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A relationship between elemental geochemical characteristics and organic matter enrichment
in marine shale of Wufeng Formation—Longmaxi Formation, Sichuan Basin

Li Yanfang Shao Deyong Lv Haigang Zhang Yu Zhang Xiaolong Zhang Tongwei

(School of Earth Sciences. Lanzhou University: Key Laboratory of Western China s

Mineral Resources of Gansu Province . Gansu Lanzhou 730000, China)

Abstract: In this study. a test was carried out on organic carbon. sulfur content. major and trace elements of 24 shale samples from
fresh outerop sections in Upper Ordovician Wufeng Formation—Lower Silurian Longmaxi Formation, Shuanghe Town. Changning
County, Sichuan Basin. Moreover. this study analyzed the vertical variation characteristics of major and trace element contents and
their relationship with sea-basin paleo-sedimentary environment and explored the major controlling factors for organic matter enrich-
ment in Ordovician— Silurian shale of Sichuan Basin. Research results show that the organic carbon content is higher (2. 2%-7. 76 %)
in the reservoir intervals about 20 m above Wufleng Formation to the bottom of Longmaxi Formation. then decreased upwards to sta-
ble value of 0. 81%-1. 83%. Major components of shale include Si0), (55. 67% ). ALO.(10. 13%)and Ca0 (9.51%). The contents
of Ti0); and Si(), are lower at the bottom of profile and then increased upwards, indicating the increased input of terrigenous clastics.
The Si0: and Ca() contents of organic-rich shale are apparently higher than those of organic-poor shale, but the contents of Al,O;,
Fe: O, and Ti(), are lower, Meanwhile. redox sensitive elements (Mo, U, V, Ni, Co. Cr)and nutritional elements Ba are signili-
cantly enriched in the organic-rich interval. Ni/Co. V/Cr, U/Th and the degree of pyritization(DOP- ) indicate that Wuleng Forma-
tion presents large changes in water mass redox conditions, dominated by suboxic and anoxic conditions. The water mass at the bot-
tom of Longmaxi Formation has a higher reducibility than Wufeng Formation, indicating a euxinic environment with certain content

of H,S. However, normal oxygen enrichment environment exists in the middle and upper part. The contents of P and excess Ba
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(Bay,)in shale demonstrate a higher productivity in the sedimentary stage of Wufeng Formation—Iongmaxi Formation. while TOC
content has a positive correlation with redox proxies, suggesting that the changes in organic matter content is predominantly con-
trolled by redox environment. The cross plots of Mo/TOC and DOPr show that redox condition and water retention is the major con-
trolling factor for trace element enrichment in Longmaxi Formation shale and Wufeng Formation. respectively. Organic matter en-
richment in Longmaxi Formation is mainly controlled by the degree of seawater anoxic resulting from the rise and fall of sea level.
However, anoxic environment in Wufeng Formation caused by water retention leads to favorable preservation of organic matter.
Key words: Sichuan Basin; sedimentary environment; Wufeng Formation—ILongmaxi Formation; organic matter enrichment; trace el-

ement
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Fig.1 Location and Upper Ordovician—Lower Silurian sedimentary facies of study area
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Table 1  Analytical results of major elemental components of shale in Wufeng Formation—Longmaxi Formation,Sichuan Basin
. A FHITRTEH/%

