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Seawater lithium isotope records (δ7Li) are powerful tools for investigating long term
climate change and its relationship with continental silicate weathering. While most
past ocean δ7Li reconstructions rely on foraminifera-rich carbonates, we introduce a
novel approach using marine authigenic clays. Our findings demonstrate that clay
authigenesis is an abiotic process that fractionates Li isotopes consistently in labora-
tory settings and across marine sediments. We apply this method to the Cretaceous-
Paleogene (K-Pg) boundary, a critical interval marked by one of Earth’s five largest
mass extinctions, and present a new clay derived seawater δ7Li record (64–69 Ma).
Our results, compared with those of the carbonate record, uncover a dual environ-
mental disturbance. The clay record indicates a protracted perturbation initiated at
69 Ma, driven by gradual shifts in soils, fluvial systems, and continental weathering,
which remained largely unaffected by Deccan volcanism or the meteorite impact. In
contrast, abrupt fluctuations are recorded inmarine carbonates at 66 ± 0.3Ma, signal-

ing short lived yet significant changes of oceanic carbon chemistry. These findings highlight the asynchronous behaviour of
terrestrial and marine systems during this major ecological transition.
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Introduction

Reconstructing past variations in continental weathering both in
rate and intensity is crucial for understanding and modelling
changes in atmospheric and oceanic pCO2 levels. Lithium
isotopes (expressed as δ7Li) in riverine and marine systems have
increasingly been recognised as a robust proxy for silicate
weathering intensity. Given the Li residence time in the ocean
(∼1.5 million years), Li isotopes are particularly well suited for
investigating the global carbon cycle over extended geological
periods.

Numerous studies attribute the rise in Cenozoic seawater
δ7Li values deduced from carbonates to significant changes in
riverine Li flux and/or its δ7Li composition. The riverine δ7Li
signature is primarily governed by the dissolution of silicate
phases and the formation of secondary clays. A strong connec-
tion between continental silicate weathering and climate has
thus been inferred from carbonate δ7Li records (e.g., Misra
and Froelich, 2012; Vigier and Goddéris, 2015). On shorter time
scales, such as during Oceanic Anoxic Event 2 (Pogge von

Strandmann et al., 2013), sedimentary carbonate records also
reveal rapid δ7Li fluctuations (≪1 Myr). These variations have
been interpreted as a temperature driven acceleration of silicate
weathering, subsequently impacting the carbon cycle.

At the Cretaceous-Paleogene (K-Pg) boundary (∼66 Ma),
δ7Li values in foraminifera drop by ∼5 ‰ in less than
400,000 years, a shift attributed to a major disruption in the
marine Li budget in response to large changes in continental
fluxes (Misra and Froelich, 2012). The transition from the late
Maastrichtian to the Paleogene is characterised by profound
environmental upheavals and one of the most devastating
mass extinctions in Phanerozoic history. This catastrophic event
is closely linked to two pivotal geological phenomena: the
Chicxulub impact and the peak activity of the Deccan Traps
volcanism (Schoene et al., 2019). Both events released substan-
tial volumes of CO2 and SO2 into the ocean-atmosphere system,
with the impact triggering abrupt climatic shifts and the
volcanism sustaining emissions over 100–150 thousand years
(Schoene et al., 2019; Sprain et al., 2019). These processes likely
induced significant changes in ocean chemistry, biogeochemical
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cycles, and global environmental conditions (Henehan et al.,
2019). However, the precise timing and magnitude of these
events, as well as their effects, remain debated.

Throughout the Phanerozoic, marine δ7Li records have
largely relied on fossil calcium carbonates, such as foraminiferal
shells, dolostones, and shallow water marine carbonates (Misra
and Froelich, 2012; Kalderon-Asael et al., 2021; Liu et al., 2023).
A fundamental assumption is that they faithfully reflect the
seawater δ7Li at the time of their formation. However, biogenic
carbonates represent a negligible Li sink, and biological or envi-
ronmental factors may influence their δ7Li values (Vigier et al.,
2015; Chen et al., 2023; Poet et al., 2023). In contrast, marine clays
represent the dominant oceanic Li sink. Authigenic smectite can
form extensively under hydrothermal or low temperature condi-
tions, through the alteration of volcanic glass or biogenic opal
(Zhao et al., 2025). Marine clays are typically Li-rich compared
to any other authigenic phases and they preferentially incorpo-
rate the lighter isotope (6Li). This inorganic process explains the
modern open ocean δ7Li value of 31.1 ‰ ± 0.6 ‰ (Jouini et al.,
2026), significantly higher than that of its primary sources
(riverine δ7Li: 23 ‰; hydrothermal fluids: 8 ‰).

In this study, we explore the potential of marine clays to
serve as a robust proxy for reconstructing seawater δ7Li values at
the time of their formation. We present a new high resolution
δ7Li record spanning the K-Pg transition and discuss its impli-
cations for environmental changes during this critical period.

A Single Temperature Dependent Li
Isotopic Fractionation Law

To establish marine authigenic clays as reliable proxies for
palaeo-seawater δ7Li reconstruction, we first establish the sea-
water-clay Li isotopic fractionation factor at temperatures repre-
sentative of early marine diagenesis (T < 90 °C). We then
validate this approach by comparing results with modern sea-
water and recent carbonate shell records (0–11Ma), a time frame
particularly relevant to the long Li residence time in the ocean.

Previous experimental studies have quantified Li isotope
fractionation during smectite formation at temperatures ranging
from 90 °C to 250 °C, revealing significant enrichment of 6Li in
clays (Vigier et al., 2008; Wunder et al., 2010; Hindshaw et al.,
2019). The clay-solution Li isotopic fractionation factor is tem-
perature dependent. However, experiments conducted below
90 °C have yielded inconclusive results. These challenges stem
from lower crystallinity and the persistent presence of exchange-
able Li (Vigier et al., 2008). We therefore developed an optimised
protocol for low temperature conditions. This protocol includes
extended experiment durations to enhance crystallinity and
more efficient removal of exchangeable Li, which may have a
distinct isotopic composition (Yang et al., 2023). Additionally,
we investigated the influence of clay type and chemical compo-
sition on the fractionation factor (see the Supplementary
Information for the protocol, chemical and mineralogical analy-
ses by XRD, FTIR and TEM).

