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Abstract Multi-system geochronology, including zircon U-Pb dating, biotite Rb-Sr isochron dating, biotite and K-feldspar
“ Ar/® Ar dating, zircon and apatite fission track data, was used to unravel the cooling histories of 6 granite samples from the Lincang
Granitioid Batholith with thermochronology technique. Analyses shows that, the main part of the batholith has undergone a complex
thermal history since its intrusion, and short term thermal events were overprinted on the basic cooling history which consists of the
early quick cooling stage and the later slow cooling stage. During the Middle and Late Triassic, and the end of the Early Jurassic, the
average cooling rate is up to 6°C ~ 13°C/Ma, which was followed by a slow cooling stage of the Middle Jurassic., During the Late
Jurassic and the early stage of the Early Cretaceous, there was a quick cooling stage with an average rate of 5°C/Ma, which was followed
by a slow cooling stage with a cooling rate of about 0. 5C/Ma, from the late stage of the Early Cretaceous to the beginning of the
continent-continent collision of India plate and Asia plate which happens at the Late Eocene. Since the collision, the batholith has
undergone two cooling stages, the cooling rate of the early stage is about 5°C ~ 10°C/Ma, while the cooling rate of the later stage is far
larger than the early one, especially the rate since 3 Ma is up to 16°C ~20°C/Ma; The intrusion, happened in the Early Cretaceous
(for example, Sample S57), which cooled quickly immediately after intrusion, cooled slowly together with the main part of the
batholith since the Late Cretaceous; The mylonite zone, lying on the eastern side of the batholith, was generated much earlier than its
biotite ® Ar/* Ar age, 150Ma, and maybe was generated during the thrust and nappe stage due to the collision between the Baoshan
Block and the Lanping-Simao Block. Since the Late Cretaceous, the denudation is about 5000m, and 3500m of which is the result of
the collision of the India plate and the Asia plate.

Key words Yunnan, Linchang Granitoid Batholith, Closure temperature, Mylonite, Geochronology, Fission track
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Table 1 U-Pb analytical results for zircon
EifvA =41 R F#k/Ma
== v pb 207 py, » 206 pp, * 207 py, 207 pp, » 206 p}, * 207 py,
(pmol) (pmol) By Y 26 pp, * 35y 2o —238T 20 EW
$42-1 637.1 24.95 0.2390  0.03411  0.05081 217.6 .5 216.2 0.9 232.4
$42-3 898.1 105.5 1.5641 0.09995  0.1135 956. 1 4.6 614.1 2.2 1856
S424 1284 58.57 0.3095  0.04015  0.05591 273.8 1.4 253.7 0.9 449.0
$42-5 321.2 19.61 0.3707  0.04912  0.05473 320.2 1.7 309.1 0.6 401.3
S51-1 1423 62.63 0.2676  0.03760  0.05161 240.8 3.0 237.9 1.1 268.4
8512 322.1 15.74 0.3112  0.04250  0.05311 275.1 2.2 268.3 0.3 333.7
$51-3 857.1 33.79 0.2464  0.03559  0.05021 223.6 1.2 225.4 0.9 204.5
S51-4 406.6 22.11 0.3430  0.04820  0.05162 299.5 1.8 303.4 0.5 268.7
$53-1 332.8 136.7 2.648 0.3742  0.05133 1314 0.4 2049 0.9 255.9
$532 345.1 24.36 0.3170  0.04474  0.05139 279.6 0.8 282.2 0.7 258.3
8533 1830 75.97 0.2620  0.03745  0.05074 236.3 0.7 237.0 0.8 228.9
8535 952.4 41.50 0.2649  0.03766  0.05102 238.6 0.9 238.3 0.8 241.9
#2 Rb-SrEMIERMELR
Table 2 Rb-Sr analytical results for whole rock, K-feldspars, biotites
e 7 Rb( x107%) Sr( x107%) ¥ Rb/% Sy 818r/% S, 20 gy Ma( +20)  (Fsv¥sn),
S42 =] 133 141 2.75 0.745558 0.000032 179 £23 0.740 +0. 021
mEh 165 248 1.93 0.746852 0.000017 MSWD =613
Bz 657 3.15 711.1 2.551260 0.000130
S-51 S 157 110 4.16 0.741303 0. 000021 152 +21 0.735 +0. 036
#Kn 171 160 3.110 0. 744664 0. 000020 MSWD = 1334
Rty 836 5.31 505.4 1.467410 0. 000060
S-53 =) 163 109 4.34 0. 740980 0. 000020 191 +25 0.728 +0.012
HWEA 451 133 9.87 0.754237 0. 000043 MSWD =27
Rof 927 7.39 402.3 1.821730 0. 000050
$-57 S 235 158 4.33 0.737222 0.000031 108 + 14 0.732 +0.015
mKn 253 97.5 7.53 0.744511 0.000031 MSWD =171
Rzt 784 3.23 787.6 1. 938070 0. 000060
S-61 ) 251 104 7.01 0.751763 0.000014 153 +20 0.738 +0.013
mia 414 172 7.00 0. 753737 0. 000030 MSWD =69
Rty 21 2.46 1414 3.80926 0. 000080
S-62 L 126 180 2.03 0. 720669 0. 000020 184 +23 0.714 +0.013
BKA 334 270 3.59 0.722746 0. 000025 MSWD =175
Rt 736 2.1 957.9 3.220000 0.000100
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Fig.3 Rb-Sr isochron diagrams for whole rock, K-feldspar and biotites
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B S LR S 4 Rt @ KA Ar” Ar SRAE AR 1L
LN 96 ~ 124Ma, 54 A SRR FH—B, MHY A/  Ar
VIR HLEAE TSR R 293 ~ 297, SRS EMIL, RS H RS
FRBER A, SRR, BRFREEVHAES
W BFFEA SRS SR AR Y , (B 2 b e B X 38 Ar B9 7
HERT85% , RUABBITFHREAHN.

