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Abstract The Cambro‐Ordovician interval marks a significant transition from extinction to bio‐
diversification in deep time. However, the relationship of bio‐transition to volcanism, commonly characterized
by mercury (Hg) systematics in sedimentary records, has not been examined. We present the first Cambro‐
Ordovician Hg systematics from the Scandinavian Alum Shale. Our results show pronounced Furongian Hg
enrichments, coupled with positive Δ199Hg, Δ200Hg, and Δ201Hg values and negative Δ204Hg values that we
ascribe to atmospheric Hg transport over long‐distances, while Early Ordovician Hg anomalies, characterized
by near‐zero mass‐independent isotope values, indicative of submarine source. Our findings are supported by
two new proxies: molybdenum‐Hg and vanadium‐δ202Hg co‐variations, demonstrating Hg systematics were
strongly influenced by changes in source and depositional conditions. Constrained by a synchronous
atmospheric‐tectonic‐oceanic model, we hypothesize Furongian subaerial volcanism contributed to global
extinction and oceanic anoxia, whereas Early Ordovician submarine volcanism concurrent with ocean water
upwelling promoted the nascent bio‐diversification.

Plain Language Summary The late Cambrian‐Early Ordovician interval is a crucial time that
bridges the Cambrian extinction and Great Ordovician Bio‐diversification events. The former is associated with
50% decrease in genera, whereas the latter displays threefold increase in species. Volcanism is associated with
extinction and bio‐development events throughout Earth's history. Prior works investigated potential
biogeochemical controls that could have supported the Cambro‐Ordovician bio‐transition, but none explored
the role of volcanism. We, for the first time, examine Hg abundance ratios and isotopes in the Scandinavian
Alum Shale core across this boundary. Two novel molybdenum‐Hg and vanadium‐δ202Hg models are proposed
to improve our interpretation of the geochemical records about the effects of volcanism on environmental
changes during this enigmatic transition. Constrained by a synchronous atmospheric‐oceanic‐tectonic model,
our results demonstrate that late Cambrian subaerial volcanism contributed to oceanic anoxia and extinction,
whereas Early Ordovician submarine volcanism and water upwelling led to the subsequent bio‐radiation.

1. Introduction
The late Cambrian‐Early Ordovician interval is a significant time in Earth's history because it connected two
crucial lower Paleozoic evolutionary milestones: the late Cambrian extinction and the onset of Great Ordovician
Bio‐diversification Events (GOBE; Fan et al., 2020; Harper et al., 2020). The late Cambrian extinction witnessed
several biological events that contributed to ∼50% extinction rate of genera (Saltzman et al., 2015). The early
Furongian extinction event, contemporaneous with the Steptoean Positive Carbon Isotope Excursion (SPICE)
event, was mainly attributed to widespread oceanic anoxia with combined effects of thermal anomaly, polar
wander events, and low nutrient input (Bian et al., 2023; Gill et al., 2011). Subsequent volcanic activity identified
by anomalous Hg enrichments were likely responsible for the mid‐Furongian recurrent extinction (Bian,
Chappaz, Schovsbo, Nielsen, & Sanei, 2022). The Early Ordovician is seen as a preliminary biotic development
of the GOBE that displays around a threefold increase in species diversity (Harper et al., 2020; Servais &
Harper, 2018).
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Volcanism is an Earth's modulation mechanism that can induce atmospheric, terrestrial, and oceanic changes
(Black et al., 2021), leading to either biological proliferation (Longman et al., 2021) or extinction (Lindström
et al., 2019). Massive volcanism may trigger biological calamity, whereas gentle volcanism might promote an
increase in biodiversity (Jones & Gislason, 2008). Anomalous Hg enrichments in sedimentary rocks, charac-
terized by Hg abundance and isotope ratios, have been widely used to identify ancient volcanic eruptions (Sanei
et al., 2012; Shen et al., 2022). Mercury isotopes display mass‐dependent fractionation (MDF) denoted as δ202Hg
and mass‐independent fractionations (MIF) denoted as ΔxHg (x is 199, 200, 201, and 204; Blum et al., 2014).
They can provide insights into tracking Hg sources and identifying the processes involved during transport
(Zerkle et al., 2020). The MDF is influenced by biotic and abiotic processes, but MIFs are solely affected by
photochemical reactions through variations in magnetic isotope effect and nuclear self‐shielding (Blum
et al., 2014). Mercury isotopic signatures within sedimentary rocks not exhibiting MIF excursions are commonly
attributed to magmatic sources (i.e., no exposure to photons; MIF = ∼0‰, Grasby et al., 2017) and the rapid
erosion and fast particle settling of Hg phases (Meixnerová et al., 2021). Prior to the proliferation of terrestrial life,
Hg disturbance in the biosphere occurred mainly via either direct deposition of Hg particles—tuff and volcanic
ash layers in sedimentary rocks close to the volcano—or long‐range global transport of gaseous Hg that was later
oxidized as Hg(II) and was deposited through rainfall. This latter process produces positive Δ199Hg, Δ200Hg, and
Δ201Hg along with negative Δ204Hg values (Blum & Johnson, 2017; Shen et al., 2022).

