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METHODS



We measured Hg content at the Nanjing Institute of Geography and Limnology,
Chinese Academy of Sciences (CAS), using the Hydra-C (LEEMAN LABS INC,
America), a high-frequency atomic absorption spectrometer specifically designed for
Hg determination with a lab determined detection limit of 0.5 ppb. Measurements are
based on the direct thermal evaporation of Hg from solid samples and do not require
chemical pretreatment of samples, thus avoiding potential contamination during
sample preparation. Analyses were conducted on two aliquots. The accuracy was
confirmed by the analysis of certified reference materials (GSS-27, Hg content of 116
ppb; GSD-10, Hg content of 280 ppb). Excellent correspondence to the certified
values was obtained with a correlation coefficient of 0.99 and a standard residual
deviation of 0.44. We re-analyzed 30 samples, especially including samples with Hg
spikes, using the DMA-80 (Milestone, Italy) at the China University of Geosciences
(Wuhan), and obtained similar results.

We measured Hg isotope ratios by coupling a customized cold vapor generation
system to multi-collector inductively coupled plasma mass spectrometry
(MC-ICPMS, Nu Plasma 3D) at Tianjin University using the methods of Huang et al.
(2015) and Sun et al. (2020). Mass-dependent fractionation (MDF) of Hg isotopes is
reported in d notation, which is the permil (%o) deviation relative to the NIST SRM
3133 standard. MIF of Hg isotopes is reported using the A notation, which is the
deviation of the measured isotope ratio from the theoretical ratio predicted by MDF.
The mass discrimination effect is calibrated with T1 (Nist arm 997) standard solution.

The analytical quality was controlled by repeated measurement of standard materials.



The long-term analysis gave average values of —0.042£0.1%o for A’Hg of
UM-Almaden Hg (2SD, n=30). The 2SD of the isotopic compositions of the
UM-Almaden were considered as the analytical uncertainty for the isotopic
compositions of samples. When the uncertainty of the replicate isotopic
measurements of one sample was larger than the 2SD of the UM-Almaden, the
uncertainty was applied to the sample.

We conducted geochemical analyses of 8'*Corg and total organic carbon (TOC)
content, and §'*Ccars at the Nanjing Institute of Geology and Palacontology, Chinese
Academy of Sciences. Methods of analyses of 8'*Corg and TOC are referred to Zhao et
al. (2021). Methods of analyses of 8'*Ccar are referred to Yu et al. (2018).

We conducted geochemical analyses of elements Al and S contents using an
Agilent 710 Inductively coupled plasma-optical emission spectrometry (ICP-OES).
The power of the RF generator for operating optimal parameters was 1200 W. Plasma
gas flow, and auxiliary gas flow was 18 and 2.25 (L/min). The nebulizer gas pressure
was 200 kPa. Sample reading time and initial stabilization time were 5 and 15 s,
respectively. Injection delay time and rinse time were 40 and 15 s. The measurement
replicate was three times. Type of detector Solid-state and spray chamber was CCD
and Cyclonic, Modified Lichte, respectively. The sample delivery pump type was
four-channel, software-controlled; peristaltic pump enables exact sample flows. We
used fast pump mode and the pump speed was 15 rpm.

RESULTS

The correlation of charophyte and ostracode biozones with the geomagnetic



polarity time scale was well established in China and Europe. Li et al. (2019) have
established four charophyte biozones and one superzone and correlated it to the
Geomagnetic Polarity Time Scale (GPTS) in the Songliao Basin. The latter three
zones are grouped within the Microchara cristata Superzone, which allows intra- and
intercontinental correlation with other basins in China and Europe, and the first
appearance of Peckichara sinuolata lying in chron C29r was proposed as the basal
marker of the Paleocene. Vicente et al. (2015) have established charophyte
biozonation for the non-marine Maastrichtian—lowermost Paleocene deposits in the
South-Eastern Pyrenean Vallcebre Basin and calibrated it to the GPTS. P. varians is a
cosmopolitan species in freshwater lakes of the Eurasian Paleocene (Li et al., 2016),
and its appearance is widely thought to represent the Paleocene in the Pingyi Basin.
The M. cristata zone in the Pingyi Basin is an interval zone that started with the FAD
of M. cristata and ended with the FAD of P. varians. Galbrun et al. (1993) have
established five charophyte zones at Fontllonga, Ager Basin, northeast Spain,
correlated with GPTS. The K/Pg boundary occurs in the uppermost part of the
Microchara cristata subzone, which includes the Late Cretaceous and Early
Palaeocene species. Riveline et al. (1996) have established 46 charophyte biozones
for Mesozoic and Cenozoic charophyte biozonation correlated with GPTS and
proposed the Peckichara llobregatensis zone as an early Danian biozone. Therefore,
the correlation of charophytes and ostracodes biozones with the global nannofossils

