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Abstract: Gangdese Oligocene-Miocene porphyry copper belt is the important component of
Tethys metallogenic domain, where numerous giant and large porphyry-skarn Cu - Mo — Au de-
posits have been discovered. However, the Tibetan Plateau that hosts this copper belt has suf-
fered intense and rapid uplifting and erosion since Oligocene. How these Oligocene-Miocene
deposits preserved in that environment suffering rapid uplifting and erosion remains as mystery
and how the temporal and spatial distribution of erosion dominate the Oligocene-Miocene deposits
in the belt remains unsettled. Basing on the zircon and apatite (U — Th) /He dating on the vertical
section inner Gangdese arc 40km north of Zedong area, the author discovered an early Miocene
(17.3~15.1 Ma) intense and rapid erosion event in the Gangdese porphyry Cu belt, during
which the average erosion rate was >1. 82 km/Ma, the erosion amount was 4 km. And then the
erosion rate decreased to 0. 14~0. 19 km/Ma with the erosion amount from 15. 1 Ma to present of ~
2.5 km. Integrating the previous thermo-chronological data, the author reveals that the early Miocene
intense erosion zone in the Gangdese porphyry Cu belt was E - W trending and controlled by the south-
ward thrusting of Xietongmen-QOiga shear zone. Even though the contemporaneous erosional event was
also developed on the southern and northern sides, the intensities were significantly lower than the shear
zone area, indicating that the uplifting and erosion in the plateau has varied temporally and spatially since
Miocene. Besides, the Oligocene and Miocene porphyry deposits are distributed in the weak erosion zones
on the southern and northern sides of the early Miocene E — W trending intense erosional belt respective-
ly, indicating that the differential erosion is one of the restrictive factors for the temporal and spatial dis-
tribution of Oligocene-Miocene deposits in the belt.

Keywords: Gangdese; porphyry; Xietongmen-Oiga shear zone; (U - Th)/He ; erosion
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Fig. 1

(a) Structural outline of the Tibetan plateau and(b) geological map of the eastern Gangdese arc, Tibet



33 FABCH M DAE . XIRIH BEA R A AR B o L R A P BOUE R L B T R I S 23 A S 289

- N K B Bl 4 S KR I RN R & T
HRASE () 4 15 1% By o A 35 IX] IS 0 33 ot DBy 427 (G
R B 3w T 2L (GCT) L iE 17— 3k R 85 10 45
(XWS) %55 1Y i) ¥ 3 45 (Li et al. ,2015b) . X
30 DRI 24 Y XD JEC 0T A R O A S R A 1Y) I A 2
7 H O DR 24 1 1K R AT L 9 s B AR 30~
23 Ma(Yin et al. ,1994, 1999) ; K J np ik o b7 %4 445
JB — A% VT 5 JCAT VL IAT A% 43 AT 1) e 0 BT Y L 1) P
SO A I IR0 55 ) AR R AR S S 3 S o 1 X
i vh W Al 2 b HOE S AR 19~10 Ma(Yin
et al. ,1999) . Ml [Tk R 5 )2l (XWS) & X JIE
WA RPN 5 — 2% DX g b o 3% s s AR L Jo A
PR A RO A CE AR R A5, 1995 o OT PR 4R
2016a,2016b) , WAL HFNIE LT T — R I FEL 1
ZLA5 T £ RE TE T2 A VE B R A 4 3k g R Ay
(18.3 Ma) Y5 M A A (13~12 Ma) , HFL A
(~14 Ma)  F /NI - 8 245 (8~T7 Ma) Fl4f 4 %4
A (<12 Ma) (Li et al. ,2015b) (| 1),

2 FEACREE S Ak

ARRAEFE Y B LI 40 km 4b XIS 87 A4 5 K N
S e YA AR ML DX B X R BT AR B DA K (48 Ma)
(Zhou et al. ,2020) F & T 3 B 1w LK & $AEAR
ZORFE L FE S R R A T 4 655~5 446 m, 3t PV 25 ~
800 m([&l 1), #F & B Se gl i Ve M+, I 2 bl
BRI A% i 3 P B VA O R I 4 A A I AR
i H AR B T Lk AR L
AL LR H 58 R T 80pm (1 50K F T (U - Th)/
He & 4F .,

B MK A1 (U - Th) /He % 48 16 w8 52
Jry b ST 5 i bR B ) 2 R R TR & e N,k
B H B B A R K A BRUBORE 23 5 <1 mm 1) 86 fA
M AT A Aphachron SN 43 B 254
Ferr . R B BOLERAE ~1 200°CHI~1 000°C 4%
P8R X6 A R K A7 ORE 4350 S #A 15 min A1 5 min
DRI A i . i T 2B b iy &
oo W20 A — AN UKL E AT 2 YO FAGEE 2= 22
P H B F s — YO BB 1Y He i BRI
W 1AL T B AR . B Y He SUFE
gifbd b A — € i1 He <K, B QMG
220 DU AT BT %A & He/* He {8, 3132 [ 2 &R

i B A 2O AR He & L

TSI B A B URL I A — 5 i R R I TR
(U U=83847,% Th/** Th=10. 4540. 05),
F HF F1 HNO, =i 48 h ¥4 RZE 15 . #:1] HCI
T 24 h, FRRZEIR A BRVE WG 22~ 100 pL B
A 3% HNO, & 1.2 mL. PS5 MBS K £ 25
LA T A — 2 2 1 B R BB S . HNO;,
VAR 4 h, 225 m 3% 8 HNO, £ 1.2 mL., #J5H
Agilent ICP = MS7900 Ha, J8HH G 55 25 74 J5T 1% {3 )
WA UM Th & &,

