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Multistage Magmatism of the Zetang Polymetallic Orefield on the
Southern Margin of the Gangdise Belt in the Tibetan Plateau and Its
Chronological Significance
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Abstract: Five-phase acidic magmatism was identified though nearly three years’ field observation, test analysis
and study in the Zetang orefield on the southern margin of the Gangdise belt. The LA-MC-ICPMS (laser probes)
method was used to determine the zircon U-Pb isotope magma formation age and analyze the magma-forming
tectonic background and the effects of natural resources. The zircon U-Pb isotope age of trondhjemites in the
west of Zetang County is (156£1.0)~(152.5£1.3) Ma. The rocks are adakites, suggesting that the Paleo-Tethy
ocean plate subducted northward and formed an intra-oceanic arc tectonic setting in Jurassic. The zircon U-Pb
isotope age of host granodiorite rocks (adakites) of the Sangbujiala deposit located in the north of Zetang
County is (94.1£0.96) Ma. The magma probably originated from melting of subduction block, and was

contaminated by mantle wedge material. Magmatic evolution was closely related to the intra-oceanic subduction
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of Sangri Island Arc. There existed two phases of magmatic activities in the east of Zetang County, with the
zircon isotope age of granodiorite being (63.0£1.0) Ma and (50.2+1.3)~(45.9340.21) Ma respectively, both of
them exhibited continental margin arc features, which indicates initial India-Asian collision. The zircon isotope
age of adamellite in the east of Zetang Country is (31.64+0.47)~(29.88+0.39) Ma, and the petrogeochemistry of

these two kinds of rocks shows different characteristics. The Chongmuda granites are adakitic rocks, while the

Mingze granites are potassium-rich rocks. It is estimated that the adakitic magma came from the melting of India

plate underneath the Lhasa Block. However, the two intrusive rocks are probably exotic blocks or are not

original magma, whose geochemistry can not represent the tectonic and magmatic evolution of the Zetang

polymetallic orefield. Based on the zircon isotope ages, petrology and geochemistry, the authors have reached

the conclusion that the first four phases of magmatic activities had close dynamic relationship with the

multistage ocean subduction and initial India-Asian continent collision, and the Late Oligocene alien rocks were

affected by the faults in the Zetang orefield.

Key words: multistage magmatism; Laser microprobe dating; regional tectonic evolution; Zetang orefield,;

Gangdise belt; Tibetan Plateau
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4§, 2005), HAEgal 5 XK A HE(Chu et al., 2006;
Wen et al., 2008) 114 X Ji 301 46 i 2 7 (R o Bl &5,
2008)25 ] o 46 i< A B % i W K i b 52 (1) T 01
Ak, RE 2 28 5 6 XIS B B il AT T R kgt
DAFRAS BT R B 0 3P O o3 0 L % 0 — I 9 K i il
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Scharer 45(1984)3k15 Ladakh 1 [X A1 H 1 3
X ALK 55 A U-Pb 4508535128 101~61 Ma FiI 94~
41 Ma, #3005 3l 5 R IR vl OC; Harris %5(1988)
WO X BrE 5 S R ERA G & 21 i,
L 25445(2005) . Chung 25(2005) . 50 8.55(2008) .
Wen 45(2008)FE A ] 1 X1 JiC Hir A B AL 1 A A I 23
O3 AT KR S M BR AL F AR, AR X 4= AT sl 4
FRTERE S (103~80 Ma)Fl 45 = 20(65~46 Ma),
FEXF LT RE AR BB AT TR . BR T X i
FZH, RN EZ &R, AWM T2 T
fE. Aitchison %5(2000)IA A7 Y X 78 HEL K
T—WIPE N bR AL T McDermid 45(2002)3K 15
B B KA AR 161.9~162.5 Ma, HR
PR A EAE R R 157.2~163.3 Ma, B4 IR oh7E 1]
PATEES 22, FHRE(2007a). FEAI(2012)Ih
NG HAR N T = N CE AR K IN K 5 (157.5 Ma)
AT AE = T PE N bR, Wen Z5(2008) 4R 1573 24 45
Je 5 H WAL R NG AR S ~60 Mao TEA 7 55 5
A I M T 22 i o b, RS H R AR iR
27.7~30.4 Ma(Harrison et al., 2000; %5574, 2008;
LFEFEE, 2011) DA K XD R Hr 7 J2 R A —3 24 I 2
75 BB PR (27—23 Ma Fil 18—10 Ma)(Yin et al., 1994,
1999; Quidelleur et al., 1997),
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FIRE SR, R A RIE BUE AL R AR,
ZPEEAR S AR Z AR R AR a4y
MrAgE Bt oE, ZBUZMIXAATE 5 ARG sh, A
[Fi] Hsf 340 2 3% 3% 3l FAS [) 3 UK ) 1 42 B A7 A %% D) G
FRo WFIEEE A A X RAC U g A VL4 &
A AT BT A LA RIS 3 25 2R T 6 R B L
2R E L