and planktonic foraminiferal biozones can be connected through GPTS (Fig. 1s).
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Figure 1s. Correlation of the Late Cretaceous—early Palacocene charophyte (Galbrun et al., 1993;
Riverline et al., 1996; Vicente et al., 2015; Li et al., 2016, 2019, 2020), planktonic foraminiferal,
calcareous nannofossil and ostracod biozonation, calibrating with the GPTS. Planktonic
foraminiferal zonation is cited from Keller et al. (2018). Calcareous nannofossil zones are

generated from timescalecreator. Ostracod zones are cited from Qu et al. (2014).

In order to assess secular variation in Hg enrichment of the Pingyi Basin, mean
Hg/TOC values were calculated for pre-Hg spike, Hg spike, and post-Hg spike
intervals. The latter two intervals values are expressed as enrichment factors (EF)
relative to pre-Hg spike interval values, where Hg-EF = (Hg/TOC)/(Hg/TOC)bg, with
‘bg’ representing background (pre-Hg spikes) values. Mean Hg/TOC values for
pre-Hg spike, Hg spike, and post-Hg spike intervals are 31.49, 520.62, and 25.48,
respectively, calculated in Table 1 of supplementary information. The enrichment
factors of Hg spike and post-Hg spike intervals are 16.54 and 0.81, respectively.

In order to assess secular variation in Hg enrichment of the Jiaolai Basin, mean
Hg/Al values were calculated for pre-Hg spike, Hg spike, and post-Hg spike intervals.

The latter two intervals values are expressed as EF relative to pre-Hg spike interval



values, where Hg-EF = (Hg/Al)/(Hg/Al)bg, with ‘bg’ representing background
(pre-Hg spikes) values. Mean Hg/Al values for pre-Hg spike, Hg spike, and post-Hg
spike intervals are 5.7, 8.71, and 5.32, respectively, calculated in Table 1 of
supplementary information. The enrichment factors of Hg spike, and post-Hg spike
intervals are 1.53 and 0.93, respectively. Two figures (Figs. 2s, 3s) which focus on Hg

spike-intervals in the Jiaolai and Pingyi basins were added.
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Figure 2s. Details focusing on the Hg spike interval in the Jiaolai Basin: (A) §'3Corg; (B) TOC; (C)

Hg; (D) HY/TOC:; (E) Hg/Al; and (F) A'*Hg.
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Figure 3s. Details of data focusing on Hg spike interval in the Pingyi Basin: (A) §!*Cor; (B) TOC;

(C) Hg; (D) Hg/TOC; and (E) A'’Hg.
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Figure 4s. Comparison of Hg MIF at the same horizontal scales for the two KPg sections in the
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Jiaolai and Pingyi basins.

In the Jiaolai Basin, Hg concentrations are very low (mostly < 4 ppb), with
peak Hg values, between 0-287 ppb, occurring at depths between 54.30-49.15 m
(Fig. 2C in the main text). Aluminum (Al) ranges from 1.10 to 11.97% (mostly 5% to
10%), and total organic carbon (TOC) ranges from 0.032 to 0.395% (Fig. 2B in the
main text), but remains above 0.2 % at the layer of Hg spikes (at a depth of 52.4 m).
Where 0.2 % TOC marks the lowest level that Hg/TOC ratios can be reliably
calculated (Grasby et al., 2019). Total sulfur (TS) ranges from 26 to 1179 ppb. Hg
concentration shows no correlation with clay content (Hg and Al correlation analysis,
r=-0.009, n=85), and TS (r = -0.052, n = 85), but a correlation with TOC (r = 0.253,
p <0.05, n = 85). In the Pingyi Basin, peak Hg values up to 133 ppb occur between
43.97 to 41.60 m in depth (Fig. 3C in the main text). Aluminum (Al) ranges from 0.14
to 8.25% (mostly 0.5 to 5%); and total organic carbon (TOC) ranges from 0.01 to
2.05% (Fig. 2B in main text). Total sulfur (TS) ranges from 133 to 13383 ppb. Hg
contents show strong covariation with Al (r =0.288, p <0.01, n=112) and TOC (r =
0.258,p<0.01,n=111), but not TS (r = 0.146, n=112), suggesting that TOC and Al
are the dominant Hg hosts. However, TOC in the Pingyi Basin is quite low, mostly
below 0.2 %, such that organic matter cannot have had a strong influence on Hg
sequestration, so Al was used for Hg normalization instead (Fig. 3D in the main text).