MG EE 4 F#E K A % UL Th fl He & &, H
HelioPlot version 2. 0 3% {4 31 5 52 U 4F % , 4R J5 i
17 o BT 55 H R0 42 GF (Farley et. , 1996) , HL A& 52
SRR L H4E (2017,2019) , B ANFEF 4SBT 3~5
AR

3 Mg R

APERE S LR 1S T 18 A4k A (U - Th)/He
(ZHe) 4 #E A 18 8 K 41 (U -~ Th) /He (AHe) 4F
W BIFE 18. 3~14.0 Ma(FE 1) M1 17.5~10.0 Ma
(£ 2), ZHe FBHFWE 7354 (17. 34+ 1. 1) Ma,
(15.5 & 1.1 )Ma, (16. 24+1.3) Ma fI(15. 14
0.3)Ma, # 23 [l ¥ <<10 %, H4&FE 5 ZHe 4%
5 eU & & My WA S22 0 W B AH 6t (& 2a.
Kl 2b) s AHe “F $4£ 18 43 5] O (16. 1 £ 1. 1 ) Ma,
(12.941.4 )Ma.(12.1+1.5) Ma FI(11. 0=£0. 6)
Ma, % 25 5 Bl 35 <15 Y. & AR Al Kk L5 eU
RN YA RO ARt B A W A e (R 2c,
Bl 2d) o 1 IH AR A5 1) B0 o A 4 (1B 2 1 3)

4 PHE

4.1 [XJE 5T 40 3t — o 3t BE A SR AR T AT

R 338 R ¢k [ 5B

B MBEIK A1 (U - Thy /He Rl v F 4K & & 14
T3R5 ok 180 £ 20°C Fil 60 £20°C, B & A &5 4
W A ) 5 R 30 ol 8 b 58 180 420°C T 60 4-20°C 4
W LA S . 6 R ) (U = Th) /He [8] f37 & K & 43
ST ER S . (R BERF 5T X i R AR R 30°C /km,
M Z24E 7 ¥R BE & 10°C (Zhou et al. ,2019), ZHe
M AHe {& ZIF UG T BB EE 43504 5. 740, 7 km



2022 4

Y

EOLOG

x

NORTHWESTERN (

o BT

[

290

€0 I°¢r ety g A
1€°0  6L°F%1 LL70 $2°0 LE°TT 88y - 0TXSL' T ¢ 0IXG8'T 97469 p-0TX08°S 2 0TXTIL'E ¢ 0IX6£°2 1 1-OTXS8I'T S—¥-6100
1€°0  16°¢T 080 §2°0 6€ 21 7L - 0TX9E' T g OIXFP'I 9°9¢¢ p-0TXTE'8 - 0TXZ0°S ¢ 0TXZ9'T 7 0[XE6"L €-¥-6100
62°0  ¥0°SI 6L°0 €270 7811 % c-0TXL6'T  ¢-0IXS50°2 961§ p-0TXT6'8  2-0TXSZ'8 ¢ 0IX28°Z  (1-0IX9T'T  Z-¥%-6100
0£°0  L1°GT 18°0 ¥2°0 9221 109 - 0TX6ST ¢ 0IXI9'T 9°7ve pOLXE€9'8 5 0IX65°C ¢ 0IX89'T 7 -0IX96'8  TI-T-6100
€1 291 ety g A
2€°0  0F°LT 6L°0 §2°0 9L €T 675 - 0TXT6'T - 0IXI61 S 8eT gl 0TXL0 T - 0TXI9°9 ¢ 0TXE9'T 5 0[XEZ'6  9-€-6T00
12°0 L7 ST 680 €2°0 L0°€T L7 - 0TX86°¢ ¢ -0TX96°¢ 9°9z¢ gl OTXTIP' T _0IXTVO'T ¢ O0TXIV'€  1-0[X0I'Z  S-€-6T00
2670 9L°LT 7470 $2°0 9T €1 gy - OTXSP' T g 0TXLF'T 77819 poO0TX S 'L z1-01X62°S ¢ 0IX82'T - O0IX¥P'L  ¥-€-6100
82°0 2971 8L°0 2270 9% 11 1€ - O0TXST'T ¢ 0IX67 T 0 "¥9¥ p-0TXL8°9 4 0TX9T'F ¢ 0TX09'T 7 0[X80°6  €-€-6100
62°0  16°ST 9270 2270 €021 L9Y - 0TXT6'T ¢ 0IXE6'T [°€GL f-0TX96°8 - 0TXEV'9 ¢ 0IXZ6'T  11-0TX60°'T I-¢-6100
11 gcr eI
82°0  90°TT 9270 12°0 7901 L°9¥% g1-0TX99°6  41-0IX8S5"6 Y41 poOTX TIPS g 0TXEL'E ¢ 0TX0Z'T 7 0[X9T'9  T-2-6T00
0£°0 25T 08 °0 7270 97 °21 065 - 0TXES' T ¢ 0TX88'T G eey po0TXLE6 - 0TXZV'L  ¢-0IX06°'T  1-0TX00°T €-2-6100
GE'0  96°CT €8°0 62°0 LTET T°99 - 0TXLE°Z  ¢-0IX97°2 1°28¢ gl OTXOP T 4 0TXP9°8 ¢ 0IXL8°CF  11-0IX92'T 2-2-6T100
€670 €5°9T LL70 §2°0 1L°21 S6¥ g 0TXLT'L 40T XLE"L 7782 Jo0TX S8 7-01X98°2  11-0IXE9°L 7 0TXS8°¢ 1-2-6100
1 A ey g A
0£°0  ¥&°81 LL70 €2°0 01 71 967 - O0TX8T'T ¢ 0IX12'T 0°€8¢ fo0TX8G°L  -0TX98'F 4 0TXF¥6'8  7-0IX98°C  8-T1-6100
62°0  ¥6°LT 8L°0 €270 S0 ¥1 L1728 - 0TXSE' T ¢ O0IXFE'T 9°7.8 p-0IX69°9 7 0IXZ5F 3 0IX086 7 -0IXSE9  L-T-6100
§z°0  T16°CT 9,0 6T°0 90 °ZT 0°LV g1-0TXTV6°L  41-01X06"L 17082 poO0TX T8V 4 OTXFPI'E - 0TXE8'S 4 O0[XFEF  9-T-6T00
62°0  08°LT 7870 720 1671 €29 - O0TXEL'E g O0IXFI'E T°LET glo0IXEZ T 2 0IX08'8 ¢ 0IX91°Z - 0IXLF'T S-T-6T100
1270 TV°9T 680 €270 06 €T 819 c-0TX20°2  ¢-01XL0"% 7622 g 0TXE0'T 4 0IX60°9 ¢ 0IX8Y'T ;- 0IXT0'T €-1-6100
o1 BN o7 BN wrl o1 Jow (¢_01) o1 [ow o1 [ow
11 FERE]
SR L] i <l ligt SRy ne UL zez Nsez

