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Abstract

The Laodonggou gold polymetallic deposit is one of the most typical gold Mineral of the Beishan metallo-
genic belt in Inner Mongolia. There are many disputes about its genesis, and the research on the source of ore-
forming materials in the deposit is almost blank. Based on the on-situ investigation of the deposit, this work se-
lected typical ore samples from different middle sections underground and conducted in-situ S-Pb and C-O iso-
tope studies. The 8S of Laodonggou gold polymetallic deposit ranges from —0.56%o to 5.54%o, the **Pb/**Pb
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ranges from 18.326 to 18.390, the *’Pb/**Pb ranges from 15.563 to 15.645, the **Pb/**Pb ranges from 38.226 to
38.390, the i of lead isotopes ranges from 9.40 to 9.55, the w ranges from 35.77 to 36.85, the S-K Il model age
of galena is 232~270 Ma, and the §"C ranges from —0.04%o to 2.93%o. These show that the ore-forming materials
of the Laodonggou gold polymetallic deposit have a mixed source of magma and strata, and the ore-forming fluid

is mainly derived from magma. In the late stage of mineralization, metamorphic water from strata was mixed into

the fluid. Based on the study of stable isotopes of ore deposits, combined with previous studies on the tectonic

evolution of the Beishan orogenic belt, it is first proposed that the genesis of the Laodonggou gold polymetallic

deposit is magmatic hydrothermal type.

Key words: In-situ sulfur-lead isotope, carbon oxygen isotope, source of ore-forming materials, Laodong-

gou gold polymetallic deposit, Beishan metallogenic belt
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Fig. 1 Geological sketch of the Beishan metallogenic belt (a) and the Laodonggou area (b) (modified from Zhang et al., 2021)

1—Quaternary; 2—Lower Cretaceous Chijinpu Formation; 3—Lower Permian Shuangbaotang Formation; 4—Qingbaikou Dahuoluoshan Formation;

S5—lJixian Upper Pingtoushan Formation; 6—Jixian Lower Pingtoushan Formation; 7—Changcheng Gudongjing Group; 8—Silurian biotite monzo-

granite; 9—Permian granite; 10—Triassic porphyritic biotite granite; 11-—Opbhiolite; 12—Reverse fault; 13—Geological boundary;

14—Angular unconformity; 15—Deposit; 16—Provincial boundary

HE D). KNEBEHE IR RS/
KAb A, FERE AR, 5K AET LR
oY (A BESE, 2010; X [ 54, 2010; Tian et
al., 2013; T 5 2555, 2015; X MM A5, 2019) , 540”
b 25 D AH 6 1 3030 sh st ) 322 A 7E B S 0 (5K
REAE 2021; FE TR, 2023) . 2 Rt AR RIS Sl
A ] R IR Ol A S0 9% X R T — R AP ] 3L AR
VY 1] i 0 B U7 ok R DB, A T X e
PRIGF= o H AT X P E & B JEWE 21 A58 | [ K
e TN R [ NP 2 ) R TRNTR (B o e X 7 N

2 X bR

AR 4 22 42 SR IR T 3508 1L - T e 21 1L 4k
A AR B, XN 32 B [ o i B RSk
YHF AR TR AL A o A2 A0 VY ) I AR V4 1) g 490 1 55 D)
R, X N WA S R KR KRBT 4 o ik
ARV ) AGVE PG 1) A6 Ab PG 1) AN b AR 1) 4 2 (R P
&, 2018) o HH AR Y ) (F1.F2) ALPY P 1] (F7) .
JEAL TG 1] (F14 F15 F17) Wi 244 58 4 2 Z A0 1)



1114 N |7 . ) Jt 2024 4F

i (E2), N B35 kA B it B AR 4 1 e 87 1k (7 3b. 5]
W IXN B A A A EEONENRACS 8 4b) SRR IR By A K-S XA B8 A E R 5 1T
T8 HH R BEARAE B N a0 X T 2 R BN B2 SR IR NS A (E2), T

KBy Bk RRE G bk (B 2) R ] S (233.8+ IT VB0 AR IR K, I H 36 208 1 Vs 760
0.9)Ma~(243.0+1.0)Ma (5K FE 524, 2021) . MEFAN ALK, 0 IR B KA B R 400 m, JE 0.65~15.54 m,
S M A 45 R N IR A S W, XN AT Au b7 0.38~31.40 g/t, IR AR 5 996~1311 m., 1T .
(PR Z 7= th FINK B A KR (B 3a Kl 4a) 585 VS50 (K 08 A B0, 57 144 200~350 m, J5

fmb
PIFT ss N
ou
b T
" F6, "N\ T
fmb
P
6/1\ Fl \
F28
F23
P12\ g o
\ F4
mb
fmb

Bu 2 \
F2

mb
s P1E AN F12
F19
F20
Fli 1 6 N\ Fll
I k A\
s ° v F13\ '\ 3
e o o
T QA \
F24 op o
F10 \\
F2
mb
I
N\ F F4\
IV = s

s s e [ wo \ea
b
s v e [e \\ .

