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Abstract:

Cadmium stable isotope ratios can serve as valuable tracers for biological and geological
processes, including nutrients sampling from the surrounding medium, volatilization events,
and terrestrial differentiation. However, studies of the isotope fractionation occurring during
geological processes require the characterization of the isotope compositions of the different
terrestrial reservoirs. Notably, the cadmium isotopic composition of the Bulk Silicate Earth
(BSE) is still a matter of debate. To address this issue, we present high-precision cadmium
isotope data from a diverse set of samples, including mid-oceanic ridge basalts (MORB) and
komatiites obtained using a '°°Cd-!"'Cd double spike system. We processed nine biological
and geological reference materials (AGV-2, BCR-2, BHVO-2, BIR-1, COQ 1, GSP-2, NIST
2711, NOD-A-1, ERM BB 186) and two pure Cd solutions (AAS and ChemLab) to assess the
accuracy and precision of the method.

Our study revealed that twenty-three MORB samples (including ten analyses from the
literature) from the Atlantic, Indian, and Pacific oceans have a homogeneous cadmium isotopic
composition. The weighted mean isotope composition for these samples, expressed as 8''*Cd
(the permil deviation of the '*Cd/!!°Cd ratio from the NIST SRM 3108 Cd standard), is 0.07
+0.10 %o (2SD, n = 23). We also studied twelve komatiite samples from the Abitibi (Superior
Craton, Canada), Barberton (Kaapvaal Craton, South Africa), and Kostomuksha (Baltic Shield,
Fennoscandia) greenstone belts to characterize the deep Archean mantle isotope composition.
These samples, combined with four analyses from the literature (Pickard et al., 2022) exhibited
isotopic compositions ranging from -0.33 + 0.04 %o to 0.26 + 0.08 %o. We observed a negative
correlation between cadmium abundances and the degree of secondary alteration (measured by
loss on ignition-LOI). For samples with low LOI (< 6 wt.%), the isotope compositions of
komatiites are quite consistent. On the other hand, the samples with higher LOI (between 6 and

8.4 wt.%) tend to be more scattered and can have lighter isotope compositions. These



correlations suggest that, although Cd isotope compositions in komatiites are quite resilient to
alteration, heavier Cd isotopes can be mobilized into secondary alteration fluids, driving altered
samples toward isotopically lighter compositions. This implies that secondary alteration exerts
an important control on the isotope compositions of komatiites. Therefore, only the Cd isotope
compositions of the least altered komatiites (i.e., those with LOI < 6 wt.%) have been used as
proxies for their mantle source isotope composition. These samples (two from the Abitibi
greenstone belt, one from the Barberton greenstone belt, one from the Baltic shield and one
from the Belingwe greenstone belt) gave a weighted mean isotope composition of 0.14 + 0.18
%0 (2SD, n = 5). No significant isotope variation was found between the pristine samples from
each region, despite ages ranging from 3549 + 99 Ma to 2713 + 29 Ma, indicating a possible
isotopic homogeneity (within the currently achievable precision) of the Archean mantle for Cd
starting as early as 3.55 billion years ago. We determined a Cd isotope composition for the
mantle by combining the data for mean MORB and komatiites. This gave a §''*Cd value of
0.11 + 0.10 %o (2SD, n = 28) for the Bulk Silicate Earth. This value is significantly heavier

than previously proposed.



1. Introduction

Cadmium (Cd) is classified as a moderately volatile element (MVE) due to its low Tso (50
% condensation temperature under solar nebula conditions) of 502 K (Wood et al., 2019).
Moderately volatile elements are characterized by unique depletion patterns found in terrestrial
objects (Earth, Moon, Mars, rocky meteorites), when compared to the average composition of
the solar system, as determined by elemental composition of the Sun’s photosphere (and
approximated by CI carbonaceous chondrites) (Braukmiiller et al., 2019; McDonough, 2014;
Steenstra et al., 2019; Wang et al., 2016). Stable isotopes of MVE such as Cd (Sands et al.,
2001; Wang et al., 2016; Wombacher et al., 2003), Cu (Luck et al., 2005, 2003), Zn (Luck et
al., 2005; Pringle et al., 2017), or Rb (Pringle and Moynier, 2017) have been used to provide
insights into the origin of these variations in their abundances.

Being a group 12 element (same as Zn), Cd is characterized by divalent cations and
siderophile (Kubik et al., 2021; Mahan et al., 2017; Marin et al., 2013; Steenstra et al., 2020)
and chalcophile (Kiseeva and Wood, 2013; Wood et al., 2014) behaviors under core-forming
conditions. It is also among the MVE with the lowest Tso (for comparison, Tso of Zn is 704K:
Wood et al., 2019).

The study of Cd isotope composition started in the early XX™ century (Aston, 1935, 1934;
Nier, 1936; Stenvinkel and Svensson, 1935; Svensson, 1933). The development and
improvement of thermal ionization mass spectrometers (TIMS) allowed the use of the Cd
isotope system for elemental abundance determination by isotope dilution (Loss et al., 1984;
Rosman and De Laeter, 1974a, 1974b) and for isotope composition determination using a
106Cd-1"'Cd double spike (DS) (Rosman and De Laeter, 1975). Following this seminal work, a
number of studies explored Cd isotope compositions of meteorites (Rosman et al., 1980b,
1980a; Rosman and De Laeter, 1988, 1978, 1976), using the DS method. These studies

demonstrated that chondrites are characterized by significantly fractionated mass-dependent



isotope compositions compared to terrestrial materials, ranging from -2.1 to +2.8 %o per atomic
mass unit (amu). Similarly, significant isotope variations (-2.3 to +6.3 %o per amu) were
observed in Cd-poor lunar soils (Sands et al., 2001; Schediwy et al., 2006). However, unlike
these extraterrestrial samples, most terrestrial rocks are characterized by smaller isotope
variations (often less than £ 0.075 %o per amu: Chang et al., 2023; Horner et al., 2011, 2010;
Liu et al., 2022; Lu et al., 2021; Murphy et al., 2016; Pallavicini et al., 2014; Pickard et al.,
2022; Tan et al., 2020; Wombacher et al., 2003). From the 1980s to the 2000s, the external
reproducibility achieved with TIMS, expressed as 2 standard deviations (2SD), was ranging
from 0.06 to 2.9 %o per atomic mass unit, amu, (see Table 1). Thus, the precision of the
measurements was then insufficient to distinguish between many terrestrial materials.
Although a new generation of TIMS has been available since the 2000s, it was employed for
the first time in 2009 for Cd isotope studies and significantly improved the overall

reproducibility (see Figure 1), making the study of such samples accessible.



Table 1: Reproducibility of Cd isotope measurements in different studies and comparison between instrumental design and

double spike formulae

2 SD (%o per amu)

Reference Method instrument

min max

Rosman and De Laeter (1975)  Constant run conditions TIMS 0.800 1.600
Rosman et al. (1980) a 10611 pg TIMS 0.060 0.400
Rosman et al. (1980) b 106111 pg TIMS 0.300 1.000
Rosman and De Laeter (1988) 106111 pg TIMS 0.200 2.900
Sands et al. (2001) 106111 pg TIMS 0.200 0.800
Wombacher et al. (2003) Ag-; Sb-normalization ICP-MS 0.040 0.130
Cloquet et al. (2005) SSB ICP-MS 0.010 0.110
Schediwy et al. (2006) 106-111 g TIMS 0.200 15.000

* * * * 0.900

Ripperger and Rehkdmper (2007) Ag normalization ICP-MS 0.038 0.038
Ripperger and Rehkdmper (2007) Ho-1 pg ICP-MS 0.013 0.050
Schmitt et al. (2009) a 106-108 yg Triton TIMS  0.006 0.028
Schmitt et al. (2009) b 106-108 1hg Triton TIMS ~ 0.003 0.011
Horner et al. (2010) -3 g ICP-MS 0.010 0.100
Horner et al. (2011) -2 g ICP-MS 0.033 0.070
Abouchami et al. (2014) 106108 pg Triton TIMS ~ 0.004 0.017
Pallavicini et al. (2014) SSB ICP-MS 0.004 0.027
Wasylenki et al. (2014) H-1te g ICP-MS 0.015 0.045

Li et al. (2018) -3 g ICP-MS 0.008 0.058

Tan et al. (2020) B pg ICP-MS 0.002 0.021
Borovicka et al. (2020) 106116 pg Triton TIMS  0.003 0.018
Liu et al. (2020) -3 g ICP-MS 0.001 0.019

Druce et al. (2022) 1o-11t g ICP-MS 0.014 0.090
Pickard et al. (2022) B pg ICP-MS 0.008 0.035
Chang et al. (2023) -3 pg ICP-MS 0.003 0.015
Chang et al. (2023) -3 HSSA - single ICP-MS 0.006 0.062
Chang et al. (2023) N3 DSSA - multi ICP-MS 0.006 0.050
Peng et al. (2023) 1B pg ICP-MS 0.003 0.050
Pickard et al. (2023) "B pg ICP-MS 0.010 0.020
This work 106111 Hg ICP-MS 0.001 0.031

Reproducibilities are based on the reported 2SD for multiple measurements of pure standards or of samples. They are quoted
in permil per atomic mass unit. “Min”" and “Max” list the best and worst 2SD reported in the work, respectively. DS: double
spike; SSB: standard sample bracketing; DSSA: double spike-standard addition. *Schediwy very high maximum 2SD was
obtained at suboptimal concentrations for a very depleted sample (0.4 ng/g); its second worst 28D gives a 0.900 %o per amu,
much more representative of the overall precision achieved then. (Abouchami et al., 2014; Borovicka et al., 2021; Chang et
al., 2023; Cloquet et al., 2005; Druce et al., 2022a, 2022b; Horner et al., 2011, 2010; Li et al., 2018; Liu et al., 2020;