J9q1L, “I0MSIp Suopaz-esey oy} ul suoinjd auld0F-aUad03[Rd 3} JO s38e ol /(YL - [)) U017

HEEIH/(UL-N) UMY SRR MR A8 1%

T'qeLl



291

Al

i — Tt B PR N 28 43 A1 Y

IR (P SUR:

7}

X1 JEE 307 BRE B 2R B

JEI A 8 A5

5 3 4

9°0 01T ey B A
22°0  €8°TT £9°0 710 804 2.8 J-0TX6EF o OTXET'? 7768 G OTXFP'8 ¢ 0IX8T'9 ¢ OIXET'L ¢ _0IXO0T'€  S-F-6100
81°0 00T 19°0 Z1°0 00, 0°Z¥ J-0TXFE'9 ¢ _0TXE0"9 0°€8 po0TX0Z'T  ¢-0TX1Z'8 - O0IXLV'S ¢ O0IXLLV  ¥-%-6100
ST°0 870l 69 °0 z1°o 8T, a7 q-0TX0L°S  _0TX8Z°S €14 G OTXET 'L -O0TXLL'S ¢ 0IXE0'L ¢ O0IXLEV  €-F-6100
61°0  29°11 7970 z1°0 ) 6°8¢ J0TXLT'S o 01X28°F €01 0T XLT'6 ¢ 0IX6T°9 ¢ 0IX6F'S g [-¥%-6100
ST 121 SEHES
¥2°0 6171 9,°0 8T °0 18°0T 8709 g 0IX96°T 4 _0IX06°T 8°¢8 p-0IX2L6°€ - 0IX10°Z  »-0IX97'T ¢ 0IXS06  S—&-6100
0Z'0  T16°2I 2.0 Y170 26 S°0S n-0TXLL'S - 01X26°L 0°29 J_OTXT6 T z-0IX90°T  ¢-0IX9€'9 ¢ _0IX¥Z¥  T-£-6100
12°0  96°TT 2.0 S1°0 998 218 J-0TXT6°9 - 0TXG9°9 16 J_OTXLL' T g-0IXTI8'9 ¢ 0IXST'L ¢ OIXIP¥?  €-€-6100
LT°0  ¥9°0T 8L°0 €10 872 '8 786 q-0TXT9°9 - 0TX9%°9 0°2¢ poO0TXT6' T ¢ 0IX96°'8 ¢ 0IX¥6°'S ¢ O0IXI0O'F  Z-€-6100
12°0  LL°01 89 °0 7170 0€ "2 184 n-0TX28°S - 0IX9¥ 'S 708 J_OTXFP6 T -0TX9L'8 - 0IX89°L ¢ 0IXI8'E T1T-€-6100
7l 621 i ely g A
€2°0  69°TI 69 °0 910 60°8 9°0¥ n-0IX80°9 ¢ _0IX68°G 8¢ poOIXFS T ¢ 0IX6L°9 ¢ OIXLV'L ¢ 0IX6S°€  S—2-6100
02°0  6L°TT 0L°0 7170 878 62V q-0TX8Z'F - 0TXI16°¢E €Ly G OTXIT'L  ¢-0IX62°C - 0IXE9'F ¢ _O0IX¥P'Z  7-2-6100
22°0  8L°€l 69°0 ST°0 95 "6 LSy n-0TXV9°L ¢ 0TX0€"L 6°€S J_0TXO0E' T ¢-0IX08'8 ¢ 0IX06°'S ¢ _0IXS6°€  €-2-6100
61°0  ¥2°2T 69°0 ) 0¥ '8 A J-0TXSP'6 ¢ 0TXE0°6 0°LL J_OTXEV T 5-0TX9T'T - 0IXLZ'6  ¢_0TXS9°C  Z-2-6100
€Z°0  26°71 €L°0 810 98 °01 026 g1—0TXE€Z'T  11_0TXS8T'T 778 J_OTXFL T ¢-0IX3Z86 - 0IX88°6  ¢_0IXSZ9  1-2-6100
1 [°9T ey g A
€2°0 L9771 v.°0 L1°0 €8°01 876 g 0TXSP'T 31 0IXa¥'T ) oOTXEP T -0TX6E'T  #-0TX90'T  ¢-0IX86°9  S-T1-6100
82°0  ¥8°91 vL°0 12°0 721 €°8¥ g 0IXVZ'T - 0IXIZ°'1 vvL -01X82°27  2-0IX0Z'T ¢ 0IXEL'S ¢ O0IX¥8F  ¥-1-6100
SZ'0 67 ST 08 "0 0z 0 8¢ 21 0°29 g1-0TXG0°Z 31— 0TXEE°Z 902 J_0TX09°€ - OIXTL'T  3-0IX6L'T  7-0IXL0'T  €-1-6100
82°0  T6°CT 7870 €270 00 €T 6°6L gr-0TX0S°E 3 _0IX65°¢ g cy oOIXFP'S 4 0IX16°2  3_0IXE6°Z2 7 0IX8FY'T  Z-1-6100
62°0  3S°LT €L°0 12°0 0L°21 S L¥ g1 0TXZT'T 4 -0TX90°T 865 J_OTXT6 T z-0TX90°T - 0IX.8'9  ¢_0IX90F  T-T1-6100
o1 BN o7 BN wrl o1 Jow (¢_01) o1 [ow o1 [ow
11 FERE]
SR L] S by fik o5 Skl 9H ne UL 2z Nsez

