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Abstract: From north to south, there are three metallogenic belts in the Gangdise metallogenic region of the
Tibetan Plateau, in which the northern metallogenic belt has a more abundant mineral composition (Fe-Cu-Pb-
Zn-Mo) than the other two belts. The developmental mechanism of polymetallic coexistence has become the key
of regional metallogenetic regularity research. In this paper, the authors studied the Lietinggang-Leqingla Fe-
Cu-Pb-Zn deposit. Based on the detailed study of muscovite in Fe ore-forming stage, the authors conducted a
new exploration of this problem from the duration of ore-forming fluid evolution. The systematic field work, mi-
croscopic observation and electron microprobe analyses show that the magnetite-associated muscovite is developed

in the Lietinggang-Leqingla deposit. Ar-Ar isotopic dating shows that the ** Ar/*’ Ar plateau age of muscovite
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is 51.00 = 0.38 Ma and the isochron age is 50.45+0.62 Ma. Systematic analysis suggests that this age repre-
sents the age of the muscovite crustallization during the oxide stage of the Lietinggang-Leqingla deposit after the
closure of the Ar-Ar system. Compared with the molybdenite age (61.96 =0.58Ma), the authors hold that the
difference of ages may be attributed to the different closure temperatures of different isotopes in different miner-
als. It is believed that the hydrothermal evolution process lasted a long time. The occurrence of temperature gra-
dients caused by this long hydrothermal evolution process might have aggravated the differentiation of polymetal-
lic materials (such as Pb, Zn, Cu and Fe) in magmatic hydrothermal fluid, and provided an important condition
for the coexistence of various metal minerals. From the perspective of the metallogenic belt, the Gangdise north
mineralization belt had a longer magmatic evolution time and mineralization duration compared with the other
belts, which is consistent with its rich mineral assemblage.
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Fig. 1 Tectonic subdivisions for the Gangdise region (a,modified after Pan Guitang et a/., 2006) and geological setting of the
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(See the location of the sections in Fig. 2)
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Fig. 4 Structure charactcristics of ores from the Lietingggang-Leqingla Fe-Cu-Pb-Zn deposit
(See the location of the samples in Fig. 2)
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Table 1 Electron microprobe analyses of muscovite from the Lietinggang-Leqingla Fe-Cu-Pb-Zn deposit

ﬂétlﬂll g Sioz MgO A1203 FeO Nazo Kzo CaO MnO Tioz NiO CT203 Total

LTG13-29-3-g3-2 45.574 0.095 31.149 5.722 0.099 9.815 0.078 0.003 0.081 0.061 0 92.865

LTG13-29-3-g3-3 46.916 0.110 29.251 6.743 0.213  9.309 0.063 0 0 0 0.030 92.885

LTG13-29-3-g5-2 45.936  0.047 32.352 3.350 0.271 9.192 0.013 0.024 0.153 0.027 0.031 91.951

LTG13-29-3-q6-2 45.045 0.676 29.612 4.691 0.152  9.367 0.030 0.003 0 0 0.009  90.067

LTG13-29-3-q6-3 48.259 0.451 29.255 4.744 0.218 8.812 0.070 0.010 0 0 0.023  92.604
4.2 BZEE ArAr EFEZRER TR L PP AR I AH N 10 45 I 2k 4 08 7 iR 22 «EIV\J*

£ 700 ~ 1 400°C VB I A, X A 20 A/ ArBIaGEAE B 22 8 F N AT ELAE KU b

SEEEAT T 12 M BRI (R 2), A BER
SRR 51.00 Ma, 755 il B AR BL (760 —
1400°C ) R EFAERS R 51.00+0.38 Ma (B 7a),
XTI 96.8% 139 Ar BT, AH Y30 Ar/% Ar -
WAr/OASE 0N 50.45+0.62 Ma(MSWD =
4.5) (B 7b) o Mo HT 45 SR n] LA HHAZRe it 1R Ak

e

fH (295.5) #k, K E%ﬁﬁﬁiﬁ?%ﬁﬁéﬁﬂﬂi\hj
G, I, AR PR RS AT USRI IR 45 AE e .
A = BES B AL C R AT, A = BRI 4 4
TERARER T HIE M-85 hr 0 IR Fe A0 18 4640
VIR B &S & 0 o BRI B A AE R (51.00 +0.38
Ma)o

