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Fig. 1

Map showing the division of tectonic units of the Xihu depression (a, b, after Liu Jinshui et al. , 2020¢)

and the stratigraphic subdivisions of the Cenozoic in the Xihu depression (¢, after Chen Zhongyun et al. , 2013)
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Table 1 Major elements compositions (%) of Eocene argillaceous rocks from Pinghu Formation of the Xihu depression
H5 | K25 | SO, |ALO, |Fe,O; | MgO | CaO | Na,O | K,O | MnO | TiO, | P,O; | Al,O,/ TiO, | K,0/ Al,O, | ICV | CIA_,
3 57.10 1 19.46 | 7.02 | 2.24 |0.252|0.560 | 4.33 |0.041|0.779]0.074 24.98 0.22 0. 89 83.41
6 53.46 | 19.47 | 8.55 | 2.63 [0.770|0.394 | 4.54 | 0.046 | 0.743 ] 0.094 26. 20 0.23 1.04 | 81.01
11 56.14 1 19.06 | 6.63 | 2.63 |0.876|0.383| 4.47 |0.035|0.785]0.078 24.28 0.23 1. 00 80. 05
13 55.39|18.46 | 7.05 | 2.80 | 1.45 | 0.431 | 4.41 | 0.046 | 0.807 | 0.093 22.87 0. 24 1.13 75.77
19 53.23 | 15.85] 7.51 | 2.81 | 3.47 | 0.653 | 3.45 | 0.123|0.733]0.146 21. 62 0.22 1.53 61.31
21 56.28 | 20.01 | 6.41 2.51 10.387]0.370 | 4.76 |0.029|0.790 | 0.066 25.33 0. 24 0. 90 83.78
28 51.17 | 16.33 | 6.66 | 2.62 3.07 | 0.512 | 3.59 | 0.069|0.716|0.116 22.81 0.22 1. 37 64. 34
33 55.64 | 18.83 ] 5.69 | 2.62 | 1.31 |0.535| 4.42 | 0.042|0.788 |0.097 23.90 0.23 1.03 76.29
35 52.20 | 18.26 | 6.37 | 2.80 | 1.99 | 0.504 | 4.21 | 0.059|0.751]0.124 24. 31 0.23 1.17 72.16
A-1 37 54.75|117.56 | 5.94 | 2.99 | 2.85 |0.528 | 4.18 | 0.062|0.776 | 0.124 22.63 0. 24 1. 32 66. 70
39 56.3820.61 ] 5.18 | 2.62 [0.319|0.391| 4.96 | 0.024|0.792]0.063 26.02 0. 24 0. 86 84.23
44 53.21|18.27 ] 5.87 | 2.54 | 2.01 |0.466 | 4.09 |0.055|0.775|0.106 23.57 0.22 1. 10 72.12
51 55.03 | 17.33 | 6.01 2.72 2.83 | 0.538 | 4.07 | 0.067 |0.788]0.131 21.99 0.23 1. 29 66.59
51-4 | 52.64|17.15| 6.59 | 2.69 3.08 | 0.489 | 4.11 | 0.097 | 0.752|0.132 22.81 0. 24 1. 34 65. 36
53 52.30 1 18.92] 9.93 | 2.40 |0.784|0.451 | 4.54 |0.061|0.731]0.080 25. 88 0. 24 1. 09 80. 21
56 54.43 119.61 | 7.01 | 2.57 |0.551|0.414 | 4.67 | 0.041 |0.768|0.088 25.53 0. 24 0. 96 82. 41
60 49.78 | 18.16 | 7.61 2.51 1.39 [ 0.330 | 4.05 | 0.080|0.697 |0.130 26.05 0.22 1. 09 76.92
61 55.66 | 21.78 | 4.54 | 2.38 | 0.572|0.440 | 5.07 | 0.026 | 0.786 | 0.065 27.71 0.23 0.79 82.51
64 54.19 |1 20.06 | 5.78 | 2.50 |0.644|0.465| 4.54 | 0.050|0.789 | 0.109 25.42 0.23 0. 90 81.76
8 47.48 | 15.29 | 3.67 | 1.35 [ 0.155|0.416 | 3.42 | 0.013 |0.765|0.038 19. 99 0.22 0. 75 78. 74
20 54.88 | 18.9 | 5.29 2.3 1.01 | 0.678 | 4.15 | 0.04 | 0.768 |0.077 24.61 0.22 0. 94 75.49
23-5 [55.99 | 18.76 | 5.23 | 2.34 [0.959]0.629 | 4.12 | 0.042|0.793 | 0.081 23. 66 0.22 0. 94 76.02
24 54.27119.04 ] 5.52 | 2.13 | 1.04 | 0.606 | 3.42 | 0.052 | 0.806 | 0.096 23.62 0.18 0. 88 75.83
26 55.75|17.73 | 5.71 2.21 1.21 | 0.742 | 3.44 ]0.049|0.798 | 0.104 22.22 0.19 0.99 72.29
27 55.30 | 16.17 | 6.10 | 2.55 3.25 10.735] 3.53 | 0.072|0.756|0.130 21.39 0.22 1. 39 61. 40
A 31 56.28 | 20.27 | 4.51 1.96 | 0.491 | 0.645| 4.15 | 0.029 | 0.810 | 0.071 25.02 0. 20 0.76 79. 17
41 52.13119.40 | 5.01 | 2.08 |0.600|0.676 | 4.05 | 0.037|0.728]0.071 26. 65 0.21 0. 83 77.95
43 28.84 | 15.06 | 3.27 | 0.93 |0.186|0.322| 2.49 | 0.021 |0.435]0.032 34. 62 0.17 0.57 77.74
49 46.60 | 23.15 | 3.91 1.52 | 0.285]0.501| 3.68 |0.017|0.678 |0.161 34. 14 0. 16 0. 55 83. 33
52 40.08 | 20. 16 | 4.35 1.26 |0.216 |0.378 | 3.11 | 0.016 | 0.599 | 0.041 33. 66 0.15 0. 55 82. 34
59 28.46 | 12.64 | 6.37 | 1.04 [0.338|0.298| 2.21 |0.020|0.462|0.035 27. 36 0.17 0. 86 73.55
9 56.53120.26 | 6.06 | 2.29 |0.375]0.708 | 4.88 |0.047|0.759 | 0.081 26.69 0. 24 0. 88 81. 86
12 47.72 | 17.24 | 6. 36 1.94 | 0.764 | 0.557 | 4.02 | 0.068 | 0.690 | 0.076 24.99 0.23 0.97 78. 84
13 53.62|19.74 ] 6.03 | 2.36 |0.298|0.620| 4.79 |0.034|0.736|0.074 26. 82 0. 24 0. 89 82.75
22 54.07 | 20.30 | 4.87 | 2.12 | 0.187 | 0.625| 5.04 | 0.018 | 0.748 | 0.057 27. 14 0. 25 0. 81 83. 49
Bl 24 54.85|20.10 | 4.91 2.09 10.300|0.654| 5.02 |0.025|0.752|0.062 26.73 0. 25 0. 82 82. 50
26 56.61|19.05] 5.83 | 2.33 [0.560| 1.00 | 4.55 | 0.053|0.769|0.091 24.77 0. 24 0. 96 78. 40
28 54.78 | 19.57 | 6.00 | 2.35 |0.376|0.626 | 4.81 |0.043|0.750|0.077 26.09 0. 25 0.91 82.13
30 48.04 | 17.80 | 5.73 | 2.02 |0.209|0.697 | 4.44 |0.024 |0.679 | 0.068 26. 22 0.25 0. 90 82. 22
H ICV— 4378 546 %X (Index of compositional variability) ; CIA ., — 8 1F J& 9 £k 2 1l 25 35 50 (Chemical index of alteration) .,
Yby=7.02~24.17) . HREE 43 i 8 0728 (Gdy/Yby A 3 4F A A B} 5 ok ¥ (Taylor et al., 1985;
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Th/U SFE¥{E 9K 4.55.4. 26 F1 4. 28,5 b 7e
FEEEH B ELE LR, WA ITE Th/U-Th H 5] &

