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Table DR1.The whole-rock major and trace element compositions of postcollisional mafic igneous rocks  
from the Tongbai-Hong'an orogens 

Locality  Anhu  Xinzhou 

Rock 
type 

 Basalt  Basalt 

Sample 
No. 

 
14HA 

09 
14HA 

10 
14HA 

11 
14HA 

12 
14HA 

13 
14HA 

14 
14HA 

15 
14HA 

16 
14HA 

17 
14HA 

18 
 

14HA 
01 

14HA 
02 

14HA 
03 

14HA 
04 

Major elements (wt.%)               

SiO2  49.7 50.0 50.6 50.5 49.5 49.6 49.6 49.5 49.6 49.4  46.2 45.4 46.9 45.8 

Al2O3  15.2 15.3 15.0 15.1 14.3 14.5 14.3 14.4 14.7 14.6  14.3 14.2 14.7 14.3 

Fe2O3  11.2 11.8 11.5 11.5 11.4 11.4 11.3 11.4 11.5 11.7  10.6 10.7 12.6 12.4 

CaO  8.84 9.02 7.73 7.83 8.83 8.89 8.52 8.56 8.48 8.53  10.3 11.7 9.42 9.10 

MgO  5.97 5.75 5.27 5.25 6.92 6.54 7.20 6.67 7.19 7.28  6.05 5.19 5.85 7.56 

Na2O  3.35 3.30 3.66 3.74 3.19 3.28 3.15 3.28 3.07 3.08  3.38 3.39 2.84 2.53 

K2O  1.14 1.10 1.38 1.38 1.44 1.44 1.43 1.46 1.08 0.98  2.20 2.11 1.78 1.70 

Cr2O3  0.03 0.04 0.03 0.02 0.04 0.04 0.04 0.03 0.04 0.04  0.03 0.04 0.03 0.03 

TiO2  1.98 1.79 2.24 2.20 1.92 1.94 1.89 1.95 1.64 1.68  2.16 2.15 2.55 2.50 

MnO  0.11 0.10 0.13 0.12 0.11 0.11 0.11 0.11 0.12 0.12  0.16 0.16 0.16 0.17 

P2O5  0.36 0.31 0.40 0.39 0.39 0.39 0.39 0.39 0.30 0.30  0.76 0.76 0.46 0.43 

LOI  1.79 1.45 1.72 1.49 1.76 1.55 1.81 1.60 2.04 1.88  3.17 3.93 2.27 3.13 

Total  99.6 100.0 99.6 99.4 99.8 99.7 99.7 99.3 99.7 99.5  99.2 99.7 99.6 99.6 

Mg#  54.1  51.8  50.3  50.2  57.1  55.8  58.4  56.2  57.9  57.8   55.8  51.5  50.5  57.2  

TiO2/Al2O3 0.13  0.12  0.15  0.15  0.13  0.13  0.13  0.14  0.11  0.12   0.15  0.15  0.17  0.18  

                 

Trace element 

Ba  281  267  337  322  373  373  362  373  256  256   1537  1078  494  433  

Rb  19.6  20.2  22.8  19.9  27.1  27.0  26.3  27.2  16.4  8.40   48.4  46.2  40.2  39.2  

Sr  444  424  439  436  465  480  458  462  403  411   978  960  554  523  

Ta  1.27  1.14  1.50  1.43  1.58  1.64  1.57  1.65  1.07  1.12   3.42  3.38  2.10  2.07  

Nb  23.5  20.6  27.4  26.3  29.2  29.5  28.3  29.9  19.9  20.5   63.2  63.4  36.7  36.4  

Hf  3.48  2.90  3.74  3.70  3.29  3.40  3.22  3.47  2.71  2.81   4.93  4.96  5.08  4.91  

Zr  139  114  146  142  134  137  130  137  107  110   218  219  210  208  

Y  24.7  22.1  26.4  24.7  21.9  22.5  21.9  22.3  21.0  20.6   24.5  24.6  28.8  28.1  

Th  2.08  2.01  2.55  2.45  2.61  2.65  2.58  2.63  1.89  1.88   5.46  5.56  2.73  2.71  