FEN-#E R XB TSR A/ Ar I R HR N R

Table 2 *°Ar/*°Ar analytical data of muscovite samples from the Lietinggang-Leqingla deposit

(YAr/ (OAr/ GTAr,/ (BAr/ I Ar/ EYA
t/C X AL/ % i /Ma  +16/Ma

39/\r)m 39/\r)m 39Ar)n, J9Ar)m 10~ “mol) 39 A1/ %
700 14.3459  0.0161 0 0.0192 66.76 9.5776 0.07 3.20 44.10 0.57
760 12.7209  0.004 8 0.108 0.0156 88.78 11.294 6 1.81 11.45 51.90 0.54
800 11.5379  0.0010 0 0.0130 97.28 11.2239 2.36 22.21 51.58 0.53
840 11.3412  0.001 | 0 0.0131 97.14 11.016 5 3.40 37.78 50.64 0.52
880 11.25 0.0008 0 0.0132 97.76 10.998 6 4.36 57.70 50.56 0.51
910 11.2623  0.0009 0 0.0133 97.55 10.986 7 3.26 72.61 50.50 0.51
940 11.3173  0.0010 0 0.0136 97.33 11.0146 2.92 85.94 50.63 0.51
970 11.550 1 0.001 1 0 0.0132 97.09 11.2135 1.78 94.09 51.53 0.54
1000  11.3684  0.0012 0 0.0126 96.77 11.0016 0.07 97.50 50.57 0.93
1050 13.1523  0.0065 0 0.0116 85.40 11.2320 0.03 98.78 51.60 1.30
1150  14.7012  0.0132 0 0.0351 73.42 10.794 3 0.02 99.47 49.60 4.70
1400  21.1924  0.0384 0 0.0178 46.40 9.8336 0.01 100 45.30 3.60

Hee RH bR m ARRFE S I E 1 A ZE A W=31.25 mg; ]=0.002 584; F=%Ar"/¥Ar.

5.1 JIEN-#$BFRT XBZEYAr/PAr B &
FREX

FARA B B ™ WS R B, AR I i FH 1
1z BES G 30 LR (B 6ev6d)» Fo &5 T4
Y B Fe B AL I I Gen 60D WFFCER BT, W FH
A/ ArEN E 25 BEAERE I (1) 358 P S R 350 ~
400°C (Suzuki et al.» 1996; Julien et al.» 2009; Bk
A, 20110, W ET AR R I8 BX — W\ R, B

BERIAG 22K 2R ], R P RRA PGB AR R R Ar [H
PEFE I ACHe, I Ar A7 25 48 R T 52 8 (Dodson,
1973). MR8 IX — AP, ) W A il i€ 1 3 = B
0 A r/39 ArAFE RS I A FARAAR 2R AR Ui 2 12 ) A U I 1)
SRR 4 IR SR AN U, TN RO R AR
350°C BHAFERS . RIS TAER B, 75 54 KA 0
By, AR BEZT 0 600 ~400°C , Y R 25 24404
B BE GBI BE AN VE, A 21 A7 SE B A6 B B GRC E
2/DBER 420 ~220°C , B4R SR R AR LY

HEAR ARG . P, AUGRAT 1 11 = BR3¢ s/
ANBEARERAR B 2 SE A AR AL I U1 AR 4 1 (%
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Fig. 7 “°Ar/*Ar plateau age (a) and isochron age (b) of muscovite from the Lietinggang-Leqingla deposit