McLennan et al. , 1993), 63 CA-1) KFH 4

STEE b FE X I, X 19 5 RE R 60 5B S48 A
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Hi 5 DXE e B (B-1) A TR AR i 4% VR 7 b 5 X I
(K 5a) . ] 45 P 4108 B B E 2l -
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Fig. 3 The distribution patterns of the trace elements (standardized data from Taylor et al. , 1985) and REE

(standardized data from MclLennan, 1993) of the Eocene argillaceous rocks in the Xihu depression
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Table 2 Trace elements compositions ( X 107°) of Eocene argillaceous rocks from Pinghu Formation of the Xihu depression

5| RS Sc A% Cr Co Ni Cu Sr Ba Th 19} Zr Hf B Mo B, Sr/Cu
3 18.7 140 | 80.2 | 18.2 | 43.1 | 38.4 | 77.8 606 17.6 | 3.99 182 | 5.22 | 75.2 | 0.85 148 2.03

19.0 144 270 20.0 | 54.4 | 55. 90. 3 635 18.0 | 4.21 161 4.00 | 82.7 | 28.1 155 1. 64

11 18.5 140 163 18.2 | 50.1 41.3 | 92.8 653 18.0 | 4.22 170 4.90 | 85.1 15.6 162 2.25

13 17.9 135 185 | 21.0 | 60.5 | 45.7 112 734 17.3 | 3.91 154 | 4.77 | 81.1 | 16.8 156 2.45

19 15.4 116 | 94.9 | 15.4 | 38.8 | 29.2 153 671 15.5 | 9.32 140 | 4.09 | 72.7 | 1.99 179 5.24

21 19. 4 148 183 16.5 | 44.4 | 46.0 | 98.8 706 18.9 | 4.37 168 5.09 | 83.6 14.3 149 2.15

28 15.9 126 100 16.9 | 45.2 | 32.5 133 620 16.0 | 3.74 136 4.01 80. 1 2.82 190 4. 09

33 18.3 141 109 17.8 | 45.9 | 35.0 115 741 17.7 | 3.95 161 4.73 | 86.9 | 2.07 167 3.29

35 17.5 137 103 18.0 | 47.9 | 35.3 123 676 16.9 | 4.02 156 | 4.54 | 86.0 | 1.57 174 3.48

A-1 37 17.5 130 101 17.1 46.1 34.7 130 676 17.0 | 4.20 152 4.45 | 96.1 1.18 195 3.75
39 19.9 150 108 15.9 | 44.2 | 37.0 107 753 19.5 | 4.46 168 5.13 | 94.3 | 0.77 162 2. 89

44 17.3 132 104 19.2 | 46.5 | 33.9 126 754 17.5 | 3.90 151 4.30 | 84.5 | 1.88 176 3.72

51 16. 6 122 135 17.0 | 45.7 | 32.9 141 776 17.8 | 3.66 139 4.28 | 90.4 | 6.91 189 4.29

51-4 16. 3 122 110 15.9 | 40.7 | 32.5 137 750 16.4 | 3.61 132 3.72 | 85.7 | 4.33 177 4.22

53 18.4 143 447 | 21.8 | 73.0 | 74.9 106 919 | 24.6 | 6.01 227 | 9.98 | 87.1 | 62.4 163 1. 42

56 18.5 134 185 18.6 | 49.3 | 42.9 105 767 | 32.5 | 4.42 | 285 4.64 | 88.7 | 15.1 161 2.45

