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A dynamic model for sequential subduction and exhumation of a continental slab: Age
Constraints on the timing of exhumation of the Sulu HP_UHP metamorphic terrane

XU Zhigin, ZENG Ling_sen, LIANG Feng_hua and QI Xue_xiang
{ Key Laboratory for Continental Dynamics, MLR, Institute of Geology, CAGS, Beijing 100037, China)

Abstract: From south to north, three parallel metamorphic imbricated slices compose the Sulu high to ultrahigh pressure metamorphic
terrane. They are high pressure (HP) slice, very high pressure ( VHP) slice, and ultrahigh pressure ( UHP) slice, separated by duc
tile shear zones. Using *Ar/ ¥ ar and whole rock Rb_Sr techniques, the authors analyzed micas from amphibolite facies rocks in the
UHP slice and from greenschist facies rocks in the HP slice to constrain the timing of exhumation of the Sulu HP_UHP metamorphic
belt. Together with previous results from zircon U/Pb, whole rock Sm_Nd and Rb Sr measurements, the data obtained show that
peak metamorphism and subsequent exhumation in the UHP zone occurred in 240~ 220 Ma and 220~ 200 Ma, respectively. In the
HP zone, however, peak metamorphism and the onset of exhumation occurred earlier than 258 Ma and in 258~ 240 Ma, respective
ly. These data have led us to propose a new model for the formation and exhumation of the Sulu HP_UHP rocks. In this model, se-
quential subduction and exhumation of different parts of the Yangtze slab occurred in different periods, depending upon vertical varia-
tions in the physical properties of the subducted continental crust.
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Fig. 1 Tectonic sketch map (A) and cross section ( B)

of the Sulu HP_UHP metamorphic terrain
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Table 1 Results of **Ar/ ¥ Ar stepwise heating dating for biotite
W e (“AvPAn, CAvPAD,. (TAYPAD. (PAYPAD L PAN %107 Pmol PAS /PAr F10 PAng % ERIMa X Ma
B527R388P1f, 2 B, BRI 0. 136 4 g, J= 0.013 781 2, Tp= 214. 40 £2. 24 Ma, Tf= 214. 00 £3. 40 Ma, Tiso= 214. 12 £4. 28 Ma, ¥ 51K 5L 79

