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Fig. 1

Simplified geological map of the Shandong area(after the Bureau of Geology and Mineral

Resources of Shandong Province, 1991)
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Table 2 Major element composition( % ) of the volcanic rocks for the Qingshan group in Xidong area
FEf S | SO, TiO; | Al Os | TFe; O3 | MnO MgO CaO Na, O KO P;0s LOI Total | Mg# |A/CNK
XDo1 56.42 0. 85 15.78 8. 36 0.12 4.11 6. 47 3.15 2. 80 0.41 1.55 100. 02 49. 3 0. 790
XDo02 56. 48 0. 85 16. 06 8.37 0.11 3.98 6. 14 3.23 3.21 0.41 1. 47 100. 31 48.5 0. 805
XDo03 55.52 0. 83 15.99 8.61 0.13 4. 04 5. 88 3.24 3.29 0. 39 1.76 99. 68 48.1 0. 817
XDo4 56.15 0. 86 15.99 8. 84 0.13 3.92 5. 16 4.76 1.98 0. 40 2.13 100. 32 46.7 0. 826
XDo05 53.21 0. 89 14. 99 10. 08 0.13 4.63 5. 89 4.03 2.49 0. 37 2.93 99. 64 47.6 0. 748
XDo06 56. 34 0. 85 15.78 8. 49 0.12 4. 45 4.23 3. 60 3.59 0. 40 2. 06 99.91 50.9 0.902
XDo7 55.73 0.91 16. 11 9.78 0.11 4. 28 3.93 4.66 1.33 0.43 2.91 100. 18 46. 4 0.991
XDo08 55.58 0. 82 16. 04 8. 68 0.14 4. 10 4.68 3.78 3.68 0. 40 1. 83 99.73 48.3 0. 857
XD10 53.92 0. 84 15. 28 9.33 0.12 3. 44 6.27 4. 41 1. 11 0. 38 4. 66 99. 76 42.1 0. 769
XD11 59.79 0.76 15. 84 8.21 0. 10 2.11 4. 96 4.73 1. 85 0. 31 0.91 99. 57 33.7 0. 842
XD12 55.67 0. 86 15. 87 9.18 0.13 3.94 5. 46 5.25 1.76 0. 40 1. 66 100. 18 45.9 0. 775
XD13 55.00 0. 85 15. 39 9.51 0.14 4. 43 6. 35 3.82 2.32 0. 39 1. 69 99. 89 48.0 0. 757
XD14 55.19 0. 84 16. 41 9.19 0.12 4. 04 6. 90 2.99 2. 64 0. 38 1.51 100. 21 46.5 0. 807
XD15 54. 64 0. 81 14. 59 9. 04 0.13 6.17 6.13 3.41 2.90 0. 39 1.99 100. 20 57.5 0.733
XD16 54. 46 0.78 14. 36 8. 75 0.12 5.94 6.92 2.73 3.47 0. 37 1. 86 99.76 57.3 0. 689
XD17 54. 67 0. 80 15. 79 8.71 0.12 4.29 6. 38 4.10 2.57 0.41 1. 80 99. 64 49. 4 0. 747
XD18 55.29 0. 80 14. 83 9.38 0.12 5.41 5.43 5.35 1. 66 0.41 1.70 100. 38 53.3 0.724
XD19 54. 66 0. 80 15.16 9.05 0.13 5.29 7.68 2.97 2.22 0. 39 1.21 99. 56 53.6 0. 713
XD20 55.27 0. 88 14. 69 9. 48 0.12 5. 20 5. 70 5.21 1.79 0.43 1. 66 100. 43 52.0 0. 704
XD21 53.58 0.79 13.97 10. 09 0.17 6.27 7.49 2.79 2.31 0. 36 1.97 99. 79 55.1 0.675
XD22 53.83 0. 81 14. 25 10. 21 0. 15 6. 10 7.26 3.25 2.21 0. 37 2.02 100. 46 54.2 0. 681
XDz23 54.97 0.78 14. 61 9.28 0.13 5. 06 6.58 3.23 2.05 0. 39 2.45 99. 53 51.9 0. 749
XD24 52. 80 0. 89 14. 48 10. 36 0.15 6.01 7.15 3.11 2.56 0. 46 2.35 100. 32 53.4 0. 693
XD25 57. 41 0.78 14. 65 8.39 0.11 4. 57 5.09 4.54 2. 46 0. 40 1.63 100. 03 51.8 0. 756
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Fig. 2 Total alkali-silica (TAS) plot of the volcanic rocks
for the Qingshan group in Xidong area (after Middlemost,