Across Earth's history, intensive volcanism activity has been associated with significant environmental and
biological changes. However, no prior work has examined the impact of volcanism on biogeochemical cycles
during the Cambro‐Ordovician transition. This omission hinders a comprehensive understanding of environ-
mental factors driving the transition from extinction to bio‐diversification. Therefore, our objectives were (a) to
identify Hg anomalies across the Cambro‐Ordovician boundary by examining the Scandinavian Alum Shale, (b)
to improve the use of Hg systematics by enhancing our interpretation with molybdenum (Mo) and vanadium (V)
enrichments, and (c) to apply our new model to refine understanding of the relationship between environmental
changes and volcanism. By integrating our new approach with a model that combines contemporaneous
atmospheric‐oceanic‐biological changes, we provide new insights into the effects of volcanism on environment‐
life shifts across the Cambro‐Ordovician boundary.

2. Materials and Methods
The Alum Shale Formation covers ∼1, 000, 000 km2 in the western margin of Baltica and was deposited across
the Miaolingian, Furongian, and Early Ordovician (Figure 1c; Nielsen & Schovsbo, 2015). It provides an
excellent set‐up for characterizing the Cambro‐Ordovician environmental and biological changes, because of the
constant connection to the Iapetus Ocean, enabling it to reflect global environmental fluctuations (Bian
et al., 2023; Gill et al., 2011). Herein, we examine two Alum Shale cores: the Ottenby‐2 core (GPS coordinates:
56.14741°N, 16.24433°E) and the DBH 15/73 core (GPS coordinates: 58.24190°N, 13.46498°E). The detailed
description of the two cores are present in Supporting Information S1. Briefly, the deposition of Ottenby‐2 core
spans from the Miaolingian to Early Ordovician, whereas the DBH 15/73 core is from the Miaolingian to
Furongian (Figure 2). They are predominately composed of organic‐rich shales deposited in a shallow water
depth.

A total of 205 samples were grounded by a corundum mortar and separated into several aliquots for the following
measurements. Bulk elements were analyzed through an Inductively Coupled Plasma Mass Spectrometry (ICP‐
MS) at the Bureau Veritas Ltd., Vancouver, Canada. Total sulfur (TS) was determined by the CS 200 Analyzer at
the Geological Survey of Denmark and Greenland, Denmark. For the DBH 15/73 core, sequential extraction of
Hg was conducted, and Hg concentrations and speciation were analyzed by a AMA 254 Advanced Mercury
Analyzer and/or the double species‐specific spike isotope‐dilution analysis together with Gas Chromatography‐
ICP‐MS at the Institute of Analytical Sciences and Physical Chemistry for the Environment and Materials
(IPREM), France. For the Ottenby‐2 core, Hg contents were determined by a DMA‐80 automatic Hg Analyzer
(Milestone, Italy) and isotopes by a Cold Vapor Multicollector ICP‐MS (Nu. Instrument U.K.) at the State Key
Laboratory of Environmental Geochemistry, China. Further description about experimental procedures and
analytical precision are available in Text S2 in Supporting Information S1.

