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# 1 DX334 KA B ML B (J=0.007121 W =0.022g)
Table 1 Stepped heating data of DX334 K-feldspar (J=19.007121,W =0. 022g)
EE 36 39 39 39 40 L) 40 * /39
Temp OAr/¥Ar S7TAr/*Ar Ar/*Ar SAr Ar Ar Ar* /¥ Arg Age+1lo
) (107 (X107 %mol) (%) %) (Ma)

(g o))
400 318.3 0. 0013 519.3 1.34 0. 056 51.7 164. 8 1401+18. 4
450 261.1 0. 0047 142.3 2.08 0.143 83.8 219.0 1696+5.0
450 49. 39 0. 0051 97. 49 1.52 0. 207 41. 4 20.56 246.513.2
500 126.7 0. 0032 55. 06 4.27 0. 386 87.1 110. 4 1046%1.3
500 21. 44 0. 0034 31. 85 4. 58 0.577 55.7 12. 00 147.9%+2. 4
550 42.37 0. 0026 11. 27 9. 44 0.972 92.0 39. 02 422.3+1.0
550 8. 960 0. 0017 2.262 14.5 1.58 91.9 8.266 103.2+£0.1
600 23.13 0. 0019 5. 061 16.7 2.28 93.3 21.61 258.2+0.6
600 8.175 0. 0020 1. 149 18.0 3.03 95.2 7.810 97.6%0.1
650 15. 61 0.0022 3.084 35.0 4.50 93.9 14.68 179.4+40. 3
650 7.847 0. 0023 0. 6356 29.7 5.74 97.1 7.634 95.5+0.1
700 10. 62 0. 0021 1. 371 37.3 7.30 95.8 10.19 126.4+0.2
700 8. 075 0. 0018 0. 4241 31.9 8. 64 97.9 7.924 99.0+0.1
700 8. 164 0. 0018 0.7822 11.6 9.12 96. 3 7.908 98.8+0.2
750 9.593 0. 0017 0. 8335 35.0 10.6 97.0 9. 321 115.940.1
750 8.407 0. 0016 0.5117 18.7 11.4 97.6 8. 230 102.7%+0.3
800 9. 059 0.0012 0.6132 42. 4 13.1 97.6 8. 852 110.340.2
800 8.493 0. 0006 0.4751 27.3 14.3 97.8 8. 327 103.940.2
850 9.011 0. 0009 0.5529 32.6 15.7 97.7 8. 822 109.9%0. 1
850 8.535 0. 0007 0. 5460 21.0 16.5 97.5 8. 348 104.240.2
900 8.595 0. 0007 0.4713 29.0 17.7 97.9 8.430 105.240. 2
900 8. 641 0.0012 0.7750 22.6 18.7 96. 8 8. 387 104.640.2
950 8. 646 0. 0008 0.5636 29. 4 19.9 97. 6 8. 454 105.5+0.2
950 8. 701 0.0014 0. 6921 16.0 20.6 97.0 8.471 105.7£0.2
1000 8. 905 0.0014 0.5424 39.6 22.2 97.8 8.719 108.7+0.2
1000 9.103 0. 0012 0. 7607 23.1 23.2 97.0 8.853 110.3+0.2
1050 9.509 0. 0016 0.6343 39.2 24.9 97.6 9. 296 115.610.1
1050 9.793 0. 0010 0.7548 24.3 25.9 97.3 9.544 118.6+0.2
1100 10. 36 0.0017 0. 7559 43.9 27.7 97.5 10.11 125.4%0.1
1100 10.92 0.0024 0. 9930 58. 4 30. 2 97.0 10. 60 131.31+0.2
1100 11. 71 0. 0022 1. 456 72.0 33.2 96. 1 11. 25 139.010.4
1100 12. 50 0. 0024 1. 606 84.8 36.7 96. 0 12. 00 147.940.4
1100 13.03 0. 0025 1. 866 60.1 39.2 95.5 12. 45 153.240. 4
1100 13.43 0. 0020 2.077 78.8 42.5 95.2 12.79 157.2+0.2
1100 13.67 0.0018 2.124 91.3 46. 3 95.2 13.01 159.940.3
1100 14. 07 0, 0011 2.712 164 53.2 94.1 13. 24 162.5%+0.2
1100 14. 36 0. 0008 3. 269 102 57.5 93.1 13.37 164.11+0.6
1100 14.49 0. 0005 3.584 83.9 61.0 92.5 13. 41 164.540.3
1100 14. 66 0. 0005 4.087 60.3 63.5 91.5 13.43 164.7+0.4
1100 14. 86 0. 0005 4. 655 49.2 65.5 90.5 13. 46 165.1%+0.3
1200 13.83 0.0012 2.116 19. 8 66, 4 95.1 13.18 161.8%0.3
1250 13. 65 0. 0007 2. 047 69.1 69. 3 95.3 13.02 159.9+0.3
1300 13. 80 0. 06007 1. 809 194 77. 4 95.9 13.24 162.6+0.2
1400 14. 16 0. 0007 1. 768 383 93.4 96. 1 13. 61 166.940.2
1500 14. 04 0. 0006 2.183 157 100 95.2 13. 37 164.110.3
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Fig. 2 Age spectra and cooling history of three K-feldspar samples.
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Table 2 Results of modelling the cooling history on the MDD model for K-feldspar samples
FE—HhE R HR FE_HER AR
The first cooling stage The second cooling stage
RHEH A B s RERE  E O KEEE RGME & F ZLME
Sampling localities Samples Starting cooling ending Starting cooling ending
time rate rate time rate rate
(Ma) ('C/Ma) (Ma) (Ma) (C/Ma) (Ma)
<3 1y b X DX334 165 40 163 102 15 97
Dabie mountains area DX54 280 9.5 252 102 15 97
MH89-14 ~210 10 195 125 17.5 121
T hgﬁMQ faul MHS89-15 145 10 132 125 18.5 117
ane e“g;o‘:e"a"g aukt MH89-16 ~200 9.5 169 125 18.5 119
MHS89-7 ~ 264 9.5 245 187 15 180
LB MH89-11 ~210 9.3 195 195 40 193
North Jiangsu-Jiaonan tectonic = MH89-12 193 40 190
melange segment MHS89-13 193 40 190
4.1.3 WP THR AL
| e R B 35 2 KU B I Y
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THERMAL EVOLUTION HISTORY AFTER COLLISION
OF NORTH CHINA PLATE WITH YANGTZE PLATE