60 17. 8 129 108 14.9 | 40.9 | 36.3 133 1209 17.1 4.63 266 4.02 | 65.1 4.22 137 3. 66

61 19.9 146 109 15.3 | 40.8 | 35.2 117 1023 | 36.7 | 4.41 318 12.8 | 88.9 1. 69 149 3.32

64 19.0 138 106 16.5 | 43.1 | 34.1 134 1109 | 19.3 | 4.40 145 4.32 | 82.2 | 1.99 154 3.93

8 13.1 | 97.8 | 76.1 | 7.87 | 40.3 | 224 104 679 13.5 | 3.43 140 4.11 | 81.2 | 2.04 202 0.46

20 16. 3 118 102 13.7 | 37.4 | 29.5 112 725 15.8 | 3.35 135 4.32 101 2.41 207 3. 80

23-5 16. 3 122 106 15.3 | 38.5 31. 7 119 1503 15.8 | 3.37 144 4.46 | 90.1 1. 94 186 3.75

24 16. 8 115 97.7 | 14.2 | 34.0 | 30.7 106 491 13.3 | 2.90 136 | 4.25 | 82.9 | 1.48 | 206 3.45

26 15.3 116 103 15.1 | 36.8 | 31.5 113 462 14.9 | 3.09 135 3.70 | 82.9 | 4.89 | 205 3.59

27 14.5 109 100 13.7 | 35.6 | 27.9 129 723 14.4 | 3.07 120 3.73 | 84.7 1. 56 204 4.62

Az 31 16. 6 119 104 17.3 | 44.2 | 36.3 | 96.0 597 14.2 | 3.05 140 | 4.31 | 91.2 | 4.8 187 2. 64
41 16. 8 111 97.7 | 13.3 | 35.0 | 34.1 124 | 2548 | 13.5 | 3.17 136 | 4.12 | 96.0 | 2.35 201 3. 64

43 13.8 103 53.1 8.25 | 22.5 52.4 | 67.9 634 7.92 1. 95 108 2. 81 70.3 1. 57 240 1. 30

49 18.8 120 88. 1 11.6 | 29.4 | 55.1 454 736 10. 3 2.88 122 3.76 | 79.0 1.99 182 8. 24

52 17.0 113 | 73.5 | 9.76 | 25.1 | 59.0 | 81.2 939 | 8.12 | 2.17 120 | 3.52 | 65.2 | 1.53 178 1. 38

59 11.3 | 84.3 | 52.9 | 9.61 | 23.3 | 32.6 | 69.8 | 1397 | 6.79 | 1.97 | 75.7 | 2.26 | 65.5 | 2.57 | 252 2. 14

9 18. 4 147 107 18.4 | 45.0 | 40.3 118 922 18. 5 3.96 138 4.30 | 84.5 | 0.69 147 2.93

12 16.5 127 103 16.5 | 42.8 | 35.9 117 889 15.8 | 3.87 124 3.80 | 63.0 2.4 133 3.26

13 18.4 143 119 18.5 | 44.8 | 39.6 117 911 17.1 | 4.25 146 | 4.39 | 77.6 | 2.78 138 2.95

22 18.8 149 116 17.2 | 43.1 | 42.3 118 952 17.6 | 4.44 146 | 4.47 | 85.4 1.1 144 2.79

Bl 24 17.9 143 115 16.0 | 41.4 | 39.6 123 1436 17.6 | 4.07 135 4.18 | 84.6 1. 67 143 3.11
26 17. 4 139 120 18.3 | 44.6 | 38.4 141 1442 | 17.1 | 3.63 121 3.73 | 89.7 | 2.57 168 3.67

28 17.7 142 111 17.9 | 44.2 | 38.6 128 985 17.5 | 4.03 131 3.96 | 84.4 | 1.03 149 3.32

30 15.9 127 103 15.9 | 41.0 | 37.1 147 959 15.0 | 3.61 121 3.76 | 72.5 1.3 139 3.96

IE:B,RIEJR Y B A&k,

AN FEAER T T PEE R & IR X AL A-1 JF 53
SN 61 SR B VR AR DU AL 2 IX (] S
25 LA A5 A DT 4 T B A REE DL e A K
R E DR TUR Y o T 53 s . DR IX
2 CHRIE R — B LUK LS Sy e i Y
JZ MR [ 2% b 5 45 i HE W7 A R 3 o B b g
i (Yang Chuansheng et al. , 2012) , #1 H Jb &R
(A-1 F A-2) I DR LI, iy 7 5 as B i s
HAE By T B Hh 02 W) 5 L Ml L AP 8 2H IS R e T
B BB 3 2 B A b O U ) AR AE

Al O/ TiO, {HBE R 4 Hb 48 7~ BE:# 25 AY, Hayashi
et al. (1997)1A°N AL O,/TiO, fHA T 3~8 Z [,
REF MR KA s T 8~21 Zfa) L, B
KA AT 21~70, 85 A KB kR . BESE
XFES ) AL O, /TiO, fHA T 19. 99~34. 62, F
{H>h 25.39(F 2) , RUPFMIA TR a1 A E2 R
KT KA . AEREIE X P A-2 JErp 8 S FE &
Al O,/ TiO, fH R 19. 99, 5 7~ H &8 Hb X P i 41 — .
CRREFRABAETRALER AR SA. KO/
Al, Oy {H 38 8 B FH > 28 1E 0 W7 DR B 25 ok
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Table 3 Rare earth elements compositions ( X 10™°) of Eocene argillaceous rocks from Pinghu Formation of the Xihu depression