Pallavicini et al., 2014; Peng et al., 2023, Pickard et al., 2023, 2022; Ripperger and Rehkimper, 2007; Rosman et al., 19805,



1980a; Rosman and De Laeter, 1988, 1975, Sands et al., 2001, Schediwy et al., 2006, Schmitt et al., 2009a, 2009b, Tan et al.,

2020, Wasylenki et al., 2014, Wombacher et al., 2003)
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Figure 1: Evolution of the uncertainties reported in Cd isotope studies. The data represented here coincide with the one
reported in Table 1. All uncertainties are normalized 2SD to obtain permil per amu deviations. The data are divided between
three categories, depending on the mass spectrometer design utilized in the study. The introduction of a new mass spectrometer
design usually coincides with a precision increase of at least one order of magnitude. “Min” and “Max” list the best and
worst 28D reported in the work, respectively. (Abouchami et al., 2014, Borovicka et al., 2021; Chang et al., 2023, Cloquet et
al., 2005, Druce et al., 2022a, 2022b; Horner et al., 2011, 2010, Li et al., 2018; Liu et al., 2020, Pallavicini et al., 2014, Peng
et al., 2023; Pickard et al., 2023, 2022, Ripperger and Rehkdimper, 2007; Rosman et al., 1980b, 1980a; Rosman and De
Laeter, 1988, 1975; Sands et al., 2001, Schediwy et al., 2006, Schmitt et al., 2009a, 2009b; Tan et al., 2020, Wasylenki et al.,

2014; Wombacher et al., 2003)

Many follow-up Cd studies employed these instruments (Abouchami et al., 2014, 2013;
Borovicka et al., 2021; Guinoiseau et al., 2018; Schmitt et al., 2009a) to analyze terrestrial
samples, mostly using the '°Cd-'%Cd DS (Schmitt et al., 2009b). Concurrently, other
researchers developed analytical methods for Cd isotope studies using inductively-coupled
as a solution to the problem of low ionization efficiency of Cd encountered with TIMS. This
new technique allowed for a similar or better precision than what was then achievable using
TIMS, with 2SD ranging from 0.04 to 0.13 %o per amu (Wombacher et al., 2003). More recent

TIMS (Borovicka et al., 2021) and ICP-MS studies (Pickard et al., 2022) have demonstrated



comparable precisions, with 2SD ranging from 0.01 to 0.02 %o per amu. The ICP-MS technique
was employed in studies characterizing the Cd isotopic compositions of extraterrestrial samples
(Wombacher et al., 2008), volatilization-related isotope fractionation (Wombacher et al.,
2004), isotope fractionation occurring during biological processes (Chang et al., 2023), or
seawater cycles (Conway and John, 2015; Ripperger and Rehkdmper, 2007), for tracing
pollution (Cloquet et al., 2006; Robson et al., 2014; Wen et al., 2015; Zhu et al., 2018),
reconstruction of paleo-ocean characteristics (Druce et al., 2022a, 2022b; Horner et al., 2011;
Peng et al., 2023; Wasylenki et al., 2014), and study of Earth accretion history (Pickard et al.,
2023, 2022).

Until 2013, no isotopic standard material was available, leading to multiple in-house
reference materials being used simultaneously. Most recent studies use the NIST SRM (the US
National Institute of Standards and Technology standard reference material) 3108 Cd standard
solution (Abouchami et al., 2013). We will hereafter express Cd isotope compositions against
this NIST 3108 standard as 6 1**Cd, defined as:

114Cd
< 1lOCd)

sil4cd = sample 1% 103

114Cd
(o)

NIST SRM 3108

One of the main hindrances to wider Cd-oriented research using ICP-MS is the low
abundances of Cd in most igneous rocks, with concentrations generally under 100 ng/g (ppb).
Such low concentrations mean that samples have a high matrix over Cd ratio, which can result
in problematic matrix effects and interferences during the analysis. Hence, extensive
purification is usually undertaken, which could potentially cause Cd loss and significant isotope
fractionation if the chemical yield is not close to 100 %. As a result, many studies focused on
developing DS methods to correct for potential chemical and instrumental isotope fractionation

(Ripperger and Rehkdmper, 2007; Rosman and De Laeter, 1976; Schmitt et al., 2009b). With



6 stable isotopes (1°°Cd, '%8Cd, ''°Cd, "''Cd, ">Cd and ''*Cd) and 2 long-lived radioactive
isotopes (!'*Cd and ''°Cd, ti» > 10'° years) (Bohlke et al., 2005; Pritzkow et al., 2007), Cd is
indeed highly suitable for double spike deconvolution, which requires at least four stable
isotopes.

Despite this important analytical work, few widely available standard rock materials have
been characterized for their Cd isotope compositions (Borovicka et al., 2021; Chang et al.,
2023; Cloquet et al., 2005; Horner et al., 2010; Li et al., 2018; Liu et al., 2020; Lu et al., 2021;
Murphy et al., 2016; Pallavicini et al., 2014; Pickard et al., 2022; Tan et al., 2020; Wombacher
et al., 2003), limiting inter-laboratory comparisons. Moreover, major processes affecting Cd
isotope compositions have not yet been fully characterized. Notably, whether Cd isotopes are
fractionated during igneous processes such as partial melting or fractional crystallization has
never been tested, even though it is known to occur in some other isotopic systems, such as Zn,
Ti, Fe, Zr, and Sn (Badullovich et al., 2017; Day et al., 2022; Inglis et al., 2019; Millet et al.,
2016; Teng et al., 2008)

The Bulk Silicate Earth (BSE) is dominated (>99 wt. %) by the mantle (Yoder, 1995).

Although the mantle Cd concentration is lower than that of the crust (38.3 £ 5.6 ppb, 80 ppb,

inventory. Thus, the Cd isotope composition of the BSE can be reliably approximated by that
of the mantle.

The assumption of a well-mixed homogeneous mantle is known to be oversimplified, as
the preservation of initial heterogeneities (Puchtel et al., 2018, 2016), and complex mixing
processes of surficial materials in the deep mantle (Hofmann, 1997) contribute to present-day
mantle heterogeneity (Helffrich and Wood, 2001; Lambart et al., 2019; Ohira et al., 2021; Van

Keken et al., 2002). Generally, two major mantle reservoirs are usually considered: a more



heterogeneous lower mantle, which is the source of ocean island basalts (OIB) and a more
homogeneous upper mantle. The latter reservoir is produced by the extraction of mid-oceanic
ridge basalt (MORB) magmas enriched in incompatible trace elements and is, hence, called the
DMM (depleted MORB mantle: Hirschmann and Stolper, 1996).

To date, only two estimates for the Cd isotope composition of the BSE are available, which
are based on limited number of samples. These two estimates were obtained on three loesses
(representing the continental crust), two MORB and two OIB (representing the DMM and the
lower mantle respectively) (Schmitt et al., 2009a) (§1**Cdgsz = —0.04 + 0.02 %o, 2SD, n =
7) and on four spinel lherzolite  samples (Pickard et al., 2022)
(6'*Cdggr = —0.06 + 0.03 %o, 2 SD, n = 4).

Using mantle-derived lavas to constrain the mantle isotope composition relies on the
hypothesis that their isotope compositions mirror that of their source. This, however, may not
always be the case as isotope fractionation during partial melting can make isotope
compositions of melts drift away from that of their mantle sources. This may be especially so
for compatible or moderately incompatible elements, for which a significant fraction of their
original budgets remains in the mantle source during low degrees of partial melting. Such
processes are known to produce small isotope fractionation for Zn, accounting for the isotope
composition difference between OIB (2-10 % of melting), MORB (around 10 %), boninites
(12-23 %) and komatiites (30 — 50 %) (Day et al., 2022). Cadmium is more incompatible than
Zn, with MORB being 3 to 4 times Cd-richer than peridotites (Pickard et al., 2022; Wang et
al., 2016; Witt-Eickschen et al., 2009; Yi et al., 2000) while they are only marginally enriched
in Zn (Beunon et al., 2020; Day et al., 2022; Huang et al., 2018). Thus, we expect partial
melting isotope fractionation to become insignificant at lower degrees of partial melting for Cd
than for Zn. However, low degrees of melting should still affect the Cd isotope compositions

of the lavas. This is why we chose to focus on igneous rocks to obtain an independent estimate
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of the BSE isotopic composition for Cd to compare with the previous, peridotite-centered,
value (Pickard et al., 2022).

Archean komatiites are lavas that sample from the heterogeneous deep mantle (Puchtel et
al., 2022). They were chosen for this study because of the high degrees of partial melting that
produced these melts (Herzberg, 1992), thus ensuring that no significant melting-related
isotope fractionation occurs. The isotope compositions of the lavas can, however, be affected
by olivine fractionation during magma differentiation, by Cd volatilization from the degassing
melts (Yi et al., 2000) or by secondary processes. Since Cd has a low olivine-melt distribution
coefficient (Righter et al., 2018), we do not expect that limited olivine fractionation would alter
significantly the Cd isotope compositions of the melts. Moreover, the low viscosity of these
magmas allows for a rapid ascent to the surface, with minimal magmatic differentiation before
the eruption (Huppert et al., 1985).

The DMM composition can be determined by studying submarine-emplaced MORB. As
submarine lavas are quenched upon emplacement, we do not expect significant Cd
volatilization (Yi et al., 2000) or magma differentiation that could alter their original isotope
compositions. Modern, unaltered samples of MORB are readily available. Thus, except if
isotope fractionation is significant at the degrees of partial melting applicable to MORB
formation, MORB isotope compositions should reflect that of the DMM.

