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Supplementary Note
Note1. Detailed description of Hg geochemical analysis methods
Hg content analysis: The DMA-80 evo Hg analyzer was employed, and the testing involved four sequential steps: thermal decomposition, catalytic cracking, amalgamation, and atomic absorption detection. Samples first underwent a drying phase, followed by thermal decomposition. The decomposed products were carried by a continuous oxygen flow into a catalytic cracking tube, where halogen, nitrogen, and sulfur oxides were captured, and all Hg species were reduced to elemental Hg (Hg(0)). Hg(0) was then transported by oxygen to a gold amalgamation tube for selective trapping. Finally, the amalgamation tube was heated to release Hg into the atomic absorption spectrophotometer for detection.
Hg isotope analysis: A multi-collector inductively coupled plasma mass spectrometer (MC-ICP-MS, Nu Plasma 3D) was employed for this study. The MC-ICP-MS operates by ionizing samples via a high-temperature plasma (~7000 °C), followed by magnetic deflection of charged particles to separate and measure isotope ratios. During Hg-isotope determination, nine Faraday cups simultaneously collected Hg and Tl isotopes: 196Hg, 198Hg, 199Hg, 200Hg, 201Hg, 202Hg, 203Tl, 204Hg, and 205Tl. Mass-dependent and mass-independent fractionation values of Hg-isotopes were calculated based on these ratios:
δxHg = [(xHg/198Hg)sample/(xHg/198Hg)std − 1] × 1000                                        (1)
where xHg is 199Hg, 200Hg, 201Hg, or 202Hg, and “std” represents the NIST SRM 3133 mercury standard. The MDF is reported as δ202Hg, and MIF is reported as the capital delta notation (Δ) according to the following equation:
[bookmark: OLE_LINK449][bookmark: OLE_LINK448][bookmark: OLE_LINK447]ΔxHg = δxHg − (δ202Hg × β)                                                           (2)
where x is the mass number of Hg-isotopes 199, 200, and 201. β is a scaling constant used to estimate the theoretical kinetic MDF, and it is 0.2520, 0.5024, and 0.7520 for 199Hg, 200Hg, and 201Hg, respectively.
To correct mass discrimination effects during instrumental analysis, this study applied internal normalization with thallium (Tl) and standard-sample bracketing (SSB). The SSB method involves analyzing NIST SRM 3133 Hg standard before and after each sample, ensuring matrix and concentration matching between standards and samples. For internal normalization, Tl isotopes with masses close to Hg are simultaneously measured during Hg-isotope analysis. The mass fractionation factor (β) is calculated based on the known and measured Tl-isotope ratios, which is then used to correct the Hg-isotope ratios in samples. The Tl solution was introduced into the instrument via a membrane desolvation nebulizer along with Hg(0) vapor. Prior to sample analysis, instrumental parameters were optimized to achieve optimal peak shape and signal intensity. To monitor instrument stability and accuracy, NIST SRM 8610 standard was analyzed every three samples, with reported δ202Hg values of –0.57±0.05‰ (1sd, n = 8), consistent with previous studies(1).
After each sample or standard analysis, the reaction tube is cleaned with 5% mixed acid (HNO3: HCl = 2:1) to reduce the blank signal to <0.2% of the previous sample/standard’s δ202Hg signal, effectively eliminating memory effects and cross-contamination to ensure measurement precision.

