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Element Geochemistry Characteristics and Geological Significance of Middle
Ordovician Shengping Formation Shale in Northern Guangxi
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(1. School of Earth Sciences and Spatial Information Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;

2. Hunan Provincial Key Laboratory of Shale Gas Resource Utilization, Hunan University of Science and Technology, Xiangtan 411201, China)

[ Abstract] In order to study the formation mechanism, paleoenvironment, paleoclimate, tectonic background, and source of black shale
in the Shengping Formation of the Middle Ordovician in northern Guangxi, sixteen samples of black shale and black siliceous shale were
collected from the Shengping Formation at Xishuiyuan section in Quanzhou County, Guilin City, Guangxi Zhuang Autonomous Region, and
element geochemistry testing and analysis were conducted on them. The results show that the content of the main element SiO, in the black
shale of the Shengping Formation at Xishuiyuan section is the highest (62.37% ~91.65% , average 78.04% ), followed by Al, 0, (2.88% ~
16.92% , average 9.15% ). Compared with the North American shale (NASC) , the content of trace elements in the study area shows a loss
for all elements. The value of the sample (La/Yb)  is 7. 185 ~ 15. 858, with an average of 10. 678. The light rare earth elements (LREE)/
heavy rare earth elements (HREE) values are 8. 165 ~15. 440, with an average of 11.029. It indicates that the differentiation phenomenon of
light and heavy rare earth elements is more obvious, and LREE are relatively enriched compared to HREE. The 8Eu value exhibits negative
anomalies (0.589 ~0.950, with an average value of 0.758) ; The 8Ce value exhibits positive anomalies (1.165 ~1.412, with an average of
1.259). The geochemical characteristics show that the structural background of the black shale source area in the Shengping Formation of the
Xishuiyuan profile is passive continental margin, and the source rock type is sedimentary rock. The source area has undergone moderate to
strong chemical weathering, which is greatly affected by chemical weathering, with a predominantly warm and humid climate. The
sedimentary environment is mainly a deoxidizing environment with oxygen deficiency.

[Keywords] black shale; sedimentary environment; geochemistry; Shengping Formation; northern Guangxi region
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Fig. 1  Paleogeographic map of the Ordovician in Guangxi, Southern China and its vicinity (revise according to ref. [ 17])
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Fig. 2 Field photo of the Shengping Formation at

Xishuiyuan section in Quanzhou County
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Fig.3  Sampling location and lithological description of the Shengping

Formation shale at Xishuiyuan section in Quanzhou County
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Xishuiyuan section in Quanzhou County
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Table 1

Main element analysis results of the Shengping Formation at Xishuiyuan section in Quanzhou County

AL

FRIUE

S-1 S-2 S-3 S-4 S-5 S-6 S-7

S-8

NASC!”!
S-9 S-10 S-11 S-12 S-13 S-14 S-15 S-16

Si0, /% 83,194 79.209 80.

Fe,0, &1/% 0.855 1.777 3.685 4.172 3.464 7.854 8.492

ALO, & H/% 7.778 9.534 7.073 13.565 13.723

Ca0 /% 0.026 0.016 0.071 0.025 0.011 0.028 0.017

MO & #/% 0.563 0.702 0.508 1.901 0.967 2.168 1.350

K0 &H/% 2.482 2.945 2.132 3.454 4.427 3.387 3.974

Na,0 T H/% 0.046 0.052 0.027 0.046 0.079 0.049 0.054

MnO % #/% 0.047 0.030 0.034 0.028 0.016 0.041 0.023

TiO, %4t /% 0.404 0.442 0.300 0.646 0.619 0.682 0.619

P,05 &t/ %
B/ %

CIA

0.025 0.024 0.064 0.075 0.034 0.111 0.072

4.415 5.063 5.506 7.782 6.274 8.110 9.098

75.282 75.992 76.

390 68.031 70. 153 63.823 62.371 66.099 86.307 86.224 91. 653 76. 405

2. 698

13.488 13.677 16.915

0.012
1.107
5.406
0. 089
0. 028
0. 849
0. 039

6. 494

389 79.371 75.235 79.565 77.174 75.441 78.201 75.680 76.596 75.023

85. 815 86.437 84.949 77.694 58.10

1.313 1.765 1.663 1.951 0.775 1.517 4.037 4.577 4.02

5.581 6.003 2.881 10.268 7.033 5.964 4.580 8.263 15.40

0.022 0.016 0.017 0.011 0.015 0.054 0.374 0.103 3.11

0.418 0.560 0.265 0.711 0.464 0.418 0.702 0.977 .44

1.504 1.884 0.855 3.351 1.642 1.493 1.240 2.186 .24

0.030 0.029 0.013 0.057 0.023 0.031 0.017 0.034 .30

0.046 0.028 0.063 0.028 0.041 0.068 0.068 0.035 .12

0.251 0.250 0.123 0.451 0.360 0.325 0.215 0.417 . 65

0.022 0.034 0.017 0.033 0.024 0.025 0.082 0.045

4.362 3.037 2.337 6.542 3.677 3.538 3.587 5.486

80.720 79.316 78.238 78. 060
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Table 2 Analysis results of trace elements in the Shengping Formation of the creek water source
profile in Quanzhou County
B . MEITESRE/ (ng-g™ ")
Ba Cd Co Cr Ni Cu Rb Sr Zr Hf v Th U