B 2 4 @ (AT T RR N B 2S5 DAL T
I b DX S ) AR B S R H Lz ), ARG
FREL . B H . whoRGE . RATIPIAEE . . AR
HA, KU B R TLAE G, KR
T XU W J AR BRI X R I e 5 P % (12 2% L3,
2010)( 1),

G A V2 2 AE B = B I P 4R 7 ik (Pearce
et al., 1988), J T R kP L EFENNM b, B
TN B IS R (B4 5 ) (MceDermid et al., 2002;
FBHRIREE, 2007a; FHIAE, 2012); B A, R
oAk Sl P = b A op, FMT H LR B ALK IN
Ka, Bat ZRKIEKE; AL R—ampr it L,
FRERITEIF IR A A, 7E 250 H B0t i KE R e
G BIAEESE, WS R ILAE G, IRk
B RIABA S 2B KOs R R A S B —
WS A i A B F 87 A QT B il 1 (Rowley et al.,
2006), T BORBLY i A 12 3(Wu et al.,
2013) I R M A AR A Bl 8 3 20 i A 21
2e LA, XS ST e O 2 R A — 1 XY W R AR T
UATE B(Yin et al., 1994, 1999; Harrison et al., 2000),
FHFERBEURRNKSE . AR ZRKAFRRESK; 4
20~14 Ma, T 5 & A R VG [ R, TE aE RE Ik
SE 1] Y HB % 22 (Coleman et al., 1995), FEA 153k vi i
FREARE Z 48Ry ER, TEBES -~ a i
W, U AR TR TE 13~18 Ma(fRH 5,
2004; JHEGRLEE, 2012; HHEEHESE, 2013), BEM4TH
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Palaeocene Dianzhong Formation Trije:;ssic Jiedexiu Formation - ophiolite suite Z angular un‘:(l:onformity Renbu—Zetang‘ fault
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@ Eocene-Miocene Dazhuka Formation - plagioclase granite - granodiorite ore deposits(points) Gangdese thrust
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- Jurassic-Kretaceous Zetang Group E| Quarternary deposit -] Zetang ore field zirconDU-Pb ages of others/Ma

Bl FHTHEMREEGE 1:25 HFHEBREFENE, 2010 225
Fig. 1 Sketch geological map of the Zetang orefield (modified after 1:250000 Zetang Sheet Map and YAN et al., 2010)
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F1 EFETHERELZHEABREETE: wt%, HIMMETE: ng/g)

Table 1 Chemical compositions of magmatic rocks in the Zetang orefield (major elements: wt% and trace elements: pg/g)