[bookmark: _Hlk227872212]Note2. Detailed description of Hg isotopic data
Mercury has seven stable isotopes (196, 198, 199, 200, 201, 202, and 204) representing a relative mass range of approximately 4%(2). Mercury isotope fractionation includes MDF and MIF(3) in natural samples(2, 4). Because the odd-numbered mercury isotope MIF (i.e., Δ¹⁹⁹Hg) is primarily generated under specific conditions, it can be used to identify processes affecting the mercury cycle, such as photochemical reduction (4, 5).
In all processes producing odd-MIF, Δ¹⁹⁹Hg and Δ²⁰¹Hg are generally correlated linearly, but the slope varies with different MIF mechanisms and fractionation processes (6). The isotopic effects leading to odd-MIF are mainly the nuclear volume effect (NVE) and the magnetic isotope effect (MIE)(5). MIE typically yields a Δ¹⁹⁹Hg/Δ²⁰¹Hg slope below those of NVE, generally ranging between 0.9 and 1.36(5). Methylmercury photodegradation, for example, shows a Δ¹⁹⁹Hg/Δ²⁰¹Hg slope generally between 1.3 and 1.4(6). Most inorganic and some organic samples in nature plot along the Δ¹⁹⁹Hg/Δ²⁰¹Hg = 1 line, indicating that photochemical reactions are the primary driver of global mercury MIF(5, 6). In this study, the slope of the linear relationship between Δ¹⁹⁹Hg and Δ²⁰¹Hg, as well as the data from the North Sea 23/16b-9 site(7), fall near 1.0 (Fig. S1), consistent with photochemically driven mercury MIF(5).
Excluding direct anthropogenic mercury emissions, the main source of mercury in soils today is the uptake of atmospheric Hg(0) by vegetation and subsequent litterfall, while deposition of atmospheric Hg(II) constitutes a relatively smaller proportion(6, 8-10). This is due to the similarity in odd- and even-MIF between background atmospheric Hg(0) and terrestrial vegetation/soils (Fig. S2A and S2B). Both exhibit negative odd- and even-MIF, in contrast to the positive MIF of oxidized atmospheric mercury (including dry and wet deposition of Hg(II))(6). Fig. S2 compiles global mercury isotope data from five sample categories: atmospheric precipitation (predominantly Hg(II)), particulate mercury (predominantly Hg(II)), gaseous mercury (predominantly Hg(0)), background soils and litter, and plant leaves (6). Based on Δ¹⁹⁹Hg, atmospheric precipitation (predominantly Hg(II)) and particulate mercury (predominantly Hg(II)) can be clearly distinguished from gaseous mercury (predominantly Hg(0)), background soils and litter, and plant matter such as leaves.
The uptake of atmospheric Hg(0) by terrestrial vegetation generates significant negative MDF (approximately −2.0‰ to −3.0‰, with leaves enriched in light isotopes)(6, 8). This explains the difference in δ²⁰²Hg between gaseous mercury (predominantly Hg(0)) and plant leaves in Fig. S2A and provides a basis for distinguishing plant litter from atmospheric Hg(0) using δ202Hg. This fractionation primarily results from kinetic effects during the oxidation of Hg(0) upon entering stomata(6, 8, 11). In evergreen trees, the Hg isotope fractionation (e.g., δ202Hg) between leaves and atmospheric Hg(0) gradually increases with leaf growth, reaching a maximum of approximately −3.0‰(12). Background soils, receiving inputs from plant litter, exhibit δ202Hg values intermediate between plant leaves and atmospheric Hg(0)(5, 6, 11). 
When mercury isotope data from the U.S. East Coast in this study and previously published North Sea data (7) are plotted on the aforementioned diagrams, they show that during the PETM (N-CIE), mercury isotopes from both regions closely align with background soils and litter, supporting the conclusion of a large terrestrial mercury release from the U.S. East Coast during the PETM. In contrast, pre‑CIE and post‑CIE samples from the U.S. East Coast show isotopic consistency with atmospheric precipitation (predominantly Hg(II)) or particulate mercury (predominantly Hg(II)), while pre‑ and post‑CIE samples from the North Sea align more closely with gaseous mercury (predominantly Hg(0)) (Fig. S2A).
In addition to volcanic eruptions, coal combustion, and biomass burning, factors such as meteorite impacts, changes in marine redox conditions(13-15), and diagenetic alteration (16)can also lead to Hg enrichment and isotopic variations in sedimentary rocks. 
The presence of impact ejecta at the onset of the PETM CIE has been used to suggest that a meteorite impact may have triggered the PETM(3). However, impact-related δ202Hg signals typically exhibit strongly negative values as low as −7‰(17), and show a positive Δ199Hg excursion of up to ~+0.40‰(18), far exceeding the isotopic variations known from volcanic eruptions or terrestrial sources(14, 15). Such variations are not observed in the present study samples. Moreover, the Hg anomalies do not display sharp, isolated Hg/TOC peaks, which are often associated with potential Hg anomalies from volatilized impact rocks(19). Additionally, the Hg anomalies are not precisely correlated with the observed microtektite layers at the onset of the CIE(3, 19, 20). 
Changes in paleo‑marine redox conditions, such as photic zone euxinia (PZE), can cause Hg isotope fractionation(21) but there is no evidence for euxinia on the eastern U. S. Atlantic shelf during this period(22). Photochemical reduction of Hg(II) in sulfur‑enriched surface waters and the uptake of atmospheric Hg(0) under PZE conditions lead to significantly negative Δ199Hg (excursion as low as −0.20‰) and positive δ202Hg in rocks deposited under euxinic settings compared to oxic conditions(21). However, this pattern does not match the results observed in New Jersey and Maryland. Furthermore, there is no evidence for extremely high productivity regimes or enhanced remineralization efficiency on the eastern U.S. Atlantic shelf(22). Therefore, dilution of Hg by organic matter and remineralization efficiency may be uncertain factors(23), but they cannot be the dominant causes of the Hg anomaly.
Although redox‑sensitive metals undergo various redox reactions during early diagenesis with increasing burial depth(24), the Hg MIF signal in sediments primarily originate from pre‑depositional photochemical reactions in water or the atmosphere, with minimal influence from diagenetic processes(25). Nevertheless, redox reactions during diagenesis may also produce minor MIF. Experimental data on dark reduction of Hg(II) and dark oxidation of Hg(0) show that these processes can generate small Δ199Hg signals (< ~ −0.2‰), with anomalies originating from nuclear volume effects(26). The observed Δ199Hg/Δ201Hg slopes in experiments range from 1.5 to 1.6(26), which differs significantly from the slope of ~1 in the dataset of the present study (Fig. S1). Additionally, if hydrothermal fluids intrude during diagenesis, they may introduce or remove Hg, thereby altering isotopic signals. However, no hydrothermal vent deposits corresponding to the PETM period have been documented on the U.S. Atlantic Shelf.

