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Fig. 1 The study area and the location of the Well Daoye—1

in Northern Guizhou ( modified from Wang Pengfei et al. ,
2018&)
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Fig. 2 The Ordovician—Silurian sedimentary sequence of the Well Daoye—1 in northern Guizhou
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Table 1 The content of the major elements ( %) and the TOC of the Ordovician—Silurian shale

in the Well Daoye—1 in northern Guizhou

R | RER | S0, | ALO;y | Fe,05 | FeO | CaO | MgO | K,0 | Nay0 | TiO, | P05 | MmO | LOL | TOC

SI | 56.10 | 15.34 | 2.03 | 3.56 | 498 | 2.72 | 3.76 | 1.08 | 0.70 | 0.14 | 0.10 | 7.98 | 0.11

2 | 57.37 | 17.26 | 3.54 | 2.98 | 2.39 | 2.94 | 4.30 | 0.97 | 0.70 | 0.12 | 0.16 | 6.62 | 0.11

$3 | 58.97 | 18.25 | 3.90 | 2.70 | 1.51 | 3.03 | 4.53 | 0.93 | 0.73 | 0.13 | 0.07 | 5.92 | 0.10

S4 | 57.54 | 18.53 | 3.27 | 3.21 | 1.81 | 3.21 | 4.68 | 0.8 | 0.71 | 0.12 | 0.06 | 5.94 | 0.13

S5 | 58.27 | 18.29 | 2.77 | 3.68 | 1.66 | 3.12 | 4.62 | 0.97 | 0.73 | 0.12 | 0.06 | 6.21 | 0.23

. S6 | 59.52 | 16.43 | 3.08 | 2.32 | 3.15 | 2.71 | 3.85 | 1.14 | 0.68 | 0.12 | 0.05 | 7.39 | 0.32

2 S7 | 55.22 | 17.42 | 3.58 | 2.66 | 4.34 | 3.11 | 431 | 0.96 | 0.70 | 0.11 | 0.06 | 7.91 | 0.12

Ej S8 | 46.74 | 14.47 | 2.87 | 2.19 | 11.63 | 2.92 | 3.53 | 0.78 | 0.56 | 0.10 | 0.06 | 12.79 | 0.16

g S9 | 53.01 | 17.20 | 4.28 | 1.68 | 5.52 | 3.47 | 4.28 | 0.8 | 0.67 | 0.10 | 0.06 | 9.53 | 0.22

SI0 | 53.06 | 16.54 | 3.46 | 2.68 | 5.01 | 3.08 | 4.00 | 0.80 | 0.65 | 0.09 | 0.04 | 10.03 | 0.57

éjﬁ SI1 | 52,02 | 16.24 | 4.15 | 1.84 | 6.04 | 3.24 | 400 | 0.79 | 0.66 | 0.10 | 0.05 | 11.14 | 0.33

S12 | 51.00 | 14.90 | 2.19 | 3.08 | 7.70 | 2.99 | 3.67 | 0.8 | 0.62 | 0.10 | 0.05 | 10.56 | 0.50

& SI3 | 53.34 | 15.64 | 1.58 | 4.19 | 6.58 | 3.22 | 3.64 | 0.90 | 0.67 | 0.11 | 0.05 | 9.02 | 0.49

j;g S14 | 54.46 | 16.39 | 1.75 | 4.06 | 4.51 | 3.18 | 3.87 | 0.94 | 0.70 | 0.11 | 0.05 | 8.15 | 0.54

1 S15 | 56.93 | 17.69 | 2.79 | 3.29 | 3.25 | 3.10 | 3.77 | 0.93 | 0.70 | 0.09 | 0.04 | 7.73 | 0.48

S16 | 56.41 | 17.53 | 2.06 | 3.88 | 2.62 | 3.13 | 427 | 0.87 | 0.72 | 0.09 | 0.03 | 7.38 | 0.56

S17 | 54.32 | 16.40 | 2.27 | 3.21 | 4.82 | 2.94 | 400 | 0.88 | 0.72 | 0.10 | 0.04 | 9.20 | 0.84

SI8 | 55.86 | 15.33 | 2.64 | 2.81 | 5.00 | 2.98 | 3.65 | 1.05 | 0.67 | 0.12 | 0.05 | 8.44 | 0.63

S19 | 56.72 | 15.53 | 2.79 | 2.88 | 4.24 | 2.76 | 3.35 | 1.16 | 0.67 | 0.11 | 0.04 | 7.71 | 0.65

$20 | 57.46 | 16.74 | 3.05 | 2.81 | 2.28 | 2.84 | 4.20 | 0.93 | 0.70 | 0.10 | 0.03 | 8.20 | 0.68

S21 | 59.21 | 15.85 | 2.41 | 3.21 | 2.83 | 2.74 | 3.73 | 0.97 | 0.66 | 0.10 | 0.04 | 7.59 | 0.78

$22 | 59.43 | 15.08 | 2.16 | 2.69 | 3.37 | 2.61 | 3.69 | 1.04 | 0.65 | 0.11 | 0.04 | 8.04 | 1.06

$23 | 62.54 | 15.68 | 2.33 | 1.77 | 2.28 | 1.97 | 3.59 | 1.52 | 0.64 | 0.12 | 0.02 | 7.17 | 1.50

$24 | 63.78 | 12.18 | 3.59 | 0.98 | 2.98 | 1.71 | 2.92 | 0.93 | 0.58 | 0.11 | 0.02 | 9.49 | 2.74

$25 | 62.56 | 12.11 | 2.99 | 1.64 | 3.67 | 1.94 | 2.86 | 0.84 | 0.58 | 0.11 | 0.03 | 10.56 | 3.07

$26 | 63.12 | 11.56 | 3.69 | 0.95 | 3.63 | 1.92 | 2.88 | 0.81 | 0.55 | 0.11 | 0.03 | 10.47 | 2.85

S27 | 65.29 | 11.31 | 2.88 | 1.23 | 3.52 | 1.68 | 2.69 | 0.79 | 0.50 | 0.10 | 0.03 | 9.49 | 2.48

$28 | 63.27 | 11.78 | 2.08 | 1.83 | 3.73 | 1.69 | 2.80 | 0.80 | 0.52 | 0.12 | 0.02 | 9.99 | 2.70

