuan—Yunnan—Guizhou area: C—-H-O—S—Pb isotope constraints:
An example from Taipingzi lead-zinc deposit in Yunnan
Provinces[J]. Geology in China, 49(6): 1845-1861 (in Chinese with
English abstract).

Fontbote L, Gorzawski H. 1990. Genesis of the Mississippi valley—type
Zn—Pb deposit of San Vicente, central Peru: Geologic and isotopic
(Sr, O, C, S, Pb) evidence[J]].
1402-1437.

Ge Wenchun, Wu Fuyuan, Zhou Changyong, Zhang Jiheng. 2005.

Economic Geology, 85(7):

Zircon U-Pb ages and its significance of the Mesozoic granites in
the Wulanhaote region, central Da Hinggan Mountain[J]. Acta
Petrologica Sinica, 21(3): 749-762 (in Chinese with English
abstract).

Gun Minshan, Lii Xinbiao, Li Jie, Xu Yiqun, Wang Lin, Wang
Shaobin. 2015. Study on fluid inclusions in Erdaohe lead-zinc
polymetallic deposit in Inner Mongolia[J]. Acta Mineralogica
Sinica, 35(S1): 579 (in Chinese).

Guo Xiangguo. 2020. Metallogenesis of Erdaohe Skarn—type Lead—
Zinc Deposit in the Middle Segment of the Great Hinggan Range
[D]. Beijing: China University of Geosciences (Beijing).

Hall D L, Sterner S M, Bodnar R J. 1988. Freezing point depression of
NaCl-KCl1-H,O0 solutions[J]. Economic Geology, 83(1): 197-202.

Han G Q, Liu Y J, Neubauer F, Genser J, Li W, Zhao Y L, Liang C Y.
2011. Origin of terranes in the eastern Central Asian Orogenic Belt,
NE China: U-Pb ages of detrital zircons from Ordovician—
Devonian sandstones, North Da Xing'an Mts.[J]. Tectonophysics,
511(3/4): 109-124.

He Jing, Huang Ming, Cong Yanan. 2019. Geological characteristics
and prospecting indicators of Erdaohe silver—lead-zinc deposit in
Inner Mongolia[J]. Inner Mongolia Science Technology and
Economy, (12): 58 (in Chinese with English abstract).

Heinrich C A. 2007. Fluid—fluid interactions in magmatic—
hydrothermal ore formation[J].
Geochemistry, 65(1): 363—387.

Kang Yongjian, She Hongquan, Xiang Anping, Tian Jing, Li Jinwen,

Reviews in Mineralogy and

Yang Yuncheng, Guo Zhijun, Dong Xuzhou. 2014. Indo—Chinese
magmatic activity in the Badaguan ore district of Inner Moingolia
and its metallogenic implications[J]. Geology in China, 41(4):
1215—-1225 (in Chinese with English abstract).

Leng Chengbiao, Zhang Xingchun, Wang Shouxu, Qin Zhaojian, Wu
Kongwen, Ren Tao. 2009. Advances of researches on the evolution
of ore—forming fluids and the vapor transport of metals in
magmatic-hydrothermal systems[J]. Geological Review, 55(1):
100—112 (in Chinese with English abstract).

Lin W, Charles N, Chen Y, Chen K, Faure M, Wu L, Wang F, LiQ L,
Wang J, Wang Q C. 2013. Late Mesozoic compressional to

extensional tectonics in the Yiwuliishan massif, NE China and its
bearing on the evolution of the Yinshan—Yanshan orogenic belt:
Part I: Structural analyses and geochronological constraints[J].
Gondwana Research, 23(1): 78—94.

Liu Jiajun, He Mingqin, Li Zhiming, Liu Yuping, Li Zhaoying, Zhang
Qian, Yang Weiguang, Yang Aiping. 2004. Oxygen and carbon
isotopic geochemistry of Baiyangping sliver—copper polymetallic
ore concentration area in Lanping Basin of Yunnan Province and its
significance[J]. Mineral Deposits, (1): 1-10 (in Chinese with
English abstract).