Note3. Global Hg Isotope Comparison during the PETM
Site 23/16b-9 in the North Sea has reported the only systematic Hg isotope record from the PETM period to date. Its Hg isotope data are highly detailed and have made contributions to the analysis of Hg sources during the PETM. Δ199Hg ranges from −0.3‰ to −0.09‰(27). The PETM exhibits a positive excursion in Hg isotopes, indicating possible Hg records from NAIP eruptions. However, the positive excursion in Hg isotopes at site 23/16b-9 is inconsistent with the negative excursion documented for the U.S. mid-Atlantic Shelf, which suggests that volcanic eruptions leading to abnormal increases in atmospheric Hg are unlikely to be the main causes of the Hg anomaly in North America. Furthermore, there are other significant discrepancies between the North Sea and U.S. Atlantic Shelf data. Specifically, at site 23/16b-9, the Hg concentrations, Hg/TS, and Hg/TOC ratios show no significant anomalies or only weak anomalies during the PETM. Additionally, the Hg isotopes there remain overall negative, reaching as low as −0.3‰, exhibiting characteristics of potential appreciable terrigenous Hg input and highlights local effects dominate Hg deposition during the PETM. 

Note4. Detailed Calculation of terrestrial carbon mobilization
We quantify the terrestrial mercury fraction (fterr) using a Δ¹⁹⁹Hg-based binary mixing model, then compute the unit-area terrestrial mercury flux ([Hg]terr) from mercury content, sedimentation rate, and time. The oxidized organic carbon ([C]oxidized) is further derived using the soil Hg/TOC ratio and carbon loss fraction, and upscaled to a global estimate via the global shelf area (A). The stepwise calculations are detailed below.
Step 1: Calculation of terrestrial mercury fraction (fterr) using mercury isotopes (Δ¹⁹⁹Hg)
The stable isotopic composition of mercury (Δ¹⁹⁹Hg) in sediments can effectively distinguish between atmospheric and terrestrial sources. This study adopts a binary mixing model, assuming that mercury in shelf sediments of the U.S. Mid-Atlantic coast originates from only two endmembers: (i) atmospheric wet-deposited Hg(II), characterised by positive values; (ii) terrestrial erosion, characterised by negative values. Mass-independent fractionation (MIF, expressed as Δ¹⁹⁹Hg) is generated during photochemical reduction reactions, while in non-photochemical processes such as mixing, adsorption, precipitation, and subsequent sedimentary diagenesis, Δ¹⁹⁹Hg typically does not undergo significant changes (5). Therefore, it can serve as a conservative tracer for source identification. The model expression is:
Δobs = fterr × Δ¹⁹⁹Hgterr + (1−fterr) × Δ¹⁹⁹Hgatm​                                                                           (3)
Thus, the terrestrial mercury fraction is solved as:
fterr​=Δ¹⁹⁹Hgatm − Δ¹⁹⁹Hgobs/(Δ¹⁹⁹Hgatm −Δ¹⁹⁹Hgterr)                                                                     (4)
where:
Δ¹⁹⁹Hgobs: measured Δ¹⁹⁹Hg value of the sample (‰);
Δ¹⁹⁹Hgatm: Δ¹⁹⁹Hg value of the atmospheric endmember (‰), taken as approximately +0.20‰±0.1‰ (1σ) for atmospheric wet-deposited Hg(II)(6)；
Δ¹⁹⁹Hgterr: Δ¹⁹⁹Hg value of the terrestrial soil endmember (‰), taken as approximately –0.20‰±0.1‰ (1σ) for modern soils(6)；
fterr: mass fraction of mercury derived from terrestrial soil sources (%).
The binary mixing calculation described above assumes fixed endmember values for Δ¹⁹⁹Hgatm (+0.20‰) and Δ¹⁹⁹Hgterr (–0.20‰). However, both endmembers exhibit natural variability. To account for this uncertainty, we performed a Monte Carlo simulation using the following approach. Specifically, we assigned a standard deviation of ±0.10‰ to both Δ¹⁹⁹Hgatm and Δ¹⁹⁹Hgterr, based on the reported range of Hg isotope values in atmospheric wet deposition and terrestrial soils (5). Each endmember was assumed to follow a normal distribution. For each sample, we ran 10,000 iterations, randomly drawing values of Δ¹⁹⁹Hgatm and Δ¹⁹⁹Hgterr from their respective distributions, and calculated fterr using Equation (2). The resulting distribution of fterr values was used to obtain the median and the 16th–84th percentile range (equivalent to ±1σ) for each sample and each time interval. The same simulation was applied separately for the Pre‑PETM and PETM intervals, as well as for the active‑margin and passive‑margin scenarios (using the minimum and maximum observed Δ¹⁹⁹Hg values during the PETM).