5| Y | La Ce Pr | Nd | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu EE::/ ;Ib;: ;(;?: I;IRRE;Ff
3 |50.2]94.2|11.2(40.7[7.30|1.53|6.07 | 1.11 | 5.36 | 1.07 | 3.03 [ 0.33 | 3.02 | 0.47 | 0.70 |11.21| 1.62 | 10.03
6 51.4(94.9 | 11.2 | 40.9 | 7.30 | 1.54 | 6.09 | 1.08 | 4.59 | 1.04 | 2.91 | 0.46 | 2.91 | 0.46 | 0. 71 |11.91]| 1.69 10. 61
11 49.1 1 94.5 | 11.2 | 40.5|7.16 | 1.52 |5.6310.86|5.06|1.01]2.920.29|2.94|0.47|0.73|11.26|1.55 10. 64
13 [49.994.0|11.2(40.7 [7.23|1.57 | 6.12 ] 0.88 | 5.16 | 0.99 | 2.85 | 0.45 | 2.88 | 0.45 | 0.72 |11. 68| 1.71 | 10.34
19 | 45.7[85.9]10.9(38.3[7.05|1.51(5.85|1.05|4.33(0.82|2.50|0.29|2.61|0.41|0.72 |11.80|1.81 | 10.60
21 52.1199.1|11.9|41.8|7.37 ] 1.56|6.04|1.06|5.11]0.99|2.86|0.46 | 1.67 | 0.47 | 0.71 |21.03]| 2.92 11. 46
28 44.0 | 83.010.0|37.0|6.72|1.43 |5.51 | 1.00 | 4.16 |0.90|2.49 |0.41 |2.52|0.39|0.72|11.77|1.76 10. 48
33 |50.6(93.5[11.2|40.8|7.28|1.58|5.99|1.08 [5.05|0.88|2.82]0.43|2.82|0.44|0.73 |12.10| 1.71 | 10.51
35 | 46.4(90.7(10.9(39.6(7.12|1.55|6.00|0.99 |5.07 |1.00|2.79 [0.43 [ 2.78 | 0.44 | 0.73 [11.25| 1. 74 | 10.07
A-1 37 49.4 196.9 | 12.0 | 43.4|7.96 | 1.71 | 6.46 | 1.15 | 4.68 | 0.90| 2.87 | 0.44 | 2.85 | 0.44 | 0.73 |11.69| 1. 83 10. 68
39 |53.9(99.3[11.8|42.6|7.43[1.56|6.02|1.07 [5.10|1.01{2.73]0.33[2.99]0.47 |0.71 |12.15|1.62 | 10.98
44 | 49.7 | 91.6 | 11.4 [40.1|7.25|1.58 | 5.97 | 1.04 | 5.01 | 0.95 | 2.76 | 0.43 | 2.72 | 0.43 | 0.73 [12.32| 1.77 | 10.44
51 50.3(94.1 | 11.4|42.1|7.62]1.64|6.25|1.10|5.24]0.99]2.74]0.31|2.71{0.45|0.73[12.51]| 1.86 10. 47
51-4 | 51.1 |1 96.6 | 11.0 | 40.2 | 7.47 | 1.61 | 6.12 | 1.07 | 5.05 ] 0.94 | 2.62 | 0.27 | 2.52 | 0.39 | 0.73|13.67| 1.96 10. 96
53 | 67.4| 139 [13.8 |42.2|7.58 | 1.67 | 6.23|2.65|5.25|1.48|2.92]0.45|2.96|0.46 | 0.74 |15.35|1.70 | 12.13
56 | 88.9| 172 [11.4 |41.4 | 7.39 | 1.57 | 14.7 | 3.17 | 5.11 | 0.98 | 2.84 | 0.44 | 2.84 | 0.45 | 0.46 |21.10| 4.18 | 10.57
60 91.6 | 178 | 17.8 | 43.1|7.97 | 1.78 | 6.61 | 1.18 | 5.58 | 1.05 | 2.98 | 0.44 | 2.86 | 0.45 | 0.75 |21.59]| 1. 87 16. 09
61 109 208 | 12.9179.6(8.29(1.7916.69|1.16|23.4]2.98|8.84|0.46 |3.04|0.46|0.73|24.17|1.78 8.92
64 |58.3| 107 |[13.3 |46.4|8.36|1.83|6.78|1.21 |5.68|1.09|2.77|0.46 | 2.48|0.46 | 0.74 |15.85|2.21 | 11.24
8 37.5(73.5(8.65|31.1[5.40]1.20|2.68|0.78|3.78]0.80 ] 1.15|0.38|2.451|0.37|0.96 |10.32]0.88 12. 70
20 42.6 | 83.219.82|36.2|6.54|1.45|5.64 |0.86 |4.67|0.84]2.59|0.41|2.69|0.41|0.73]10.68| 1.69 9.93
23-5 | 44.8 | 84.6 1 9.92|36.8|6.60|1.68|4.91|0.89|4.67]0.95]2.63|0.41|2.68|0.41]0.90|11.27|1.48 10. 51
24 | 41.4(78.1[9.27 |34.5(6.42 | 1.39 |5.55(0.90 | 4.79 | 0.94 | 2.62 | 0.42 [ 2.75 | 0.41 | 0.71 [10.15| 1. 63 | 9.31
26 | 42.3(82.1(9.76(36.1(6.66|1.40|5.77|0.90 |4.59|0.94|2.56|0.40 | 2.58 | 0.40 | 0.69 [11.05| 1.80 | 9.83
27 40.8 | 80.2(9.62|35.3]6.66]1.47|5.75]0.89|3.96]0.911]2.49]0.3812.48|0.38|0.73|11.09]| 1.87 10. 10
A 31 |42.2(82.9[9.65|35.9|6.44 | 1.46 | 5.66 | 0.88 [ 4.69 | 0.83 | 2.66 | 0.42 | 2.62 | 0.41 | 0.74 |10.86| 1.74 | 9.83
41 | 40.2|78.3(9.44 [35.0(6.42|1.97 [ 5.59 | 0.89 | 4.70 [ 0.93|2.62|0.41 |2.61|0.40 | 1.01 [10.38|1.73| 9.44
43 22.7 | 44.7 | 5.60 | 21.6 | 4.35]1.10]3.96|0.73|1.91]0.39]2.10|0.33|2.18|0.33]0.8117.02 ] 1.47 8. 39
49 37.0169.6 | 8.84|34.0]6.96|1.70|5.33|1.03|4.52|1.03]3.06|0.431]2.80]0.43]0.85]8.91]1.54 8. 49
52 | 25.9(48.6 [5.99|22.9|4.49 | 1.21 |3.99(0.69 [ 3.84|0.80|2.24|0.36|2.35|0.35[0.87 |7.43|1.37 | 7.46
59 [ 19.0(39.4|4.26(18.8(3.71|1.10|3.20|0.58|2.76|0.58|1.57 | 0.26 |1.65|0.25|0.98|7.76 | 1.56 | 7.95
9 52.4199.8 | 11.7 | 43.0 | 7.73 | 1.67 |6.49 | 1.03|5.43 | 1.06 | 2.98|0.45(2.93|0.45|0.72[12.06| 1.79 10. 39
12 45.6 | 86.0 | 10.2 | 38.1|6.87|1.50|5.81|0.94|4.88|0.97]2.26|0.41|2.70|0.42|0.73|11.39|1.74 10. 24
13 [ 52.3] 102 |11.7(43.1[7.69|1.64|6.38|1.02|5.33(1.07 [3.00|0.46|2.98|0.44 | 0.72|11.83| 1.73 | 10.56
B1 22 51.2(99.4 | 11.2 | 42.1|7.45]1.52|6.05]0.96 |4.51|1.021]2.93|0.451|2.92|0.45|0.69 [11.82]| 1.67 11. 04
24 47.6 1 95.1 | 11.1 | 41.0 | 7.24 | 1.57 | 5.90 | 0.92 | 4.97 | 0.86 | 2.77 | 0.42 | 2.72 | 0.43 | 0.73 |11.80| 1.75 10. 72
26 | 50.0(98.2[11.4|42.2(7.53|1.69 |6.14|0.96 |4.97 | 0.96 | 2.65|0.41 | 2.54|0.39|0.76 |13.27|1.95 | 11.09
28 |50.0(96.6|11.3|41.8|7.35|1.54|6.03|0.96|4.53|1.00|2.78]0.43|2.78|0.41]0.71 |12.13|1.75 | 11.02
30 44.6 | 86.3 1 9.62 | 37.1|6.73|1.43 |5.52|0.88|4.07|0.92|2.56|0.40|2.53|0.39|0.72|11.88|1.76 10. 76
AR A ,Cox et al. (1995)# H Y K,0O/ALO, & H: BLAR i 44 22 (Yang Chuansheng et al. , 2012;Zhu