13 14 15 [*] 16 s

P2 Ve 4 24 R R X 5 3 P (B R el P45, 2018 18 240
| B RAD 5 MU 5 2— KB s 3— TR RIS s 4—WEER BN 5 S—IN KB s 6— AL R TN IR s T—AE Rt s 8— US4 5 9— )2 S 5
10—B 5 s LL—8" b s 12— 0715 13— %55 5 14— IIRZ K5 5 15—S Pb Al 3 R AL 16—C O [RM R BE T
Fig.2  Geological sketch of the Laodonggou gold polymetallic deposit (modified from Qian et al., 2018)
1—Metamorphic sandstone, slate; 2—Marble; 3—Fractured marble; 4—Diorite porphyrite; 5S—Gabbro porphyrite; 6—Granodiorite; 7—Grano-
phyre; 8—Geological boundary; 9—Faults and numbers; 10—Skarn; 11—Mineralized body; 12—Ore body; 13—Ore body number;

14—Exploration line; 15—Sulfur and lead isotope sampling points; 16—Carbon and oxygen isotope sampling points
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Fig. 3 Geological profile of P12 (a) and P1(b) exploration line of the Laodonggou gold polymetallic deposit
1—CQuaternary; 2—Jixian Pingtoushan Formation marble; 3—Changcheng Gudongjing Group sandstone, slate; 4—Carbonaceous slate;
S5—Diorite porphyrite; 6—Skarn; 7—Limonitization; 8—Gold ore body; 9—Attitude; 10—Grade/g/t/thickness/m;

11—Faults and numbers; 12—Cataclastic rock formation
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Fig. 4 Characteristics of diorite porphyrite veins in ore body Il of the Laodonggou gold polymetallic deposit

a. The ore body occurs above the diorite porphyrite vein; b. Mineralized diorite porphyrite vein
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Fig. 5 Mineral characteristics of different types of ores in the Laodonggou gold polymetallic deposit

a. Oxidized ore of ore body Il ; b. Vein sulfide ore of ore body II ; c. Skarn zone of ore body Ill (banded epidote, garnet); d. Overprinted early pyrite

by late galena; e.Early arsenopyrite included within late arsenopyrite; f.Galena replaced by chalcopyrite, exhibiting a skeletal structure, with late

quartz veins cutting through early galena; g. Coexistence of late garnet with pyrite; h. Synchronous folding of magnetite and pyrite; i. Late pyrite

veins cutting through early pyrite of ore body Il

Qtz—Quartz; Grt—Garnet; Ep—Epidote; Py—Pyrite; Apy—Arsenopyrite; Ccp—Chalcopyrite; Gn—Galena; Mag—Magnetite
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Fig. 6 Mineral generation sequence of the Laodonggou gold polymetallic deposit
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Table 1 Sulfur isotope composition of Laodonggou gold polymetallic deposit and typical gold deposits in the Beishan

metallogenic belt
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Table 2 Lead isotope composition of Laodonggou gold polymetallic deposit and typical gold deposits in the Beishan

metallogenic belt

WK BEA M5 206ph/204p 207ph204Ph 208ph/204p} u o ThU Aa A Ay Tg/Ma ORI
TZ09-1 i 18372 15.625 38.345 9.52 36,58 3.72 75.84 19.93 33.1 242
TZ09-2 J5 18.367 15.622 38.340 9.51 36.56 3.72 75.55 19.73 3296 240
TZ09-3 J5 18.369 15.621 38.334 9.51 36.52 3.72 7549 19.69 3271 238
TZ09-4 TP 18.369 15.624 38.331 9.51 36.53 3.72 75.75 19.86 32.76 242
27 TZ09-5 VLAUN 18.368 15.622 38.325 9.51 36.49 3.71 75.55 19.73 32.53 239
W4 TZ09-6 T 18.369 15.624 38.331 9.52 36.53 3.71 75.75 19.87 32.76 243
£4 TZ09-7 B 18.326 15.563 38.226 9.4 3577 3.68 69.82 1571 28.03 147 AL
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TZ10-3 JrEE" 18.376 15.626 38.350 9.52 36.58 3.72 75.94 19.98 33.14 241
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R HRRA 18.467~18.519 15.635~15.660 38.434~38.391 FhEE LA, 2021
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15.488~15.731

