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Abstract: Liaodong Peninsula is an important part of North China Craton, where intense tectonic movement, magmatic
activities and gold mineralization occurred in Mesozoic, and gold deposits of different scales are distributed with typical
regional characteristics. Through the systematic summary of basic characteristics such as spatial distribution, ore-
bearing wall rock, ore-controlling structures and mineralized alteration, as well as the metallogenesis of gold deposits,
the paper analyzes the resources potential of gold deposits in Liaodong Peninsula. According to the spatial distribution of
gold deposits, four gold deposit concentration areas are divided, including Maoling, Baiyun-Qingchengzi, Wulong-
Sidaogou and Xinfang gold deposit concentration areas. The ore-bearing wall rocks of Maoling and Baiyun-Qingchengzi
concentration areas are Paleoproterozoic sedimentary metamorphic rock series, with the mineralization of altered rock
type and quartz vein type, and the orebodies mainly controlled by low-angle interlayer faults. The wall rocks of Wulong-
Sidaogou concentration area are Middle Jurassic gneissic biotite granite and Paleoproterozoic sedimentary metamorphic
rock series respectively, with the main mineralization of quartz vein type, followed by altered rock type, and the
orebodies controlled by high-angle fault and low-angle interlayer fault. The wall rocks of Xinfang concentration area are
Archean gneisses and Neoproterozoic (Qingbaikouan metamorphic sandstone, granulite and marble, with the
mineralization of quartz vein type and altered rock type. The orebodies are mostly in veins and controlled by the ductile-
brittle secondary faults developed in the foot wall of metamorphic core complex detachment fault and by the structural
fractures in the Neoproterozoic Qingbaikouou cap rock. The geochronological study shows that the gold mineralization
epoch can be divided into Late Triassic (~ 220 Ma), Early Jurassic (~ 190 Ma) and Early Cretaceous (~ 120 Ma). The
study on fluid inclusions indicates that fluid immiscibility is the main mechanism of gold mineralization. The H-O
isotopes reveal the ore-forming fluid mainly comes from magmatic water, with atmospheric precipitation added in later
period. The He-Ar isotopes show that the ore-forming fluid is mainly derived from crustal source and a little from mantle
source. The S-Pb-Sr isotopes indicate that the metallogenic materials mainly come from the Mesozoic magma. Besides,
the ore-bearing strata play an indispensable role. The geological characteristics and isotopic data show that the gold
deposits in Liaodong Peninsula are of magmatic hydrothermal origin. Combined with regional tectonic evolution, it is
believed that the Late Triassic gold deposits in the area are related to the deep subduction of Yangtze plate to North
China plate, the Early Jurassic gold deposits related to the subduction and compression of Paleo-Pacific plate to
Eurasian plate, and the Early Cretaceous gold deposits were formed in the subduction and exhumation extensional
setting of Paleo-Pacific plate to Eurasian plate. According to the geological, regional geochemical and geophysical
characteristics of typical deposits, 23 prospecting targets are delineated and 2 414.56 t of gold resources at 3 000 m
below surface are predicted.

Key words: gold deposit; ore concentration area; mineralization; genesis of deposit; metamorphic core complex; resources

potential; Liaodong Peninsula
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Fig. 1 Tectonic location map of Liaodong Peninsula and distribution of gold deposits
a— P PHAE ¥ 7 P (38 SCHik[ 10]) (tectonic sketch map of Asia, from reference [10]); b—db o7 4 5 44 8 (F5 SCHik[ 11-12]) (distribution of gold
deposits in North China Craton, from references [11-12]); c—II R B &0 A i (J53C8K [13]) (geological sketch map of gold deposits in
Liaodong Peninsula, from reference [13]); 1—55PU R (Quaternary); 2—H A fRUTHLE (Mesozoic sedimentary rock); 3—il A AL A& (Paleozoic
sedimentary rock); 4—iy L fCIEJE (Paleoproterozoic basement); 5—AK 1 A7 3£ JiE (Archean basement); 6—[ X146 5 i %A 41 (Early Cretaceous
granitoid ) ; 7—{RZ ALK BT5 A (Jurassic granitoid); 8—BE =Z M ALK BE A (Late Triassic granitoid); 9—EEREBIIKE (mafic dike); 10—URIKTH
(deep fault); 11—78Jfi#% %% (metamorphic core complex); 12—4:W JK (gold deposit); DF-1: 4z A8 Fi#% 242 (Jinzhou metamorphic core complex);
DF-2: Ji 4878 il 724 (Wanfu metamorphic core complex); DF-3: #7578 [Jit% 4% (Xinfang metamorphic core complex); DF-4: FL AR i 724

