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Table 1 Calculated results and major and trace element components of

Wufeng Formation-Longmaxi Formation in Sanquan section, Sichuan Basin

SL-1 SL-2 SI-3 SL-4 SL-5 SL-6 SL-7 SL-8 SL-9  SL-10 SL-11 SL-12 SL-13 SL-14 SL-15 SL-16 SL-17

/m 17.68 17.07 16.46 15.85 15.24 14.63 14.02 13.41 12.8 12,19 11.58 10.97 10.36 9.75 9.14 8.53 7.92
TOC/ % 1.32 2.27 2.52 2.14 2.71 2.67 2.98 2.60 2.73 2.86 2.43 2.46 3.02 2.86 3.08 3.00 2.50
S/ % 0.89 1.40 1.68 1.50 1.33 1.21 1.75 1.30 1.51 1.75 1.29 1.95 2.00 1.67 1.57 1.63 1.60
SiO2/ % 48.94  62.53 61.26  62.82 63.90 62.94 63.49 55.94 65.21 64.89 59.79 55.70 64.13 62.76 68.72 67.64 59.37
Al O3/ % 9.62 15.08 12.84 12.98 12.02 12.14 12.43 11.31 12.55  11.49 9.98 14.30  10.79  10.97 9.71 9.64 10.45
Fez 03/ % 6.19 5.04 5.42 4.87 5.04 5.21 4.97 5.58 4.69 4.51 4.80 5.52 4.86 4.32 3.98 4.06 4.37
CaO/ % 9.62 2.08 3.72 2.89 2.89 3.34 2.93 6.56 3.00 3.81 6.37 5.27 4.68 5.16 3.29 4.16 6.21
K2 0/% 2.55 3.97 3.36 3.44 3.17 3.20 3.30 3.03 3.28 3.03 2.68 3.78 2.80 2.95 2.52 2.56 2.70
TiO2/ % 0.43 0.68 0.62 0.64 0.59 0.61 0.62 0.54 0.59 0.53 0.46 0.59 0.52 0.53 0.47 0.47 0.42
V/(pg/2) 76.2 192.2  163.2 176.3 204.5 231.3 224.1 179.6 174.6 182.5 198.8 275.8 189.0 305.3 219.8 275.1 180.6
Cr/(pg/g) 33.4 85.8 66.9 74.5 71.9 72.2 73.2 68.3 69.4 67.9 58.2 68.4 68.9 68.6 59.0 68.0 51.8
Co/(pg/g) 12.8 18.8 17.9 19.6 20.3 21.5 21.0 17.7 19.0 17.8 14.3 17.4 19.4 15.8 15.2 14.1 13.0
Ni/(pg/g) 52.6 81.7 79.8 82.5 103.8  111.9  112.5 83.8 83.4 87.8 80.7 110.7 105.2 101.1  108.8 93.8 79.9
Th/(pg/g) 12.4 19.0 18.4 19.3 16.5 17.6 17.8 15.8 18.8 16.6 14.3 21.3 14.8 14.9 14.4 13.8 16.5
Mo/ (pg/g) 10.8 15.3 23.5 20.1 26.0 24.0 22.3 18.1 18.8 24.2 22.0 30.3 34.7 30.7 32.4 30.1 26.8
U/(ug/2) 6.2 9.9 12.1 13.3 12.6 13.6 12.9 10.5 11.2 11.9 9.8 11.7 17.2 13.0 14.3 12.7 10.2
Ce/(pg/g) 72.87 98.68 95.51 97.33 81.26 85.84 85.79 77.85 94.6 84.2 76.7 97.21 74.3 74.11 68.95 68.16 78.74
Ba/(pg/g)  712.4  905.3 7989 841.2 804.0 819.9 810.6 761.5 814.4 800.1 772.3 931.5 789.5 797.3 786.3 786.8 825.1
P/(pg/g) 472.8 461.4  519.1 523.7 500.3 530.2 502.1 481.9 515.0 486.5 430.3 519.4 544.3 506.9 476.6 479.6 461.5
V/(V+ND  0.59 0.70 0.67 0.68 0.66 0.67 0.67 0.68 0.68 0.68 0.71 0.71 0.64 0.75 0.67 0.75 0.69

V/Cr 2.28 2.24 2.44 2.37 2.84 3.21 3.06 2.63 2.52 2.69 3.42 4.03 2.74 4.45 3.72 4.05 3.49
Ni/Co 4.11 4.34 4.45 4.22 5.10 5.21 5.36 4.73 4.40 4.93 5.65 6.38 5.43 6.39 7.18 6.67 6.15
U/Th 0.50 0.52 0.66 0.69 0.76 0.77 0.73 0.67 0.59 0.72 0.69 0.55 1.16 0.88 0.99 0.92 0.61
P/Al 92.8 57.8 76.4 76.2 78.7 82.5 76.3 80.5 77.5 79.9 81.5 68.6 95.3 87.3 92.7 93.9 83.4

