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 852 

Figure captions 853 

Fig. 1 (A) Proposed ca. 825 Ma South China mantle plume model for the genesis of the 854 

Guibei and Willouran large igneous provinces (LIPs), and positions of the Nanhua, 855 

Kangdian, Bikou–Hannan, and Adelaide rift systems in the Rodinia reconstruction of 856 

Li et al. (1999, 2003b, and 2008b). Geochemical evidence shows that the two LIPs 857 

could have been parts of a once contiguous LIP, which was dismembered during the 858 

breakup of Rodinia (Wang et al., 2010b). (B) Schematic map of Precambrian South 859 

China emphasizing the three Neoproterozoic continental rift systems (after Li et al., 860 

1999; Wang and Li, 2003; Wang et al., 2011a, b). (C) A simplified geological map 861 

showing the outcrop distribution of the Xiajiang Group (Gr) (Guizhou province), 862 

Danzhou Group (Guangxi province) and Banxi Group (Hunan province). Open circles 863 

in (B) represent locations of well-dated Neoproterozoic basaltic rocks in the South 864 

China Block: 1 = 782 ± 10 Ma Bijigou gabbro; 2 = Wangjiashan 819 ± 10 Ma diorite 865 

and 808 ± 14 Ma gabbro; 3 = 817 ± 5 Ma Tiechuanshan tholeiites; 4 = 821 ± 7 Ma to 866 

811 ± 12 Ma Bikou tholeiites; 5 = 839 ± 9 Ma Dongjiaheba gabbro; 6 = 780 to 760 Ma 867 

mafic dyke swarm; 7 = 753 ± 11 Ma and 753 ± 12 shaba gabbro; 8 = 803 ± 12 Ma 868 

Suxiong alkalic basalt; 9 = 821 ± 3 Ma Lengshuiqing mafic-ultramafic complex with 869 

Cu-Ni-PGE mineralisation; 10 = 796 ± 5 Ma Tongde picritic dike (Zhu et al., 2010); 11 870 

= 830-820 Ma mafic dyke swarm, gabbros and mafic-ultramafic complex; 12 =  822 ± 871 

15 Ma Fanjinshan basalts; 13 = Longsheng gabbro 761 ± 8 Ma; 14 = 768 ± 28 Ma 872 

Guzhang dolerite; 15 = 832 ± 10 Ma Aikou mafic-ultramafic dyke swarm; 16 = 823 ± 6 873 

Yiyang anhydrous high-Mg basalts; 17 = 818 ± 9 Ma Mamianshan basalt; 18 = 827 ± 874 
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14 Ma Guangfeng basalts; 19 = 755 ± 2 Ma Wudang mafic dyke swarm. Source of 875 

quoted ages are listed in appendix table 1 of Wang et al. (2011a). The dashed line in 876 

Figure 1B outlines the likely regional extent of the Guibei large igneous province (LIP). 877 

It has an age of ca. 825–810 Ma and was interpreted to be produced by a mantle plume 878 

linked to the breakup of the supercontinent Rodinia (Li et al., 2008, and a recent update 879 

at http://www. largeigneousprovinces.org/09may.html).  880 

 881 

Fig. 2 Synthesized regional stratigraphic columns of the Neoproterozoic rift 882 

successions in South China (modified after Wang and Li, 2003). Sources for the 883 

quoted ages: A1, A11 – Gao et al., 2010b; A2, A3 and A10 – Wang et al., 2006; A4, 884 

A5, A6– Gao et al., 2010a; A7 – Zhou et al., 2004; A8 – Li et al., 1999 ; A9 – Li, 885 

1999 ; A11 – Zhou et al., 2007; A13 – Zhang et al., 2009; A14 – Wang et al., 2003, 886 

A15–Zhang et al., 2008b, A16–Zhang et al., 2008a . Gr = Group; Fm = Formation. 887 

The detrital zircons from sandstone sample 08SC74 give a youngest age population of 888 

ca. 730 Ma (Wang et al., 2011a).  889 

 890 

Fig. 3 Plots of major and trace elements versus Al2O3 for the Nanhua Rift sedimentary 891 

samples. The light-shaded field represents the composition of synchronous sediments 892 

from the Adelaide Rift Complex (Barovich and Foden, 2000).  893 

 894 

Fig. 4 Plot of transition trace elements and Th/Sc ratios versus MgO. The light-shaded 895 

field represents the composition of synchronous sediments from the Adelaide Rift 896 
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Complex (Barovich and Foden, 2000). 897 

 898 

Fig. 5. Chemical classification of sedimentary rocks from Nanhua Rift basin using log 899 