39qI], “I01SIp Suopayz-esey 9yl ul suoinjd auld0-2uad09[eJ 9y} Jo sade ol /(YL - ) 2nedy g 'qel
EEEIH/(UL-N) WY RS — e R R T ¥



292 7§ odb b R NORTHWESTERN GEOLOGY 2022 4
20 20
(a) BT (b) tval
e ¥ i ¢
> o) i o _
| %% _
15 59 o | = o &
=
E -
é L
3} 10 | | | | 10 | | | | |
é 0 200 400 600 800 1000 20 30 40 50 60 70 80
= 20 - 20 -
= L(c) KA L (d) KA
5 [ i
15 15
, o i _ o
(0] : r o
@) YA 3 g° O
10 | o % 10 | O
L O 0019-1
L O 0019-2
L O 0019-3
L O 0019-4
5 | | | | | 5 | | | | |
0 20 40 60 80 100 120 20 30 40 50 60 70 80
eU (107) TYAERCER (pm)
B2 (a.c) A BEKAFA(U-Th)/He F£ifh-eU FEEfEH (b.d)$5A KA (U-Th)/He -7 4)
B2 (Rs) B (eU=U+0.235Th)
Fig.2 (a, c) Plots of zircon and apatite (U - Th)/He ages vs. e¢U concentration and (b, d) zircon and apatite

(U ~-Th)/He ages vs. equivalent spherical radius (Rs) for apatite and zircon grains(eU=U-0. 235Th)

1740, 7 km, ARBFIE PR A KR LED
0019 -1 ¥ ah B A M X —2 1) ZHe Ml AHe 17,
AR 17.341.1 )Ma FI(16. 11, 1) Ma, 1ij H i
AR N 48 Ma(Zhou et al. ,2020) , 38 /8 iZFE M B
Rt A G — H A FRRKMBWE, I 17. 3~
16. 1 Ma i i3 ] pit/E R 28 58 T ZHe Fil AHe [A]
I 2 A R P I B 6 0L A R B (5. 7~ 1. 7 km) 5 i,
BH A 3 1) L A /N R 8 R 4.0 ke, SF- 35 3 ok R
N>3.33 km/Ma, SR . 2 B &1 ARG ZHe
VAR IS B IR AE R O 16, 2~15. 1 Ma, 458 75 P 3 )
Tl AR 1 2 2 AR IS ) DX ] T BE T B, 4. 0 ke (19 31 k4
FHEAAE 17, 3~15. 1 Ma, RBF P 2 1 1l o 1K 2
1.82 km/Ma (| 3), Kz, 058 X 7E 5 o 5 it
(17.3~15.1 Ma) A= 7 Pt ) il AR F L 7 35 30 ok
W%k >1. 82 km/Ma,

SR AL AHe £ 48 78 BF 5T X 15,1 Ma J5

SR P RS . T T L 0 R X R R L
W IR AR A RE 5 28 28 1 AHe 14K 2 B I B8 ) 7 1) 1
JECL 7420, 7 km) , IFSETE A R B 1 L
R RE i 7 22 AR R P AHe AF 8 3 18] & A 1 31
P, TR B AL RE S 0019 — 1 1) AHe 4E N
(16.1£1.1) Ma, i AL KE 5 0019 —4 [ AHe 4
Wk (11,0 4+ 0. 6) Ma, 8 /5 A K £ 16. 1 ~
11.0 Ma% /7 ~800 m Ayl /5 FH L F 2 1] okt 5k
4 0. 16 km/Ma, Ik, 76 o7 U B 41 % & f# I
(3D .4 R A AHe 45 19 3% R 26 T LLESE 31 0,
04k 4878 11,0 Ma DLk, 5 R A7 88 18 22 35 2% 18 #1
TR A AR AHe A0 B KE R R /ME 9 3% 28 7T LA
M. A A ~15 Ma LI h 3R H 0. 14 ~
0.19 km/Ma, 3| ~2.5 km,

