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Zircon xenocrysts in diabase dykes, a potential lithosphere probe for the
thermo-tectonic evolution of the crust: a case study of zircon xenocrysts
of diabase in Yushu Mélange

DING Yan', YANG Tian-nan', ZHANG Hong-rui', WANG Zhao-lin?, XUE Wan-wen® and ZHANG Yu-bac®
(1. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China; 2. China Non-ferrous Metals
Resource Geological Survey, Beiing 100012, China; 3. Qinghai Geological Survey, Xining 810012, China)

Abstract: Mafic rocks, especially those with low crystallization degree such as basalt and diabase, generally con-
tain very rare zircon. It is thus not very easy to determine their rock-forming epochs by in-situ zircon U/Pb anal-
ysis. However, this kind of magmatic rock is likely to entrap numerous zircon xenocrysts in the rising process of
magma, whose geochronology may provide valuable constrains on the tectonic evolution of the penetrated geolog-
ical units. Such zircon-bearing mafic rocks play a role just like the role of lithosphere probe. This paper reports a
case study of such zircon xenocrysts. The Yushu tectonic mélange in north-central Tibet is a Late Paleozoic one
consisting of metamorphosed and deformed continent-derived clastics, metabasalt, diabase dykes, and numerous
gabbroic plutons. Its tectonic affinity and tectonic implications remain in controversy mainly due to the absence

of precise geochronological data. In order to get the precise time of the mélange, the authors sampled a diabase
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dyke for zircon separation, which cuts across the basalts with pillow structures. Approximately 130 zircon grains
were collected from the diabase sample, 12 and 60 of which were analyzed for U, Th, and Pb isotopic content
by employing SHRIMP and LLA-ICP-MS techniques, respectively. The results reveal that the zircon U/Pb ages
are in a large range of 400 to 2 900 Ma, obviously older than the time of magmatism, suggesting that all the ana-
lyzed zircons are xenocrystals entrapped from the country rocks of the diabase. Based on the field relationship
and the petrographic nature of the diabase, the authors hold that these xenocrystic zircons came from a crys-
talline basement at the earlier stage of the magma rising process instead of being captured from the meta-clastics
of the Yushu mélange. Thus, the mafic rocks of the Yushu mélange were developed on a continental crystalline
basement, probably in a rifting basin. Furthermore, the geochronology of the xenocrystic zircons provides valu-
able constraint on the thermo-tectonic evolution of the penetrated crystalline basement. The 72 analyses form an
age distribution spectrum that exhibits three major age-peaks: 450 to 750 Ma, 850 to 1 400 Ma, and 1 500 to
1 800 Ma, respectively, which is quite comparable with the age distribution spectrum of the Yangtze block. For
the zircon grains of each age-peak, internal zoning structure in the zircons with older ages was commonly clearer
than those with younger ages. This fact implies that the thermo-tectonic events of the penetrated crystalline
basement were all composed of magmatism and associated metamorphism. Although further studies are required,
the new data presented here demonstrate that the Yushu mélange was a continent marginal one along the north-
ern margin of the eastern Qiangtang block of Cathaysian affinity instead of a remnant oceanic slice.
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1 LA-ICP-MS
Table 1 LA-ICP-MS zircon U-Pb dating results for diabase in Yushu mélange