2.4 #RNBKAREETHIE

HY B R 7R B R B 5 B 7 bRl R L PR B 3L 38 R 1
WL R WA /MR SF (2006) Bek 4, #5 DR ER ST
fEE2 51 ~73Ma, JB TR FE— Fiitt, ZFERETKT
HAREHYREROHKA A Ar £, FEBAF
J& o Roger F et al. (2000) 7EERGALEBHE 5T Song Chay BRE
Refkaf th R A AN R ERTFRI N HHRE TS T
B A AL/ AR IR IS B A BB, fBTIA N X R B B
A—HHATHELIHANERAFHENEWEHE KA
CAYP Ar SEARERBHH A RENRBERS RN, &
BRSO RERBREFE T ERAR BB, T H 6 Mt m
B AR 1R BN SR IR 5 PR BUOBLIO V- R iR


http://www.cqvip.com

D000 http://www.cqvip.com|

470 Acta Petrologica Sinica # % %1% 2006, 22(2)

®3 TWOAT A BIEER
Table 3 *®Ar/* Ar data of minerals from the Lincang Granitoid Batholith

M MREE A “Ar 7 Ar SAr e A wEs
B (©) Ga) (wn), Ga) Gw (x10 Pmol)  ( lo) (%) (txloMa)
S42 , B fF, W=0.1022¢g,J =0. 012354
1 400 16.616 0.0176 .35659 0.0693 7.862 11.41 £0.010 2.39 238.01 £3.53
2 500 9.4727 0.0136 .21229 0. 0561 13.63 5.461 £0.005 4.15 117.80 £1.50
3 600 10. 879 0.0152 .24621 0.0707 12.13 6.375 £0.007 3.69 136.77 £1.84
4 700 10.274 0.0109 . 13861 0.0428 21.10 7.026 £0.004 6.42 150.17 £1.85
5 800 8.5256 0. 0051 0.0867 0.0262 36.18 6.995 +£0.002 11.0 149.54 £1.77
6 900 7.9347 0.0032 0.0764 0.0205 42.68 6.952 £0.002 12.9 148.65 £1.74
7 1000 7.9255 0.0031 0.0782 0. 0204 43.61 6.963 +0.002 13.2 148.89 £1.74
8 1100 8.0412 0. 0030 0.0792 0.0187 45.00 7.108 +0.002 13.6 151.85 +£1.78
9 1220 7.6548 0. 0022 0.0686 0.0174 52.42 6.979 +0.001 15.9 149.22+1.74
10 1350 7.9432 0. 0035 0.0978 0.0251 32.70 6.879 £0.002 9.95 147.15+1.73
11 1450 8.6338 0.0054 . 10195 0.0234 21.22 7.005 £0.002 6.45 149.75 £1.77
S42, @K G,W=0.1011g,J =0.012354
1 400 21.213 0.0231 . 35663 0.0644 8.025 14.41 £0.014 1.90 295.72 £5.16
2 500 11.923 0.0104 . 31490 0. 0499 13.33 8.853 +£0.005 3.16 187.26 £2.38
3 600 11.552 0.0149 . 34922 0.0538 13.98 7.164 £0.006 3.32 153.00 £1.97
4 700 7.8400 0. 0080 . 18777 0.0275 28.99 5.473 £0.002 6.89 118.03 £1.40
5 780 6.7346 . 00408 . 18134 0.0203 45.46 5.519 £0.001 10.8 119.00 £1.40
6 860 6.0174 0.0017 . 15206 0.0138 79.79 5.486 £0.001 18.9 118.32 +£1.38
7 940 6.4503 0.0030 . 14180 0.0156 60.77 5.533 £0.001 14.4 119.30£1.39
8 1020 6. 1155 0.0019 . 16565 0.0153 58.22 5.513 £0.001 13.8 118.87 £1.39
9 1100 6.5277 0. 0027 . 15834 0.0173 50.10 5.693 £0.001 11.9 122.64 +1.43
10 1220 6. 8181 0. 0045 .21846 0.0238 30.61 5.469 £0.001 7.27 117.96 £1.39
11 1340 7.2352 0. 0058 .22617 .02284 23.66 5.493 +0.002 5.62 118.47 £1.40
12 1450 14,356 0.0179 . 38150 0.0437 7.746 9.076 £0.007 1.84 191.73 £2.54
S51,B =&, W=0.1016g, J =0.012363
1 400 19.283 0.0279 .27777 . 12342 6.633 11.05 £0.016 1.62 231.19 +4.37
2 520 11.614 0.0251 .21916 0.0931 9.209 4,199 +£0.009 2.24 91.32+1.36
3 640 8.0851 0.0085 0.0979 0.0414 21.80 5.562 +£0.003 5.32 119.98 +£1.46
4 740 6.7117 0. 0036 0.0482 0.0216 51.50 5.626 +0.001 12.5 121.31 £1.42
5 820 6.5771 0.0033 0.0410 0.0187 69.13 5.563 +0.001 16.8 120.01 +1.41
6 900 6. 4506 0.0025 0.0325 0.0174 91.63 5.678 £0.001 22.3 122.41 £1.43
7 980 6.5601 0. 0030 0.0431 0.0195 61.71 5.649 +0.001 15.0 121.80 £1.43
8 1100 7.0329 0.0043 0. 0602 0.0258 42.22 5.715 £0.002 10.3 123.18 £1.45
9 1220 7.4809 0. 0061 0.0789 0.0312 30.39 5.662 +£0.002 7.42 122.07 £1.45
10 1340 8.9189 .01081 . 12951 0.0513 17.16 5.722 £0.004 4.19 123.33 £1.54
11 1450 14.302 0.0232 .20894 0.0901 7.979 7.455 £0.010 1.94 159.06 £2.41
S53,BnE,W=0.1021g,J =0.012363
1 400 16.980 0.0231 .47351 0.0973 7.027 10.20 +.0124 2.07 214.30 £3.50
