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Geology, ore—forming fluid and metallogenic age of orogenic gold deposits in
the Northern Qaidam
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(1. Institute of Hubei Geological Survey, Hubei Geological Exploration Engineering Technology Research Center, Wuhan, 430074
Hubei, China,2. Guangzhou Marine Geological Survey, China Geological Survey, Guangzhou 510760, Guangdong, China)

Abstract: The northern margin of Qaidam Basin is a well—known ultra—high pressure metamorphic belt with abundant mineral
resources. The orogenic gold deposits are widely distributed in the northern Qaidam. This paper focuses on the study of the
geological characteristics, temperature and isotopes of ore—forming fluids of the gold deposits in northern Qaidam. The results show
that the orogenic gold deposits are mainly distributed in the shear zones of the Mesoproterozoic, Cambrian and Ordovician

metamorphic rocks, and most ore bodies is related to the NW—trending structures. Besides, the mineralization temperature of most
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gold deposits is bimodal, and only a few gold deposits exhibit monomodal in temperature, indicating that multi—phase fluids were
involved in the mineralization process. The §"Ouo-smow (—1.7%0—10.31%0) and dDv-swow(—113.8 %o — —41.6 %o) of the ore—forming
fluid indicate that the metamorphic fluid is influenced by magmatic water and atmospheric water. The ¢S of gold— containing
sulfides (pyrite and galena) ranges from 0.5%o to 11%. , mainly in the range of 5%e to 9%, **Pb/**Pb from 18.238 to
19.296, *"Pb/***Pb from 15.547 to 15.773, and **Pb/*Pb from 37.918 to 38.978, which indicates that the ore—forming materials are
derived from the mantle—upper crust, and are affected by magmatism to some extent. The tectonic evolution and metallogenic ages
reveal that three gold metallogenic events occurred in the northern Qaidam during 426—376 Ma.357—330 Ma and 288—246 Ma.

Key words: Northern Qaidam; orogenic belt type gold deposit; metallogenic temperature; H—O—S—Pb isotope; metallogenic age;
mineral exploration engineering
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AR v R g A R B DX, vk 2 by S A 3 op
(McCuaig et al., 1988), K Z % 1A 40 K2 TF
g% R oA AR AR AE R IR B9 (Goldfarb et al., 2001,
2015; Deng and Wang , 2016). i L1 Y 4 5 1) pii 4
T A TR 4 1 R T 4 A i D 114 () S B
45, 2018) o — AN B AR T Au(HS)” 45 &
W02 4 o0 F 2 i JOE R 1) 2R (McCuaig et al.,
1988), &l MARIEZFE 446 : (1) A A28 FfE
H(Groves et al., 2003); (2) % i L4 (Large et al.,
2011); (3) 7 3% P (Tomkins et al., 2013); (4) ¥ /K
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7 (Zhang et al., 2018), 220k 5 Hi7 3 I 2% (Hart et al.,
2002) A1 H [E PE AL A9 & 1177 (Mao et al., 2000; Zhang
et al., 2009; Z=5H % ,2020), L85 AR AL 2% (AR
Sedb gk ) 1k Ll 2 g A6 Y B B L 2
—, % —Z&% Au.Cu.Pb fll Zn #" JK (Zhang et al.,
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Fig.1 Schematic map showing the major tectonic units in northwest China (a, modified from Song et al., 2013)and simplified map
showing the tectonic framework of the northern Qaidam(b, modified from Zhang et al., 2009)
1—Shengligou gold deposit; 2—Yeluotuoquan gold deposit; 3—Qianmeiling gold deposit;4—Hongliugou gold deposit; 5—Qinglonggou gold deposit;

6—Tanjianshan gold deposit; 7—Yuka gold deposit; 8—Shuangkoushan gold deposit; 9—Saibagou gold deposit
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3 SRAbGd IR PR A
Rl 5638 2 36 L PG O™ BB, St

245 )T 3 11 8 B (Goldfarb et al., 2001, 2015;
Deng and Wang, 2016). 524t 1L & & IR &
A3 LU R 4 7 R, A9 B 3 IBP B B AR L T ARG |
CIAIA T IR MR L A AR R L DA
TR 5 R B ik R 3 (TR K, 1998 5 5K il 7,
2001, 2005, 2007a, 2007b; Zhang et al., 2009; 3 %
ik, 20175 F5 1, 2017 ; 258 HE4E, 2018) .