$29 | 62.87 | 11.51 | 3.88 | 0.50 | 3.59 | 1.60 | 2.70 | 0.94 | 0.53 | 0.13 | 0.02 | 10.72 | 3.38

T $30 | 60.29 | 10.90 | 8.17 | 1.05 | 1.69 | 1.26 | 2.51 | 0.92 | 0.50 | 0.12 | 0.02 | 11.77 | 3.78

fﬁ $31 | 59.70 | 12.28 | 2.59 | 1.73 | 2.99 | 1.91 | 2.90 | 1.22 | 0.60 | 0.13 | 0.02 | 10.98 | 3.71

% $32 | 69.91 | 10.12 | 3.05 | 0.60 | 1.88 | 1.26 | 2.30 | 1.03 | 0.47 | 0.12 | 0.02 | 9.38 | 3.36

g $33 | 73.03 | 8.40 | 2.59 | 0.34 | 2.22 | 1.09 | 2.05 | 0.94 | 0.41 | 0.10 | 0.01 | 819 | 2.98

e S34 | 58.54 | 12.89 | 4.25 | 1.15 | 2.53 | 1.92 | 2.83 | 1.30 | 0.58 | 0.12 | 0.02 | 13.06 | 5.34

% S35 | 59.77 | 12.88 | 3.42 | 1.08 | 2.38 | 1.88 | 2.69 | 1.34 | 0.60 | 0.12 | 0.02 | 12.58 | 5.91

B $36 | 57.24 | 16.86 | 4.02 | 2.04 | 2.18 | 2.8 | 4.19 | 0.92 | 0.71 | 0.10 | 0.03 | 7.16 | 0.68

$37 | 76.71 | 7.68 | 2.21 | 0.48 | 1.32 | 0.80 | 1.60 | 0.57 | 0.49 | 0.09 | 0.02 | 8.49 | 3.34

$38 | 78.34 | 6.30 | 2.33 | 0.36 | 1.30 | 0.83 | 1.53 | 0.47 | 0.30 | 0.08 | 0.01 | 8.46 | 4.22

S39 | 78.82 | 5.54 | 2.00 | 0.40 | 1.58 | 0.92 | 1.28 | 0.44 | 0.26 | 0.08 | 0.02 | 8.30 | 4.24

S40 | 75.98 | 7.58 | 2.54 | 0.35 | 1.43 | 1.18 | 1.85 | 0.61 | 0.37 | 0.09 | 0.02 | 8.50 | 3.79

S41 | 72.40 | 9.50 | 1.79 | 0.47 | 1.64 | 1.47 | 2.31 | 0.59 | 0.40 | 0.08 | 0.03 | 9.06 | 3.69

$42 | 66.40 | 13.30 | 2.03 | 1.65 | 1.11 | 2.10 | 3.25 | 0.92 | 0.63 | 0.09 | 0.04 | 8.65 | 2.80

s43 | 61.23 | 16.08 | 3.32 | 1.10 | 1.62 | 2.58 | 3.68 | 1.12 | 0.76 | 0.10 | 0.04 | 7.21 | 3.92

S44 | 59.00 | 16.48 | 2.92 | 1.14 | 2.01 | 2.44 | 408 | 1.11 | 0.80 | 0.12 | 0.04 | 9.04 | 3.40
FisEE | 66.00 | 15.20 4.50 | 420 | 2.20 | 3.40 | 3.90 | 0.65 | 0.15 | 0.08

K,0 .Na,0.P,05 MnO 8/ HE (K 3a) , BHE MM, HKERECH 0.324, Fe,0, . FeO,Ca0 MgO
O ER R W MEL v 21 N FEM Y Si0, SN K,0 Na,O Hl TiO, 78 LA —H M4 h /r fi ke e
46.74% ~ 59.52% , V- ¥J 55.41%; A,0, %5 i H  K20/Na,0 4 2.01~5.32,°F-1) 3.66, %4 Na,O,
14. 47% ~18. 53% , -3 16. 57%;Si0, #l ALLO, B£1E P,0, MnO( & 3b) , H: MnO & H 51K, 4 0.01% ~
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Fig. 3 The major elements of the Ordovician—Silurian shale in the Well Daoye—1 in northern Guizhou
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Table 2 The content of the trace elements ( pg/g) of the Ordovician—Silurian shale