Collectively, the new and published data reveal a consis-
tent temperature dependent trend for the clay-solution Li
isotopic fractionation factor (Fig. 1). Over a range of 25 °C to
250 °C, the fractionation factor exhibits an inverse correlation
with temperature, independent of solution chemistry and of
the amount of Li incorporated into the crystalline structure.
As a result, the δ7Li signature of smectite is primarily governed
by two key factors: (1) temperature, and (2) the δ7Li value of the
solution. This relationship provides a theoretical framework for
reconstructing water δ7Li values from clay samples. Using

weighted linear regression that accounts for analytical uncertain-
ties, the empirical relationship derived from experimental studies
can be expressed by the equation:

Δδ7Lismectite-solution = ð−13.75 ± 0.76Þ × 1000
T

þ ð24.89 ± 1.84Þ

where T is in Kelvin. Although this relationship is primarily
established for Mg smectite, the δ7Li values of kaolinite and
Al smectite (formed at 200 °C) with distinct chemical composi-
tions (see Table S-1) also adhere to this trend. Additionally, pub-
lished data for various secondary phases and clay mixtures are
also consistent with our new experiments (Fig. 1). This unity is
explained by theoretical modelling (Dupuis et al., 2017), which
identifies the strength of the Li-O bond and its corresponding
vibrational energy as the primary factor controlling the preferen-
tial incorporation of 6Li into the clay structure. The Li-O bonding
dynamics can overshadow potential isotopic effects arising from
variations in solution or clay chemistry. This consistent linear
correlation suggests that the Li isotopic fractionation during Li
incorporation into clay octahedral sites is largely independent
of clay type (kaolinite or smectite) and its chemical composition.
Instead, temperature emerges as the dominant control.

Authigenic Clays: a New Proxy of Past
Seawater δ7Li Variations

To assess the applicability of the relationship in Figure 1 for
reconstructing palaeo-seawater δ7Li variations, we studied
smectite-rich sediments collected through international ocean
drilling programmes (DSDP, ODP). These samples represent
both modern (core top sediments) and “recent” (<11 Myr)

Figure 1 Temperature dependent Li isotope fractionation during
clay formation (Δδ7Liclay-solution = δ7Liclay − δ7Lisolution = 1000 lnðαÞ,
with α denoting isotopic fractionation factor). The linear fitted line
with a 95 % confidence interval is drawn based on data from syn-
thetic smectite (blue symbols) from this study and Vigier et al.
(2008). Data for synthetic kaolinite (this study), serpentine (grey
plus), saponite (grey square), and basalt/seawater interaction (grey
diamonds) are shown for comparison (Wunder et al., 2010; Millot
et al., 2010; Hindshaw et al., 2019).
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formation.Modern seawater δ7Li values, extensively documented
in the literature, are close to homogeneous (δ7Li = 31.1 ± 0.6‰;
Jouini et al., 2026). Given the Li residence time in the ocean,
seawater Li concentration and δ7Li values can be considered
stable over the past 4–5 million years. Furthermore, palaeo-
environmental studies using beryllium 10 (Lenard et al., 2020)
also indicate steady erosion rates during the late Cenozoic,
implying negligible disturbances in riverine Li flux and only
minor variations in the oceanic Li budget during this period.
Thus, our analysis of recent and sub-recent authigenic clays from
open ocean environments provides a robust framework to verify
whether the solution δ7Li values derived from the α-T relation-
ship in Figure 1 are valid.

The core top smectite-rich clays from Valdivia VA13/2
96BL drill core yield an average δ7Li value of 5.6 ± 0.6 ‰ (see
Table S-7). Using the equation given above and a temperature
typical of the Central Pacific abyssal hill (3 °C), this corresponds
to a seawater δ7Li value of 30.5 ± 0.6 ‰ that is consistent with
that of modern seawater (δ7Li = 31.1 ± 0.6‰; Jouini et al., 2026).
Over the 0–11 Ma period, δ7Li records from foraminifera,
brachiopod, bulk carbonates and dolostones document a
roughly consistent trend (Misra and Froelich, 2012; Washington
et al., 2020; Liu et al., 2023). Note that some of these data had
been corrected for isotopic vital (biological) effects during shell
growth. We analysed smectite-rich marine sediments from sites
800, 1218, and 1219 in the Tropical Pacific Ocean to reconstruct
seawater δ7Li variations over the past 11 million years (see Table
S-7). These samples were thoroughly characterised using scan-
ning electron microscopy (SEM), laser ablation spectroscopy
(LAS), and X-ray diffraction (XRD). Sediments with >80 %
smectite content and no detectable opal or quartz were selected
to minimise detrital inputs (see Supplementary Information).

Using the experimental α-T relationship (Fig. 1) and deep
ocean temperature (Meckler et al., 2022), we calculated the δ7Li
values of seawater in equilibriumwith clays during their formation.
Over the past 5 million years, smectite-rich clay fractions yield
seawater δ7Li values ranging from 29.7 ± 0.3 ‰ to 30.5 ± 0.6 ‰,
consistent with the relatively stable values observed in carbonate
records (Fig. 2). From 5 to 10.6million years ago, clay derived δ7Li
values gradually decline to 28.1 ± 0.5 ‰, a trend that matches
the general pattern established from carbonates. Deep sea
water temperature reconstructions for this period may carry
an uncertainty of 3–8 °C (Meckler et al., 2022). Considering this,
the propagated uncertainty for seawater δ7Li values

reconstructed from marine authigenic clays is ∼1.1 ‰ (see
Supplementary Information). Additionally, uncertainty may
arise from structural differences between the natural and
experimentally synthesised clays. The time scale of authigenic
clay formation in the deep sea has recently been constrained
to <40 days (Zhao et al., 2025), which is close to our synthesis
times at low temperatures. The faster reaction rates typically
result in the formation of less crystalline minerals.
Nevertheless, the complete removal of exchangeable Li and the
consistent Δδ7Li values of −20.3 ‰ and −20.0 ‰ observed at
25 °C after 4 and 8 weeks strongly suggest that Li isotopic
equilibration has been achieved in our experiments (Table S-1).
We acknowledge that potential differences may exist between
synthetic and natural authigenic clays, and that Li isotope
fractionation during natural authigenic clay formation requires
further investigation.

There are advantages of using authigenic smectite-rich
clays to reconstruct palaeo-oceanic δ7Li variations. Planktonic
foraminifera underwent significant biotic crises, such as observed
at the Cretaceous-Paleogene (K-Pg) boundary, and the influence
of vital effects on the biogenic δ7Li values remains a subject of
debate.Our clay based δ7Li proxy opens newpotentials in settings
where carbonate archives are absent or ambiguous. While diage-
netic effects warrant further investigation, our study indicates that
their impact is minimal, likely due to the negligible influence of
exchangeable Li within clays. In contrast, marine carbonates dis-
play Li concentrations several orders of magnitude lower than
those in clays, suggesting that their Li isotopic compositions
may be more susceptible to modification.