S b G 1L R 4 A B M BRRAE LR 1. B
LSRG v LA S R EERAE T oo A
FE R F R BB FR KA AR e & A I B DA
(Deng and Wang, 2016), H:H A8 BFgg ¢ R T
Fels LTMA R AT 14 EE S TR —
TR P ZZ M) LR, 75 e v8 D] L1 48 7 T oey
BT IRV R SN A A Rl Sk Hh KRR AE B
NK A - RNK A A LI S0 1 B
WG SRR A T Al H A iR R
(T-Meld  2opinge M) L ffs OB L), d ke
FEFENEET) . ZHET RN EA S5 NW [ 1)

http://geochina.cgs.gov.cn 1 EMT, 2021, 48(2)



377

K55S « SRR FE A G (LRG0 B RS U A R i g AU

a8 21

600C % BN T N A T i Bz
FHE éw m_w,«m,ﬁwm,b&&wb:ﬁ,b Ne@wﬂiﬁ o AR W G AR ET I A ﬁwm sy-ny VB S Rt N
SFERE 57 M Y ey 1] IEy 5L SR HX = iz A A [ = A - fi
MHAE RS S MNH YK RE) O 11 L1073
S h B WL TVE G R Rl Yoy oo DR SERAMEEL g BN YRR - N i
A Wl = ] AT,
A ) o VAR e AR R . e
LI0T W G357 3 AR TR 0 AN I N 3 R S (e T ch 0 b AS-MNE sy-ny 88U
A o YAl T [ Dok M E el IS—MN MK
B SN SN AN T BN R YRR M ETE T () 4
810T ‘& g Ty
B10c% T N s VE T e as-aN . -
I L1037 M s DR 0 W ZH W (A SR A AS ANl Y sv-ny VB S8T fith TN E
o , ¥ ) e B ¥ G TG R 1 Y
WM T OB AN MR R B PR F TS T W HEEFE T W) HE
AR vl Az 2
o~ 2L pé 1ol WAk I P
T s R R N AT IR WL M- TR M-I NS—ANNGHH M . b
B 11002 B § U MMOEEE G REINS  SY-0Y 89S Y
O T UM T A R M YRR TR T W R S O S R Y M e
& =W W - i —ANN Bl ch 8 (4 1 2l AN
WL AHM @ (D RN RHWAEE N2 N WIS TE YO YK
=2 ﬂ I\[/H
S10T ‘% A 3 o RN : BB Z -
. YW MDY D2 B RS B SO B O 0 A R T R B 139€6 3
FALVHE TT00T 7 B YR B BN GRS B SY-nv Y
o YU B W W2 RO S S k1) N GHS B EL ) NG ch 5404 £ sl AN ~eLl )
R I RN AN EE Y T Y AN A
s ) ol YIS A E Y B
900 DU R Vidizl
. o TR BN DA o e W o 4 6 A~ )
oW R VKR, M W i ‘ S (0 B~ 14007 . k2
N 2 D SN E T A . WA I H7 WS R 7 [l NS TS € F 40 0T i ¥ sy-ny V8 ST9 il B
MBI | e pmnge agyy TR IR D D s pom e i, ¢ NS TR AR AN A 7
wEw o T emmrew Bz g e M
w Y PR A 3 S [
oe " e I gy Y MR - e
gy g TR A 2 B N e NN A
T e aTw TvH g e T mum oy " T T A T T4 L By R
E= 7 M3 E
€10z ‘ e WAL b e ST~ HE AT N
. T O G SR DA T YKREROHN WA R e B b1 30 G 60 5 . NE2
¥R 1002 W R O b NS Tty 30 1 R - sy-ny B ETL
o % % % NS A LN R CYKARE B ) R 2 A T TE YA, 6 3 ESp V= I R AL Wi 5
e SN TNE: 2 A VORI S T g 8 1 B b AN
Vit
TEEEE e whze BmE R b s 1A 68 4%
€10T IR WA A 36 T 0 S AN SV-Y O R
§ . AN SRV 1 E S ) 0 LE S B T ~101 A T
M S5 L TV O .
¥ Yt
WxX &g B B Eae 2 RSED M YA B SN NG W W

wepred) wIdYIoN ul s31sodap pros d1ud50.10 Y} JO SINSLIAIBIRYD [BIIF0[095) [ JqBL

(322} L00T S00T 1007 ‘ & H &t ) X W TMH GRS 13

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(2)



378 i [

b J 20214

P B V) sl 2 i i AH G, D BOA 5 IR A& A
K (EPIE IR IR T-H0 35 Je il CMEN] 1L 3 1) .
WA RE 3 R ER A R Gtk A= Gtk &8 43 AT L
AR A (R FfaR ) . XS0 TR
BRI K Au-As.

