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Abstract: Two contrasting models have been proposed to explain the large-scale gold mineralization in the Xiaoqinling gold dis-
trict, which is the second largest gold producer in China. The first model advocates that gold deposits in the Xiaoqinling district
formed in the Triassic in relation to continental collision of the Qinling Orogen, whereas the second indicates that gold minerali-
zation occurred in the Early Cretaceous and was genetically related to lithospheric thinning of the North China Craton. In this
paper, we present high precision monazite U-Th-Pb ages of the Qinnan gold deposit in the north metallogenic belt of the
Xiaoginling district, by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). Petrographic observations
show the monazite occurs as euhedral grains and invariably intergrown with quartz and pyrite, suggesting that monazites are of

hydrothermal origin and precipitate with gold-bearing minerals coevally. In the **Pb/** U-*" Pb/** U and *°Pb/** U-** Ph/
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Th diagrams, all of the 13 analyses are concordant or nearly concordant, with weighted mean *Pb/*** U and **Pb/*** Th

ages of 120. 9£0. 9 Ma (MSWD=1. 0) and 122. 6+1. 9 Ma (MSWD=2. 6), respectively. These ages are reproducible with

existing geochronological data for major gold deposits in the Xiaoqinling district, demonstrating that the U-Th-Pb isotopes of

the monazite have remained closed since its precipitation, and thus the U-Th-Pb ages can be reliably interpreted as the minerali-

zing age of the Qinnan gold deposit. A synthesis of available age constraints suggests that gold mineralization throughout the

Xiaoqinling district occurred with a relatively short time interval in the Early Cretaceous and was likely related to the lithospher-

ic thinning of the North China Craton at that time.
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Fig. 1 Simplified geological map of the Xiaoqinling gold district, southern North China Craton and the distribution of major

gold deposits (modified from Li et al. , 1996)
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Fig. 2 Geological sketch map of Qinnan gold deposit, Xiaoginling district showing the distribution and occurrence of gold lodes

YW LA™ M AR — PR B, Z2 S Wk e . R
FRKTED KN Z A& - 0] WHAR A KR AEREAR 7
R A SR B s AT R A, R
I WESE A WA SR B o SIS B A 55, B4
WS NF L 2 ik B IR — W £, Btk s, HAT
BRI RELR S5, B W R A A (40%6) 5 A
A (3090 KAINA (20%0) s IRET Y N BB =1 Rt
Kot B, A AR R 2 BHC A H R AR AN A A
b WA KA BRSNS A k. AR SCR BEXTIX 88
A IKIT FRAEARC AW 5T - (0 T X /N2 048 A 45 0 A
o RS0 IR g A k85 41 U-Pb & 445
REW NRIE 0 X ) FM Ak 2R AT o
TR 1. 82~1. 84 Ga a4y (E 4%, 2008;
BeRpf@ A, 2011551004, R R RTERD AR A
WKIE B T A AR (Li et al. , 2012a,2012b).
2.2 WLHHE

ZEH XS0 RE s iR E s N 25
ABENKZS B REY). 0 K 2 & A9k -
AT AR B o R R S A A 0 IOk ™ 4% 52 R4
PEWT 2L ], 5 2R R4 L 22 P B R A (R
2). KNAH Tk EEA SO S Pk#EF F5-Z1 5k (]
R AL A BR F . 2005, HilvA 40 K FHTAZ 0
X BER A A% A ), Horh SO 5 kR b i 4 0 ik