in the Well Daoye—1 in northern Guizhou

BES| Li [Be| Se| V | Cr| Co|Ni|[Cu|Pb| Zn |Ga|Rb | S |Nb|[Mo| Cs| Ba [Ta|Bi| Th | U | Z | Hf
S1 |46.4(3.0[15.8/156.0(90.0|23.4|41.5|23.8|21.2{91.9 |23.4(190.0/96.7[18.0[ 0.8 [11.4[620.0|1.2(0.5(21.7| 4.4 [148.0|3.9
S2 150.9(3.6(17.8(144.0(98.9/19.9|46.3(25.4|16.6| 64.4 [23.7[217.0[109.0/18.3| 0.9 |13.2(603.0|1.2|0.5|22.2{ 3.7 [121.0| 3.1
S3 [53.8(3.9(19.5(126.0(86.0|18.7|47.4|31.6|18.5[125.0(22.3(230.0[113.0{18.7| 0.4 [13.9]597.0|1.3|0.6|23.5| 3.9 [130.0|3.3
S4 152.7(3.8(18.9(121.0[103.0[17.8|52.7|36.7|15.4(125.0|24. 8 [223.0/110.0{17. 4| 0.3 |13.8[666.01.2(0.5|22.6| 3.6 [107.0|2.7
S5 |51.7(3.7(18.5|116.0(82.7|17.7|46.7|29.8|15. 6| 74.8 |21.7(219.0[108.0[18.4 | 0.3 [13.7(585.01.2(0.5(22.2] 3.7 [119.0|3.0
S6 [45.0(3.4[16.6(109.0(66.9|14.8|35.6(27.9|15.0| 61.8 [19.3|195.0[104.0/17.6{ 0.5 |11.8(552.0(1.2/0.5|21.7| 3.7 |134.0|3.4
S7 |51.2(3.4[17.5/116.0(81.1|20.0|41.0|26.3|36.5(122.0|23. 6 [209. 0[108. 0{17.2| 0.4 [12.5[638.0|1.2(0.6(21.6| 3.7 [108.0|3.0
S8 |41.9(3.0(14.7| 96.3 |78.5|12.9|35.8(17.9|13.2{52.3 |18.7(174.0(128.0{14. 1| 0.7 |10.4(576.0|1.0(0.4|17.4| 2.8 | 85.7 | 2.3
S9 |49.8(3.6(17.1|114.0(108.0/16.1|47.0|21.7|13.1{59.5 |23.0(210.0[117.0[16.9| 1.0 [13.2[985.0|1.1{0.4(20.1] 3.2 | 91.0 | 2.4
S10 [46.9(3.4(16.5]129.0/92.016.8[46.4|28.6(32.3(55.7 |18.8[207.0[113.0[16.8| 4.3 [13.6(627.0|1.1|0.6|20.6| 4.3 [104.0|2.7
S11 [47.2(3.2]16.6|115.0(95.7[16.842.6|27.7|21.0{103.0[23. 2]199. 0[105.0[16. 6| 3.2 [13.6|644.0(1.1]0.5[19.8| 3.7 [ 90.6 | 2.5
S12 [40.6(3.2(15.1/132.0(98.6(14.8(48.5|32.0(20.4|62.9 [19.4186.0[112.0[16.4| 3.3 [12.6[618.0|1.1[0.6(20.2| 4.3 [112.0|3.3
S13 [46.1(3.2]15.8|116.0(84.6(16.1|46.5|27.2(19.8|56.3 [18.9]186.0[107.0[18.1| 4.0 [12.4[612.01.2[0.5(20.2| 3.9 [106.0|2.8
S14 (48.4(3.3(16.8|155.0177.0[17.5(68.4|29.2(24. 4| 62.1|24.0(198.0[107.0[18.4| 5.8 [13.1(634.0|1.2|0.6|21.2| 4.0 [105.0|2.8
S15 [48.4(3.6(17.6|157.0(87.5(18.3|53.233.2(24.3|77.2 [21.1[212.0[109. 0/ 18.5| 3.0 [14.7]670.0|1.2(0.6|21.8| 4.0 [107.0| 3.1
S16 [49.1(3.8[17.8|134.0(99.5[17.9(49.031.9(19.8|70.6 [21.7[219.0[110.0[18.5| 3.4 [15.3]683.0|1.2(0.6(22.5| 4.2 [113.0|2.9
S17 (46.2(3.0(16.6|136.0|98.3|17.0(43.9|38.6(24.6|75.7|26.7(196.0(97.5(17.2| 2.7 [13.8(634.0|1.2|0.6|21.0| 4.8 [105.0|2.7
S18 [39.5(2.6(14.3|121.0(80.3[16.4(37.7|32.5|26.3| 87.1 [21.2]168.0/91.9(15.0] 2.2 [11.6]550.0|1.1{0.5[17.2| 3.4 [106.0| 3.6
S19 (35.0(2.3]12.0/102.0(62.7[14.1|35.1|31.1|27.9(130.0[17.7|144.0|78.2(12.9] 2.3 [ 9.9 [475.0|1.0{0.6[15.5] 3.1 | 94.4 | 2.6
$20 [44.9(3.0(15.8|142.0(94.2(17.4(48.033.7|35.6|73.7 [24.9]194.0/96.9[15.6| 2.8 [13.8[612.0/1.2(0.6|18.9| 3.7 [105.0| 3.8
S21 (41.6(2.8(14.7|130.0|86.5(16.2(48.1|34.9(28.5(135.0(22.4(180.0{91.7[15.2| 4.0 [12.6|611.0[1.1[0.5(17.8| 3.7 [107.0|3.6
S22 (37.5(2.8(14.1)| 98.8 (83.7(16.6|38.3|32.2|41.4|63.7 [22.8(173.0(89.8(14.9| 2.3 [12.2[624.0/1.1[0.5[18.1| 3.7 [123.0| 3.8
$23 (30.6(2.9(12.1|111.0(57.5[13.0(34.5|28.4(32.4|86.6 [21.0(160.0|85.5(17.7| 7.1 [11.0]627.0|1.4[0.6(23.9| 8.2 [219.0| 8.6
S24 (24.5(2.7[11.8|209.0(99. 3[30.9[358. 0/136. 0/ 37. 0108. 0[22. 9|162.0|84.5[16.0[13.9[11.6[657.0|1.1[0.6[19.0[11.1]163.0| 4.3
S25 (24.4(2.6(12.3|260.0|75.4(21.4(95.8|65.0(32.6(158.0|17.6|154.0{76.4[16.4|19.2[11.4|669.0(1.2(0.7[18.0|12.6[135.0| 3.9
$26 [25.1(2.5[11.7|230.0(66.8(20.9(83.9|59.2|54.6(117.0[17.7(150.0|79.9 [14.4[15.6(10.9]656.0|1.1{0.6[17.0[10.6[120.0| 3.9
$27 [22.5(2.2]10.4|178.0(56.6(18.5|68.6|47.2(41.9(102.0[16.1(130.0[69.6[12.8[11.2[ 9.3 [601.0|1.0{0.5[15.0| 7.8 [114.0| 4. 1
$28 (23.5(2.7(11.3]176.0|59.1[19.4(59.3|58.8(49.4(113.0[16.9(150.0{79.6[14.0|12.6[10.9|665.0(1.1[0.6[17.4]10.1|114.0| 3. 4
$29 [19.8(3.0[11.6|236.0(60.2(21.0[101.0/52. 8|32.5(123.0[17. 6|146.0|73.1|14.6|27.0(10.5[692.0|1.0{0.5[16.3|23.8[126.0| 3.2
S30 [16.4(3.3]10.1|187.0(60.6(21.2(95.2|66.6|54.0|215.0[16.6(133.0[67.3[15.3(29.6] 9.6 [608.0[1.1]0.5[15.0(23.3(132.0|6.5
S31 (23.3(3.8[12.1|271.0(72.9(22. 1{113.0/71.5|50. 4|187.0[19.4[153.0/80. 4 [16.0(27.0[10.9[647.0|1.2(0.6|17.6(47.0|149.0| 5.5
$32{20.4(2.7| 9.5 (236.050.1|20.7(95.3|59.0(42.4(234.0[14.7(119.0[65.1[15.1(31.3| 7.9 |620.0|1.0(0.5|14.0(25.9|141.0| 4.3
S33 [13.0(2.3] 7.4 |225.0(45.4[13.5|98.6/40.9(33.9(176.0[13.0[95.8 |51.6[14.8(30.0| 6.3 [617.0/0.8(0.4|12.4(23.2|144.0| 3.5
S34 (23.4(4.0(12.2|544.0(69. 8(20.3(179.0/60. 6|41. 8|258.0(20. 8 150. 079. 4 [19.3 [60.5[10.7[608.0|1.1[0.4|18.3[47.5]196.0|5.3
S35 (23.6(4.1[12.8|612.0(78.0[19. 8(196. 0/80. 2|27.9|370.0[22. 6|155.0[75.2[19.6[90. 8 11.0[683.0|1.1{0.5[18.8|54.6(187.018.8
S36 (47.7(3.2(17.7|162.0(91.5[19.0(51.3|33.3(29. 5| 78.0|26.4[213.0[105.0[17.4| 3.9 [14.8|648.0(1.3|0.6(20. 1| 4.5 |108.0/20. 1
S37 [12.2(2.4] 7.4 |334.0(49.4[10.8(93.4|61.0|31.4(243.0[14.4|88.6 |45.2(18.0(29.0( 5.6 [689.0|1.0{0.3| 9.4 [10.2]122.0|9. 4
S38 [28.5(1.5] 6.2 |349.0(41.6(10.9(94.4|72.9(20.1(124.0| 8.7 |65.8 |37.7| 7.4 [33.0| 4.2 [523.0/0.4(0.3| 7.7 [14.4| 66.8 | 7.7
S39 [18.2]1.5] 6.3 |336.0(36.2(10.8(89.9|72.1|16.8(146.0[ 9.2 |63.7 |34.6| 6.7 [36.8| 4.0 [614.0|0.4{0.3| 7.6 [16.1] 62.2 | 7.6
S40 (19.8(2.3| 8.7 |484.0|47.1(12.3[114.0/105.0/25. 6|437.0|11.8|91.5|47.8[19.1|41.7| 5.7 |595.0(0.6(0.3[10.3|19.3|144.0/10.3
S41 [17.9]2.9]10.3|701.0(48.9| 7.1 |74.1|98.320.5|370.0[13. 8|114.0[59.0[16.8(33.9| 7.0 [670.0[0.9]0.4|13.0[16.0{180.0[13.0
S42 (29.9(3.5[14.9/183.0(85.9( 7.9 |52.6132.022.2|213.0[18.4[151.0[72.2[17.0| 1.0 [10.2]624.0|1.1{0.5[17.3| 4.8 {203.0(17.3
S43 (36.8(3.7(18.2(154.0(95.7(13.4(63.7123.0/54.9(134.0/24.0(190.0{91.7(21.5| 1.0 [12.8|713.0(1.4[0.7(23.7| 5.2 |178.0(23.7
S44 (34.1(3.9]17.6/191.0(98.9(19.3|88.6171.0/40. 4|519.0(23. 8|194.0[94.2(20. 1] 0.7 [13.2]715.0|1.4(0.7(23.7| 5.5 [173.0(23.7
I