U  0.68  0.61  1.17  0.92  0.85  0.78  0.76  0.70  0.82  0.62   0.87  1.04  0.67  0.72  

Cr  188  278  165  168  245  248  239  233  286  284   194  195  199  205  

Ni  129  180  93.5  97.2  161  167  161  166  196  202   131  130  160  160  

Sc  21.5  22.2  20.4  20.2  20.4  21.0  20.5  20.4  21.3  21.3   18.9  19.3  25.3  26.0  

V  189  195  195  185  192  200  184  193  184  178   177  180  231  236  

Cu  30.1  13.3  23.5  27.0  78.1  39.1  63.2  73.3  8.52  73.4   46.1  46.3  48.4  46.1  

Pb  1.96  2.02  2.97  2.66  3.44  2.48  3.35  2.75  2.09  2.38   4.71  4.74  2.15  2.13  

Zn  107  95.0  114  95.1  101  93.9  98.4  93.9  108  95.8   99.3  99.5  113  114  

Li  40.4  54.7  40.6  39.4  120  98.3  159  100  138  115   23.6  21.8  13.7  21.8  

Co  36.4  39.5  41.2  37.2  41.9  42.0  41.9  40.1  42.7  43.6   41.0  41.3  50.1  51.1  

Ga  21.2  20.3  22.3  21.6  19.5  20.4  19.7  20.2  19.4  19.7   20.7  20.5  20.0  20.3  

                 

REE 

La  17.1  15.2  18.6  18.4  19.6  19.4  19.0  19.9  14.2  14.7   40.1  40.1  25.6  25.0  

Ce  34.7  30.4  37.5  37.0  39.4  39.5  38.5  39.8  29.0  29.6   78.4  78.8  53.8  52.6  

Pr  4.32  3.85  4.69  4.49  4.76  4.82  4.68  4.79  3.69  3.66   9.37  9.41  6.68  6.58  

Nd  19.6  17.1  20.8  20.0  20.4  20.8  20.1  20.6  16.1  16.3   38.6  38.7  29.5  28.9  

Sm  4.91  4.38  5.36  5.18  4.91  4.94  4.79  4.89  4.14  4.08   7.80  7.88  6.78  6.71  

Eu  1.79  1.54  1.97  1.86  1.72  1.73  1.71  1.77  1.50  1.51   2.56  2.63  2.24  2.23  

Gd  5.57  4.89  5.93  5.90  5.27  5.22  5.19  5.35  4.54  4.61   7.14  7.03  6.72  7.07  

Tb  0.87  0.76  0.92  0.89  0.80  0.79  0.77  0.80  0.72  0.69   0.97  1.00  1.03  1.03  

Dy  4.93  4.45  5.33  5.11  4.49  4.58  4.38  4.60  4.08  4.12   5.12  5.20  5.87  5.82  

Ho  0.90  0.83  0.97  0.91  0.82  0.83  0.80  0.83  0.75  0.77   0.92  0.92  1.05  1.04  

Er  2.31  2.09  2.32  2.32  2.02  2.08  2.08  2.11  1.98  1.91   2.28  2.30  2.74  2.65  

Tm  0.33  0.27  0.31  0.31  0.28  0.28  0.28  0.28  0.27  0.27   0.27  0.31  0.37  0.36  

Yb  1.90  1.71  1.89  1.88  1.65  1.68  1.60  1.67  1.63  1.58   1.67  1.68  2.22  2.17  

Lu  0.25  0.24  0.26  0.25  0.23  0.23  0.22  0.23  0.22  0.23   0.23  0.22  0.31  0.30  

Y  24.7  22.1  26.4  24.7  21.9  22.5  21.9  22.3  21.0  20.6   24.5  24.6  28.8  28.1  

(La/Yb)N  6.5  6.4  7.1  7.0  8.5  8.32  8.52  8.55  6.24  6.68   17.2  17.1  8.26  8.3  

Nb/U  34.6  33.7  23.4  28.7  34.2  37.9  37.5  42.5  24.2  33.1   72.6  60.7  54.6  50.3  

Ce/Pb  17.7  15.0  12.6  13.9  11.4  16.0  11.5  14.5  13.9  12.5   16.6  16.6  25.0  24.7  

Rb/Nb  0.83  0.98  0.83  0.76  0.93  0.91  0.93  0.91  0.82  0.41   0.76  0.73  1.10  1.08  

Fe/Mn  92  107  80  86  94  94  93  94  87  88   60  61  71  66  

Fe/Zn  731  869  704  843  795  851  803  852  743  854   744  755  782  764  

 



Table DR1 (continued). 
Locality  Xinzhou  Macheng* 

Rock type  Basalt  Mafic dyke 

Sample 
No. 