The Chemical Index of Alteration was used to characterize weathering intensity (Text S2.5 in Supporting Infor-
mation S1). Briefly, the CIA value is defined by the equation: CIA = [Al2O3/(Al2O3 + CaO* + Na2O + K2O)] × 100
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(Nesbitt & Young, 1982). The CaO* represents Ca in silicate‐associated minerals and is calculated by the equation:
CaO* = molar CaO–molar P2O5 × 10/3. If the CaO* content is lower than the Na2O content, the CaO* content is
used. Otherwise, we use the Na2O content to replace the originally calculated CaO* content (Chen et al., 2020;
McLennan et al., 1993). In addition, all the correlations herein are characterized by the Spearman correlation co-
efficient (rs; Hauke & Kossowski, 2011).

3. Results
3.1. The Chemo‐Stratigraphy of the Ottenby‐2 Core

Bian, Chappaz, Schovsbo, Nielsen, and Sanei (2022) identified four Hg anomalies during the late Cambrian based
on Hg abundance ratios, Δ199Hg, Δ200Hg, and Δ201Hg. The most pronounced Hg anomaly was observed after the
SPICE event (Hg loading event III). Herein, we emphasize the description of the other data set.

In the Early Ordovician, several noticeable Hg enrichments (>150 ppb) are present from 12.8 to 8.8 m (loading
event V; Figure 2b). Several Hg/TOC and Hg/TS peaks are also found (Figures 2c and 2d). Toward the top of this
section, the trend does not have any particular pattern. The Δ199Hg values remain around 0 ± 0.02‰ between
13.8 and 10.2 m, and then increase to 0.04‰. The Δ201Hg values range from −0.01 to 0.03‰. The Δ200Hg values
remain ∼0.01‰ from 12.4 to 9.4 m, and stay above 0.02‰ from 8.6 to 3.8 m (Figure 2).

Figure 1. (a) Summary of mercury (Hg) concentrations in deep time (modified from Grasby et al., 2019); (b) Late Cambrian global reconstruction (Torsvik &
Cocks, 2013), reported magmatic activity events, and Hg anomalies (Bian, Chappaz, Schovsbo, Nielsen, & Sanei, 2022; Hagen et al., 2022). (c) Locations of the Alum
Shale cores and the thermal iso‐reflectance line indicating the thermal maturity.
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The Δ204Hg values vary between −0.23 and 0.11‰ during the Miaolingian and are between −0.1 and 0.17‰
from 8.6 to 3.8 m (Figure 2h). Across Hg loading event III, the Δ204Hg values range from −0.19‰ to −0.06‰,
whereas the Δ204Hg values are within ±0.04‰ during loading event V.

During the Miaolingian, the δ202Hg values increase from −1.12‰ at 25.4 m to −0.79‰ at 24.3 m and then
decrease to −1.15‰ at 21.1 m (Figure 2i). During loading event III, the δ202Hg values show a positive excursion
toward −0.66‰ and then stay −1.1‰ from 16.0 to 11.8 m. Toward the top of the core, the δ202Hg values remain
above −0.8‰ from 11.1 to 3.8 m.

Figure 2. Profiles showing δ13Corg and Hg systematics along with the litho‐ and bio‐stratigraphy in Ottenby‐2 (Panels a–j) and DBH (Panels k–r) cores. Within the bio‐
stratigraphy, Pa: Paradoxides; A.pi: Agnostus pisiformis; O: Olenus; P.sp: Parabolina spinulosa; Pe: Peltura; Ac.: Acerocare; R: Rhabdinopora; A: Adelograptus
tenellus; B: Brygraptus/Kiaerograptus; P.para.: Paradoxides paradoxissimus; P. forc.: Paradoxides forchammeri. In the litho‐stratigraphy, Kakel.: Kakelled
Limestone Bed; Exp.: Exporrecta conglomerate; Exs.: Exsulans Limestone Bed‐equivalent. Panels (a–p): gray circles represent organic‐lean samples (TOC<1 wt%),
yellow circles represent Ordovician Hg‐anomalous samples, and red circles are late Cambrian Hg‐anomalous samples; Panels (b–d): gray zones indicate the baseline
values; Panels (e–i): gray zones represent no distinct Hg isotopic fractionations; Panels (n–r): the arrows with number indicate the values are beyond or below the
threshold. TS: total sulfur; TOC: total organic carbon; SPICE: Steptoean Positive Carbon Isotope Excursion.
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3.2. The Chemostratigraphy of the DBH 15/73 Core