B B = BEATRE M AT 1D, (H 22 AR R T i $al
PR R 2 ~350°C HIAE R

BB FTHR Y, 215 X383 R XA A S AL
Y BEA M B A7 7E, H Re-Os [RI AL 25 55 I 28 4F
4 61.96+0.58 Ma( W %56, 2014), IX — b [A] A
PRI = BFOAL/ 3 Ar A 2215 10 Mao X Fp
TE R =8 PRI AN R 0 AN [ [ A7 35 4 35 3R A AN
[ AF W5 B I % 22 A A7 A8, Ho i A 78 IR 307 4t 1) 52 30
I Ph-Zn-Cu-Fe WP, P Re Os S5 I 2R E W A
63 MaCH 25 2455,2014), B & BEY A/ Ar FFAEIR
54.6 MaCf 505, 2015), PV T 9 Ma T 2.
X FIX IS ﬂﬁ%ﬁ%ﬁﬂnC)Ez!mfF
WGBTS 3 R T I R 78 8 — W12 264 F 3 5
IS A= A R v = D (O 3 2% %am%)CMT
TG R E G iR, BFRR e T
oz BEO A/ Ar 13 P, $LEL T B = B
WAL/ AR R, AT 1 2 BEOAr/3 Arfk & BUR T G
BT R AR T AR, DT R R B R A 2 T A
A% o LA R ITRE () J5 AR At S 38 SRk R I8 B K
B Re-Os 13 I B, 0 BIFEAH A Re-Os 18 R 1)
TRFF A E , X I 2% 7 AR AH N 18 4F W8 22 (Suzuki er
al.» 1996). SEfr b, 78 2 W50 TAEH, BL PR Fil
AT S 2 5 kg AL (AR R — A DX AS [] 4 1 5 o B
I A RE 7 X O 2% 55, 2009bs 4 3855, 20150 4
AR X LR L 0P B A FE A DG UE SR, EE N Bl
XA B R 12 AR AR A, AR AR A
[FIFI B () A DA™ 40 20 5 A A5 0 0L 1R 1) 28 475 Ok R 56
CRHZINEE, 2009b) 0 H I, 1 FE N R AR 2 1 it S
AR IR G, DL RAERS 22 sV I8 A7 Oy — P il R

IAFAE o WTHT BT, (R 25 4% B 2 Y AF IR A5 1) 4F
AR IR ) A AH I TR 38 AR 3R B Pl I 1 4 % 5 B
HEAHD™ Re-Os VA M 5E 1R 0% BB AR R AE ~ 5007 I 1%
PR R LE R IR 20 3 P i B 28 (Suzuki et al .
1996, 1 2 5140 Ar/39 Ar 150 58 1508 2 AR R
71 350°C I AR ZR AR 2o B rpadk 1) 3 P IS PR A 8 (IR S0
85,2011, 3 ZWAFAEZ) 150°C M 2, gt 2
Wi, X AN WS 2 S A 1T RE A BT HOR A R 2 18 B
1 B () B B BT 5 B0 (Suzuki et al . > 1996) 0 X
FULRIRAF I A o BE Ar-Ar E 0 5 56 A 4000 10 %5 £
WA Re-Os 508 18 22 7, AE 5 A HEF N H G W47
TE— WG S R e . (HE, 33— 0 X 51 &
X =380y 75 o A DX 2R Ok I JBE S 06 5 B B 2
AZE?%%?%M@Z#*E%~%N@E%%
KR WAEAE TR EE, R TI B R, AR W R A0
W2 TAPRE N IR 28 4 G 3R, T DL, VE & 523 58 3 i 4
WA R BRI IX — I G, BN IR R H
DA HE— N7 1 SR B 0 270 5 X80 5 R R v b
A Re-Os 55 I £ M AEFN 11 2 BEO Ar/3° Arill 55 BT 3k
A3 PR A % N [0 2 42 R T PR A 0 () AN [ () 437 35 46 P4
TS, Sy s EAAIL HE S
AC62.85 +0.58 Ma,» D HEZE, 2015) FLEL EK (]
,Akﬂkﬁ¢#ﬁmmﬂ@%7%%*]§K
(il SV A o R, AT 5 BOX — 4 W8 22 I A7 AT
~mﬁﬂ%ﬂemmwﬁmﬂﬁwm@ﬁ@&ﬁm
SEUR AR