 
14HA 

05 
14HA 

06 
14HA 

07 
14HA 

08 
 

11DB 
10 

11DB 
11 

11DB 
12 

11DB 
15 

11DB 
16 

11DB 
17 

11DB 
18 

11DB 
19 

11DB 
21 

11DB 
23 

Major elements (wt.%)               

SiO2  46.4 46.6 46.9 46.0  48.3  48.8  48.3  50.3  48.5  45.7  44.4  44.9  44.9  45.0  

Al2O3  15.0 14.7 14.7 14.4  13.9  14.0  13.9  14.3  14.0  14.2  14.2  14.2  13.4  14.2  

Fe2O3  11.9 11.9 12.7 12.5  9.83 10.7  9.82 10.1  9.96 10.2  9.36 9.53 9.1 9.22 

CaO  10.8 9.38 8.89 9.95  7.34 5.73 7.13 7.26 7.45 6.67 6.8 6.19 6.59 6.86 

MgO  4.66 6.15 5.91 5.93  6.25 5.68 6.16 6.22 6.27 6.5 5.45 5.25 5.87 5.21 

Na2O  2.75 2.52 2.73 2.65  2.84 2.9 2.81 2.72 2.36 3.04 2.92 3.09 2.99 3.09 

K2O  1.71 1.75 1.66 1.72  1.46 1.46 1.51 1.47 1.63 1.76 1.65 2 1.78 1.96 

Cr2O3  0.03 0.03 0.03 0.03  0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02 0.03 0.02 

TiO2  2.62 2.58 2.60 2.50  2.47 2.45 2.37 2.51 2.48 2.49 2.49 2.57 2.44 2.7 

MnO  0.13 0.14 0.16 0.16  0.13 0.17 0.12 0.13 0.14 0.13 0.11 0.13 0.11 0.11 

P2O5  0.44 0.46 0.47 0.44  0.51  0.53  0.51  0.52  0.52  0.44  0.47  0.46  0.43  0.48  

LOI  3.05 2.72 2.47 3.13  5.11 5.63 5.34 3.82 6.7 8.57 10.2 10.2 10.7 9.36 

Total  99.4 99.0 99.2 99.5  98.1 98.1 98.1 99.3 100.0 99.8 98.0 98.5 98.4 98.2 

Mg#  46.4  53.1  50.5  51.0   58.3  53.9  58.0  57.6  58.1  58.3  56.2  54.8  58.7  55.4  

TiO2/Al2O3 0.17  0.18  0.18  0.17   0.18  0.17  0.17  0.18  0.18  0.18  0.18  0.18  0.18  0.19  

                 

Trace element 

Ba  429  493  567  422   349  365  379  435  439  397  335  439  349  415  

Rb  38.1  37.0  33.8  37.6   54.7  49.5  58.5  68.4  63.4  36.4  48.3  45.5  57.3  44.6  

Sr  531  576  550  551   663  685  685  664  625  582  537  586  448  589  

Ta  2.08  2.16  2.16  2.02   2.03  2.10  2.11  2.12  2.08  2.13  2.34  2.28  2.22  2.48  

Nb  36.0  38.2  38.4  35.5   37.2  37.5  37.4  36.8  36.1  36.6  39.6  39.5  38.1  41.2  

Hf  4.98  5.10  5.07  4.75   4.30  4.47  4.49  4.48  4.46  4.82  5.05  4.99  4.84  5.39  