P17 A 32 3 2R Y [ B 44 ) (18] 2). 011 5 1Rk i
X KB, & IRAE I 2. 3t B iR AT 43 R
0I11.,0112,0113 1 OIT4 PUAN# 14, OII1 & A A PE K
29458 m, pg AL ¥E A 40 ~316 m, 4340 b = A 980~
1260 m, " IR JE B35 0. 97 m, 4 S 632K
6. 4310 ° ;0112 S &N T OI1 & Ik VG BL 26 26 &
55 34 R Z A, 5 R K 2 130 m. di Rk 668~
890 m, - JE 1. 30 m, ¥ Sk 5. 67 X 10°°;
OII3 B IR FESR 34 Z5 A2 ML Z ], 0k K
29 97 m, A5 K 890~930 m [8], XS A 9. 51X
1090114 & 47 T O B ik PG Bt 45 46 %45 56 )
PR Z ], K29 170 m, b5 i R 551~805 m, -3
291,87 m, EH T ALK 5. 99X 100, F5-Z1 B4 fik
OIARAE LA B RECE , [ JU Rt R AR R 40
X EH bk F5 ¥ 0 Wi 45 (1 78 4858 4. F5-Z1 54 ik
FIF F5 SRk va o0 B 8, 2K 2 500 m, J&
0.20~6. 10 m, FEF K F 110 m. H ik 29K &7
A WLV i) 25°~65°, fHif 45°~65°. H ik L &
JiCHR B BRIR B A5t R 76 A [ A ) 3 HAT AR K
LA A SR RAE.

ZR AT IR G0 Y FEZN R, Hk ok
FERT 7 50T DN BT AR BT A
S5 W SRR S R ()3 i B/ D f: AR 4 AR 4



%14

SR LA REE « TV /N2 I 3 DX 2 R < 0 PR A s 41 U-Th-P 2 45 KRR 47

WEE D T ANEEEAKREE Te-Se-Bi-Ni [ty
T RS RAR D S T L F AR AR S
TAAZALL ATE — 2 ATE Rk 454 | e e 2
LTI 45 R T (] 3). Wk £ S ok 182
YotR L2 kR S ) R T8 3 A S kAR RS
BT 1 v 7 A R S R SR A5 A (R 3a) . H
DAL AS KL DU 5 1 24 B B v B A 1 o L 4 R
BRAL H S 4 DL K H AR 4 FE I (] 3b). #EAH T
SR YIR A HCR S A 7 DA 2 ul A S bk P i
IR Z LA R A AR S (B 30). T4
TR W ATE SR & B BOEAR T RS 0 e
BRAT A A el s AR (T 3e, 3d). BT H 2 AR
FRNPRLAR ZE A% 8 (& 3b) , 5 Rk N EED™
e S R JBRCDR I 405 47 S A TR - = 0 GG S0 el
B BT SR (B e, 3D, BKE T LA R
EH AR A SRR R YA S
AR B A Bl R R E . BN
REIL B AR Bk IR 2. AR HE AL B AL A
[P S S E AR AR AT O e S Sy A L
A A SR A B S PR B i AR 2
Vi) Ay A 3o R AR

ZEH B TR EAT 2 Z B Bl B9 a5 AR
HFAN GRG0 FE » K5 AV A5 30 15 Xl 23
NAAEE: Tk — kB s H A e
HURE BB S5 FL A @ AR A TR 1. A9 — 3
RINIRE RS A W o R R S SR/ INE AR /S
AT K ke Kb i ARG AERL) s I
Z R IRTAIB B S A S BT 5
W DN S R ARk AL 95 IV . A0 — iR ER B
B S A3 7 A0 ks s K A s T
e — B M2 SR ALY B BO G e B B

3 RN

W A0RE S S ORI H 526 HINO, 4864
i R R L I FH R P B A T VRS T DUORIEAE
i PR T R o S B X i A T TR AR SR
WAL T AR S BT 4 20 B B 540 O ZR . B8 IO 3
B B AORE S T AN 4 4 L T S B R
REIE 3T (SEM-EDS) , it — 25 T fift il fi A R 2H B
SR A5 RS HA ) 2 (R D R LA Y HRAH
FTF I UG A SO S 2 Y B B AN &