S-1 97.54 0.20 0.65 23.31 7. 66 1.98 13.56 13.51 9. 06 0.25 22.33 0. 80 0. 64

S-2 61.94 0. 06 0.25 7.94 3.28 1.42 9.10 8. 60 5.57 0.24 26.59 0. 60 0. 46

S-3 174. 11 0. 46 2.94 50. 44 29.02 9.67 17.93 17.24 9.59 0. 38 71.28 2.35 3.17

S-4 141.33 0.15 1.63 20. 10 10. 82 26.76 21.17 23.70 19.96 0.51 75.29 3.16 2.37

S-5 60. 06 0.09 0.73 8. 65 2.71 2.12 10. 55 9.53 5.62 0.16 9.15 1. 06 0.34

S-6 163. 07 0.09 3.25 14. 84 13.09 9.73 25. 84 20.28 38.55 1. 00 24.90 4.50 3.20

S-7 173. 13 0.08 3.17 9.50 7.26 6.33 29. 67 29.72 20. 85 0. 60 34. 68 3.67 2.21

S-8 40. 54 0.08 0.28 14. 68 3.41 1. 06 8.31 7.39 5.92 0.14 9.78 0.63 0.38

S-9 96. 19 0.12 0. 30 12. 83 5.66 35.35 10. 35 9.12 6.03 0.16 20.78 0.78 0. 60

S-10 57.71 0.09 0.34 7.91 3.82 1. 69 6.39 5.63 3.21 0.09 23.39 0.61 0.63
S-11 45.07 0.07 0.25 .53 2.42 1.53 2. 60 2.33 1.51 0.03 5.19 0.19 0.13
S-12 44.32 0.07 0.35 6.78 3.72 1.17 8. 44 7.30 3.67 0.11 18. 05 0. 47 0.34
S-13 98.99 0.30 0.44 49. 31 9.31 2. 64 14.07 7.75 4.32 0.17 18.92 0.94 0.37
S-14 179. 36 0.11 0. 66 22.97 3.67 4.33 16. 43 16. 58 20. 05 0.39 31.63 1.59 0.73
S-15 563.97 0.20 6.18 41.17 18. 68 34.97 43.23 50. 15 27.32 0. 66 62.47 4.13 1.56
S-16 435.05 0. 14 6.41 41.55 20. 43 28.51 52. 65 50. 10 31.29 0.93 85.62 4.95 1.98
F3 2MBERXKEIEATATS TRILEIRER
Table 3 Analysis results of element ratios in the Shengping Formation of the stream water source
profile in Quanzhou County
K o Th/U Rb/Sr Sr/Cu V/(V +Ni) Ce/La SEu 3Ce  HiliSFH 5 HL Ceanom  (La/Yb)

S-1 1.24 1. 00 6. 82 0.75 1.79 0.77 1.24 0. 06 7.92

S-2 1.31 1. 06 6. 06 0. 89 1.98 0.76 1.25 0.08 10. 12

S-3 0.74 1.04 1.78 0.71 1.90 0.95 1. 17 0.07 9.23

S4 1.35 0. 89 0.89 0. 87 1. 86 0. 67 1.17 0. 06 8. 66

S-5 3.12 1. 11 4.49 0.77 1.99 0.59 1.24 0.09 15. 86

S-6 1.41 1.27 2.09 0. 66 1.98 0.72 1.22 0.08 8.42

S-7 1. 66 1.00 4.70 0.83 2.00 0.71 1.22 0.09 10. 30

S-8 1.67 1.13 6.99 0.74 1.99 0.71 1.22 0.09 14. 46

S-9 1.31 1. 14 0.26 0.79 2.02 0.7 1.23 0.09 9. 06

S-10 0.97 1. 14 3.33 0. 86 2.10 0.75 1.27 0.11 12.55

S-11 1.55 1.12 1.52 0. 68 2.23 0. 60 1. 41 0.15 10.91

S-12 1.41 1.16 6.22 0.83 1.97 0.87 1.18 0.08 7.19

S-13 2.53 1.82 2.93 0. 67 2.24 0. 88 1.41 0.15 12. 16

S-14 2.19 0.99 3.83 0.90 2.07 0.74 1.31 0.12 9.08

S-15 2.65 0. 86 1.43 0.77 2.11 0. 82 1.32 0.12 11.53

S-16 2.50 1.05 1.76 0. 81 2.06 0. 88 1.30 0.11 13. 41

i:: 8Eu = % Hp Euy \Smy \Gdy R ERRLB A PR HEILAE ; 8Ce = %, Horpr Cey \Lay \Pry R ERRLB A FRAEALAE ; BROBL A bR
WEAL BN >k I SCk 23],