FEdh 085-1 0852  101-1  102-1  102-2  102-3  040-1 121-1 117-1 100-3 078-1 037-1 104-3 1181  119-1

g PR R YN EEREIEELR ok
1k RKAER BRI K A K

Si0, 6482 67.75 66.73 68.33 67.5 6826 6431 6537 68.99 6423 57.64 6513 6294 6459 6539
TiO, 0.22 0.15 0.17 0.14 0.16 0.14 0.52 0.45 0.44 0.52 0.76 0.5 0.63 0.52 0.52
ALO; 18.02 17.17 1752 17.1 17.12 1698 15.72 1544 1443 1488 15.64 1585 15.57 15.64 15.42
Fe,O;  1.42 1.04 1.24 1.01 1.24 0.82 2.29 2.37 1.99 2.19 2.46 2.07 2.87 2.44 2.52
FeO 0.66 0.27 0.29 0.25 0.31 0.45 2.53 1.78 1.46 1.45 3.09 1.78 1.8 1.47 1.38
MnO  0.07 0.06 0.08 0.07 0.07 0.07 0.07 0.08 0.05 0.05 0.11 0.07 0.08 0.06 0.07
MgO 1.17 0.7 0.81 0.67 0.82 0.7 2.19 1.91 1.25 1.68 3.87 2.09 2.58 2.01 1.99
CaO 3.42 2.91 3.33 2.4 2.45 2.24 4.29 4.12 2.82 3.55 5.87 3.65 4.34 3.91 3.54
Na,O 5.75 5.36 5.11 5.33 5.32 5.74 3.29 3.26 2.99 3.75 3.6 4.24 4.02 4.24 4.02
K,O 1.76 2.06 1.99 2.45 2.59 2.22 3.5 2.83 4.45 3.81 4.25 3.47 3.26 3.29 3.58
P,0s 0.14 0.09 0.11 0.09 0.12 0.08 0.15 0.12 0.11 0.12 0.55 0.29 0.31 0.28 0.28
CO, 0.43 0.69 0.34 0.43 0.26 0.26 0.26 0.43 0.34 1.89 0.43 0.17 0.17 0.6 0.26
H,0"  0.96 0.6 1.18 0.98 0.96 1.12 0.92 1.2 0.48 1.66 0.72 0.5 0.48 0.26 0.64
LOI 1.32 1.36 1.4 1.27 1.27 1.22 1.09 1.21 0.42 2.89 1.04 0.57 0.4 0.53 0.4

Total  100.16 10021 1003 10052 100.19 1003  101.13 10057 10022 9917 10003 10038 9945  99.84  100.01

La 16.8 21.1 23.6 22.5 20.5 235 19.6 17.9 19.3 25.6 71.7 55.4 68.4 67.1 61.2
Ce 25.3 30.9 34.1 31.7 29 333 36.1 342 40.9 52.3 140 97.8 132 116 111
Pr 2.65 3.2 3.28 3.13 2.95 3.33 4.21 3.72 5.06 6.11 16.5 10.7 15.9 12.6 11.9
Nd 9.58 11 10.4 10.5 9.58 11.1 15.9 13.5 19.9 23.1 62.8 38 56.6 44.4 40.3
Sm 4.87 6.02 3.85 4.32 3.91 2.86 2.89 2.86 4.35 4.89 12.6 5.56 8.85 6.71 6.36
Eu 1.78 2.33 0.87 1.14 1.02 0.77 0.72 0.73 0.87 0.87 3.16 1.15 1.65 1.45 1.39
Gd 1.18 2.07 1.09 1.44 1.49 1.49 3.01 2.43 3.53 3.95 7.83 4.1 6.33 53 4.3
Tb 0.19 0.22 0.18 0.2 0.17 0.18 0.41 0.36 0.58 0.66 0.93 0.45 0.75 0.49 0.55
Dy 1.05 1.28 1.04 1.03 0.96 1.07 2.64 2.05 3.24 3.69 5.48 2.1 4.01 2.9 2.8
Ho 0.17 0.2 0.19 0.18 0.17 0.2 0.54 0.42 0.69 0.73 0.63 0.4 0.57 0.41 0.38
Er 0.62 0.73 0.57 0.57 0.49 0.58 1.5 1.13 1.79 2.30 2.56 1.05 1.57 1.13 1.11
Tm 0.08 0.1 0.1 0.11 0.09 0.11 0.25 0.2 0.3 0.31 0.23 0.16 0.22 0.15 0.15
Yb 0.63 0.79 0.68 0.74 0.58 0.74 1.76 1.26 1.87 2.19 1.83 1.06 1.49 1.08 1