The goal of this study is to obtain an accurate estimate of the Cd stable isotope composition
of the BSE through the use of a 1°®Cd-!''Cd DS system. To achieve this goal, we analyzed a
diverse set of samples, including MORB to represent the modern depleted mantle and
komatiites to represent the Archean deep mantle. We selected MORB samples from the
Atlantic, Indian, and Pacific oceans and komatiites from three distinct regions: Fennoscandia
(Baltic Shield), Kaapvaal Craton (South Africa), and Superior Craton (Canada). Additionally,

we included two Cretaceous Atlantic MORB samples to compare with their modern
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equivalents. The komatiite samples span an age range of 800 million years (Ma), allowing us
to investigate the evolution of the Cd isotopic composition of the Archean deep mantle over
time. Compositions of OIB samples from the literature (Pickard et al., 2022; Schmitt et al.,
2009a) will be included in our discussion of the Cd isotope composition of the modern deep

mantle.

2. Samples

Fourteen bulk MORB samples were analyzed, with their sampling locations displayed in
Figure 2 (She et al., 2023; Wood et al., 1979) Nine of these samples were collected from the
Atlantic region, with five of these originating from the North mid-Atlantic ridge (NAR) and
one from the South mid-Atlantic ridge (SAR). These six samples have zero age. One sample,
DSDP 409, was identified as a vesicular basalt from the Reykjanes ridge and determined to be
2.3 Ma old (Wood et al., 1979). The last two Atlantic MORB, DSDP 51A-417A and DSDP
52-417D, were collected from the Cretaceous oceanic crust located to the East of the
Caribbean. Although, DSDP 417A was collected just 400 m away from DSDP 417D, it has
undergone extensive alteration, unlike DSDP 417D (Emmermann and Puchelt, 1980). In
addition to these samples, one MORB from the central Indian ridge (CIR) (MD57 D6-7), one
from the South-West Indian ridge (SWIR) (MD34 D1) and three from the East Pacific rise
(EPR) (CYP 78 12-34, Sea Rise 1 DR04 301, and Sea Rise 2 DR03) were analyzed. Samples
from Indian and Pacific oceans are regarded as modern in age.

Twelve komatiite samples were analyzed in this study, originating from five distinct
locations: Boston Creek and Pyke Hill from the Superior Craton, Canada; Kostomuksha from
the Fennoscandian Shield in northern Europe, and Schapenburg and Weltevreden, from the
Kaapvaal Craton, South Africa. These samples are thought to have been derived from
compositionally distinct mantle domains (Puchtel et al., 2022). Detailed descriptions, and
major and trace element contents are available for all the samples, along with their ages (Byerly

12



et al., 2017; Chauvel et al., 1993; Connolly et al., 2011; Corfu and Noble, 1992; Puchtel et al.,
2018, 2016, 2013, 2009, 2004, 1998), which range from 2713 to 3549 Ma. All samples, except
for SCH-1.9, which is an olivine cumulate, are spinifex-textured komatiites. Samples from
Kostomuksha and Weltevreden were derived from several lava flows, while the Boston Creek,
Pyke Hill, and Schapenburg samples were collected within the same lava flows for each
locality. Additionally, all komatiite samples have undergone varying degrees of

serpentinization and metamorphism.
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Figure 2: Geographical locations of the sampled MORB. Each letter corresponds to an individual sample (details are provided
in Table 4). The samples are grouped by the ridges they were obtained from: lavender points (A, B,C, D, E) represent samples
from the Northern Mid-Atlantic Ridge (NAR), deep blue point (F) is for the Southern Mid-Atlantic Ridge (SAR), light blue
points (G, H) indicate Cretaceous MORB from the NAR, green point (1) is from the Reykjanes ridge, yellow point (J) is from
the South-West Indian Ridge (SWIR), orange point (K) is from the Central Indian Ridge (CIR) and red points (L, M, N) are
from the East-Pacific Rise (EPR). Samples B, C, D and E are in close proximity and marked by a single point, as are G and
H. The geographical positions were obtained from the literature (She et al., 2023; Wood et al., 1979) and this map was created

using the Mapize online tool, with satellite imagery provided by Google resources.

3. Analytical techniques

3.1.Laboratories, tools and reagents

The samples were processed in a class 100 clean room at the Institut de Physique du Globe
de Paris (IPGP), France. For purification purposes, the acids (6 mol/L HCI, 16 mol/L HNOs3,
and 27 mol/L HF) were obtained by sub-boiling distillation of commercial-grade reagents.
Optima™ quality 8.8 mol/L HBr was purchased from Fischer Scientific.

3.2.Sample digestion

For most terrestrial igneous rocks, about 1 to 2 g of powdered sample were weighted and
then digested using a mixture of 5 mL concentrated HNO3 and 5 mL concentrated HF in a
closed screw-cap Teflon vial. Biological samples (ERM BB 186) were digested in a mixture
of concentrated HNO3 and H>O> in order to breakdown organic compounds. Vials were heated
at 120°C on a box-type hotplate for 3 to 4 days, until complete digestion was achieved. The
samples were then evaporated to dryness at 100°C, and refluxed in 10 to 20 mL of 6 mol/L
HCI at 100°C for one week, until complete conversion of the residue into the chloride form
was achieved. During this phase, the samples were regularly placed in an ultrasonic bath to
facilitate fluorides breakdown. Spiking was performed when the samples were dissolved in

HCL
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3.3.Double spiking

In this work, we utilized the DS method to correct for experimental and instrumental

isotope fractionation. To ensure the quality of the data, the spike/sample ratio, defined as

< Mcd spike

Tt sampte * Mea Spike), was kept as close as possible to the optimum ratio of 0.35 (Rudge et al.,
2009). Therefore, knowledge of the sample Cd concentration was essential. Prior to spiking, a
small aliquot of the solution was analyzed using an Agilent quadrupole ICP-MS at the IPGP
facility, to determine the Cd concentration. We mixed the remaining sample with a 1°Cd-'"'Cd
DS, characterized by a '%°Cd / '°Cd isotopic ratio of 350 and a '''Cd / ''°Cd ratio of 228,
aiming at the optimal spike/sample ratio. After spiking, we refluxed the sample for 48h on a
hotplate in order to ensure full sample-spike equilibration.

In order to assess the influence of the spike over sample ratio on the quality of the data, we
analyzed a ChemLab pure Cd standard spiked with different amounts of DS. The table S1 and
figure S1 synthetize the results of this experiment. We experimented with spike/sample ratios
ranging from 0.14 (60 % deficit to the optimum) to 0.45 (30 % overabundance relative to the
optimum ratio), which covers almost the entire range observed for our spiked samples (except
for the two slightly overspiked komatiite samples SCH 1.9 and Welt 564-5 having spike/sample
ratios of 0.48 and 0.50, respectively). No significant deviation from the reference value (see
Table 3), nor significant change in the uncertainties, were observed within this range of
spike/sample ratios.

3.4.Cadmium purification by anion exchange chromatography

Cadmium was separated from Sn and the sample matrix using a chemical protocol inspired

(Moynier and Le Borgne, 2015; Van Kooten and Moynier, 2019) and In (Liu et al., 2023) stable

isotope measurements. This protocol uses an anion exchange, chloride form, resin (Bio-Rad
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AG 1x8 200-400 mesh). The protocol requires five consecutive iterations of the purification of
the Cd fraction to completely remove Sn, as detailed in Table 2. The first run was unique
because it required the dissolution of a significant amount of sample. Therefore, a 1.5 mol/L
HBr solution was used for the first run, while 0.1 mol/L HBr solutions were used for the four
other runs. This did not impact the elution of Cd, as Cd’s distribution coefficient with the anion
exchange resin remains very high in both 1.5 mol/L or 0.1 mol/L HBr (see elution curves,
calibrated on a BCR-2 basalt sample: Table S2, S3 and Figure S2). Based on our elution data,
we retained only ~ 0.5 % of the initial Sn content after the first purification run. Then, with the
second protocol (used from the second run to the fifth), we removed ~ 95 % of the Sn each
time.

Thus, after the second purification run, only around 0.03 % of the initial Sn content
remains, which becomes less than 0.01 % after the third run. After the fifth purification run,
the initial Sn/Cd ratio should have been divided by a few thousands, while collecting 99.6 wt.%
of the sample Cd. We then dried down the collected Cd solution cut on a hot plate, at 80°C,
and refluxed it with concentrated nitric acid at 110°C for a day to destroy residual resin
particles. Analytical Cd blanks ranged from 7 to 55 pg, with a median of 15 pg, representing

less than 1 wt.% of the total Cd mass of the sample.

Table 2: Details of the Cd purification protocol

Procedure step Reagent Volume (mL)

Resin introduction AG 1x8 200-400mesh 0.2
Bvery run Mili-Q water 3
Resin cleaning 0.5 M HNO3 3
Mili-Q water 3
Conditioning 1.5 M HBr 3
1% run only Sample load* 1.5 M HBr 5
Matrix removing* 0.1 M HBr 5
Every run except st Conditioning 0.1 M HBr 3
Sample load 0.1 M HBr 2

Bvery run Matrix removing 0.1 M HBr 12
Cd elution 0.1 M HNO3 12

The table outlines the detailed procedure used to purify Cd and eliminate Sn from the matrix. In reagent column, M notation
stands for mol/L. Samples were purified 5 times, with introduction and cleaning of the resin in the Teflon column being similar
at every iteration. The first run for each sample differed from the other four runs as a more concentrated solution of HBr (1.5

mol/L) was used for the dissolution of the sample due to the high matrix content. *During the first run, the sample was
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introduced 0.5mL at a time, followed by 0.5mL HBr 0.1 mol/L to remove matrix and prevent column clogging. The other four
purifications did not require this precaution as most matrix had already been discarded and so the sample could be directly

dissolved in HBr 0.1 mol/L.