H15%(20.0(1.9(10.0] 70.0 |44.0(12.0(21.0[17.0[18.0|63.0|18.0|95.0300.0/13.0| 0.6 | 3.3 |640.0(0.9/0.2]| 9.5 | 1.8 |170.0[11.6
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Table 3 The content of the REE ( pg/g) of the Ordovician—Silurian shale in the Well Daoye—1 in northern Guizhou

LREE e TUEbRIEL

JEr |5 La | Ce | Pr | Nd|[Sm | Eu | Gd | Th | Dy | Ho | Er | Tm | Yb | Lu |SREE|LREE |HREE|————| La
HREE|—— |6Eu | 8Ce

Yby
S1 |55.5(93.4(12.2]41.6/7.9 1.6 [6.6 | 1.1 5.4 |1.1[3.5[0.6|3.2|0.5|234.2(212.2|22.0| 9.7 [1.67]0.99|0.78
S2 |58.3]93.9 (12.3/40.3| 7.7 [ 1.5 6.4 | 1.1 |5.0| 1.1 [3.3]0.6|3.0|0.5|234.9(214.0| 20.8 | 10.3 {1.900.95|0. 76
S3 62.6[101.0(13.3(43.5/8.3 (1.6 | 6.8 | 1.1 5.3 | 1.2 [3.5]0.6|3.2|0.5|252.6(230.3|22.3 | 10.3 |1.88[0.930.76
S4 159.3]95.2 (12.3/40.5 7.7 [ 1.5 6.3 1.0 | 4.8 | 1.0 [3.1]0.5[2.9|0.5|236.6|216.5|20.2 | 10.7 |2.01(0.960.76
S5 160.1[96.2 (12.5(40.7| 7.4 1.5 |6.3 1.0 4.8 |1.1[3.2]0.5[2.9]0.5|238.6(218.4|20.2 | 10.8 |2.01|0.93(0.76
% S6 (58.9]93.1 (12.2/40.1/7.5|1.4|6.3]1.0|4.8|1.0|3.1]0.5[2.9|0.5(233.4(213.2{20.2 | 10.6 |1.96(0.92/0.75
S7 |57.2]94.2 [12.2/40.6| 7.4 | 1.5 6.0 | 1.0 | 4.8 | 1.0 [ 3.1 0.5 | 2.8 | 0.4 |232.7(213.1| 19.6 | 10.9 |{1.95[1.00|0.77
Ef S8 |48.2]75.3[10.0(33.5/ 6.6 [ 1.3 [5.2[0.9 |4.2]0.9[2.6|0.4|2.4|0.4|191.7[174.9| 16.8 | 10.4 |1.98]0.99 0. 74
2 S9 |54.0|84.5 [11.0(35.7] 6.3 | 1.5 (5.3 0.8 | 4.0[0.9|2.6|0.4|2.4|0.4(209.7[193.0( 16.7 | 11.6 |2.22(1.10]0.75
S1056.0] 87.0 [11.2(36.1| 6.4 [ 1.3 | 5.2 [ 0.8 | 4.1 0.9 [2.6|0.4|2.4|0.4|214.9(198.0| 16.9 | 11.8 |2.26(0.97/0.75
»h S11(53.4|87.0 [11.237.0{ 6.5 [ 1.3 | 5.4 | 0.8 | 4.0 0.8 [2.6 0.4 |2.4|0.4|213.2{196.4| 16.8 | 11.7 {2.16[1.00|0.77
H SI12 [54.7/86.8 |11.4/36.7|6.8 | 1.4 (5.6 0.9 |4.4[1.0[2.9[0.6|2.6|0.5|216.2197.8| 18.4 | 10.7 |2.01[0.98|0.75
‘& S13(53.5|84.9 [11.2(36.5/ 6.9 | 1.4 | 5.5 1.0 | 4.5 1.0 [ 2.8 0.5|2.5| 0.4 |212.5(194.4| 18.1 | 10.8 |2.05(0.98/0.75
i; S14 |56.4|89.6 [11.637.8( 7.0 [ 1.4 | 5.7 | 0.9 [ 4.4 | 1.0 [ 2.8 | 0.5 | 2.6 | 0.4 |222.1(203.9| 18.3 | 11.2 |2.11]0.980.76
ﬁ:_[ S15(57.2]90.9 [11.8(37.8( 6.9 [ 1.4 |5.5[0.9 [4.30.9[2.8|0.5|2.6|0.4(223.7/205.9| 17.8 | 11.6 |2.16|0.97 |0. 76
S16 [59.4]95.4 (12.3(39.6/7.0 | 1.3 [5.6 0.9 | 4.2 0.9 |2.8|0.4|2.60.4|232.7(215.0| 17.7 | 12.1 |2.25]0.9010.77
S17 155.3]91.1 [11.9/40.2| 7.1 [ 1.5 | 5.9 [ 0.9 | 4.6 | 0.9 [ 2.9 0.5 | 2.7 | 0.4 |225.9(207.1| 18.9 | 11.0 {1.96[0.99 0. 77
S18 |48.1]76.6 [10.0(33.9( 6.4 [ 1.3 | 5.2 0.9 [4.30.9[2.6|0.4|2.5[0.4(193.2]176.2| 17.0 | 10.3 |1.90(0. 97 |0. 76
S19 [41.6]67.4 | 8.8(30.0/5.6|1.1[4.5]0.8[3.7[0.7[2.2[0.4|2.10.3|169.2[154.5|14.7 | 10.5 [1.91]0.970.77
$20 [53.3]84.4(10.9(36.0/ 6.6 | 1.3 [5.2 0.9 | 4.2 0.8 |2.5|0.4|2.4|0.4|209.3192.4|16.9 | 11.4 [2.13]0.96|0.76