B Sl Toe S Si0,  ALO; CaO  Fe O K,O MgO  Na,O  MnO  TiO; P>0s
SH-WEF-02 Oyw 6. 04 0.42  70.77 10. 64 1.16 1.70 2.99 1.93 0.32 0.02 0. 50 0. 09
SH-WF-03 Osw 4.01 .98  59.48 10. 32 6. 63 2.22 2.96 3.02 0.43 0. 04 0. 48 0.13
SH-WF-06 Osw 2.34 1.31  42.31 6.70 18.73 4.70 1. 96 4.16 0.28 0. 10 0.59 0.23
SH-WF-10 Oyw 2.84 .70 73.70 3.37 8. 28 0.93 0. 89 1.24 0.25 0. 04 0.16 0. 05
SH-WF-14 Osw 4.81 1.02  51.89 7.55 21.25 2.78 2.03 3. 18 0.70 0.08 0. 36 0.13
SH-WF-17 Oyw 2.20 2,46 50. 80 6. 97 9. 54 1. 74 1.82 | Pk 0. 83 0.03 0. 36 0.13
SH-WF-19 Sil 7.76 0. 67 76,52 5.07 1. 82 1,29 1. 30 1. 05 0.36 0.01 0.25 0.12
CN-SH-02 Sl 7.13 0.82 74.29 5.43 2.98 1. 44 1. 43 1..31 0.37 0.01 0.26 0.13
CN-SH-05 Sl 3.29 0.50 71.29 4. 80 6. 36 1. 00 1.25 1::29 0.33 0.02 0.22 0.07
CN-SH-07 S 3.04 1.26 52.46 4.74 16.23 1. 76 1.29 303 0.53 0. 04 0, 21 0. 10
CN-SH-09 S 3.38 1.01 55.72 3. 24 14. 93 1. 40 1, 42 2,0 0, 38 0.03 0, 24 0. 08
CN-SH-11 Sl 3.42 0.89 53.84 5.07  15.08 1. 46 1.39 3.28 0.33 0. 03 0. 23 0. 08
CN-SH-13 Sl 3. 35 1.21 55.96 5.04 12.71 4.20 1. 36 3. 18 ), 43 (1, 04 . 24 0. 07
CN-SH-19 Sl 1.67 0.87 54.65. 16.57 4.43 5:91 4.31 3.21 0. 74 0. 03 0. 66 0. 10
CN-SH-22 Sil 1. 40 0.94 53.86 15.88  5.46 5.73 410 3. 48 0. 71 0. 04 0. 64 0. 10
CN-8H-27 Sl 1. 80 1.09 54. 49 16. 53 4.70 5.49 4. 30 3:35 . 66 0. 03 0. 64 0. 10
CN-8H-30 S5l 1.71 1.41  54.93 17. 36 3.49 5.83 4.55 3.23 0. 85 0.03 0. 67 0. 10
CN-SH-32 Sl 1.31 1.22 52.58 15. 04 7.01 4.93 3.95 3.39 0.76 0. 04 0.61 0. 10
CN-SH-35 Sil 1.17 1.08 45.03 12.95 11.52 5.006 3.56 4.48 0.53 0.08 0.51 0. 09
CN-SH-40 Sil 1.43 1.08 43.01 12.68 11.80 5.27 3.42 5.14 0.47 0. 10 0. 49 0. 09
CN-SH-42 Sl 1.17 1.04 52.81 16. 97 5.03 5.46 4.58 3. 80 0.62 0.03 0. 64 0.09
CN-SH-51 Sl 1.34 0.95 51.31 15. 81 7.05 4.80 4.30 3.37 0. 62 0.03 0.61 0. 09
CN-SH-58 Sil 1. 06 0.57 43.00 11.73  14.98 3.85 3.34 4. 05 0.57 0. 06 0. 48 0. 10
CN-SH-59 Sl 1.02 0.63 41.31 10.71  17.18 3.53 2.95 3.84 0.62 07 0.45 0.10
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Table 2 Analytical and calculated results of trace elements of shale in Wufeng Formation—Longmaxi Formation,Sichuan Basin