3.5.Mass spectrometry and data reduction

Samples were analyzed either on a ThermoFischer Neptune or a ThermoFischer Neptune
Plus multi-collector ICP-MS at the IPGP facility, equipped with nickel Jet and H skimmer
cones. Sample introduction was carried out using an autosampler coupled to an ESI IR Apex
desolvation system (hot sector at 120°C, cold sector at 2°C), with an uptake rate of 100 yL/min.

We monitored six cadmium isotopes, namely °°Cd, ''°Cd, '''Cd, 3Cd, ''*Cd, and ''*Cd.
However, due to potential major isobaric interferences from ''®Sn (14.3 molar % of the total
Sn) on '®Cd, only '°°Cd, ''°Cd, ''Cd and ''*Cd or '*Cd were used for deconvolution. There
also may still be some interferences from Sn on mass 114, as ''*Sn makes up 0.6 molar % of
the total Sn content. Indium interferences on '3Cd were also corrected for. In order to evaluate
and correct the intensity of interference from In and Sn isotopes, we also measured the 'In
and ''8Sn signals.

All measurements were conducted in 0.5 mol/L nitric acid, with Cd concentrations ranging
from 10 to 25 ppb. Sample analyses were bracketed by spiked standard solutions to ensure
accurate assessment of isotope variations. We usually attain sensitivities around 300 V/ppm on
all cumulated Cd signals, or 80 V/ppm on '*Cd. Individual data points were derived from a
block of 50 individual measurements, roughly consuming 0.7 mL of the sample solution in 7
min. The precision attained in this work ranges from 0.01 to 0.03 %o per amu, which is similar
to that of most recent studies (Pickard et al., 2022) (see Figure 1).

Some analyses were conducted to determine the influence of concentration mismatch over
the §'**Cd value. A standard AAS solution (AAS in the following) (Lot# 1797541), used in

concentrations against a 25 ppb NIST 3108 standard. The AAS solution and NIST SRM 2711
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concentrations were ranging from 15 (-40 %) to 36 ppb (+44 %) and 22 (-12 %) to 32 ppb (+28
%), respectively. Results are summarized in Table S4 and Figure S3. No significant deviation
from the reference value was observed in any cases. The Cd isotope compositions always
overlapped with their reference value. Thus, our analysis method is resilient over 40 % of
standard/sample intensity mismatch. In any case, during the analysis, sample and standard Cd
concentrations were matched to be within 10 % intensity.

To obtain accurate DS isotopic data, we performed a deconvolution step using the IsoSpike
integration-by-integration algorithm (Creech and Paul, 2015). Uncertainties for most samples
were determined by calculating the 2SD obtained for repeated analyses of the sample. When
the samples were analyzed only once or twice during the session, we used the largest 2SD
uncertainties obtained for another sample analyzed under the same conditions and during the
same analytical session. The Cd concentrations were determined using the spike proportion
given as an output by the algorithm.

3.6.Interference assessment and correction

Tin is the main cause for interferences on the Cd isotopes used for data deconvolution. In
order to correct any potential remaining isobaric interferences, we used the abundance of '¥Sn

and assumed natural isotopic ratios of ''4Sn/!'8Sn = 0.02725, 116Sn / 118Sn = 0.60033 and '!’Sn
/ 18Sn = 0.31709 (Berglund and Wieser, 2011). To determine the limits of this approach, we
carried out further experiments using Sn-doped double-spiked NIST SRM 3108 Cd standard
solutions. We varied the Cd/Sn ratios from 4000 to 2.5, with a Cd concentration of 25 ppb.
Figure S4 displays the results of these experiments, detailed in table S5. Uncorrected Sn
interferences produced a significant bias in the measured §''*Cd values larger than our
analytical error (0.087 = 0.06 %0) when Cd/Sn < 450. After chemical purification, the Cd
fraction has usually a Cd/Sn ratio > 500, and, therefore, the Sn interference should have a

negligible effect on the measured §''*Cd. In any case, the Sn interference was corrected for.
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This correction is effective for Cd/Sn as low 4.5, which is higher than in any of our samples
after the chemical purification.

To assess the effect of the isobaric interference of !'*In on ''3Cd, we followed a similar
protocol to that described above for Sn and the results are displayed in table S5. The §''*Cd
value is affected even for relatively low In concentrations (Cd/In < 16 500). However after
chemical purification, most samples had Cd/In ratios over 20 000, and in any case, potential
interferences were corrected for by using !'°In abundance and assuming a natural !'*In / '5In
ratio of 0.04482 (Berglund and Wieser, 2011). The correction algorithm is efficient for Cd/In
> 24.

The effect of isobaric interferences from '°°Pd and ''°Pd were tested using a similar
approach. Significant effects (larger than our analytical uncertainty) were detected on §'*Cd
for Cd/Pd ratio lower than 472 and on §''*Cd for Cd/Pd ratio lower than ~4000 (see table S6).
Isobaric interferences would create apparent mass-independent isotope compositions. All the
data reported fall on a straight line of slope 4/3 in the §'1*Cd vs. §!'*Cd space, as expected for
a mass-dependent fractionation, further demonstrating the absence or efficient correction for
any isobaric interferences.

Finally, polyatomic isobaric interferences can also affect some Cd isotopes (May and
Wiedmeyer, 1998), notably from Mo or Zr. Significant effects on the §''*Cd values were found
when Cd/Mo was lower than 5 and Cd/Zr lower than 264 (see table S6). However, all of our
samples have Cd/Mo and Cd/Zr ratios higher than 1804 and 428 respectively. Therefore, no
significant effects are expected from these two elements.

3.7.Analyzed SRM — determination of the method’s validity

We present a comprehensive dataset of Cd isotopic composition and concentration
measurements for 11 standard materials, including two standard solutions of Cd. Calibration

of our analytical process was performed by analyzing two pure Cd ICP-MS standard solutions,
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ChemLab (lot# CL01.0301.0100) and AAS (Lot# 1797541), against the NIST SRM 3108 Cd
standard solution. The AAS standard solution was obtained from the University of Science and
Technology of China (USTC), in Hefei. It was previously characterized to have a §'**Cd of -
0.691 £ 0.041 %o (Liu et al., 2020).

We analyzed seven well-characterized United States Geological Survey (USGS)
Geological Reference Materials (GRM): AGV-2 (andesite, Guano Valley, Oregon, USA),
BCR-2 (basalt, Columbia River, Oregon, USA), BHVO-2 (basalt, Kilauea, Hawaii, USA),
BIR-1a (basalt, Reykjavik region, Iceland), COQ-1 (carbonatite, Canada), GSP-2
(granodiorite, Silver Plume, Colorado, USA) and NOD-A-1 (manganese nodule powder from
the Atlantic Ocean floor), as well as one biostandard (ERM BB 186, dried and powdered pork
kidney, Institute for Reference Materials and Measurements, Geel, Belgium) and a standard
reference material from the USA, NIST SRM 2711 (polluted soil from Montana, USA) that
were selected based on their high Cd concentrations and heavy isotope compositions
(Borovicka et al., 2021; Cloquet et al., 2005; Liu et al., 2020; Pallavicini et al., 2014). While
only a few of these reference materials were well characterized for cadmium isotope
compositions until recently (Cloquet et al., 2005; Horner et al., 2010; Li et al., 2018; Murphy
et al., 2016; Pallavicini et al., 2014; Wombacher et al., 2003), recent progress in high precision
Cd isotope analyses has renewed interests in such studies, resulting in the reporting of
additional geostandard Cd isotope compositions (Borovicka et al., 2021; Chang et al., 2023;
Liuetal., 2020; Lu et al., 2021; Pickard et al., 2022; Tan et al., 2020). However, only one study

(Liu et al., 2020) report the Cd isotopic composition for COQ-1, and GSP-2.
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4. Results

The Table 3displays the isotope compositions and Cd concentrations for the standard
samples. All the discussed mean values, as well as results for Chemlab and AAS, are weighted

means and standard deviations, defined as:

. _ 26 X wy
weighted mean = Sppqn = Z—W
Wi

and weighted 25D = 2 X \/Nxzi[wix(si_amean)]
(N-1)xXjwj

Where §; is the individual isotope composition measurement, w; is the individual weight
associated with this measurement and is defined as equal to 1/(2SD) and N is the number of
separate isotope measurements taken into account in the calculation.

The ChemLab Cd standard and NIST 3108 Cd solution have similar isotopic compositions,
with 6*Cd_ pomiap = 0.02 +0.02 %o. On the other hand, the AAS solution has a
significantly distinct isotope composition, with §1**Cd, 45 = —0.67 & 0.04 %o. The USGS
GRM AGV-2,BCR-2, BHVO-2, BIR-1a, COQ-1, GSP-2, and NOD-A-1 have less fractionated
Cd isotope compositions, with §**Cd values ranging between -0.03 £ 0.07 %o (GSP-2) and
0.23 £ 0.02 %o (COQ-1, 2SD, n = 3). In contrast, the polluted soil NIST SRM 2711 and
biostandard ERM BB 186 exhibit heavier isotopic compositions: 6 **Cdys7 2711 = 0.67 +
0.04 %o and 5 ***Cdgpy s 186 = 0.60 + 0.07 %o (2SD, n = 2). Most SRM typically have Cd
concentrations of a few hundred ppb. However, some standards, such as NOD-A-1, NIST 2711,
COQ-1, and ERM-BB-186, are highly enriched in Cd, with concentrations as high as 37 ppm.