(Lizifang metamorphic core complex); DF-5: K FIFE W)= R (Dayingzi detachment fault system)
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Fig. 2 Geological map of gold concentration areas in Liaodong Peninsula
a— 1 -H I F 404 X (PE3CHR[ 27 J1& 24 ) ( Baiyun-Qingchengzi gold concentration area, modified from reference [27]); b—Jil4 41 £ X (45 3CHk
[28] &) (Maoling gold concentration area, modified from reference [28]); c—H JE-TUIEW S EX (F3CHk [29] k) (Wulong-Sidaogou gold
concentration area, modified from reference [29]); d—#iFE4H HX (& 3CHk [30] &) (Xinfang gold concentration area, modified from reference
[30]); 1—2F U R (Quaternary ) ; 2—F- [t k1115 (Early Cretaceous volcanic rock ); 3—5% H & (Sinian ) ; 4—i7 4= U H1)Z (Paleozoic strata); 5—H#7
JU T FEHJZ (Neoproterozoic strata); 6—7 767 {4 3 845 41 (Paleoproterozoic Gaixian fm.); 7—7 I A4 I A M 45 41 (Paleoproterozoic Dashiqiao fm.);
8—iH L I E RIA AL (Paleoproterozoic Gaojiayu fm.); 9—ri JGHT B (Paleoproterozoic); 10—1RA % (migmatite); 11—5 4 EH R A A (Early
Cretaceous intrusive rock); 12—HRZ {7 A& (Middle Jurassic intrusive rock); 13— [ ¥4 — K 1L X %5 (Early Cretaceous monzogranite); 14—
PRZ t: — K ALK A (Late Jurassic monzogranite); 15— =& {H 1€ A (Late Triassic granite); 16— =B 1£ 5 N % (Late Triassic granodiorite) ;
17— =F N & (Late Triassic diorite); 18—4E X IN1& & (granodiorite ); 19—4E i) B & (granite porphyry); 20—I1E 1K & (syenite); 21—AN A
(diorite); 22— B BEMIAE <45 (granite of Lyuliang stage); 23— ff 7 R4S (Archean gneiss); 24—4 A kA (Early Cretaceous dike rock); 25—
NI (diorite porphyry) ; 26—IN-KE 7 Ik (diorite porphyrite vein) ; 27—Wi)JZ/AfEMETZ (fault/inferred fault); 28—E ¥t Wi /2 (strike-slip fault); 29—
PR W2 (detachment fault) ; 30— /AR R (Au/Ag deposit )
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Table 1 Geological features of significant gold deposits in Liaodong Peninsula
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Fig. 3 Geological sketch map of Baiyun gold deposit
(From Reference [3])
1—55 U & (Quaternary ) ; 2—5 EA 21 A 41 22 = i # (sillimanite biotite schist of Gaixian fm.); 3—#5 E A 21 B = 284045 (biotite granulite of Gaixian
fm.); 4—i5E A UIBINAS R (tremolite granulite of Gaixian fm.); 5—i5E-54 21 K IRA FIAS KA HZ (marble interbedded with granulite, Gaixian fm.);
6—KAMAHBIEBINR A (diopside tremolite schist of Dashiqiao fm.); 7—K A 412 5EF 257 KBS (siliceous banded marble of Dashigiao
fm.); 8—KAM AL RBENEBEIN A (banded diopside tremolite of Dashiqgiao fm.); 9—RKABF AL WHE S A 88 K P A (thin graphite-bearing marble
of Dashiqiao fm.); 10—KANFAEH A=A KFEA (dolomite marble of Dashigiao fm.); 11—K A AHEHSMINF A (plagioclase amphibole schist of
Dashiqgiao fm.); 12—4£ K BE# (granite porphyry); 13—IN KB4 (diorite porphyry); 14—AFEEA (quartz porphyry); 15— & EH AR 2 (gold-
bearing silicon potassium altered rock ); 16— 4 415 ik (gold-bearing quartz vein); 17—4:% 1A (gold orebody); 18—4RH 4 (silver orebody); 19—Wi/Z
(fault); 20—f51%% ) #Hl (axis of overturned syncline); 21— F #{k (schistosity occurrence )
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Fig. 4 Profiles of Baiyun gold deposit along exploratory
lines Nos. 58 and 2
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altered rock); 8—4:H" 1A (gold orebody); 9—HERE A3 (nappe structure) ;
10—4fL(drill hole)
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Fig. 5 Geological sketch map of Maoling gold deposit