2 520 9.5655 0.01362 .22711 0.0587 13.61 5.549 £0.005 4.02 119.71 +1.54
3 650 9.8463 0.01117 . 17378 0.0544 16. 60 6.547 £0.005 4.91 140.43 £1.78
4 760 8.5784 0. 0049 0. 0603 0.0213 47.32 7.111 £0.002 13.9 152.03 £1.79
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&R3
Continoued Table 3
M OMABRE [ “ar “Ar 7 Ar #Ar P Ar, “©Ar* /P Ar, ¥ Ar, WEW
YrE (C) (’—m)... (ﬂ)m (ﬁ)m (ﬂ;)m (x10 2mel)  (tlg) (%) (t+1oMa)
5 850 8.1349 0.0031 0.0478 . 01896 58.46 7.175 £0.002 17.2 153.33 £1.79
6 940 8. 1498 0.0030 0.0384 0.0156 75.86 7.223 £0.002 22.4 154.32 £1.80
7 1020 8.2208 0.0036 0.0732 0.0271 37.81 7.115 £0.002 1.1 152.10 £1.79
8 1100 8.3783 0.0040 0.0746 0.0260 34.33 7.163 £0.002 10.1 153.08 +1.80
9 1220 8.8518 0.0055 0. 0905 0.0319 25.05 7.196 £0. 003 7.40 153.77 £1.83
10 1350 9.9547 0. 0090 . 12256 0.0444 15.38 7.275 £0.004 4.54 155.38 £1.92
11 1450 16. 890 0.0274 . 24870 0.0807 6.750 8.799 £.0112 1.99 186.31 £2.91
S53, # A, W=0.1003g,J =0.012376
1 400 18.215 .02572 .22736 0.0498 7.214 10.64 £0.010 1.56 223.18 +3.38
2 500 12.090 0.0160 . 17202 0.0467 11.55 7.351 +0.005 2.50 157.10 £2.00
3 620 10.742 0.0148 . 13537 0.0441 15.61 6.355 £0.004 3.38 136.60 +1.71
4 740 7.4609 0.0062 0.0786 0.0339 29.69 5.600 +£0.002 6.43 120.90 +1.45
5 820 7.0873 0.0048 0.0567 0.0191 47.79 5.634 +0.001 10.3 121.61£1.43
6 900 6.2603 0.0022 0.0369 0.0192 83.74 5.581 0. 001 18.1 120.51 £1.41
7 980 6.3247 0.0021 0.0305 0.0165 108.5 5.668 £0.001 23.5 122.33+1.43
8 1060 6.4224 0. 0025 0.0562 0.0205 53.82 5.636 +0.001 11.6 121.66 +1.42
9 1150 6.6019 0.0029 0.0574 0.0186 47.79 5.720 +0.001 10.3 123.40 £1.44
10 1250 6.9565 0.0043 . 07685 0.0242 32.01 5.654 £0.002 6.93 122.03+1.44
11 1350 9.9436 0.0112 . 14364 0.0412 16.47 6.613 £0.004 3.56 141.93 +1.74
12 1450 15.687 . 02500 .26770 0.0671 7.422 8.330 £0.009 1.60 177.02 £2.57
S57, B H, W =0.1014g,J =0.012363
1 400 15.000 0.0186 . 36640 0.0981 7.445  9.5104 +0.011 1.88 200.55+3.13
2 520 11.415 0.0161 . 22681 . 07600 11.50 6.665 +0.007 2.90 142.85 +1.97
3 630 7.1404 0.0112 11778 0.0498 20.64  3.8174£0.004  5.21 83.21+£1.04
4 750 6.4893 0.0042 0.0632 0.0273 43.61 5.213 +0.002 11.0 112.70 +1.33
5 860 5.8870 0.0032 . 04897 0.0207 57.53 4.912 £0.001 14.5 106.37 £1.25
6 960 5.4922 0.0020 0.0364 0.0173 89.54  4.8554 +0.001 22.6 105.17 £1.23
7 1050 5.7638 0.0027 0.0457 0.0184 66.81 4.920 +0.001 16.8 106.54 +1.25
8 1130 5.9740 0.0034 0.0536 0.0203 53.59 4.930 +0.001 13.5 106.74 £1,25
9 1230 6.3888 0.0047 0.0933 0.0255 29.23  4.9664 £0.002  7.38 107.51£1.27
10 1350 8.8022 0.0133 .23011 0.0611 10.43  4.8734 £0.005 2.63 105.54 £1.36
1 1450 14,680 0.0255 .36992 0.0753 5.450  7.1764 £0.009 1.37 153.354 £2.23
S57,81& A, W=0.1015g,7 =0.012363
1 400 14. 883 0.0174 . 32861 0.0610 7.978 9.754 +0.008 1.63 205.42 £2.85
2 520 12.521 0.0170 . 19651 0.0500 10.90 7.503 £0.006 2.22 160.04 £2.07
3 640 10. 135 . 01356 . 14028 0.0373 17.09 6.127 £0.004 3.49 131.74 £1.61
4 760 5.8974 0.0051 0.0600 .01769 45.23 4.363 +0.001 9.24 94.80 +1.11
5 880 5.2985 0.0029 0.0550 0.0154 62.17 4.394 £0.001 12.7 95.45+1.12
6 960 5.0117 0.0018 .04378 0.0111 98.59 4.431 £0.000 20.1 96.22+1.13
7 1040 5.0410 0. 0021 0.0415 0.0123 84.67 4.369 +0.000 17.3 94.91 £1.11
8 1120 5.4285 0.0032 0.0607 0.0169 56. 83 4.443 +0.001 11.6 96.47 +1.13
9 1200 4.8581 0.0014 0.0474 .01507 65.42 4.414 £0. 000 13.3 95.87 £1.12
10 1330 6.2132 0.0058 0.0871 0.0216 31.55 4.460 +0.001 6.44 96.84 1. 14