4 H R AR

Xop S b G 11 G 5 R R O A L AR f 2
R —IREE VKo R T A (FR 2, K 2) Y

R M 1.6%~8.9% ; HLO—NaCl 2 ; 119~437°C , UK 15,
H=7.8~—0.9°C , T B M 1.6%~11.4% ) (5K i 4 2
2001) . i [8] 111 (CO,—H,O Y . I {H 7E 186~250°C FiI
280~296°C , £k J# K 1.4%~7.9% ; H,O—NaCl ! ; 121~
449°C , YK 15 N —7.0~—0.9°C , R FE N 1.6%~10.5% )
(5K B 445, 2001) . T-HUA (CO,—HO #Y ;I {H 191~
243°C , 299°C , h i g 2.4%~7.3% ; H,O—NaCl % .
124~358°C , 7K 5 —6.9~—1.5°C , £h i 9 2.6%~10.3%)
(5K i 4= 45, 2001) | 75 8 i (CO,— H.O #Y : 200~

I%GE SR (CO,—H,O 2 I4AH 177~261°CH1270~341°C, 245°C, 293~299°C , £; £ 4 1.8%~8.3% ; H.O—NaCl
15 15 7
M) 1y
10+
B
}é'l'_‘?\'
5+
0l— .
100 150 200 250 300 350 400 450 100 150 200 250 300 350 400 450
Thif £/°C Thifi £/°C
15 15
s
10— F K Tl ERAL]
S5+ 5
200 250 300 450 100 150 200 250 300 350 400 450
Thif £/ C Thi £/ C
15 50
AR Ib| i f
10 40
=L = 20k
g rlﬂTﬂTl—Wjuj ru}rr[l—\ I oL I -
100 200 250 350 400 450 100 150 200 250 300 350 400 450
E/C Thifi £/°C
15 40
Xl iRV
101~ 30
5+ 20+
0l— . 0L— : H s == =,
100 150 200 250 300 350 400 450 100 150 200 250 300 350 400 450
Thifi f£/°C H.0-Nacl % CO-H:0 ! Thifi f/°C

O H:0-Nacl type

P2 St i I B A W A B AR — il

BE(Th) 7 B (PEak 44 2001 ; #6307, 2013 ; 1556k, 2017 7%

CO:-H:0 type

1, 2017 ; ZEMEHESE,

2018)
Fig.2 Histogram showing homogenization temperature of fluid inclusions of the orogenic gold deposits in the northern Qaidam (after
Zhang et al., 2001 ; Huang, 2013 ; Fan, 2017;Meng, 2017;Cai et al., 2018c¢)
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R2 BB LREST RESEEBHABEIE (ERELE, 2001; FI,2013; 55 5%5), 2017; £, 2017; FHSHES, 2018)
Tbale 2 Temperature measurement data of fluid inclusions of orogenic gold deposits in the northern Qaidam (datas from
Zhang et al., 2001 ; Huang, 2013;Fan, 2017; Meng, 2017 ; Cai et al., 2018)
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Table3 "0 and 6D values of the orogenic gold deposits in the northern Qaidam
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AR ) A RO %, 29 R BT 5 CO, B4 5 CO,
IR (CO,~H0 ) FHZK VA W R (H.O—~NaCl )
=28 X R R L S TR A B AR R —
2 B (Groves et al, 1998; Kerrich et al., 2000;
Hagemann and Cassidy, 2000; FRAT5:5, 2007) .
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2000; Beaudoin and Pitre, 2005: <185, 2019).,

Sedb G L B 0 WU TR T 650 4 gvow =

0
81 02 Ji A o JROK
e 2 o B K
AR |\
& %
< :
_100- REL— L S—
S N T 2R
ALK %
- 1 | 1 | 1 | 1
13 -10 0 10
5150w/ %o

&3 Sedb g 1WA G0 0D 5 6" Owater i I (R &1
Deng and Wang, 2016)
1—=XUT L8 5 2— W] L 5 3—F e il s 4—fa
R

Fig.3 6D (%o) vs. 0" Owater (%o) diagram of the orogenic gold

deposits in the northern Qaidam (modified from Deng and
Wang, 2016)
1—Shuangkoushan gold deposit; 2—Tanjianshan gold deposit; 3—
Qinglonggou gold deposit; 4—Yuka gold deposit
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11%o, THEAETIE 5%0~9%0 (F 4, K 4) , HrpEfa] 1l
G 6MS H 5.31%0~8.54%0 ; T VA EH™ 6S ' 5.0%o
~11.0%o0; R 44" 'S "N 0.5%0~7.4%0 ; A 1T 111 44"
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Deng and Wang, 2016 1&14)
Fig.4 Comparison of S isotopes between orogenic gold
deposits in the northern margin of Qaidam and other types of
gold deposits
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Table 4 Analytical results of S isotope of the orogenic gold
deposits in Northern Qaidam