(From Reference [28])
a—1)" X 51 F] ( geological map of orefield); b— 0 £k & (profile along exploratory lines No. 0); 1—2fPU £ (Quaternary ) ; 2—Hi# i T ( Yushulazi
ar.); 3—ii E A4 B (2nd mem. of Gaixian fm.); 4—4: 8 k{4 (gold mineralized body); 5—%8 2 £} % (sericite schist); 6—4: 8 1K (gold orebody ) ;
T—INK (B3 ) Ak (diorite dike); 8—H1J5i F£k (geological boundary); 9—Wi/Z (fault); 10—45FL K %5 (drill hole and number)
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Fig. 6 Geological sketch map of Wulong gold deposit
(From Reference [36])
a—1" X 15 Pl (geological map of orefield); b— 508 £ [fi €] (profile along the along exploratory line No. 508); 1—%f U & (Quaternary); 2— i JFCIRFE
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(diabase); 8— 14 (orebody); 9—WiZd(fault); 10—H4ER K 45 (exploratory line and number); 11—45FL(drill hole)
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Fig. 8 Profiles of Xinfang gold deposit along exploratory lines Nos. 106 and 36

(From Reference [49])

1—55 M & (Quaternary ) ; 2—KFA (marble ) ; 3—28 b A (metasandstone ) ; 4—725K7 45 (granulite) ; S—HELEA (diabase ) ; 6—NK 7 (diorite); 7—A
TrH A R (Archean gneiss ) ; 8— 1 Tk ( quartz vein); 9—1" A ( orebody) ; 10— A5 H7 (alteration zone); 11—F4 & B f%HT (structural fracture zone )

12—¥F & W72 (detachment fault )
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Rb-Sr ZEIHR AW N 218.5+2.6 Ma, §5 41 U-Pb E4E4E
RN DA B 25 R (29 130 Ma)
FiE = Z (2 220 Ma). FRFK =IB7E 0 HIRBE KA
WEFNAERA A 184.7849.35 Ma, VEH RS H A4 wekn”
Rb-Sr Z5EIF 4R 4E I 213.0+3.1 Ma, B IX N AR IES)
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Table 2 Diagenetic and metallogenic chronology of gold deposits in Liaodong Peninsula

WK HEWSE S ik AE Y IMa E= PN
. ’ Y Ar-Ar 234+1 [2]
PRI T e Rb-Sr 23711 (2]
EERGdey Rb-Sr 233+3 (2]
IIMERIETF & JEBEA LA-ICP-MS U-Pb 22611 [34]
A LA-ICP-MS U-Pb 21442 [22]
B Re-0s 22547 [3]
Exawa) SIMS U-Pb 229+4 (8]
A0 SIMS U-Pb 224+2 231+1 181646 (8]
P Ar-Ar 207~209 [59]
P Ar-Ar 196~197 [59]
Hz& pias izas LA-ICP-MS U-Pb 219 [60]
AR LA-ICP-MS U-Pb 219+3 [60]
ZRBEA LA-ICP-MS U-Pb 164 [60]
ATEBE A LA-ICP-MS U-Pb 127.8+0.8 [61]
DNRiSr=y LA-ICP-MS U-Pb 125.6+1.3 [61]

B Rb-Sr 218.5+2.6 Btz
PRI IR A LA-ICP-MS U-Pb 184.78+9.35 [62]
WAL KBRS LA-ICP-MS U-Pb 220.7+2.1 [62]
MR =B 4EH LR B LA-ICP-MS U-Pb 224415 [62]
LiENEIS e ey LA-ICP-MS U-Pb 226.4+2.8 [62]

A Rb-Sr 213.0+3.1 VEH Tk
BERD Re-0s 2316+140 (6]
BT Ar-Ar 189+1 [28]
EME SR AL LA-ICP-MS U-Pb 1941 [28]
e 41 FEVE A B LA-ICP-MS U-Pb 1961 [28]
B WL HRR Rb-Sr 2287+95 [44]
Fible SR AL LA-ICP-MS U-Pb 1888.415.3 [51]
B R Rb-Sr 188.7+4.5 [63]
EARCEXD AhE Rb-Sr 159+29 [64]
RN LA-ICP-MS U-Pb 123+1 [13]
JEBE LA-ICP-MS U-Pb 115+2 [13]
AR N LA-ICP-MS U-Pb 12411 [13]
piash izas LA-ICP-MS U-Pb 126+1 [13]
S Ik AR R LA-ICP-MS U-Pb 120+1 [13]
WA LA-ICP-MS U-Pb 119+2 [13]
B Rb-Sr 119+1 [13]
WEARH™ Re-0s 127.6+2.3 [42]
P EA SIMS U-Th-Pb 126.7+3.2 [42]
=Bk = Single zircon U-Pb 12943 [65]
s P Rb-Sr 120+3 [65]
LR B SHRIMP U-Pb 125+4 [56]
R AN SHRIMP U-Pb 12542 [56]
RTINS SHRIMP U-Pb 1214 [56]
BEARAE 5 SHRIMP U-Pb 12543 [56]
BEARTE 5 LA-ICP-MS U-Pb 120+2 [56]
FiasEay TIMS U-Pb 12943 [56]
Hott Ar-Ar 122.8+0.8 [66]
Y S AN E) SIME U-Pb 122.31.1 [67]