http://www.cqvip.com

D000 http://www.cqvip.com|

472 Acta Petrologica Sinica % % %% 2006, 22(2)
gk3
Continoued Table 3
g IR Ay 6 pr 7 Ar *Ar P Ar, “Ar* /¥ Ar, ® Ar, WAER
BB () (W) (W) (”Ar)m (”Ar)m (x10~2ml)  (tlg) (%) (¢ +10Ma)

11 1450 15.126 0.0210 . 26482 0.0673 8.814 8.930 £0.009 1.80 188.93 £2.70

S61, B 78, W=0.1007g,J =0. 012363
1 400 16.379 0.0163 . 38777 . 10245 8.488 11.56 £0.012 2.99 241.17 £3.91
2 520 9.2776 .01284 .23531 0.0585 14.45 5.493 £0.005 5.10 118.55 £1.52
3 640 10.932 0.0121 . 18068 0. 0482 19.02 7.333 £0.005 6.71 156.57 £1.97
4 760 9.4761 0.0076 . 14407 .04133 24.35 7.219 £0. 004 8. 60 154,23 +1.88
5 1000 8.1673 0.0031 .07145 0.0237 58.22 7.206 £0.002 20.5 153.97 £1.21
6 1000 8.1673 0.0031 .07145 0.0237 58.22 7.206 +£0.002 20.5 153.97 £1.81
7 1100 8.3055 0. 0037 0.0758 . 02527 50. 10 7.193 £0.002 17.6 153.70 £1. 81
8 1210 9.6428 .00816 . 14800 0.0441 22.73 7.226 £0.004 8.02 154.38 £1.90
9 1320 10. 764 0.0117 . 18577 0.0576 15.77 7.293 £0. 006 5.56 155.75 £2.00
10 1430 11.960 0.0156 .22323 0.0617 11.83 7.339 £0.006 4.17 156.69 £2.07