300 14.3427 0. 020 268 0. 049 79 0.0864 0.023 8.350 1.99  0.75 196.49  46.74
500 13.2030 0.015 984 0.011 58 0.0293 0.110 8.4722 0.42  3.54 199. 21 9. 94
620 14.476 3 0.019 087 0. 007 00 0.024 8 0.243 8.8282 0.194  7.83 207. 16 4.56
720 10.9338 0. 006 790 0. 006 67 0.0351 0.343 8.9193 0.171 11.05  209.14 4.00
850 11.1373 0. 006 691 0. 009 22 0.0260 0. 548 9.1523  0.100 17.64  214.29 2.34
980 11.103 4 0. 006 533 0.013 33 0.0360 0. 452 9.1655 0.134 14.54  214.58 315
1050 11.306 4 0. 006 259 0.011 51 0.0303 0. 566 9.4459  0.120 18.24  220.84 2.80
1100 11.826 1 0. 008 587 0.01383 0.0379 0. 487 9.2815 0.122 15.68  217.14 2. 84
1150 10.3309 0.004 713 0.034 53 0. 066 3 0.203 8.9332 0.3l 6.54 209. 45 7.27
1200 11.9346 0.010 432 0.072 19 0.2049 0. 065 8.8509 0.79 210  207.62  18.42
1250 12.7542 0.012 835 0. 105 21 0.1751 0. 039 8.96366 0.40 1.24 246.78  11.00
1300 13.5806 0. 016 004 0.078 71 0.2522 0. 026 8.85096 0.58  0.85 243.87  16.06
B475R359P3v, B BE FRE 0.094 g, J= 0.013 7737, Tp= 210.90£1.05 Ma, Tf= 210. 60 £1.24 Ma, /H K 5 78
300 16. 867 4 0. 028 443 0. 008 40 0.0282 0.128 8.4547 0.36  0.75 198. 72 8. 48
500 12.3520 0. 013 405 0. 003 50 0.008 8 0. 435 8.3824 0.11 2,54 197. 11 2.51
620 13.1627 0.014 624 0. 002 05 0.0059 1.287 8.8329 0.045  7.52 207,12 1.06
720 11.989 1 0.010 481 0.001 76 0.0049 1.715 8.8835 0.043 10.02  208.24 1.02
850 10. 692 7 0.005 731 0.001 73 0.0049 3. 086 8.9906 0.046  18.03  210.61 1.07
980 0.446 7 0. 004 893 0.002 24 0. 006 & 2.775 8.9924 0.046 16.21  210.65 1.08
1 050 10.462 1 0. 004 550 0.002 43 0.006 3 3. 116 9.1092 0.044 18.20  213.23 1. 04
1100 10. 6252 0. 004 722 0.003 20 0.0075 2,501 9.2216 0.050 14.61  215.71 1. 17
1150 11.0979 0. 006 704 0. 006 07 0.0154 1.215 9.1087 0.09  7.10  213.22 2.12
1200 11.6124 0. 008 540 0.01009 0.0249 0. 495 9.0812  0.11 2.89 212. 61 2.57
1250 11.359 | 0.010276 0. 004 36 0.044 3 0.236 8.31419 0.07 1.38 229. 99 1.93
1300 12,1769 0.013117 0. 004 30 0.068 7 0.128 8.29266 0.20  0.75 229. 43 5. 64
B627R441P3n, Mz BF, B 0. 0576 g, J= 0.013773 7, Tp= 202.40£1. 04 Ma, Tf= 202. 58 £1.20 Ma, 441K : 81
300 13.8736 0.019 587 0. 008 22 0.0368 0.153 8.0778 0.30  0.84 190. 31 7.13
500 12.6703 0. 014 865 0. 003 59 0.0113 0. 430 8.2693 0.11 2.36 194. 59 2.55
620 14.1419 0.018 634 0.001 39 0.0057 1. 488 8.6566 0.040  8.17 203. 21 0.94
720 11.6220 0. 009 849 0.001 49 0.0070 1. 944 8.7030 0.038 10.67 2.4.24 0.89
850 10.3752 0. 006 259 0.001 65 0.0053 3.379 85171 0.041 18.55  200.11 0.97
980 10.267 0 0. 005 691 0. 002 62 0.0075 2.670 8.5770 0.047 14.66  201.44 1. 11
1 050 10. 296 2 0. 005 355 0.002 43 0.006 7 3.372 8.7053 0.041 18.51  204.29 0.95
1100 11.3769 0. 008 226 0.003 21 0. 008 2 2. 694 8.9377 0.049 1479  209.44 1. 16
1150 10.5165 0. 006 886 0. 006 32 0.0160 1.317 8.4736 0.08  7.23 199. 14 1.90
1200 11.3390 0. 009 026 0.012 45 0.0504 0.423 8.6644 0.13  2.32 203. 38 3.01
1250 11.7194 0. 010 646 0.005 19 0.0797 0. 208 8.56528 0.08 1. 14 236. 50 2.19
1300 12.6180 0.013 545 0. 003 89 0.076 1 0. 138 8.60712 0.19  0.76  237.58 5.22
B608R432P1f, MW= BF, B 0.063 4 g, J= 0.013 776 2, Tp= 200. 86 £1. 14 Ma, Tf= 200. 65 £1. 40 Ma, ¥ 41 K % 80
300 13.399 2 0.018 001 0.007 48 0.0222 0. 159 8.0718 0.29  0.85 190. 21 6. 87
500 12.8020 0.015 522 0. 002 50 0.006 8 0.536 8.2069 0.09  2.87 193,23 2.04
620 13.690 2 0.017 432 0.001 27 0.0056 1. 498 8.5304 0.039  8.02 200. 44 0.93
720 11.3935 0. 009 540 0.001 15 0. 006 6 2.034 §.5659 0.036 10.89  201.23 0.85
850 10.304 9 0. 006 405 0.001 52 0.0047 3.426 8.4037 0.040 18.34  197.62 0.95
980 10.2190 0. 006 009 0.002 27 0.006 8 2. 741 8.4347 0.046 14.67  198.31 1.08
1 050 10.5333 0. 006 038 0.001 95 0.0056 3.365 8.7407 0.041 18.01  205.11 0.97
1100 1.1127 0. 007 663 0. 002 39 0.007 1 2.832 8.8399 0.046 1516  207.31 1.08
1150 10.478 8 0. 006 996 0. 005 38 0.0180 1.311 8.4033  0.08  7.02 197. 61 1.90
1200 11.5179 0.009499  0.001 160 0.066 8 0.411 §.7033  0.13  2.20 204.28 3.10
1250 12.4796 0.012 477 0.017 86 0.065 4 0.243 8.78590 0.07 1.30 242.20 1.88
1 300 13.0927 0. 014 993 0.017 05 0.0818 0.125 8.65520 0.12  0.67 238. 82 3.41
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Fig.5 Wr_Hb_Bi Rb_Sr isochron ages of the HP

metamorphic rocks
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JEEE R A AE 200~ 240 Ma(Li et al., 1989, 1993, 1996,

