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Abstract: The buried hills containing Mesozoic igneous rocks in the Qiongdongnan Basin are a major
site for offshore oil and gas exploration. However, owing to a lack of systematic chronology and
geochemical research, the petrogenesis and tectonic setting of the basement rocks remain unclear,
hindering further exploration of oil and gas reservoirs in these buried hills. Here, we comprehensively
investigate the petrology, zircon geochronology, whole-rock geochemistry, and zircon Lu-Hf isotopes of
diabase collected by drilling in the Qiongdongnan Basin to determine its petrogenesis and tectonic setting. The
results of LA-ICP-MS zircon U-Pb geochronology reveals a crystallization age of (236 &=3) Ma for the
diabase, indicating that it formation during the Late Triassic. The diabases have low contents of SiO,
(47.96%~49.97%) and Al,O;(13.16% ~13. 68%) ,but are enriched in MgO(6. 02% ~7.49%) and
Mg® (58 ~61). The sampled rocks exhibit right-sloping rare earth elements pattern and positive Eu
anomalies, and are enrich in large ion lithophile elements and depletion in high field strength
elements. They are also enrich in zircon Hf isotopes (e Hf (#) = — 9. 08 ~ — 4. 70). The results of
petrogenesis analysis indicates that the diabases had originated from the melting of enriched mantle
which was metasomatized by early subducted sediments-derived aqueous melts. The results of this
study reveals that diabases in the Qiongdongnan Basin formed in a post-collision extension setting,
and are products of the Paleo-Tethyan orogeny.

Key words: Qiongdongnan Basin; buried hills; chronology; geochemistry; tectonic
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1 LS32-A LA-ICPMS U-Pb
Table 1 The results of LA-ICP-MS U-Pb dating of zircons from the diabase and quartz diorite in Well LS32-A
/107°¢ /Ma
Th u o | Y 2:}:1)/ Is Z(:fg’/ ls 20;55/ 1o LZPS/ 1o mff 5/ 1o
(LSh-1)
1 378 1125 0. 34 0.0523 | 0.0011 | 0.2997 | 0.0084 | 0.0414 | 0.0009 266 7 262 6
2 426 1266 0. 34 0.0519 | 0.0010 | 0.2880 | 0.0075 | 0.0400 | 0.0007 257 6 253 5
3 1039 1906 0. 54 0.0548 | 0.0012 | 0.2787 | 0.0073 | 0.0366 | 0.0005 250 6 232 3
4 286 1149 0.25 0.0533 | 0.0011 | 0.2721 | 0.0063 | 0.0368 | 0.0005 244 S 233 3
5 776 1417 0.55 0. 0506 | 0.0008 | 0.2758 | 0.0055 | 0.0393 | 0.0005 247 4 249 3
6 465 945 0.49 0.0535 | 0.0012 | 0.2984 | 0.0088 | 0.0402 | 0.0007 265 7 254 4
7 533 1182 0. 45 0.0550 | 0.0010 | 0.3200 | 0.0078 | 0.0421 | 0.0009 282 6 266 6
8 718 1708 0.42 0.0539 | 0.0013 | 0.2805 | 0.0079 | 0.0375 | 0.0005 251 6 238 3
9 333 1109 0. 30 0.0539 | 0.0011 | 0.2812 | 0.0078 | 0.0375 | 0.0006 252 6 238 4
10 558 1745 0. 32 0. 0500 | 0.0009 | 0.2847 | 0.0067 | 0.0412 | 0.0008 254 5 260 5
11 428 1374 0. 31 0.0517 | 0.0012 | 0.2717 | 0.0069 | 0.0380 | 0.0005 244 5 240 3
12 1186 1425 0.83 0.0495 | 0.0010 | 0.2626 | 0.0059 | 0.0383 | 0.0005 237 5 242 3
13 164 857 0.19 0. 0500 | 0.0009 | 0.2730 | 0.0056 | 0.0395 | 0.0006 245 4 250 4
14 802 1473 0. 54 0.0495 | 0.0009 | 0.2691 | 0.0051 | 0.0394 | 0.0006 242 4 249 4
15 1590 1998 0. 80 0.0511 | 0.0008 | 0.2603 | 0.0052 | 0.0368 | 0.0005 235 4 233 3
16 744 1480 0. 50 0.0514 | 0.0009 | 0.2684 | 0.0060 | 0.0376 | 0.0005 241 5 238 3
17 522 931 0. 56 0.0507 | 0.0009 | 0.2623 | 0.0047 | 0.0374 | 0.0005 237 4 236 3
18 206 611 0. 34 0.0563 | 0.0018 | 0.2788 | 0.0102 | 0.0358 | 0.0007 250 8 226 4
19 601 728 0. 83 0.0524 | 0.0014 | 0.2610 | 0.0081 | 0.0362 | 0.0009 235 7 229 6
20 131 265 0.49 0.0547 | 0.0026 | 0.2814 | 0.0152 | 0.0371 | 0. 0008 252 12 235 5
21 654 1769 0. 37 0.0501 | 0.0009 | 0.2657 | 0.0057 | 0.0383 | 0.0006 239 5 242 4
22 219 331 0. 66 0.0517 | 0.0013 | 0.2585 | 0.0079 | 0.0360 | 0.0007 233 6 228 B
23 568 1450 0. 39 0.0517 | 0.0008 | 0.2826 | 0.0074 | 0.0394 | 0.0008 253 6 249 5
24 408 1439 0. 28 0. 0506 | 0.0008 | 0.2682 | 0.0055 | 0.0383 | 0.0007 241 4 242 4
25 741 1794 0.41 0.0549 | 0.0014 | 0.2895 | 0.0088 | 0.0380 | 0.0006 258 7 240 4
26 292 1092 0. 27 0.0534 | 0.0010 | 0.3077 | 0.0070 | 0.0416 | 0.0006 272 5 263 4
27 566 1380 0.41 0.0516 | 0.0009 | 0.2840 | 0.0065 | 0.0397 | 0.0007 254 5 251 4
28 542 1623 0.33 0.0518 | 0.0009 | 0.3033 | 0.0086 | 0.0422 | 0.0010 269 7 267 6
(LSc-1)