Total sulfur (TS) content remains around 5% throughout the Drumian (Figure 2m) and subsequently rises toward
∼10% within the Guzhangian. During the early mid Furongian, the TS content diminishes to ∼5% in organic‐rich
(TOC > 1%) shale samples and remains ∼8% within the latest Furongian (Stage 10).

Mercury concentration ranges from 135 to 315 ppb during the Drumian (Figure 2n), followed by an increase from
∼200 to ∼400 ppb. During the early mid Furongian, Hg content in organic‐rich shale samples rises up to ∼2,930
ppb, followed by a decrease toward ∼500 ppb, while the Hg content is relatively low in organic‐lean (TOC ≤ 1%)
samples. During the Stage 10, Hg content varies between ∼300 and ∼600 ppb.

The Hg/TOC ratio ranges from 30 to 50 ppb/% during the Miaolingian and late Furongian (Figure 2o). During the
early mid Furongian, the Hg/TOC ratio in organic‐rich shale samples gradually increases to ∼120 ppb/%, fol-
lowed by a decrease to ∼50 ppb/%. The Hg/TS ratio is ∼30 ppb/% in the Drumian and ∼40 ppb/% in the
Guzhangian (Figure 2p). During the early mid Furongian, the Hg/TS ratio in organic‐rich and ‐lean samples
reaches a maximum of ∼100 ppb/%, and averages ∼50 ppb/% during the late Furongian.

The ratio of Hg in sulfides accounts for ∼6% in the Miaolingian, whereas it exceeds 10% in the Furongian
(Figure 2q). The Hg percentage in organic matter ranges from ∼93% to ∼95% in the Miaolingian, whereas it
oscillates between ∼87% and ∼89% during the Furongian (Figure 2r).

4. Discussion
4.1. Geochemical Controls Involved During the Burial of Mercury

Mercury is commonly associated with iron sulfide phases (as Hg‐S species) and organic matter (as Hg(II)‐thiol
complexes and methyl Hg) in organic‐rich sediments (Rickard & Morse, 2005; Shen et al., 2020). For the
DBH 15/73 core, the results of Hg sequential extraction show that Hg in organic matter accounts for >80% of
total Hg and in sulfides represent <20% (Figures 2q‐r). This is consistent with previous studies, showing that
Hg in organic‐rich modern sediments is primarily bound to organic matter and subordinately to other com-
pounds (i.e., sulfides) due to the high affinity of Hg (II) for organic matter (Fitzgerald et al., 2007; Wal-
lace, 1982). We also observe that the Hg ratio in sulfides increases from the Miaolingian to Furongian. This
could be attributed to the fact that sulfides play an increasing role in sequestrating Hg as sulfidic conditions
became intense (Shen et al., 2019, 2020) or organic matter became depleted in the water column (Sanei
et al., 2012).