Liu Jianming, Zhang Rui, Zhang Qingzhou. 2004. The regional
metallogeny of Da Hing Gan Ling, China[J]. Earth Science
Frontiers, (1): 269—277 (in Chinese with English abstract).

Liu Kai, Wu Taotao, Liu Jinlong, Bao Qingzhong, Du Shouying. 2018.
Geochronology and geochemistry of volcanic rocks in
Manketou'ebo Formation of Tulihe area, northern Da Hinggan
Mountains[J]. Geology in China, 45(2): 367-376 (in Chinese with
English abstract).

Liu Yanrong, Guan Qiangbing, Zhang Haidong, Zhou Qunjun, Dang
Shun'an. 2023. Sulfides Rb-Sr and zircon U-Pb ages of the
Erdaohezi Pb—Zn deposit in the western slope of the Great Xing'an
Range and their constraints on tectonic setting[J]. Geological
Bulletin of China, 42(11): 1843-1853 (in Chinese with English
abstract).

Miao L C, Fan W M, Liu D Y, Zhang F Q, Shi Y R, Guo F. 2008.
Geochronology and geochemistry of the Hegenshan ophiolitic
complex: Implications for late—stage tectonic evolution of the Inner
Mongolia—Daxinganling Orogenic Belt, China[J]. Journal of Asian
Earth Sciences, 32(5/6): 348—370.

Nie Fengjun, Zhang Wanyi, Du Andao, Jiang Sihong, Liu Yan. 2007.
Re-Os isotopic age dating of molybdenite separates from the
Chaobuleng iron—polymetallic deposit, Dong Ujimqin Banner,
Inner Mongolia[J]. Acta Geoscientica Sinica, 28(4): 315-323 (in
Chinese with English abstract).

Ohmoto H. 1972. Systematics of sulfur and carbon isotopes in
hydrothermal ore deposits[J]. Economic Geology, 67(5): 551-578.

O'Neil J R, Clayton R N, Mayeda T K. 1969. Oxygen isotope
fractionation in divalent metal carbonates[J]. The Journal of
Chemical Physics, 51(12): 5547-5558.

Ren Jishun, Niu Baogui, Liu Zhigang. 1999. Soft collision,
superposition orogeny and polycyclic suturing[J]. Earth Science
Frontiers, (3): 85—93 (in Chinese with English abstract).

Rollinson H. 1993. Using Geochemical Data: Evaluation, Presentation,
Interpretation[M]. London: Longman Scientific and Technical,
52-61.

Rye R O, Ohmoto H. 1974. Sulfur and carbon isotopes and ore genesis:
A review[J]. Economic Geology, 69(6): 826—842.

Sakai H. 1968. Isotopic properties of sulfur compounds in hydrothermal
processes[J]. Geochemical Journal, 2(1): 29—49.

Seal R R. 2006. Sulfur isotope geochemistry of sulfide minerals[J].

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


https://doi.org/10.2113/gsecongeo.85.7.1402
https://doi.org/10.2113/gsecongeo.83.1.197
https://doi.org/10.1016/j.tecto.2011.09.002
https://doi.org/10.2138/rmg.2007.65.11
https://doi.org/10.2138/rmg.2007.65.11
https://doi.org/10.1016/j.gr.2012.02.012
https://doi.org/10.1016/j.jseaes.2007.11.005
https://doi.org/10.1016/j.jseaes.2007.11.005
https://doi.org/10.2113/gsecongeo.67.5.551
https://doi.org/10.1063/1.1671982
https://doi.org/10.1063/1.1671982
https://doi.org/10.2113/gsecongeo.69.6.826
https://doi.org/10.2343/geochemj.2.29
http://geochina.cgs.gov.cn

5518 42 )

SR ST RO B RV . TR R o 441

Reviews in Mineralogy and Geochemistry, 61(1): 633—677.

Shao Jian, Mou Baolei, He Guoqi, Zhang Liigiao. 1997. The geological
function of northern North China during the superimposition of the
paleo—Asian and paleo—Pacific regions[J]. Science in China (Earth
Science), (5): 390—394 (in Chinese).