e K R R VA I R S T XA R )
) 22 1 RS 2 2k, A e B T A ARG [ R K
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AR T ST Ao P52 1D B4 o i) o S G R B
WK 2 & 8 Y Al Pbs Zns Cus Fe) 15 5.
i, TR 2 AR B, R AR I A B, 45 AT 4
JEPIH FesCu B 8505, S A R 5T, T R ARG Bk
WK M Fes Cu 44 MIAE I A PR B, AR Rl
FE R B, #54 B Y i 2 L PbaZn K 3, H IR HLZE
RAET RYE T IR K A e A FH 1A ] B 3R T b % v
(R TR J it € 2 LA, 2015), TR R BA 7 B I B
B EM Pb-Zn-Cu B &, XFh Fe-Cu-Pb-Zn LA 1
WAL G )2 2R 05 X1 D6 2R AR 26 D), R 2 X R
P A T e, 0 s AE LT R T TSR
5.2 XEHLHFENEREX

WPk, KE ™ B dbm ek E 3 A4
BAT AT CE 1), BEAN B WA A AN E 4B 1k
Y&, B 5 E RAE A G 3) . Hidds Lk

B BT 3R AT B, AR IR AR S AT A R A
S F) PR F PR 3 AN B ey EAT T 4 B . DL AR
AT 18, S R DS el 1 i — AN % . sl 8
TR X 3 A6 B 0 JE N (2 284 F R
1E 66~50 Ma, FFEZI AT 16 Ma, 5= S0 B0 4 44
PAAE B N K e B TN K BE . KAk X 2 16 K BE
PO TEREA N A, B T — R KA A Fe-Cu-
Pb-Zn WK, # R LA AGI T 24 67 ~ 50 Ma, HokE
SR TH] 17 Mas PR o Scl 2 iy A0 a7 1124 2%
ERRAEAE 19~ 13 Ma, RSN TH] 6 Ma, 121 el
PR DL A B B A B 2R s B i A K
RN EK AN E, ER T — RIS Cu-Mo
IR, Fe A B[R] A A2 TE 20 ~ 13 Ma, Hdp2E i R] £
7 Mas B S0 M2 SN A1 1 SR AR R AR 30~
24 Ma, FFEEI ] 6 Ma, 32 B2l A4 — KAk

R 3 NIRRT RAE iR RE F it

Table 3 Mineralizarion age and diagenetic age of deposits from the Gangdese metallogenic belt

Bl WA RN IR B Uy ik

R R B i RRE

IEZ i w7 Fe-Cu 50 Ma (U-Pb)

WaBF AR (509 Ma) T RN (2011, 2014)

il B Mo 55Ma (Re-Os) NI fr (53 Ma) FEAGRLAF (2000a) ¢ - N575(2010)
AT 8 #19 Cu-Fe-Pb-Zn 56 Ma (Ar-Ar) Bab KA (56 Ma) {I9055(2014); HR#E(2015)
ghimkr L BN TR R AR Pb-Zn | 57 Ma (Ar-Ar) ALY (62 Ma) ST R (2012, 2014)
ko FIEN| REN PhZnFeCuMo ol Mo (ReOS) JERI KRE (62 Ma) WS Q1) A
qlp Ly ORE| B W-Mo-Pb-Zn-Cu 63 Ma (Re-Os) BB KA Zheng %F(2015); L ra0% (2012)
SN w7 Pb-Zn-Cu-Fe ii mj ii?:if; ER BT HARAR(2014); {F9R55(2015)
pIEDALS W5 Fe-Cu 63 Ma (U-Pb) fEI A B (63 Ma) {F9R%F(2013)
HF B4 B¢ Pb-Zn-Mo 65Ma (Re-Os) R (62 Ma) IS AR2011): w0 E45(2012)
#Ih i 454 Pb-Zn-Fe 67 Ma (U-Pb) FIEPEE (66 Ma) A=W (201 1)
il HEFH Cu-Au 13 Ma (Re-Os) B BHEH NS (13 Ma) YEATIEA(2007)
Hrbii B Cu-Mo 13 Ma (Re-Os) e A T P AIESE(2003): 4 BKERSE(2015)
" TN PEA Cu-Au 14 Ma (Re-Os) AR BES (15 Ma) B E2003): MR 25(2004)
i A B Cu-Mo 14 Ma (Re-0s) TACHERBEYE (16 Ma) 14 UER(2003)
i ik A BEYH Cu-Mo 14 Ma (Re-Os) fER Y ICRES (16 Ma) w15 45(2012)
" L7y B Cu-Mo 15~16 Ma (Re-Os) S BHERAEY (16 Ma) LEAEFEAE(2006)
Hil BEYH Mo-Cu 15Ma (Re-Os) CRAEEEY (16 Ma) e Z5(2011)
e B Cu-Mo 15Ma (Re-Os) BEAR AR (17 Ma) PR BES(2004)
GREZ] B Cu-Mo 15Ma (Re-Os) {EHBEE (15~16 Ma) ZAEMEE2011): REEHEIZH2010)
A #7174 Mo-Cu 20 Ma (Re-Os) {EHBES (19 Ma) LR 5(2010)
N $%H BEF-RY R H I Cu-Mo-W 23 Ma (Re-Os) ACHES (24 Ma) il 35(2012)
':: HE BEZ-RY 57 Mo-Cu 30 Ma (Re-Os) JERIN I (29.4 Ma) FRAF(2016): FMEE(2013)
i B Mo 30 Ma (Re-Os) G (30 Ma) IME(2013): 145 L5 (2010)
M Wi B Mo 32 Ma (Re-0s) K AERIBER LW (2014)
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WG T S B ] PR 5
The missing ages for ore-related magmatism in some deposits made the