U-Pb Ma
207Pb 206Pb 1o 207Pb 235U 1o 206Pb 238U 1o 207Pb 206Pb 1o 207Pb 235U 1 G Zoﬁpb 238U 1o
TB032-1-1 0.07096  0.00088  1.60054 0.02000 0.16355 0.00171 956.3 25.23 970.4 7.81 976.5 9.46
TB032-1-2 0.07015 0.00082  1.45901 0.01728 0.15081  0.001 56 932.8 23.92 913.6 7.14  905.5 8.76
TB032-1-3 0.07094  0.00077  1.96781 0.02166 0.20112  0.002 07 955.8 22.02 1104.6 7.41 1181.4 11.12
TB032-1-4 0.10801  0.00115 4.89484 0.05315 0.32861  0.003 38 1766.0 19.43  1801.4 9.16 1831.6 16.42
TB032-1-5 0.07359 0.00082 1.86397 0.02108 0.18366  0.00190 1030.3 22.42  1068.4 7.48 1086.9 10.33
TB032-1-6 0.06008  0.00075 0.71498  0.00892  0.08629  0.000 90 606.4 26.61 547.7 5.28 533.6 5.33
TB032-1-7 0.08119 0.00089 2.46077 0.02741 0.21978  0.002 27 1225.9 21.43 1260.6 8.04 1280.7 11.99
TB032-1-8 0.07401  0.00084 1.30271 0.01495 0.12763  0.001 32 1041.8  22.73 846.9 6.59 774.3 7.55
TB032-1-9 0.07603  0.00089 1.13108 0.01337 0.10788  0.001 12 1095.8  23.29 768.3 6.37  660.4 6.51
TB032-1-10 0.07207 0.00083 1.6068  0.01868 0.16166  0.001 67 987.8 23.37 972.9 7.28  966.0  9.29
TB032-1-11 0.06866  0.00087 1.40068 0.01787 0.14792  0.001 55 888.6 26.04 889.2 7.56  889.3  8.69
TB032-1-12 0.07253  0.00079  1.67437 0.01847 0.16739  0.00173 1000.8  21.91 998.8 7.01 997.7  9.53
TB032-1-13 0.09751  0.00110 3.71287 0.04252 0.27608  0.002 86 1577.1  21.04 1574.1 9.16 1571.6 14.47
TB032-1-14 0.06892  0.00076  1.49066 0.01674 0.15683  0.001 62 896.4 22.69 926.6 6.83 939.1 9.02
TB032-1-15 0.16050 0.00171 9.69614  0.10528 0.43805 0.00452  2460.9 17.93  2406.3 9.99 2341.9 20.24
TB032-1-16 0.06314 0.00069 1.26815 0.01403 0.14564  0.001 50 712.8 22.97 831.6 6.28  876.5  8.45
TB032-1-17 0.07116  0.00079  1.79934 0.02029 0.18335 0.001 89 962.0 22.55 1045.2 7.36 1085.3 10.32
TB032-1-18 0.09143 0.00146 2.46971 0.03904 0.19586 0.002 15 1455.5  30.08 1263.2 11.42 1153.1 11.58
TB032-1-19 0.07015  0.000 81 1.49422  0.01742  0.15446  0.001 60 932.6 23.48 928.0 7.09 9259 8.9
TB032-1-20 0.06149 0.00072  1.04040 0.01238 0.12268  0.001 27 656.5 25.07 724.1 6.16  746.0  7.31
TB032-1-21 0.07079  0.00083  1.74622 0.02065 0.17888  0.001 86 951.3 23.77  1025.8 7.64 1060.8 10.16
TB032-1-22 0.07289  0.00087 1.75383  0.02118 0.17446  0.001 82 1011.0  24.09 1028.6 7.81 1036.6 9.97
TB032-1-23 0.10939  0.00121 4.73866 0.05312  0.31411  0.00325 1789.2  20.02 1774.1 9.40 1760.9 15.95
TB032-1-24 0.07521  0.00090  1.54777 0.01876  0.14922  0.001 56 1074.1  23.95 949.6 7.48 89.6 8.72
TB032-1-25 0.06524  0.00082 0.96300 0.01211  0.10703  0.001 12 782.1 26.05 684.8 6.26  655.5 6.51
TB032-1-26 0.15836  0.00172 9.60528 0.10602 0.43983  0.004 54 2438.2  18.27 2397.7 10.15 2349.9 20.34
TB032-1-27 0.08541 0.00105 2.24292  0.02774 0.19041  0.001 99 1324.9  23.68 119%4.6 8.68 1123.6 10.80
TB032-1-28 0.07789  0.00092  1.73529  0.02070  0.16154  0.001 68 1144.2  23.30 1021.7 7.68 965.3 9.33
TB032-1-29 0.07943  0.00091 1.87008 0.02179 0.17072  0.00177 1182.9 22,59 1070.6 7.71 1016.1 9.76
TB032-1-30 0.08810  0.00099  2.80918 0.03212  0.23122  0.002 40 1384.6  21.46 1358.0 8.56 1340.9 12.55
TB032-1-31 0.16909  0.00186 9.29972  0.10391  0.39881  0.004 13 2548.6 18.3 2368.0 10.24 2163.6 19.02
TB032-1-32 0.09114 0.00106 1.59610 0.01871  0.12698  0.001 32 1449.5  21.90 968.7 7.32  770.6  7.55
TB032-1-33 0.07404  0.00083  2.19940 0.02497 0.21540  0.002 23 1042.6  22.41 1180.9 7.93 1257.5 11.83
TB032-1-34 0.075 81 0.0009 1.79035 0.02147 0.17124  0.001 78 1090. 1 23.60  1042.0 7.81 1019.0 9.8
TB032-1-35 0.06324  0.00076  1.01098  0.01226  0.11592  0.001 21 716.3 25.29 709.4 6.19 707.0 6.97
