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Table 1 Petrochemical components( %) and contents of rare earth and trace elements( X 10™°) and characteristic parameters of the Nanhuaan— Cambrian sandstones in southeast Hunan

I A MR DE RHRDE HERADE
T Hs-6 | Ht-2 | Ht-3 | Ht-4 | Us-4 | C20-5-2 [C20-13|C20-15-1| C20-17 |C02-4|C02-12-1|C02-13| C04-13|C04-14 | C04-22 | C04-31|C04-48 | H04-3 | H04-7 |H04-15|H04-25|H04-28
SiO; 74.88|76.18(75.40(62.84|77.42| 78.76 |70.62| 63.51 | 81.41 |78.95| 58.43 [70.50| 55.81 | 73.23 | 76.36 | 80.60 | 72.57 | 73.11 | 78.80 | 80.89 | 82.27 | 82.00
TiO: 0.6110.69]0.59]|0.83]0.58] 0.54 |0.77| 0.69 0.56 |0.57 | 0.72 |0.59 | 0.83 | 0.58 | 0.59 | 0.52 | 0.58 | 0.63 | 0.53 | 0.58 | 0.58 | 0.63
Al Oy 10.63(11.12| 8.74 |18.41| 9.78 | 11.37 |14.91| 13.87 9.68 |9.80 | 18.24 |12.69|21.27 | 11.66 | 10.98 | 9.04 | 10.69 | 12.35 | 9.96 | 8.87 | 9.55 | 9.55
Fe, O3 5.57 | 5.62 | 4.16 | 8.84 | 4.52 | 4.14 |6.55| 6.78 4.18 | 4.92 | 11.88 | 6.06 | 8.64 | 5.41 4.83 | 3.73 | 5.74 | 5.39 | 3.81 4.85 | 2.81 3.61
FeO 2.4511.62(2.10|1.67 | 2.28 | 1.23 |1.15| 5.19 0.66 | 1.68| 1.28 |4.20| 4.92 | 3.22 | 1.76 | 1.16 | 4.28 | 2.23 | 1.51 1.71 1.13 | 0.86
MnO 0.1310.12]0.11|0.05]0.14 ] 0.06 |0.05]| 0.10 0.01 |0.04| 0.09 |0.07| 0.05 | 0.06 | 0.03 | 0.02 | 0.05 | 0.05 | 0.02 | 0.02 | 0.02 | 0.01
MgO 1.80 | 1.63 | 1.47 | 2.45 | 1.56 | 1.10 | 1.57 | 3.42 0.51 1.27 | 2.53 |2.38| 3.16 | 1.55 | 1.62 | 1.12 | 1.62 | 1.35 | 1.02 | 0.67 | 0.73 | 0.52
CaO 0.22]0.07 [3.92]0.08|0.26| 0.10 [0.09| 2.16 0.11 0.11 0.19 | 0.45| 0.08 | 0.33 | 0.20 | 0.25 | 0.47 | 0.25 | 0.28 | 0.11 0.07 | 0.06
Na; O 1.82(0.53 | 1.85 | 0.10 | 1.91| 0.22 |0.11 1. 09 0.11 |0.05| 0.18 |0.13 | 0.14 | 1.57 | 1.07 | 1.27 | 1.28 | 1.52 | 1.93 | 0.14 | 0.10 | 0.10
K;0O 1.79 1 2.33 | 1.51 | 4.64 | 1.43 | 2.42 |4.06 | 3.01 2.65 | 2.53 | 6.33 |2.81 | 4.97 | 2.24 | 2.44 | 2.17 | 2.58 | 2.97 | 1.99 | 2.03 | 2.66 | 2.54
P, 05 0.1210.10|0.14|0.08 | 0.13 | 0.05 |0.12| 0.17 0.11 |0.07| 0.13 |0.13| 0.13 | 0.15 | 0.12 | 0.12 | 0.15 | 0.15 | 0.15 | 0.11 | 0.07 | 0.11
LOS 0.50 | 0.74(0.26 0.79 |0.44| 0.76 [0.70| 0.41 0.39 |0.49| 0.87 [0.70] 0.85 | 0.55 | 1.00 | 0.80 | 0.27 | 0.71 | 0.51 | 0.82 | 0.55 | 0.73