N Ty R 6"S/% 2R
HRIAEH HYH 4 5.0~11.0 TRIL7E, 2017
MRS B 8 5.31~8.54  ESKHEMFERIIE, 1998
RGN BT 10 0.5~7.4 ek, 2017
MG EE 22 6.0~10.0 FA, 2017
LN BT 4 3.9~4.4 TKRIEE, 2017

4.4%0, SMRSAC G S0 AR 1Y 0SB AR AY
HEATRT EE , R EPE AR L G AR MR 4 Ve
W TR DR F2 B 78 i R B L P (11 4)
eI BSH AR AE T R b 5 A A AR KA
YRR A PR A, VA LF8/R T N &8 1
BT LA,

W WA R 3R RIS — 20 O™ SR I A A
R B T H (Doe and Stacey, 1974; Zartman and
Doe, 1981) . 46t % 40 A s B ol e A= Ty 45
Y *Pb/“Pb A 18.238~19.296, *"Pb/Pb Ay 15.547~
15.773, *Pb/"“Pb Jy 37.918~38.978, A f Ky 14.15~
29.79,Ay M 11.95~51.92(K 5) . H A 40
J7 85 W 1Y *Pb/”Pb M 18.300~18.374, *"Pb/*Pb Ky
15.602~15.688, *Pb/”™Pb i 38.054~38.346, A H
14.15~20.28, Ay 9 11.95~18.38(F 5) ; W] 11144 rh
R 1Y 2Pb/*Pb A 18.476~19.296, *"Pb/**Pb N
15.547~15.641, **Pb/Pb & 37.918~38.211, A N
18.55~24.41,Ay 11 28.66~36.42(F 5) s K40 %

15.9

(@)

17:5 18.5 195

206 Pb/ 204Pb

20.5

KA 2°Pb/Pb iy 18.238~18.62,%"Pb/**Pb 4 15.59~
15.618, *Pb/”*Pb N 38.039~38.775, A N 16.96~
18.78,Ay 4 15.29~34.82(5R 5) s XL LU 40 th Iy 4™
() *Pb/™Pb A 18.437~18.567, *"Pb/*Pb Jy 15.617~
15.773, *Pb/**Pb Jy 38.466~38.978, A} 15.33~
29.79, Ay A 32.26~51.92, i £k W 1) “Pb/Pb A
18.435~18.460, “"Pb/Pb Jy 15.604~15.634, **Pb/**Pb
47 38.431~38.531, A °h 18.24~20.91, Ay } 26.03~
30.10(KS5), HAt& &0 &85 YW P [Ff KK
FUAT DL PR AE T b se A L A 2 18] (]
5),iX 46 Pb [ R FFE AR S S0 1 ™ 4 ST
KZ R T g — e iR &1/EH (K 6) , H—
EFEFE 23] AR, g R 1 N %
5 I ARG,

6 St LA i iR

KT S8 b S i) 3t i v 8 4 7 AH O 1Y 1A i
WIHRHEAT T R E (£ 6)  BPI%3E R &0 i i
1(246.0+3.0) Ma (55455, 2005) ; F 1A &0 1K
WL A (409.442.3) Ma (5K 445, 2005) . (410.3+
5.8) Ma (5K 7% 4= 2 2005) . 274.6 Ma ( #k 3C 111 %5,
2006) ; M (] LU 43 57 B8 LR 409.4 Ma (5K 78 4>
4.,2001) 401 Ma (5K {455, 2001) | (394+6)Ma
(Li, 2011) ,385.8 Ma (4 #4555, 2000) . (356+2.8)
Ma ( 5% 1 %, 2013) . (350.4+3.2) Ma (5K 1 3¢,
2010) . (344.7+2)Ma(ZE [l 45, 2011) . (344+2.2)Ma

40.0
39.5F
39.0
38.5F

(b)

175 18.5 19.5

206Pb/204Pb

16.5 20.5

&5 Sedb il LW A4 Ph (A7 R A48 K (IS4 Zartman and Doe, 1981)
1—=XU LA 5 2— ] L 5 3— AR A s 4— R 40
Fig. 5 Pb isotope diagrams of the orogenic gold deposits in the northern Qaidam (basic diagram modified from Zartman and Doe, 1981)
1—Shuangkoushan gold deposit; 2—Tanjianshan gold deposit; 3—Shengligou gold deposit; 4—Yuka gold deposit
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Table 5 Pb-isotpic compositions and characteristic parameters of orgen gold deposits in the northern Qaidam