M REUL AR E 17.3 Ma IR T 2 $3#
PVERT 85—k 17. 3~ 15. 1 Ma i e 3 3 il 7



33 FABCH M DAE . XIRIH BEA R A AR B o L R A P BOUE R L B T R I S 23 A S 293

FH 7249 3 il 3 %k > 1. 82 km/Ma, # il ik >
4.0 k%5 8 15,1 Ma & B4 52K 34 ot i 3%
B2 0. 14~0. 19 km/Ma, # i 5&H ~2. 5 km, 4§
N ST X R A TR R R R bk AR, O 7E
~15 MaJgif A5G B, #4k A 17.3 Ma LIog
[ R it KT 6.5 km,

7.0
FESH 0019-1
Bl 0019-2 | Y
6.0 o FEfh0019-3 i i
. o H#Efh0019-4 ;e ]
g 5 41(U-Th)/He F#% I om ]
= 5.0 B A (U-Th)/He E iy ] ]
bt PR 122 S
i 30 77 o 56 [ !
% 40k A B
J'—D_E l, ”{ l‘

S 1 I
t 3 O— I 1
‘zﬁ . ’l ,l
o NL 4
= L \

S 2.0 Q.\q\&‘
o
1.0F 0\
ook o+ 0w
0 5 10 15 20
FiE (Ma)

B3 FLH40kmOEREFTABEENELER.
Bk A (U-Th)/He F# R BLEY 0019 - 4 AL
RE-FRXAE
Fig.3 The paleodepth vs. age relation diagram of
0019 -4 sample site reflected by zircon and apatite
(U -Th)/He ages on the vertical section in the

Gangdese arc 40 km north of Zedong

4.2 HNEEHESET TEmERFMEER

TN TE X JEE 397 88 T — v 5 e 50 4 4 R B
TF R T 88 2 AR IR AR AR 22 8 58 (Copeland et al.
1995; 3 J7 B %, 2001a, 2001b; Li et al. , 2015a,
20165 &y o 45, 2017; #®X 2 &, 2017; Ge et al.,
2018) , kA5 B & fle 75 25 ] b BAT 10 AR 78 2 1 AR AE
Horb W K AT AR AR CAFT) M AE 45 e £, T
JEIX I L hE B TR AR R . BT A R R
A A AR B AFT AR I 78 37 5% {0 45 ith K Bl 15~20
Ma , T 437 B% ] 25 1 7K Bt DUZR 09 88 A a7 5% — 35 214 1l [X
AFT 4E 81y 26~35 Ma, L HPLER— BT T K —
LI AFT 48 823k %) 40 Ma(E D,

Copeland 2 (1995) i 3 $i % ¥ 24 3 B @ -
MR BT Ar/* Ar FilAFT AR, 3145 il ok

HIXAE 20~15 Ma KA T Pl 1 i /EH L 20 Ma LU
R 11 km (BB IR B6 B Ry 30°C /km) . $i7
VAT 2% i1 7K B DA AR o AR AR — T BT T A o 2R B A
A7 IR AT RS A2 (ZF T F AFT) 50808 F A N A 4
BR R 7 1 B A B e [ B 40 g bR 3l AR (L et
al. ,2015a;Zhao et al. ,2016; BI04 ,2017) ,(H & H
Phei B /N Tl K b X, Li 48 (2015a) 78 45 78 24
A5 BT St AFT M4E . Ik 20~15 Ma 2 b [X 3]
Pl ~3 km; 5% (2017) 78 B F5 - 3K Jp 0 45 X 7
IR AFT %4, K13 20 Ma D)ok 1 3 il it <<
4 km;Zhao %5 (2016) il i 5™ #  f IN f3 & 50 R
T AR IR R AT IX 20 Ma DL £ K 3 ik 5 Hy
3.5km, BFFEIX A 8 B AFT 4 I8 45 78 7 §*
T2 MK B DA ZR PR — 3 2 i X 20Ma LR Y 31 1ok
Ni/NT 4 km, ZHe 4 #4132 8F X 1R 22 5 3 ol
FREAE . B RL 5% T 4 1 Ui b X ZHe 4 # — i >
40 Ma(Li et al., 2016), ifif fif 7K Ho X 0 7£ 15 ~
20 MazZ [A] (Ge et al. ,2018) , #§ 7% ] 7K #b X v 397 1
DAt )l £ ) W KRR b X, R B T
DAAS BT AR BRI Y M X BT AR P ) 2=
S 1 R b AR 5 S A

SR » B A AH S B 5% 35 B2 40 A 7 M 65 8 A VTN
7 5% ) YA] A AR T AR b IX (3 500~4 000 m) , fif A5 4
K B IXIEE I A 350 A1 i 1 4k b X (4 000 ~5 600 m)
A YRI5 308 3 762G LA AL ~40 km 4b B [X] R 397 BE 2
RN N I O R W TR i o S O Sa | R el
(U-Th)/He 4, & BLAFFE X A6 5 rrogr (17, 3
~15. 1 Ma) A= 1 sl AR T P 35 340 o il 42 >
1. 82 km/Ma; 3 HFE~15 Ma Ji5 3/l 8 2 AL 2 <
0.20 km/Ma;17. 3 Ma IR B ph &k 6.5 km, B
A TR N A 5 8 A T 4 1 X B L
BT A% b 00 R s . RIS UOK g 29 TR R Rk
I3 5 AR BEAS ST 5T X PR L e St bR 3 ik A A
20 Ma B & &« WF 58 DX Ao DLk s ik AR H A it
AR N5 2 55 K b DX TR) B 309 S0 ol VR AT DA 2K b, P
DAL T T bR S ol U RT BE R AR G I e, 25 G
Copeland %5 (1995) Fl T J6 % (2017) fiff 55 H ) e
rhRT T SR ik VR A AR O (IR 1D AT LI, %
R PG i) S e i R ok IXBE R R OK . AR L B
W FEN N BT A7 2R BOPLB™ 3 2 M X AE AR b g ) 22
S P R VR S 7 B R A A 55 1 Rl 5 (3 km)
FRE T MK CUAR I 7R VG 1) g 5 ) ol X, G 5 B AT