2 3ok BORE A A o A AL B 4 BB KU ) HTF I, Allegre ™ #2457 FI Fl La/Yb-X REE B U
AL 6 5T R T R R B SRR BIEMR . Floyd %Y $H T AN La/Th-Hi
i Lot RAAX B EM TR Z HERR B IR A ) 0 R, Gu 25T R T Co/Th-La/
S Eu CZE IG5 PSSR Sc MOV R PR BIE . R La/Yb- S REE ¥ 5]
ETEH RSB B (1 6) . BORUITIIEK XTI A ) 7 HF 40 6 U B 0 A7 828
Bk A T RER IR T 5 (B 7(a) ], @R 0R, SR Z AT UORUS B,

SHIERTER Se CrCo MW B T B BRIERE A BORRLEL TR RBEZ R 4 X, R WK 1%

RUTRUA e 28 D ECZ a7 . 7E La/Th-HF 19 ) 5
Efe ELE 7(b) ], 0T LA B8 s K T R ek
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Table 4 Rare earth element analysis results of the Shengping Formation at Xishuiyuan section in Quanzhou County

BE Mt tEaR/ (ngg")

%5 La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
S-1 3.54 6.35 0.61 2.37 0.31 0.08 0.42 0. 05 0.44 0.08 0.19 0.04 0.27 0.04
S2 1.79 3.54 0.37 1.49 0.29 0.05 0.18 0.03 0.18 0.04 0.11 0.02 0.11 0.02
S-3 4. 80 9.10 1.03 3.82 0.95 0.20 0.53 0.11 0.62 0.14 0.37 0. 05 0. 31 0.07
S4 6.03 11.24 1.25 4.81 0.80 0.15 0.74 0.12 0.62 0.14 0.37 0.05 0.41  0.06
S-5 2. 14 4.26 0.45 1. 65 0.35 0. 05 0.22 0.03 0.18 0.03 0.09 0.01 0.08 0.02
S-6 8. 84 17.49 1.89 7.31 1.49 0.29 1.25 0.21 1. 15 0.24 0. 64 0.09 0.62 0.09
S-7 8.76 17.48 1.91 7.23 1.28 0.24 1. 06 0.18 0.98 0.19 0.55 0.08 0.51 0.08
S-8 1. 84 3.66 0.39 1.38 0.25 0. 05 0.19 0.02 0.16 0.03 0.08 0.01 0.08 0.01
S-9 2.17 4.39 0. 48 1.94 0. 38 0.07 0.27 0.04 0.25 0. 05 0.16 0.02 0.14 0.02
S-10 1.11 2.33 0.24 0.89 0.19 0.04 0.15 0.02 0.12 0.03 0.09 0.01 0. 05 0.01
S-11 0.57 1.27 0.12 0.42 0.08 0.01 0.05 0.01 0. 05 0.01 0.03 0.01 0.03 0.01
S-12 1.77 3.48 0.40 1.54 0.23 0.06 0.24 0.04 0.23 0. 05 0.16 0.02 0.15 0.02
S-13 2.33 5.21 0.48 1.58 0.34 0. 05 0.13 0.03 0.17 0. 05 0.11 0.03 0.11 0.02
S-14 4.46 9.25 0.91 3.18 0.55 0.10 0. 40 0. 06 0.40 0.08 0.24 0.04 0.29 0.04
S-15 9.95 21.03 2.06 7.43 1.29 0.29 1. 15 0.19 1.01 0.21 0.54 0. 10 0.51 0.07
S-16 11. 44 23.57 2.34 8.53 1. 36 0.31 1.07 0.14 0. 86 0.18 0.49 0.07 0.51 0.07

BRORIBA  0.237  0.612  0.095 0.047 0.153 0.058 0.206 0.037 0.2540 0.0566 0.166 0.026 0.170  0.025

T« BB B B ok A SCRR[ 23]

100 ¢

10

TSR A

0.1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Mt

—e—S-1 —e—S-2 S-3 —e—S4 —e—S-5 S-6

—e—S-7 ——S-8 ——S9 —e—S-10 —e—S-11 —e—S-12

—0—S-13 —o—S-14 S-15 —e—S-16

R Bt £ B g STk (23 )
6 AN B8 K IR T I 2H A b TR T4 X
Fig. 6 Rare earth element distribution pattern of the Shengping

Formation at Xishuiyuan section in Quanzhou County
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Fig. 7 Identification of the source properties of the black
shale in the Shengping Formation at Xishuiyuan

section in Quanzhou County
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Fig. 8 Element ratios and related parameters of the Shengping Formation in the water source profile of Quanzhou County
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