(SiO2/Al2O3) vs. log (Fe2O3/K2O) diagram (Herron, 1988). 900 

 901 

Fig. 6 Chondrite-normalized REE diagrams for (A) pelites; (B) siltstone/pelitic 902 

siltstone; (C) tuffs/tuffaceous siltstones; and (D) sandstones/tuffaceous sandstones 903 

from the Nanhua Rift (Appendix A). The patterns are similar to that of the upper 904 

continental crust and typical post-Archean shales (PAAS: Post-Archean average 905 

Australia shale; Taylor and McLennan, 1985), with LREE enrichment, flat HREE, but 906 

intermediate to negligible negative Eu anomalies. Chondrite-normalizing factors are 907 

from Sun and McDonough (1989). Data for the average of 825–810 Ma Bikou 908 

continental flood basalts (CFBs) are from Wang et al. (2008). Grey field indicates the 909 

range of ca. 825-800 Ma basaltic rocks in South China (Wang et al., 2009 and 910 

references therein). UUC: upper continental crust (Rudnick and Gao, 2003). PAAS: 911 

post-Archaean Australia shale (Taylor and McLennan, 1985).  912 

 913 

Fig. 7 Histogram of Nd isotopes for (A) ca. 825 Ma granites in northern Guangxi; (B) 914 

middle-upper part (ca. 820–635 Ma) of Cryogenian sedimentary rocks; (C) ca. 915 

825–750 Ma basaltic rocks. The data for ca. 830-820 Ma granites in northern Guangxi 916 

are after Li et al. (2003a). The data for ca. 825–750 Ma basaltic rocks are after Li et al. 917 

(2002a, 2005, 2008a), Zhou et al. (2002a, 2007, 2009), Zhu et al. (2007), and Wang et 918 
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al. (2008, 2009 and references therein).  919 

 920 

Fig. 8 Plot of εNd(t) versus stratigraphic ages of the sedimentary samples in South 921 

China and Australia. Data for the Proterozoic/Archean basement are from the 922 

Kongling area (Gao et al., 1999). Data for the Nanhua Rift is from this study. Other 923 

South China data (open circles) is from Chen et al. (1989), Ling et al. (1992), Li and 924 

McCulloch (1996), Chen and Jahn (1998), Wu et al. (1998) and Shen et al. (2009). 925 

Australian data (the Adelaide Rift Complex, and the Amadeus and Officer basins) is 926 

from a summary of Halverson et al. (2010).  927 

Fig. 9 Plots of εNd(t) versus (A) La/Sc, (B) La/V, (C) La/Co, (D)La/Cr, and (E) La/Ni 928 

of sedimentary rocks in the Nanhua Rift compared with that of synchronous 929 

sedimentary rocks in the Adelaide Rift Complex, Australia. Data for sediments in the 930 

Adelaide Rift Complex are from Barovich and Foden (2000) and Turner et al. (1993). 931 

Solid lines represent the mixing trend between the mafic and granitic end-members. 932 

The field of basaltic rocks is defined by the ca. 820-810 Bikou tholeiites (Wang et al., 933 

2008), 817 ± 5 Ma Tiechuanshan tholeiites (Ling et al., 2003), 803 ± 12 Ma Suxiong 934 

alkalic basalt (Li et al., 2002a), 822 ± 15 Ma Fanjinshan basalts (Zhou et al., 2009), 935 

823 ± 6 Yiyang anhydrous high-Mg basalts (Wang et al., 2007a), 818 ± 9 Ma 936 

Mamianshan basalt (Li et al., 2005), and 827 ± 14 Ma Guangfeng basalts (Li et al., 937 

2008a). The field of granites is defined by ca.830–820 Ma granites from northern 938 

Guangxi (Li et al., 2003a). Each dot on the lines represents a 10% increment of 939 

basaltic component. Dashed lines are regression lines for the sedimentary rocks from 940 
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Adelaide Rift Complex. The basaltic end-member is estimated using the average of 941 

the ca. 825–750 Ma basaltic rocks (Wang et al., 2009 and references therein) with La 942 

= 29 ppm, Ni = 84 ppm, Co = 43 ppm, Cr = 154 ppm, V = 228 ppm, Sc = 35 ppm, 943 

εNd(t) = +2.8. These values are similar to the average values of the 944 

Bikou-Tiechuanshan CFBs (La = 25 ppm, Ni = 93 ppm, Co = 53 ppm, Cr = 200 ppm, 945 

V = 250 ppm, Sc = 30 ppm, εNd(t) = 3.2; Ling et al., 2003; Wang et al., 2008). The 946 

granitic end-member has εNd(t) = -6, Ni = 12 ppm, Co = 6 ppm, Cr = 30 ppm, V = 36 947 

ppm, and Sc = 5 ppm. The Nd isotope composition for the granitic end-member is 948 

estimated using the average of the ca. 830–820 Ma granites in northern Guangxi (Fig. 949 