294 Piodb o SR

NORTHWESTERN GEOLOGY

2022 4

fEik 10~20 km,

IX] S S0 JXE ) 4 el T 1 R A R A - A
GRS T |7 e A S k= R ol | s s o1 ol
S RF 7 A % 3 21 i, DX 5 ok T R b A 55 ) ke
DX 85 SR T 5 SR ot el A I ¥ S i — b B i e
FH 48 78 22 S 3 phoVE T X6 30 B0 8 4 7 i B A R
A7 R R BB PRI 28 43 A 1) T 252 0 PR 2R, 55 3¢ ol IXC
PR BT T — v OB 0 PR DR A 2 i T 5 R ok A N
Bttt — o R AT BE O A R iR
4.3 HNEREHSET THERFHERNES

B B X E - it R A = 5 7 O 24

FT AT XD R 357 RE 0] 4 7 e P s ) ol £
FHA AL A7 — s il BB A E IR IX
Rt (20~15 Ma) iy pe 3 1 b A F 3222 52 3 it
{2 AE ) (Li et al. ,2016; Ge et al. , 2018) 15 &
(Tremblay et al. ,2015) 45l ; 55— 3 F & A
T 1% 4 T 5 XL o R g R kA HT (Copel-
and et al. ,1995;Dai et al. ,2013) .

Copeland 5§ (1995) TA S $i7 5% 1] 4% Hf 7K Bt 20 ~
15 Ma P v 20 Rl S0 05 2 7 X I i i v 7 282
W&l ; Yin et al. (1994) Fl Harrison et al. (2000)
i 3 B AR AR AR A B IS 29 T i e R 1 Bl
PR S 30 ~23 Ma, B & B 5 o 5y 340 bt = £ 5
Ge et al. (2018)7F Copeland et al. (1995) #lF 5% IX [t
Uil ZHe AHe  AFT Yl 4F F1 A 7 s 452 01 1 24 3
TRLEE I A il K B R R VR R A
R B A VT K AR AR VR A 2 0 R R el
Mo #eAh, Tremblay 45 (2015) A X JiE i 7 rpog ik
PR S Pl A T 0 25 RO B T S D R HE M X R THE
o FE T LAY HR TR W T R 0 K R T R R S
PRI o A7 XD R 307 M DX A AR A T 5 S R ok g
P o SRS 5 AS S s B A P B v T bR R
Tl FH 52 2R 94 1] s IR 40 A o 55 9 A1 VI SR g
U3 2 () A AR AR DE S . Li 2 (2016) @ i ZHe,
AHe AFT JUAEFN 7 s A 4D, AR AT HL 5 45 | il
20 Ma DLk i) 0 ph 5 ~ 2 ke, B 5/ T h7 5% 90 4 i
7K B L vt el R R L PRk YR AR Bl AR R
A 38 A Xk BIF 5 X v SRk 4 T Y 52 e R R
F8 o 28 35 3 ek X JFG 30 PR 9 e R A i e 2 ) T
ZHe 1 AHe WAE, 2950 7 B 58 IX & B Koot (20
~15 Ma) HR 0 #] ot 5 4 , SR AR AL B AL T8 TR
AR ETUIAT AL L Rk BT U3 1) R 33 VR H AT AR E

D P A T P R ek R A R
AT B SE A S R b T PR ) b g 5 3 )
“KRBIYINE 3 1 2% &, {H Copeland % (1995) 1 5
JCAF (2017) 2 oL ey tH PR 380 ok 7 (0 6 o7
B b T 5 U0 AL BT . PR 2 A R i ] IR
A BT 1) g e A 2 R A AR BB R
b, DX e PR o Sl VRIS P AT R TR
I 25 43 A

5 45

(1) IX]JEC 0 B0 2 A ™ 5 L 5% 136 24 b DX R 3 1
w A CIER A 28 KA R ol i DLk By 8% A A K
A (U -Th)/He &%, /3 # 4b T 17. 3~15.1 Ma
F116.1~11.0 Ma, 8 /R W58 X & & T 5 rfopr itk
SR AE .17, 3~15. 1 Ma 2 [a] - ¥ 3 plt 5 R
>1.82 km/Ma, J7E~15. 1 Ma J5 IR % 0. 14~
0.19 km/Ma,

(2) IX]JES 357 B6E ] 4 a5 B et bR 3k 1 ik /T
SRV ) IR R A 12 01D S e A AT BB A2 A
PR3 1] —TR R B A 1 e 3 e 2

(3) X s L v T DL R b m) 22 55 %1 ik AR
FH R 385 1 PN LA 00T T — o thE S 4 B PR e 23
Gy B R

2 & 3L #k (References)

#E B R AP A BT bR ] Z bR T
HIZFHT]. e PGE R . 2005,24(6) : 549-557.