1 648 1495 0.43 0.0519 | 0.0010 | 0.2874 | 0.0064 | 0.0400 | 0.0007 256 5 253 4
2 582 1620 0. 36 0.0511 | 0.0008 | 0.2865 | 0.0068 | 0.0404 | 0.0007 256 5 255 4
3 538 1448 0. 37 0.0489 | 0.0009 | 0.2722 | 0.0060 | 0.0402 | 0.0007 244 B 254 4
4 350 834 0.42 0.0513 | 0.0011 | 0.2747 | 0.0070 | 0.0386 | 0.0006 246 6 244 4
5 225 1014 0.22 0.0524 | 0.0010 | 0.2948 | 0.0070 | 0.0406 | 0.0007 262 5 257 5
6 174 1065 0.16 0. 0500 | 0.0010 | 0.2748 | 0.0056 | 0.0398 | 0.0006 247 4 251 4
7 319 1390 0.23 0.0527 | 0.0010 | 0.2849 | 0.0067 | 0.0390 | 0.0006 255 5 246 4
8 582 1944 0. 30 0.0509 | 0.0009 | 0.2832 | 0.0056 | 0.0402 | 0.0006 253 4 254 4
9 864 1998 0.43 0.0513 | 0.0008 | 0.2750 | 0.0063 | 0.0387 | 0.0007 247 5 245 4
10 190 690 0. 28 0.0541 | 0.0037 | 0.2964 | 0.0267 | 0.0389 | 0.0006 264 2 246 4
11 1642 2087 0.79 0.0514 | 0.0008 | 0.2743 | 0.0062 | 0.0386 | 0.0007 246 S 244 5
12 958 2037 0.47 0. 0507 | 0.0009 | 0.2808 | 0.0073 | 0.0400 | 0.0008 251 6 253 5
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2 LS32-A
Table 2 Results of analysis of LA-ICP-MS zircon trace elements from the diabase and quartz diorite in Well LS32-A

~

LA-ICPMS

(107°)

