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Abgtract : The Neoproterozoic (846 - 776 Ma) Bikou Group volcanic rocks erupted in an intracontinental rift
setting in the Yangtze craton. The volcanic successon comprises a thick pile of mafic volcanic rocks, subordi-
nate slicic and rare intermediate volcanic rocks. On the bassof geochemical data, the Bikou Group rift-related
mafic lavas generally belong to alow Ti/ Y ( <500) magma type. Elemental and isotopic data suggest that the
chemical variationsof the Bikou Group mafic lavas cannot be explained by crystallization f rom a common paren-
tal magma. The Bikou Group mafic lavas most likely originated from a mantle plume source €4 (t)= +3,
¥5r/%sr(t)= 0 704, La/ Nb= 0. 7). Crusta contamination has al o contributed significantly to the formation
of the Bikou Group rift-related basic lavas. Our data show that spatial geochemical variations exist in the Bikou
Group rocks. The Bikou mafic lavas are dominantly tholeitic in compostion in the eastern Hongyangou and
Xintianbar Heimulin areas, and were generated by high degreesof partia melting in the garnet stability field. In
contrast , in the western Baiyang-Bikou area the parental magmas were generated by lower degrees of partial
melting for the akaline lavas and by higher degrees of partia melting for the tholditic lavas from a mantle
source in the spinel-garnet transition zone. These magmas were then subjected to shallow level gabbroic (cpx
+plag ol) fractionation, which led to larger chemical variations.

Key words: Neoproterozoic Bikou Group rift-related volcanic rocks; geochemistry; petrogeness; mantle
plume; Yangtze craton
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1 ( %) (10°9)
Tablel Major (%) and trace (10°°) element datafor the Bikou Group volcanic rocks
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
97b-32 97b-30 9532 97b7 97b-23 9527 98b-34 97b-22 97b-19] 9326 9317 87104 9318 9316 9311
902 48.48 67.69 44.883 68.69 68.46 46.55 45.29 48.93 71.74 67.93 54.01 54.57 48.54 68.46 46.57
TiO2 1.75 0.32 2.45 0.21 0.60 2.45 1.43 1.65 0.50 0.54 1.65 2.00 2.23 0.35 1.31
Al203 15.90 16.60 17.22 16.84 14.26 16.11 18.60 16.60 14.03 16.60 17.51 14.97 16.84 15.20 17.41
Fe203 6.50 0.20 3.63 1.00 1.13 5.05 5.25 3.85 0.32 3.13 5.36 4.31 5.70 1.33 6.76
FeO 7.70 2.78 10.17 0.78 2.67 8.48 6.75 8.85 2.58 1.86 5.50 6.70 6.30 2.68 4.74
MnO 0.22 0.08 0.26 0.04 0.08 0.22 0.17 0.37 0.09 0.14 0.23 0.15 0.23 0.04 0.23
MgO 5.10 0.60 6.8 0.50 0.80 5.26 6.90 4.27 0.90 0.60 2.31 3.29 3.50 0.30 6.50
CaO 7.40 0.20 5.33 1.50 2.20 7.33 6.50 7.70 0.70 0.41 4.00 5.18 6.10 0.50 9.10
Na20 1.26 5.35 3.08 3.57 4.14 1.52 3.20 1.68 3.39 6.41 5.31 4.70 4.50 5.30 2.62
K20 0.36 1.95 0.40 2.99 1.63 1.52 0.45 0.05 2.27 0.12 0.98 0.40 0.41 2.81 0.70
P20s 0.32 0.14 0.21 1.177 0.13 0.50 0.18 0.27 0.12 0.11 0.51 0.69 0.77 0.11 0.23
CO2 3.10 0.11 0.24 1.05 2.57 1.01 0.08 2.08 1.00
H20* 1.20 3.00 4.98 2.80 2.78 4.62 3.22 2.30 2.40 2.00 1.25 2.88 2.11 1.85 2.09
Total 99.29 99.22 99.60 99.09 98.88 99.85 98.99 99.02 99.04 99.85 99.63 99.92 99.31 98.93 99.26
Mg# 0.41 0.27 0.48 0.35 0.28 0.42 052 039 0.3 019 0.29 0.3 0.36 0.12 0.53
Ba 136 715 216 1100 542 450 132 652 998 136 362 207 209 513 323
Rb 63.4 50.3 66.5 90.5 45.5 45.5 50.1 62.0 63.8 8.50 30.9 6. 46 18.1 50.1 28.0
714 70.1 232 329 292 555 520 1490 60.0 106 183 287.29 86.8 42.3 702
Y 19.0 30 30 4.8 25 34.0 24 30.0 26.5 32 64 40 39 83 18
Zr 78.1 113 92.1 44.4 112 251 197 219 96.8 209 290 153 318 296 133
Nb 24.0 4.2 13 3.6 4.7 14.0 9.8 21.0 4.8 12 18 11 10 27 5
Th 0.947 6.41 0.552 4.32 5.93 0.801 0.687 0.826 7.38 4.29 4.22 4.10 2.45 20.8 0.872
Ni 103 24.6 59.8 15.1 25.0 57.4 95.2 104 21.4 50.0 66.7 107 79.3 38.2 109
\% 243 33 199 19 44 179 213 35 38 102 205 24
Cr 65.3 10.3 287 8.71 16.1 284 211 210 17.3 15.8 13.2 43.4 33.3 207
Hf 3.86 8.78 4.27 3.22 6.56 3.96 3.06 3.23 6.08 6.17 7.01 5.80 3.36 15.7 3.05
Se 60.4 11.8 42.9 4.01 10.8 36.9 33.2 56.3 8.94 13.7 17.2 30.1 4.04 37.7
Ta 0.604 0.602 0.681 0.354 0.51 0.537 0.626 0.511 0.614 0.474 0.806 0.26 0.492 1.41 0.212
Co 49.8 4.98 12.2 2.06 7.39 11.6 48.6 52.3 4.55 6.38 12.5 11.9 21.5 1.34 36.4
La 17.4 44.0 11.4 1.41 37.2 12.2 9.09 19.4 33.3 26.4 46.4 31.3 26.1 74.5 16.2
Ce 35.4 74.6 28.3 26.1 58.3 26.3 21.2 37.5 51.5 54.9 101 61.3 64.3 158 30.4
Nd 25.8 39.3 19.4 11.4 29.8 17.5 14.8 21.9 25.5 25.3 53.0 37.8 36.7 70.1 19.7
Sm 7.4 9.17 548 2.2 7.04 579 405 6.60 6.16 554 11.0 9.20 8.02 14.4 5.42
Eu 2.63 2.11 1.62 0.558 1.53 1.33 1.44 1.17 1.17 1.80 3.72 2.86 3.24 1.93 1.62
Gd 6.86 5.64 5.85 11.4 8.35 13.6
Tb 1.63 1.41 1.27 0.353 0.87 0.94 0.843 1.18 0.838 1.02 1.96 1.98 1.45 2.48 0.859
Ho 1.69 1.34 1.39 2.71 1.94 3.50
Tm 0. 665 0.58 0.591 1.11 0.778 1.52
Yb 4.03 4.57 3.61 0.897 3.69 3.53 2.67 4.02 3.46 3.63 6.68 2.67 4.54 9.67 2.85
Lu 0.593 0.758 0.479 0.144 0.568 0.518 0.379 0.597 0.541 0.547 1.02 0.28 0.58 1.55 0.431
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16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

