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Impact of middle to late Triassic climate change on organic matter enrichment in hydrocarbon

source rocks of the Chang 7 Member, Yanchang Formation, southeastern Ordos Basin

Abstract: [Objective] The middle to late Triassic was a period of critical climatic transition in Earth's history. Multiple
global humid climate events during this time profoundly impacted both marine and terrestrial depositional environments,
facilitating the development of marine and continental source rocks. [Methods] This study focuses on the hydrocarbon
source rocks of the seventh member of the Yanchang Formation (Chang 7 Member) in the southeastern Ordos Basin. Based
on integrated elemental geochemical and molecular organic geochemical analyses, this study explores the relationship
between middle to late Triassic humid climatic events and organic matter enrichment in lacustrine settings. [Results] The
lower to middle interval of Submember 3 of Chang 7 Member (695-660 m in depth) is characterized by high total organic
carbon content and good hydrocarbon generation potential. Chemical weathering indices indicate that this interval was
deposited underwarmer and more humid climatic conditions, while the overlying upper portion of Submember 3 and
Submembers 2 and 1 were deposited under cooler and drier conditions. By combining global characteristics of middle to
late Triassic humid events with palynostratigraphy, zircon U-Pb geochronology, and carbon isotope stratigraphy, this study
links the lower to middle interval of the Submember 3 and the middle to late Triassic Ladinian—Carnian humid climate
event. [Conclusions] The findings suggest that, under the influence of humid climate events, enhanced terrestrial nutrient
influxes stimulated primary productivity in the lake. Concurrently, intensified water column stratification and bottom-water
anoxia created favorable conditions for organic matter preservation, leading to the deposition of high-quality source rocks.
Following the event, the climate shifted towards colder and drier conditions. This reduced terrestrial input, decreased
primary lake productivity, lowered oxygen depletion in the water, and led to less favorable conditions for organic matter
preservation and enrichment. [Significance] This study not only provides new evidence for paleoclimatic and
paleoenvironmental reconstruction during the middle to late Triassic but also offers an important reference for

understanding organic matter enrichment mechanisms during major climatic transitions in Earth’s history.
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7 Member at 585.70 m; (e) Sterane distributions in Submember 2 of the Chang 7 Member at 604.55 m; (f) Sterane distributions in Submember 3
of the Chang 7 Member at 673.08 m
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Fig. 6 Vertical variations in paleoclimate indicators from the Chang 7 Member, Well R203, Ordos Basin

(a) CIA; (b) CIW; (c) C values

The red dashed line represents the corresponding horizon of the proposed Ladinian—Carnian boundary in the study well.
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P, © BRI R 3 O i 3 0 4 KO T R S
(Kustatscher et al., 2010; Posenato et al., 2013): £ JE 11}
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2020; Lu et al., 2021a; Zhang et al., 2021; 2% #H 1 25§ |
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2020; Lu et al., 2021a; Liu et al., 2024) . A tt, 3 W B¢
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Fig. 7 Organic carbon isotope (6"°C,) and stratigraphic column of the Chang 7 Member in the Ordos Basin

The data from the well locations ZK1901, Z40, Z140, Y1011, F75, and Y56 shown in Fig. 1 are sourced from Bian et al. (2025), Jin et al. (2021),

Chen et al. (2023), Liu et al. (2024), Zhang et al. (2021), and Chen et al. (2019), respectively. The corresponding chemostratigraphic framework

was established in Bian et al. (2025). Specifically, the red dashed line represents the stratigraphic position of the Ladinian—Carnian boundary

identified within these cores by Bian et al. (2025) and in this study.
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Fig. 8 Spearman’s correlation analysis of geochemical parameters
of the Chang 7 Member source rocks from Well R203 in the Ordos
Basin

**% denotes P < 0.001, ** denotes P < 0.01, and * denotes P <
0.05. The size and color intensity of the circles (blue: negative
correlation; red: positive correlation) indicate the absolute value of

the Spearman correlation coefficient.
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fi#% 7= ) (Fenton et al., 2007) 4 B fifi 5 A 4y J5 444 % 7=
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F ik 22 5 DBF 485Xk B A 52, W52 R H Kaiho et al.
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fik B9 AH X HE 5] (Moldowan et al., 1992; Boreham et al.,
1994; Damsté and Schouten, 1997; Peters et al., 2005) .
T 0] 846 7, 33 BeFE fe /1 ot LU (ELAIR T 2 B Fn
13 B (& 9b), ot 3 30 Be il B0 90 40 P A
FKW 2R 5K . JoE NiVE R i A8 A= W B Av B
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J1 19 2 fiF (Tribovillard et al., 2006; Yuan et al., 2019;
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B 5 b/ b 1 2 B RLES TR OC T 5 Ni/AL 2
T TEAH OC (1] 8) , 2R B i I v Ui e s i A, KA
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DU PR B3 1Y 480 Ak 3 TR 285 2 45 i A B T {77
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B B BT FL 9 b (He et al., 2021; Lu et al., 2021b;
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Fig. 9 Vertical variations in terrigenous organic matter inputs and paleoproductivity proxies for the Chang 7 Member source rocks from Well

R203 in the Ordos Basin

(a) Dibenzofuran/phenanthrene (DBF/Phe); (b) Hopane/sterane (H/St); (c) Ni/Al

The red dashed line represents the corresponding horizon of the proposed Ladinian—Carnian boundary in the study well.
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Fig. 10 Vertical variations in redox condition proxies and paleo-salinity indicators for the Chang 7 Member source rocks from Well R203 in the

Ordos Basin
(a) Ugr; (b) Mogg; (c) St/Ba; (d) Gammacerane index (GI)

The red dashed line represents the corresponding horizon of the proposed Ladinian—Carnian boundary in the study well.
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Fig. 11  Organic matter enrichment in Chang 7 Member source rocks, Ordos Basin, during the middle to late Triassic humid climate event

(a) Organic matter enrichment pattern in Submember 3 of Chang 7 Member during the event; (b) Organic matter enrichment pattern in

Submembers 2 and 1 of Chang 7 Member after the event
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