Shao Jidong, Wang Hui, Zhang Mei, Zhao Wentao. 2011. Division of
tectonic units in Inner Mongolia and its geological
characteristics[J]. Western Resources, (2): 51—56 (in Chinese).

She Hongquan, Li Honghong, Li Jinwen, Zhao Shibao, Tan Gang,
Zhang Dequan, Jinjun, Dong Yingjun, Feng Chengyou. 2009. The
metallogenetical characteristics and prospecting direction of the
copper—lead—zinc polymetal deposits in the northern—central
Daxing'anling Mountain, Inner Monglia[J]. Acta Geologica Sinica,
83(10): 1456—1472 (in Chinese with English abstract).

She Hongquan, Li Jinwen, Xiang Anping, Guan Jidong, Yang
Yuncheng, Zhang Dequan, Tan Gang, Zhang Bin. 2012. U-Pb ages
of the zircons from primary rocks in middle—northern Daxinganling
and its implications to geotectonic evolution[J]. Acta Petrologica
Sinica, (2): 217-240 (in Chinese with English abstract).

Shi Yonghong, Wang Yong, Chen Bailin, Tan Renwen, Gao Yun, Shen
Jinghui. 2022. Characteristics of silicon-calcium surface ore-
controlling in Fengtai ore—concentration areas, West Qinling
Mountains: Examples from Qiandongshan Pb-Zn deposit[J].
Geology in China, 49(1): 226240 (in Chinese with English
abstract).

Sun Deyou, Wu Fuyuan, Zhang Yanbin, Gao Shan. 2004. The final
closing time of the west Lamulun River—Changchun—Yanji Plate
suture zone: Evidence from the Dayushan granitic pluton, Jinlin
Province[J]. Journal of Jinlin University (Earth Science Edition),
34(2): 174—181 (in Chinese with English abstract).

Tang Zongyuan. 2019. Petrogenesis and Geodynamic Mechanism of
the Mesozoic Volcanic Rocks in the Central Great Xing'an
Range[D]. Changchun: Jilin University, 1-174.

Wang Jianjun, Wang Zhong, Zhang Da, Yu Qiuye, Di Yongjun, Sun
Yanjie, Xiong Guangqiang, Zhao Hongtao, Liu Min. 2013.
Geological characteristics and origin of Erdaohe lead—zinc—
silver—copper deposit in Zhalantun, Inner Mongolia[J]. Acta
Mineralogica Sinica, 33(S2): 498—499 (in Chinese).

Wang T, Guo L, Zhang L, Yang Q, Zhang J, Tong Y, Ye K. 2015.
Timing and evolution of Jurassic—Cretaceous granitoid magmatism
in the Mongol-Okhotsk belt and adjacent areas, NE Asia:
Implications for transition from contractional crustal thickening to
extensional thinning and geodynamic settings[J]. Journal of Asian
Earth Sciences, 97: 365—392.

Wang Xiaohu, Hou Zengqgian, Song Yucai, Wang Guanghui, Zhang
Hongrui, Zhang Chong, Zhuang Tianming, Wang Zhe, Zhang
Tianfu. 2012. Baiyangping Pb—Zn—Cu—-Ag polymetallic deposit in
Lanping basin: A discussion on characteristics and source of
ore—forming fluids and source of metallogenic materials[J]. Earth

Science—— Journal of China University of Geosciences, 37(5):

1015—-1028 (in Chinese with English abstract).

Williams—Jones A E, Samson I M, Ault K M, Gagnon J E, Fryer B J.
2010. The genesis of distal zinc skarns: Evidence from the Mochito
deposit, Honduras[J]. Economic Geology, 105(8): 1411-1440.

Wu F Y, Zhao G C, Sun D Y, Wilde S A, Yang J H. 2007. The Hulan
Group: its role in the evolution of the Central Asian Orogenic Belt
of NE China[J]. Journal of Asian Earth Sciences, 30(3/4): 542—556.

Xiao Qinghui. 2002. Granite Research Thinking and Methods[M].
Beijing: Geological Publishing House (in Chinese).