9351 9353 9348 9349 9347 9355 947 9410 87-88 87-86 9411 8791 9343 87-95 9344

902 65.36 52.61 52.75 52.35 65.72 51.57 54.15 55.10 51.69 58.97 68.37 61.07 60.61 75.54 75.67
TiO2 0.33 1.58 0.96 1.18 0.41 1.29 0.62 0.75 0.80 1.01 0.32 0.43 0.73 0.33 0.33
Al20s  17.30 18.67 20.11 16.84 15.50 16.84 16.46 16.14 13.30 14.82 15.98 15.70 20.04 12.51 12.03
Fe20s  1.36 6.23 4.53 6.13 2.00 7.71 3.44 450 253 2.99 1.86 4.71 512 1.45 3.04
FeO 1.39 504 430 502 249 476 476 4.00 467 539 1.76 1.35 1.61 0.83 1.05
MnO 0.05 0.19 0.13 0.16 0.20 0.19 0.15 0.15 0.15 0.12 0.06 0.07 0.04 0.06 0.06
MgO 0.50 3.50 2.50 3.00 1.30 3.40 4.00 501 3.40 250 1.33 1.34 0.30 0.38 0.10
Ca0 310 4.00 2.60 4.10 1.80 530 6.50 512 9.45 291 0.60 3.06 1.70 0.97 0.90
Na2O 5,11 5.00 6.31 520 6.00 511 4.35 6.30 4.60 4.20 7.00 872 870 5.8 5.00
K20 1.73 0.46 1.14 0.32 1.27 0.18 0.45 0.37 0.28 1.00 0.68 0.13 0.05 0.96 1.02
P20s 0.11 0.28 0.20 0.20 0.09 0.30 0.17 0.15 0.14 0.32 0.05 0.14 0.16 0.07 0.11