1C; Li et al., 2003a). Parameters r1 and r2 represent the correlation coefficients for 950 

sedimentary rocks from the Nanhua Rift and the Adelaide Rift Complex, respectively.  951 

 952 

Fig. 10 εHf(t) versus εNd(t) plots of samples from the Nanhua Rift compared to the ca. 953 

825-810 Ma Bikou continental flood basalts (CFBs; Wang et al., 2008), ‘terrestrial 954 

array’ (εHf = 1.36εNd+ 2.95; Vervoort et al., 1999), ‘seawater array’ defined by 955 

marine Fe-Mn precipitates (εHf = 0.39εNd+ 6.2; Bayon et al., 2009), ‘zircon-free 956 

sediment array’ defined by fine-grained sediments (εHf = 0.91εNd+ 3.10; Bayon et al., 957 

2009), and ‘zircon-bearing sediment array’ defined by coarse-grained sediments (εHf 958 

= 1.80εNd+ 2.95; Bayon et al., 2009). Filled star: the average of the Bikou continental 959 

flood basalts (εNd(t) = +3 and εHf(t) = +7; Wang et al., 2008); Open star: the average 960 

of the Wooltana continental flood basalts (εNd(t) = +3 and εHf(t) = +8; Wang et al., 961 

2010a). 962 
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 963 

Fig. 11 (A) Ternary plot of molecular proportions Al2O3-(Na2O + CaO*)-K2O (Fedo 964 

et al., 1995) for fine-grained sedimentary rocks from the Nanhua Rift. (B) Chemical 965 

weathering, K-metasomatism and retrograde alteration trends of the Nanhua Rift 966 

sediments shown on a A-CN-K ternary diagram. Dashed lines in (A) are 967 

reconstruction for K-metasomatism of the Nanhua Rift sediments is according to the 968 

method proposed by Fedo et al. (1995). K
+
 is subtracted following the dashed lines, 969 

and points are projected onto the predicted weathering trend. Grey zone 1 illustrates 970 

the range of CIA values possible for the studied samples; zone 2 illustrates the range 971 

of CIA values for most studied samples, varying from 63 to 83. Note that lines of 972 

“A1”, “A2” and “B” represent the predicted weathering trends for an initial fresh rock 973 

composition represented by the large black star and circle on the feldspar join. Line 974 

“C” is the retrograde alteration trend resulted from the kaolinite→illite→sericite 975 

transformation. Lines “D1” and “D2” represent metasomatic trends that are well 976 

removed from the predicted weathering trends; K-metasomatism would decrease the 977 

slopes of the lines. Data for basalt are from the average of 825–800 Ma basaltic rocks 978 

with LOI < 2 in the South China Block (Wang et al., 2009 and references therein). 979 

Data for granite are the average of ca. 825 Ma granites in North Guangxi (Li et al., 980 

2003a). 50B50G mix represents a mixture of about 50% basalt and 50% granite.  981 

 982 



Appendix A 

Table R1. Results of major element analyses of international rocks standards by XRF. 

 

  GSR-1 
SD 

(n=2) 
Ref. GSR-2 

SD 

(n=3) 
Ref. GSR-3 

SD 

(n=2) 
Ref. GSR-5 

SD 

(n=4) 
Ref. 

SiO2 72.92  0.03  72.83  60.57  0.18  60.62  44.79  0.25  44.64  59.16  0.07  59.23  

TiO2 0.29  0.01  0.29  0.52  0.01  0.52  2.33  0.06  2.36  0.67  0.01  0.66  

Al2O3 13.59  0.02  13.40  16.22  0.20  16.17  13.68  0.19  13.83  18.82  0.13  18.82  

CaO 1.55  0.12  1.55  5.23  0.03  5.20  8.89  0.02  8.81  0.67  0.11  0.60  

Fe2O3 1.99  0.04  2.14  5.02  0.00  4.90  13.29  0.03  13.40  7.62  0.02  7.60  

K2O 4.85  0.11  5.01  1.84  0.02  1.89  2.37  0.01  2.32  4.23  0.06  4.16  

MgO 0.49  0.07  0.42  1.76  0.01  1.72  7.45  0.29  7.77  2.08  0.06  2.01  

MnO 0.05  0.01  0.06  0.07  0.00  0.08  0.16  0.01  0.17  0.02  0.02  0.02  

Na2O 3.08  0.02  3.13  3.88  0.03  3.86  3.44  0.19  3.38  0.35  0.01  0.35  

P2O5 0.09  0.00  0.09  0.27  0.03  0.24  1.00  0.06  0.95  0.16  0.00  0.16  

Ref. = Reference values (http://www.minerals.cr.usgs.gov/geo_chem_stand). SD = standard 

deviation. GSR-5 is one of the international shale standards.  

 