Lu 0.11 0.14 0.12 0.13 0.11 0.14 0.26 0.22 0.31 0.33 0.27 0.15 0.22 0.16 0.15
Y 5.18 6.46 7.34 7.41 6.46 7.41 14.9 13.6 22.5 22.3 17.9 10.8 18.4 12.8 12.3
Sc 3.68 2.83 2.75 2.46 2.84 2.43 11.7 11.2 9.58 10.3 12.1 7.22 9.34 7.44 7.43
Ba 1545 1992 2039 2377 2100 1183 375 455 499 421 1796 835 1085 933 1116
Rb 48.7 53.8 53.5 55.4 60.9 47.5 80.4 68.1 200 149 178 113 112 128 134
Sr 1065 948 1173 810 741 626 421 378 261 253 1023 1011 822 787 760
Nb 5.71 6.01 6.51 6.46 7.21 6.63 4.54 4.4 7.23 7.65 20 11.8 19.1 15.6 14.7
Ta 0.34 0.32 0.37 0.38 0.55 0.38 0.54 0.4 0.55 0.78 1.04 1.21 2.1 1.28 1.25
Zr 108 112 124 127 112 126 113 94 235 192 254 140 170 179 210
Hf 2.74 2.89 2.95 2.99 2.73 3.07 3.71 3.01 6.93 5.23 5.85 4.34 5.06 5.2 5.59
Th 5.97 10.9 10.8 12.2 9.56 12.7 7.69 12.6 17 223 37.3 30.8 36.8 40.3 38.7

Pb 21.6 27.4 29.1 32.4 30.1 27.7 9.4 11 13 7.52 22.7 229 20.4 21.4 26.7
U 1.15 2.11 1.94 2.26 1.75 2.28 1.9 2.09 3.22 5.11 7.4 4.45 3.91 6.42 7.04
Cu 10.8 6.03 4.23 2.96 4.61 4.46 / 15.6 16.3 2.94 36.4 / 11.7 13.2 16.8
Co 3.95 2 2.33 1.74 2.23 1.82 / 11.1 8.47 6.75 19.4 / 13.8 11.4 11.3
Ni 10.8 7.68 10.1 5.41 10.3 8.69 / 8.66 10.2 10.8 38.6 / 23 18.9 17.5
\Y 46.5 21.9 28.2 22.4 33 22.2 / 93.8 64.4 87.1 112 / 100 82 74.5
Cr 12 8.01 16.1 8.57 13 17.6 / 14.1 21.9 16.8 101 / 41.2 31.5 28.8
Mg" 50 50 50 50 50 50 45 50 38 65 59 50 50 50 50

SEu 2.29 2.04 1.31 1.41 1.31 1.15 0.75 0.86 0.69 0.64 0.98 0.74 0.68 0.75 0.82

5 St IR Y FI YD ST IRIK SOAFHIE(K 3g, h), fE EBEA I A R AL S, IR REA R AFC 1d
S Y AR 3 15 5 o BEARTE Harker IR (I FBRIE B AR B A0 4 8 1 s 5 B0 B — S0 I A il il
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AT, b TR TR AL R R BT B, ANELE T
SEPFTTEUR R LR Ca IR, Bt A 2 il AR 5T
B IR GR T TE A - AIKRE IR 8 A R AE
(Martin et al., 2005), Fi ok S rERIk s, RAT6E
S eh PR EEA O, ok A RN A EL, I HoA R TE
T R A B T S B R IR Y (Rapp et al.,
1999), FHFES HABEM Cro Ni &k Mgh
Th/Yb HAEATF 9.5~17.2 Z 0], FHIEIX AT GEA UL
MY 5Tk (Elburg et al., 2002; Guo et al., 2005).