illusion that the magmatic rocks formed later than the mincraliza-

tion in the same metallogenic sub-belt

A KA RN MNKR S ERT — &
BUBEA T8 2 T Cu-Mo-Au WK, HA™ A0 I 1] A
AEAE 3223 Ma, HEFEEI [A1Z) 9 Mao i X b n]
DAAE, A6 8y 05 5 R 0 Bl ] 8] Fi A4 2R 10 4k
T2 s R e TR o A I TR E RO NA T
By (AT B 2R AR W R 2 T e AN T T
ir o IXFNELGR () AFAE, [ SR [ 4 >k 4 8 40 Jo 1) )™
AR 5T 08 K U8 AN R 0% (Hou er al.» 2013,
20150, {H AR XA Fh 22 4 1k 1) 7 AR 4 A T — AN B AL
£ B DRy b2 2R A S AT ) B, BT 48 D3 T 3
TR BOlk 2, 23 Sk R CER AR S5, 1999), Bl 75 27 it
AT SR (1) B ) Rl A AT T R R T TR Y,
) JSAT™ A0 P YA R 4802 I 1) A 2 B, PR A8 s
15 b2 R 7K 5 A B VR P A5 AR 4 Bl 2 38 6, AT T B
BAT KB E 20 Tl &AM IR, 4
W, AT R R T I A TR A SR A AR Ok 4R
rh DXy R RGBT A BN )t AR R X R L, B
IRZ T o A4 P I BES T Cu-Mo-W 25007 IR, H ik
™ FGRAR HME R AT 228 R B AT B, B AU AR 4
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S TR 2 S TS A BT ] B A 36 K, G SR A ) RE 4
[B]IK 16 Ma, W AFFSEIN ] 24 17 Ma, I LA T & 15

Dty b, 3 AR BN TR A, AT T T AR Y
Pb.Zn Fe.Cu-# £ Mo M2 FH L I AEA 5.

6 ik

(1 FE X - R™ X A Kk B A5 X R b e
WPy N B R (1) Fe-Cu-Pb-Zn A Rl AR (1 = 25 22
R, Forh B I 5 G 35 AR 1) 1 BEY AR/ Ar
TEAELE RN 51.00+£0.38 Ma, & TEAD N BE Fe
WAL FE R TR UR 45 50 10 1 25 BE Ar-Ar 78 R & P 1)
RS

(2) CHRITEREET Re-Os A7 22 G B L AF S 5
AKX E =Bl Ar-Ar [N R FER LA € 2 57, #HEW
22 S T PRI 0 25 1 5 A S i T (R A
F IR PR B I 22 S R U, BAE X R I
PR RE T T R AN G B i 72, 1K R 4 1)
TP A R AT DX 2 Bl E AT R S AR N )
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(3D KRS ™45 B Ak mm 3 N e A A 4L
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