Fe, O3 * +MgO 10.09{ 8. 96 | 7.97 |13.14| 8.60 | 6.61 | 9.39 | 15.98 5.43 |8.07 | 15.84 |13.10| 17.26 | 10.54 | 8.40 | 6.15 | 12.11 | 9.22 | 6.52 | 7.42 | 4.80 | 5.08
Al, O3 /Si0, 0.1410.15(0.120.2910.13 | 0.14 |0.21| 0.22 0.12 |0.12| 0.31 |0.18| 0.38 | 0.16 | 0.14 | 0.11 | 0.15 | 0.17 | 0.13 | 0.11 | 0.12 | 0.12
K;0/Na, O 0.98 | 4.42]0.82|45.1]0.75| 11.29 |35.91| 2.75 23.64 |50.20| 36.24 |21.77]35.36 | 1.43 | 2.28 | 1.70 | 2.01 1.96 | 1.03 | 14.43 | 26.30 | 25.00
Al O3/(Na; O+Ca0) | 5.23 [18.56| 1.51 [99.39| 4.53 | 35.87 |72.55| 4.26 43.23 |60.75| 50.74 |22.05]96.32 | 6.16 | 8.65 | 5.93 | 6.11 | 6.99 | 4.51 | 35.24 | 55.53 | 58.69
La 38.3 | 41.7135.5(88.939.0| 48.1 |[51.3] 40.6 36.3 | 27.4 | 43.4 |23.6| 62.2 | 40.7 | 37.9 | 38.5 | 38.3 | 31.1 | 41.5 | 52.6 | 56.2 | 47.1
Ce 73.2 | 78.5169.9|88.4|70.7| 64.6 |84.1] 79.1 58.3 | 31.4 | 90.9 |44.0 | 114.7| 75.5 | 72.4 | 75.3 | 70.1 | 63.5 | 80.5 | 97.3 | 96.3 | 89.2
Pr 9.25(10.20| 8.87 {19.19|10.10| 11.11 [12.76] 10.46 | 10.28 |7.06 | 11.79 | 6.24 | 15.16 | 9.47 | 9.36 | 9.56 | 8.99 | 7.93 | 9.73 | 11.95 | 13.21 | 10. 88
Nd 32.936.8(31.0|65.1|34.8| 37.8 |46.6| 38.5 39.6 | 25.2 | 42.7 |22.2| 54.4 | 31.2 | 31.9 | 32.3 | 32.0 | 26.9 | 33.6 | 40.1 | 44.7 | 37.7
Sm 6.85 | 7.88]6.39|12.22|7.22| 7.68 |9.57 | 8.92 10.23 | 5.48 | 8.84 [4.72]10.95| 6.16 | 6.25 | 6.27 | 6.89 | 5.42 | 6.83 | 7.38 | 8.48 | 7.17
Eu 1.281.41 | 1.16 | 2.16 | 1.38 | 1.50 | 1.93 | 1.72 2.48 | 1.03 | 1.83 |0.98| 2.26 | 1.21 1.25 | 1.20 | 1.55 | 1.12 | 1.22 | 1.23 | 1.56 | 1.26
Gd 6.12 | 6.18 | 5.15|8.01 | 6.27 | 6.33 |[8.02| 7.87 8.61 3.79 | 8.14 |4.51| 9.86 | 5.35 | 5.46 | 5.46 | 5.92 | 4.35 | 5.53 | 5.84 | 6.91 5.78
Tb 0.9910.96]0.83|1.24|1.02| 1.03 |1.26| 1.31 1.18 | 0.54| 1.36 |0.74| 1.50 | 0.79 | 0.83 | 0.85 | 0.91 | 0.72 | 0.84 | 0.94 | 1.09 | 0.98
Dy 5.63 | 5.534.78|6.64|5.66| 5.71 |[6.65]| 7.06 6.44 | 2.85| 7.54 |4.22| 8.32 | 4.74 | 4.84 | 4.92 | 5.13 | 4.21 | 4.68 | 5.20 | 6.46 | 5.41
Ho 1.14 | 1.14 | 0.99 | 1.36 | 1.15 | 1.12 | 1.38 | 1.42 1.27 10.58| 1.58 |0.88| 1.71 | 0.99 | 0.97 | 1.00 | 1.09 | 0.91 | 0.96 | 1.11 1.32 | 1.14