Ocean δ7Li Variations across the K-Pg
Boundary

During the transition from the Late Maastrichtian to the Danian,
seawater δ7Li values reconstructed from planktonic foraminifera
records initially exhibit a gradual increase between 69 and
66 million years ago, followed by an abrupt and pronounced
decrease of ∼5 ‰ in less than 400,000 years (Fig. 3b). This rapid
decline has been attributed to enhanced dissolution of continental
soils and amassive increase in riverine Li flux (Misra and Froelich,
2012). However, the duration of this event is brief compared
to the modern Li residence time in the ocean and the time scales
required for changing the continental weathering regime.
Notably, the dominance of thick lateritic soils during the
Cretaceous also suggests a buffering effect against rapid changes
(Vigier and Goddéris, 2015). The abrupt δ7Li decrease in forami-
nifera at 66 Ma cannot be explained by a shorter oceanic Li
residence time, as the expected rapid return to the preceding
K-Pg values is absent. Instead, environmental disruptions like
meteorite impacts or massive volcanismmay have altered forami-
niferal growth. For instance, temperature and pH changes can
alter growth rates, which in turn affects both the entrapment of
trace elements (including lithium) in crystals and the kinetics of
isotopic fractionation (e.g., Vigier et al., 2015; Roberts et al., 2018;
Chen et al., 2023). Species specific characteristics may have also
influenced vital (isotopic) effects, as marine biodiversity under-
went substantial and rapid changes during the K-Pg transition.

We reconstructed seawater δ7Li variations using smectite-
rich sediments from DSDP Site 524 in the Southwest Atlantic
across the K-Pg boundary. Samples were meticulously selected
based on a comprehensive analysis of their chemical and miner-
alogical compositions (SEM, TEM, XRD, FTIR), which consistently
demonstrated the dominance of authigenic smectite and a low
degree of diagenesis (see Supplementary Information). We used
the ocean bottomwater temperature calculated from δ18O records

Figure 2 Record of seawater δ7Li values over the past 11 Ma.
Seawater δ7Li values from our study are represented by blue
squares. Published data for foraminifera (grey circles), brachiopods
(grey diamonds with orange edges), bulk carbonate (grey triangles
with red edges) and dolostones (grey stars with green edges) are
shown (Hathorne and James, 2006; Misra and Froelich, 2012;
Washington et al., 2020; Kalderon-Asaelet al., 2021; Liu et al., 2023).
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from the AtlanticOcean and fromMg/Ca ratios of benthic forami-
nifera (Hull et al., 2020; Fischer et al., 2025).

From 69 to 64 million years ago, the clay derived seawater
δ7Li record can be divided into three distinct phases (Phases I, II,

and III in Fig. 3). During Phase I (69–66.5 Ma), the seawater δ7Li
trend closely follows the benthic foraminifera δ18O record, sug-
gesting that the surface Li cycle was influenced by temperature.
This phase is characterised by an initial increase in δ7Li, followed
by a gradual decline over 2million years. Phase II (66.5–65.5Ma)
coincides with the peak of Deccan volcanism, as well as the
Ir-rich layer and the osmium isotope decline, which are often
interpreted as evidence of the Chicxulub impact (though this
remains debated). This period also includes rapid and pronounced
δ18O fluctuations. Recent studies indicate that the main phase of
Deccan volcanism lasted ∼1 million years and can be further di-
vided into four distinct mega-pulses (e.g., ∼66.1–66.0 Ma and
∼65.9–65.8 Ma; Schoene et al., 2019; Sprain et al. 2019). Despite
these volcanic and impact related events, seawater δ7Li derived
from the clay record remains low, and only small variations are
observed throughout this interval (Fig. 3). Finally, in Phase III
(65.5–64 Ma), following the cessation of major Deccan volcanic
activity, clay data show that the seawater δ7Li value gradually
returns to its mid-Maastrichtian level (∼25 ‰).

During Phase I (69–66.5 Ma), the parallel trends in δ18O
and δ7Li records suggest a long term climatic influence on
continental silicate weathering, likely due to progressive soil
evolution (e.g., Vigier and Goddéris, 2015). Fischer et al. (2025)
attributed the temperature decline after 68.5 Ma to reduced CO2

levels linked to variations in continental weathering and volcanic
activity. They consider that Ninetyeast Ridge volcanism triggered
a warming event at ∼69.2 Ma and the Mid-Maastrichtian Event,
followed by cooling due to enhanced silicate weathering. The
decrease in seawater δ7Li aligns with this interpretation.

In Phase II (66.5–65.5 Ma), clay derived seawater δ7Li
reaches its lowest values with minimal fluctuation, indicating
that the Deccan Traps volcanic pulses and the Chicxulub impact
did not significantly perturb the riverine flux and the marine Li
budget. Conversely, planktonic foraminifera exhibit a sharp δ7Li
decline (∼5‰), likely due to vital effects influenced by changes
in dissolved inorganic carbon (DIC) or pH (Vigier et al., 2015;
Roberts et al., 2018; Poet et al., 2023). Supporting this, calcium
isotopes reveal significant δ44/40Ca fluctuations in foraminifera
at the K-Pg boundary (Jouini et al., 2023), tied to disruptions
in ocean carbonate chemistry (CO3

2−, DIC, Ω) and associated
biological responses. Boron isotopes also demonstrate a rapid
increase in seawater pH by ∼0.4 units after the K-Pg boundary
(Henehan et al., 2019). Based on the proposed pH-δ7Li relation-
ship (Roberts et al., 2018), this change is sufficient to drive the
observed δ7Li decline in foraminifera.

Overall, these findings highlight the asynchronous behav-
iour of terrestrial and marine systems during this major ecological
transition. The contrasting records between clays and foraminifera
illustrate the role of long term climate change on continental
weathering. At the boundary, rapid changes in carbonates δ7Li
are consistent with large atmospheric carbon fluctuations pro-
foundly impacting calcifier biology, with minimal impact on
continental fluxes.
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This Supplementary Information contains five sections, 9 tables, and 9 figures, which present the experimental protocols 

for clay synthesis and Li adsorption/saturation, the description of marine sampling sites and Li isotope measurements, 

and the mineralogical and crystal-chemical characterization of synthetic and marine clays, including XRD, FTIR, 

SEM/TEM observations, isotopic data, and the age model for Site 524. 