The Hg‐TOC and Hg‐TS correlations are also investigated for host phases of Hg. In the late Cambrian, Hg ex-
hibits a significant correlation with TOC in the Ottenby‐2 core (rs = 0.74, p < 0.05, n = 24; Figure S5c in
Supporting Information S1). For the Miaolingian part of DBH 15/73 core, the significant correlation was
determined (rs = 0.81, p < 0.05, n = 44) but for the Furongian part, no statistical Hg‐TOC correlation was found
(Figure S5a in Supporting Information S1). Moreover, Hg and TS are significantly correlated in the late Cambrian
(rs = 0.88 (p < 0.05, n = 72) for the DBH core and rs = 0.93 (p < 0.05, n = 22) for the Ottenby‐2 core; Figures
S5b and S5d in Supporting Information S1). Provided that organic matter is the primary host phases for Hg, we
suggest the insignificant Hg‐TOC correlation for the Furongian part of DBH15/73 core is attributed to different
Hg and TOC burial rates. We infer that Hg is mostly associated with organic matter as Hg(II) complexed with
organic thiols groups and/or with inorganic sulfides in a metacinnabar‐like phases under sulfidic, organic‐rich
conditions (Graham et al., 2017; Skyllberg & Drott, 2010; Wolfenden et al., 2005). These two molecular
structures are somehow similar to those of Mo and V that are present in organic matter through forming Mo‐S and
V‐S species (Bian, Chappaz, Schovsbo, & Sanei, 2022; Chappaz et al., 2014).

Figures S5c‐d show that Hg is insignificantly correlated to TOC and TS in the Early Ordovician samples
(p > 0.05, n = 21). Because the redox conditions changed from extremely sulfidic conditions in the Furongian to
intermediately sulfidic conditions in the Early Ordovician (Bian et al., 2023) and the TOC content remains above
∼6% (Figure S5c in Supporting Information S1), we argue that organic matter and sulfides are major hosts for Hg,
and infer that the insignificant relationship is ascribed to the Hg undersupply that led to apparently lower
sequestration capability of the two host phases.
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4.2. Contrasted Cambrian‐Ordovician Hg Anomalies

Volcanism in sedimentary settings is associated with enrichments of Hg (i.e., anomalies) (Grasby et al., 2019).
Herein, we focus mainly on interpreting Hg loading events III and V (Figure 3a; Supporting Information S1),
because (a) they display the most pronounced and intense Hg abundances and therefore may alleviate the possible
interferences from terrestrial fractions (Figure 2); (b) the strata hosting Hg anomalies are composed of felsic
igneous rocks, suggesting minimal change and influence of provenance (Figure S6 in Supporting Informa-
tion S1); and (c) the Chemical Index of Alteration (CIA) remains stable (Figure S1i in Supporting Informa-
tion S1), which rules out the influence of enhanced terrestrial erosion that transported excess Hg sources.

During loading event III, positive but continuously decreasing Δ199Hg and Δ201Hg values along with slightly
positive Δ200Hg values were reported by Bian, Chappaz, Schovsbo, Nielsen, and Sanei (2022). The negative
Δ204Hg (−0.19‰ ∼ −0.06‰) and positive Δ201Hg values (0.01‰ ∼ 0.07‰) indicate Hg was exposed to
photons and deposited via rainfall (Figure 3a; Demers et al., 2013; Blum & Johnson, 2017). These data suggest Hg
was transported in the atmosphere over long distances before being sequestrated in sediments (Figure 4g).
Mercury loading event V exhibits Δ204Hg values within ±0.04‰ and Δ199Hg, Δ200Hg, Δ201Hg values close to
zero, supporting a scenario where Hg was not exposed to photons (i.e., submarine volcanism; Figure 3a and
Figure S8 in Supporting Information S1). We thus argue that subaerial volcanism contributed to the late Cambrian
Hg enrichments whereas submarine volcanic activity occurred in the Early Ordovician.

4.3. The Covariation of Hg Systematics With Mo and V

4.3.1. The Mo‐Hg Proxy

The residence time of Hg is less than ∼2 years in the atmosphere and can be used to represent the transient
variation of Hg flux in Earth's history (Mason & Sheu, 2002; Selin, 2009), whereas Mo displays a long residence
time in the ocean water (∼400 kyr; Miller et al., 2011). Provided that Hg and Mo are preferentially buried with
organic matter and iron sulfide phases (Chappaz et al., 2018; Hlohowskyj et al., 2021; Shen et al., 2020), we
propose to use the Hg‐Mo relationship as a tool to refine our understanding of Hg sequestration under reducing

Figure 3. (a) Δ201Hg versus Δ204Hg values; (b) Vanadium versus δ202Hg values; Molybdenum versus Hg in DBH 15/73 (c) and Ottenby‐2 cores (d) as well as proposed
model (e). Panel (b): p < 0.05, n = 11; Panel (c): p < 0.05, n = 73; Panel (d): p < 0.05, n = 20. Panels (b–d): For red circles with numbers, these numbers represent real
Hg contents.
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conditions. By investigating the Hg‐Mo relationship, we aim to constrain the transient Hg abundance variations in
seawater, not to identify the host phases.