Li Qi Chen Wenji Ma Baolin
(Institute of Geology, SSB, Beijing 100029)

Wang Qingchen
(Institute of Geology, Chinese Academy of Sciences, Beijimg 100029)

Sun Min*
(Department of Earth Sciences, Hong Kong Unrversity, Hong Kong)

Abstract
4°Ar-3Ar analyses and MDD (multiple diffusion domain) model treatements were performed for 9 K-feldspar
samples. They were collected from gneiss and mylonite of North Jiangsu-Jiaonan-Dabie tectonic melange belt and
Tancheng-I.ujiang fault zone. The thermal evolution history exhibits five fast cooling stages found in these samples.
In relation with their possible tectonic implications a recovery process after the collision of the North China plate with

the Yangtze plate is suggested here.
Key words: Metamorphic belt, Thermal history, Geological age determina-
tion, MDD model

1 Introduction

In recent years the North Jiangsu-Jiaonan tectonic melange belt was considered to be a part
of the collsion zone between North China plate and Yangtze plate and also the eastward extension
of the Qinling-Dabie orogenic belt. The age of the final collision of the North China plate with
the Yangtze plate is about 220 Ma because Rb-Sr and Sm-Nd ages of eclogites in several high-
pressure metamorphic belts distributed in North Jiangsu-Jiaonan and the southern and northern
piedmonts of the Dabie Mountains as well as K-Ar ages of single minerals from the country rocks

[, However, Liu Ruoxin et all?), recently

of eclogites are mostly in a range of 210 Ma to 250 Ma
obtained four U-Pb ages of zircon from Bixiling eclogite in the Dabie Mountains. Of the four
ages, the youngest is 254467 Ma, which is consistent with a whole rock-mineral Sm-Nd age of
2431 0. 3 Ma obtained by Yang Weiran et al®®l. for the same eclogite. This age may represent
the time during which the ultra-high pressure metamorphic eclogites recvered and uprised from
their largest depth (about 140~150 km). It is certain after 210~250 Ma that the eclogites a~
exotic blocks entered the crust. This paper is aimed to study cooling (uplifting) history of this re-
gion since 210~ 250 Ma after collision between the two plates from chronological aspect, or
rather the uplifting history after the high-pressure metamorphic rocks (or geological bodies) devi-

ated from P-T conditions of eclogite facies having reached the middle-upper crust.