1994)
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Table 3 Trace element composition (X 107°)of the volcanic rocks for the Qingshan group in Xidong area

eSS XDo1 XDo03 XDo6 XD11 XD12 XD17 XD18 XDz20 XD21 XD22 XD23 XD25
Be 1. 87 1.22 1.22 0.72 1. 29 1. 15 1. 00 1. 13 1. 55 1. 29 1.12 1. 80
Cr 98.1 49.0 39. 4 44.9 42.5 85.3 164 195 141 100 79.8 151
Co 56.5 37.4 30. 8 39.1 31.8 39.7 39.7 40.1 70. 1 67.0 42. 8 40. 3
Ni 35.6 19. 7 17.0 13.1 16.9 28.7 43.4 76.7 40.7 28.5 25.4 53.9
Ga 29. 4 20. 3 19. 8 21.0 21.6 18.9 16. 4 14.9 25.9 18.7 18. 3 18.7
Rb 107 69. 8 88. 6 36. 6 38.8 65. 6 37.1 43.3 79.1 57.0 52.8 69. 8
Sr 1026 718 696 707 720 808 503 506 1010 791 762 833
Y 25.2 17. 8 17. 4 14.5 18. 6 16. 3 17.3 17.8 23.5 17.0 16.9 20.7
Zr 203 121 117 98. 0 118 88. 7 94.1 103 142 101 103 142
Nb 10. 2 6. 10 5. 77 4. 54 5.81 4.62 4. 93 5.45 6. 89 5.03 4.68 7.08
Cs 1. 59 1. 60 1. 54 0.33 0.53 0. 84 0. 45 0.54 4. 89 2.82 2.53 1.11
Ba 1390 1104 1126 682 785 1351 692 607 1328 902 867 1196
La 35.1 22.8 22.0 18.5 21.7 17.7 19.2 18.0 28.4 19.9 20. 6 28.2
Ce 77.2 50.5 50.5 40. 1 51.1 40. 7 42.5 44.9 63.7 44. 4 47. 6 63.2
Pr 8.99 6.03 5. 86 4. 88 5. 89 4. 94 5. 10 5.27 7.61 5.34 5.53 7.39
Nd 39.0 25.8 24.9 21.1 25.2 21.7 22.5 23.1 33.0 23.2 23.8 31.7
Sm 7.34 4. 99 5.03 4.16 5.18 4. 44 4. 66 4.78 6. 94 4. 89 4.68 6.38
Eu 2.00 1. 42 1. 40 1. 16 1.45 1. 36 1. 34 1. 36 1. 99 1. 39 1. 30 1. 66
Gd 5. 60 3.89 3.72 3. 20 3.82 3.47 3.50 3.83 5. 28 3.83 3.58 4.47
Thb 0.78 0. 56 0.53 0. 46 0.56 0. 50 0. 50 0.55 0.76 0.55 0. 51 0.65
Dy 4. 84 3.32 3.22 2.79 3. 40 2.93 3.15 3.33 4.63 3.24 3.05 3.83
Ho 0. 87 0.63 0.61 0.53 0.62 0.55 0. 60 0. 64 0. 88 0. 60 0. 57 0.72
Er 2.31 1. 64 1. 56 1. 34 1. 61 1. 47 1. 49 1. 67 2.15 1. 55 1. 50 1. 82
Tm 0. 33 0.22 0.23 0. 20 0.22 0. 20 0. 20 0.22 0. 31 0.21 0. 21 0. 24
Yb 2.26 1. 54 1. 47 1. 32 1.55 1. 49 1.51 1.58 2.23 1.55 1.51 1. 85
Lu 0. 29 0. 20 0.21 0.18 0.21 0.19 0. 20 0.21 0. 30 0.21 0. 20 0. 25
Hf 4. 42 2.77 2.67 2.31 2.63 2.06 2.23 2. 46 3.39 2.39 2.33 3.15
Ta 0. 50 0.31 0. 26 0.23 0. 26 0.23 0.23 0. 25 0. 33 0.25 0.21 0.32
Pb 13.2 11. 2 10. 8 12.9 11.6 11.3 5. 73 5. 87 15.5 14. 4 11.4 19.7
Th 3.59 2.13 2.11 1.58 1. 80 1.75 1. 84 1.92 2.62 1. 86 1.78 2.69
U 1. 15 0. 64 0.71 0. 60 0.61 0.55 0. 57 0.63 0. 89 0.62 0.58 0. 89
F4 BEEFTUHEHNLES S-Nd B EHK
Table 4 Sr-Nd isotopic composition of the volcanic rocks for the Qingshan group in Xidong area
FE4S | S"Rb/%6Sr | 87Sr/$0Sr 20 (%7Sr/%Sr), M7 Sm/1" Nd M5 Nd/ " Nd 26 | CSNA/MND, | ena (D) t2pm (Ga)
XDo1 0. 301 0. 705393 +2 0. 704837 0.1137 0.511807 +3 0.511710 —14. 84 1. 88
XD03 0. 281 0. 705532 +2 0.705012 0.1167 0.511766 +1 0.511667 —15.69 1. 95
XDo6 0. 368 0. 705615 +2 0. 704935 0.1223 0.511787 +1 0.511683 —15.37 1. 95
XD11 0. 150 0.705113 +2 0. 704836 0.1194 0.511777 +2 0.511675 —15.52 1. 95
XD12 0. 156 0. 705051 +3 0. 704763 0.1241 0.511763 +1 0.511657 —15. 87 1. 99
XD17 0.235 0. 705213 +2 0. 704780 0.1238 0. 511850 +1 0.511745 —14. 17 1. 88
XD18 0.214 0. 705097 +4 0. 704702 0.1250 0.511836 +1 0.511730 —14. 46 1. 90
XD20 0. 247 0. 705131 +3 0.704674 0.1249 0.511832 +1 0.511726 —14.54 1.91
XD21 0.227 0. 705126 +4 0. 704707 0.1272 0.511791 +1 0.511683 —15.37 1. 97
XD22 0. 208 0. 705098 +3 0.704713 0.1270 0.511786 +1 0.511678 —15.47 1. 98
XD23 0.201 0.705214 +3 0.704844 0.1189 0.511728 +2 0.511627 —16. 47 2.01
XD25 0. 242 0. 705320 +2 0. 704872 0.1217 0.511769 +1 0.511666 —15.71 1. 97