Not accounting for the samples showing anomalies (n = 15, Figure 3c; n = 11, Figure 3d), Hg displays a high
correlation with Mo (rs = 0.86, p < 0.05, n = 73, Figure 3c; rs = 0.86, p < 0.05, n = 20, Figure 3d). For the DBH
15/73 core deposited under a deeper water column, Hg is positively correlated with Mo during the Miaolingian,
but shows a negative relationship with Mo during the Stage 10 (Figure 3c). We assume the Hg/Mo ratio remains
stable for anomaly free horizons (Meixnerová et al., 2021). Consequently, we propose the Hg enrichments result
from a constant Hg supply and that the inversed relationship represents a transient increase before loading event
III followed by a decrease in Hg supply.

Figure 4. (a) A summary of synchronous magmatic activity. The dots were previously collected in Bian, Chappaz, Schovsbo, Nielsen, and Sanei (2022) and the squares
are collected (Table S1 in Supporting Information S1); (b) the gray area is strontium isotope data (δ87Sr/86Sr, McArthur et al., 2020) and reported Hg concentrations in
sedimentary records. (c) Inferred global volcanism; (d) the changes in biodiversity; (e)–(f): global environmental variations in continental margin basins and oceans. In
(e–f), the lower lefthand corners include the globally reported synchronous environmental variations, the area changing from purple to blue represents oxygen minimum
zone. Further details refer to Figure S10 in Supporting Information S1.
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During the Tremadocian, we focus on the lower part for two reasons: (a) the high level (>200 ppb) of Hg and (b) a
limited Hg isotope data set for the upper part. Figure 3d shows that Hg remains ∼90 ppb whilst Mo varies from 80
to 200 ppm. Because the Hg enrichments are above 100 ppb with Mo ranging from 80 to 200 ppm, we argue that
under reducing conditions, the concentration of dissolved Hg was limited and much lower than the maximum
sequestration capability of organic matter and sulfide phases (for Hg), and that this explains the lack of correlation
between Hg and Mo.

4.3.2. The V‐δ202Hg Proxy

Vanadium and Hg can be derived from seawater, terrestrial fractions, and magmatic activity (Bian, Chappaz,
Schovsbo, & Sanei, 2022; Shen et al., 2020, 2023). A strongly negative V‐δ202Hg correlation in the late Cambrian
samples—except for the most pronounced Hg anomalies (n = 3)—is found (rs = −0.87, p < 0.05, n = 11;
Figure 3b). Interestingly, this relationship is inversed for samples showing [V] > 1,000 ppm during loading event
III. To interpret this negative correlation, we remark that the V concentrations range from 298 to 621 ppm, largely
exceeding the upper crust level ([V]crust = 107 ppm; McLennan, 2001), indicating those samples were deposited
under reducing conditions. Given the long residence time of V (∼91 ka) in seawater, which allows for sufficient
mixing, it is unlikely that Hg originated solely from seawater, because of the lack of correlation between Mo and
δ202Hg (Figure S7 in Supporting Information S1). Bian, Chappaz, Schovsbo, and Sanei (2022) documented that V
is mostly bound to sulfur atoms, probably buried in sulphurized organic matter. This is similar to the Hg structures
and host phases in the Alum Shale. We thus propose the significant V‐δ202Hg correlation is attributed to (a)
similar Hg and V sources and (b) reducing conditions that contributed to V enrichments and negative Hg MDF
excursions. Although the reducing conditions were maintained, there is an inverse V‐δ202Hg correlation during
the loading event III. Provided a stable supply of Hg from terrestrial fraction and seawater, as supported by CIA
values (Figure S1i in Supporting Information S1) and Mo abundances (Figure S1d in Supporting Information S1),
we argue that additional Hg sources (i.e., atmospheric Hg input) contributed to the high Hg concentrations we
determined.