Zr  207  214  214  202   202  201  197  194  193  213  217  219  210  228  

Y  29.1  29.0  28.4  27.4   24.0  28.2  24.7  23.8  23.2  24.4  24.2  25.0  23.0  25.1  

Th  2.70  2.90  2.78  2.68   2.45  2.49  2.53  2.76  2.52  2.97  3.22  3.15  3.06  3.43  

U  0.58  0.72  0.67  0.62   0.70  1.16  0.83  0.64  0.74  0.77  0.86  0.87  0.75  0.87  

Cr  207  205  209  201   169  162  163  149  152  194  163  166  174  166  

Ni  141  163  163  155   133  131  129  121  125  156  125  111  141  132  

Sc  26.7  25.4  25.5  24.4   18.8  18.1  18.6  17.3  17.0  16.2  15.6  16.6  15.6  15.8  

V  248  233  239  227   160  159  160  155  154  160  152  163  153  153  

Cu  60.9  47.4  45.8  45.5   49.3  53.7  47.4  51.4  44.2  44.0  41.9  44.9  42.9  43.2  

Pb  2.17  2.24  2.11  2.03   5.98  3.86  6.88  23.2  27.5  3.70  4.83  3.51  3.50  6.56  

Zn  122  113  112  111   116  131  118  121  138  113  114  119  109  117  

Li  12.1  19.1  21.4  16.2   60.7  40.7  61.3  36.1  66.5  49.4  77.4  31.9  79.8  36.9  

Co  46.2  50.4  50.3  49.5   41.7  42.5  40.7  39.8  39.2  42.9  37.4  37.1  37.6  38.6  

Ga  20.8  20.5  20.3  19.6   21.1  21.2  21.3  20.9  21.2  21.3  20.6  21.3  20.2  21.5  

                 

REE 

La  24.8  25.8  25.9  24.3   22.4  24.6  23.1  23.4  22.8  24.0  25.5  25.6  24.2  26.5  

Ce  52.5  54.9  54.1  52.0   44.2  47.5  45.1  45.1  44.3  45.3  47.5  48.0  44.8  49.9  

Pr  6.58  6.83  6.78  6.43   6.11  6.61  6.25  6.28  6.25  5.96  6.24  6.16  5.91  6.54  

Nd  28.7  30.0  29.8  28.1   27.5  29.6  28.2  28.2  27.3  25.8  26.6  26.9  25.3  28.4  

Sm  6.69  6.71  6.92  6.43   6.57  7.09  6.78  6.97  6.80  6.29  6.82  6.70  6.20  6.99  

Eu  2.30  2.27  2.29  2.13   2.14  2.40  2.26  2.25  2.17  2.06  2.10  2.15  1.99  2.29  

Gd  6.89  6.85  6.96  6.37   6.21  7.09  6.49  6.41  6.42  6.40  6.45  6.43  6.13  6.90  

Tb  1.01  1.03  1.02  0.98   0.92  1.03  0.93  0.94  0.93  0.95  0.96  0.97  0.90  1.02  

Dy  6.01  5.85  5.91  5.56   4.72  5.46  4.91  4.99  4.94  5.09  4.99  5.16  4.81  5.48  

Ho  1.11  1.09  1.08  1.02   0.84  0.93  0.85  0.86  0.86  0.88  0.90  0.88  0.86  0.93  

Er  2.82  2.76  2.69  2.63   2.01  2.18  2.04  2.03  2.02  2.02  2.07  2.11  1.99  2.22  

Tm  0.38  0.36  0.36  0.36   0.25  0.28  0.27  0.26  0.27  0.28  0.27  0.27  0.25  0.28  

Yb  2.31  2.24  2.31  2.14   1.48  1.59  1.51  1.44  1.54  1.54  1.54  1.49  1.45  1.64  

Lu  0.30  0.33  0.31  0.30   0.19  0.22  0.21  0.21  0.20  0.20  0.22  0.22  0.20  0.22  

Y  29.1  29.0  28.4  27.4   24.0  28.2  24.7  23.8  23.2  24.4  24.2  25.0  23.0  25.1  

(La/Yb)N  7.7  8.3  8.02  8.2   15.1  15.5  15.3  16.3  14.8  15.6  16.5  17.1  16.6  16.2  