S21(49.3]78.3 [10.2(34.0{ 6.2 [ 1.3 | 4.9 0.8 [4.0 0.8 2.4 0.4 |2.3[0.4(195.2(179.2| 16.0 | 11.2 |2.06|1.00|0. 76
S22 (48.1]76.3 9.9 33.6(6.2[1.351[0.9[4.2]0.9[2.5/0.5|2.4[0.4[192.3/175.4|16.9 | 10.4 |1.91[1.00/0.76
$23 (57.0]93.4 (12.3(41.2|7.8 | 1.3 [ 6.6 | 1.2 | 6.1 | 1.3 [3.7[0.7|3.7|0.6|236.9(213.1|23.9 | 8.9 [1.48]0.810.77
S2453.2|84.7 [11.2(39.1 7.5 [1.4 | 6.1 | 1.1 5.2 1.0 [3.2]0.5]3.0|0.5|217.6[197.1] 20.5 | 9.6 |1.72(0.94|0.75
S25 |46.9| 75.8 [10.3(35.8( 6.9 [ 1.5 5.7 0.9 | 4.7 | 1.0 [3.0]0.5]2.8|0.4(196.1{177.1] 19.0 | 9.3 |1.65[1.02/0.75
S26 (47.2]73.6 [ 9.7 |33.4( 6.4 [ 1.3 |5.3[0.9[4.5/0.9[2.7|0.5[2.6[0.4[189.5(171.7| 17.8 | 9.6 |1.76]0.98|0.74
S27 [41.7]65.4 8.7 |30.2|5.8 1.2 [4.9]0.8|4.1[0.8|2.4]0.4]2.3/0.3|169.0[153.1|16.0| 9.6 [1.76]0.98|0.74
S28 |48.2]76.9 [10.3(35.6( 6.9 [ 1.4 | 5.7 1.0 | 4.7 | 1.0 [2.8]0.5]2.7|0.4(197.9(179.3| 18.6 | 9.6 |1.76(0.97|0.75
ii $29 |46.2| 75.0 [10.4(36.6( 7.2 (1.6 | 6.0 | 1.0 [5.0 | 1.0 [3.1|0.5|3.0 0.5 [197.1]177.0| 20.1 | 8.8 |1.52[1.07|0.74
211 S30 |42.8]69.6 [9.432.7/6.3[1.25.1[0.9|4.5[0.9[2.7]/0.5]2.6|0.4(179.6[162.1|17.5| 9.3 |1.61(0.96|0.75
S31 (50.4]78.2(10.5(35.9|7.1 | 1.5 5.9 | 1.1 5.4 |1.1[3.3]0.5|3.1|0.5|204.5183.6(20.9 | 8.8 [1.56|1.01|0.74
?z‘z $3242.1]67.8 (9.3 (32.7/6.61.45.4[1.0[49|1.0[2.9]0.5[2.7|0.4(178.6[159.8|18.8 | 8.5 |1.50(1.02/0.75
S33(38.4]60.4 [ 8.228.5(5.8[1.2/4.9[0.9[45]0.9[2.7|0.5[2.5[0.4[159.7142.5|17.2| 8.3 |1.48[1.00/0.74
Ef S34 (57.2]89.9(12.3(43.1/8.6 | 1.7 [7.2 | 1.3 |6.5|1.3|4.0|0.7|3.7|0.6|237.9(212.7|25.2 | 8.4 [1.49]0.94|0.74
2 S35 (55.8|88.8 [12.4(44.2( 8.8 [ 1.8 7.6 | 1.3 | 6.8 | 1.4 [4.3]0.7 | 4.0|0.6(238.6(211.8(26.8 | 7.9 |1.34(0.98/0.73
. | $36(56.2|88.7 [11.2]37.1/ 6.6 | 1.4 |5.5/0.9 |4.5[0.9|2.7[0.5]2.6|0.4(219.2|201.2|18.0 | 11.2 |2.10/0.98|0.77
{E& S37 |42.761.1 [7.8|26.0{4.9 [1.1|4.4[0.8[4.1]0.8[2.6|0.4|2.6[0.4[159.7143.6|16.1| 8.9 |1.62[1.02|0.72
%K S38 [24.6(37.9 (5.3 18.8/3.9 (0.9 [3.5]0.7[3.5(0.7[2.1]0.4]2.0/0.3|104.4|91.4[13.0| 7.0 [1.22]1.04]0.72
$39(24.0[39.0 [ 5.6 (20.5[4.3[1.0(3.9[0.7 |3.8]0.8[2.4]0.4]2.3|0.4(109.0|94.4|14.6| 6.4 |[1.00[1.12]0.73
S40 |34.7]51.1 [ 7.0 |24.0{ 4.9 [ 1.1 | 4.4 |0.8 [4.4/0.9[2.8/0.5(2.8[0.5139.8{122.7|17.1| 7.2 |1.19]1.04|0.71
S41 |44.8]63.3 (8.6 29.2(5.9(1.352[0.9(50|1.1[3.2/0.6(3.2[0.5|172.8{153.2|19.6 | 7.8 |1.34[1.05/|0.70
S42 (59.0(85.3 [11.3(36.1|6.1 | 1.1 (5.3 [1.0|5.4|1.2]3.9[0.7|4.2|0.7|221.2[199.0|22.3 | 8.9 |1.36(0.87]0.71
S43 |64.7(107.0(13.9(47.1{ 9.0 [ 1.5 | 7.6 | 1.3 | 6.8 | 1.4 [ 4.1 | 0.7 | 4.1 | 0.7 |270.0(243.3|26.7 | 9.1 |1.52[0.81/0.78
S44 163.3[103.0(13.5(45.7( 8.8 [ 1.5 | 7.5 | 1.3 | 6.7 | 1.3 [ 4.0 0.7 3.9 0.6 |261.9(235.7|26.1 | 9.0 [1.56(0.78/0.77
1B, D) 50 B 3= R R ki I A 2R, BRI AR X 48R 1Y Th Sc 55 T0 R — M A 32 A AR 7 55 1F 2 15

