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Geochemical Characteristics of Longtan Formation Mudstone and Shale in
the Southern Sichuan, China and Their Paleoenvironmental Significance

—Taking Yuping Section in Xingwen Area as an Example

NING Gao-fei', CAO Tao-tao'* , PAN An-yang®’, DENG Mo?, LIU Hu’,
ZENG Jia-cheng', CHEN Ye'

(1. School of Earth Sciences and Spatial Information Engineering, Hunan University of Science and Technology,
Xiangtan 411201, Hunan, China; 2. Wuxi Research Institute of Petroleum Geology, Research Institute of
Petroleum Exploration and Development, SINOPEC, Wuxi 214126, Jiangsu, China; 3. Military-civil
Integration Geological Survey Center, China Geological Survey. Chengdu 610036, Sichuan., China)
Abstract: To investigate the provenance, organic matter enrichment mechanisms, and
paleoenvironmental evolution of Upper Permian Longtan Formation mudstone and shale in
southern Sichuan, the Yuping section in Xingwen area was selected as a case study; based on
systematic field investigations, sampling, and integrated analyses, including organic
geochemistry, organic petrology, and major, trace, and rare earth element measurements, key
paleocenvironmental parameters ( source rock type, paleoclimate, paleosalinity, and redox
conditions) during the deposition of Longtan Formation were characterized; the organic matter
characteristics and paleoenvironmental evolution of the organic-rich mudstone and shale were
elucidated, and the primary geochemical controls on organic matter enrichment were identified.
The results indicate that Longtan Formation mudstone and shale from Yuping section are
characterized by relatively high total organic carbon (TOC), averaging 3.80%; the maceral
composition is dominated by vitrinite, and kerogen is predominantly type [[[ . suggesting a
terrestrial higher plant origin and gas-prone source rock potential; the main provenance is
attributed to high-Ti basalt from Emeishan large igneous province, with minor granitic input,
consistent with an active continental margin setting; the average chemical index of alteration
(CIA) of 83.90 reflects moderate to intense chemical weathering; paleoclimate proxies (averages
of Sr/Cu and MgO/CaO ratios are 1. 89 and 1. 99) suggest generally warm and humid conditions;
paleosalinity indicators (averages of Sr/Ba and 100MgO/Al, O, ratios are 1. 05 and 3. 76) point to
deposition in a brackish lacustrine environment; shallow-water, proximal deposition is supported
by the average Zr/Al ratio (8. 25 X 107°) and 100MgO/Al, O, ratio (0.66); redox proxies
(averages of V/(V-+Ni) ratio, Ni/Co ratio and Ce,,om are 0. 83, 4. 77 and 0. 04) indicate weakly
reducing to reducing conditions. In summary, the organic-rich mudstone and shale of Longtan
Formation in the southern Sichuan are deposited in a brackish, marine-terrestrial transitional
setting under warm and humid climatic conditions. Within the geological context of Kangdian
paleocontinent large igneous province, intense chemical weathering of Emeishan high-Ti basalts
produces abundant fine-grained detritus. Concurrently, dense vegetation contributes substantial
terrestrial organic matter, which is rapidly transported and buried in the sedimentary basin. High
sedimentation rates limit the exposure of organic matter to oxygenated waters, while weakly
reducing to reducing conditions further suppress organic matter oxidation, ultimately leading to

the formation of high-quality, gas-prone organic-rich mudstone and shale.
Key words: element geochemistry; source rock; Longtan Formation; paleoclimate; paleosalinity;