E}-‘-% E}-‘-/‘T% i&% ZnﬁPb/ZMPb 207Pb/ZO4Pb ZDSPb/ZMPb ZOﬁPb/Z(ﬂPb Aﬁ A y 2}% il«jﬂ—ﬁ
WMERVAGH™ J7850° 10 18.300~18.374 15.602~15.688 38.054~38.346  1.171~1.173  18.55~24.41 28.66~36.42  #%il, 2013
. - ] 5% 1 o
MEME)LL 40 BT 7 18.476~19.296 15.547~15.641 37.918~38.211  1.187~1.236  14.15~20.28 11.95~18.38 .

HIE, 1998

ke WEN 10 18.238~18.62 15.59~15.618 38.039~38.775 1.169~1.193  16.96~18.78 15.29~34.82 ik, 2017
ST 6 18.437~18.567 15.617~15.773 38.466~38.978 1.1771~1.1865 15.33~29.79  32.26~51.92

X &8 . FiA, 2017
HEET 2 18.435~18.460 15.604~15.634 38.431~38.531 1.1808~1.1814 18.24~20.91  26.03~30.10

(313, 2010) L (330+24.3)Ma (iR 44 2001) |
(288.9+7.3)Ma(fEHi 545, 2000) . (289.6+6) Ma( 4
o A& 5%, 2000) . 288 Ma (Zhang et al.,, 2009) .
(284.04+2.95) Ma (5K {5 4> 5, 2005) 284 Ma (5K f

L 7 o 11012
B 0 © 132 14
_2C 1 _2|0| 0 1 Il 1 2|0 1 1 | 410 1
Ap

P 6 et (LA 07 Pb [ R AB—Ay EIFOIRIFITE AN
JR45.1998)
13l 5 Pb; 2— 132U Pb; 3— 13ire 5 MR & 10 I oials Pb
(3a—EHKAEH; 3b—UIRUER]) ; 4— 1L IURRAY Pb; S—IRIRHAVK
YE I Pb; 6— 1 BR75 J5 45 ] Pb; 7— R A% 0 F Hb e Pb; 8—3 111717
Pb; 9— it B U 1 Hboe Pb; 10—IBAEFU/E ] Pb; 11— L4245
12— A7 5 13— AR A7 14—t R G0
Fig.6 Pb isotope Af—Ay diagram of the orogenic gold
deposits in the northern Qaidam (basic diagram modified
from Zhu et al.,1998)

1— mantle lead; 2—upper crust lead; 3— subduction zone lead mixed
with upper crust and mantle( 3a —magmatism; 3b— deposition) ;
4— chemical deposition lead; 5— submarine hot water lead;
6—mesometamorphism lead; 7— katametamorphism lower crust lead;
8—orogenic belt lead; 9— ancient shale upper crust lead;

10— retrograde metamorphism lead; 11—Shuangkoushan gold
deposit; 12—Tanjianshan gold deposit; 13—Shengligou gold deposit;
14—Yuka gold deposit

4% 2005) | (275.9+7.2) Ma (4 $t 4 25, 2000) |
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Table 6 Diagenetic and metallogenic ages of orogenic gold deposits in the northern Qaidam

W IR R MRXT R Jiik BRI [R]/Ma 2225 R

P IRGE IR SN AR A b Ar-Ar 246.043.0 JRAEAAE, 2005
L PACEZ E S SRS Ar-Ar 409.4+2.3 TRAEAE, 2005
BIY) N SR B Ar-Ar 410.3+5.8 TRAEA4E, 2005
PN L0 BBHET A Ar-Ar 409.4 JkAE45E, 2001
BIY)T N AL R B Ar-Ar 401 TRAEAE, 2001

FHEAE R B U-Pb 39446 I ILEE, 2011
BT K-Ar 385.8 FEHEE 4, 2000
piaskayiiea U-Pb 356+2.8 PB4, 2013

RHCAE R A U-Pb 350.4+3.2 FkiE3C, 2010
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INK B CABO K-Ar 289.6x6 FEHE A4, 2000
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PR 32 L, — oA B alia AR5 Y
Bt B, A i L R G 1 fie A ] B ) 9 (2
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Fig.7 Coupling diagram showing tectonic event, magmatic activity and metallogenic age of gold deposits in the northern Qaidam
(modified from Zhao Zhixin, 2018)
1-Qinglonggou gold deposit; 2—Tanjianshan gold deposit; 3—Yuka gold deposit; 4—Shuangkoushan gold deposit; 5S—Saibagou gold deposit; 6—
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