W, I R —E R s A N Oe s o, SHAEA AR TR (A0 UV 55 T RUEE I (%
B EH A D% b3 M B M 1) Fe /Al {E43 4 BR(Kimura et al. ,2001) . 534k, 5 7E FIX) REE
}(0.33~0.38) .(0.24~0.42) M BARTFFHTE  Th U.Ni Co.Zn Cd ZFKFH 03 I LR/,
{HL, Ui A BB AR AL RPEFE & i b A — SR 4k {HAR G TT 2 LUl Ay
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Fig. 5 The vertical evolution of environmental parameters of the Ordovician—Silurian shale

in the Well Daoye—1 in northern Guizhou

A AP PRy, ELA £ 4 8 o A 5 A WL A 2
& JE K ( Mongenot et al. ,1996; Alberdi et al. ,1999) .
MR ITTER L Iu B AR R T 25
eI b A H AR X R T T AR G Ml s i i 2
VTR RS (Z B R b B R I g Ay

WH U/Th>1.25 fRE LA B, 0. 75<U/Th<
1.25 U R FLAIREE, U/Th<0.75 U £ AL A 52
(Pattan et al. ,2005) ; V/Cr {H A] $8 7~y 7K IR SE AL R
JEME, V/Cr fl <2 F878 B A MBS, 2<V/Cr<4. 24 18718
TAIEE , LA R AR K AR A i R (SR A

4,2017) , Ni/Co fH>7 RRFEREHEE, B 1 I
BB 2l —5 BA 20 2 A8 A2 K I SR AL IS U/ Th
fE40.2~2.90 V/Cr{H ] 1. 18~ 14.34 Ni/Co {H N
2.31~11.59( 5% 4) , ¥8 /" N AR 5 IR 5L ]
WS RHIE . OB IR 3B BB MEL] U/ Th {E
90.16~0.23,V/Cr fE°4 0.88~1.79 Ni/Co {H K
1. 77 ~3. 91, $87R d K A3 Ry & SR 3R T

DURRI XS A YL BRI Ak F HA 3k
WEZMNAER AT AR A A s s AT
SR PRES AR S5, teE T s A AL R IR
REIE S s U 5 15 (SRR 55 ,2012) , 7
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FA4BILHRER 1 FREL—EBLEZTEBTE
METERLE
Table 4 The trace element ratio of the Ordovician—Silurian