gR1

ARG e e B RS KA A
5 Hs-6 | Ht-2 | Ht-3 | Ht-4 | Us-4 | C20-5-2 |C20-13|C20-15-1| C20-17 | C02-4 |C02-12-1|C02-13| C04-13 | C04-14 | C04-22 | C04-31 | C04-48 | H04-3 | H04-7 | H04-15 | H04-25 | H04-28
Er 3.08 [3.16|2.76|3.50 | 3.10 | 2.90 |3.67| 3.86 3.24 | 1.57 | 4.38 | 2.37 | 4.47 2.65 2.61 2.68 2.91 2.55 2.62 3.00 3. 60 3.12
Tm 0.48 1 0.50 | 0.44 | 0.55 ] 0.50 | 0.49 |0.58]| 0.63 0.51 |0.26 ] 0.72 |0.38]| 0.70 0.42 0.42 0.42 0. 46 0.42 0.42 0.48 0. 57 0.51
Yb 2.9512.97(2.63|3.432.91 | 2.72 |3.45| 3.57 2.94 | 1.68 | 4.36 | 2.29| 4.29 2.51 2.65 2.59 2.65 2.57 2.42 2.92 3. 44 3.11
Lu 0.46 | 0.47 | 0.42 | 0.54 | 0.45| 0.42 |0.54| 0.55 0.45 | 0.27 | 0.71 |0.36| 0.68 0. 40 0.42 0. 40 0. 41 0. 40 0. 38 0. 45 0.51 0. 48
SREE 183 | 197 | 171 | 301 184 192 232 206 182 109 228 118 291 182 177 182 177 152 191 231 244 214
Eu/Eu” 0.61]0.62]0.62|0.67|0.63] 0.66 |0.68]| 0.63 0.82 |0.70 | 0.67 |0.66| 0.67 0. 65 0. 66 0. 63 0.75 0.71 0. 61 0.58 0. 63 0. 60
Ce/Ce* 0.9110.89]0.93]|0.50|0.84] 0.66 |0.77| 0.90 0.71 0.53 | 0.94 ]0.85| 0.88 0.90 0.90 0.92 0. 89 0.95 0. 94 0.91 0. 83 0.93
La/Yb 12.98(14.05|13.49(25.93|13.40| 17.69 |14.88| 11.38 | 12.35 |16.31| 9.95 |[10.31| 14.5 16. 21 14.32 | 14.88 | 14.45 12.09 | 17.13 | 18.00 | 16.35 | 15.14
(La/Yb)n [ 8.57]9.28|8.91 |17.10] 8.85 11.7 | 9.83 | 7.52 8.16 | 10.8 | 6.57 |6.81 | 9.58 10. 70 9. 46 9.83 9. 54 7.98 11.30 | 11.90 | 10.80 | 10.00
(La/Sm)n | 3.41|3.23|3.38|4.44|3.29| 3.82 |[3.27| 2.78 2.16 | 3.05| 2.99 |3.05| 3.46 4.03 3.70 3.75 3.39 3.49 3.70 4. 34 4.04 4. 00
(Gd/Yb)n | 1.67 | 1.67 | 1.57 | 1.88 | 1.73 | 1.87 | 1.87 | 1.77 2.35 | 1.81 1.50 | 1.58 | 1.85 1.71 1. 65 1. 69 1.79 1. 36 1. 84 1. 61 1.61 1. 49
LREE/HREE| 7.70 | 8.37 | 8.43 |10.80| 7.68 | 8.17 |8.00| 6.76 6.28 |8.36| 6.86 |6.40| 8.16 9. 14 8.67 8.85 8.02 8. 36 9. 64 10. 50 9.16 9.35
Sc 11 10 12 18 8 8 14 16 11 12 20 16 20 10 10 8 10 11 8 11 11 11
v 83 86 66 111 66 68 124 108 75 73 134 100 143 72 70 57 73 78 85 62 61 67
Cr 76 85 60 83 70 64 97 82 75 68 127 81 109 75 73 49 70 67 61 72 66 76
Co 13.1]13.3 |10.1|22.2|10.0| 15.6 11.9 17.6 2.9 10.1 | 30.1 19.9 6.9 12.0 8.7 4.7 11.0 8.9 11.0 7.5 6.3 7.4
Ni 32 33 23 97 25 28 72 43 17 36 74 48 49 25 24 15 27 29 30 34 18 17
Zn 72 85 66 177 62 58 179 82 42 73 108 71 153 77 45 28 64 100 42 75 37 30
B 40 37 22 62 31 23 42 43 21 28 33 28 56 27 27 20 22 32 14 34 27 30
Rb 86 103 65 113 65 110 158 124 100 106 234 106 172 93 103 79 106 124 89 82 100 100
Sr 25 11 113 18 23 17 13 36 11 12 9 12 13 5.6 31 44 77 51 53 7.8 15 13
Ba 349 | 323 | 1072 | 452 | 310 420 588 374 322 281 509 357 1314 795 794 621 694 790 611 480 580 490
Y 27.7128.7|24.5|29.5|27.3] 26.5 |33.1] 34.9 30.3 | 13.1| 38.0 |21.5] 39.8 23.9 23.2 25.0 27.5 21.4 23.7 25.8 35.2 27.8
Zr 238 | 290 | 242 | 179 | 249 205 219 189 186 166 138 126 148 221 213 223 188 218 210 269 237 283
Hf 6.8 | 7.7 | 6.6 | 4.6 | 6.5 6.5 5.7 4.6 5.2 4.2 1.6 4.0 4.2 5.1 6.0 5.8 5.2 6.5 5.5 7.1 6.3 7.7
Th 16 16 10 23 12 8 15 15 10 10 21 8.5 22 14 14 12 13 11 12 18 16 18