 

 
1. Smectite and Kaolinite Synthesis 
 

In smectite crystals, lithium (Li) occupies different sites: Li+ substituting for Mg2+ in the structural octahedral sites 

(referred to as “structural Li”), and exchangeable Li⁺ in the interlayer position, which compensates for the negative layer 

charge resulting from the Li+-Mg2+ hetero-valent substitution process. Vigier et al. (2008) experimentally determined 

the Li isotope fractionation associated with the Li-Mg substitution process at various temperatures (ranging from 25 °C 

to 250 °C) using methods similar to those used here. A negative correlation between δ7Li and temperature was observed 

between 250 °C and 90 °C. However, below 90 °C, the Li isotopic fractionation remained relatively constant as a 

function of temperature. X-ray diffraction (XRD) measurements revealed a low degree of crystallinity in clays 

synthesized below 90 °C, with a non-negligible fraction of distorted (characterized by varying interatomic distances) 

octahedra in the final solids. 
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For this study, we optimized the protocol for smectite synthesis at 25 °C, 75 °C, 90 °C, and 150 °C to improve the 

determination of Li isotope fractionation at these temperatures and minimize the presence of Li+ ions located in distorted 

(weakly crystallized) octahedral sites, which may exhibit distinct isotopic signatures due to differences in vibrational 

energies. To achieve this, we increased the degree of solid crystallinity by extending the experiment duration and more 

effectively removed exchangeable Li using the method described below. 

 

In brief, the synthesis of Mg-Li smectite involves a hydrothermal treatment of a starting material in a closed system (as 

published in Decarreau, 1980, 1983, 1985). The synthesis process begins with the formation of a silico-metallic gel with 

a high specific surface area, achieved by mixing sodium silicate (SiO₂·Na₂O) with MgCl2 salt: 

4 SiO2Na2O + 3 MgCl2+ 2 HCl → Si4Mg3O11,nH2O+ 8 NaCl+H2O                                                        Eq. S-1 

Following precipitation, the gel is recovered by filtration and gently washed with deionized water to remove sodium 

chloride and prevent gel dissolution. The gel is then dehydrated through lyophilization. Subsequently, 500 mg of the 

powdered gel is placed in contact with a LiCl solution (see Table S-1) in sealed Teflon-coated metallic bombs, which 

are heated at a constant temperature for several weeks. In one experiment at 25 °C (exp #1 in Table S-1), the gel is first 

allowed to evolve with water at 60 °C for 10 days to form stevensite before being exposed to the LiCl solution. 

 

Highly enriched Li solutions are used to ensure that Li blanks and Li uptake by the clay during synthesis are negligible 

relative to the available dissolved Li. The crystal growth associated with Li incorporation can be described by the 

following reaction (Decarreau, 1985): 

[Si4Mg3O10-(OH)2+]
+ + 2xLi+ → (Mg3-xLix)Si4O10(OH)2Lix

+
exch

 + xMg2+ + H+                                            Eq. S-2 

 (starting gel)      (hectorite) 

Reaction (2), which corresponds to hectorite formation, is associated with the release of H+ into the solution. As a 

consequence, the decrease in pH has been used as an indicator of crystal growth during the experiments. At high 

temperatures (200 °C – 250 °C), synthesis reactions were maintained for 4 weeks under equilibrium vapor pressure (as 

in Vigier et al., 2008). In the current study, experiments conducted between 25 °C and 150 °C were continued between 

4 and 16 weeks to improve the crystallinity of the final solids. The solid phases were then separated by filtration and 

dried overnight at 40 °C using a lyophilization technique before analysis by X-ray diffraction (XRD) and Fourier 

Transform Infrared Spectroscopy (FTIR). 

 

As described above, the removal of exchangeable Li was also improved. In Vigier et al. (2008), a fraction of the 

synthesized clay was saturated three times using either a 1N NH4Cl or a 1N CaCl2 solution with a dialysis technique. 

This process exchanges all the Li located in the interlayer position with NH4 or Ca, respectively. In the current study, 

we added an additional step in which we first exchanged Li+ with Mg2+ using a 1N MgCl2 solution and dialysis bags. 

This step was added to remove the Li+ ions located in distorted octahedral sites, which may exchange more easily with 

Mg2+ and are not efficiently removed by NH4+, which targets only the interlayer sites). 

 

At 200 °C, Al-smectite and kaolinite were also synthesized in order to determine the effect of clay chemical composition 

on the Li isotope fractionation factor. For this, two gels with Al were initially prepared, according to this reaction: 

4 SiO2Na2O + x MgCl2 + y AlCl3 + 2 HCl → Si4MgxAlyO11,nH2O + 8 NaCl                                  Eq. S-3 

with x and y being 0.3 and 1.8 respectively for the first set of experiments and 0.6 and 1.6 respectively for the second 

set (Table S-1). The gels were collected by filtration, rinsed with deionized water, and lyophilized. In both cases, 500 

mg of gel was placed in contact with 30 ml of a 3M LiCl solution in an oven at 200 °C for 4 weeks. The clays collected 

at the end of the experiments were saturated using NH4Cl to remove exchangeable Li⁺ ions, as described above. X-ray 

diffraction (XRD) measurements on the final solid aliquots indicated that the dominant fraction consisted of kaolinite 

for the first set and Al-Mg-Li smectite mixed with about 10% of kaolinite, for the second set (unshown). 
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2. Li Adsorption/Saturation Experiments 
 

In smectite, Li+ occurs mostly in the octahedral sites, substituting for Mg2+, forming covalent bonds with O2-. As a 

consequence, we expect that the isotopic fractionation factor determined for this process (using the method described in 

the previous section) to be representative. Nevertheless, part of Li+ may also occupy exchangeable sites of smectite. 

Even though prior work has shown that smectite contains only small amounts of exchangeable Li (e.g., Decarreau et al., 

2012), we also focused our efforts to constrain the isotopic fractionation factor corresponding to Li adsorption. Li 

exchangeable sites are located either in the interlayer position (as a permanent positive charge balancing the smectite 

negative layer charge) or at the lateral edge of the layer (as a variable charge). Since the vibration energy depends on 

the local atomic environment and the length of the bond between Li+ and nearby ions, it is expected that each different 

site is associated with a distinct isotopic fractionation factor, both of them being strongly different from that resulting 

from the Li-Mg substitution process described in the previous section.  