*  Fan Qichengg and Zhang Qi took also part in the field work.
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2 Samples (Fig. 1)

K-feldspar samples in this study were collected from the Bixiling eclogite body at the south-
ern piedmont of the Dabie Mountains and from the Tancheng-Lujiang fault zone at Shuanghu
Village, Donghai County, Jiangsu Province. The Bixiling eclogite body is the largest one of
known eclogite bodies in the North Jiangsu-Jiaonan-Dabie metamorphic-tectonic melange belt.
Sample DX54 was collected from its overlying eclogite-bearing gneiss and sample DX334 from its
underlying felsic mylonite. Samples MH89-14 were collected from gneiss at Shuanghu Village.
®Ar-*Ar analyses and MDD (multiple diffusion domain) model treatments of all these samples
were performed. In addition, MDD model treatments were again performed in a more accurate
way for the published data of six K-feldspar samples from the North Jiangsu-Jiaonan segment of

the melange belt.

3 Experimental Methods and MDD Model Treatments

K-feldspar single minerals were separated by using magnetic and heavy liquid separations for
analyzing their **Ar and **Ar in T. M. Harrison Laboratory™'*}, Department of Earth and Space
Sciences, University of California, Los Angeles, U.S. A. In order to make MDD treatments,
two special procedures were taken in the analysis and experiment of K-feldspar: (1) heating of
samples was carried out two times at one temperature between 400°C and 800°C so as to correct
excessive ** Ar possibly existing in the lower temperature interval, and (2) heating of samples
were carried out repeatedly at 1100°C in order to obtain the diffusion information of the maxi-
mum diffusion domain as much as possible. The obtained age results of K-feldspar samples are
plotted in Fig. 2 and listed in Table 1.

It should be pointed out that when the age data are calculated by the MDD model and related
procedures proposed by Lovera et al. (%, if the difference of the assumed temperature in the cool-
ing process was 10C, (in Fig. 2b, d, f, model-1,model-2) the obtained model age spectrum
would not be coincident with the measured age spectrum (in Fig. 2a, ¢, e, the model-2 can not
give a good fit to the measured age spectra). But the coincidence of model-1 with measured age
spectrum increases the confidence of modelling the cooling history. Results of the cooling history
on the MDD model for K-feldspar are listed in Table 2 and a comprehensive comparison is shown

in Fig. 3.

4 Cooling History and Possible Tectonic Implications
4.1 Cooling History
4.1.1 Melange belt on southern piedmont of Dabie Mountains
K-feldspar sample DX54 from granite-gneiss adjacent to the eclogite yields a *° Ar-**Ar age of

111~274 Ma  (Fig. 2c), and its minimum age obtained by correction at a lower temperature
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stage is 82 Ma. In considering that the diffusion information lost when the final 25% of ¥ Ar was
released, the maximum age of the sample modelled on the corresponding cooling historic MDD
model should be 252 Ma (Fig. 2d). Assuming that the sample has undergone a fast cooling event
before 252 Ma (10°C /Ma), its most important result shows an “isothermal” stage from 252 Ma
to 102 Ma. In this long period of 150 Ma the temperature change was only 1. 5°C. Then, a new-
ly fast cooling process (15°C /Ma) started from 102 Ma.

K-feldspar sample DX334 from mylonite at the northern side of the eclogite body yields a
*Ar-*Ar age of 96~167 Ma(Fig. 2a), and its minimum age by correction at a lower tempera-
ture stage is 59 Ma. In Fig. 2b, the cooling curve before 167 Ma is assumed. As the age of para-
genetic muscovite is 206. 9+ 0. 8 Ma, a slow cooling process could exist between 210 Ma and
165. 5 Ma ( the cooling curve passes through the muscovite age point Fig. 2b). When the sample
was cooled to 324°C (at 165.5 Ma), a fast cooling process started (40 C /Ma) and developed un-
til temperature dropped down to 225°C (at 163 Ma). It can be seen in Fig. 3 that the samples
DX334 and DX54 are at an isothermal level and at the same “isothermal” state during 163~102
Ma. Again like sample DX54, the sample exhbits a fast cooling beginning from 102 Ma
(15°C/Ma). Finally, it can be seen that these two differently occurring samples each recorded a
fast cooling event from 102 Ma to 97 Ma.