Basaltic samples collected from mid-oceanic ridges generally exhibit homogeneous Cd
isotope compositions and concentrations (Table 4 and Figure 4). Regardless of their origin,
their isotopic compositions fall within the range 0 0.01 +0.10 %o to 0.13 4 0.10 %o, overlapping

within uncertainties. Cadmium concentrations in these samples range from 91 to 151 ppb. Only
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one sample (DSDP 51A 417A) shows significantly different characteristics. This sample is
enriched in Cd and is isotopically light, with 386 ppb and §**Cdpspp 5144174 = —0.42 +
0.04 %o (compared with the 138 ppb and 6 **Cdpspp 52 417p = 0.09 % 0.08 %o, for the other
Cretaceous Atlantic sample).

The Cd isotope compositions of komatiites exhibit much greater variability than those of
MORB, ranging from —0.33 £ 0.04 to 0.26 £ 0.08 %o (see Table 5). They have low Cd
concentrations, ranging from 27 to 92 ppb. Neither isotope compositions nor concentrations
are correlated with locality. Most samples (except two) are isotopically similar or heavier than

the mean MORB composition.
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Table 3: Cd isotope compositions and concentration of standard reference materials

Sample Description Location prc?;?élsgon 8'3Cd (%) 2SD n  8M*Cd (%) 2SD n References Cd (ppb) 2SD References
AAS Reference solution 0.33 -0.51 0.03 121 -0.67 0.04 124 This study
-0.69 0.04 57 Liu et al. (2020)
Chemlab Reference solution 0.37 0.03 0.03 200 0.02 0.02 202 This study
AGV-2 Andesite Guano Valley, 0.35 0.15 0.02 10 0.22 0.03 10 69
OR., USA 0.34 0.15 006 7 020 005 7 72
Mean weighted 0.15 0.01 2 0.21 0.04 2 This study 71 4 This study
66 4 Du and Hu (2015)
58 4 Xu et al. (2015)
69 Braukmiiller et al. (2020)**
0.09 0.04 8 Liu et al. (2020) 70 Liu et al. (2020)**
0.14 0.05 3 Pickard et al. (2022) 68 Pickard et al. (2022)**
BCR-2 Basalt Columbia 0.37 0.06 0.10 10 0.08 0.12 10 206
River, OR., 0.35 0.08 0.04 9 0.09 0.08 9 215
USA 0.35 0.08 0.02 10 0.11 0.04 10 198
Mean weighted 0.07 0.01 3 0.10 0.02 3 This study 206 17 This study
155 13 Du and Hu (2015)
148 7 Xu et al. (2015)
204 Braukmiiller et al. (2020)**
0.02 0.07 14 Liu et al. (2020) 209 Liu et al. (2020)**
-0.03 0.06 4 Tan et al. (2020) 220 Tan et al.(2020)**
0.01 0.07 6 Luetal. (2021) 180 Luetal. (2021)**
0.01 0.04 4 Pickard et al. (2022) 207 Pickard et al. (2022)**
-0.02 0.04 3 Chang et al. (2023) 180 Chang et al. (2023)**
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Table 3 (continued)

Sample Description Location pr;f’;lr‘gon §113Cd (%) 2SD n  8%Cd(%) 25D  n References Cd (ppb) 25D References
BHVO-2 Basalt Kilauea, 0.34 0.10 0.04 11 0.15 0.03 11 This study 92 This study
Hawaii, USA 107 8 Du and Hu (2015)
93 Wang er al. (2015)**
95 Braukmiiller et al. (2020)**
0.04 0.05 8 Liu et al. (2020) 88 Liu et al. (2020)**
-0.03 0.08 4 Tan et al. (2020) 200 Tan et al. (2020)**
0.02 0.07 6 Lu et al. (2021) 90 Lu et al. (2021)**
0.09 0.08 6 Pickard et al. (2022) 88 6 Pickard et al. (2022)**
0.02 0.05 42 Chang et al. (2023) 86 Chang et al. (2023)**
BIR-1a Basalt Iceland 0.36 0.14 0.07 10 0.22 0.07 10 94
0.39 0.12 0.01 5 0.15 0.02 5 * 78
Mean weighted 0.12 0.02 2 0.17 0.09 2 This study 86 22 This study
0.14 0.52 6  Wombacher et al. (2003)
93 8 Du and Hu (2015)
96 Braukmiiller et al. (2020)**
0.04 0.05 12 Liu et al. (2020) 98 Liu et al. (2020)**
0.03 0.05 4 Pickard et al. (2022) 93 Pickard et al. (2022)**
COQ-1 Carbonatite Canada 0.36 0.17 0.03 19 0.24 0.02 19 613
0.41 0.17 0.06 17 0.22 0.01 18 * 450
0.42 0.19 0.06 11 0.24 0.02 11 * 455
Mean weighted 0.17 0.02 3 0.23 0.02 3 This study 506 185 This study
556 42 Du and Hu (2015)
0.10 0.05 8 Liu et al. (2020) 600 Liu et al. (2020)**
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Table 3 (continued)

Sample Description Location pr;f’;lr‘gon §13Cd (%) 2SD n  8'Cd (%) 2SD n References Cd (ppb) 2SD References
ERM BB 186 Pork Kidney 0.37 0.44 007 5 0.60 007 5 This study 979 This study
0.47 0.06 4  Pallavicini et al. (2014) 1040 Pallavicini et al. (2014)
0.47 004 5 Borovicka et al. (2021)
GSP-2 Granodiorite 0.36 -0.05 0.03 5 -0.03 0.07 5 This study 88 This study
Silver Plume,
CO., USA 106 Du and Hu (2015)
-0.20 007 7 Liu et al. (2020) 91 Liu et al. (2020)**
NIST SRM 2711 Montana soil Montana, USA 0.37 0.50 0.01 10 0.67 0.04 10 This study 37363 This study
0.53 002 1 Cloquet et al. (2005)
0.76 0.13 16  Pallavicini et al. (2014) 41700 Pallavicini et al. (2014)
0.63 0.04 14 Liu et al. (2020)
NOD-A-1 Atlantic Ocean 0.36 0.18 0.08 10 0.23 0.04 10 7141
Manganese nodule
0.37 0.17 0.06 30 0.22 0.06 30 6914
Mean weighted 0.17 0.01 2 0.22 0.02 2 This study 7027 This study
-0.05 023 1 Cloquet et al. (2005) 7500 Cloquet et al. 2005)
0.23 0.08 2 Horner et al. (2010) 6810 Horner et al. (2010)
0.09 0.03 4  Pallavicini et al. (2014) 7280 Pallavicini et al. (2014)
0.17 005 6 Murphy et al. (2016)
0.16 0.10 4 Li et al. (2018) 7500 Li et al. (2018)**
0.12 0.07 14 Tan et al. (2020) 6130 Tan et al. (2020)**
0.12 001 5 Borovicka et al. (2021)
0.13 004 7 Lu et al. (2021)
0.13 0.03 15 Chang et al. (2023) 6170 Chang et al. (2023)**

Separate rows indicate multiple digestions of the sample. n : number of mass spectrometer runs for a given digestion or number of independent digestions (for mean values). 2SD uncertainties

or the concentrations were calculated if multiples independent digestions of the same sample were available. Sample wit, in the ejerences lela were Spixke efjore '3- 1gestion
or the Cd j leulated if multiples independent digestions of th pl ilable. Sample with * in the “Ref: ” field piked before HNOs-HF digesti
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to check for potential isotope fractionation during digestion. Literature concentrations with ** after the article reference were determined by isotope dilution. (Borovicka et al., 2021; Braukmiiller
etal., 2020; Chang et al., 2023; Cloquet et al., 2005, Du and Hu, 2015; Horner et al., 2010; Li et al., 2018, Liu et al., 2020; Lu et al., 2021; Murphy et al., 2016, Pallavicini et al., 2014, Pickard

etal., 2022; Tan et al., 2020; Wang et al., 2015; Wombacher et al., 2003; Xu et al., 2015)
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Table 4: Characterization of studied MORB

Corresponding Spike
Sample letter on Figure  age (Ma) Location pIxe 8113Cd (%0) 2SD n  8M*Cd (%o) 2SD n References Cd (ppb)
1 proportion
Atlantic Ocean
North Atlantic .
21D 44-1 A 0 Ridge (NAR) 0.279 0.04 0.04 10 0.07 0.03 10 This study 110
North Atlantic .
ARP 74 7 8 surface B 0 Ridge (NAR) 0.246 -0.01 0.07 11 0.01 0.10 11 This study 151
North Atlantic .
ARP 74913 C C 0 Ridge (NAR) 0.293 0.03 0.01 13 0.06 0.02 13 This study 148
North Atlantic .
CH31 DR12 137 D 0 Ridge (NAR) 0.26 0.04 0.06 7 0.09 0.09 7 This study 101
North Atlantic .
CH30 DR17-03 E 0 Ridge (NAR) 0.281 0.08 0.03 8 0.13 0.10 8 This study 91
ERW 9309 2D-1 F 0 South Alantic 0372 0.01 0.06 3 0.01 0.05 3 This stud 117
& Ridge (SAR) : : : : : Y
Carbonaceous
DSDP 51A-417A G 109 Atlantic Sample 0.357 0.34 0.01 8 0.42 0.04 9 This study 386
(CAS)
Carbonaceous
DSDP 52-417D H 109 Atlantic Sample 0.246 0.03 0.08 10 0.09 0.08 10 This study 138
(CAS)
DSDP LEG 49 409 I 23 Reykjanes Ridge 0.21 0.02 0.09 9 0.05 0.12 9 This study 133
Mean "ﬁg‘;{g Ocean \ iohted 003 005 8  0.06 0.07 8 This study
POS 221 604 DS-1G S Kolbeinsey 0.12 0.09 2 Pickard et al. (2022) 152
Ridge
M41/2 130 DS-3 Southern Mid 0.02 0.04 2 Pickard etal. (2022) 71