T QR AR BB AL 25 A H T IR D s . @ ERICE A RITH IR EM . QMY A EC AN TRR Fe: O * FREH, U Fe O ER A H . @R ICZE R PE Elan6000 #
B TR S 2 (ICP-MS) . BRL WA bR if £ 2 500 Taylor %5 (1985),
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Table 2 Comparison of chemical compositions of the Nanhuaan— Cambrian sandstones

in southeast Hunan with the graywackes from various tectonic settings

WA S A= S () A 3 PR R R AR PAAS .
MR mHR FERR | RESIN | KRS | WEsh KA % | #sh Kbl & )
Si0. (%) 73.49 69. 29 75.56 58.83 70. 69 73. 86 81.95 62. 80 66. 00
Al O3 (%) 12.06 13.58 11. 39 17.11 14. 04 12. 89 8. 41 18.9 15. 20
Fe, 03 (%) 5.59 7.62 4. 88 1.95 1.43 1. 30 1.32
FeO(%) 2. 04 2. 39 2.28 5.52 3.05 1.58 1.76 6.50 4,50
CaO( %) 0.78 0.25 0.21 5.83 2.68 2.48 1. 89 1. 30 4. 20
MgO( %) 1.72 2.06 1.34 3.65 1.97 1.23 1.39 2. 20 2. 20
Na, O(%) 0. 86 0.12 0.91 4,10 3.12 2,77 1.07 1. 20 3.90
K,O(%) 2.65 3. 89 2.66 1. 60 1.89 2.90 1.71 3.70 3.40
TiO2 (%) 0.65 0.63 0.61 1. 06 0. 64 0. 46 0.49 1. 00 0. 50
MnO(%) 0.08 0.07 0.03 0.15 0.10 0.10 0.05 0.11
P05 (%) 0.11 0.11 0.13 0.26 0.16 0.09 0.12 0.16
Fe; O3 % +MgO( %) 9.57 12.34 8.75 11.73 6.79 4.63 2.89 9.35 7.15
Al Oy /SiO; 0.17 0. 20 0.16 0.29 0. 20 0.18 0.10 0. 30 0.23
K;0/Na, O 13. 96 36.07 11.15 0. 39 0.61 0.99 1. 60 3.08 0.87
Al O3/(Na,O+Ca0) | 31.68 44,51 28. 41 1.72 2,42 2.56 4,15 7.56 1.88
n 9 3 10 7 9 7 7
La(X1076) 46.6 31.5 44.6 8. 20 27.0 37.0 39.0 38.0 30.0
Ce(X1075) 74.1 55. 4 83.5 19. 4 59.0 78.0 85.0 80.0 64.0
Nd(X1076) 40. 3 30. 1 36.5 11.2 28.3 35.8 42.0 32.0 26.0
SREE(X107%) 205 152 204 58.0 146 186 210 183 146
Eu/Eu” 0. 66 0.67 0. 65 1. 04 0. 80 0. 60 0.55 0. 66 0. 65
La/Yb 15.1 12.2 15.3 4. 20 11.0 12.5 15.9 13.6 13.6
(La/Yb)x 9.99 8..06 10. 11 2.80 7.50 8. 30 10. 8 9. 20 9. 20
(Gd/Yb)x 1.82 1.63 1.66 1.31 1.49 1.26 2.75 1.36 1. 40
LREE/HREE 8.02 7.21 8.98 3. 80 7.70 9.10 8. 50 9.45 9.47
Rb(X1076) 103 148 105 18 67 115 61 160 112
Sr(X1076) 30 11 31 637 250 141 66 200 350
Ba(X106) 468 382 717 370 444 522 253 650 550
K/Rb 210 214 209 578 219 189 178 192 250
Rb/Sr 5.96 14. 55 6.53 0.05 0.65 0. 89 1.19 0.8 0.32
Ba/Rb 5.14 2.73 6.81 21.3 7.5 4.5 4.7 4,06 4.91
Ba/Sr 22.3 36. 6 45.7 0.95 3.55 3.8 4.7 3.25 1.57
Th(X1076) 13.9 13.2 15.0 2,27 11.1 18.8 16.7 14.6 10.7
Zr(X1076) 222 143 221 96 229 179 298 210 190
HI(X10"6) 6.0 3.2 5.9 2.1 6.3 6.8 10. 1 5.0 5.8
K/Th 1630 2448 1490 4055 1296 1252 681 2103 2617
Zr/Hf 37.0 52.4 37.3 45,7 36. 3 26. 3 29.5 42,00 32.76
Zr/Th 17.5 12.7 15.3 48 21.5 9.5 19.1 14.4 17.8
La/Th 3. 50 2.53 2.99 4. 26 2. 36 1.77 2.2 2. 60 2. 80
La/Y 1.61 1. 44 1.64 0.48 1.02 1.33 1.31 1.41 1.36
Sc(X1076) 12 16 11 19.5 14.8 8 6 16 11
V(X1076) 87 102 77 131 89 48 31 150 60
Co(X1076) 13 20 8 18 12 10 5 23 10
Cr(X1076) 77 92 72 37 51 26 39 110 35
Ni(X1076) 41 53 27 11 13 10 8 55 20
Zn(X1076) 91 84 65 89 74 52 26 85 71
La/Sc 3.99 1.98 4,18 0.55 1.82 4.55 6.25 2.38 2.73
Th/Sc 1.18 0. 80 1.39 0.15 0.85 2.59 3.06 0.91 0.97
Cr/Ni 2.35 1.76 2.87 3.4 3.9 2.6 4.9 2.00 1.75
Ni/Co 3. 36 2.81 3.33 0.62 1.22 1. 04 1.42 2.39 2.00
Sc/Ni 0.35 0.31 0. 44 2.3 1.44 0.77 1.9 0.29 0.55
Sc/Cr 0.16 0.18 0.15 0.57 0.32 0.3 0.16 0.15 0.31
Ti/Zr 17.8 26. 4 17.1 56.8 19.7 15.3 6. 74 28.6 15.8
n 9 3 10 11 32 10 15