KT 0.5 BF, DU EEE o & A 8 & e K A,
WF5E X V8 Bt RE Y K, O/AL O, S N 0. 15~
0. 25, F3MH N 0. 22(F& 1), RIAEE A st K A (10
R BN I B T BE A R PR AE i TN KA B
L OA DR LA BN KA

N 38 3 2 b AR ORI R TR A B
B, DA T B 2 35 G ARG Ll B A B 2 A6 B TN
EXCYN AV S JEN I8 Y/ S Y -E k1D
IR JE A AP AE R KA RZ T AR AEAE

Lixin, 2016), RS SCIA Ay v A B e IX A 74 38 M1
8 G 30 A e DX P 3890 2 390 ARUH 2 A IR X, B R
DL Ml e 9 K 0 BT KO S L JEE CA-D R A
FBEHR U T B A2 B b Ok | A A AL AR
A FR M, B CA-2) S0 20 DY B 43 U6 T B
WA IR B A R A O N K
FIVHE 2 T Bk IR /D i 1L A AR A . P i 1M A
75 5 2B R R R R AR A T A A R R R b R
B EH WP 4 F (Li Ning et al. , 2017), A
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Fig. 5 Plot of Th/U versus Th (a) (base map after McLennan et al. , 1993) and La/Th-Hf discriminant diagram (b)

(base map after Cox et al. , 1995) for the Pinghu Formation argillaceous rocks in the Xihu depression

SCIA K T I T B b 3 CA-1) - 390 20 T BRI RE 4y A A

YV S5 1 B AT A DA

4.3 MBEXKERLIERARERMNERX HSE
HHE

P X 0 A 2 AR T B 32 U X A 2 B R
FRAE A 15 5 5 b I FRAE L R B 4% 10 45 B3 10 52
(Berner, 1992;0Oliva et al. , 2003) . fb2#ih2s$5 %k
CIA(Nesbitt et al. , 1982) 1] J] F 5 & WM b 2% K
LAYy = RN WS P

CIA=[ALO,/ (Al,0,4+Ca0O" +Na, O +

K,0)] X100
Forp AR ol BEOR 4R B, CaO " 2 2A A1 v BE TR 46
Ji &1 CaO,

FH 1 i o 2 LA A R B s AR Az
OB R #1025 1 A0 1) ' 4, IR e A f T CTA 48 24K
I OB e AT PR A A AR TE . A SR ] Nesbitt
et al. (1984, 198D # H ) A-CN-K (AL, O,-(CaO” +
Na, O)-K, O) =i K fif AT R IE, 45 R A&l 6 B,
Horb LA L S 35000 A 2B S s2 AR T B KUk e
P LR 1 R SR BR Ve A AR e, IR 6 T LA
B R AR AT — o B BB S ARE T A-L AN
B-1 A998 5 KA A B e i 1) K, O S G 6 R 5 B2
T A2 . K@ SR R 2R SR s S LA
L7858 s RN IR BRAAVE TR T B CIA,,, fH