S62, =, W=0.1016g,/ =0.012354
1 400 20.173 0.0317 . 32590 . 10549 8.025 10.82 £0.015 2.79 226.49 +4.20
2 500 13.511 0.0172 . 18495 0.0679 13.47 8.438 £0.008 4.70 178.90 £2.47
3 600 12.298 0.0172 . 13418 0. 0591 20.18 7.212 £0.006 7.04 153.98 £2.04
4 700 10. 425 0.0106 . 13125 0.0569 21.80 7.280 £0. 005 7.60 155.39 £1.99
5 800 8. 7765 0. 0053 0.0740 0.0308 43.61 7.189 £0. 003 15.2 153.52 +1.83
6 900 9.0140 0. 0056 0.0868 0.0383 32.94 7.336 £0.003 11.4 156.52 +1.89
7 1000 8.3962 0.0037 0. 0600 0.0183 49.18 7.261 +0.002 17.1 154.99 +1. 81
8 1100 8.7195 0.0048 0.0719 0.0204 38.04 7.260 £0, 002 13.2 154.98 +1.82
9 1230 9.0697 0.0062 0.0853 0.0234 29.92 7.223 £0.002 10.4 154.21 £1.82
10 1350 9.9330 0. 0089 . 11400 0.0329 20.78 7.287 +£0.003 7.25 155.52 +£1.87
11 1450 14.075 0.0160 . 22051 . 06541 8.652 .9.336 £0.008 3.01 196.94 +2.72

S62, 4K ,W=0.1017g,J =0.012367
1 400 22.796 0.0309 . 34549 0.0760 8.999 13.70 £0.017 2.60 282.444 +5.44
2 500 13. 869 0.0176 .23684 0.0572 13.12 8.665 £0.007 3.79 183.66 £2.48
3 600 12.439 0.0186 .61750 0. 0655 12.45 6.987 £0.007 3.60 149.52 +2.02
4 700 8. 1250 . 00781 .29213 . 02929 29.69 5.821 +£0.002 8.59 125.43 £1.49
5 780 6.7293 0. 0037 . 22810 0.0327 61.70 5.613 +£0.002 17.8 121.09 £1.44
6 860 6.6216 0.0027 .22882 0.0331 68.66 5.817 £0.002 19.8 125.33 +1.49
7 940 6. 9696 0.0040 . 26368 0. 0393 45.92 5.775 £0.003 13.2 124.46 +1.50
8 1020 7.5609 0. 0060 . 33986 0.0411 38.03 5.767 £0.003 11.0 124.30 +1.51
9 1100 7.6190 0.0063 . 36396 0. 0299 29.22 5.752 £0.002 8.45 123.98 +1.47
10 1230 8.5581 0.0093 .51684 0.0438 19.94 5.836 £0.004 5.77 125.74 +1.54
11 1350 12.045 0.0159 . 64861 0.0587 12.36 7.381 £0.006 3.57 157.60 £2.07
12 1450 18. 474 0.0338 . 96861 . 11991 5.471 8.563 £0.015 1.58 181.61 £3.35

E:TAmAENNEE, WHER,JHENSE,

FAEMILERE Py EH0(K4), BHIL, EMPTHS R H
BER S AN ERBFRIUERSE,
BRAMNERERET ARME A FEENRE(ET
120C) (5 8. FARBHBEKORERTFRMETHK
BE 5 /R SF (2006) XA 5 SREE R T SR e Rt

R, BEFELGS3HKESARET 13 FREMFEIT
SR (ARREEN 50 &), HKEAHTRIFANKRE
KH o B BRA N EEARNRE. REGRBRAEE
Wz AR, B RREH T AR BB, B 6 45 1H T HEd S42
W S62 KR AR, KR m e MR B S0 ERERY
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Fig.4 * At/ Ar plateau and isochron ages for biotites of the samples
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Fig.5 *“Ar/ * Ar plateau and isochron ages for K-feldspars of the samples
£4 RNEBREHRABRER
Table 4 Observed results of fission track ages
RAmEEN
=352 o] N, palNy) p(N,) pi(N) U POP) r
(t +1oMa)
$42 -3 30 1.108(2762) 3.433(721) 4.336(9106) 48.1 22.3 0.862 15.4£1.1
851 Y3 30 1.132(2829) 1.404(205) 1.901(2776) 20.7 100 0.887 14.7£1.4
853 2 11 1.114(2781) 0.790(45) 0.993(566) 11.0 90.8 0.922 15.6 £2.6
857 30 1.112(2775) 0.669(164) 0.847(2076) 9.4 100 0.965 15.5 £1.5
$61 30 1.123(2807) 3.839(1121)  3.591(10485) 39.3 3.3 0.963 19.9 £1.4
562 30 1.127(2817) 8.029(2208)  6.151(16916) 67.1 35.9 0.958 25.9£1.6
$42 &% 10 0.167(408) 94.20(4710) 5.272(2636) 387.4 0.00 0.864 51.6+6.2
851 b2 10 0.166(402) 142.1(8312) 6.832(3997) 507.5 0.00 0.917 59.4+7.8
853 10 0.169(412) 155.2(8922) 7.449(4283) 543.4 0.00 0.928 62.2£7.2
557 10 0.167(406) 97.53(5169) 5.209(2761) 384.1 0.00 0.658 55.0£7.0
61 10 0.170(416) 93,74(3656) 3.569(1392) 258.5 0.00 0.841 72.7 £10.4
$62 10 0.169(414) 121.4(6314) 5.304(2758) 385.6 0.00 0.990 63.0£7.5