T = R B0 0 0 R BROBL B AR MEAL S 808 Taylor 45 (1985) 5 AN [F] HY3 R4 2% i) 45 19 048 415 Bhatia(1983) F1 Bhatia %5 (1986 5 J7 Kty
T TCE (PAAS) LR 72 734 Taylor 4(1985) .
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R AR S s T R DA R s e AR . BT
SRS e S AT A e U BB N A i
Pettijohn et al. , 1972; Blatt et al. , 1980, Bhatia,
1983)  fufi 4 1] FH Iili P T R 14 A 27 2H OB 5 Al B Ay
i RE DT AR 2 A 3 B 85 1 AT RE (Maynard et al.
1982; Bhatia, 1983, 1985; Bhatia et al., 1986;
Roser et al. ,1986; Floyd et al. ,1987; Cullers et
al. , 1988; Frost et al. , 1989; McLennan et al.,
1990; Gu,1994; Kumon et al. ,1994), B ARVUIFH
Py b R A 25 2H RS DA 38 PR B8 2 18] ) 56 R
& (Vander Kamp et al. ,1985; Cullers et al. ,1988;
Frost et al., 1989; McLennan et al, 1990;
Haughton et al. ,1991; Kumon et al. .1994),{H
T b 52N B M i DX 2 R Dl IR PR SO AR Y
B 5= 5 50 FOR R I0 R AE A AT AR A b 1
TR AR T AR

Roser £ (1986) #1 Maynard 2£(1982) 43 B4 14
TP A e A UUAR 4 A 1 2R 5E Y K, O/Na, O-
SiO, E fii (K 3a) fil K, O/Na, O-Si0O,/ Al, O; [ fi#
( 3b), Hrp Roser %5 (1986) B &il 43 9 7% 3 K fifi
i1 % (active continental margin, ACM) 35 T — &
SR/ DL VAR R TTESIE TE7 S U R Pl W SRR K &2 S Ul
SRR I 1 Bl R R 2 L DURR ) A e
AR Ok B T ORI 4 A KON (TR T A 5 1 8
SICHT IR ] F IS 75 N 1 — R 51 2540 PR 50D 88 5 08 1
Wr 24 I RE T X (UUAR TRk B i) X KR
Reading (1982) ft & SCHY 50 i 4 HIA 5G4 4 3tb R
Wi il 55 7 b 1 -5 - % T ZRAT 5C A8 7K A 3 A5 R B
%, Roser % (1986) J &l 70 19 # 2 K Bl 41
(passive continental margin, PM) 34§ T f& %€ K Fifi
2% AR N A 1 RN s B N A DU E S A
e, R B RS E 19 K il b X 0 AR T B 0 gl Al e il
2 i 77 (Reading, 1982) , X 2K ## 5 Reading &
SCRRL 7S bR FE 3R S PR IR YT 5K O R IR A SR
EEDNGEUE SEIES S