M41/2 142 DS-2
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Table 4 (continued)

Corresponding Spike
Sample letter on Figure  age (Ma) Location prolfo rtion 8113Cd (%0) 2SD n  8M*Cd (%o) 2SD n References Cd (ppb)
1
A127 DR15 Azores Plateau 0.12 0.04 1 Pickard et al. (2022) 118
. This study and
Mean ‘?dﬂf)‘gg Ocean . cighted 0.06 0.08 12 Pickard et al.
(2022)
Indian Ocean
South West Indian .
MD34 D1 J 0 Ridgo (SWIR) 0.344 0.06 0.04 11 0.10 0.04 11 This study 133
MD57 D6-7 K 0 Central Indian 0.231 0.09 001 7 0.11 0.04 7 This stud 94
Ridge (CIR) : : : : : Y
Mean 11\'4“’0';‘1‘30““ weighted 007 004 2 0.0 0.02 2 This study
MD57 D10-1 Indian Ocean 0.24 0.05 1  Pickard et al. (2022) 132
. This study and
Mean Il\'qldo';‘l‘socea“ weighted 0.14 0.13 3 Pickard etal.
(2022)
Pacific Ocean
CYP 78 12-34 L 0 Eas“fg;‘g Rise 0268 0.01 0.10 11 0.04 0.08 11 This study 130
Sea Rise 1 DRO4 301 M 0 Eas“fg;‘g' Rise o7 002 007 11 004 0.08 1 This study 139
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Table 4 (continued)

Corresponding Spike
Sample letter on Figure  age (Ma) Location prolfo rtion 8113Cd (%0) 2SD n  8M*Cd (%o) 2SD n References Cd (ppb)
1
Sea Rise 2 DRO3 N 0 East-PacificRise - 59 0.04 003 8 0.06 0.07 8 This study 121
(EPR)
Mean 1;;‘83;0““ weighted 002 003 3 005 0.02 3 This study
MW 87/2 87-6 East Pacific Rise 0.12 0.07 2 Pickard et al. (2022) 160
SO157 54 DS-1 P "“ﬁi{ﬁ‘g“‘““c 0.08 0.05 3 Pickardetal. (2022) 152
SO157 63 DS-1 P "“ﬁi{ﬁ‘g“‘““c 0.07 0.05 4 Pickard etal. (2022) 302
SO80 37 DS-1 Pukao Seamount 0.06 0.04 2 Pickard et al. (2022) 133
SO80 43 DS-1 Pukao Seamount 0.00 0.05 2 Pickard et al. (2022) 132
. This study and
Mean 1;;‘83;30“3“ weighted 0.06 0.08 8  Pickard etal.
(2022)
This study and
Mean MORB weighted 0.07 0.10 23 Pickard et al.
(2022)
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Table 5: Description and isotope compositions of komatiites

Loss on

Sample Description Locality Region age (Ma) 2SD  ignition Spike  g11304 (%) 2SD n 8'*Cd(%0) 2SD References Cd (ppb) References
(LOI) (Wt.%) proportlon

BC 02 Px spinifex  Boston Creek Abggftl %rzgf;z:’ne 2720 2 3.0 0.23 0.16 009 3 0.26 0.08 This study 87 This study
BC 03 Px spinifex  Boston Creek Abggl”tl %rzz;z:’ne 2720 2 1.6 0.23 0.12 0.09 4 0.18 0.08 This study 89 This study
Kost 9497 Ol spinifex ~ Kostomuksha Baltic shield 2843 39 52 0.26 0.07 0.07 5 0.12 0.03 This study 74 This study
Kost 94123 Ol spinifex =~ Kostomuksha Baltic shield 2843 39 6.1 0.36 -0.04 0.06 6 -0.04 0.05 This study 68 This study
PH 27 Ol spinifex ~ Pyke Hill Abggl”tl %rzgf;z:’ne 2713 29 6.7 0.33 0.14 0.06 8 0.20 0.05 This study 44 This study
PH 28 Ol spinifex  Pyke Hill Abggftl %rzgf;z:’ne 2713 29 6.1 0.31 0.01 009 9 0.08 0.08 This study 60 This study
SCH1.I  Olspinifex Schapenburg Babﬂf“soélmgﬁz‘;;?;e 3549 99 42 0.30 0.14 0.09 10 0.23 0.08 This study 66 This study
SCH1.5  Olspinifex Schapenburg Babgfrgoélmg}f‘iz‘;;?;e 3549 99 2.8 0.26 0.00 003 11 0.02 0.04 This study 92 This study
SCH1.9 Ol cumulate Schapenburg Babﬂf“soélmgﬁz‘;;?;e 3549 99 7.1 0.48 0.07 008 12 0.08 0.05 This study 34 This study
Welt 12-2 Ol spinifex Weltevereden Babﬁfrgofmg}f‘iz‘;;?;e 3266 8 8.1 0.26 0.14 008 15 0.19 0.9 This study 77 This study
Welt 564-4 Ol spinifex  Weltevereden  Daroerion greenstone 3, ¢ 8 7.9 0.22 0.11 0.08 16 0.14 0.05 This study 50 This study
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Table 5 (continued)

Loss on

Sample  Description  Locality Region age (Ma) 2SD ignition Spike — g11304 (%) 2SD n  &'*Cd (%) 2SD n References Cd(ppb) References
(LOT) (wt.%) proportion
Welt 564-5 Ol spinifex Weltevereden Babﬁfﬁs"sutgﬁf?;tc";e 3266 8 8.4 0.50 0.05 008 17 0.10 0.08 2  This study 27 This study
MT20 Ol spinifex Munro Abitibi greenstone 2714 2 7.9 -0.33 004 3 47
Township belt. Canada
M657 Ol spinifex  Alexo Mine Abll;{lfl %f?cf“jf"llc 2690 15 6 0.12 0.03 2 48
clt. Canada Pickard et Pickard et
itibi ereens al. (2022) al. (2022)
KAL-1  Olspinifex  Alexo Mine ~ “:Pitibi greenstone 2690 15 7.3 0.12 0.1 1
belt. Canada
ZA-1 Ol spinifex ~ Belingwe ~ Delngwegreenstone 44 13 3.37 0.03 0.05 2 77
= belt. Zimbabwe
L .
k(l: 3:?1'1‘; , weighted LOI < 6 wt. % 0.14 0.18 5 This study and Pickard et al. (2022)

Sample descriptions, locations, ages and LOI values are from existing literature (Byerly et al., 2017; Chauvel et al., 1993; Connolly et al., 2011; Corfu and Noble, 1992; Dupré et al., 1984,

Lahaye and Arndt, 1996, Nisbet et al., 1987; Puchtel et al., 2018, 2016, 2013, 2009, 2004, 1998; Puchtel and Humayun, 2005, Rehkdmper et al., 1999). Additional samples (in grey) from Munro
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5. Discussion

5.1.Standard samples — validation of the method

Two standard solutions, ChemLab Cd solution and AAS, were used in this study. AAS had
previously been analyzed to have a §'**Cd of -0.69 = 0.04 %o (Liu et al., 2020), which is
consistent with the value of -0.67 = 0.04 %o obtained in this study (see Table 3). Since AAS is
a pure Cd solution, it was only spiked, diluted and analyzed, without being processed through
the Cd purification protocol. Therefore, this result can only be used to ensure the correct
calibration and the efficiency of the double spike system and that no problem occurs during
analysis. With this agreement between our data and literature, we concluded that our '°°Cd-
1Cd double spike system was calibrated satisfactorily and that the analysis protocol produced
correct results.

Several studies have reported Cd concentration data for the standard samples analyzed here
(Braukmiiller et al., 2020; Chang et al., 2023; Cloquet et al., 2005; Du and Hu, 2015; Horner
etal., 2010; Lietal., 2018; Liu et al., 2020; Lu et al., 2021; Pallavicini et al., 2014; Pickard et
al.,2022; Tan et al., 2020; Wang et al., 2015; Xu et al., 2015). Our measured Cd concentrations
are consistent with these values, except for NIST 2711 for which we have a 10 % deficit
compared to the published value (Pallavicini et al., 2014). For some samples (BIR-1a and
COQ-1), the uncertainties (2SD) on our Cd concentrations are respectively 25 and 35 %. Some
of these samples where spiked following digestion, and it is possible that some Cd was lost by
evaporation prior to spiking. However, even if this is the case, the similarity of the isotope
compositions of the samples spiked before or after digestion show that this process would not
have significantly affected its isotopic composition. Alternatively, these differences in
concentration could also represent heterogenous distribution of Cd between different lots of

the reference standards.
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Most of our samples have a §'*Cd that overlaps with at least one of the previously reported
values (Borovicka et al., 2021; Chang et al., 2023; Cloquet et al., 2005; Horner et al., 2010; Li
et al., 2018; Liu et al., 2020; Lu et al., 2021; Murphy et al., 2016; Pallavicini et al., 2014;
Pickard et al., 2022; Tan et al., 2020; Wombacher et al., 2003), although they are generally on
the heavier side of the previous estimates (see Figure 3). For three samples, COQ-1, ERM BB
186 and GSP-2, our §''*Cd is about 0.1 %o higher (Borovicka et al., 2021; Liu et al., 2020;
Pallavicini et al., 2014). It should be noted that there was only one previous measurement for
COQ-1 and GSP-2 and two for ERM BB 186.