Yang Fating. 2018. Metallogenic regularity and prospecting prediction
of Erdaohe silver polymetallic deposit in the middle section of
Daxinganling[J]. Western Resources, (6): 71-72 (in Chinese).

Yao Xiaofeng, Ye Tianzhu, Tang Juxing, Zheng Wenbao, Ding Shuai,
Li Yongsheng, Zhen Shimin. 2014. The effect of Si—Ca interface on
skarn formation and polymetallic mineralization in the Jiama
deposit, Tibet[J]. Geology in China, 41(5): 1577—1593 (in Chinese
with English abstract).

Zartman R E, Doe B R. 1981. Plumbotectonics —the model[J].
Tectonophysics, 75(1/2): 135-162.

Zeng Qingdong, Liu Jianming, Chu Shaoxiong, Guo Yunpeng, Gao
Shuai, Guo

mineralization and exploration potential in Southern segment of the

Lixiang, Zhai Yuanyuan. 2016. Ploy—metal
Da Hinggan Mountains[J]. Journal of Jinlin University (Earth
Science Edition), 46(4): 1100—1123 (in Chinese with English
abstract).

Zhai Degao, Liu Jiajun, Wang Jianping, Peng Runmin, Wang
Shouguang, Li Yuxi, Chang Zhongyao. 2009. Re-Os isotopic
chronology of molybdenite from the Taipinggou porphyry—type
molybdenum deposit in Inner Mongolia and its geological
significance[J]. Geoscience, 23(2): 262-268 (in Chinese with
English abstract).

Zhang Changqing, Ye Tianzhu, Wu Yue, Wang Chenghui, Ji Hai, Li
Li, Zhang Tingting. 2012. Discussion on controlling role of Si—Ca
boundary in locating Pb—Zn deposits and its prospecting
significance[J]. Mineral Deposits, 31(3): 405—416 (in Chinese with
English abstract).

Zhang Geli, Tian Tao, Wang Ruiting, Gao Weihong, Chang Zongdong.
2020. S, Pb isotopic composition of the Dongtangzi Pb—Zn deposit
in the Fengtai ore concentration area of Shaanxi Province for
tracing sources of ore—forming materials[J]. Geology in China,
47(2): 472—484 (in Chinese with English abstract).

Zhang Jing, Shao Jun, Jiang Shan, Yang Hongzhi. 2017. A study of the
stable isotope geochemistry of Erdaohe Pb—Zn ore deposit in Inner
Mongolia[J]. Geological Review, 63(S1): 225-227 (in Chinese).

Zheng Yongfei, Xu Baolong, Zhou Gentao. 2000. Geochemical studies
of stable isotopes in minerals[J]. Earth Science Frontiers, (2):
299-320 (in Chinese with English abstract).

Zhu Bingquan, Li Xianhua, Dai Tongmo. 1998. The Theory and
Application of Isotope System in Earth Science—— Also on the

Evolution of Crust and Mantle in Chinese Mainland[M]. Beijing:

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


https://doi.org/10.2138/rmg.2006.61.12
https://doi.org/10.1016/j.jseaes.2014.10.005
https://doi.org/10.1016/j.jseaes.2014.10.005
https://doi.org/10.2113/econgeo.105.8.1411
http://geochina.cgs.gov.cn

442 il b Ji 2024 4F
Science Press (in Chinese). S Sl A i A R R A B AR (0], R R G ERERA),
(5): 390-394.

Mt F 32525 Sk

PR, A ST, BV, VIR 22, R 2011, N5 AR Y <
HIE R IRMER G BET]. B4 (kB2 0D,
41(6): 1968-1976.

BT, T, 28435, 2014, P52 BB RV RER 2 4R 5 IR K
PRIERIT: AR R, B, & AR BB IETE[T]. R
R EREIERR), 44(5): 1478-1491.

FEAat, Fekte, At HOROHE. 2015, NS Ol TR A R R 4
A 7P A, 6(6): 667-678.

