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[bookmark: _Hlk204034158]Supplemental Note1 Host phases of Hg
Mercury in sediments is generally assumed to be hosted in organic matter, clay minerals, and sulfides 1, 2, 3, 4, 5. The correlations between Hg and TOC, Hg and Al or Th, and Hg and sulfide-related elements (Zn, Ni) or total sulfide (TS) are often used to determine the above three host phases of mercury 6. Additionally, the relationship between Hg and Fe or Mn is used to exclude iron oxides as a major host phase for mercury. The data from the four investigated sections in this study reveal differences in the host phases of mercury (Fig. S1A–H). 
The correlation between Hg and TOC is consistently weak (R² = 0.05, n = 22, p = 0.30), suggesting that organic matter is unlikely to be the main host phase for mercury. The correlations of Hg with Al (R² = 0.60, n = 13, p = 0.41) and Th (R² = 0.12, n = 13, p = 0.24) are also weak, implying that clay minerals are also unlikely to be the main host for mercury. Although the correlations of Hg with TS (R² < 0.01, n = 16, p = 0.90) and Zn (R² = 0.23, n = 14, p = 0.1) are also weak, Hg shows a relatively good correlation with Ni (R² = 0.49, n = 13, p < 0.01). This may be because TS contains a large amount of sulfate sulfur or organic sulfur that is unrelated to mercury. In contrast, Ni is mainly incorporated into the pyrite lattice under reducing conditions 7. Therefore, the actual main carrier phase of mercury is likely to be Ni-bearing sulfide minerals. In addition, the weak correlations of Hg with Fe (R² < 0.01, n = 13, p = 0.94) and Mn (R² = 0.05, n = 13, p = 0.46) also suggest that iron oxides are unlikely to be the main host phase for mercury. Furthermore, Hg is not controlled by variations in MoEF (R² = 0.11, n = 16, p = 0.22), indicating that redox changes are not the main cause of Hg content variations.

Supplemental Note 2 Weathering indices
Weathering indices, including the Chemical Index of Alteration (CIA) and the corrected CIA (CIA), the CaO-free Chemical Index of Alteration (CIX) and the corrected CIX (CIX), were used to quantify the intensity of subaerial chemical weathering. Among them, CIA 8  is defined as:
CIA = Al₂O₃/(Al₂O₃+Na₂O+CaO*+K₂O)×100;
The CaO-free Chemical Index of Alteration (CIX) is defined as;
CIX = Al₂O₃/(Al₂O₃+Na₂O+K₂O)×100;
Potassic alteration may affect K₂O content, and thus the K₂O content corrected for potassic alteration (K₂O*) can be calculated 9:
K₂O = [m × Al₂O₃ + m × (CaO* + Na₂O)] / (1 – m)
Where m = K₂O / (Al₂O₃ + CaO* + Na₂O + K₂O).
The obtained K₂O* is then used to calculate the potassic-alteration-corrected CIA* and CIX. All of the above chemical weathering indices are calculated using molecular molar ratios, where CaO refers to the CaO in silicate minerals. The CaO in silicates is corrected by the following procedure: first, CaO in phosphates is deducted based on P₂O₅ content; then, if the molar content of the remaining CaO is higher than Na₂O, CaO* is set equal to Na₂O; otherwise, the remaining CaO is taken as CaO* 10. The fitting results of the above-calculated CIA, CIA, CIX, and CIX with TOC show good positive correlations (R² > 0.3, n = 21, p < 0.01), indicating that increased weathering intensity can lead to a significant increase in TOC (Fig. S2A–D).
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Fig. S1. Crossplots of TOC (A), Al (B) , Th (C) , TS (D) , Zn (E) , Ni (F) , Fe (G), Mn (H), MoEF (I) vs Hg concentration across the T-OAE interval in the Arroyo Serrucho section from the Neuquén Basin.
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Fig. S2. Crossplots of CIA (A), CIA* (B), CIX (C), CIX*(D) vs TOC across the T-OAE interval in the Arroyo Serrucho section from the Neuquén Basin.
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