4.1.2 North Jiangsu tectonic melange belt

K-feldspar sample MH89-7 was collected from chlorite schist in Guanyun of northern Jiang-
su, which is located in the suture between the North China and Yangtze plates. An assumed low
limit age of an early fast cooling event was 245 Ma, it is similar to that of sample DX 54, but an
“isothermal” stage also exists between 245 Ma and 187 Ma, (lasting 58 Ma with a temperature
change of 40C). The second fast cooling event took place between 187 Ma and 189 Ma with a
cooling rate of 15'C /Ma, approximately corresponding to the fast cooling event given by samples
MH89-11, 12 and 13 (Fig. 3), which were collected from the Donghai-Lianyungang zone,
North Jiangsu.

4.1.3 Tancheng-Lujiang fault zone

K-feldspar sample MH89-14 from gneiss in the Tancheng-Lujiang fault zone at Shuanghu,
Donghai County, North Jiangsu, yields a **Ar-**Ar age of 120~199 Ma (Fig. 2e) , and its mini-
mum age by correcton at a lower temperature stage is 78 Ma. As the age of paragenetic biotite is
217. 9+ 1. 3 Ma, a fast cooling event might exist between 210 Ma and 195 Ma, and a cooling
event at least after 199 Ma is supported by evidence of age spectra. This cooling event is coninci-
dent with the second cooling event found in sample MH89-7 and that found in samples MH89-
11, 12 and 13. A very slow cooling took place between 165 Ma and 125 Ma. Then the second
fast cooling event occurred between 125 Ma and 120 Ma, with a cooling rate of 18'C /Ma. This



202 SEISMOLOGY AND GEOLOGY 17 &

fast cooling event is also confirmed by samples MH89-15 and 16, which were collected from a
branch fault of the Tancheng-Lujiang fault zone in the same area. After this event a slow cooling
else occurred. If previously obtained K-Ar age of gouge and fission-track age of apatite from the
Yishu fault are taken into account, this slow cooling together with uplifting history can last about
30 Ma.

4.2 Possible Tectonic Implications

In combination with field observations, the fast cooling events and “isothermal” stages given
by the above nine samples may have the following tectonic implications:

(1) A fast cooling event is assumed to occur before 210 Ma according to various geologic in-
dications in the studied areas, it corresponds to minimum time interval from the collision between
North China and Yangtze plates to the closing and uplifting of the extensive area.

(2) The fast cooling event with a cooling rate of 40'C/Ma between 195 Ma and 190 Ma in
the North Jiangsu-Jiaonan region and the fast cooling event with a cooling rate of 15°C /Ma be-
tween 187 Ma and 180 Ma in the suture between North China and Yangtze plates did not be
found in the Dabie Mountains area, indicating that sinistral strike-slip movement along the
Tancheng-Lujiang fault zone before the fast cooling made them separate, causing the geologic
bodies which were originally located in the Dabie Mountains area to migrate to the North Jiangsu
area.

(3) The fast cooling event between 165 Ma and 163 Ma (represented by sample DX334) led
the eclogite body to connect with that at a long isothermal state (represented by sample DX54)
and then together with it retained a steady isothermal state till to 102 Ma.

(4) The fast cooling event between 125 Ma and 120 Ma in the Tancheng-Lujiang fault zone
(represented by samples MH89-14, 15 and 16) is approximately contemporaneos with the for-
mation of fault gouge, which was previously dated to be the late stage of early Cretaceous, sug-
gesting that this fault zone has undergone a strong uplifting in the middle Cretaceous.

(5) The fast cooling event with a cooling rate of 15'C /Ma in the Dabie Mountains area be-

tween 102 Ma and 97 Ma might correspond to the last uplifting and locating of this region.

5 Conclusions

The MDD model can be used to study the continuous cooling (uplifting) of geological bodies
in a temperature range of 150~400'C. In this paper, using the cooling curves of nine K-feldspar
samples and tectonic evolution history obtained by inversion in combination with field observa-
tions, an evolutional process of vertical and horizontal movements of the North Jiangsu-Jiaonan-
Dabie tectonic melange belt is established. From chronological aspect, this process supports the
formation and recovery model of the Dabie-Jiangsu-Shandong ultrahigh-pressure metamophic belt
suggested by Arall Okey!J. This work is only a preliminary attempt. Undoubtedly, there many

problems remain to be solved.
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