Bhatia(1983) 1 Bhatia 4¢ (1986 ) ¥ K i i1 2% 1
RVE 430 %) 79 2 KV By 9K Coceanic are) \ K fili & 9K
(continental arc) 1% 3l K fifi i1 2% (active continental
margin) Fl #% 35 K [ i1 % ( passive continental
margin) & 4 g 8B IR ORISR T H TR S
b A B i PR 1A T U R MR S R
T PR A T 00 R A ) ek B i (L 4D o SR H A
SUH) B RS (Fe, O, + MgO) (%), TiO, (%) .
Al 0O;/Si0, (K, O/Na, O #1 Al, O,/ (Na, O+ CaO)

100.0
(a) Ay ° -

0.0 .

K,ONa,0O _
=}
>

0.1r

00 L - L - " L PR
50 60 70 80 90 100

10
L (b)

[ee]
T

Si0,/ALO,
N

0 P | P P
0.01 0.10 1.00
K,0/MNa,O

10.00 100.00
3 WPRKMEER—ERRDEH K, O/Na, O-Si0;
(a) 1 Si0, / Al, O5-K, O/Na, O (b) #4 1 R 55 H1] 51 K
Fig. 3 Tectonic setting discrimination diagrams of K,/
Na, O-Si0O, (a) and SiO, /Al, O;-K, O/Na, O (b) for the
Nanhuaan—Cambrian sandstones from the study area
A FIA i 2R 55 1 B 2k % Roser 4§ (1986) (a) il Maynard %
(1982)(b) : ARC— R ¥ 5 i s ACM—i& 3 K bl 1 4 s PM—# 3l
KBl %% 5 A1—20 i 0T FH 22 11 0T 8 7 &3 IR B8 5 A2— K 3 i
BAEWENHALINHE @ HERD S B RERD
Hi A HERRDE
The boundaries of different tectonic setting is from Roser et al.
(1986) (a) and Maynard et al. (1982) (b) : ARC—oceanic island
arc; ACM—active continental margin; PM—passive continental
margin; Al—island arc of basaltic and andesitic detrital; A2—
evolved island arc of felsic intrusive rock detrital ; @—Nanhuaan

sandstones; [l Sinian sandstones; A —Cambrian sandstones

FOAl  Horf (Fe, Oy ° +MgO) R 32 45 47 ok o 3 1 Y
Hor s Al O;/SiO, KB KR A 9 i & £ R (B K
A5 AN HD K, O0/Na, O (3% 754 h KA
A =85 R A ], AL O; /(Na, O+ CaO) K
FR R VIR PTG B4 5 e 0 sh 41 5 2 A1 Y
I,

Kumon & (1994) 2 i} 7 — # Al O,/SiO,-
(FeO+Mg0) /(SiO, +K, O+ Na, O) F 5 & (K 5) ,
FA UL X A0 A i3 5 9 (immature island arc) kL &
Ik ( evolved island arc ) Fl % 24 2 % 9K ( mature
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Fig. 4 Diagram of discriminant scores for the
Nanhuaan—Cambrian sandstones from the study area
49 3 PR 45 0 9] 43 BT R BORNAS [+) # 3 B35 19 23 A XS4 Bhatia

(1983); @— MR A MR AR A—ERAD
The discriminant scores and the fields of different tectonic
setting is from Bhatia (1983) ; @—Nanhuaan sandstones; Hl—

Sinian sandstones; A —Cambrian sandstones

0.4

0.3

0.1

0.0 PR S S R
0.00 0.05

( FeO+MgO) / SiO,+K,0+Na,0)

1 P T SR IR SR S

0.10 0.15 0.20

K5 WX EER—IER RS TIN5
Al O, /SiO,-(FeO+ MgO) /(SiO, + K, O+ Na, O) H] 51 &
Fig.5 Tectonic setting discrimination diagrams of
Al, O, /Si0,-(FeO+MgO) /(SiO, + K, O+ Na, O)
for the Nanhuaan—Cambrian sandstones
AN 3 BRI 2 [ 1 2R R Kumon 45 (1994) - TTA— AN il A B
IR ETA—3 £k & 90 MMA— i 24 8 K 9k ; @—1g 2 R i) 55