YN -RE po AR RRE R
BRI o, B AR R (X 10%em
B R A 5 T UL E R R AT A LR R (%) 5 -

( x10%m?); RT3 T Lok e p.- BB RERBEHE( %x10%ecm™?); N-BK
) N‘-ﬁkﬁﬂfﬁﬁf&, #r%ﬁ’—ﬂk‘ﬁﬁmﬁf) Zetaggmsi2 =352.4 £29; P(Xz ) %sz it ,
Ne 15 N, oA B3 U- vk E( x107%) 0
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Fig.6 Temperaure-time paths of Samples $42 and S62 inversed from apatite fission track data. Each temperature-time paths

consists of 200 curves, and A, B, C are defined in the text

£S5 RRGERIK,HP ABCHRROBYAT L, R h B A B E X 30C/km i+

Table 5 Inversed results of the 5 samples, where A, B, C are defined in the text, and the erosion thickness was estimated assuming
the thermal gradient is 30°C/km
s 542 ss1 57 s61 62
A BFZ(Ma) 21 21 23.5 26 36
ARBBE(C) 120 £5 1155 120 £5 121 21 1155
B B Z( Ma) 5 5 5.5 5 6.5
BB ZIBE(T) 80 £5 75 5 80 £5 68 +2 72 £5
C B %|(Ma) 17 16 18.5 20.5 27
A—CHB%HER(T/Ma) 10 8 8 10 5
B UG HEFE(CT/Ma) 13 12 12 11 11
3Ma LIRW HHAE( T/ Ma) 20 18 18 17 16
A B2 LA A R PERE (m) 3500 3300 3500 3500 3300
B B 22 LAk A R U BE (m) 2160 2000 2160 1760 1900

HRTERS A A—C B IE) B, B BLE B M R BT F
LBAE. BMAENUSHFT R EEAR MR, BENF
FUR— EH I 46, W EA & B SMa £ 512 3Ma LI
HEIAPELH R NERERNEEILFTRHY M, A
REA 40 16T ~20C/ Ma, BHRE KR HREK
BT R R

3 AR RIHAER

HE EARARERELEFEER, EEFR 6 FFIMHABRE
DR AERBMEEE MM AR HAWRRR, 28
TERERKAFEE (B 7a,b,c,d,e,f), AIUEY, EHFH
S 57 R SR AR, B AT LAY R B RO v 2B B e
1B HIF B, 53X G5B CEE (1997 ) XA A Ly 2542 £ D00 225 SR
AL AR E, BRSBTS N T HHEESGIE
KERARRIEh, 3 MESKMEE R U-Pb EREZHEMR
ANERFH =B, X SHAMANR—. ZEIIREL
S61 #1562 f#] Rb-Sr M Ar/* Ar i 55X 3 MHRESMG, B
BeMNREERBATHR =8, SENIWEERLL
$57 AUHE ALK, RTARRESF(E 1), dTIHRK

F6 BHMESFHENHABRK

Table 6 Closure temperatures of different dating methods
HHRE

HEE () E BTN

BT U-Pb 3 ~800 Roger F et al. (2000),
Lee JKW et al. (1997)

B = HF Rb-Sr 300 ~350 Roger F et al. (2000)
B A/P Ar 320 £40 Donson MH(1973)
HERACA Ar 150 ~200 McDougall 1 et al. (1999)
EARNTRE 250 +50 Roger F et al. (2000)
BIRGHERE 0~ 120 /RS (2005)

H, 4 AN ERTERERL I PUENS %,

Rz Rb-Sr WIBERT R EMITHEREZR A, BEA K
YIRAFAE B SHHAREFH YN BZ A" Ar £18
5 Rb-Sr 4 i #5300 AE & 42, S51, S53, S62) R —%
(4n S57, S61) , %5 Rb-Sr R RAIFEM, FH =B HHEW
W5 2 BB R R R S R MR W ERER, =
B ST REATRZ 5818 R R A3 W 3t 7= A A e R B R E
AUR=&HR P —B AP OB ERT (B AFES,199%;
RIS ,1996) S H 153 S B IR BB AR H. BIA
IR RVIPRD HHERM KA TS, R E YT,
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Fig. 7 Cooling histories from multi-system geochronology for the samples