‘ Ti ‘ Y ‘ Zr ‘ La | Ce | Pr | Nd | Sm ‘ Eu | Gd ‘ Tb | Dy ‘ Ho | Er Tm‘ Yb | Lu Hf
(LSh-1)
1 3.72 | 922 1426277|0.08|7.14(0.09|1.10|2.64|0.3317.60/6.25[78.6|29.1| 139 |29.2| 265 |55.1(11298
3 578 00|1343(409166(0.43(12.90|0.24|2.46]5.700.64 (32.50/10. 70[126, 0] 43. 7| 192 |37.7| 327 |66.4|11309
4 1.66 | 573 [425373]0.06(3.86(0.04]0.53|1.13[0.23|8.58(3.13|39.7|16.2{85.5[20.0]| 207 [49.4|13511
6 2.81 |1316(420439(0.14(7.45]0.28|3.70(7.04]1.05(37.9011.90{134. 0]43. 1| 180 |33.2| 279 |52.7|10903
9 2.47 |1180(429588|0.35|5.40(0.25(2.65(5.490.61 |31.30|10. 10{116. 0/ 38. 8| 169 |32.9| 284 |56.7|11641
10 | 2.20 |1345|426150(0.08(9.11]0.12|1.71{3.86|0.5325.00|8.57|107. 0[41.1| 203 |43.7| 417 |92.5(12386
12 | 6.41 |2087|421551{0.1027.00[0.31|4.37|10.80]1.3065.60[20. 60(221. 0| 70. 1| 292 |53.1| 435 |81.8[10096
14 4.56 | 13871426076]0.30(12.10]0.23|2.70(4.77]0.6529.90[10. 10{122. 0[43.9| 202 |41.4| 368 |74.5|10935
16 |720. 00| 1504 [425503|0.52|15.30[0.50|4.16|7.16|0.66|36.6011.60/134. 0/47.0| 217 |44.7| 404 [83.2]11091
20 | 3.07 |1363[431165|0.01{12.00/0.08|1.91]4.93|0.67|27.90|9.61120. 0[46.2| 223 |45.6| 409 |85.9(10129
21 1.83 1269 (434253]0.24(9.99(0.15]1.53|3.72|0.35(25.20[9.15|112 0]40.9| 191 |39. 2| 347 |71.4|12399
22 5.52 |2395(437255(0.0313.00]0.406.68[12.60|2.83|64.50/19. 70[231. 0[{82.9| 376 |74.8| 651 |132 0] 8544
23 | 1.54 | 966 [421195/0.59]9.08]0.30|2.15(3.13{0.2319.60/6.85|84.7|31.1| 145 |29.0| 264 |53.8|12953
24 | 2.10 | 975 [430696|0.29(7.43]0.21|1.79(2.50{0.2917.40/6.54[82.1|30.6| 149 |31.2| 285 |58.2|12839
27 2.26 |1353(42750910.93(13.80]0.66|4.48(5.44]0.61 (29.50[10.00{120. 0]43. 2| 203 |40.2| 362 |73.0(12294
28 1.85 | 1147 (431963]0.01(8.28[0.0410.81|2.45|0.29(19.10[7.15|93.5|35.5| 173 |37.2] 333 [69.2|13117
(LSh-1)
2 2.68 |1011]42160019.8535.80|4. 64 |23.00[9.23]0.57(24.807.54(88.5[32.1| 154 [31.7| 289 |59.9|11624
5 3.47 |1367|425559(2.34]20.70|1.22(7.80(7.19|0.8234.50|10.70/123. 0[43.2| 198 |39.9| 354 |72.2(10619
7 |1690. 00| 1495 417195|1.41(13.50/0.87]6.30|7.45|1.01(35.80/11. 30{134. 0]47.6| 220 |44.9| 408 |84.1]10123
8 3.09 | 1564420698 |7.58|31.40| 3. 37 |18. 30[10. 60] 0. 90 [41. 2012. 70{145. 0] 50. 1| 230 |45.8| 407 |83.1(11043