[bookmark: _Hlk227949696]During the Pre‑PETM interval, the average observed Δ¹⁹⁹Hg values (± 0.04‰, 1σ) at each site were: SDB = +0.10‰, CD = +0.09‰, WL = +0.02‰. To account for the natural variability in endmember Hg isotope compositions, we performed a Monte Carlo simulation (10,000 iterations) assuming Δ¹⁹⁹Hgatm = +0.20 ± 0.10‰ (1σ) and Δ¹⁹⁹Hgterr = –0.20 ± 0.10‰ (1σ), both following normal distributions, while keeping the measured Δ¹⁹⁹Hgobs values fixed. The resulting terrestrial Hg fraction (fterr) for the Pre‑PETM interval is reported as median and 16th–84th percentile range: SDB = 0.25 (0.18–0.34), CD = 0.28 (0.20–0.37), WL = 0.45 (0.36–0.55).
During the PETM interval, the average observed Δ¹⁹⁹Hg values (± 0.04‰, 1σ) were: SDB = –0.02‰, CD = –0.04‰, WL = –0.04‰. Using the same Monte Carlo approach, the fterr values are: SDB = 0.55 (0.46–0.64), CD = 0.60 (0.51–0.69), WL = 0.60 (0.51–0.69).
To represent the endmember scenarios for active and passive margins, we used the minimum (most negative) and maximum (most positive) measured Δ¹⁹⁹Hg values at each site during the PETM as fixed Δ¹⁹⁹Hgobs. For SDB, the minimum was –0.06‰ and the maximum +0.02‰; for CD, –0.08‰ and –0.01‰; for WL, –0.05‰ and –0.02‰. The same Monte Carlo simulation (endmember variability only) was applied to calculate the corresponding fterr median and 16th–84th percentile ranges. For the active‑margin scenario (minimum Δ¹⁹⁹Hgobs), the fterr values are: SDB = 0.65 (0.56–0.74), CD = 0.70 (0.61–0.79), WL = 0.63 (0.54–0.72). For the passive‑margin scenario (maximum Δ¹⁹⁹Hgobs), the fterr values are: SDB = 0.45 (0.36–0.54), CD = 0.53 (0.44–0.62), WL = 0.55 (0.46–0.64). All these results are summarized in Table S1.
Calculations were performed separately for the three study sites (SDB, CD, WL) on the U.S. Mid-Atlantic coastal shelf. During the Pre‑PETM interval, the average observed Δ¹⁹⁹Hg values at each site were: Δ¹⁹⁹Hgobs of SDB = +0.10‰, Δ¹⁹⁹Hgobs of CD = +0.09‰, Δ¹⁹⁹Hgobs of WL = +0.02‰. During the PETM interval, the average observed Δ¹⁹⁹Hg values were: Δ¹⁹⁹Hgobs​​ of SDB = –0.02‰, Δ¹⁹⁹Hgobs of CD = –0.04‰, Δ¹⁹⁹Hgobs of WL = –0.04‰. For the PETM interval, the minimum (most negative) and maximum (most positive) Δ¹⁹⁹Hg values at each site were taken to represent active margins and passive margins, respectively, and the corresponding fterr ranges were calculated accordingly. The specific values are given in Table 1.
Step 2: Calculation of terrestrial mercury flux per unit area ([Hg]terr)
The terrestrial mercury flux per unit area [Hg]terr can be expressed as the product of the terrestrial mercury mass fraction fterr and the total mercury flux [Hg]total, i.e.:
[Hg]terr = fterr × [Hg]total                                                                  (5)
where:
[Hg]terr: terrestrial mercury flux per unit area (g);
fterr: proportion of terrestrial mercury flux to total mercury flux (%);
[Hg]total: total mercury flux per unit area (g).
Furthermore:
[Hg]total = [Hg] × MAR × T                                                              (6)
MAR = LSR × ρ                                                                       (7)
where:
[Hg]: mercury content in sediment (ng/g);
MAR: mass accumulation rate of sediment (g/cm²/kyr);
T: duration of the PETM negative carbon isotope excursion (kyr);
LSR: linear sedimentation rate (cm/kyr);
ρ: bulk density of sediment (g/cm³).
Thus:
[Hg]total = [Hg] × LSR × ρ × T                                                            (8)