During the lower Tremadocian, V and δ202Hg display a positive correlation. Considering that no distinct subaerial
volcanic Hg inputs are identified, we infer that the coexistence of water upwelling and submarine volcanism
account for the positive Hg MDF excursion and enrichments of V. Toward the end, this relationship becomes a
negative relationship, similar to the late Cambrian, and consistent with a weakened upwelling of ocean water
(Figure S1e in Supporting Information S1).

4.4. A Potential Global Impact

Numerous studies demonstrated the relative changes in Baltica's depositional environment are akin to the other
continents including Avalonia, Laurentia, Gondwana, and Siberia (Figures 4f–4h). Constrained by a contem-
poraneous atmospheric‐oceanic‐biological model, we hypothesize on the global effects of volcanism on envi-
ronmental and biological changes straddling the Cambro‐Ordovician boundary.

During the Miaolingian, tectonic activity contributed to the formation of half‐restricted continental margin basins
and enhanced nutrient input through increased terrestrial erosion and upwelling of ocean water (Figure 4e). These
conditions accelerated the biological productivity but also triggered adverse effects, such as the formation of
sulfidic bottom water. The positive Hg and Mo correlation suggests that significant seawater inputs and sulfidic
conditions contributed to Hg enrichments (Figure 3e). These conditions worsened and deteriorated the proper
conditions to support life, resulting in the fact that increased extinction rate and reduced productivity drove carbon
isotope excursion associated with the SPICE event (Figure 4f). During the Jiangshanian, the pronounced Hg
anomalies suggest subaerial volcanism possibly associated with recurrent biological extinction (Figures 4b and
4g). This is followed by a decrease in seawater surface temperature, caused by intense terrestrial erosion from
continents near the equator that enhanced atmospheric CO2 consumption based on the modeled tectonic activity
(Figures 1b and 4g). During the Stage 10, the negative Hg‐Mo correlation indicates a continuous decrease in Hg
input that is possibly ascribed to weakened volcanism.

During the early Tremadocian, a significant increase in magmatic activity occurred and was associated with water
upwelling and associated elemental enrichments (e.g., Ag and Zn; Figures S2e–S2g and S4h in Supporting In-
formation S1). These conditions may have increased water circulation and thus oxygenation, as well as brought
significant amounts of nutrients, contributed to buffering the prior sulfidic conditions and promoted a thriving
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highly diverse food web (Baross & Hoffman, 1985; Damer & Deamer, 2020). Moreover, the weakened terrestrial
weathering could have decreased atmospheric CO2 fixation and intense submarine magmatic activity could have
promoted CO2 release. These two factors may have been responsible for the contemporaneous global warming
(Figure 4h).

5. Conclusions
Our study, for the first time, presents Hg systematics in sedimentary records across the entire Cambro‐Ordovician
boundary. A key finding is our interpretation of the Hg systematics: the most profound Furongian Hg anomalies
displays slightly positive Δ199Hg, Δ200Hg, and Δ201Hg values, and negative Δ204Hg values, indicating subaerial
Hg deposition, while the lower Tremadocian Hg perturbations are characterized by near‐zero Hg MIFs values,
suggesting an absence of photochemical processes. A second key finding is the two proposed new proxies (Hg‐
Mo and δ202Hg‐V relationships) that show that Hg fluxes were closely associated with environmental changes
and volcanism. We suggest the gradually intense subaerial volcanism triggered the environmental deterioration of
life from the late Miaolingian to mid Furongian and led to oceanic anoxia and biological extinctions. The Early
Ordovician submarine volcanism was concurrent with significant water upwelling and contributed to the for-
mation of nutrient‐rich and less‐reducing conditions on the shelf.

Data Availability Statement
The data set is available at the Open Science Framework (Bian, 2024).
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