15 | 16.20 | 1651 439639 3.22|23. 60| 1. 74 |12. 10| 9. 96 | 0. 93 |44. 80[13. 60|155. 0/ 54. 0| 242 |48.6| 420 |84.9|12448
11 1.91 |1208(435482(7.06(27.50[ 2. 68|13.50[6.22|0.61(24.00|8.30(103. 0{38.2| 184 |38.2| 352 |72.2|12237
13 | 1.43 | 539 |432177]5.36(16.60|1.50(6.20{2.06|0.31]8.67|3.05|39.4[16.0(83.0/19.0| 192 |43.8(13710
17 | 4.32 |1643|432609(2.7220.20[1.10|7.80|9.76|1.6948.70[14. 80[164. 0{53.0| 224 |42.2| 353 |69.3|11125
18 4.27 | 929 |43805219.41(34.10| 4. 35 |22. 40[10. 00 0. 84 27. 70/ 7.94|87.1]29.5| 135 |26.9| 243 |51.2]11531
19 5.65 | 1394 (430289 29.2082. 70| 7.581(32. 60[12. 50| 1. 92 |40. 20|11. 20{126. 0| 45. 4| 214 |43. 8| 395 |83.3]10301
25 1.80 | 1819(414327|66. 60211 0033. 23169. 1050. 70| 2. 69 |80. 10|18. 40[182. 0| 59. 9| 264 |52.3| 447 |89.4 (11621
26 2.47 | 856 |419696 6. 20 (23.90| 2. 97 |16. 30| 6. 28]0.40 (18.90/5.85(73.0(26.7| 129 |27.2| 246 |51.2|12035
(LSc-1)
1 2.35 1093|420632]0.40(9.82|0.33(2.30(3.85|0.4024.20/8.11|99.5[35.1| 162 |32.4| 284 |56.7|11881
2 6.51 [1163(412773|5.57(27.20[3.19(17.70]8.03|0.5529.10]8.79(100. 0/36.4| 171 |35.2| 317 |66.1|11857
3 2.77 |1131]421879]5.63|25.30/2.19(12.60|5.10|0.4822.30|7.36|91.7[34.3| 170 |35.8| 337 |70.6|11645
4 5.69 |1293]421063|1.96|15.20[0.97(6.40(7.20|0.34|34.60|10. 80[120. 0[41.9| 192 |37.5| 319 |64.0]11058
) 2.05 | 588 |424491110. 80[32. 90| 4. 27 |20. 30[6.47]0.50 (12.60|3.64|44.8[17.0]90.0|20.4| 208 |49.7|13483
6 2.43 | 880 |43074318.60|63. 20| 9. 46 [48. 10[15. 20/ 0. 83 27. 30| 6. 88| 78.1[28.0| 132 |27.4| 241 |49.5|12626
7 ] 14.50 | 1151420859 |4. 26 |19.00] 2. 35 [12. 80[ 6. 79| 1. 10 |25. 60| 8. 58 {100, 0| 34. 9| 162 |34.0| 312 |65.5|12650
8 2.32 |1135(421950|7.7330.80|4.07(22.20[9.07|0.56(25.60/8.03|97.7[35.7| 170 |35.4| 319 |66.1[12596
9 3.29 | 13131426474 |14.80|51. 30[5. 86 (27. 20| 9. 05]0. 67 |31. 50{10. 05[118, 0/ 41. 3| 189 |38.3| 331 |65.7|11776
10 3.12 | 677 |43741716. 20 (28. 20| 3. 52 |17. 90| 6.40]0. 39 (16. 30{4.84|57.7]20.9| 101 |21.2| 195 |41.3|12574
11 4.88 |2106|42103015. 30[66. 20| 8. 40 |47. 5022. 80| 1. 03 |73. 70|20. 10|217. 0] 71. 5| 310 |58.7| 504 |994. 010988
12 2.77 |1356(4278602.7920.20]1.39|8.02|6.12]0.5930.40[10.10{121. 0]42.6| 197 |39.6| 352 |70.8|11530
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3 LS32-A (%) (107°)