PR G T RILLIAR (RRIE, 1991.2003; fFIE%,
1996 PgBEX S ,2002) , TEFRLL v B 25 BF- S8 36 20t A B
RIDME LY, FRPAFEEBT IMREHEZ L,
JEBRE R EET K o 1R I s BT 284 7 0 LA S VR A8 B R A A
BEE R E, T HEX 2000m, KIS BRE % 700m, b
FABLAHBE B £, Rt 518 % b 57 7T 5% 3600m ({3
%,199), EHAEENERXIERELX LEPRPHER
WR(ZHEEHRT 7=/5,1990) , 4 FE iy HEWl o 4k B a7
G AEENIEEMBihR ERNKERTRETEMNUE
EARRMERE BN TTR T P54 T 5%, L2 R uNEAE N
BT, M2 AR SITERMNYRR ., hTER
MRATED S A ST ERBE(VHSH Wil
BRQ)LH  BRATHEZB (WEE3)), WREKE
Q)RR AP P HITRRAZIERBE BRERSH
“Ac/” Arfl Rb-Sr 4588, 76 B 0k B 11 B 409 ( B R 42,853,
S61 F1S62) , FEEHIRED]320C , BB = HYA/” Ar 9+
BE XERAEERFINERBRMPRPHEM KD 5, ME
RPN PERT B B R E R, BUBIR B N 40°C/km, TR
EEREFELD7.5km AHUHEMBHSE. RTHKEZ
(1) FEAR(2) Z B AR 2 (3) , BRI TR EE /I
%, BRRMNBEEIEHBRX -THEE, BREEE

“ A AR E R 2 DT RN B, T AR 4
D tart FE PRk, e A SR, ARITA S
BODEAHEE, BIVRABERZ () BRTRENRHHKE,
ETHB7 PRIMARBRAHEEQR) AR EENR
HHEFHREREEBREN. MREREQ) ,NE U-Pb ER
B 3 AMPEEORE , PORE TR HIEF Dl 6C ~ 13C/Ma,
WMREHE ), RHERE TR HEE R HTTRER,
R AP,

MR IRA PR th—B kT R, B i
RHERBIRKHER . RENBEIE R URITH
IR AR T IR, AT FRAR T & R R . B
fh SS1 #1857 S HER G M B R B A/ Ar iRl 149 ~
155Ma Z[8] , Bi@M (1990) D Fn 2 (1991) K15 B F—iM
B 126km 4hBERRE 19 R = B Rb-Sr SRR ER K
179Ma FIB 7 8% Ac/™ Ar SP4E 4 150Ma, {7145 st 42 50 3%
BEREH LR T P— kT it (80 K35, 199) , ik &
(1996) TR P — AR B IR B B EE T T — PR
HIMERa G, FEdh 542,853,561 .,562 i A KA ER, HIERE

O BRtEH. 1990. ABEEMXIGRER S ER LR ERFEHR.
A BB B B B 52 B - 3 0138 3.
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AR RIS R TE B 2 A e AR A

B HEAMRNREZEA/Y Ar EE, T HB S & Rb-Sr
SRS B RBER AR Y, R R kTt ERBRR AN
FERURTE) , BEAS 2 4 AT B -5 0 i o 18 I 4 T o BT T B
B, MM ERREE TR A Ar BXE Rb-SEARK
HARE, MEHARHG, BEHEREHA THIRR
=Y AP Ar B EHE Rb-Sr

ZEY HERF KA —FEA S, HARERKT
PLKE 350°C , B /AT LA 150°C, X AR B g iE & 1M 150
~200°C (FAA584E) (McDougall I and Harrison T, 1999) ,
i $42 553,562 B B M BR AR S i (150Ma £5) Bl R B
R (120Ma 4 ) HARFEAHBEL , P98 HE AW DLk
3| 5°C/Ma, BEdh S61 BAH KA A" Ar F i, (HRAR
BARYAY® Ar I8 5 R 3 MRESAE , HER AT X 3
AHES, X—HB BB AMTREEASSE /D, =
FE-BF AW R T 8K E R, TR/, 340 i X £
oK, R EHP, AKX E T HE, T ERE
TR A BOE (RIS ,1996) o e H B WAEX R 5T E
BTRTHRFFEZHM, I BTk RNBR ST RVBE
BT R , P T X HIRER RS, SE-BF A0
ERB SN RS A T LR AR, 2 R
TH L, BEERBR(ZHEHET ™R,1990) , RHYEX T
FHTEE R RERL R A LA R kT G R,