 

We performed Li adsorption and desorption experiments using the reference smectite SAz-1 (Montmorillonite) from 

the CMS source clays (Source clays – The Clay Minerals Society). SAz-1 is an Al-smectite from Apache County, 

Arizona, with the formula (Si3.93 Al0.07) (Al1.48 Mg0.66 Fe3+
0.09 Ti0.01) O10(OH)2 Ca0.44 (<2µm fraction) (Mermut and Cano, 

2001). In these experiments, two samples of 500 mg of SAz-1 were initially placed in 40 ml of a 1M NH4Cl solution to 

remove all possible residual exchangeable Li+ before the experiments. Then, two 300 mg aliquots of these samples were 

placed into a dialysis bag containing 500 ml of a 1M LiCl solution. After a few hours, the solution was collected, along 

with the Li-saturated SAz-1 clay. One clay aliquot (noted #1 in Table S-2) was rinsed using 10-4N LiCl, and one (noted 

#2) was rinsed with Milli-Q water. For comparison, another aliquot of SAz-1 was saturated with calcium (noted #4). 

 

In an attempt to distinguish the influence of the interlayer sites and the octahedral edge sites, another experiment was 

performed during which a Ca-SAz-1 aliquot was first saturated with Cs (using a 0.01N CsCl solution) and then with Li 

(using 1N LiCl). In this experiment, Cs is expected to incorporate preferentially the interlayer site (as a permanent 

charge), leaving most of the exchangeable Li+ to occupy the edge sites. However, as described in Table S-2, the SAz-1 

Li concentration at the end of this experiment was only 20% lower compared to experiments #1 and #2, suggesting that 

in addition to occupying the edge sites, the Li had replaced most of the Cs in the interlayer sites as well. 

 

 

3. Marine Sites 
 

In this study, marine sediments come from deep basins located under the CCD and far from hydrothermal sites. They 

were selected from Leg 129 (Karpoff, 1992) and Leg 199 (Pacific Ocean) (Lyle et al., 2002) of the Ocean Drilling 

Program (ODP), and from Leg 73 (South Atlantic) of the Deep-Sea Drilling Program (DSDP) (Hsu et al., 1984). In 

addition, a subsurface sediment rich in Fe-Mn hydroxide was collected at a water depth of 4.8 km from a Central Pacific 

abyssal hill, during the Valdiva VA13/2 cruise (Friedrich and Schmitz-Wiechowski, 1980). Specifically, 14 samples 

with sedimentary age of 0–11 Ma were chosen from Leg 129 Site 800 (21°55.38′N, 152°19.32′E), and from site Leg 

199 site 1218 (8°53.378′N, 135°22.00′W) and Site 1219 (7°48.019′N, 142°00.940′W). Twenty-three samples with 

sedimentary age crossing the K-Pg boundary (~66 Ma) were chosen from ODP Leg 73 Site 524 (29°29.055′S, 3°30.74′E). 

Site 524 is located in the central part of the Cape Basin and is not influenced by the surface currents, nor by AABW and 

NADW currents. This site may be more influenced by Walvis ridge crustal materials (e.g., titanomagnetite) essentially 

during the Maastrichtian. 

 

Samples from these drill cores have already been extensively studied, in particular for mineralogy. All marine sediments 

selected for this study are characterized by abundant clay (>90% typically) and authigenic smectite (e.g. Hsu et al., 1982, 

1984). Moreover, we selected samples with only small amounts of calcite, illite and opal, thus minimizing the 

contribution from detrital component (dust) and biogenic phases.  
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We performed several tests to determine whether the sample pre-treatment may influence the lithium isotope 

composition (Table S-7). Tests were done on both bulk sediments and clay-sized fractions. For instance, clay-sized 

fractions (<2 μm) were extracted according to the Stokes Law and compared δ7Li values obtained for bulk sediments. 

Possible influences of exchangeable cations, oxides and calcite could however be examined by comparing results for 

un-pretreated sediments (un-leached), and for samples leached with diluted nitric and acetic acid or exchanged with 

NH4Cl. The 1N NaOH solution was also used to remove opal in three samples, which allowed us to verify the impact 

of biogenic phases. For the Leg 73 samples (K-Pg transition), clay fractions were systematically extracted and 

exchanged with NH4Cl. 

 

 

4. Li and δ7Li Measurements 

 

The detailed description of sample digestion and Li purification can be found in Vigier et al. (2008) and Bastian et al. 

(2017). Briefly, clay samples were digested with concentrated HF and HNO3 acid. After re-dissolution in inverse aqua 

regia, the digested samples were dried down and dissolved in titrated 1M HCl. After complete dissolution is checked 

using centrifugation, a dual-step cation exchange chromatography protocol was used for Li elution and purification. 

 

Elemental contents were measured by a VARIAN220 FS Atomic Absorption Spectrometer, with standard deviations 

ranging from 10% (<1 mg/l) to 1% (>100 mg/l) for Li in solution samples and ranging from 1% to 3% for Li in clay 

samples. Li isotope compositions of synthetic clays were analyzed using Multi Collector Inductively Coupled Plasma 

Mass Spectrometer (MC-ICP-MS, Neptune Plus) at ENS-Lyon (CNRS-INSU National platform of isotope analyses) 

and at UH Manoa (G&G department) following established procedures.  

 

In this study, the uncertainties of reconstructed seawater δ7Li values come from measurement, temperature 

reconstruction, and the coefficients of the ∆δ7Li-T relationship. The propagation was performed in two main steps. First, 

the ∆δ7Li-T relationship was obtained by weighted linear regression, where weights were based on the combined 

uncertainties of clay and solution measurements. The regression provided the fitted coefficients (slope and intercept) 

along with their covariance matrix, which accounts for their correlation. For any sample temperature, the uncertainty in 

∆δ7Li due to the coefficient errors was calculated from this covariance matrix. Separately, the 95% confidence interval 

of the reconstructed temperature was converted to a 1σ uncertainty and propagated through the temperature conversion 

and the linear relationship to yield an additional uncertainty component. These two independent contributions were then 

combined in quadrature to obtain the total uncertainty on ∆δ7Li. Second, seawater δ7Li is calculated as the measured 

clay δ7Li minus ∆δ7Li. The analytical uncertainty of the sample measurement was combined in quadrature with the total 

uncertainty on ∆δ7Li to give the final uncertainty on reconstructed seawater δ7Li. 