Table 3 Test results of major elements and trace elements of samples from the diabase in Well LS32-A

LSh-1 LSh-2 LSh-3 LSh-4 LSh-1 LSh-2 LSh-3 LSh-4
SiO;, 47. 96 49. 80 48.57 49.97 Lu 0.29 0.31 0. 26 0.32
TiO, 1.27 1. 10 1.48 1. 09 Y 18.5 19.3 16. 3 21.4
Al, O, 13. 41 13.39 13.16 13.68 SREE 81.3 89.9 87.3 97.2
TFe, O, 9. 37 9.25 8. 46 10. 45 (La/Yb)y 3.19 3.71 4.24 3.85
MnO 0.18 0.18 0.13 0.11 0Eu 6.23 4. 34 13. 30 1.19
MgO 7.49 7.06 6.02 7.35 Sc 29.1 30.5 23.8 27.6
CaO 7.83 8. 04 7.33 8. 49 \Y% 220 229 189 211
Na, O 2.96 3.08 3. 10 2.84 Cr 194 192 144 140

K,O 2.05 1. 84 1. 87 1.51 Co 38.0 40.0 30.4 43.3
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3
P, Os 0.16 0.16 0.16 0.18 Ni 107 104 83.1 182
LOI 6. 30 5.63 7.69 4.24 Cu 995 1141 1274 21083
99.42 99. 87 98.61 100. 09 Zn 721 808 909 13271
Mg 61 60 58 58 Ga 16. 2 17.2 14. 2 17.2
La 9.11 11. 30 10. 00 12. 40 Rb 73.0 63.6 54.1 77.9
Ce 17.3 21.7 17.6 24.7 Sr 747 601 1168 323
Pr 2.64 3.16 2.63 3. 66 Y 18.5 19.3 16.4 21.4
Nd 11.1 12.6 10.7 14.7 Zr 41.1 38.4 31.9 33.9
Sm 3.02 3.25 3.15 3.63 Nb 5.19 5. 89 5.02 6.31
Eu 6.42 4.41 15. 00 1. 30 Cs 3.62 4.27 3.78 5. 88
Gd 3.31 3.953 3.39 3.78 Ba 26410 16167 67829 435
Tb 0.61 0. 66 0. 54 0.74 Hf 1. 39 1. 36 1. 06 1. 19
Dy 3.84 4.18 3. 37 4.61 Ta 0. 34 0. 34 0.27 0. 36
Ho 0.77 0. 82 0.67 0.92 Pb 95.4 101 0 120. 0 13280
Er 2.02 2.17 1.77 2. 36 Th 1. 05 2.05 1.45 2.01
Tm 0. 30 0.35 0.25 0. 37 U 0.33 0. 36 0.33 0. 40
Yb 1.92 2.06 1.59 2.18
4 LS32-A Lu-Hf
Table 4 Zircon Lu-Hf isotopic compositions of samples from the diabase in Well LS32-A
YOHE/THE 1o VSLu/MTHE P YD/ HE eHE(0)  eHE() lo Tow (Ga) Tome (Ga)  frLunr
LSh-1
1 0.282473  0.000027  0.001015 0.042602 —10.56 —5.62 1.07 1.10 1.62 —0.97
2 0.282407  0.000019  0.000855 0.036295 —12.90 —7.58 0. 85 1.19 1.76 —0.97
3 0.282467  0.000021  0.001625 0.070913 —10.79 —5.49 0.91 1.13 1.63 —0.95
4 0.282446  0.000020 0.001179 0.051164 —11.53 —5.89 0. 88 1.14 1. 66 —0.96
5 0.282483 0.000016  0.000797  0.025342 —10.21 —5.60 0.76 1. 08 1.61 —0.98
6 0.282436  0.000019  0.001469  0.044423 —11.90 —6.91 0. 84 1.17 1.71 —0.96
7 0.282377  0.000026 0.001130 0.043204 —13.95 —8.43 1. 06 1.24 1. 82 —0.97
8 0.282465 0.000018 0.001063  0.045537 —10.87 —5.57 0.82 1.12 1.63 —0.97
9 0.282455 0.000024  0.001550  0.065732 —11.22 —6.01 0.99 1.14 1. 66 —0.95
10 0.282442  0.000022 0.001104  0.045567 —11.66 —6.72 0.92 1. 15 1. 69 —0.97
11 0.282495 0.000020  0.000734 0.024912 —9.78 —4.70 0. 88 1. 06 1.57 —0.98
12 0.282591  0.000024  0.001156  0.047266 —6.39 —1.53 0.98 0. 94 1. 36 —0.97
13 0.282782  0.000039  0.002927 0.126012 0. 35 5.06 1.46 0.70 0. 94 —0.91
14 0.282463  0.000021  0.000964 0.039963 —10.93 —5.76 0. 90 1. 11 1. 64 —0.97
15 0.282377  0.000021 0.000735 0.029889 —13.98 —9.08  0.90 1.23 1.84  —0.98
4 i
Ba[ (434~92 198) X107,
41 Sr[ (323~1 961) X 10~ °] Ba/Rb s
4 11 LS32-A Ba Sr OEu LOI
Eu « 7T-A~C),

Ba, K, Sr

Eu
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