[bookmark: _Hlk229245241][bookmark: _Hlk229245386]Regarding the values of the parameters used in the above calculations: the measured average mercury concentrations at the three Pre‑PETM study sites (WL, SDB and CD) were 8.14, 7.28, 13.6 ng/g, respectively. The measured average mercury concentrations at the three PETM sites (WL, SDB and CD) were 21.96, 19.8, 23.2 ng/g, respectively. LSR in the Pre‑PETM interval is assumed to be 0.55–2.2 cm/kyr, with a mean of 1.38 cm/kyr(28); PETM LSR is assumed to be 8.2–32.8 cm/kyr, with a mean of 20.5 cm/kyr(28); ρ is assumed constant at 1.7 g/cm³ for silt-mudstone (REF John et al. 2008); T is taken as ~100 kyr for the body of the PETM CIE(28). For comparison, the same T value is used for the Pre‑PETM interval. Calculations were performed separately for the three study sites (SDB, CD, WL) on the U.S. Mid-Atlantic coastal shelf. The results are shown in Table S2. Note that ρ (dry bulk density) is here assumed ~1.7 g/cm³, consistent with John et al. (29) while the previous estimates of fossil carbon oxidation, following largely the same type of calculations(28) except for a ρ ~2.6 g/cm³ which is a grain density value for pure quartz or lithified shale without porosity.
Step 3: Calculation of oxidized organic carbon ([C]oxidized)
The amount of oxidized carbon equals the initial carbon input multiplied by the carbon loss fraction L。  
[C]oxidized = [C]initial × L                                                                  (9)
where:
[C]oxidized: carbon loss per unit area (g);
[C]initial: total carbon per unit area before loss (g);
L: carbon loss fraction (%).
The initial terrestrial organic carbon flux ([C]initial) is calculated using the mercury‑to‑carbon ratio ([Hg/TOC]source).
[bookmark: _Hlk226571288]Assuming that mercury is conservative during soil erosion and transport to the ocean, the preserved terrestrial mercury flux ([Hg]terr) in sediments equals the mercury flux exported from the source (eroded soil or sedimentary rock). Based on the mercury‑to‑organic carbon mass ratio of terrestrial soil ([Hg/TOC]source), the initial organic carbon input is:
 [C]initial =[Hg]terr / ([Hg/TOC]source)                                                       (10)
Thus:
 [C]oxidized =[Hg]terr / ([Hg/TOC]source) × L                                                  (11)
Based on global estimates of soil organic carbon storage in the 0–30 cm surface layer (684–724 Pg C, mean 704 Pg C)(30), combined with the global soil area (1.33×10⁸ km²)(30) and typical soil bulk density (1.3–1.4 g/cm³)(31) , the average total organic carbon (TOC) mass fraction in global surface soils is calculated to be approximately 1.3% (range 1.26%–1.36%). Using a global average soil mercury content of 74.0 ng/g (32), the [Hg/TOC]source of eroded soil is calculated to be 56.9 ng/g/wt.%.
Regarding the estimation of carbon loss fraction (L), observations from the modern, highly oxidizing mobile mud belt of the Amazon basin show that oxidation rates of petrogenic organic carbon (OCpetro) can reach up to 85%, whereas 70%–50% of OCpetro from Himalayan source rocks is oxidized (33). Part of the oxidation efficiency is thought to be related to differences in the chemical properties of OCpetro in the respective basins(31). Regarding the value of the carbon loss fraction L, and building upon previous work that reported ranges of 15%–85%(28) and 10%–90%(34), we adopted the average of these ranges—50%—as the lower limit for the global calculation, as it represents a global average value. Given that high-latitude regions likely experienced no substantial changes in organic carbon sources during the PETM(34), the upper limit of the global calculation may also not fully adopt 85% or 90%. Instead, accounting for the weighted effect after excluding the area of high-latitude regions, we estimate this value to be 70%, with a mean value of 60%.