38.156~38.971

TR 7RAE, 2002

BORESL B LR #50RE ah SMS (B TUE A, ik
YIRS, Hh B 5SSk 3.48%0~4.21%o0 , BLERAT”
S fH M 2.86%0~2.96%o , 5 Hil 7 534S {H K 2.80%o , J1
BB 84S {H N —0.56%0~1.11%o 5 A 4 534S {1725 4k 31 FHl
H—0.56%0~4.21%0 , “F-14 2.60%o , #2 2% 0.33%o , ZE 1411
BN, 22 BH A 4 - A 0 10 B B 10 A i [
PR AR EAHRT—FL
4.2 PbRIGIZEAR

Xof M V8 42 22 4 SR IR 2 (ERE i 13 N0y 001 7
TRALET RS 2240, a5k B ARG A -t Ak )
BB B T B R, AR 2 R A i 4 ok
F , 13 FRE i 209Pb2%Ph H i 18.326~18.390, F
HI{E M 18.369;27Pb 2%Pb HLH M 15.563~15.645, F-
HI{H M 15.621;28Pb /2Pb H i h 38.226~38.390, °F-
VI A 38.336, A 14 2 4 J@ A R AL Y Rl 67 R
wAB A AR ] 9.40~9.55 , SF- 2418 9.51, Hirh r 80 1
HAE P 7E 9.51~9.55; w {H A4k 3Tl 35.77~36.85, F
YIME 36.52, o T 85 0 o B 4E 1 7E 36.49~36.85;
Th/U FCAE Y il 3.68~3.73, 2411 3.72, o 5 i
FbAE 5 P 7E 3.71~3.73; I B 0 — By BB oA i
232~270Ma.
4.3 C.OFIEAERK

L E 2 A RETR S I i A RE S Y

813Cypps TEZZ AL I FEl K — 0.04%0~2.93%0 (26 3) , -3
{84 2.04%o0 , T HHEHTE 2.10%0~2.93%0 ;s PO T i A1
8180y smow T 728 1k 8 Bl M 11.27%0~19.01% , F- 34 8
15.24%0. BRFEN C5-151, 2 YA 4 2 4 Jm 5 PRI
Ji AT CLO [ 4 AR A BRI A, ool —
EGHE7/ )i 3

5 1 i

51 WHIKIE

W95 5 4 L 25 VI AH 5 19 4 8 B Ak 4 ) it TR 43
T RO A R S ) BOR IR AT ) it is
B R 7R B R (Ohmoto, 1986; Hoefs, 1997;
FB7Kk K, 2001; Yang et al., 2021) ., #3& H 0T OB
Ak 17 457 2R 20 B, 32 SR [ 437 28 4k L SR
JE (pH.I. T % 2 F [ 3 3 [7] % # (Ohmoto, 1972;
Rye et al., 1974) , WEH" B0 55 & @ ALY AE R
EWHEZ LB IR EER S0 W, W5 H AR
X FHIWHZ PR P R IR 2 G B, A 4
Z& /Y IRT WA A H ALY £ R B
JrERT HEEET R EART INEE A R R IR IR
By, R— BB sk b IR 22 4
H S >0 spr>0%S g >84S g MIARAE , 26 HH
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Table 3 Carbon and oxygen isotope composition of Laodonggou gold polymetallic deposit and Jinwozi gold deposit

IR B HIEEOES 813C,ppp/%o 3180 /%0 380y grpow/ %0 ORI
C5-5 W7 e 2.79 -12.35 18.18
C5-4 T A 2.40 -14.13 16.34
EAREE AR ININ C5-3 Py e 2.10 -18.03 12.32 A3
C5-2 Py e 2.93 -11.55 19.01
C5-1 Py e -0.04 -19.05 11.27
EETRY AT A A 1.00~4.50 13.60~15.10 TRIGARE, 2002

T« AR SCBIGAS DN A7 0y PR IS R 20 g 2 [ 2R T i S 2, R JEE 0920, 2%0

TZHT PR [RI S 28 43188 18 B SF-#R A4S, ml A #
010 A [ 57 2 2 8 A ™ RO 1 A ) 467 2% 40 A
(Ohmoto, 1972) .