e Ak
‘"Au_ R

B3 ZHRE KT Gy RIEAS
Fig. 3 Reflected-light photomicrographs of ore minerals from Qinnan gold deposit
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Fig. 4 Textural relationship between hydrothermal monazite
and quartz and pyrite from the Qinnan gold deposit
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Table 1 Results of LA-ICPMS monazite U-Pb dating from Qinnan gold deposit
U-Th-Pb [A]{i % LA AERE (Ma)
Sl 5 2
U‘IJ ﬁt““ﬁ 207Pb/235U 1o 206 Ph /238 J 1o 208 P /232 Th 1o 207 Ph /2351 1s zoapb/zng 16 28Pb/%2Th 1o
QN25-1  0.12729 0.00885 0.01864 0.00018 0.00611 0.000 08 122 8 119 1 123 2
QN25-2  0.12983 0.18118 0.01944 0.00160 0.00617 0.00012 124 164 124 10 124 2
QN25-3  0.12669 0.02278 0.01912 0.00025 0.00599 0.000 08 121 21 122 2 121 2
QN25-4  0.01211 0.12906 0.01948 0.00107 0.00678 0.000 09 12 130 124 7 137 2
QN25-5  0.06817 0.00453 0.01879 0.00011 0.00591 0.000 06 67 4 120 1 119 1
QN25-6  0.11455 0.02775 0.01909 0.00032 0.00613 0.00007 110 25 122 2 124 1
QN25-7 0.12873 0.07278 0.01871 0.00055 0.00630 0.000 09 123 66 119 3 127 2
QN25-8  0.24724 0.06333 0.01895 0.00044 0.00622 0.000 09 224 52 121 3 125 2
QN25-9  0.12911 0.01135 0.01932 0.00018 0.00607 0.00007 123 10 123 1 122 2
QN25-10  0.13013 0.05044 0.01883 0.00040 0.00616 0.000 08 124 15 120 3 124 2
QN25-11  0.00000 0.05044 0.01947 0.00057 0.00718 0.000 10 0 124 4 145 2
QN25-12  0.12945 0.09028 0.01936 0.00071 0.00665 0.000 09 124 81 124 5 134 2
QN25-13  0.00000 0.00000 0.01932 0.00048 0.00677 0.00011 0 0 123 3 136 2
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2 s 1 N N N N
E 0010k il ] %A B R B &2 (Rasmussen et al. , 2006). f T,
s fo-t T Sarma et al. (2011) XFE[J)E Dharwar 52378 N Gad-
R s e | ¥ I ag il Ajjanahalli 48" B i Bl il s 75 5 T U-
0.017 F :;l;g;;}“;;)ﬂéﬁiﬁlz;’JMﬁ;&’# 122 I Pb ﬁ—ffﬁ,%ﬁ'ﬁﬁ\%%j 2 522i6 Ma ﬂ:‘l] 2 520i9 Ma,
Lo L HsWPTR00) 118 II HIX N R SR AIAL (2 51610 Ma) fEIR 2570
10.0055  0.0059  0.0063  0.0067  0.0071  0.0075 BN 584 —3, ] Dharwar 52 H8 120 IR
ph/ T

5 ZHren RIEME A U-Th-Pbigih 2 &l
Concordia U-Pb (a) and U-Th-Pb diagrams (b) of
hydrothermal monazite grains from the Qinnan gold
deposit obtained by LA-ICP-MS analysis

a. 206 Pb/z:ix U,207 Pb/235 U «‘[/EGIELHEJ ;b' 208 Pb/232 T]’]’ZOG Pb/ngU -LF,_%H:”PE‘]