redox condition; organic matter; Sichuan
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Fig. 1 Sedimentary Facies Map of Longtan Formation in the Southern Sichuan
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Fig. 2 Comprehensive Lithologic Column of Longtan Formation in Yuping Section of Xingwen Area
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Fig. 4 Whole-rock Mineral Composition Distribution of Longtan Formation Mudstone and Shale
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Fig. 5 Organic Matter Characteristics of Longtan Formation Mudstone and Shale
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Fig. 6 Photographs of Organic Maceral Components of Longtan Formation Mudstone and Shale
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Table 1 Analysis Results of Major Element of Longtan Formation Mudstone and Shale
BH YP-1 | YP-2 | YP4 | YP5 | YP6 | YP-8 | YP-12| YP-13 | YP-14 | YP-17 | YP-19 | YP-20 |ftf ¥l | PAAS
ik Jed | em | WA | WA | WA | RHE | BL | kH | EL ﬁ 7‘}?@ ke
WA | R E
MANLER/% | 2.17 | 1.65 | 3.62 | 3.80 | 0.47 | 0.78 | 12.03 | 2.32 | 31.08 | 3.01 2.17 1.56 5.42
w(AlO3)/% | 20.86 | 18.24 | 12.51 | 13.95 | 14.99 | 8.19 | 14.91 | 18.60 | 7.45 | 16.93 | 18.47 | 15.67 15.06 | 18.80
w(Ca0) /% | 0.22 | 0.16 | 0.23 | 0.20 | 0.06 | 4.04 | 0.17 | 0.14 | 0.19 | 0.97 0.51 1.29 0.68 1.29
w(Fe;03)/% | 0.79 | 1.48 | 0.76 | 1.06 | 1.25 |46.95| 1.25 | 1.26 | 3.02 | 4.56 | 14.54 | 11.97 7.41 7.18
w(K,0)/% | 2.85 | 2.36 | 1.56 | 1.50 | 2.02 | 0.27 | 0.85 | 1.03 | 0.24 | 1.33 0.73 1.71 1.37 3.68
w(MgO)/% | 0.52 | 0.46 | 0.29 | 0.31 | 0.28 | 0.14 | 0.33 | 0.40 | 0.22 | 0.72 1.49 1.94 0.59 2.19
w(MnO)/% | 0.003 | 0.002 | 0.004 | 0.006 | 0.010 | 0.810 | 0.012 | 0.018 | 0.030 | 0.016 | 0.012 | 0.050 0.080 | 0.110
w(Na, /% | 0.12 | 0.11 | 0.16 | 0.15 | 0.55 | 0.04 | 0.12 | 0.16 | 0.03 | 0.18 0.08 0.63 0.19 1.19
w(Ti0) /% | 3.98 | 3.97 | 4.14 | 4.31 | 2.40 | 1.22 | 2.78 | 4.91 | 0.49 | 4.35 3.97 2.97 3.29 0.99
Fw(  OONTERBAEYTE.
10 -
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RHEENA B RIEE . XEESRILA T ERKY
Mz R B A K DU B 22 8k M Rr 22 000E 5
Jri iR AR TE T RES R Fe RS,
3.4 WEBTLEFE

e ) T 2H U A B TR TG R A B A R
2, FESY Ba & R (73.80~1 266.21) X107,
SERIE K294, 13X10° 5 Co &5 g (1. 53~82. 29) X
10°°, 5 # {l # 36. 06X 10 °; Cr & & HFy (49. 42~
225.76) X 107° , S {H A 104, 29 X 10 °;Cu & & K
(36.41~470. 44) X 10 °, F-H{E H181. 62X 10 ° ; Ni
EH R (12.91~175.76) X 10 °, S {H H 73. 30 X
10 °;Sr &k (75.56~423.73) X 10 5, SE- ¥ {H H
224.48X10 ° 5V &4 K (178, 94~534. 84) X 10 °,
PI{E H7369. 08X 10 %3 Zn & fg S (4. 17~243.82) X
100, S H#95.37X10 %3 Zr & &y (181. 85 ~
1.019.82) X 10 °, S E¥{8 K 666.87 X 10 °; Th & &
(3. 89~26.33) X105, F#{E H 15. 40 X 10 °,
5 KR 5 R i T 38 TUA T X6 H R R R
MW E AP WA Ba.Cr 508 A 5 #t . 1 Co.Cu.Ni,
Sr.V.Zr.Zn Fl Th 45 & RS (E D,
3.5 BmITEBE

Fis o0 F PR Ak A M iR O 7 b B4R D AR
R RG A SRR S ) 2 TR R LR
FTE B S5 FORES T BRI V4 U

HMETR

—=— FE i YP-1
—v— P RYP-5
—>— FEAYP-12
—e— BERYP-17

—o— FEHYP-2
—o— FERYP-6
—o— FEAYP-13
—o— FERYP-19

—a— FERYP-4
—<— FEAMYP-8
—*— FEAYP-14
—+— FEAYP-20

wo RS IR s wpaas A IRORR)IE 5 KT 4 P UE &
E7 REARTE PAASIREXMETELRNE
Fig.7 PAAS-normalized Trace Element Spider Diagram of