I3 AMEAE T CTA B 40 Ui I DX XU Ak AR B B 3
% JEEIYE T R A A2 2 P E MR R 52 e, AR SR
A Cox et al. (1995) 2 i) il 4328 R H8 4 ICV 3R H|
Wr s AR

ICV=(Fe, 0, +K,0+ Na, O+ CaO+MgO+

MnO+TiO,)/ AL O,

A ALY DL /R A BOR B, 24 ICV>1 i,
fERFEm SR DR E LY R T
SR I EWRTUICV<T1 B, 5 75 B b & K i
MR LY AR T RE & 52 1 e VR s ik it
PR & TR E XALE R . A UCBIE 5 1
an Y TCV {E (3R 2) Al AL K 22 B0k il 1 TCV (35 4%
U1 ECORT 1, SR T Sl bl 1 i DU D Bk
A-2 FERES I ICV A2 T 0. 55~0. 57, 2 W H ] g
211 T G PR U AR B I ORI 28 T i KUAR AR
Mo Zr/Sc 32 & F Y A e U0 ) 15 5E 71 /Y 5 %L
(Hassan et al. , 1999), i Th/Sc A] {E A 3 W {k 2=
5 $8 B8 (McLennan et al. , 1993), K it % H
Zr/Sc-Th/Sc ¥ f# ( McLennan et al., 1993;
Mongelli et al. , 2006), 3k FI WK ICV {H 1Y FE & L
TR A5 28 Py i [l VR A 52w . AKIET 7 ] LU
BT A RS I i B R R S, T ) D A
it I A 18 52 7 1714 Y A4 52 i, IR ICV (B Y B
st JIT X DL 9 CTA,, (B3 A5 ] 77. 34~83. 33, N iL
A AR TCV A A A 2 1 DT AR I i XU AR A H
Fr 5 301y .

R T A B AR A R HER CTA (B, A SCR
Panahi et al. (2000) %2t AR IE A AT IE

CIA.,.=[ALO,/(AL O, + CaO" + Na,O +

K,O..)1X100

K;Ou,=[m ALO,+m(CaO" +Na,0)]/(1—m)
A bW L BE SR T 3 B B AL, CaO " 2 A A v
HERR £ T3 1) CaO. K, O, S48 R K A2 1 32 A1
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Fig. 6 A-CN-K ternary diagram for the Pinghu Formation argillaceous rocks in the Xihu depression
L VL — & KA 50 3 AR F Y U8 B KAk R 32k 5 1 R 0 — AR 3 R A B 5 AR 1R F %) 0 o LA 4 2k
L and L’ are the initial progressive chemical weathering trends; / and [’ are the
K-metasomatism trend that resulted from the diagenetic K addition to the saprolith
10 fEAE I s CTA = 80 ~ 100 M Jz e 1 5% £ XU Ak E .
o A2 YL fe VTt 78 14 90901 10 O 81 401 0 5 0 B 22 T ol
_ KL KR o i
1B Tk e A AL AL
PRV b 2 AR A H 5 55 B N 1 5 2% 18 O B 4
2 WINE WA GRE.EE %) (Gislason et al. ,
L 0,14 . s e
£ 2009) . Wi X R AAE FH 5 55 1 o B 48 Bk, AT R I
LA B9 o R 5 1 (Goldberg et al., 20103
0. 014 : . N R TI e .
O] e % Yang Jianghai et al. , 2017), 4557 tH—7 B it i 17
ARl A H R 92 R B UK & ] (Kraatz et
0. 001 T T T al. » 2010; Anagnostou et al., 2016; Herman et
0.1 1 10 100 1000

Zr/Sc
7 PR 80 U S Ze/Se-Th/Se Kl fift
(K E & McLennan et al. , 2003)
Fig. 7 Plot of Th/Sc versus Zr/Sc for the Pinghu
Formation argillaceous rocks in the Xihu depression

(base map after MclLennan et al. , 2003)

P B A i K, O B9 EE R B 4080 m HARR B S
Y K, O B Fe B BF 5 IX M A Vg ek, G vk 15 31 B 2
A5 B AR 35 1 6 th P47 T A-CN %4k L FI L’
IR LS CN-K i 2 S By m f. ®KIEJE
CIA,., (IR 1 Fis, Hd A-1 I CIA,,,, 4310 i
7 63.34~83. 41, F¥{H K 75.63, A-2 I CIA.,.
Iy A TE K 61, 40~83. 33, FHIME S 76. 15, B-1 I
CIA.,.. /A3 78. 40~83. 49, F-¥{E H 81. 52,
Fedo et al. (1995) 3§ i CIA=50~60, Jx W4 I X
1 32 555 AL AE FHS2 0 s CTA =60~ 80, 15 /8 T %5 X

al., 2017), W AW EFME (Herman et al. , 2017;
Rivero-Cuesta et al. , 2018), KA | A& bk & &
(Pearson et al. , 2009) &% [F] 7 & VL K & [F) 0 2 4
fiE (Jicha et al. » 2009) ¥Jic ¢ T BLK W 35 0 A8 %
o G TSP ) 20 0 A FE AL CTA (B 43 A v
N 61.40~84. 23, B K 76. 99 . M4l Hao Lewei
et al. (2018) % T8 A #7176 s 41 U8 5 5 B b 1 &
HIOLHR I CIA H A [y 67. 54 ~79. 35, °F
PIE R 74.95 (R 4, XA T AS [\ BTG CIA
{8 6 3 TS W0 4108 T CIA HZE 0] W T 48
41, B A 8 TS 150 4L T B XAk VR g T AR T
1, 3% 55 1t 30 B T eI 1 vk = 6
PEAT B ARIF AN W 5 22 . Sr/Cu (B 2 H Wy s 0
G AR, @ H AR Sr/Cu L T 1.3~5.0 #57R
TS 1T KT 5. 0 4878 T 538 (Wang Suiji et
al. » 1997) P4 B A Sr/Cu fE 7 F 0.5~8. 2
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AARGF BRI OCFR o £ b AT HE W L PG 30 1 7 46 B
TSP 90 ZH AR vy A A il B R
R4 FEHMBEEEERRBIREZRHE
Table 4 The average and range values of geochemical