shale in the Well Daoye—1 in northern Guizhou

Bt | ke U | sU | Ve [Nivco| PPN g
(ne/g)
S1 [0.200.75 | 1.73 | 1.77 313.20 0.16
S2 [0.16 | 0.66 | 1.46 | 2.33 280. 10 0.18
S3 [0.17 |0.66 | 1.47 | 2.53 330. 00 0.19
S4 [0.16 | 0.64 | 1.17 | 2.96 335. 40 0.17
S5 [0.17 | 0.66 | 1.40 | 2.64 267. 30 0.18
S6 | 0.17|0.68 | 1.63 | 2.41 234.30 0.19
e S7 |0.17 | 0.68 | 1.43 | 2.05 305. 30 0.17
5 S8 | 0.16 |0.64 | 1.23 | 2.78 202. 30 0.22
% S9 [0.16 | 0.65 | 1.06 |2.92 242.20 0.12
ZH | S10 | 0.21 [0.77 | 1.40 | 2.76 259.70 0.18
| st1{0.180.71 | 1.20 | 2.54 288. 30 0.16
# S12 [0.21 |0.78 | 1.34 | 3.28 275. 40 0.18
S13 | 0.19 | 0.74 | 1.37 | 2.89 246. 00 0.17
| S14 | 0.19 | 0.72 | 0.88 | 3.91 314.70 0.17
M | S15 0.18 [0.70 [ 1.79 | 2.91 320. 60 0.16
S16 | 0.19 | 0.72 | 1.35 | 2.74 285.50 0.16
S17 |0.23 |0.82|1.38|2.58 294. 20 0.15
S18 | 0.20 | 0.74 | 1.51 | 2.30 278. 30 0.17
S19 | 0.20 | 0.75 | 1.63 | 2.49 298. 20 0.16
$20 | 0.20 | 0.74 | 1.51 | 2.76 297. 40 0.16
$21 | 0.21 |0.77 | 1.50 | 2.97 348. 00 0.15
$22 10.20 | 0.76 | 1.18 | 2.31 233.00 0.14
$23 | 0.34 | 1.01 | 1.93 | 2.65 260. 50 0.14
S24 | 0.58 | 1.27 | 2.10 [11.59 811.00 0.13
$25 | 0.70 | 1.35 | 3.45 | 4.48 578. 80 0.11
$26 | 0.62 | 1.30 | 3.44 | 4.01 490. 10 0.12
$27 | 0.52|1.22|3.14 | 3.71 395. 80 0.12
$28 | 0.58 | 1.27 | 2.98 | 3.06 407. 10 0.12
$29 | 1.46 | 1.63 | 3.92 | 4.81 512.80 0.11
T | S30 | 1.55|1.65|3.09 | 4.49 563. 80 0.11
gﬁ S31 |2.67 |1.78 | 3.72 | 5.11 642. 50 0.12
Joo| 832 | 1.85 | 1.69 | 4.71 | 4.60 624. 30 0.11
% $33 | 1.87 | 1.70 | 4.96 | 7.30 540. 50 0.08
% | S34 [2.60 | 1.77 | 7.79 | 8.82 1041. 60 0.13
%% S35 |2.90 | 1.79 | 7.85 | 9.90 1258.20 0.11
# S36 | 0.22|0.80 | 1.77 | 2.70 324. 60 0.16
S37 | 1.09 | 1.53 | 6.76 | 8.65 731. 40 0.07
S38 | 1.86 | 1.70 | 8.39 | 8.66 640. 30 0.07
S39 | 2.12|1.73 | 9.28 | 8.32 644. 00 0.06
S40 | 1.87 | 1.70 [10.28]9.27 1140. 00 0.08
S41 | 1.23 | 1.57 |14.34[10.39| 1243.40 0.09
S42 | 0.28 | 0.91 | 2.13 | 6.69 580. 60 0.12
S43 1 0.2210.79 | 1.61 | 4.75 474.70 0.13
S44 10.23 10.82 | 1.93 | 4.59 969. 60 0.13

AA P EA BRI A —PE SEPR F AR5 DURUA
B YA (M @74 2007) . 0 1 H TG K
o B3 ARG A LT B (Y L 9E R AR ToC {8
55 ,TOC H90.68% ~5.91% , V-3 3.76% ; ¥ %4

M T A TOC N 0.1% ~ 0.84% , V-1
0.41% ., #5riEInER 5 LR ES S AL
i UM (B 5) MR RBILER 5, A
i TOC 5S40 LU B 8 W AH Gk R BT
()G 2 MR AR 5 DR ML RRIE 24 32 48 T H
UUBIREE , IRt 2 B L0 21 % e E5 I8 4G ol 7K
{4 Ay [e] i Bt 4 P 38 S P05 TR A R —r o
R A
4.2 MARFEHBES K LESD

XF EICR M, EIEF K KT &
DUBUAH Eu 20 +3 M, LM AR SEu 71 554
K, AR oK G AR TS Sh i), SEu ) H 3B 5 Y
IESEH (Michard, 1989 ; TR A %5, 2004 ; 42 30E 55,
2009) . 5 F Kk B 45 (2000 ) BF ST, POK TR R
FRE LRI TUA R AL S, Ll o i 22 2
SR AR (B LREE/HREE<1) |, T AE K %
RERTA I T e 4 5 s AL, o i 28 2 R
G AT T

SR ID I N 22D RN i P Sy e S
TUAPRHEAL SEu BE B 55 1F 58, R 55 1 5
(Bl 4,3 3), Blor i & o F3a 80 i e D@4 -
T I8 s SEu BAT B B it e, DA 85 IE
S B o M2 R fdos A

B R —E RO B ATUE TR
V.Cu,Zn Ni FLEFTEK LT FYEE
(Wedepohl ,1995) B 5 4E (3% 6) , Horh Filded Kt
DR IR A O M A PRy £, i
U1 S TOC A V Cu Zn \Ni Z [A] 52 B 5k (1) 1E AH
KRFR(KE 6) , MXREGL 0. 712, 455 TUH 5
WA B BRI R F8 7R FGE L KO BgE 4B A
DU KL R BE K BT B2 5 |, B K LK 28350
R s B, R 2 SR IUs =z Tk
THER AN 3 ROR e AL TC LR AE 310 BH Ll s T
I LERTA-A B SR IND SN Y -
4.3 MR—MEEL

H AT T4 1 o X B8 By 28— 3 83 20 3 0 00 Sy e
ARSI AR E A 2022 AR (J7 7 %, 2003
JEPER A, 2009 ; TR 42 5F 2013 ; 22445, 2019) , IR
2R 20— B L b I I AR R A
wHLRIAT? 2 iR Mk A2 i 5T 4 H IX BB
20— B 28 2 A2 I DR 2 A R R, e S
LG B SR I G BUT H1, )2 kB R
WS LA AN 22 2B, e M eI R R, R ok
LS SRR ) SR R B0 IR B 25 R, Bk
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Fig. 6 Sedimentation pattern of the upper part of the Longmaxi Formation and the Xintan Formation in northern Guizhou (a) and

sedimentation pattern of the Wufeng Formation and the bottom of the the Longmaxi Formation in northern Guizhou (b, The well

location is only a reference for distance from ancient land)

L B 26 KBt i 2t ok B SR T R R Ak
(A3 IIN x5 AR AR TRV Bl

FAH PR AT o FE R 4 — B a2 %8
(1) 45T REHO TR 43 5 B S . ) P4 38 B8 T
B A BT AN ) 4 1 Bl BRAE 1 | AE R B S 0 )
INVLE TR 2, T & A HE s FnAe 2 1 Bt 19
P TE LT R Sk i T B R R LR 2
AR R R Y () A2 BRI T R (Ao B Hh iR i
PR R G, A7 B b AR A o e —a C— TR
TR —H 4% LA R #7 H 7K T 38 A2 0l (R E A5
1997,1999,2001) , BLZELIALIREK FRILA T kA,
PHB K LU RN S A 7 TG A AL
FECHE N, 5 BT R it T AR AR AR v i i O ST, T

R B IR T e b o o

il MR R A8 I A AR IS K
RIS ICE AT, I T B2 A 3 H e A 52
BT , KL ShAR AT AE 2 i AR i il S Y 32 2
FERHR, L HRA RS R T
ILRITFET, Akl Z IR =21 (K 6) .