S5HET 4 RS RR, B S51 M $57 BB & fF Rb-Sr
SR AT Ar SE I FIAP K BY A Ar 4F 8 A KT B/
F7bER, 57T ERAZHBMPE B HERFT A
18C/ MafiRFERHF M4, BIBHEZRZBRASEA U-Pb
Filf, HRRERN T RIEEASEEE(E 1), LRETARK
BEIRIEE A 1 K-Ar SF 88 4 96Ma( R A R T ™=/,
1990) , 5L 5 S57 (2 = £ Rb-Sr 4E#% . “ Ar/” Ar sE {8 F14F
KB AT AvE AT HEIRE R S57 BRI HA K e E A
. RIS R ARSI A, AR A b A (R 8443 AT S
ZER THREFQEHEN, @b iR RELHE
HRAFS EAFRUBRHER, BRI SS1 RN KT
HREXHEERHRANREREH, B4 S WERE
Rb-SrF R . “ Ar/® Ar 4F i HoBE &) S42.S53.561.562 /b, 7E
150Ma ~ 120Ma i[RI A G0 Te #1% (4) BRRE L BB B 9 ¥8
HURERBAEGEWNER, BAFELA /TR,
ZIBPIRFERIER S57 A, B HERZH 5 KAk
R RARFHEBE, B IRATHER S51 #1857 —#,
B 7c 2 (5) B  E R R T i A RER B R4,

B 7a.d.ef RIEED BAEHBHBI T LB,
HEBCHY B, TN HERM K 0. 5C/Ma, L E
E(ET) BRAEMBAE  REEHFESAETER
HRBVH ., REEHTE, REREHAEWENRE, &
& S51 HEBEEARBRH(E Te) . XBREH, ZH-BF
M SO T, ks s T — /R
Fa (RIS ,1996) , &5 E X 7] BEEL R 3R, R 7H 4 i
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ERHRA,

ENERRE R LR BER A R R BN A SR R EERE
THBELN TR (E 6) (FE/RE,2006) . FHEFH
KW E SR RMEEE | PFBCEERAER T
M, FRATRLF LR, XHREFERBNEW
EX, FECET-B ¥ A0 R0 B S, R¥E R, 3T
ST B I S N SRR I & T B R G BR A (T RHER
5,1996) o e A AL A O 30 10 b 4 T 8 B T K 6
BHl, T AR S62 BHHEABR A RERLHT
B IER T MM BRI AER(E6) . HE
FEREPIRHF A HEARTBRAT, IRALSEHER
ZHRES R WER ERF I RRE B EARX
# M Z0 shob BUs EE 4L T 18 BE R B 58 2B KRR
R TSR] , B AR T X A M 48 B B R O P i (B
1 L1 B R TR R SR AL R 3 8 VA R AR A R
H, hFite, A BN RS ERIBEEART
PG R AR & BTG 2 , AT RE R RS A IR R B /Y
FH(EG6.7), F_MRHANTERHABEKBANGR,
R K 5Ma LI, 5552 3Ma LI, EEWHERHE
K.

IR IR BE R BERY R 22 4L, 4 30°C/km, B e 5 A
AR, 2 3 Xt 5 30 1 B BEE BT 3% 5000m 2 7, 3L+
5 RARMA 3500m 5, HGHER R KRR =g Y) R
ARekRBEE COE LR T HRFUTIRYE. HEHE
HER, B T v 2 50 ST RN B AR IR AR L R i
BT R B BB a4 PR AR 4l LA R 3 58 R S T AR IR
SHREMNGEER DR HLMAEIMELIFTEHRE,
LR BRI RB—SOEM, & HAR I R # TR A
Lo

4 B

(1) BERUR, EELT TERERNAEL, EF4
BEARBIBEPRER N ZANREEBAHRE EEM
TEEASMRRSNEYN, ERTHP—BREZSHMNERTHE,
FERBHATLL 6°C ~ 13C/Ma FEERIFWH; FEMEE
PHRPHE HEBREZHL, PRFHEERNRKE LA
T pe , RS B RUTRIIE RN B B R T A B A% E
F; REPH—BROEM R, A FE %L 5C/Ma i
ERRERH,; RAEHBRNBIE LSS, Y RIEXHY
B, P 3R A Ky 0. 5°C/Ma; FlE M bh 57 i DOk B ED R
BAEZN THBAHBH BV HERY SC ~
10°C/Ma,5Ma LASKYe H) 3 2R B B #8 OC, 4% 50 &3 3Ma DAk
FI¥e HE RG] LAAE) 16 ~20C/Ma,

(2) {3 F B M Y BEBE W 89T BB ] B F 150Ma,
A HE R R Bl B 19 1 L s T o B B R

Q) BROAEHEBAREEEES S57) , BAGHERH,
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We AT 15 5 A2 ERRSR ), R A AT LA 48
AL R (AR S51) MW HIBRAR

(4) B E T LUK, &5 X A0 &8 R 4R B AT ok
5000m 2= 45, FHp ENEERE 1R 5 R MR A 3500m 6 .

(5) ENFERRLREREAE AT AR SER W T 3R 14, (615 R EAE
ST, BB X R A L R A ER LB

it  U/Pb 4R .Rb-Sr 4E#% . Av” Ar 4B B E
Pl B i 5 BRI BB P SR 4R RAE MG I A
HOER REREMERGNE NERLBES PEBRR
MBS AT Rk R E , B AP TR B B A B I L e # B, B
XABREBIHABEL FEFEB LN RER. PIUHEHE
ARBETERER ., I,
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