DONG Guochen, MO Xuanxue,ZHAO Zhidan, et al. A new
understanding of the stratigraphic successions of the
Linzizong volcanic rocks in the Lhunzhub basin, north-
ern Lhasa., Tibet, China. Geological Bulletin of China
[J7,2005,24(6):549-557.

G B o Wk SO L RO L S AR T AT S8R B I B
A R R DX 3 A R R VR T AR LT . MR
%4 ,2020,94(08) :2291-2310.

LU Pengrui, YAO Wenguang, ZHANG Huishan, et al.
Petrogenesis, source, tectonic evolution and mineraliza-
tion process of the Miocene porphyry Cu deposits in the
Tethyan metallogenic domain[ J]. Acta Geologica Sini-
ca. 2020,94(08):2291-2310.

ToC, WS BT . 45, U IR T B SR 22 905 73 Y



33 FABCH M DAE . XIRIH BEA R A AR B o L R A P BOUE R L B T R I S 23 A S 295

ST B w R L)), A A . 2017, 33
(12).3861-3872.

MA Yuan, XU Zhiqin, LI Guangwei, et al. Crustal deforma-
tion of the Gangdese Cretaceous back-arc basin and for-
mation of Proto-plateau, South Tibet[J]. Acta Petro-
logica Sinica,2017,33(12) :3861-3872.

d PR IREEE D AR, R X G T A 3 Tt K
I Y D Ac/? Ar 4R RA AT ] M BT IR I,
2016a,62(4):795-806.

MENG Yuanku, XU Zhiqin, MA Shiwei, et al. The " Ar/*
Ar Geochronological Constraints on the Xaitongmoin-
Quxu Ductile Shear Zone in the Gangdese Batholith,
Southern Xizang(Tibet) [J]. Geological Review,2016a,
62(4):795-806.

FOCE LB B2 R KR A K T Bt k)
PEBY YIS TE A5 AE B AR 22 YK [T ], bR A2,
2016b,41(7):1081-1098.

MENG Yuanku, XU Zhiqin, MA Shiwei, et al. Deformation-
al characteristics and geochronological constraints of
Quxu ductile shear zone in Middle Gangdese magmatic
belt, South Tibet[J]. Earth Science, 2016b, 41 (7).
1081-1098.

EARJE WP AR AT G R T A A ) 1 5
HBEFTLT]. PO H R . 1995, (1) :93-98.

WANG Genhou, ZENG Qinggao, PUBU Ciren. A study of
Xietongmen-Wuyu Oblique-Sliding Ductile Shear Zone
in Tibet[J]. Tibet Geology,1995,(1):93-98.

T B, 2 NI L%, B PrAREE Fish Canyon Tuff 5 41
B (U = Th) /He 4R E [T ], #5 H 5. 2019, 41(5)
1302-1315.

WANG Ying. ZHENG Dewen, LI Youjuan., et al. (U -
TH) /He Dating of International standard Fish Canyon
Tuff Zircon[]J]. Seismology and Egology,2019,41(5):
1302-1315.

Ty RS, L A B A BUBORL (U - Th) /He P04 52
WAL A ST K B [T ], 3 5% M 5, 2017, 39 (06)
1143-1157.

WANG Ying, ZHENG Dewen, WU Ying, et al. Measure-
ment procedure of single-grain apatite (U - Th)/He
dating and its validation by Durango apatite standard
[J]. Seismology and Egology,2017,39(06):1143-1157.

T BER i, 22 MEoR L . VIR D2 G R X AT s i
LR EE [T, P E B 2% D %, 2001a, 31(B12)
117-121.

YUAN Wanming, HOU Zengqian, LI Shengrong, et al. Fis-

sion track evidence for thermal history of the Jiama

polymetallic mining area, Tibet[J]. Scientia Sinica Ter-
rae,2001,31(B12) .117-121.

FEOTWY E MR, A SR, S VR XIS ST A 3 T Bl i AR
el e ()], B2 58 e Ch SCRRD » 2001b, 46 (20)
1739-1742.

YUAN Wanming. WANG Shicheng, LI Shengrong, et al.
Fission track evidence of tectonic activity in the Gang-
dise belt, Tibet[ J]. Chinese Science Bulletin, 2001b, 46
(20):1739-1742.

2L B, R, S T R T AR AR LUK i R T
Pl K B AR S AR e L TR AR [T ).t 5
#%,2017,36(9):1553-1561.

ZHAO Zhen, LU Lu. WU Zhenhan, et al. Cenozoic uplift
process in Gangdise, Tibet: Evidence from thermal his-
tory modeling of apatite fission track [J]. Geological
Bulletin of China,2017,36(9):1553-1561.

Chu Meifei, Chung Sunlin, Song Biao, et al. Zircon U - Pb
and Hf isotope constraints on the Mesozoic tectonics
and crustal evolution of southern Tibet[J]. Geology,
2006,34(9) :745-748.

Chung S L,Chu M F,Zhang Y Q, et al. Tibetan tectonic e-
volution inferred from spatial and temporal variations in
post-collisional magmatism[ J]. Earth-Science Reviews,
2005,68(3-4):173 - 196.

Cooke D R. Porphyry Cu— Au- Mo deposits, FUTORES II
Conference-Future Understanding of Tectonics, Ores,
Resources, Environment and Sustainability, James
Cook University, Townsville, QLD, 2017 25.

Cooke D R, Hollings P, Walshe J L. Giant porphyry depos-
its: characteristics, distribution, and tectonic controls
[J]. Economic geology,2005,100(5):801-818.