Fig. 5

R H sh I T v e A ) e B B . EL A RS
SN A I R R AT A L X SRS e A R
B, A U A1 A9 U-Th-Pb 2 4F 1] RL3RAS 0] 5 A9 AL
WA

ZER IR A S kR A 5 T IR
A SERE R Z (8] 420 2 SRR 25 . HAL A 4,
TBORLIA 9 47 0 A B R 25 (P 4) L R Tl s £
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H5E &0 WE gy 55 JL-F [ 5 E L. BSE E& A
EDS 83 /5 H o - 28 M 0 0 M A 2544 ]
L REE o (B D, X 58 RS R s A B
() LRS- BA SR A I R IE A7 AE 22 5 (Wan ez al.
2004) , 1,5 B8 14 725 Joit RO A PR A B e AN [
Jo B Am PR R e K g5 R B AR AR AL
FIAE W5 4347 B 2 1) 22 5% 1 38 4 (Foster et al.
2002; Kohn and Malloy, 2004). & Fikh, BF 4
WA Bk (8 A Ry AR P 2 B 1 i
A A BRTR AR 2R G ST TE Y. DR, U A Y
U-Th-Pb g 4E 0] LA i Z8 p 40 0 i i AR 3R At
FERNT SRR 29, 13 Al & £ ki i U-Th-Pb [F]
ﬁi??ﬂﬁiﬁ: 206 Pb/238 U’ZO? Pb/235 U ﬂQHZOG Pb/238 U’
SPh/#* ThEl fig b 35 47 F i A4 b ol Bt i, 3L
PPh/# U F* Pb/* Th fin £ F- 34 4F #% 43 3l
120.9£0. 9 Ma f1122. 6 1. 9 Ma(|& 5). ik U-
Pb 1 U-Th-Pb 4F#4 (1) — 85t 3R Bl 5 A 1) U-Th-
Pb Al ZIAR ARG —HATHAER &G K
At R 2R ) & R BT il s A 1 U-Pb Fn U-
Th-Pb 4% 7 LAU# B R 28 B 407 R A LA™ B4, 4l
WA ZE M S TE T 120 Ma A2 47
5.2 fikmgmhERXMERTER

fedb e bl SO R IR E E B 2 &R T IX,
Hod /NG IA X DL 4 0 325 174030 A RE - 1 L X
bRk B RESD I 0 K& MR — 8 — 5
By = (275, 2006). 228 R4 (2007) (2=t 46
(2008) LA K F LRZ:(2010) FRAS/NZE WAL 5 i)
MR ESH FHEHT Re-Os 4 #4354 F
215. 4~255. 6 Ma il 232. 5~268. 4 Ma. L4 |45
LN I A7 b A AR CER S 81D Au-Mo
B VR ABARSCF I B - /NR IS AL 7 R AR AF A
W A= AR GRELLUD (4 B =k, X /N IS R i &
R — RIS RIS W O Ar/Y Ar 45 R
B, B R IR A IR T AE134. 4 £
0.7~120. 34£0. 6 Ma Z ] (He ¥ {d, 2011; Li
etal., 2012a,2012b). HE AL ST A5 H T -
FHEEHER) O Ar/* Ar AR, P R B 0 AR 4 =
BEFNLT 104 Q875 5 ki AR & = BEAY' Ar/* Ar 4F.
W43 R 132 Ma 1 129~127 Ma Ze 47 (10 4R 2%,
1998; T WK% ; 2002). B YA ©Ar/* Ar 4
WAAS R T RIS SRR SR RG4S0 IR (B 2)#F
B9 Re-Os FF I AIIESE (131 ~134 Ma; ZRJE R4,
2007; Heipfdt, 2011). AR T 4 Ok RS BE 0 [) 437
FARRAII R R, BLAR/INZE I8 M XA A B S TR

el PR 1E H AR K 2500 R E i T b A
AR S L (BE R, 20115 Li ez al. , 2012a,
2012b).