 

 

5. Study of Crystal Chemistry 

 

5.1. Synthetic clays 

 

The crystallogenesis and the properties of smectites synthesized using the method described in section 1 have been 

previously extensively described (e.g., Decarreau 1980, 1983). Notably, the actual incorporation of Li into the octahedral 

sheet of smectite has been demonstrated using 7Li RMN spectroscopy: RMN spectra show a narrow single peak (less 

than 3 Gauss), which can undoubtedly be attributed to structural Li (Conard, 1975). The same synthesis procedure was 

also used to constrain chemical partitioning of M2+ cations (e.g. M=Fe, Ni, Co, Cu, Zn, or Mn) between Mg-smectites 

and water, and was found to be extremely reproducible (e.g., Decarreau, 1985). 
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XRD patterns obtained on (1) powders and oriented preparations of synthesized NH4-saturated Mg-Li-samples (without 

Al) in the air-dry state, (2) after ethylene glycol solvation and (3) after heating (300 °C, 4 hours) reveal that the produced 

solid phase contains only smectite, characterized by the basal reflections (001, 002, 003) and (hk) bands due to a 

turbostratic stacking of layers (Brindley and Brown, 1980). The (001) reflection (air-dry state) is at 11.2 Å, typical of 

NH4
+saturated smectite. A d(06-33) distance of 1.52 Å is also usual for a Mg-Li trioctahedral smectite. After ethylene 

glycol solvation, harmonic (00l) reflections are observed at greater values (d(001)=16.8 Å) than those after air-drying, 

indicating an expansion of the smectite layers, due to the occurrence of a permanent interlayer charge. This supports Li 

for Mg octahedral hetero-valent substitution. After heating, the XRD patterns exhibit 001, 002, 003 reflections back to 

lower values (d(001)=9.8 Å), providing evidence for layer collapse, again confirming the synthesis of smectite. With 

the decrease of the synthesis temperature, the only change observed on the XRD patterns is peak broadening, due to a 

decrease of both the number of stacked layers and the dimension of crystal size within the layer plane, in smectite 

particles. 

 

FTIR spectra (see Fig. S-3) of synthesized Mg-Li samples after NH4
+ saturation confirm the synthesis of pure smectites 

at all temperatures in agreement with previous syntheses of Li-Mg smectites performed under similar conditions (Vigier 

et al., 2008; Decarreau, 1980, 1983; Decarreau et al., 2012), validating our synthesis protocol. The spectra exhibit a 

NH4 band near 1400 cm-1, its absorbance being linked to the layer charge of the smectite (Petit et al., 1998, 2006). 

 

5.2. Marine clays crystal chemistry  

 

5.2.1. Clay fractions from site 524 through the K-Pg transition. Samples from these drill cores have already been 

extensively studied, in particular for their mineralogy. Thus, all marine sediments selected for this study are 

characterized by abundant clay (>90% typically), primarily authigenic smectite (e.g. Hsu et al., 1982, 1984). Moreover, 

we selected samples with the smallest amount of calcite, illite and opal, thus minimizing the contribution from detrital 

components (dust) and biogenic phases. This was further evidenced by the various chemical and sieving tests and 

measurements described in section 3 (results reported in Table S-3, S-4, S-5, S-6, S-7).  We analyzed the structure and 

shape of bulk and clay fractions from leg 73 (site 524) using SEM and TEM (Philips EM300). TEM analyses of clay 

rich samples can also be found in Hsu et al. (1982, 1984). They reveal that Leg 73 samples contain mostly well-

crystallized smectites of small-size, with thin and curled veils (Fig. S-4 and Fig. S-5). This is a typical shape of deep-

sea smectites, considered to be authigenic, thus formed in situ. Indeed, in contrast, the detrital smectites are significantly 

bigger, denser, with no veils on the edges of particles, and are generally associated with other phyllosilicates such as 

illite, kaolinite, chlorite. Authigenic smectites have been found in other well-known K-Pg sites, as reviewed in Ortega-

Huertas et al. (2002) and can form either from alteration of basaltic products and minerals or during an early-diagenetic 

process due to the dissolution of biogenic oozes (diatom frustules). XRD patterns and chemical compositions for the 

selected bulk samples reveal that the CaCO3 content is very small as these sediments are mostly composed of clays - 

reddish brown clays - still included in a soft matrix. This sedimentology context is consistent with an oxidizing 

depositional environment below the CCD. Measured XRD patterns obtained for powders and oriented preparations of 

NH4-saturated samples (1) in the air-dry state, (2) after ethylene glycol solvation and (3) after heating (300 °C, 4 hours), 

as well as FTIR spectra, are shown below (Fig. S-6, Fig. S-7, Fig. S-8, Fig. S-9). Both techniques indicate that Site 524 

clay fractions are essentially composed of smectite, with sometimes a few % of kaolinite. Using FTIR, we could observe 

first that the CaCO3 observed in the bulk samples (Figure S-7) disappear in the clay fractions (Fig. S-8). All smectite-

rich fractions are dioctahedral (2 octahedral sites over 3 are occupied by Al3+, Fe3+ or Mg2+ cations) and therefore their 

diagenesis should result in their progressive transformation into illite. Some smectite particles display higher Al/Mg 

ratios because of small amounts of kaolinite or because of Al occupying tetrahedral sites. Incipient illitization of smectite 

(smectite-to-illite reaction) is indeed inferred from the presence of illite-smectite mixed-layers identified by XRD. 

However, it appears that the illitization process remains at a low level since observed smectite are only partly 

interstratified and still offer a large capacity of expansion during their treatment for XRD analyses. Altogether XRD and 

FTIR observations support the authigenic nature of these smectites and their small degree of diagenesis. Infrared 

https://doi.org/10.7185/geochemlet.2628
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analyses (as referred in Russel and Fraser, 1994) reveal that there is a small amount of kaolinite in the Site 524 samples, 

which contain mostly Al-smectite. 

 

 

5.2.2. Clay fractions from sites 1218 and 1219 and 800. All clay fractions from Sites 1218 and 1219 analyzed by XRD 

are smectite-rich (seen using Ethylen Glycol) with small amount of illite-smectite mixed-layers. They display the same 

level of diagenesis. SEM/EDS analyses show that smectite particles from Site 1218 look like chemically homogeneous 

flakes arranged in the form of tactoids, which are typical of marine authigenic smectites. No significant difference was 

observed in δ7Li values among the various pre-treatments, confirming the negligible contribution from exchangeable Li 

or other phases (Table S-7). The age model was constructed using magnetochron boundaries as tie points throughout 

the entire studied interval. Calibrated ages for each magnetochron were initially assigned according to The Geologic 

Time Scale (2020). To ensure direct comparability with global reference datasets, the model was then linearly adjusted 

so that the K-Pg boundary corresponds to the widely accepted age of 66.04 Ma (Renne et al., 2013). This normalization 

preserves the internal consistency of the model and does not affect the relative timing between magnetic reversals (Table 

S-8). 
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Table S-3 Compared chemical composition of bulk samples and clay fraction from site 524 across the K-Pg 

transition, highlighting clay dominance in the selected samples. 