Longtan Formation Mudstone and Shale
WEM TR B S R EARL TR KE.
(172.38~1 187.73) X10~°, 3 ¥ {f N 575.96 X
10" (3R 3), WA & T BROBL IR A7 3% 4E (3. 29X 10°) |
Jt € W % (North American Shale Composite,
NASC) % # (173.21X10 °) K& I #1 58 & &
(146. 40X 10 °) bR UEE ), 3= W] o Vo 20 e v H
AWE M LU R E R, K B TR
(LREE) B & 4 (155. 50~1 087.52) X 10~ °, 3
fH0 519.05X10 " H A + 6 & (HREE) B & &4
(16.87~100.21)X107°% , F-#¥J{H }56.91X107°,



1036 wo®K A F B ox o® F AR 2025 4
x2 REBEHARNEMBAVMETEZSNER
Table 2 Analysis Results of Some Trace Element of Longtan Formation Mudstone and Shale
8 YP-1 | YP-2 | YP-4 | YP-5 YP-6 YP-8 | YP-12 | YP-13 | YP-14 | YP-17 | YP-19 | YP-20 |#tf5F34{E| PAAS
w(Ba) /1076 |233.41(225.01(238.81|204.00| 244,45 |289.60|159.98| 126.86 | 73.80 | 211.80 |255.63|1 266.21| 294.13 650. 00
w(Co) /1075 | 1.53 1. 96 5.26 5.31 5.93 82.29 | 80.97 15.67 25.16 48.91 | 80.99 78.72 36. 06 23.00
w(Cr)/1076 | 61.90 | 88.37 | 70.78 | 70.78 | 53.74 | 81.86 | 77.50 | 225.76 | 49.42 | 161.62 |142.57| 167. 24 104. 29 110. 00
w(Cu) /10 6| 84,54 |172.57|118.11] 52.19 36. 41 89.20 |470.44| 324.56 | 297.96 | 172.06 |221. 00| 140. 37 181.62 50. 00
w(Li) /1076 | 36.52 | 38.83 | 26.30 | 28.47 19. 21 27.39 | 22.00 51.47 27.88 33.66 | 37.38 57.39 33. 88
w(ND /1076 ] 12,91 | 31.19 | 33.90 | 33.69 | 21.95 [109.37|93.51 | 84.10 69.91 | 115.62 |175.76| 97.67 73.30 55.00
w(Sr)/107% [196.61{189.50|256.58(251.50| 121.70 |236.95|345.13| 156.79 | 75.56 | 232.00 [423.73| 207.73 224.48 200. 00
w(V) /1076 | 381.28(388.37|399.73[425.10| 181.31 |178.94(296.43| 534.84 |484.42 | 412.17 [412.46| 333.87 369.08 150. 00
w(Zn) /1076 | 4.17 | 24.91 | 19.28 | 18.67 | 12.65 |152.82|174,76| 48.45 78.85 | 243.82 |223.45| 142.64 95. 37 85.00
w(Zr) /1061849, 17|738.54|769.93[763.21|1 019.82|295.99(585.68|1 015.22| 181.85 | 732.36 |620. 81| 429.90 666. 87 210. 00
w(Th)/107%] 19.88 | 16.84 | 17.22 | 17.31 | 26.33 5.58 | 14.62 | 20.78 3.89 16.07 | 13.93 12. 36 15. 40 14. 60
x3 REARTEHRITEINER
Table 3 Analysis Results of Rare Earth Element of Longtan Formation Mudstone and Shale
28 YP-1 YP-2 YP-4 YP-5 YP-6 | YP-8 YP-12 | YP-13 | YP-14 | YP-17 | YP-19 | YP-20 Fe i ALk Hi*ﬁ
FEME| TUs | B
w(La)/107% [ 113.75|121.99 | 125.49 [123.19| 94.26 | 41.62 | 236.78 | 93.08 | 35.12 | 95.48 | 92.25 | 69.50 [103.54| 32.00 | 0. 31
w(Ce) /1076 | 251.09 | 314,46 | 318.61 | 306. 17 [191,24|129.71| 560.81 [216.95| 77.10 |229.12|221.42|197.20|251.16| 73.00 | 0. 81