TB032-1-36 0.05815 0.00087 0.68762 0.01025 0.08575 0.00091 534.7 32.89 531.4 6.16  530.4 5.41
TB032-1-37 0.10846  0.00123 4.73239 0.05425 0.31639  0.003 29 1773.6  20.52 1773 9.61 1772.1 16.09
TB032-1-38 0.07339  0.00084 2.10117 0.02425 0.20760  0.002 15 1024.7  22.85 1149.2 7.94 1216.0 11.50
TB032-1-39 0.14244  0.00160 5.19344 0.05917 0.26439  0.002 74 2257.1 19.24 1851.5 9.70 1512.2 13.99
TB032-1-40 0.06716  0.00085 0.83252 0.01057 0.08989  0.000 94 842.7 26.04 615.0 5.80 554.9 5.57
TB032-1-41 0.076 10  0.00092  1.93435 0.02363 0.18432  0.00193 1097.7  24.02  1093.0 8.18 1090.5 10.48
TB032-1-42 0.07633  0.00088  2.12785 0.0248  0.20215  0.002 10 1103.7  22.86 1157.9 8.06 1186.9 11.27
TB032-1-43 0.07119  0.00091 0.85115 0.01098 0.08669  0.00091 963.0 25.99 625.3 6.02 5359 5.40
TB032-1-44 0.06946  0.00083 1.43806 0.01737 0.15012  0.001 57 912.5 24.40 904.9 7.23  901.7 8.78
TB032-1-45 0.07536 0.00090 1.95312 0.02353 0.18792  0.001 96 1078.2  23.73  1099.5 8.09 1110.1 10.64
TB032-1-46 0.09135 0.00109 2.93198 0.03548 0.23274  0.00243 1453.8 22.62 1390.2 9.16 1348.8 12.72
TB032-1-47 0.07264  0.00092  1.66713 0.02119 0.16642  0.00175 1004.0  25.40 996. 1 8.07 992.4  9.66
TB032-1-48 0.05625 0.00088  0.63833 0.00998 0.08229  0.000 88 401.4 34.63 501.3 6.19 509.8 5.25
TB032-1-49 0.13987 0.00161 6.21814 0.07278  0.32237  0.003 36 2225.6 19.85 2007.0 10.24 1801.3 16.36
TB032-1-50 0.06623  0.00079  0.73535 0.00891 0.08052  0.000 84 813.5 24.86 559.7 5.21 499.2  5.01
TB032-1-51 0.07271  0.00088  1.87278 0.02295 0.18678  0.00195 1005.8 24.42 1071.5 8.11 1103.9 10.6l1
TB032-1-52 0.07848 0.00116  1.83700 0.02712 0.16973  0.001 82 1159.1  29.09 1058.8 9.71 1010.6 10.05
TB032-1-53 0.07455 0.00099  1.58604 0.02108 0.15428  0.00163 1056.0  26.70 964.7 8.28 9249 9.10
TB032-1-54 0.20326  0.00239 14.91736 0.17779  0.53218  0.005 56 2852.5 19.03  2810.0 11.34  2750.6 23.41
TB032-1-55 0.06306 0.00089 0.69682 0.0098  0.08013  0.000 85 710.1 29.77 536.9 5.90 496.9 5.08
TB032-1-56 0.08014  0.00097 2.27394  0.02787 0.20576  0.002 15 1200.4  23.71 1204.2 8.64 1206.2 11.51
TB032-1-57 0.07322  0.00088  1.73903 0.02123 0.17222  0.001 80 1020.1 24.24  1023.1 7.87 1024.3 9.90
TB032-1-58 0.05944  0.00079  0.73341 0.00975 0.08947  0.000 94 583.3 28.46 558.6 5.71 552.4  5.58
TB032-1-59 0.08120 0.00097 3.15615 0.03811 0.28184  0.00294 1226.4 23.24  1446.5 9.31 1600.6 14.81
TB032-1-60 0.06848  0.00096  0.98826  0.01385 0.10465  0.001 11 883.1 28.68 697.8 7.07  641.6 649
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2 SHRIMP
Table 2 SHRIMP zircon U-Pb dating results for diabase in Yushu mélange
U Th Wpp 2wy Ma
wy 1076 2381y 26py, 23875 27p}, 206p}, o 28U WpL +9  07pp 25U +9%  errcorr
TRO32-1-1.1 392 107 53.6 0.28 950.8 946 -1 6.28 0.9 1.55 1.6  0.593
TBR032-1-2.1 359 127 47.6 0.36 923.1 1057 13 6.49 1.2 1.58 3.0 0.393
TB032-1-3.1 528 316 54.3 0.62 728.6 790 8 8.34 1.5 1.08 2.1 0.732
TBO32-1-4.1 840 81 223.8 0.10 1739.5 2750 37 3.23 1.0 8.15 1.0 0.960
TB032-1-5.1 165 42 27.7 0.27 1154.3 1152 0 5.10 1.0 2.11 1.6 0.657
TB032-1-6.1 158 100 39.3 0.65 1633.9 1 636 0 3.46 1.4 4.00 1.7 0.797
TB032-1-7.1 407 28 36.5 0.07 637.0 562 -13 9.59 1.0 0.84 1.9 0.557
TBO32-1-8.1 78 50 15.8 0.66 1355.6 1260 -8 4.25 1.3 2.67 3.2 0.421
TB032-1-9.1 909 1291 100.7 1.47 781.4 793 1 7.76 0.9 1.17 1.2 0.789
TB032-1-10.1 703 165 103.9 0.24 1022.3 1108 8 5.81 0.9 1.81 1.2 0.750
TBO32-1-11.1 165 176 11.8 1.10 510.1 376 -36 12.06 1.1 0.61 3.5 0.308
TR032-1-12.1 263 94 35.0 0.37 926.4 933 1 6.46 1.0 1.49 1.7  0.59
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