compositions of the sedimentary rocks in the Xihu depression

. A CIA| Y CIA )

i = . 1) "J,\

b J2 A AR . . A e IR
Wit | AEHE4L | 74.95 | 67.54~79. 35 | Hao Lewei et al. 2018

At | SEWIZH | 76.99 | 61.40~84. 23 NI

4.4 HERERE

Je ot 4 B i 98 & (BL Sr.Ba, Ga, Cu %5) Fil s
- IEE (Ce 55) 1Y Hb R AL 2% FRAE AT AE hy 5 1k 1Y 45
ok A W A 6] B9 2R 8% 2% 7F (Hofer et al. » 2013;
Lash et al. , 2014; Zhang Xianguo et al. , 2017;
Wang Tong et al. , 2020),
4.4.1 MBREBEESHW

ioC & (B FE VLAY h i) & 46 2 Bl T U0
BT 0 b B L 7 w8 A B A I K PR A 4440 pg/ L, T
RIAK PN A 18 png/L(Martin et al. , 1983),
PRIt B # B B R A R 40 T T A 1A o 2o 308 A 1 i A
M35 Fr Z — (Hofer et al. , 2013;Lash et al. , 2014 ;
Zhang Xianguo et al. , 2017), B WM F & -5 %
b BRI A R LA R 1 B OB RE T, R A
KR A G S B A& 4 2 A OC, AR RDF M &
SEB U BT o PRI AT HE Ok B AR AR T B R AR 5
M, ATk /NEE AR S X B R AR
ma AL fk B O T B S 0 R s VR L AR E5E R
Walker(1968) £ tH i AH 2 0 ik iE 47 4% 1E , FHo A
K

B.= (B, X8.5)/ K,0

LB MKIERM B &8 <10 %) 5B, 2 52 bR il
A& (<10 )5 K, 0 8 KO0 &8 (%),

KIEJG B & &k 3 i, A-1 - B, & &0 1
JLH 137 X107 °~195X10"°,FFEH{H N 165X10°;
A-2 JF B, &AM 178 X10 ©~252%x10 °,F
PIEN 204X 10 °;B-1 I B, & &4 Hl 133 X
10 "~168 X 10 °, ¥ A 145 X 10 ", Walker
(1968) 48 i A 24 Bl << 200 X 10 ° B, K& A+ T
200X 107 °~300 X 10" ° W}, N2 Jk ;s /0 F 300 X
10 °~400X10 ° B, A IEH K ;=400 X 10 ° B,
ik JECRI R EOK o A IR AR AR X PE N A-1 A2
A B-1 AT LR S b 45 R R W P 4 1B
TURUY L CA-1) AH 24 0 75 £ 52 4% fin e 34, (BT A

IKAAREE AR R iR K 5 - T 20 00 B DB L 6 CA-D)
AF 2 B0 55 S e e BT RRUK AR B A R R
K AR CA-2) AH 4 0 5 B AR b S L A
AH 05 e A8 Ak AT A T A i s R K AR R B R
TR 7K R 2 JBOK 28 85 T8 (R R AIE 5 7 T 20 = B i AR
AL CA-1) AH 224 B0 52 /)N 1Y e 3, 0 RRUK R # 4K -
SIRIK S R CA-2) B /A BEORE i AH 25 B 5 BT 200
X0 ORI A SR i 7K S R 43 i AR 24 3% 1 R
F 200X 10" H/NTF 300X 10, g jaloK s - 0 41
— EUUE L L (A-D) ARG B (B-1) K AR &
FERAR . SR K S 1 CA-2) S 2R Bk (B 8) .

AT SR A ROk R BF ST IXAE AL ER CA-1) B9y
WY s P BB A T R A CA-2) AR AR (B-1) (Cai
Hua et al. , 2019), iy HuJE I 0 2% 5% W] 8 = BOF- 1)
ZHPTARIA v A g 7 B By A2 B i K 52 e 5 Ay AR
YRR HESR T, V40 U1 B 7 38 4 5T M kL AT L
A0 IV M T B S A E B AR AR A, Ll R LT A
o 3= BE B REAR, hm) EF WA R kR B R
FEE A A A B W 4 38 R B A 4R R IR K B B A
BEOME RSB 5T 2K Ak A7 (Zhou Xinhuai,
2020),

WFFR XA L =AM RIE R hF . 2R
B AT SRR = A U % RO A 28 T (R 2)
HIACIA R 8 350 1M1 5 1 0 4 O R 32 22 ke B 32 W 5
Wi B = A 0 A B U AR AR R (LD Shunli et al. ,
2018; Abbas et al., 2018; Jiang Yiming et al. ,
2020) . 38 1k E FE AR AR FIW 0T LR Gl s AR A AR
YRR AE 53 BT o TA R V30 1T 6 1 0 A 0 AR B A T R
DURE 506 B A0 DX 22 S i 3R £ 2k F i 4%
SANTTRARZR B AR S0 £ 2k T 2 s
U IR T AR N
4.4.2 SEUTERFZFGESHT

e 5t A i oo 2R AT R U B KR B AR T
¢ AE (Hatch et al., 1992; Jones et al., 1994;
Cullers, 2002;Lash et al. , 2014), Mo #f1 U Jt. &
TEVLR h 5 ARG, Mo JTERAE 2. 7X 10 ° KA,
M U JCEAE 3. 7X10 ° £ 47 (Taylor et al. , 1985);
H3 W Fh oo 2 7 1K B A K Ry TR B R (Mo
K&y 780 ka, U K%y 450 ka) , Mo I U 7 iff 7 77 i
A S EARR DU TR Y Mo Ml U 32 AR B4R
4T B4 (Algeo et al. , 2009), Th TR A
Whivhim o teactesE JF Blam TEEES S/ L
BIULF W) s (Wignall, 1988). Jones et al. (1994)
IR & E B Ui U/ Th<<0. 75, (5% X
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Fig. 8 B, CIA and Sr/Cu are plotted for wells A-1, A-2,