w(Pr)/107% | 26.06 | 39.56 | 34.05 | 33.92 | 19.02 | 17.90 | 53.52 | 21.24 | 7.93 | 25.82 | 23.94 | 18.05| 26.75| 7.90 |0.12
w(Nd) /10 ¢ | 95.96 |182.07 | 147.57 | 153.07 | 63.10 | 97.58 | 208.98 | 76.32 | 28.73 [108.35| 97.45 | 73.64 |111.07| 33.00 | 0. 60
w(Sm) /107 % | 15.41 | 39.23 | 30.13 | 32.41 9.25 | 31.31 22.61 11.04 | 5.37 |22.09 | 18.39 | 13.33 | 20.88 | 5.70 |0.20
w(Ew /1075 | 3.67 8. 84 7.17 7.93 1.86 | 15.90 1. 82 2.00 1.25 5. 36 5. 54 3.45 5.65 1.24 10.07
w(Gd) /1075 | 15.91 | 35.54 | 26.63 | 30.59 | 11.46 | 29.36 | 27.41 12.28 | 6.81 | 21.47 | 18.21 | 12.98 | 20.72 | 5.20 |O0.26
w(Th) /1070 | 2.22 4.57 3.27 3.81 1.76 3.57 3.79 1. 88 0. 89 2.83 2. 40 1.70 2.72 0.85 |0.05
w(Dy)/1076 | 12.66 | 22.13 | 15.99 | 18.64 | 10.87 | 16.98 | 24.58 | 11.89 | 4.39 | 14.78 | 12.82 | 9.09 | 14.57 | 5.80 |0.32
w(Ho) /1076 | 2.42 3.76 2. 80 3.24 2.14 2.91 5. 54 2.41 0.76 2.68 2.35 1.68 2.72 1.04 |0.07
w(Er) /1076 | 7.04 10. 01 7.61 8.58 6.16 7.68 17.59 7.19 1. 99 7.55 6.61 4.69 7.72 3.40 |0.21
w(Tm) /1076 | 0.98 1. 29 0. 98 1.13 0. 86 1.02 2.55 1.02 0.29 1.03 0. 89 0.65 1. 06 0.50 |0.03
w(Yb)/1076 | 6.12 7.92 6.02 6.72 5.13 6.23 16. 29 6. 30 1.54 6. 35 5.25 3.93 6.48 3.10 |0.21
w(Lu) /10 % | 0.86 1. 06 0. 80 0.91 0. 70 0. 89 2.47 0. 88 0.22 0. 89 0.73 0.55 0.91 0.48 |0.03
wree/107% | 554,13 792,41 727,11 |730.30(417.82|402,65|1 187.73(464.48|172.38|543.80|508.24[410.45|575.96|173.21| 3.29
wiree/107% | 505. 94 | 706. 14 | 663. 03 | 656, 68 {378. 73 |334. 02 |1 087.52|420. 63 |155.50|486.22(458.98|375.18[519.05|152. 84| 2.11
wyree/107% | 48.19 | 86.27 | 64.08 | 73.62 | 39.09 | 68.63 | 100.21 | 43.84 | 16.87 | 57.58 | 49.26 | 35.27 | 56.91 | 20.37 | 1.18
0Eu 0.76 0.77 0. 83 0.82 0.59 1.71 0.63 0.56 0.67 0. 80 0.98 0. 85 0. 83
dCe 1. 10 1.08 1.16 1.13 1.08 1.13 1.19 1.16 1.10 1.10 1.12 1. 33 1. 14
Cenom [H 0.02 0.03 0.05 0.03 |—0.01| 0.05 0. 04 0. 04 0.02 0.03 0.03 0.11 0. 04
W wree MG H IR B wiree W ER 1R B E i waree W EM H IR S F 3 0Eu 2 Eu 5% :5Ce 2 Ce 70 5 Cemom N Ce 54

TR 5T k5] | Sck[28].

% EM T L E 4 B L (LREE/HREE) E# i
9.21, BN EM L IL R R, Ik BA KRR

FOUE EERE.

Ze b 3e v br e AL (18 8) 5 BRORE B A7 bk #E 1k
(B )R R i AR B R i Lo R W 4

M LT A XS T A ALK, 8Eu 5 8Ce f9°F- 15
53508 0. 83 Al 1. 14, BIKRIH Ky Eu A7 5

Ce IE 5+ o 18 78 PUBL IR 38 LLIE 5o 50 . BRobL B

TRRMEALTS + 70 % B 41 B3 () 9) i 7R« B i YP-
LLYP-2 55 YP-4 124 60 ELIS 265 {00 5 e T i
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