WA G N A LA-ICP-MS U-Pb 114.5£1.9 VEH TRk

R IN LA-ICP-MS U-Pb 124.8+2.5 EERR R

U ER T ALRY ST LA-ICP-MS U-Pb 132.2+3.3 R T
P Rb-Sr 143.0+5.8 [47]
. , WY Rb-Sr 122.622.1 [48]
Hpie B Re-0s 121.1£1.2 [49]

AL B LA-ICP-MS U-Pb 123.0+1.4 Ve kSR
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Fig. 9 Distribution of diagenesis and mineralization ages in Liaodong Peninsula
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Fig. 10 Histograms of sulfur isotopes of gold deposits and ore-forming rocks and geochemical reservoirs in Liaodong Peninsula
a—Mi =& 47 R (Late Triassic gold deposit); b—I {2 4T IR (Early Jurassic gold deposit) ; c—3 4 ¥ 4B K (Early Cretaceous gold deposit) ;
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IR (37 25 O PR (F Sk [ 13,27, 37,43-44,47,64,68-75 1) (comparison of sulfur isotope gold deposits and related rocks in Liaodong Peninsula, data from
References [ 13, 27, 37, 43-44, 47, 64, 68-75])
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Fig. 11

Pb isotope diagrams of metal sulfides, intrusions and wall rocks of significant gold deposits in Liaodong Peninsula

1—R HEH R A A (Early Cretaceous intrusive rock ) ; 2— 4K Z 12 A5 (Early Jurassic intrusive rock ) ; 3—H £ % {2 A5 (Middle Jurassic intrusive

rock ) ;4—H5 = & 172 A5 (Late Triassic intrusive rock ) ; 5—y JG iy f828 i 75 ( Paleoproterozoic metamorphic rock ) ; 6— i i #5 41 (Archean rock ) ; &1

(gold deposit) : 7—[1 2= (Baiyun ) , 8— 7} ( Yangshu ) , 9— K £ F ( Gaojiapuzi ) , 10—/MEZ £ F(Xiaotongjiapuzi ) , 1 1—HKkZ =18 14 (Linjiasandaogou ) ,

12—F F T (Wangjiawaizi ) , 13— (Maoling ) , 14—4) 74 (Jinchanggou ) , 15—F. % (Wulong) , 16—PUiE i (Sidaogou ) , 17— J5 ( Xinfang ) ; 4 5k
5 3CiHR[13,27,35,38,43,45,47,64,73,76-79] (Data from References [ 13, 27, 35, 38, 43, 45, 47, 64, 73, 76-79])
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Fig. 12 The diagram for ages vs. initial ratios of Sr isotopes from
significant gold deposits in Liaodong Peninsula
(After Reference [80])
1—F. J6 4 7 (Wulong gold deposit); 2—f 5 4 " (Xinfang gold
deposit); 3—JH 15 4 (Maoling gold deposit); 4—F1 2 4" (Baiyun
gold deposit); 5—HZ =154 #" (Linjiasandaogou gold deposit) ; ¥4
i SCHik[44,48,63] K AE#H FF & F PR (Data from References [44,
48, 63 ] and unpublished data by the author)
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Fig. 13 H-O isotope compositions of significant gold deposits in
Liaodong Peninsula Peninsula
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References [ 13, 27, 37, 38, 41, 44, 46-47, 55, 66, 71-75, 81-82])
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Fig. 14 He-Ar isotope compositions of significant gold deposits in Liaodong Peninsula

(After Reference [83])
1—H e 4 (Wulong gold deposit) ; 2—PUiE 7445 (Sidaogou gold deposit); 3—HlE 4" (Maoling gold deposit); 4—/MEFREEF 41 (Xiaotongjiapuzi
gold deposit); 5—F 41" (Baiyun gold deposit); ZUiRIE: SCHR[ 13, 27, 29, 38, 66] (data from References [13, 27, 29, 38, 66])
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Fig. 15 Metallogenic geodynamic models of gold deposits in
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