Step 4: Upscaling to the global shelf to calculate total oxidized carbon ([C]oxidized-total)
The above calculations are based on unit‑area fluxes at a single site on the U.S. Mid‑Atlantic shelf. Assuming that this region is representative of the average state (or at least the order of magnitude) of global shelves during the PETM, then:
[C]oxidized-total = [C]oxidized × A                                                            (12)
where:
[C]oxidized-total: total global carbon loss (g);
[C]oxidized : carbon loss per unit area (g/m²);
A: global shelf area (m²).

The global shelf area is taken as the Eocene continental shelf area of 4.69 × 10¹³ m² as the upper limit (31). Considering the significant spatial heterogeneity in terrestrial erosion and carbon oxidation, high-latitude regions likely exhibited no substantial changes in organic carbon sources during the PETM compared to subtropical and mid-latitude regions. So, the global continental shelf area of high-latitude regions should be excluded. And further accounting for substantial variations in riverine flux, hydrological intensity, sediment redox conditions, and carbon oxidation loss across different shelves, 50% of 4.69 × 10¹³ m² (2.4 × 10¹³ m²) was taken as the lower bound, and the average value of 3.52 × 10¹³ m² was used as the calculated value. The results are shown in Table S3.
In summary, mercury‑proxy data from the three sites (WL, SDB, CD) on the U.S. Mid‑Atlantic coastal shelf indicate that carbon release from terrestrial soil mobilization caused by enhanced erosion during the PETM amounted to 1270–1690 Pg C, and under active margin conditions could reach 4420–4750 Pg C. The difference (excess) relative to the Pre‑PETM interval is 1400 Pg C (1240–1650 Pg C), and under active margin conditions the difference is 4520 Pg C (4380–4670 Pg C).