B RARDA; A ERRADE

The boundaries of different tectonic setting is from Kumon et al.
(1994) ;. ITA—immature island arc; EIA—evolved island arc;
MMA —mature magmatic arc; @ —Nanhuaan sandstones; Il

Sinian sandstones; A—Cambrian sandstones

magmatic arc) , HF,ALO,/SIO, KERFEKAH

A1 1 B B, T (FeO + MgO)/(SiO, + K, O +
Na, O) WAR A A A JE R4 4y Chil ) 5K 5
RS CRIED R, R XEER  ERAD
H1E Roser %5 (1986) 1 K, O/Na, O-SiO, [ (| 3a)
wp L R O B TR AR B KB 4% X (PMD L b i 8
AT B K B 1 2 X (ACM) ; % Maynard 45 (1982)
) K, O/Na, O-SiO, /Al, O; % 2 & (& 3b) i, JLP
A ER I AP B KB 2 X (PMD

W 2 iR . 55 Bhatia % 82 19 2 80 0, BF
FIX R FERADE A F EREITR IR S
B R RS R % - (Fe, O, 7 + MgO) \ TiO,
AL Oy /SI0, 3222 5 2K il & 9 F1 G 3l K fl 1 2 41
2K, O/Na, O #1 Al, O,/ (Na, O+ CaO) #; Bhatia
(1983) F1 Bhatia 4 (1986) $ M 1 4 ¥ 55 25 71 22 8%
2 B R 40 Tk 8 KB % . 1 7E Bhatia
(1983) $ H 1 ) 1 P4 1% 2 5t o6 R 0 ) o 450 61 (I
A A3 A T B Kl 2k KRNI Bl K i 2 X
i BRI o AL B 3 R it 320 2% DX B AR o R 4R
wh LTI B K il 320 2% DX P RE i s DUV 0 18 LT
IRUUARAE ] 32 2832 45 T 9 8 KBl 3l 2 30 55, 38 73+
i VR A 2 KB 2k XA AT RE R ol
A TG Bl R Bl i 2% P B8 4 D IR B B

16 Kumon % (1994) #2 1 iy Al O,/Si0,-(FeO
+Mg0)/ (SiO, +K, O+ Na, O) ) 5 & (& 5) i
KRR —ER R A EBA T EGE KN K&
HAMNE CF#) . Kumon 8¢ (1994) B 3 X 4k 5
PN AR B A I IR 4y B A4H 24 T Bhatia(1983) il Bhatia
25 (1986) By K Fifi & IR TE 2 K Bl ih R85 . % T4
Bl R B i G DU & & A9 (AL O,/SiO, A T
O HIL, B 5 SR 8w I 8l KR 2 Mk 8 K
i MG . B FURA P RE TR, L
f& La.Ce.Y.Th.Zr .Hf, Ti fil Sc &G stk 55 H
FE 1 7K rp 45 B B [R]85 4 o0 R AE KU L iR s R T AR
b A v R E B R RS B B JE DUAR Y TR T BE R 4
by Jz e B 1 T R TR A b 1) A4 38 2R 85 (Taylor et
al. ,1985; Bhatia et al. , 1986; McLennan et al. ,
19905 Gu,1994; Ji3E+E,1996), FEF 2 Hr sl H
18 d5c EL 0 2 SR R AE i oo R M L I S 50
MARE LR FERRWD AW HI Sc. Zn, Zr/HI,
La/Th.Th/Sc %5 Kl & N4 00 5 #L; La/Sc 5
15 3 Kl i1 % 4 00 %5 A s SREE La/Yb, Zr/Th,
Sc/Cr 4 5 9 8l K fli #h % I w5 A L K/ Th, Co,
Ti/Cr 455 K Bl B 9I0RE 3 K Rli 320 2% 95 ol 4 325 34 B8
T 22 80 A Al s La,Ce . Nd K/Rb.Zr,La/Y
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Rili i1 2% A4 3 X N . 7 Bhatia 5§ (1986) 1A i 244 N e (2)
S
YEH B 2 X La-Th- Sc, Th-Co-Zr/10 1 Th-Sc- s ";\
’ S 24% e\
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~ 40l
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\ .
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ro DRV S ==
1L e e \
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0 1 Ptk e i === Sl ) . <4 L,
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Fig. 6 Tectonic setting discrimination diagrams of Co - ZrN0
Ti/Zr-La/Sc for the Nanhuaan—Cambrian sandstones
from the study area (c)
R[5 ¥4 35 B 35 9 43 A IX 48 4% Bhatia 25 (1986) : A— K ¥ 5 9 T
B KBS0 C i KB s D 3 KB s @ 7 4 "
Aibe M EORDE A EREDH /"_"5-3-\ o N
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The fields of different tectonic setting is from Bhatia et al. e B °° \\}\ A
L-~ BUANY
(1986): A—oceanic island arc; B—continental arc; C—active 7 “/\‘ ————— \_J
7 A //
continental margin; D-—passive continental margin. @— L__l.-
Nanhuaan sandstones; [l—Sinian sandstones; A —Cambrian Sc 7110