B F /NI LLAR B REH I Au-Mo-Ag-Pb-Zn
AR XAl B R W A A VR Y ™ 4. RE H L
Hi DXAR R AR A R A T S AR A O Ar/Y Ar
AERE N 115~125 Ma(E X KEE, 2001) | B0k B
B () Rb-Sr 45 i} Z84F #% 24 126 &= 11 Ma (Han
etal. , 2007)  WEEA ™ ) Re-Os 4% h 135. 6 &=
5.6 Ma(WkZEBI S, 2009) , B i 4 4 PR 1h 28 28 == B
() Ar/* Ar 4E R 127 £ 1. 6 Ma & 123. 8 +
1.3 Ma(Tang et al. , 2011). X SLAE S 5 /NZE U4 Ml
X0 PRI AR I B i S AR — B0 REHC 1L M X 2 Fk
] i T B A AR B X 2 —, R B AT Y S AR
BEA (2255 06, 20055 JRFTEE, 2009). Hrp, 1]
W E B Je AR B4R Re-Os AR5 43 31
H9132. 4+ 2. 0 Ma, 144. 8 £2. 1 Ma il 141. 8§ &
2.1 Ma(ZE5K6, 2005). fig T $8& BH 1) f0 300 06 B 5 750
B oA w3 BEE BT AT Re-Os SEHT 42
AEWE Ay A 131, 24+ 1. 4 Ma (A 3] 25, 2009) FiI
131,342, 4~134. 342, 6 Ma({E W B %5, 2010). BF
FBEHET RI A FE & B R IR TICIR AR — B R
PR s FERLA™ 4T 0% 4 rh 76 0 b A= AR A0 PRI Ag-
Pb-Zn W R =B Ar/* Ar £ 5 135 Ma (2>
FF 5 2006). AT UL, BEHC LA /N Z8 04 b DX A RIS B 4
YEF B L B A P — 3, FE AR i fE e rp A AR
H
5.3 Ht@mZ&mPAERBETIERNBESS

Hedb R 2k /NZE IS — RE L L XOR[R) 2878 1 1 PR
TR 246 P 7E L i, R BT i3z
i — 0 3h J124 1 A R R SR, i AR
AR WA B B A A5 /N e — RE L 1L X AE 4
At 5w 3E 2k Ak T o N A A A 1 A, 7EAR AR
GNEIE—REH ML IX | P 0 RIRIK K & B /N R
W U L BB LI AR AR B A% A AR, TR IETTAF (1998)
XoF /N U AR BT A% 2% S R AT T R A A R 1 A AT AN
O Ar/® ArAEAREEAIRGY  UE B DX A R A R A e
135~123 Ma. /NZE U4 Hb X B SCI 7 1 B L ) BBl A
WESR A FOVE KA MK B 4= 060, Ho g A U-Pb 4R R
130~125 Ma 247, 5 IX N K Z 8407 IR I 5 B
(I 3EA—F (Li et al. , 2012a) , B 7R iX —Hi X HL 1
A A2 SR AU Y A AR 15 T R AE . AL T/NE
JAG A IR AR H O S RNRIS R 45
HR M S o A R I ORI A S ik )
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R & 3K B BL A JORT S €00 SR A5 A 1) 5 1 LA B AR
i U-Pb 4F#4 4 150~132 Ma(Ding et al. » 2011 ;1
T4, 20115 XUBLAE R R R FOED , R X e A4
PR A7 A 5 B ) L 1 25 2R 0% Sh RN 7 i AH BLVE
HE— 2B TE R S B 3 %) A R A 2 Y . T RE
B X AR LR B A BIAE B A AR AL AF I R 115
+2 Ma(H£: 7545, 2008) 5 i H — 52 F 2 b i 1
ZE kA SHRIMP 45 75 U-Pb 4F iRy 11742
Ma iR 45, 2007) , [RIAE IS % T A2t S P e 2%
RS 5T 1A 205 o).