Table S1. Proportion of terrestrial soil-derived mercury in total mercury (fterr) on the U.S. Mid-Atlantic coastal shelf 
	Section
	Pre-PETM 
	PETM 

	
	Δ¹⁹⁹Hgobs (‰)
	fterr (median)
	fterr (16th–84th range)
	Δ¹⁹⁹Hgobs (‰)
	fterr

	
	Average
	Average
	Active margins
	Passive margins
	Average
	Active margins(median)
	Active margins(16th–84th range)
	Passive margins(median)
	Passive margins(16th–84th range)
	Average
(median)
	Average
(16th–84th range)

	WL
	0.02
	45%
	0.36 – 0.55
	–0.05 
	–0.02 
	–0.04 
	64%
	0.54 – 0.72
	56%
	0.46 – 0.64
	59%
	0.51 – 0.69

	SDB
	0.1
	25%
	0.18 – 0.34
	–0.06 
	+.02 
	–0.02 
	65%
	0.56 – 0.74
	45%
	0.36 – 0.54
	55%
	0.46 – 0.64

	CD
	0.09
	28%
	0.20 – 0.37
	–0.08 
	–0.01 
	0.04 
	70%
	0.61 – 0.79
	52%
	0.44 – 0.62
	60%
	0.51 – 0.69


All fterr values are reported as median and 16th–84th percentile range derived from 10,000‑iteration Monte Carlo simulations, assuming Δ¹⁹⁹Hgatm = +0.20 ± 0.10‰ (1σ) and Δ¹⁹⁹Hgterr = –0.20 ± 0.10‰ (1σ) with normal distributions. The measured Δ¹⁹⁹Hgobs values were treated ± 0.04‰ (1σ). For the PETM active‑margin scenario, the minimum (most negative) measured Δ¹⁹⁹Hg at each site was used as Δ¹⁹⁹Hgobs; for the passive‑margin scenario, the maximum (most positive) measured Δ¹⁹⁹Hg was used.








Table S2. Terrestrial mercury flux per unit area ([Hg]terr) on the U.S. Mid-Atlantic coastal shelf 
	Interval
	Section
	[Hg] (ng/g)
	LSR (cm/kyr)
	ρ (g/cm³)
	T (kyr)
	MAR (g/cm²/kyr)
	Hgtotal (g/m²)
	fterr
	Hgterr (g/m²)

	
	
	
	Active margins
	Passive margins
	Average
	
	
	Active margins
	Passive margins
	Average
	Active margins
	Passive margins
	Average
	Active margins
	Passive margins
	Average
	Active margins
	Passive margins
	Average

	PETM
	WL
	21.86
	32.8
	8.2
	20.5
	1.7
	100
	55.76 
	13.94 
	34.85 
	1.22 
	0.30 
	0.76 
	65%
	45%
	55%
	0.80 
	0.17 
	0.34 

	
	SDB
	19.79
	32.8
	8.2
	20.5
	1.7
	100
	55.76 
	13.94 
	34.85 
	1.10 
	0.28 
	0.69 
	70%
	52%
	60%
	0.77 
	0.17 
	0.36 

	
	CD
	23.22
	32.8
	8.2
	20.5
	1.7
	100
	55.76 
	13.94 
	34.85 
	1.29 
	0.32 
	0.81 
	64%
	56%
	59%
	0.82 
	0.19 
	0.45 

	Pre-PETM
	WL
	8.14 
	2.20 
	0.55 
	1.38 
	1.7
	100
	3.74 
	0.94 
	2.34 
	0.03 
	0.01 
	0.02 
	45%
	45%
	45%
	0.01 
	0.00 
	0.01 