sandstones
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TUER A BRI (R LA R R 5 0 531 el g 45 )
WIS X R AR 2R JE B R B AT M) 2 B 5 0031 O 7%
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7S B R8BI B0 K et 10 2 M0 OK B B 9, AT B B0
Rl i1 % 5 20 2R i) & Ak B D 3l Kl
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K7 MMRXEMER - ZERADSWERER La-Th-
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Fig. 7 Tectonic setting discrimination diagrams of La-
Th-Sc (a), Th-Co-Zr/10 (b) and Th-Sc-Zr/10 (c) for
the Nanhuaan—Cambrian sandstones from the study area
AN [ ¥ 3 0 58 19 40 A DX 4R 4 Bhatia 45 (1986) : A— K ¥ & K
B— Rl & 9 s C— 36 3l R Bl i1 2% s D— B 8h Kl il % @— g 4

Fiva ;B RERDE; A ERRDE

The fields of different tectonic setting is from Bhatia et al.
(1986): A—oceanic island arc; B—continental arc; C—active
P
A Cambrian

continental margin; D-—passive continental margin;

Nanhuaan sandstones; [l—Sinian sandstones;

sandstones
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Bhatia (1983) Fil Bhatia %5 (1986) i & X [ 3%
Bl K B i1 2% 2458 B AR 24 F Kumon 5 (1994) it & X
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)T BUE A B A AR B RV . 5 KB
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B =yt ) HAS K AT RE I £ 10 5 2 0 3 1 sk
S 1 4 Bl R i i % A B T R Ak 24 A S
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Geochemistry of Nanhuan— Cambrian Sandstones in Southeastern Hunan,
and Its Constraints on Neoproterozoic— Early
Paleozoic Tectonic Setting of South China

BAI Daoyuan, ZHOU Liang, WANG Xianhui, ZHANG Xiaoyang, MA Tieqiu
Hunan Institute of Geology Survey, Xiangtan, Hunan, 411100

Abstract

Southeastern Hunan lies in the transition area of the Yangtze and Cathaysia block. Thick flysch
formation formed during the Nanhuan—Cambrian in the area. The sandstones of the sediments on the
whole are characterized by intermediate SiO, contents, high K,O/Na,O and Al,O;/ (Na,O+CaO) ratios,
clearly high Fe; O;* +MgO and CaO contents. The REE distribution patterns are uniform and similar to
typical post-Archean shales and the upper continental crust, with LREE enrichment, falt HREE, and
significant negative Eu-anomalies. Characteristics of major and trace elements show information of several
different tectonic settings of passive continental margin, active continental margin and continental arc.
According to the corroded protoliths, efflorescent conditions and carry-subside processes for sediment, the
rocks formed in continental arc and active continental margin should possess geochemical characteristics
different observably from those in passive continental margin, while the rocks formed in passive
continental margin can embrace some geochemical information of continental arc and active continental
margin. Therefore the Nanhuan—Cambrian sandstones from southeastern Hunan were formed in a tectonic
setting of passive continental margin. The idea coincide with the objective fact that Paleo-Mesoproterozoic
rocks formed in continental arc and active continental margin were major protoliths of the Nanhuan—
Cambrian sandstones, and that the violently down-faulted sedimentary basin took on some activity. Some
evidences such as at least 40~60 Ma absence of sediment between the Banxi Group and Lengjiaxi Group,
Neoproterozoic magmatism related with collisional orogeny in Jiangnan orogens, the absence of island-arc
volcanic material in the Nanhuan—Early Paleozoic sediments and the continuous Mesoproterozoic (even
earlier) crystalline basement in southeastern Hunan indicate that the Neoproterozoic—Early Paleozoic
sedimentary basin between the Yangtze and Cathaysia block was not an oceanic but intracontinental rift
basin. The idea about the tectonic setting of the Neoproterozoic—Early Paleozoic sedimentary basin
between the Yangtze and Cathaysia block based on the geochemistry of the sandstones from southeast

Hunan correspond with that based on regional materials.

Key words: sandstone; geochemistry; tectonic setting; Neoproterozoic—Early Paleozoic; southeastern
Hunan; South China