Nb/U  62.0  53.4  57.6  57.0   53.4  32.3  45.0  57.1  48.5  47.8  46.1  45.2  50.9  47.6  

Ce/Pb  24.2  24.5  25.7  25.6   7.4  12.3  6.6  1.9  1.6  12.3  9.8  13.7  12.8  7.6  

Rb/Nb  1.06  0.97  0.88  1.06   1.47  1.32  1.56  1.86  1.76  0.99  1.22  1.15  1.51  1.08  

Fe/Mn  82  77  72  71   68  57  74  70  64  71  77  66  75  76  

Fe/Zn  681  739  793  790   594  571  580  585  504  634  574  560  581  552  

*The data for Macheng mafic dykes are from Dai et al. (2015). Mg# =100*MgO/(MgO + 0.9*Fe2O3) 



 
Table DR2. Whole-rock Rb-Sr and Sm-Nd isotope compositions of postcollisional mafic rocks from the Tongbai-Hong'an orogens. 

Sample No. Rb(ppm) Sr(ppm) 87Rb/86Sr 87Sr/86Sr 2σ (87Sr/86Sr)i Sm(ppm) Nd(ppm) 147Sm/144Nd 143Nd/144Nd 2σ Nd(t) TDM(Ma) 

Anlu 
14HA10 20.2 424 0.1376 0.704584 0.000019 0.704426 4.38 17.1 0.154601 0.512685 0.000011 1.4 1198 

14HA11 22.8 439 0.1501 0.704727 0.000016 0.704554 5.36 20.8 0.156049 0.512673 0.000011 1.1 1260 

14HA15 26.3 458 0.1662 0.704739 0.000013 0.704548 4.79 20.1 0.144096 0.512640 0.000010 0.6 1116 

14HA16 27.2 462 0.1704 0.704686 0.000013 0.704490 4.89 20.6 0.143568 0.512645 0.000010 0.7 1097 

14HA17 16.4 403 0.1176 0.704564 0.000018 0.704428 4.14 16.1 0.155251 0.512691 0.000007 1.5 1197 

14HA18 8.40 411 0.0590 0.704517 0.000018 0.704449 4.08 16.3 0.151833 0.512681 0.000011 1.3 1154 

Xinzhou 
14HA01 48.4 978 0.1431 0.705159 0.000017 0.704994 7.80 38.6 0.121995 0.512644 0.000008 0.9 841 

14HA02 46.2 960 0.1391 0.705066 0.000020 0.704906 7.88 38.7 0.123097 0.512635 0.000010 0.7 866 

14HA04 39.2 523 0.2166 0.704569 0.000016 0.704320 6.71 28.9 0.140333 0.512808 0.000011 3.9 711 

14HA05 38.1 531 0.2075 0.704548 0.000016 0.704309 6.69 28.7 0.140659 0.512828 0.000010 4.3 672 

14HA06 37.0 576 0.1858 0.704839 0.000016 0.704626 6.71 30.0 0.135345 0.512832 0.000009 4.4 619 

Macheng* 
11DB10 54.7 663 0.2386 0.704863 0.000006 0.704473 6.57 27.5 0.144564 0.512596 0.000003 −0.3 1221 