TR, e, B, s, SE s, AR, RSk, FLULA, TAaE,
B, 2022, JIVA RS % RAEVEERL 4 UK TR : C-H-O-S-Pb
A7 2 1 29— A == B RO F YRR R B3], v [ b R, 49(6):
1845-1861.

R, BRI, KT, KA. 2005, KOLZES RER L 22 B X
FAARIE B AT BB A U-Pb 4RI MBS L], 4 A 3R, 2103):
749-762.

RE, B, 2528, RIEHE, THE, THRGE. 2015, P58 H B4
P24 BT IR B IR E[T]. 024, 35(S1): 579.

R . 2020, K242 R By 3B TR S T A R/ TR
[D]. bt HE TR ).

Firg, B0, A4, 2019. PI5E T IE WIAR HYEED PR UD FRAAE 15 3K
WhRaE]. NS RHE 54T, (12): 58.

JRAKEE, A4, AT, HaE, ZEHE 30, B, AR A, HE AT
2014, NZETH \K I X EP S 5A-900 Bl Ko L4k 2 3], P
ST, 41(4): 1215-1225.

WU, 724, TR0, I, RALSC, M. 2009. 55 - ik
R AR A X4 JE e R AN TR I U R 0], H s,
55(1): 100-112.

XIRAE, ] B B, 25350, X0 B 7, 2281/, K32, i, & .
2004. = B ABLETAR M 22 4 I 0 4 DX Bk S IRl R AT AL S H i X
[J]. 5 RHLIT, (1): 1-10.

XEERH, KL, RIS, 2004, K%
T2, (1): 269-277.

XL, Rk, X4, P, fSpE. 2018, R4 ZAIG 0 B R B
b DX B8 S R AL K 1L A AR AR 2 S Bk Ak 2= [0, o [
45(2): 367-376.

X2, Bk LT, SRIAR, JAREAR, SEI4E. 2023, K24 LEISTEYE K
T FHERT IRBR AL Rb-Sr, #5A U-Pb 45 M HXHA #5510
HIZA[7). HUBER, 42(11): 1843-1853.

B, k735, FE T, VLI, X 2007, NS KA
RV Z &R RMESHD Rk [R) o 22408 J i 0 78 S [J]. k¥
i, 28(4): 315-323.

1R28%%, 45, XUENI. 1999, SR | Bk (LA 2 e RIsE A1
[7]. Hi2ERTZ, (3): 85-93.

RG22, ARG, (T 5, KRB R, 1997, ALt e i W St K

U i I ) DX IS R (D], b

BRFRAR, T B, JlAfy, X SCv. 2011, ISR KA 3 B TR 40 b Ho
FFAE)]. PEAREIR, (2): 51-56.

WG, B, 2230, A5, N, kS, &R, I, Fa
K. 2009. PN 5E T R4S I BT R SR 2 & B T IR #L
AEEIRE T 1 [T]. MR, 83(10): 1456-1472.

WA, ZEHESC, M2, RURTR, MBI, fkf 4, RN, Rk, 2012.
K% Fp AL BE RS 55 U—Pb 4R K H 5 I v Ak 54 &R
[7]. SE A1 244, 28(2): 217-240.

AIKEL, K, BRAAR, SBLASE, e, HORORE. 2022, P 228 RUKH 4R
DX PR IR I 4 1 FH—— DA AR L L B IR R ). i
[ Hb 3, 49(1): 226-240.

IMEA, ARTT, T, B 10, 2004, PR ARSI — K —IE T MR
BB IR A B TRl——F [ 5 AR R LLAE R AR I TESE [J].
MR (HERRHFE ), 34(2): 174-181.

JERUR. 2019, K420 i Br o A= AUk Ll i R K ek 2l g 2 AL
[D]. K& HMRE, 1-174.

THEAE, TR, TRk, TRKEF, JOKZE, FhEEZR, BEOGAR, IXATHE, XG0
2013. P5E v L 2% e T8 VA A A R R 1 DR M S5 e i B B R A 4
[0]. 402441, 33(S2): 498—499.