Given that the spiked AAS solution was analyzed at the same time as these samples and
returned a similar §''*Cd value to that obtained at USTC (Liu et al., 2020), it can be concluded
that the DS calibration, the mass-spectrometry and the deconvolution step are not the source of
potential shifts. We also tested whether Cd isotopes could have been fractionated prior to
adding the double spike, i.e., at the sample dissolution stage. However, replicates of BIR-1a
and COQ-1 that were double-spiked before or after digestion returned similar §!'*Cd values
(see Table 3). This implies that no isotopic fractionation occurs at the digestion stage, as was
previously also suggested (Vlastelic and Piro, 2022). Finally, as demonstrated above, we have
tested that all reported data have §''*Cd and §''3Cd values that follow mass-dependency,
refuting the presence of noticeable isobaric interferences. Moreover, all the MORB samples
(except for the anomalous DSDP 51A-417A, which is discussed later) have isotope
compositions that are consistent with that from the literature ([0.01 + 0.05;0.13 + 0.10 %o]
in this work, versus [0.00 + 0.05; 0.24 + 0.05 %o] in Pickard et al. (2022)). These MORB
samples, as well as the AAS solution, were analyzed along with the geo- and biostandards.
Standard samples can potentially be affected by contamination due to their large-scale
production, as previously demonstrated based on isotopically heterogeneous Mo between

different batches (Willbold et al., 2016; Willbold and Elliott, 2017). 1t is, therefore, possible
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that some of the Cd isotopic variability observed here is due to contamination during
processing; however, it has not been demonstrated that Cd was present in the grinding
equipment used for the production of such samples. In any case, we consider that our results

are representative of the isotope compositions of the samples.
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Figure 3: Isotope compositions of geological and biological standard reference materials, compared with the literature data.
Red circles correspond to the weighted values obtained in this study; the corresponding error bars represent weighted 2SD.
Our results generally overlap with at least some estimations from the literature. However, in many cases it is at the isotopically
heavier end of the previously proposed values. Since AAS pure Cd solution does not present such characteristic, we can assess
that it does not reflect instrumental bias. All these samples have isotope compositions that fall on the 4/3 sloped mass
dependency line in a §'"*Cd vs. §'3Cd space, indicating that no interference is at play here. Such shift could result from
geostandard contamination during processing. Sources of the data: (Borovicka et al., 2021; Chang et al., 2023; Cloquet et
al., 2005; Horner et al., 2010; Li et al., 2018; Liu et al., 2020, Lu et al., 2021; Murphy et al., 2016, Pallavicini et al., 2014,

Pickard et al., 2022; Tan et al., 2020, Wombacher et al., 2003))

5.2.The mid-oceanic ridge basalts

The Cd concentration of MORB are homogeneous across the literature, regardless of their
locality of origin, giving a mean Cd concentration of 119 + 45 ppb (2SD, n = 31) (Yi et al,,
2000), 129 £ 53 ppb (2SD, n = 9) (Pickard et al., 2022) or 124 £ 39 ppb (2SD, n = 13) (this
work). This homogeneity indicates that Cd volatilization, which has been shown to be
significant for sub-aerial basalts (Yi et al., 2000), is probably negligible for submarine MORB.

The Cd isotopic compositions of MORB also exhibit remarkable homogeneity both within
and between the ridges (Figure 4). Our data show excellent agreement with those from the
literature (Pickard et al., 2022). However, one outlier that stands out is sample DSDP 51A
417A. This outlier is one of the two Cretaceous basalts sampled from the Caribbean Sea, it has
higher Cd concentration and is isotopically lighter than any other MORB. Previous studies
(Emmermann and Puchelt, 1980; She et al., 2023) have described it as being more altered than
DSDP 52 417D and also representing a unique Sn isotope composition among MORB.
Exposure to seawater may have led to the enrichment of light Cd isotopes by Cd adsorption
(Peng et al., 2023; Wasylenki et al., 2014), precipitation of calcite containing isotopically light
(2023), crystallization of isotopically light CdS sulfides (Guinoiseau et al., 2018; Xie et al.,

2019) or by another, still unrecognized, mechanism. Each mechanism would contribute to the
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observed light Cd isotope composition by adding isotopically light Cd to the sample. Given
this probable input, we consider DSDP 51A 417A to be non-representative of MORB and have

excluded it from further discussion.
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Figure 4: Isotope composition of MORB, arranged by locality. The localities include NAR: North Atlantic ridge, SAR: South
Atlantic ridge, CAS: Cretaceous Atlantic sample, SWIR: South West Indian ridge, CIR: central Indian ridge, EPR: East Pacific
rise. The error bars represent 2 weighted standard deviations. The mean isotope composition for each ocean is calculated
using both our data and the literature data, with the exception of the isotopically fractionated CAS data point, which is
discarded. Isotope compositions of the MORB samples are remarkably similar regardless of the ridge they originated from.
This observation led us to propose that the depleted MORB mantle is isotopically homogeneous for Cd. Additional details are
provided in Table 4.

To compare the Cd isotopic compositions of MORB between different ridge systems, mean

values were calculated for each system. This was done first with our own data, literature data

our data (0.06 = 0.07 %o, 2SD, n = 8), is similar to the literature weighted mean composition of
0.08 = 0.10 %o (2SD, n = 4) and to the combined value of 0.06 + 0.08 %o (2SD, n = 12).

Similarly, for the Pacific Ocean, our data (0.05 + 0.02 %o, 2SD, n = 3) are in good agreement
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with the literature data (0.06 = 0.08 %o, 2SD, n=5), resulting in a total weighted mean Cd
isotope composition of 0.06 £ 0.08 %o (2SD, n = 8).

For the Indian Ocean, the isotope compositions of the three samples are more variable than
in the other oceans. Thus, the weighted mean isotope composition of MORB from the Indian
Ocean was calculated to be 0.10 £ 0.02 %o (2SD, n = 2) for our samples and 0.14 + 0.13 %o
(2SD, n = 3) when the MORB data from the literature are included. The weighted mean Cd
isotope composition of each of the three oceanic systems significantly overlaps, with a mean
MORB Cd isotope composition of 0.07 = 0.10 %o (2SD, n = 23).

The Cd isotopic compositions of the MORB samples are remarkably consistent regardless
of ages and locations. This suggests that, although processes such as variable degrees of partial
melting, fractionated crystallization or volatilization may have affected the final Cd abundance
of the different MORB samples, they did not generate significant Cd isotope variations within
the currently achievable precision.

5.3.0cean island basalts

Unlike MORB, OIB samples from the literature (Pickard et al., 2022; Schmitt et al., 2009a;
Yi et al., 2000) are characterized by very diverse Cd concentrations, ranging from 43 to 324
ppb, and diverse isotope compositions, ranging from -0.10 £ 0.05 %o to 0.50 £ 0.05 %o (see
Figure 5). These variations could reflect chemical heterogeneities in their mantle sources
(caused by input of subducted material or primordial mantle heterogeneities), and/or igneous
processes, such as variations in the degree of melting, volatilization, and fractional
crystallization.

The Cd depletion, reported specifically for sub-aerial lavas (Pickard et al., 2022; Schmitt
et al., 2009a; Yi et al., 2000), seems to confirm that significant Cd volatilization can occur for

lavas erupted sub-aerially. This volatilization could produce significant isotope fractionation
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even with relatively small Cd loss (Wombacher et al., 2004), with the residue drifting toward

Cd-depleted and isotopically heavy compositions.
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Figure 5: OIB compositions from five localities. No obvious correlation is visible that could indicate the main fractionating

process. Isotope compositions could result from a mix of volatilization, light Cd isotopes input and alteration. It is also possible

Secondary processes, such as seawater alteration, could also alter the OIB isotope
compositions. Studies have shown that alteration is a Cd-depleting process and that residues
drift toward light isotope compositions (Zhang et al., 2016; Zhu et al., 2018). Thus, it could
explain the depleted and light compositions observed for some OIBs from Hawaii and Iceland.
Given that specific compositions could also be inherited from mantle source or by addition of
subducted material, the interpretation of the OIB data is more complex than those for MORBs
or komatiites.

5.4.Cadmium in komatiites: alteration and the Archean mantle signature

In contrast to the consistent isotopic compositions of the MORB samples, the isotopic
compositions of komatiites are variable. One of the main differences that may explain such

variability is their degree of alteration. Other processes that could produce such variable isotope

40



compositions would be Cd volatilization before cooling of the lava or other secondary
processes, such as metamorphism or metasomatism.

Isotope fractionation through Cd volatilization is expected to produce a correlation
between the Cd concentration and the isotope composition of the sample. Specifically, we
expect Cd-rich samples to be isotopically lighter than the most depleted ones, which is not
observed. To the contrary, the most Cd-rich samples are also among the isotopically heaviest.
Thus, volatilization does not seem to explain the variability of komatiites Cd compositions.
Similarly, metamorphism or metasomatism cannot be the cause for such variability, as we
would expect processes like these to produce significant isotope variations between samples
from different localities, which is not the case, as similar heavy isotope compositions are found
in the samples from every locality.

Alteration has most probably affected the komatiites significantly. Samples located near
the top of the lava flows have been exposed to seawater upon and after emplacement; this
process may have affected the highly mobile Cd. Specifically, hydrothermal fluids may have
preferentially leached out the heavy Cd isotopes, leading to lighter isotopic composition in the
remaining residue (Zhang et al., 2016; Zhu et al., 2018).