11DB11 49.5 685 0.2091 0.704991 0.000005 0.704649 7.09 29.6 0.144891 0.512759 0.000001 2.9 867 

11DB12 58.5 685 0.2471 0.70492 0.000003 0.704516 6.78 28.2 0.145045 0.512643 0.000005 0.6 1125 

11DB15 68.4 664 0.2983 0.704983 0.000003 0.704496 6.97 28.2 0.149348 0.512581 0.000001 −0.7 1347 

11DB16 63.4 625 0.2937 0.705273 0.000004 0.704793 6.8 27.3 0.150318 0.512559 0.000004 −1.1 1420 

11DB17 36.4 582 0.1807 0.704478 0.000002 0.704183 6.29 25.8 0.147481 0.512842 0.000002 4.5 710 

11DB18 48.3 537 0.2600 0.704542 0.000004 0.704117 6.82 26.6 0.155027 0.512528 0.000008 −1.8 1613 

11DB19 45.5 586 0.2244 0.704331 0.000002 0.703965 6.7 26.9 0.150411 0.512773 0.000002 3.1 908 

11DB21 57.3 448 0.3701 0.705416 0.000002 0.704811 6.2 25.3 0.148303 0.512798 0.000001 3.6 821 

11DB23 44.6 589 0.2189 0.704659 0.000004 0.704301 6.99 28.4 0.14874 0.51265 0.000007 0.7 1173 
*The data for Macheng mafic dykes are from Dai et al. (2015). The initial isotopic ratios are calculated at t = 81 Ma and t = 115 Ma for Late Cretaceous basalt and Early Cretaceous 
Macheng mafic dykes respectively, based on whole-rock Rb, Sr, Sm and Nd contents measured by ICP-MS; and the Chondrite uniform reservoir values (CHUR): 147Sm/144Nd = 0.1967, 
143Nd/144Nd = 0.512638.



 
Table DR3. Whole-rock Lu-Hf isotope compositions of postcollisional mafic rocks 

from the Tongbai-Hong'an orogens. 

Sample No. Lu(ppm) Hf(ppm) 176Lu/177Hf 176Hf/177Hf 2σ Hf(t) TDM1(Ma) 

Anlu 
14HA10 0.24 2.90 0.01198 0.282935 0.000007 6.9 636 

14HA11 0.26 3.74 0.00995 0.282892 0.000010 5.5 671 

14HA15 0.22 3.22 0.00991 0.282872 0.000007 4.8 707 

14HA16 0.23 3.47 0.00949 0.282869 0.000008 4.7 702 

14HA17 0.22 2.71 0.01177 0.282928 0.000006 6.7 644 

14HA18 0.23 2.81 0.01166 0.282926 0.000007 6.6 645 

Xinzhou 
14HA01 0.23 4.93 0.00658 0.282896 0.000009 5.8 593 

14HA02 0.22 4.96 0.00629 0.282894 0.000007 5.7 592 

14HA04 0.30 4.91 0.00870 0.282987 0.000006 8.9 472 

14HA05 0.30 4.98 0.00869 0.282984 0.000008 8.8 477 

14HA06 0.33 5.10 0.00909 0.282983 0.000010 8.8 486 

Macheng* 
11DB10 0.19 4.3 0.00628 0.282949 0.000011 8.3 501 

11DB11 0.22 4.47 0.00699 0.282959 0.00001 8.6 494 

11DB12 0.21 4.49 0.00664 0.282953 0.000009 8.4 499 

11DB16 0.2 4.46 0.00637 0.282956 0.000008 8.5 490 

11DB17 0.2 4.82 0.00589 0.282994 0.000008 9.9 421 

11DB18 0.22 5.05 0.00619 0.283002 0.000008 10.2 411 

11DB19 0.22 4.99 0.00626 0.283004 0.000009 10.2 409 

11DB21 0.2 4.84 0.00587 0.283003 0.000014 10.3 405 

11DB23 0.22 5.39 0.0058 0.283005 0.000008 10.3 402 
Note:  
(1) *The data for Macheng mafic dykes are from Dai et al. (2015). 
(2) εHf(t) were calculated at t = 81 Ma and t = 115 Ma for Late Cretaceous basalt and Early Cretaceous Macheng mafic dykes 
respectively: 
εHf(t) = [(176Hf/177Hf)S  (176Lu/177Hf)S×(eλt  1)]/[(176Hf/177Hf)CHUR  (176Lu/177Hf)CHUR×(eλt  1)]  1)×10000; 
TDM1 = 1/λ×(1 + [(176Hf/177Hf)S  (176Hf/177Hf)DM]/[(176Lu/177Hf)S  (176LU/177Hf)DM)]. 
where (176Lu/177Hf)CHUR = 0.0332, (176Hf/177Hf)CHUR = 0.282772; (176Lu/177Hf)DM = 0.0384, (176Hf/177Hf)DM = 0.28325; λ = 
1.867×10-11 year-1. Abbreviations: S = sample; CHUR = chondritic reservoir; DM = depleted mantle. 
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