TRSE, R, SREWE, TG, sRitEs, sk, IEXH, T4, kK
. 2012, 22 A M URREEAYVERAR 2 & R0 R A T S ™
YIFCRIELT]. HuBkRLF (P E TR 254R), 37(5): 1015-1028.

Y PRHE. 2002. 46 XA HFFT B4 5 ik M]. JE3T: HJsi H k.

W e, 2018, RR4ZEWe rp B —E IR 2 4 J@ A PR Al FL S 3R
M), VR, (6): 71-72.

kIR0, IR A%, REAG R4, AR SCRE, T, 2Rk M, B IR, 2014, PEAE
R DR AR5 S T 1 - o e 2 4 i i i g il 0. v
)T, 41(5): 1577-1593.

W DRAR, XUEERH, 45/, S8 G, 0, SRERAR, IR, 2016. K%
VST B 2 4SBT B VE AR 1 [0]. 5 MR (hask
BI£RR), 46(4): 1100-1123.

R, XRE, THY, 2R, Tk, 2214, # B, 2000, )
S OV BE AR AT R Re—Os 45 B 25 AF i K L 5T 2% X [7].
PARCHEIT, 23(2): 262-268.

TR, IR, SRR, NN, T, 2R, TKISHE. 2012. Si/Ca S
X ERBER DR AE S (0428 4 P S AR B L [I). IR |, 31(3):
405-416.

TRER, B, THE, m L%, 85, 2020, KURT 4 X ARIEF4
BEWIR S, P [RI 28 4k B ) SR U5 14 78 B 3] v e b
47(2): 472-484.

kB, BRZE, YL, M. 2017, NS AR RAR S Al 36
HBRAL AT ] HUTIRTE, 63(S1): 225-227.

A, R, JRARKE. 2000. B4 e IR 07 R HhER LB 05T (0], M
SFRTZE, (2): 299-320.

MR IR, AR, WA IR 1998, M BRBL A E 7 AR R S 5 0
Ji—ieh R B e [M]. JEat: BR2f .

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


https://doi.org/10.3969/j.issn.1674-7801.2015.06.003
https://doi.org/10.3321/j.issn:1000-0569.2005.03.015
https://doi.org/10.3969/j.issn.1000-3657.2014.04.015
https://doi.org/10.3969/j.issn.1000-3657.2014.04.015
https://doi.org/10.3321/j.issn:0371-5736.2009.01.012
https://doi.org/10.3969/j.issn.0258-7106.2004.01.001
https://doi.org/10.3321/j.issn:1005-2321.2004.01.024
https://doi.org/10.3321/j.issn:1005-2321.2004.01.024
https://doi.org/10.12029/gc20180211
https://doi.org/10.3321/j.issn:1006-3021.2007.04.001
https://doi.org/10.3321/j.issn:1006-3021.2007.04.001
https://doi.org/10.3321/j.issn:1005-2321.1999.03.008
https://doi.org/10.3321/j.issn:0001-5717.2009.10.010
https://doi.org/10.3969/j.issn.1672-562X.2018.06.029
https://doi.org/10.3969/j.issn.1000-3657.2014.05.014
https://doi.org/10.3969/j.issn.1000-3657.2014.05.014
https://doi.org/10.3969/j.issn.1000-8527.2009.02.010
https://doi.org/10.3969/j.issn.0258-7106.2012.03.001
https://doi.org/10.12029/gc20200214
https://doi.org/10.3321/j.issn:1005-2321.2000.02.001
https://doi.org/10.3321/j.issn:1005-2321.2000.02.001
http://geochina.cgs.gov.cn

	1 引　言
	2 成矿地质背景
	3 矿区地质
	4 矿床地质特征
	4.1 矿体特征
	4.2 矿石特征
	4.3 蚀变特征
	4.4 矿化阶段划分

	5 样品处理及分析方法
	6 流体包裹体
	6.1 流体包裹体岩相学特征
	6.2 包裹体显微热力学

	7 测试结果
	7.1 C、O同位素特征
	7.2 硫同位素特征
	7.3 铅同位素特征

	8 讨　论
	8.1 成矿流体及物质来源
	8.2 矿床成因探讨

	9 结　论
	参考文献