	
	SDB
	7.28 
	2.20 
	0.55 
	1.38 
	1.7
	100
	3.74 
	0.94 
	2.34 
	0.03 
	0.01 
	0.02 
	25%
	25%
	25%
	0.01 
	0.00 
	0.00 

	
	CD
	13.56 
	2.20 
	0.55 
	1.38 
	1.7
	100
	3.74 
	0.94 
	2.34 
	0.05 
	0.01 
	0.03 
	28%
	28%
	28%
	0.01 
	0.00 
	0.01 











Table S3. Estimated carbon release from terrestrial erosion during the PETM and pre‑PETM intervals
	Interval
	Section
	[Hg/TOC]source (ng/g/wt.%)
	L
	[C]oxidized (g/m²)
	A (m²)
	[C]oxidized (g)

	
	
	[Hg]source (ng/g)
	[TOC]source (wt.%)
	[Hg/TOC]source (ng/g/wt.%)
	Active margins
	Passive margins
	Average
	Active margins
(×104)
	Passive margins
(×104)
	Average (×104)
	Active margins
(×1013)
	Passive margins (×1013)
	Average (×1013)
	Active margins (×1018)
	Passive margins (×1017)
	Average (×1018)

	PETM
	WL
	74.00 
	1.30%
	56.92 
	70%
	50%
	60%
	9.80
	1.48
	3.62
	4.69
	2.35
	3.52
	4.60
	3.47
	1.27

	
	SDB
	74.00 
	1.30%
	56.92 
	70%
	50%
	60%
	9.43
	1.45
	3.77
	4.69
	2.35
	3.52
	4.42
	3.40
	1.33

	
	CD
	74.00 
	1.30%
	56.92 
	70%
	50%
	60%
	10.1
	1.69
	4.79
	4.69
	2.35
	3.52
	4.75
	3.95
	1.69

	Pre-PETM
	WL
	74.00 
	1.30%
	56.92 
	70%
	50%
	60%
	0.17
	0.03
	0.09
	4.69
	2.35
	3.52
	0.08
	0.07
	0.03

	
	SDB
	74.00 
	1.30%
	56.92 
	70%
	50%
	60%
	0.08
	0.02
	0.05
	4.69
	2.35
	3.52
	0.04
	0.04
	0.02

	
	CD
	74.00 
	1.30%
	56.92 
	70%
	50%
	60%
	0.17
	0.03
	0.09
	4.69
	2.35
	3.52
	0.08
	0.07
	0.03
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Fig. S1. Crossplot of published Δ¹⁹⁹Hg versus Δ²⁰¹Hg data for the PETM. Green squares represent data from the North Sea (the 23/16b‑9 site) sourced from (27). Error bars indicate 2sd of Δ199Hg and Δ201Hg in this study, which are 0.08‰ and 0.09‰, respectively; for the North Sea data, the 2sd values are 0.08‰ for Δ199Hg and 0.1‰ for Δ201Hg. The long‑dashed line represents a slope of 1, and the dash‑dotted line represents a slope of 1.36 (5).
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Fig. S2. Mercury isotopic composition of global background atmosphere, background soils, and vegetation, compared with PETM mercury isotopes from U.S. (this study) and the North Sea. Δ199Hg vs. δ202Hg (A); Δ199Hg vs. Δ200Hg (B). Base map data are from (6), and North Sea data are from (27).


[bookmark: _Hlk232957061]Data S1. (separate file)
Hg isotopic data of the three study sites (SDB, CD and WL) from the mid-Atlantic coastal shelf in the U.S.
Data S2. (separate file)
Geochemical data of the three study sites (SDB, CD and WL) from the mid-Atlantic coastal shelf in the U.S.
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