5 %5

(1) BT 1 B 20— B L A M DU
AT 5 AT DX R J= A WK i B BT 5
B Jo e Jo U T B AR DX i 8 — V8 K
HHE, BRESK A S E RS —T ARG K
DUR+TRA A R AR A i, S 7S o1 W Sl g SR D00

F5BIMRKER 1 HERE—EBLZTREANREESHESHEXRE
Table 5 The correlation coefficient between 7OC and environmental parameters of the Ordovician—Silurian shale

in the Well Daoye—1 in northern Guizhou

IR V/Cr Ni/Co Sr/Ba Y REE IL/H [La/Yh]y SEu 5Ce

roc

V+Cu+Zn+Ni U/Th ouU

0.712 0.705 0.799 0.542 0. 642 -0.542| -0.125 |-0.724 -0.709 0.329 -0.43
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AL

(2) BT 1 G2 K e D3 4 H A HLS
JEE, TOC N 0.68% ~5.91% , -1 3. 76% ; 1o &%
H B T A TOC M 0.1% ~0. 84% , F- 1
0.41%, TOC 5 U/Th 8U V/Cr Ni/Co %545 B4
FUABLAT 55 S AH DG | 2 WA 06 A K T S ¥R 21 RS0 iy
IRAAR g T B S S P 38 SRR 5, e TR A 15—
WELH w4 PR

FoBIMXER 1 HFEMEL—EBLZLTNELE
EERY
Table 6 The elements enrichment coefficient of the

Ordovician—Silurian shale in the Well Daoye—1 in northern

Guizhou
ZEAr FIEZH K e TR A I AR S YNE Rl 4
T BUME | BRI | FME | BoME | BRI | SEHE

v 8,52 60. 43 24.24 8.3 13.53 10.95
Cu 2.03 12.21 5.36 1.28 2.76 2.11

Zn 40.5 370.71 | 142.09 | 37.36 96.43 | 60.07
Ni 0. 66 6. 88 1.96 0.68 1.32 0.88

(3) e R R IL A, A Rl oo R AL SE ot
AR T ZH K e IR 2 IR AR SR B P SH R %
Ff LB, 6Ce BA W WA 57 6Fu
ARVASSIE S8 O 3 e SR AL L RORT A R B
ERE A AT, 2 E A b MR AR, LU AT s &
8Ce HA B 19 1 54, 8Eu HAT B | LL5S 1 S
N A U S BRI LR AR R T K
T Sy BRI U DU K LA B E K 5T Joi 2
5, BRI Az s, Hs i) 2 5 00
RO Z b e THiR 2H b SO 2 TC R AE | 3%
DL LS % % S W AR T 1A LSRG o SRR

(4) WPy —E 2 252, MM EAE 51 K
AL 9ICA AT, IS B Ay i e e A e
BETHI T ) B AR, Ll 35 RS A 10 2%
A AR TR B A HILAR R L B AT R AR
A RE A 18 U IR B A 2 R R, g —Je
R AR I E R R TIL R ST, JE ATkl 2
W BRI =1

Buigt . o fn L 2 O0ie SCmsE s e AR L T
VP S, R it SR 8 o it A 31 o i 5 A
Jey PG 3t S5 v s A T DK TR I 114 K 0 6 B A
A I e FP AR T B P B A BT
A Hh 0 KT SR e M — I B LA O )
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The geochemical characteristics and significance of the Ordovician-

Silurian black shale in northern Guizhou:
A case study of well Daoye-1

AN Yayun', YANG Zhonggin', XIANG Kunpeng', HUANG Yi*, CHEN Houguo',
HE Yongzhong', LIU Wei’, YU Qian’
1) Guizhou Geological Survey, Guiyang, 550081
2) Reserve Bureau of Land and Mineral Resources of Guizhou Province ,Guiyang ,550008 ;
3) Chengdu Center of China Geological Survey, Chengdu, 610081

Abstract; The South China plate, convert from passive continentaation—Longmaxi Formation black shale. In
order to exploring the formation background of the black shal margin basin to foreland basin in Ordovician—Silurian,
and deposits widely distributed Wufeng Formle, sedimentary sequence and geochemical study were carried for well
Daoye—1 as an example in this study. Results show that the Wufeng Formation and the bottom of the Longmaxi
Formation mainly consist of siliceous carbonaceous shale and bentonite, with the U/Th is 0.2~2.90, the V/Cr is
1.18~14.34, the Ni/Co is 2.31~11.59, and the TOC is 0. 68% ~5.91%. The REE patterns curve is flat. The
SEu showed weak positive anomalies and individual weak negative anomalies. The upper part of Longmaxi Formation
and Xintan Formation mainly consist of mudstone and calcareous mudstone, with the U/Th is 0. 16 ~0. 23, the V/
Cris 0.88~1.79, the Ni/Co is 1.77~3.91, the TOC is 0. 1% ~0. 84%. The 8Eu showed obviously negative
anomaly, and the REE patterns curve is right type. Such features indicate that the Wufeng Formation and the
bottom of the Longmaxi Formation formed in the reductive environment with intermittent hypoxia, the upper part of
Longmaxi Formation and Xintan Formation mainly formed in the oxygen—enriched environment. According to the
comprehensive analysis based on the distribution characteristics of bentonite, which indicated that the Wufeng
Formation and the bottom of the Longmaxi Formation shale formed at the early period of the foreland basin in
convergence background, strong volcanism brings nutrients to the Mainland marginal sea, stimulates the increase of
primary production, and causes rapid hypoxia in deep water, which may be the main cause of hypoxia in the bottom
of the ocean during the same period.

Keywords: northern Guizhou; the Well Daoye — 1; Ordovician — Silurian; black shale; geochemical
characteristics ; sedimentary and tectonic evolution
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