B FE G U/ Th fHEF 2 0. 12~0. 60, - ¥{EH
0. 24, AT A5t B 52 X8 5T 5 B il 8 T 3 S BR
S

Ni Hl VA7 AE T w2 A AE B4 1 ik i 245 4y (b
W) F 33X i 2 ) e W) oK R T S R T I S AE IR AR
FHTRAF  KRINBRE THAFMTTHAIMAESA
A PNtk g & &, e Ni 1V & 2K (Lewan et
al. . 1982), V Lal fEWE B T %6 474, B vl fE2
WA T 25 R (Breit et al. , 1991) ., Cr #%IA ML 5
1 453 A7 G (Dill, 1986) , A 32 S AL JBL 4 1 11 5%
M, PR V/Cr B (C>2) B0 48 s B8 25 8. Ni
il Co WAFTE T H B h . Him Ni/Co i (>5) 58k
& ME & (Rimmer, 2004), V/Cr-Ni/Co 1 Mo-
Ni/Co &l fif T 12k 0 e i S 2 T8 ol if i) 4 A 38 D 5%
4 (Rimmer, 2004), MFE 9 o] LLFE H ik 58 19 8
Jo A A i R A S AR R

S350 20 U6 T R AL R Ak A AR AR R
W & B IR, JF HO B A 8 m 9 Pr/Ph A (Zhu
Yangming et al., 2012; Cheng Xiong et al.,
2020) , WP H DO K AR AL T 5 SE BB v, i

and B-1 in the Xihu depression

THAE bR A A W) R B MR R 1) LB U5 s S AR
Y Z KRR L I DT R R AR 1 R K Y
LA 5 (Zhou Xinhuai, 2020), V/Cr-Ni/Co #l
Mo-Ni/Co &l fif F 1R 45 5 5 5 5 F 50 A B sk 1k
2R G JH R — 2, TR AR SCIA R A 5 X7 i 41
Je Bt £ BIE BT K AR A i & | A B

5 %hip

(1) Y8 J3E 5 o dk T 28 440 3 ) TR 45 S 3 1 G 0 1M1
B ST 18 2H T0 AR ] st LA K i 5 IR 2 A B i 2%
P i 15 S, VAR A S Ay UG 0 11165 WG S A XS 0 4
FEY IR IX A L5 5K B KA N
F LIz B0k B b FE A AR A & R R
PRI RS L B 2R S O AE B N K T 2 T
B DR R AU .

(2)CIA,,, THEZ5 500 7 7 15 750 21 U ot
AIBE A 2 7 T i A B AR R . R 58 X SR 1)
HYE T Sr/Cu B AL 2 1l 28 $5 % CTA Xty = fs
{18y J52 18 25 SR A58 o — B, BV B ol A A R R TR
I R
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Fig. 9

Crossplots of trace-element ratios used as paleoredox proxies (base map after Rimmer,2004)

(a)—V/Cr-Ni/Co HI & ; (b)—Mo-Ni/Co HI 5 & ; V/Cr 1 Ni/Co By i B Jones et al. ,1994
(a)—V/Cr vs Ni/Co; (b)—Mo vs Ni/Co; ranges for V/Cr and Ni/Co are from Jones et al. ,1994
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Abstract

The Xihu depression in the East China Sea basin contains significant oil and gas resources. The
Pinghu Formation coal measures are the primary source rock and oil-gas reservoirs. In order to better
understand its tectonic setting, provenance characteristics and paleoenvironment, we conduct detailed
geochemistry study of the argillaceous rocks of the Eocene Pinghu Formation. La-Th-Sc and Th-Sc-Zr/10
diagrams indicate that the study area was mainly subjected to the continental island arc and active
continental margin tectonic background. Argillaceous rocks were predominantly derived from upper crustal
felsic igneous rocks based on the values Al,O,/TiO,, K,O/Al,O,, Cr/Zr, LREE/HREE, Eu, Lay/Yby.
Gdy/Yby and plots of Th/U-Th, and the fairly uniform REE patterns. By comparing the characteristics of
the magmatic rocks in the uplift area, it is concluded that the parent rocks are mainly granitic amphibolite
and ingenious tuff, with a few andesites and metamorphic rocks. The A-CN-K triangle showed that
mudstones were affected by the K metasomatic processes, and in this regard, we corrected the chemical
index of alteration (CIA). The Eocene Pinghu Formation mudstones have moderate to high K-corrected
CIA (61.40~83.49), indicating moderate to intense chemical weathering conditions. By analyzing and
comparing with the CIA of the Oligocene Huagang Formation, the chemical weathering history suggests
that a warm and humid climate during the Eocene, whereas a cool and humid to semi-humid climate
prevailed during the Oligocene. Using the corrected boron contents (Bc) and integrating the analysis of
paleomorphological and paleontological features, it is concluded that there is regional variability in the
depositional background of the Pinghu Formation. The northern part (A-1) shows a terrestrial
depositional environment as a river-dominated deltaic depositional system. The central part (A-2) and
southern part (B-1) were dominated by the marginal marine environments as the tidally influenced deltaic
depositional system. Trace element U/Th ratios, V/Cr-Ni/Co and Mo-Ni/Co discrimination diagrams

indicate that the mudstones of the Pinghu Formation were formed in an oxic environment,

Key words: argillaceous rocks; geochemistry; provenance analysis; paleoenvironment; Pinghu

Formation; Xihu depression