 

  

  

  

  
SiO2 

(%) 

Al2O3 

(%) 

Fe2O3 

(%) 

MnO 

(%) 

MgO 

(%) 

CaO 

(%) 

Na2O 

(%) 

K2O 

(%) 

TiO2 

(%) 

524-20-3, 105-106 Bulk 51.4 14.6 10.5 0.12 2.11 2.3 2.65 3.78 1.1 

 <2µm  49.3 16.4 11.6 0.1 2.99 1.5 0.3 2.6 0.9 

524-19-4 80-81 Bulk 53.1 16.6 11.0 0.06 3.10 < L.D. 0.12 2.77 0.9 

524-21-1 129-130 Bulk 52.9 16.7 11.0 0.03 2.83 < L.D. 0.13 1.39 0.8 

524-22-5 75-76 Bulk 56.5 15.9 10.1 0.04 3.24 < L.D. 0.11 1.40 0.8 

524-27-2 136-137 Bulk 56.6 15.8 7.8 < L.D. 3.38 < L.D. 0.08 0.81 0.4 

524-28-5 25-26 Bulk 55.3 14.1 11.2 0.05 3.63 < L.D. 0.15 3.53 0.8 

 
 

Table S-4 Chemical composition and structural formula (basis 22 oxygens) of several smectites from site 524 

through the K-Pg transition (#524 21 5 23-27) – XRD analyses of clay fraction. 

  
#524 21 #524 5 #524 23 #524 24 #524 25 #524 26 #524 27 

SiO2 55.76 52.72 51.87 51.96 51.62 42.20 53.23 

Al2O3 16.32 15.52 15.25 15.14 15.11 12.09 15.86 

MgO 3.50 3.27 3.21 3.27 3.22 2.38 3.43 

Fe2O3 9.08 9.17 8.87 9.17 9.00 7.81 8.13 

TiO2 0.54 0.59 0.62 0.55 0.48 0.51 0.60 

K2O 1.09 1.07 1.07 1.05 0.99 1.25 1.40 

CaO 1.36 1.41 1.40 1.34 1.29 1.02 1.48 

Na2O 0.37 0.35 0.37 0.38 0.38 0.26 0.59 

Sum 88.02 84.10 82.66 82.86 82.09 67.52 84.72 

Si 7.71 7.65 7.66 7.66 7.67 7.67 7.67 

AlIV 0.29 0.35 0.34 0.34 0.33 0.33 0.33 

AlVI 2.37 2.31 2.31 2.29 2.32 2.26 2.36 

Fe3+ 0.94 1.00 0.99 1.02 1.01 1.07 0.88 

Mg 0.72 0.71 0.71 0.72 0.71 0.64 0.74 

Ti 0.06 0.06 0.07 0.06 0.05 0.07 0.06 

K 0.19 0.20 0.20 0.20 0.19 0.29 0.26 

Ca 0.20 0.22 0.22 0.21 0.21 0.20 0.23 

Na 0.10 0.10 0.11 0.11 0.11 0.09 0.16 

Int Ch. 0.69 0.74 0.75 0.73 0.71 0.78 0.88 

Oct. Occ. 4.09 4.08 4.08 4.09 4.09 4.04 4.04 

All compositions are close to typical montmorillonite (Si: 8.00; AlIV: 0.00; AlVI: 3.34; Mg: 0.71), compared to beidellite 

or nontronite, which contain no Mg, more AlIV and AlVI (Beidellite) or much more Fe3+ (Nontronite). 
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Table S-5 Published mineralogical proportions made by LAS (*) or by XRD (+) (Vanden Berg and Jarrard, 2006; 

Karpoff, 1992). 

 

Sample 

  

smectite 

% 

illite 

% 

calcite 

% 

opal 

% 

1218A-1H-6-25-26+ >90    

1219A-1H-2-122-123* 96.7 0.0 3.3 0.0 

1219A-1H-3-73-74* 100.0 0.0 0.0 0.0 

1219A-1H-4-25-26* 84.8 0.0 0.0 15.2 

1219A-1H-4-61-62* 93.9 0.0 0.0 6.1 

1218A-3H-1-78-79* 73 0 0 27 

800-4R-01-97+ >90    

 
Table S-6 Compared chemical composition of samples from site 1218, 1219 and 522, highlighting the dominance 

of clay 

 

  

  

SiO2 

% 

Al2O3 

% 

Fe2O3 

% 

MnO 

% 

MgO 

% 

CaO 

% 

Na2O 

% 

K2O 

% 

TiO2 

% 

Valvidia VA13/2 96BL 54.62 12.95 10.49 1.28 4.34 0.24 0.31 1.30 0.47 

1219A-1H-3W-122-123 55.26 13.84 8.65 0.64 3.71 0.27 0.38 1.66 0.62 

1218B-3H-3W-85-86 54.84 13.53 9.00 0.57 3.37 0.27 0.40 1.87 0.62 

522-9H-2W-134-140  48.74 16.39 12.14 1.57 3.06 0.13 0.35 2.94 0.66 

1218A-5H-3W-24-25 53.57 9.91 13.48 1.54 3.30 0.31 0.34 1.72 0.50 
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Table S-7 Li isotopic compositions of marine clays collected from the Pacific and the Atlantic Ocean 

 

Sample 

  

Age 

Ma 

L

i 

‰ 

Li 

ppm 

T* 

°C 

pretreatment  

Valvidia VA13/2 96BL  0 5.2 
136.

6 

3.

0 
clay-size extraction (rich in Fe-Mn nodules) 

 rep 6.0 
159.

1 

3.

0 
clay-size extraction (rich in Fe-Mn nodules) 

1218A-1H-6-25-26 1.75 5.0  1.

9 
bulk sediment pretreated with 0.2M HNO3  

 rep 4.7 63.9 
1.

9 

bulk sediment pretreated with 0.2M HNO3 and then 1M 

NaOH 

1219A-1H-2-122-123 2.35 5.7 96.3 
1.

9 
bulk sediment pretreated with 0.2M HNO3 

 rep 5.6  1.

9 
bulk sediment pretreated with 0.2M HNO3 

 rep 5.3 91.7 
1.

9 
clay-size extraction pre-treated with 0.2M HNO3  

1219A-1H-3-73-74 3.22 5.4 94.0 
3.

7 
bulk sediments 

 rep 6.0 
102.

4 

3.

7 
bulk sediments 

 rep 5.7 87.8 
3.

7 
bulk sediment pretreated with 0.2M HNO3 

 rep 5.8 87.3 
3.

7 
bulk sediments 

 rep 5.9 87.3 
3.

7 
bulk sediments 

1219A-1H-3W-122-123 3.62 6.0 
104.

9 

4.

1 
clay-size extraction 

1219A-1H-4-25-26 4.08 6.0 92.3 
4.