F SR A0 PR A 4 R TR 32 AT e VAT | )2 AR
FNE G 325 (Hoefs, 1997; A7k K, 2001) : 14 547 &
TR A IR PR S I R A T AR L B,
84S L — 1t M —5%0~+5%0 (2 KU —3%0~+3%0) , If-
B o0 A T ZAA BRI 5 2 6 1 SR IR B0k A il K
Rl ik, H S AL FIAR K, B2 MR fH IR A
B R Y 9 R ], 80 B Bt )7 R At AN
(ISR (R N EE N

AR 4 2 4 R0 R R 5 o B Bt 834S
B} 4.94%0~5.54%0 , 1) —F B (1 7) s A A
Y- ALY AT BE 534S H—0.56%0~4.21%o0 , 7 5 L
AR IE (B 7) 5 /R T 8 4 2 4817 IR
H & R B BB BRI T A . R b
iy P HA & B TR R AL (&1 8) , BREE L 48 §%4S

6
B EEWRENE

5 F O chfgin amm B

4 k:
&
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7 A4 AR R RO B
Figure 7 Sulfur isotope histogram of Laodonggou gold
polymetallic deposit

fH 1.90%0~2.60%0 . 5 ¥ 1 4 & 8*S {H 4.50%0~
7.20%0 AL 14 B 534S 5 —3.17%0~2.83%0 . /N 5
4B 8%S {H 3.34%0~8.39%0 . 4x B T 4 W 8%S A
6.00%0~7.50%o , . 7 AL LI LA™ 5 Hh &R 43 4 0 IR vh
FIBR Y FER A T, KA RGsh 5 & L4
IR LA

52 $REISRIR

PP U Y & IR B ALY U Th & s Ik, BL7E
BRI a8 R ad R b R B Ak 2k AR R 5
BT IR 67 28 2 LR AR /N, DR v e A ) 437 3R
W T R B AT ) Ok PR (Macfarlane et al.,
1990; Chiaradia et al., 2004) ., < #f& Stacey %5 (1975)
1 P B B AR AR S TS A ) AR S 80
BN R AT DU R0HE s BB PR ST ) R R,
1o wE (9.58) 4 — ok A F b bl K p fH(8.92) K
w A (31.844) ALK A T b, i o (7 o 14
(41.860) I Bl I\ Ay J2 B Y 4 7T M 52 K U (Doe et
al., 1974; Stacey et al., 1975)

LA G 2 & B R8T S-K W By B i fb st
KPR RIESEER T LR 1, 1 {8 9.40~9.55, Lk
A HI/NT9.58; 0 18 35.77~36.85, 4 T Ml
FoSGHIE 2 (8] VLI &2 AR IR 4R b
YA R IR A T HUE AN b S M

M3 H5 Zartman %5 (1981) #2 Hi A4 4 1 7 fb AR =
AR 4 2 4 TR R TRV 24 a5 B9 e 18 1Lty ff
T, A M A R G 1 S (BT 9ab) .
[ Bf AP O Fpth mf DL AR 38 42 22 4 SR A R A )
I BT ELAG i kR E A Rk 4 A R AE L P
(EHECH T, W DIHERR R Ge i 22 M52, DR AR
WG R T A 4 2 48 0 R AT R IR 1 TR YL 1
(Franklin et al., 1983; Andrew et al., 1984) , 7F 14 1&
RBE 0 & it (1 10) v, 0 1 4 22 4 T 0 T4 T
PR (B D) S VETE T 1 A K, 78 00 5%
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Fig. 8 Comparison of sulfur isotope composition of typical
gold deposits in the the Beishan metallogenic belt (base map
modified by Deng et al., 2016)
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2@ BRI SR TR, 8°C —9%0~—2%o (Taylor,
1986) ; @ T B AT HL T >k I8, §°C =30%0~ — 15%o
(Ohmoto, 1972) ; B ik R £k %4 K Wi , I AH ik 2 1
T —2%o0~+4%o , Fiti FH KA PR A BILISE A A 368 I
T AR R 3 5, 9 §3C—2%0~—10%o ( Veizer et al.,
1976; 1999) .
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Fig.9 Leadisotope tectonic evolution model of Laodonggou gold polymetallic deposit (a, b, base map modified by Zartman etal., 1981)

A—Mantle; B—Orogene; C—Upper crust; D—Lower crust
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