Ba(bio) 330.4  306.5 289.2 325.9 326.9 337.8 317.0 312.5 315.9 343.7 376.2 363.6 361.2 361.6 400.9 403.9 410.1
Ti/Al 0.06 0.05 0.05 0.06 0.06 0.06 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05 0.06 0.05
S/C 0.67 0.62 0.67 0.70 0.49 0.45 0.59 0.50 0.55 0.61 0.53 0.79 0.66 0.58 0.51 0.54 0.64
Mo/TOC 5.93 6.73 9.34 7.03 8.18 7.66 6.91 6.94 6.87 11.32 9.05 12.34 11.50 10.73 10.54 10.01  10.70
oCe 0.94 0.94 0.93 0.95 0.93 0.93 0.92 0.92 0.96 0.93 0.95 0.94 0.94 0.92 0.94 0.94 0.94
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Table 1 Calculated results and major and trace element components of

Wufeng Formation-Longmaxi Formation in Sanquan section, Sichuan Basin ( continue)

SL-18  SI-19 SL-20 SI-21 SI-22 SI-23 0G24 0G25 0G26 OW-27 OW-28 OW-29 OW-30 OW-31 OW-32 OW-33

/m 7.31 6.7 6.09

o
133
©
o

.09 4.59 4.31 4.05 3.74 3.43 3.03 2.63 2.23 1.83 1.03 0.63
TOC/ % 2.91 2.59 3.18 3.13 3.23 4.34 0.68 0.84 0.62 3.50 2.26 4.83 5.08 5.66 5.43 4.00
S/ % 1.67 1.64 1.67 1.69 1.70 1.72 0.40 0.51 0.32 1.73 0.98 1.76 2.15 1.58 0.68 0.70
SiO2/ % 67.74 69.50 72.70 71.93 69.82 66.08 19.77 30.92 16.31 68.13 63.09 78.66 66.07 70.63 66.46 58.10
Al O3/ % 10.03 9.61 8.55 9.30 8.96 12.15 4.45 5.99 3.92 9.88 13.98 5.56 9.99 9.00 11.78 15.42
Fes O3/ % 3.79 3.67 3.57 3.25 3.89 4.12 5.60 5.14 5.28 4.71 5.62 2.87 5.70 3.78 3.26 4.35
CaO/ % 3.65 3.84 3.29 2.92 3.32 2.07 23.60 18.60 25.42 3.35 3.02 1.31 2.33 3.08 1.45 2.95
K2 0/% 2.58 2.49 2.14 2.26 2.24 3.20 1.21 1.68 0.94 2.55 3.37 1.47 2.61 2.35 3.10 4.19
TiO2/ % 0.44 0.41 0.41 0.44 0.44 0.59 0.22 0.29 0.18 0.51 0.64 0.27 0.64 0.42 0.59 0.76
V/(pg/g) 193.1 212.5 155.8 177.7 129.0 239.0 25.4 55.3 28.1 189.8 182.9 283.8 607.0 190.7 672.3 209.3
Cr/(pg/g) 57.1 55.8 58.1 50.8 57.3 71.2 25.3 29.5 19.1 58.7 60.8 55.8 105.1 54.8 120.3 144.5
Co/(pg/g) 14.7 12.3 14.4 13.6 15.8 17.7 7.1 7.6 5.1 22.7 17.5 12.1 22.5 14.4 8.1 17.6

Ni/(pg/g) 88.5 77.9 92.7 93.0 86.9 125.4 34.5 43.3 29.3 125.7 52.6 133.8 222.4 97.5 98.5 121.0

Th/(pg/g) 15.2 15.5 11.4 13.3 13.3 16.6 7.3 9.9 6.3 14.3 17.9 7.7 14.7 13.6 17.0 23.2
Mo/ (pg/g) 28.8 25.4 27.6 24.2 27.5 50.3 4.3 5.9 2.9 51.2 6.5 58.9 99.5 27.7 6.9 3.1
U/(pg/g) 11.6 10.6 10.4 12.2 31.0 20.1 4.3 3.4 4.5 33.9 16.8 5.9 31.8 13.4 8.6 6.4

Ce/(pg/g) 70.55 64.52 58.68 67.71 76.62 92.5 57.35 66.99 36.71 72.57 82.7 51.49 81.42 68.82 70.21 106.6
Ba/(pg/g) 836.5 837.3 775.2 797.5 735.9 877.8 1302.8 1127.7 1584.3  749.5 693.2 691.3 781.6 803.6 846.5 880.0
P(ug/®) 451.4 410.1 471.5 513.4 488.7 555.1 755.7 738.2  1034.7 558.8 513.7 358.5 535.4 429.2 535.2 565.0

V/(V+ND 0.69 0.73 0.63 0.66 0.60 0.66 0.42 0.56 0.49 0.60 0.60 0.68 0.73 0.66 0.87 0.63

V/Cr 3.38 3.81 2.68 3.50 2.25 3.36 1.00 1.88 1.47 3.24 3.01 5.09 5.78 3.48 5.59 1.45
Ni/Co 6.03 6.31 6.45 6.86 5.50 7.10 4.85 4.95 4.81 5.53 5.93 11.09 9.88 6.76 12.14 6.88
U/Th 0.76 0.69 0.91 0.92 2.34 1.21 0.60 0.34 0.71 2.38 0.94 0.76 2.16 0.99 0.51 0.28
P/Al 85.0 80.6 104.2 104.3 103.0 86.3 320.9 232.7 498.1 106.9 69.4 121.9 101.2 90.1 85.8 69.2