2000a, 2000b; Ames et al., 1993, 1996: Hacker et al.,
1998: Maruyama et al., 1994) . Li %5 (1993) M| 5 4> % Sm_
Nd [F7 ZE4EES O 221~ 228 Ma, Ames %5 ( 1996) I £ 95 151
o A8 B e R S B A U_Ph 4RI 217 Ma. 789545
B M A B S R A 2 10 728 J5 ) ) B b 0 R AN AE
I BRSBTS A X (K SHRIM P U_Ph 41 2 1]
L5057 220~ 242 Ma [ g H AR 5P F (0046 K %5, 2003) .
AR R R Bl RS O M B 4 SHRIMP U_Ph I 5 B 4 &
W T A TR T A6 T 219 Ma, HI Y BESS 145 47 U_Pb 4E
WAL 202~ 219 Ma, {6 T R 4F 0% 42 209~ 219 Ma( XU 4R
KA, 2003) 5 1l A< IR 1 R F AR AR R R A e
FRE 23 (085 47 SHRIM P U_Ph 04543 il 4 221 £12 Ma HI 228
129 Ma( Yang et al., 2003), U B0 SUMIOHE 71 R 0 B O
B RIS AE 220~ 242 Ma IRF 89 28 5 A 1 3 0 o i Jit b kg
AR TR (# 2) (K 6) .

(5) B (1 045 HoHs e W, v B 2% AR O LT 258
Ma, EEGHTIR T 250~ 240 Ma, F1 T A2 ¢ 1494k J\I% w5 Fk 722 Jii
BT S A A T A I AE S 245 Ma T (Li e
al., 1993) . 17 & e L 28 A 1 ) A0 ol R0 9 3R IS 8] 43 50 4
240~ 220 Ma A1 220~ 200 Ma, B B &5 28 AR A JE 1 45 37
T HPS B L i H A SR SR L AL 1, A b e s

Fz2 FHEHP(] )M UHP( RN V) TERFAMSERMNENRBONTER SR

Table 2 Summary of previous work on radioactive isotopic data from the Sulu HP_ UHP metamorphic terrain

i i [l Jiid: AEWE I Ma Zx 2% ik
4% UHP B hialy IV
[ TR AT OB SHRIMP U/ Pb 541 225£5 Ma Yang et al., 2003a
g TR AT OB SHRIMP U/ Ph #i 47 229 +39 Ma Yang et al.,2003a
L+ FiwE Sm_Nd 4%} 209~ 211 Ma Liet al., 1993
il FiwE Sm_Nd 4% 228 £6 Ma Liet al..1993
e, H FiwE U_Pb %471 202 %13 Ma Liet al..1993
[/ FiwE U_Pb %471 217.1*8.7 Ma Ames et al. . 1996
e, B i U_Pb %541 224 *14 Ma Zheng et al. , 2004
Bk, R b ey U_Pb 541 224 27 Ma Zheng et al., 2004
I UHP 728 Jiafy 111
Al FiwE Sm_Nd 4% 226 £3 Ma Liet al..1993
Al b ey U_Pb %471 218 %16 Ma Zheng et al. 2004
el 4ifg ER R U_Ph 47 221 Ma Rumble et al. 2002
ZRRYE, Bl AR O U_Ph 47 216~ 233 Ma Rumble et al. 2002
CCSD_PP2, %if 1IE 1 R SHRIM P U/ Ph % 47 ¥ A 232£4.0 Ma Liu et al.,2004a
CCSD_PP2, %iff L R SHRIMP U/ Ph 5 A7 B 1 4 228 £5.0 Ma Liu et al.,2004a
CCSD PP2. 4ifi iF R SHRIMP U/ Ph #5470 24 213150 Ma Liu et al. .2004a
CCSD_PP2, 4§ AR R SHRIMP U/ Pb 854714 2040 208 14,0 Ma Liu et al.,2004a
CCSD_MH, %:if§ 1R R U_Pb 547 227%2.0 Ma Liu et al. . 2004h
CCSD_MH, %:if§ 1R R SHRIMP U/ Pb 547 435040 209 £3.0 Ma Liu et al. . 2004h
el ARl i o] O PR 213.4%4. 1 Ma Li et al. 2003
G, it e O/ ¥ W7 B 200.6£3. 1 Ma Li et al., 2003
By, %l W O/ ¥ 7 B 204120 Ma Li et al., 2003
A HP AT
gk S\ b e Opr S5 B 204£2.0 Ma Liet al., 1993
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Fig. 6 Summary of previous dating results using different methods in the Sulu HP_UHP metamorphic terrain
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