T "Rb/%Sr 17 Sm/"Nd HfH H Rb.Sr,Sm,Nd A ICP-MS & i 38 4155 (37 Sr/%0 Sr) il eng (1) BY B 2 50 2% 1 (Y7 Sm/ " Nd) chur =
0.1967, (" Nd /" Nd)cqur =0. 512638, H: /1 r=130Ma,
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Abstract

With volcanic rocks of the Mesozoic Qingshan Group in the Xidong area in western Shangdong
province as study objective, we carried out systematical analysis of element-isotope geochemical analysis on
the volcanic rocks to understand source area of magmatic rocks and their petrogenesis. This study will
expand the geochemical features of rock sequences in this area. SiO, content of Qingshan Group volcanic
rocks ranges from 52. 8% to 59. 8% ., suggesting they belong to calc-alkaline series. The rock assemblage
consists of basaltic trachyandesite to trachyandesite. SiO, shows negative relation to MgO, TFe,O,, MnO
and TiO2, but positive to Al, O, and Na,O. Large ion lithophile elements such as Rb, Ba, Th, U and K
are enriched while high field strength elements such as Nb, Ta and Ti are depleted. The total REE ranges
from 100X 10" ° to 187X 10" °, with (La/Yb)y=8.2~11.1 and no significant Eu anomaly (Eu=0. 9~
1.02). The volcanic rocks have homogeneous and enriched Sr-Nd isotopic compositions with (¥ Sr/* Sr),
ratios of 0.7047 ~0.7050 and Nd (t) values of —16.5~ —14.2. Nd and Sr isotopic compositions of
Qingshan Group volcanic rocks in the Xidong area show no distinct negative relation to SiO,, Nb/Ta and
La/Nb has no negative relation, and Nb and Th shows positive relation. All these features indicate that
crust contamination had much influence on chemical compositions of magma of Qingshan Group volcanic
rocks during the uprising and evolution process of magma. The fact that the volcanic rocks have higher
MgO content than melt resulted from partial melting of basalt indicates that forming process of
intermediate-mafic volcanic rocks of the Qingshan Group was probably related to interaction between
continental crust and mantle rock series. Integrated analysis indicates that the volocanic rocks of Mesozoic
Qingshan Group in the Xidong area were the emplacement of partially melting continental lower curst
materials onto the Earth surface, which were firstly metasomatized with upper mantle rocks in the mantle

environment due to delamination.
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