Ba(bio) 438.2 455.6 435.9 428.3 380.0 395.2  1126.1 889.8 1428.5 357.3 137.9 470.6 384.8 446.2 378.8 267.7
Ti/Al 0.05 0.05 0.06 0.05 0.06 0.06 0.06 0.06 0.05 0.06 0.05 0.05 0.06 0.05 0.06 0.06
sS/C 0.57 0.63 0.53 0.54 0.53 0.40 0.58 0.61 0.52 0.50 0.43 0.36 0.42 0.28 0.12 0.18

Mo/ TOC 9.88 9.80 10.19 9.04 9.22 12.45 6.33 7.01 4.61 14.64 2.88 12.19 19.57 4.89 1.28 0.78

3Ce 0.94 0.94 0.94 0.95 0.94 0.93 0.84 0.83 0.86 0.93 0.95 0.93 0.91 0.95 0.86 0.91
, SiO, , (58.1% ~78.6%,
. . 67.3%), (16.3% ~
. 30.9%, 22.3%), (48.9% ~
C 3, , TOC . 72.7%, 63.8%) .
. 0.6%~2.1%, 1.4%, Al O, ( 9% ~15.4%, 10.8%
. L6%~1.7% ) 8.5% ~14.3%, 11.2%;
TOC . 3.9%~5.9%, 4.8%)
3.3 CaO . 33U ~4% ,
SiO, . Al, O, CaO, CaO 25%,
Fe,0,.K,O TiO, 6 . . .

- 3 ’ Feg ()3 ’
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3.2%~6.2% , 4.6%; Ti/Al 0.051~0.06 , 0.056;
5.1%~5.6% , 5.3%C 1, 0.051~0.055 , 0.054;
K,O TiO, , 0.045~0.056 , 0.053,
K, O 2.5%~3.5% . Ti0, Ti/Al —
3 J—

Fig.3 The stratigraphic variation of paleoenvironment proxies of Wufeng Formation-Longmaxi Formation in Sanquan section
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4 —

Fig.4 Enrichment factors of trace elements of Wufeng Formation-Longmaxi Formation in Sanquan section
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Table 2 Geochemistry indices of redox condition
V/(V+ND >0.5 0.45~0.6 <0.45
V/Cr >4.25 2~4.25 <2
Ni/Co >7 5~7 <5 5 - Cc—S
U/Th ~1.95 0.75~1.25 <0.75 Fig.5 C-S crossplots for Wufeng Formation-
S/C ,>0.36 <0.36 Longmaxi Formation in Sanquan section
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Relationship between sedimentary environment and organic matter accumulation

in the black shale of Wufeng-Longmaxi Formations in Nanchuan area,Chongqing

He Long',Wang Yunpeng' .Chen Duo-fu’, Wang Qin-xian', Wang Cheng'
(1.Guangzhou Institute of Geochemistry ,Chinese Academy of Sciences ,Guangzhou 510640 ,China ;
2.College of Marine Ecology and Environment , Shanghai Ocean University ,Shanghai 201306 ,China)

Abstract: The enrichment of organic matter in black shale is a controversial issue among the researchers and
critical problem in the exploration of shale gas.In order to discuss the relationship between sedimentary en-
vironment and organic matter accumulation in black shale of Wufeng Formation, Longmaxi Formation and
limestone of Guanyingiao Bed, multiple geochemical method,such as organic carbon,sulfur contents, major
and trace elements, are tested from the Sanquan section in the southeast of Chongqing. Research results
show that the organic carbon is enriched in the middle to upper part of Wufeng Formation and the bottom
of Longmaxi Formation.Ba and P contents exhibit a high primary productivity during Late Ordovician-Ear-
ly Silurian in Sichuan Basin.Redox proxies(V/Cr,Ni/Co and S/C) indicate that Wufeng Formation deposi-
ted in an anoxic environment and Longmaxi Formation deposited in euxinic condition, but Guanyingiao Bed
was predominated by oxic-dysoxic environment during the glaciation. Mo/ TOC shows a strong restricted
water mass controlled the accumulation of Wufeng Formation and a moderate-weak restriction of Long-
maxi Formation and Guanyinqgiao Bed, respectively.Ce anomaly reveals that the fluctuation of sealevel af-
fected the redox condition of bottom water. The poor relation between TOC and Ba, Ti/Al suggests prima-
ry productivity and terrigenous clastics are not the major factors controlling the enrichment of organic mat-
ter,but an anoxic environment is the predominant condition causing the accumulation and preservation of
organic matter suggested by a positive relation among TOC and V/Cr,Ni/Co.

Key words: Sichuan Basin; Black shale; Sedimentary environment; Wufeng Formation; Longmaxi Forma-

tion; Guanyingiao Bed