. MAAZE R/ (pgeg™ D) TR LR
" \ Cr Co Ni Th 18] Mo Sc Ba V/Cr Ni/Co U/Th DOPr Baxs/(pgeg™")
SH-WF-02  409.40 98.95 6.55 89.36 14.91 11.60  9.54 10.22 987.20  4.14 13.64 0.78  0.31 553. 64
SH-WF-03  165.00 93.28 8.38 86.10 13.99 8.61 5. 87 8.73 879.30  1.77 10.28 0.62 0.55 458. 63
SH-WEF-06  135.80 48.12 16.19 115.60 12.07 13.89 36.14 6. 64 789.10  2.82  7.14 1.15 0.35 515. 86
SH-WF-10 92,70 32.08 5.30 4842 4.89 3,27 7. 82 3.29 567. 10 2.89 9.14 0.67 .95 429,73
SH-WF-14  360.10 69.74 9.93 140.30 12.14 9.41 29.56 9. 65 850.30 5.16 1413 0.77 0.46 542.71
SH-WF-17 75.59 35.31 8.25 64.580 11.71 4:83 1. 68 7. 67 74440002, 14 7.8370. 41 1.77 460, 36
SH-WF-19 487.10 50.14 B8.17 176.40 7.74 36.38 83.73 5. 05 903. 10  9.71 21.83 _4.70 0.65 696. 49
CN-SH-02 563.80 57.76 8.36 171.40 8.75 36.43 124.30 6. 00 835.40  9.76 20.50 4,17 0.71 614. 15
CEN-SH-05  319.90. 35.77 6.36 143:40, 7.05 14.28 55.32 4.85 789.50 8,94 17.83 2.03 0.62 593. 89
CN-SH-07 175.90 33.35 6.15 8818 812 14.21 42.26 5.18 736,80 5.27 14.35 1.75 0.89 543.77
CN-SH-09 182.30 38.80 7.79 107.50 '8.35 13.09 55.48 5.73 769.00 470 13.79  1.57  0.90 556. 71
CN-SH-11  182.50 36.32 6.42 835.52  8.31 14.17 48.12 5.70 802.20  5.02 13.33 1.71 0.76 595. 66
CN-SH-13 13010 31.58 6.72 79.94 8.02 12.24 52.78 5.55 771.80  4.12 11.89 1.53 0.36 566. 28
CN-SH-19  135.90  90.15 18.55 63.27 19.20 6.30 11.26 17.25 1468.00  1.51 341 0.33  0.18 792. 44
CN-SH-22 126,00 88.11 16.93 54.03 20.07 5.81 7.59 17.51 1291.80 1.43 3.19 0.29 0.21 644. 32
CN-SH-27  124.30 92.29 16.36  57.38 20.91  9.97 10.69 17.38 1463.40 1.35 3.51 0.48 0.25 789. 48
CN-SH-30 122,10 94.96 17.44 48.79 19.50 7.92 11.21 17.98 1958.50 1.29 2.80 0.41 0.30 1250. 77
CN-SH-32 10410 33.61 11.71 46.15 17.00 5.86  7.43 13.28 1527.90 1.94  3.94 0.34 0.31 914. 60
CN-SH-35  118.50 67.60 15.38 57.15 17.34 8.57 8.94 15.33 1740.40 1.75 3.72 0.49 0.27 1212.70
CN-SH-40  101.40 60,42 12.64 46.84 14.56  6.74  6.87 12.40 1558.70 1.68 3.71 0.46 0.26 1041. 80
CN-SH-42  136.60 101.50 15.08 51.45 21.60 6.94 6.71 17.84 2125.20 1.35 3.41 0.32 0.24 1433.55
CN-SH-51  117.30  80.68 11.78 47.12 15.58 7.13  7.35 13.58 1627.50 1.45 4.00 0.46 0.25 983. 04
CN-SH-58  103.40  65.10 11.90 47.54 14.57 5.69  6.99 10.19 1599.50 1.59  3.99 0.39 0.19 1121.20
CN-SH-59  104.60  61.17 12.72 4412 17.02  7.13  7.34 12.62 1617.50 1.71 3.47 0.42  0.22 1181.09
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dr AR Yok IR 0 B S TOC 2 6] 77 76 B3 19 1F A1 2%
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Fig.2 Variation characteristics of TOC,S and major elements of shale in Wufeng Formation—Longmaxi Formation on section
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Table 3 Element discrimination parameters in redox condition

LR FR5E B IR

HIMBE 4 R LRSI
DOP-- ¥ HaS B}.0. 42~0. 75 <0. 42
& H:SHE=>0.75
V/Cr —4.25  2.0~4.25 <2.00
Ni/Co  =7.00  5.00~7.00 <<5.00
U/Th >1.25 0.75~1.25 <. 75

4.25 REAIREE,NT 2.00 HEAHRE, U/Th Ik
E 55 1R B VK IR JE R TR 58, R T 1. 25 SRR,
0.75~1.25 KA EHFE, U/Th WE/NT 0.75 I E
AIEE .

& 4 "], f g 4R & DOPr {H R 0.31 ~
1. 77, P32 0. 73, 3578 KR E AR R I S AR AL KR
Bk EUAE H,S MR AN &, (HE A ME
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HICH R 1.53~4. 70, HIREAHRTE: £ R DS EHH L
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Table 4 Discrimination results of redox environment of shale in Wufeng Formation—Longmaxi Formation, Sichuan Basin

. DOP+ V/Cr Ni/Co U/Th

ke i [ (i S {E 0 {E ¥ (E B FEE ¥ {E B FEE ¥ (E

i i £ 0.31~1.77  0.73  1.77~5.16  3.15 7.14~14.13 10.36 0.41~1.15 0.73
T HIRAFER  0.36~0.90  0.76  4.12~9.76  6.79 11.89~21.83 16.22 1.53~4.70 2.12
T LEAl s F3 0. 18~0.31  0.22 1.29~1.94  1.55  2.8~4.0  3.56  0.62~0.77  0.40
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