7t Harker K% b (&IH%), BEALK S SHAIN
Koa AT REAE7E A ERARDG, e = N A Al gk
H 7 5 08 5 B 5 B SRR AE PR 5T (AR R 4,
2007a; FFEE, 2012), BLAk, FEHEICKIAEY &
BIEWHLHE X A (FARESE, 2007b), S5E5HPER
BB 2 AL 38 SN [A); R 0 & 8 oI PR T B AR
AT 2 B SZZ RIS A (F RS, 2007D),
PLEFRES S T 5P A G S 5, 5
FIAHRE A Y b DX A R 2 1R 3 B P b 5t
—3}(Aitchison et al., 2000; McDermid et al., 2002;
TR, 2007a; EFIEE, 2012),

156~152 Ma MK LR A8 R T R I
PP Rl ) 1 S, BRI 2 R TR FTRH DG b BT 8 S ik —
RRAIE T WEFE XA Ok 2 AT RE A7 AE— 0 N AR ol
FERT . B [0 B oIk Ll & A e = TN R E

B N A A E, 7 b BR b 24 R AR FR A Ok s 1L
A2 S, (AR B X = 2R A Z A E R,
T AR — [ Z b ER AL 2455 T BB o
22 BBAEHERED

B4 H R RS MR, A SCHRS
SATIMPLE R B BE AL < N A5 A U-Pb
YIAEWS 7(94.10£0.96) Ma(/d 2¢), FEANHLAE 5 IN
KA NIRIB TS, FTREE BN b i 5 al (X 2 4%,
2013), Hil A X 57 e 2 H e DX i B BeAE 1
HEAT T HESE, FE4E 1 v BRI TR B 20 (Wen et al.,
2008; Z8fH3RZE, 2009; Zhang et al., 2010)., SR
240 Y S R T A1 b B 0 eT BB FEAE ANt

KRR 2 H PRl —4 T 12 040 &l
BUA RIR HBFKLS), FIBF0A N2 T skl
SoCE R AR X0 77 )5, 1994), VFgkIESE
(2009)3: 453 H BERITE shiF PR Ay 155~93.4 Ma, FfiF
177 RGE W HIRI 5T, RIS HIK IS RTE
HBRAL2F4FAE |, 4207 MORB 4#1E, HARAA FE
SCYIBTAIR G, PRI R 5& H AT BE A&V P IR op
ARG M, FHIKSERE LI T ~136 Ma fff o
IR IR T A (WSS, 2006; Zhu et al., 2009), T
PRI IR i 5 5 B A AR T AR A 1 R 5%,
PN AT Be R [ A, M D5 — 5 s s & H
JRA] REFRAEVE SR 2k SR s &R W H, A

11
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Fig. 2 Zircon U-Pb concordian diagrams, CL images and target of magmatic rocks

Pb/U

Wpb/ U wph U
zl d gl Mean=(502.+ 1.3)Ma f
B s MSWD=3.2 (n=16) gl
s = (50£2)Ma s
=
N - 7 L
=)
L . (CEIMs | Fag 4555+ 08)Ma
58 £ B 55T
OS2k =3 =1 5
£ = G2:1)Ma  [E 44642 3Ma
L L 15
BI121-1 al
" Mean=(63 £ 1)M o (50£1)Ma s
= 50 MSWD=2.7 (n*19) g Z
00 T0r o080 0.00 008 01z ot6 000 002 0.0 006 005 0.10
wphy R LI
=+ 2 .
i ® h o O :| i
° gt 50 (29+1)Ma | 49
I < 2 4? )
Po P2 49 (Go£)Ma (30£1)Ma
LEr 4 I =
3 S =1 <
£° £z E: < 20, (29+1)Ma
=L s Er (29+1)Ma -~
< (O )
(0B 10
gL G BO78-1 B119-1 (29+1)Ma
g y [Mean=(31.64 - 0. 47)Mal [{ERESDIYES 10 Mean=(29.88 +0.39)Ma|
s MSWD=0.92 (n=15) g 2 MSWD=1.7 (n=2
0.0 0.02 0.'09” 0.'94 0.05 0.06 007 (;,00 J.00 00T 002 0.203 001 005
PP 3



708

Bk

»L
£

1 H=t1I
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FER_F R, DU S S SRR T A )
RE, W T 0 ) 3 PR 58 W T2 S A B 1Y,
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