Copeland P, Harrison T M,Pan Y, et al. Thermal evolution
of the Gangdese batholith, southern Tibet: a history of
episodic unroofing[ J]. Tectonics,1995.14(2):223-236.

Dai Jingen, Wang Chengshan, Hourigan Jeremy, et al. Ex-
humation History of the Gangdese Batholith, Southern
Tibetan Plateau: Evidence from Apatite and Zircon (U -
Th)/He Thermochronology [J]. Journal of Geology,
2013,121(2).155-172.

Farley K A,Wolf R A,Silver L T. The effects of long alpha-
stopping distances on (U - Th)/He ages[J]. Geochimi-
ca Et Cosmochimica Acta,1996,60(21):4223-4229.

Ge Yukui,Li Yalin, Wang Xiaonan, et al. Oligocene-Miocene
burial and exhumation of the southernmost Gangdese
mountains from sedimentary and thermochronological

evidence[]J]. Tectonophysics,2018,723:68-80.



296 Piodb o SR

NORTHWESTERN GEOLOGY

2022 4

Harrison T M, Yin A, Grove M, et al. The Zedong Win-
dow: A record of superposed Tertiary convergence in
southeastern Tibet [ J]. Journal of Geophysical Re-
search-Solid Earth,2000,105(B8):19211-19230.

Ji Weiqgiang, Wu Fuyuan, Liu Chuanzhou. et al. Geochronol-
ogy and petrogenesis of granitic rocks in Gangdese bath-
olith, southern Tibet[]J]. Science in China Series D-
Earth Sciences,2009,52(9):1240-1261.

Kesler Stephen E, Wilkinson Bruce H. The role of exhuma-
tion in the temporal distribution of ore deposits[J]. E-
conomic Geology,2006,101(5):919-922,

Li Guangwei, Tian Yuntao, Kohn Barry P. et al. Cenozoic
low temperature cooling history of the Northern Tethy-
an Himalaya in Zedang, SE Tibet and its implications
[J]. Tectonophysics,2015a,643:80-93.

Li Guangwei, Kohn Barry, Sandiford Mike, et al. Synoro-
genic morphotectonic evolution of the Gangdese batho-
lith, South Tibet: Insights from low-temperature ther-
mochronology[J]. Geochemistry, Geophysics, Geosys-
tems,2016,17(1):101-112.

LiY L,Wang C S,Dai J G, et al. Propagation of the de-
formation and growth of the Tibetan-Himalayan oro-
gen: A review[]]. Earth-Science Reviews,2015b,143;
36-61.

Mo Xuanxue, Niu Yaoling, Dong Guochen, et al. Contribu-
tion of syncollisional felsic magmatism to continental
crust growth: A case study of the Paleogene Linzizong
volcanic Succession in southern Tibet[ J]. Chemical Ge-
ology»2008,250(1-4) : 49-67.

Sillitoe Richard H. Porphyry Copper Systems[]J]. Economic
Geology,2010,105(1) :3-41.

Tremblay M M, Fox M, Schmidt J L. Erosion in southern
Tibet shut down at ~10 Ma due to enhanced rock uplift
within the Himalaya[J]. Proceedings of the National A-
cademy of Sciences,2015,112(39):12030-12035.

Wen Daren, Liu Dunyi,Chung Sunlin, et al. Zircon SHRIMP

U - Pb ages of the Gangdese Batholith and implications

for Neotethyan subduction in southern Tibet[J]. Chem-
ical Geology,2008,252(3-4):191-201.

Williams H, Turner S,Kelley S, et al. Age and composition
of dikes in Southern Tibet: New constraints on the tim-
ing of east-west extension and its relationship to post-
collisional volcanism [ J ]. Geology, 2001, 29 (4):
339-342.

Yang Zhiming, Goldfarb Richard, Chang Zhaoshan. Genera-
tion of postcollisional porphyry copper deposits in
southern Tibet triggered by subduction of the Indian
continental plate[ J]. Society of Economic Geologists,
2016,19.:279-300.

Yanites B J,Kesler S E. A climate signal in exhumation pat-
terns revealed by porphyry copper deposits[J]. Nature
Geoscience,2015,8(6) :462.

Yin A, Harrison T M, Ryerson F J, et al. Tertiary structural
evolution of the Gangdese thrust system, southeastern
Tibet[ J]. Journal of Geophysical Research, 1994, 99
(B9):18175-18201.

Yin A, Harrison T M, Murphy M A, et al. Tertiary deform-
ation history of southeastern and southwestern Tibet
during the Indo-Asian collision[J]. Geological Society
of America Bulletin,1999,111(11) :1644-1664.

Zhao Junxing,Qin Kezhang, Xiao Bo, et al. Thermal history
of the giant Qulong Cu — Mo deposit, Gangdese metallo-
genic belt, Tibet: Constraints on magmatic-hydrother-
mal evolution and exhumation[ J]. Gondwana Research,
2016,36:390-409.

Zhou Aorigele,Dai Jingen, i Yalin, et al. Differential exhu-
mation histories between Qulong and Xiongcun porphy-
ry copper deposits in the Gangdese copper metallogenic
Belt: Insights from low temperature thermochronology
[J]. Ore Geology Reviews,2019,107:801-819.

Zhou Aorigele, Tang Juxing,Zheng Ming. Eocene uplift and
exhumation in Gangdese area: Evidence from zircon U -
Pb ages and Al-in-biotite geobarometer[]J]. China Geol-
0gy+2020,3(4):652-655.