CO2 1.54 1.12 0.69 2.07 0.30 1.60 2.84 1.25 6.60 2.16 2.06 0.31 0.40

H20* 1.34 1.35 2.86 2.8 200 1.55 1.76 0.37 2.28 3.02 1.09 0.8 0.74 0.58 0.70
Tota  99.22 99.74 99.08 99.42 99.09 99.80 99.65 99.64 99.89 99.41 99.10 99.62 100.11 99.93 100.01
Mg* 0.26 0.38 0.35 0.3¢4 0.36 0.3 0.48 053 047 0.36 042 0.31 008 0.25 0.05
Ba 612 271 325 144 229 846 227 214 299 173 569 479 129 565 530
Rb 47.4 8.35 27.6 13.7 33.8 10.7 12.6 8.76 13.9 34,33 19.6 3.47 30.7 17.25 23.2
183 592 70.2 137 316 211 597 207 188.84 46.88 87.9 127.67 229 71.63 71.2

Y 8 28 28 24 21 26 15.0 19.6 16 27 13 7 18 12 10
zr 71.3 212 162 175 135 139 136 65 122 169 144 157 111 138 153
Nb 6 8 11 10 14 8 8.6 12.0 9 12 13 7 9 10 10
Th 551 3.00 4.83 3.90 8.21 245 28 292 376 6.54 11.0 3.43 276 7.66 5.84
Ni 34.2 8.1 64.8 743 253 77.1 106 141 72.4 139.91 8.3 46 61.9 107 39.3
v 35 251 127 225 233 122 140 186 15 13 105 118 19 17
Cr 10.0 15.8 13.7 9.01 16.9 15.2 201 257 26.4 3.72 48.9 43.9 30.4 2.73 10.5
Hf 3.36 3.67 4.66 3.88 7.40 3.37 3.01 2.6 3.14 568 6.7 181 261 454 4.47
S 4,39 40.8 19.7 24.2 9.35 28.2 20.8 27.3 323 16.3 6.61 16.1 17.7 5.39 5.99
Ta 0.312 0.346 0.504 0.369 0.689 0.298 0.349 0.264 0.26 0.71 1.07 0.29 0.539 0.82 0.52
Co 513 34.3 20.6 27.4 7.38 44.3 23.3 29.5 41.3 14.8 523 6.21 524 7.23 2.89
La 22.3 23.3 28.6 23.2 453 16.8 16.5 13.2 34.4 16.6 57.2 9.33 27.7 12.6 30.3
Ce 44.3 49.8 59.4 47.9 84.6 37.8 30.0 23.4 63.6 29.8 99.3 21.8 53.9 23.8 58.3
Nd 16.7 23.5 27.5 242 37.5 17.4 13.7 151 29.6 20.2 30.2 12.5 23.0 8.15 19.8
Sm 2.70 506 5.31 4.77 6.15 4.05 2.92 3.11 572 4.46 515 2.48 4.05 221 3.15
Eu 0.844 1.87 1.54 1.44 1.31 1.33 0.999 0.915 1.19 0.88 0.115 0.63 1.40 0.83 0.664
Gd 2.25 587 555 5.02 4.40 3.30 3.01 4.9  4.49 4.29 2.50
Tb 0.36 1.04 0.928 0.896 0.91 0.803 0.595 0.522 0.81 1.06 0.801 0.36 0.765 0.60 0.405
Ho 0.437 1.30 1.29 1.29 1.12 0.787 0.772 1.19 0.996 0.575
Tm 0.162 0.526 0.496 0.547 0.477 0.316 0.341 0.516 0.369 0.254
Yb 0.941 3.20 3.07 3.3 3.71 310 1.95 214 3.04 4.48 3.23 1.24 216 1.80 1.54
Lu 0.136 0.500 0.502 0.477 0.60 0.507 0.293 0.315 0.46 0.61 0.492 0.16 0.308 0.25 0.247
:Mg* = Mg/ (Mg + Fe?*) ( :FeO = QO 85Fez03) :3,5,9,15, 17,18, 20, 25, 28 ( ):1,2,4,6 8,