INZE IS — R LMl DX A5 T 2204 36 1L B4 i i
DX, DX A e AR AR A R 3 15 S T S ZR I i
LIy 18 LU 5 AT D2 R F 55 Ah— ANl ST i A
PR H AT s R B — Sl KE o R B 4E
A6 545 v Fir il (0 Rl 48 K Z2 08 18 1Ly 1) 1 LLVE &
AT B — =31 (Ames ef al. , 1996; Hacker
etal. , 1996) , JF T =Btk A 3 1L 5 1R B B
ZE0A 1 LA P BRI PY 2208 43 A A R T RLAE I 7
IRBEAE B 2 5 IREESE , 1996) MK A — IE KA (3
WOESE, 20055 Yang and Wu, 2009) K K& B A Jik
HAR I BHAR EEE Ry 230~200 Ma. $5 3w X 75 6 i {4
Sk E oA B K A R thiE SL e S5 il
B i o e 48 6T e L0 R s e DX %) S ) ] BEAE B
PRI L4551 (Yang et al. o 2007). Kz - 2204
W 7R B RIZR 208 1) rh R MR A BRIk %
20 AR AR S (BB 4. 20095 Mao et al. .
20105 WAWEAE, 2011; EMEEESE, 2011). 0ff P 204
J7 R IX AR 1k i A e BG R 20 thE — R ety
KA MRAL VRIS AR Z 0 (L AEHRAL 50 th A
PRAIIE St 22 43 A (1) B K 25 5 1E— 25 B 2214 i
LUy () 18 LU 191 ] BB AE b — R AR 2 DL RT B 4
GER.
25 L TR, R I T AR T =& T
HEA TS L5 R B B . BRI AT LA A A b 5 38 rg
S b A AR R AR T BB S 28 04 LY 1 LD AR
FHE 2 SCEK, 128 T 59 A — 0 37 1 4 1 1
il B KEpFIT R, 4B sehiam A A AR Dok 4
D3 T s ZU R A R, 8 I B 8 100~120 km,
Vol T 1 DA T T B AR e L Pt (W ez al. 5 20055
Yang et al. , 2008). | {Z 43 A[ FAEI0 e i < Al
JE G A AR AR A L T S 2 L AR R 2 e
& — 2 8B KRB A s hE A P B
FEM (LA et al., 2003; 20065 Lin et al., 2008;
Yang et al., 2008; Z= = H 4, 2010; H& i3 fg,

20115 Li et al. . 2012a). PRI, AR SC R Rip N B BF 5T
G SRR /NG IS — AR H 1L H X AR N AR L e
7368 i 2 65 A AR e A i ) AT T RO
RERLAT 1 5 fedb se b i 5 A Bl A G, A A
P ok TR 5 I A R T B ST 0 R S 0 AR
WA R RS G 1™ A FH Al o 2 3 i AU Lt AR
B T — b SE SR R )TZ R B WA AL i
DR 285 T Ay B0 SR AR A0 B3 8 R 4k A D i
T RAFHH 15 .

6 45

(1) /NZRUE b DX AU 71 25 F 0 IR &5 4 A e ik
HERCE R AR POPh/# U A - 1 AR i R
120. 97£0. 9 Ma(MSWD=1. 0) ,2Pb/*2 Th AL F
PJAERY N 122, 641, 9 Ma(MSWD=2. 6) , —# {Fi%
ZEN N e — B IR E AR R R R T EE
IR B B 28 pE &0 KR i T B 1 S i
120 Ma Ze A5, WFE it — 20Uk B BRI s A ] F Rk
it R PR TR 4 TR B ™ B AR

(2) /NZRUE b IX A A7 77 FHE LD P9 ™ = 47F
X5 R RKHE 4 B 1 FH A ] AR W) . 25
HAedb B R S RE H b X R 2404 — 8 — 45
BE— AR PR ™ AE A2 BERL, al A b v bz id
GAFZEA IR BT AR A — 3, 1y F 2
TEME A AR

(AU R 2 A W A= UKL T i B i JRe )
5 50, DX N E LU R A e A H 2 e rp 2R 4G AR
S, PO A T ) G e 3

Bl X P H RRIHSEE T Rhdem R
YRR E ARAERLKXFIEEBELAS THSHFIL
Ve, 324w 54 LA-ICPMS 547l 3% TAE#3 5] T 7k
F A AR AT R KN LA B, £ —F
F S R
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