5 
bulk sediment pretreated with 0.2M HNO3 

 rep 5.6 81.8 
4.

5 

bulk sediment pretreated with 0.2M HNO3 and then 1M 

NaOH 

1219A-1H-4-61-62 4.39 5.9 87.4 
4.

7 
bulk sediment pretreated with 0.2M HNO3 

 rep 5.6 
105.

1 

4.

7 

bulk sediment pretreated with 0.2M HNO3 and then 1M 

NaOH 

1219A-1H-4-76-77 4.50 5.3  
4.

7 
clay-size fraction 

 rep 5.0  
4.

7 
clay-size fraction pretreated with NH4Cl 

1218A-3H-1-78-79 4.81 5.3 65.7 
4.

9 
bulk sediments 

 rep 5.0 69.7 
4.

9 
bulk sediment pretreated with 0.2M HNO3 
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1218B-3H-3W-45-46 5.93 5.0 85.6 
5.

3 
clay-size extraction 

1218B-3H-3W-85-86 6.09 4.9 79.9 
5.

4 
clay-size extraction 

1218B-3H-5W-68-69 6.90 5.1 81.1 
5.

6 
clay-size extraction 

1218B-3H-5W-115-116 6.97 4.8 88.6 
5.

7 
clay-size extraction 

1219A-2H-4W-76-77 9.87 5.3 
129.

5 

7.

5 
clay-size extraction 

800-4R-01-97 10.6 4.1 52.0 
8.

0 
clay-size extraction 

 rep 3.9  8.

0 
clay-size extraction and diluted HAc leaching 

  rep 4.4   
8.

0 
clay-size extraction and diluted HAc-HNO3 leaching 

73-522-9H-2W-134-

140  

10.1

4 
3.4   59.5 

7.

7 
clay-size extraction 

73-522-9H-CC 
10.5

0 
3.4   60.3     

8.

0 
clay-size extraction 
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Table S-8 Age model used for Leg 73 Site 524.  

 

Average 

Depth [m] 

Depth 

top [m] 

Depth 

bottom [m] 

Label 1 

(top) 

Label 2 

(bottom) 

Chron 

transition 

Reference for 

GTS 2020 

Age from GTS 

2020 [kyr] 

58.22 58.11 58.32 73-524-5R-

1,111 

73-524-5R-

1,132 

C24/C25 topc25n 57101 

129.04 128.84 129.23 73-524-

12R-4,84 

73-524-

12R-4,123 

C26/C27 topc27n 62278 

156.45 156.26 156.64 73-524-

15R-3,126 

73-524-

15R-4,14 

C27/C28 topc28n 63537 

185.29 185.10 185.48 73-524-

18R-4,10 

73-524-

18R-4,48 

C28/C29 topc29n 64862 

200.30 200.08 200.50       topc29r 65700 

213.37 213.02 213.72 73-524-

21R-3,102 

73-524-

21R-4,22 

C29/C30 topc30n 66380 

267.56 267.31 267.81 73-524-

27R-1,131 

73-524-

27R-2,31 

C30/C31 topc31n 68351 

303.94 303.93 303.94 73-524-

32R-1,43 

73-524-

32R-1,44 

C31N/C31

R 

topc31r 69271 

 
 
 
 
 

 
Table S-9 Temperature calibrations, Li isotope fractionation factors, and reconstructed seawater δ⁷Li for Site 

524 samples (GTS2020 ages). 

 
Table S-9 (xlsx) is available for downloading from the online version of this article at 

https://doi.org/10.7185/geochemlet.2628. 
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Supplementary Figures 
 

 
Figure S-1 Results for Li desorption/adsorption experiments. Full symbols: Montmorillonite saturated with Li 

(squares) or with Cs and Li (diamonds). Open symbols: solutions used for the saturation experiments. The δ7Li value of 

the unsaturated montmorillonite is – 2.9‰. The values measured for both the montmorillonite saturated with Li, for the 

Li solutions collected after desorption, and the initial Li solution are similar within uncertainties (±0.5‰) indicating a 

negligible isotopic fractionation caused by adsorption and desorption.  
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Figure S-2 example of reproducibility for marine clays Li values. Additional results can be found in Table S-7. 

Each symbol represents a distinct clay fraction extracted from the same age sediment. The external reproducibility is 

about 0.4 ‰ at the 2 level. 

 

 

 

 
 

Figure S-3 FTIR analyses of clays synthesized at low temperature highlighting the dominance of hectorite (h): no 

peak is consistent with kaolinite, chlorite nor illite. Note that w = water, and n = NH4. 
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Figure S-4 SEM photographs of clay fraction from site 524 at the K-Pg transition. a) and b):  524 21 5 23-27; c) 

and d): 524 21R 1 129-130. Authigenic smectite can form from alteration of basaltic products or by dissolution of 

biogenic ooze including diatom frustules (white arrows). 

 

 

 

 

 

 

 

 
 

Figure S-5 TEM analysis of reddish-brown clays typically observed at Leg 73, site 524, across the K-Pg transition, 

below and above the Ir-rich layer. Sample #524 21-5 11-13 is shown here as an illustration. We can see well preserved 

smectite particles of small size with thin and curled veils, which is a typical shape of deep sea smectites considered as 

authigenic. 
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Figure S-6 XRD analysis of clay fraction from sample 524 21 5 23-27. The treatment with Ethylene Glycol (EG) 

(red line) demonstrates that the dominant phase is a pure smectite (montmorillonite), without any interstratification 

of non-expanded layers. No illitization is visible, supporting the very low degree of diagenesis. Black line shows the 

same sample without EG treatment. 

 

 

 

 

 
Figure S-7 FTIR analyses of smectite-rich dried bulk samples from site 524 over the K-Pg transition. Stars indicate 

calcite peaks. 
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Figure S-8 FTIR analyses of dried clay fraction (<2um) extracted from site 524 over the K-Pg transition. s: 

smectite; k: kaolinite; qz: quartz. Note that the relative absorbance is higher for kaolinite compared to smectite since 

less than 1% of kaolinite in mixture with smectite can be revealed by FTIR (Joussein et al., 2001). 

 

 

 
Figure S-9 XRD analyses of clay fractions from the different sits selected for the 0-15Myr period (see Table S-3). 

EG: Ethylene Glycol. All clay fractions show similar patterns with a dominance of montmorillonite (expanding under 

EG treatment), and minor phases such as illite, kaolinite or feldspaths. The expansion capacity of the smectite, and the 

symmetric and fine shape of their peak under EG (when Ca-saturated) indicate low level of diagenesis and good 

crystallinity. 
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