10 14,16,19,21 24,26,27,29,30(Xia , 19961 ; ,1999(201 ; ,20011221 ; ,2002(231)
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2 (S0><56%) S Nd R/ &
Table 2 Sm/ Nd and Rb/ Sr isotope ratios for the Bikou Group basic lavas (0. <56 %)

w(S1/10-6 w(Nd)/10-6 (WS MSm)m (NI MNdm  Eng(d  w(RD/10°6 w(S)/10-6 ((RYB)m (FS/BX)m (7S BS) (1)
— ( )
9527 5.966 20.3 0.177 8 0.512 712(7) 3.38
97br6 15.91 %.9 0.0% 3 0.512 239(7) 2.19
9722 5.004 17.04 0.1776 0.512 707(8) 3.31
98- 34 3.901 14.83 0.159 1 0.512 603(8) 3.17
98036 4.077 11.60 0.2126  0.512990(10) 5.25
( )
87-104 8.888 38.212 0.140 7 0.512287(7) - 1.12 6.464  287.286 0.0650 0.706 763(78) 0.706 021
9317 11.126  49.456 0.136 1 0.512307(8) - 0.25 5.288  262.266  0.0582 0.705434(85 0.704 766
9318 7.9 32.625 0.1472  0.512265(11) -2.22
— ( )
9349 2.772 9.495 0.176 5 0.512210(9) - 6.30
9353 5.981 22.077 0.1639  0.512087(10) - 7.40
— ( )
87-88 3.836 18.92 0.1226 0.511780(9) - 9.17 14.55 138.8 0.3027 0.709308(14) 0.705 850
9355 4.511 18.43 0.1481 0.512121(6) - 5.12 6.653 387.9 0.0495 0.706 277(12) 0.705 711
%71 2.898 13.75 0.1275  0.512010(11) -5.20 9.1 594.94  0.0442 0.708 368(26) 0.707 863
%472 3.154 14.66 0.1301  0.512005(14) -5.54 9.71 583.5 0.0480 0.708387(61) 0.707 839
949 3.066 12.98 0.1429  0.512078(28) - 5.43 27.6 351.75  0.2263 0.709 297(88) 0.706 711
9410 3.329 15.24 0.1321  0.512070(16) - 4.48 8.19 171.75  0.1376 0.708 812(49) 0.707 240
174 3.913 12.6 0.1870  0.512997(14)  8.01
177 4.155 13.49 0.1855  0.512944(14)  7.13
199 5.047 18.79 0.1618  0.512748(14) 5.73
208 10.58 50.67 0.1257  0.512465(11)  3.90
200 6.308 24.21 0.1569  0.512653(12)  4.37
225 6.053 17.94 0.2041  0.513005(12)  6.41 1.777 112.9 0.0454 0.704 899(20) 0.704 380
231 5.944 26.22 0.1371  0.511974(12) - 6.87 19.45 237.2 0.2369 0.713325(17) 0.710 618
174 231 ,20041131; t (=800 Ma) N 875/ g
6 m
(1) — , 1 4 Til'Y
(97b-19) ) Mg# ( ) €na (1) (
( 3, )
Til'Y Mg” :
, (2) 2 Til Y Mg”*
( 4A); 8
1 ( 3) 1 1 L
;(3) ,TiLY €na (1) ,
— , — Til'Y , 1
(231) &4 (1) (-687)
, € na (1) 2(219 801);
T| OZ , - TI/ Y ’ € Nd
Til Y el , (1) : € na (1) -025 -
Til'Y 2 22, € g (1) -4.48 -9 17 3
(S 02 <56 %) Til'Y , —
3 500 700,
500, Til'Y ( 4
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Themes of Earth Science Frontiers Issues
for 2007 and Beyond

Asof 2006 Earth Science Frontiers (ESF) istranstioningfrom a quarterly publication to bi-month-
ly publication. Each year , from 2007 onwards, issues of ESF will be developed along three themes:

1 Earth Materialsfor Nos. 1 and 2.
2 Earth Tectonics and Dynamics for Nos. 3 and 4.
3 Earth Surface Processesfor Nos. 5 and 6.

“ Earth Materials’ will focuson the study of the Earth s composition, principally dealing with mineralogy
and crystallography , petrology , fluids, mineral deposits and mineral exploration, and geochemistry.

“ Earth Tectonicsand Dynamics’ will focuson studiesof displacement and deformation of lithosphere, in-
cluding structural geology, regional tectonics and plate tectonics, continental dynamics, geophyscs and
tectonophysics.

“ Earth Surface Processes” will publish studies on the interactions and relationships between the litho-
sphere, the hydrosphere, the biosphere and the atmosphere. This topic will include environmental geol-
ogy and global climate change, disaster geology , hydrogeology and engineering geology , geomorphology
and Quaternary geology , energy geology , palaeohiology , sedimentology and stratigraphy , applied geo-
chemistry and applied geophysics.

Manuscripts dealing with these themes and with other topics are welcomed by the ESF Editorial Office.