Correlation with other existing terrestrial and marine Hg records and existing

carbon isotope records (Sial et al., 2013; Sial et al., 2014; Font et al., 2016; Sial et al.,



2016; Percival et al., 2018; Fendley et al., 2019; Keller et al., 2020; Gilabert et al.,

2021) was conducted (Figs. 5s, 6s).
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Figure 5s. Comparison of Hg/TOC from East Gilbert Creek (USA), Seymour Island (Antarctica),
ODP Leg 174 Ax (Bass River), Bidart (France), Nirvana, Montana (USA), Iridium Hill Annex,
Montana (USA), Elles (Tunisia), and Hg data from Zumaia (Spain), the Nanxiong Basin (China),
and Hor Hahar (Israel) (where TOC contents were below error or not available), and Hg/Al data
from the Songliao Basin (China). Comparison of §'*Cy, from East Gilbert Creek (USA), Seymour
Island (Antarctica), and 83 Cea, from ODP Leg 174 Ax (Bass River), Zumaia (Spain), and Elles

(Tunisia).
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Figure 6s. Comparison of Hg/TOC from Hgjerup section (Denmark), Bottacione section, Gubbio

(Italy), Padriciano section (Italy), and Hg data from Bajada del Jagiiel section, the Neuquén Basin

(Argentina), Cerro Azul section, the Neuquén Basin (Argentina), Cafiadon Cholino section, the
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Neuquén Basin (Argentina), Cabra Corral Dam, by the bridge the Salta Basin (Argentina), Cabra
Corral, Provincial road N. 47, the Salta Basin (Argentina), Stevns Klint (Denmark), Itamaraca drill
hole, the Paraiba Basin (Brazil), Olinda drill hole, the Paraiba Basin (Brazil), Poty drill hole, the
Paraiba Basin (Brazil), and Poty quarry section, the Paraiba Basin (Brazil) (where TOC contents
were below error or not available). Comparison of 8*Corg and 8'*Ceary from Hajerup section
(Denmark), Bottacione section, Gubbio (Italy), Padriciano section (Italy), Bajada del Jagiiel
section, the Neuquén Basin (Argentina), Cerro Azul section, the Neuquén Basin (Argentina);
comparison of 8'*Coe from the Cafiadon Cholino section, the Neuquén Basin (Argentina);
comparison of 8'*Cap from Cabra Corral Dam, by the bridge, the Salta Basin (Argentina), Cabra
Corral, Provincial road N. 47, the Salta Basin (Argentina), Itamaraca drill hole, the Paraiba Basin
(Brazil), Olinda drill hole, the Paraiba Basin (Brazil), Poty drill hole, the Paraiba Basin (Brazil),

and Poty quarry section, the Paraiba Basin (Brazil).

Micropaleontological studies were conducted and charophyte and ostracod
species are listed in Table 2 of supplementary information. Our paleontological data
indicate the first appearances of charophytes Sphaeorchara jacobii and
Lychnothamnus aff. vectensis in the Pinyi Basin and the first appearance of L. aff.
vectensis in the Jiaolai Basin during the Hg spike interval, indicating increasing
charophyte range-through diversity (a species is considered present in a sample if
found both below and above). Cypridea (Cypridea) pingyiensis first appeared during
the Hg spike interval in the Pingyi Basin, revealing increasing ostracod range-through
diversity.
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