We consider the loss on ignition (LOI) (Sueoka et al., 1985), which represents the amount
of volatile species (primarily water and CO») in the sample, as an indicator of the degree of
alteration. CO; constitutes only a small percentage of the LOI when it is under ~12 % (Cortiade
et al., 2022; Tamblyn et al., 2023); thus LOI is considered a useful measure of hydration, for
igneous rocks, particularly basalts (Arel and Tugrul, 2001; Irfan, 1999; Tugrul and Gurpinar,
1997). It has also been used as a proxy for the serpentinization rate (Cortiade et al., 2022;
Mayhew and Ellison, 2020; Tamblyn et al., 2023; Zhou et al., 2022). The studied komatiites
underwent different degrees of serpentinization, which is reflected in the LOI values ranging

from 1.6 to 8.4 wt. %.
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There is a correlation between LOI and Cd concentrations, with a clear linear negative
trend observed across all samples from our dataset and the literature, except for one noticeable
outlier (Welt 12-2) (see Figure 6 (a)). This trend is consistent with our understanding of Cd
mobility in hydrothermal fluids, where leaching can result in Cd loss. It also shows that
alteration is the main process affecting Cd concentrations in komatiites.

The outlier, Welt 12-2, has a Cd content that is approximatively double that of other
samples with similar LOI values. One explanation for this anomaly would be that its LOI value
is artificially higher due to significant CO> amounts that were fixed in the sample by calcite
precipitation. This would typically result in a higher CaO content, which is not observed
(Puchtel et al., 2013). This suggests that the LOI value reflects hydration rather than
carbonation, and that the outlier is due to anomalously high Cd content. It is possible that the
sample was enriched in Cd after lava emplacement, via the previously discussed mechanisms

(Guinoiseau et al., 2018; Wasylenki et al., 2014; Xie et al., 2019).
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Figure 6: Cadmium contents (a) and isotope compositions (b) of the komatiites plotted as a function of the Loss on Ignition
(LOI). Panel (c) represents Cd isotope compositions of komatiites plotted as a function of their Cd content. Green circles and
squares correspond to samples from the Abitibi Greenstone Belt (AGB), Canada, blue ones correspond to samples from the
Barberton Greenstone Belt (BGB), South Africa, orange circles refer to samples from the Baltic Shield and yellow circle to
sample from the Belingwe Greenstone Belt, Zimbabwe. Shapes with black rims refer to data from the literature (Pickard et
al., 2022). (a) The Cd content follows a negative linear correlation with LOI, regardless of locality or age, except for one
sample from Weltevreden and one from Schapenburg which are significantly enriched in Cd compared to other samples with
similar LOL (b) Although the non-anomalous komatiites are distributed along the LOI axis, their isotope compositions are
very similar and often overlap, indicating that komatiite isotope compositions are quite resilient to alteration. The blue band

embodies the mean isotope composition of the pristine komatiites (LOI < 6 wt. %).

The observed Cd depletion could result in significant isotope fractionation in the remaining
komatiites, as heavy Cd isotopes loss can occur during alteration (Zhang et al., 2016; Zhu et
al., 2018). Figure 6 (b) and (c), respectively, display isotope compositions of komatiites plotted
as a function of their LOI and their Cd content. Although the heaviest compositions are similar
regardless of LOI, there seems to be a trend toward lighter isotope enrichment when LOI is
high and Cd content low, suggesting isotope fractionation during alteration.

In order to determine a reference isotope composition for pristine komatiites, we need to
focus our analysis on the least altered samples. We will thereafter only consider samples below
an arbitrary LOI threshold of 6 wt.%. Such value allows us to select only the least altered
samples while having at least one komatiite from every geological region in our dataset. The
isotope compositions of these samples are generally heavy, with two isotopically lighter
outliers: SCH 1.5 and ZA-1. The previously mentioned outlier samples Welt 12-2 and SCH 1.5
present similarities, as both samples are enriched in Cd and are isotopically lighter than samples
from the same location. This is contrary to what is expected from the general trend, in which
Cd-rich samples are isotopically heavy. We propose that these samples have experienced a
significant input of light isotopes of Cd from an unknown source. Furthermore, since their Cd

contents and isotope compositions do not seem to be linked to the LOI (the Schapenburg
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sample having low LOI when the Weltevreden one has high LOI), we assess that the enriching
process is not coupled with hydration. Thus, SCH 1.5 is regarded as unrepresentative and not
taken into account for determination of a pristine komatiites Cd isotope composition. We
obtained a weighted mean isotope composition for pristine komatiites of §''*Cdpristine komatiites =
0.14 + 0.18 %o (2SD, n = 5). This value is undistinguishable from the mean Cd isotope
composition of MORB.

The ages of analyzed komatiite range from 3549 + 99 Ma for Schapenburg (Puchtel et al.,
2009) to 2690 + 15 (Dupré et al., 1984) and 2690 + 13 Ma (Chauvel et al., 1993) for Alexo and
Belingwe, respectively (see Figure 7). Despite this large spread in age, pristine komatiite
samples from different locations show identical isotope compositions. This suggests that the
isotope composition of the Archean deep mantle likely remained largely constant 0.14 = 0.18
%0 (2SD, n = 5), and that this homogenization process occurred before the formation of the
Schapenburg komatiites, at least 3549 + 99 Ma ago. This conclusion, however, does not negate

the potential existence of local Cd isotope heterogeneities.
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Figure 7: Cadmium isotope compositions of komatiites plotted against their individual ages. Green symbols represent samples
from the Abitibi Greenstone Belt (AGB), Canada, blue ones correspond to samples from the Barberton Greenstone Belt (BGB),

South Africa, orange circles refer to samples from the Baltic Shield and yellow circle to one sample from the Belingwe
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Greenstone Belt, Zimbabwe. Markers with black rims represent data from the literature (Pickard et al., 2022). Despite being
separated in time by almost one billion years, the isotope compositions of the BGB and AGB are similar. This suggests that
the Cd isotope composition was homogeneous in the Archean mantle and that this homogeneity was established at least 3.5

billion years ago.

5.5.Comparison between the literature estimations

A previous study (Pickard et al., 2022) estimated that pristine komatiites are isotopically
(2022) are isotopically lighter than MORB and OIB but closer to some komatiitic
compositions. The authors proposed a BSE isotope composition of -0.06 £ 0.03 %o (2SD, n =
4), based on the data for spinel lherzolites. Additionally, these conclusions suggest that magmas
produced by the lower degrees of partial melting (e.g., OIB) are isotopically heavier than their
mantle sources. This peridotite-based estimation is in agreement with the only other proposed
BSE isotope composition for Cd, of -0.04 + 0.02 %0 (2SD, n = 7), which is based on analysis
of loesses, MORB and OIB (Schmitt et al., 2009a).

Although the obtained BSE compositions are similar, comparison between the data sets

does generate problems. Indeed, even if individual data points from both studies do overlap

(via peridotites or via igneous rocks) actually diverge.
Peridotite-based Cd isotope compositions for the BSE should be the most robust, as

peridotites represent direct sampling from the mantle. However, peridotite xenoliths have been
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affected by partial melting and secondary processes that could have caused significant isotope

fractionation (Zhang et al., 2016; Zhu et al., 2018).
5.6.The effects of partial melting

We concluded that komatiites and MORB share similar Cd isotope compositions,
indicating that the isotope fractionation of Cd occurring during partial melting is negligible for
MORB and for samples formed by higher degrees of partial melting (komatiites). Thus, the
compositions of these samples should reflect that of their mantle sources. On the other hand,
OIB compositions are too scattered and potentially too affected by isotopic fractionation
processes (partial melting, Cd volatilization and/or secondary processes) to propose a reliable
isotope composition for their mantle source. Therefore, we propose that:

51*Cd pmm = §""*Cd mors = 0.07 £ 0.10 %o (2SD, n = 23)
SM*Cd Archean mantle = 8'*Cd pristine komatiites = 0.14 + 0.18 %o (2SD, n = 5)

These isotope compositions are much heavier than what was proposed for spinel lherzolites
(-0.06 = 0.03 %o, 2SD, n = 4) (Pickard et al., 2022). This would be consistent with a significant
loss of heavy Cd isotopes in these peridotites, possibly by alteration processes. In the absence
of pristine peridotites or undegassed OIB isotope compositions, we cannot characterize the
isotope fractionation occurring during low degrees of partial melting. Determination of Cd
isotope compositions for submarine OIB that did not experience significant Cd loss by

volatilization might be the way to resolve this problem.
5.7.Determination of the Cd isotope composition of the Earth’s mantle
The Cd isotope composition of the mantle can be represented by a combination of isotope
compositions of MORB and komatiites. However, since our sample set is dominated by
MORB, calculating a mean value for all 28 samples would artificially skew the mantle isotope

composition towards MORB value. To address this, we have chosen to consider the mantle
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isotope composition as equally accounted for by the DMM and the Archean mantle, giving the

following formula:

6114 6114 rchean mantie
§ M Cd e = M0 Coareh e — 0,11 + 0.10 %o (2SD, n = 28)

The fact that the isotope compositions of the DMM and Archean mantle, determined
independently, are similar provides strong support for the conclusion that the mantle is
significantly isotopically heavier than was proposed in the previous studies (Pickard et al.,

2022; Schmitt et al., 2009a), as shown on Figure 8.

04
This study
0.2 1
Qo [ @ Schmitt et al.
& (2009)
=
*"U Pickard et al.
= ‘ (2022)
w
0 A
L { T
L
-0.2 T T
MORB komatiites BSE estimates

Samples

Figure 8: Comparison of the proposed Cd isotope composition of the mantle with the literature values and isotope
compositions of different rock types. The green field represents the preferred proposed isotope composition for the mantle
(based on the data for MORB and komatiites). There is no overlap with the previous isotope compositions proposed for the

mantle (Pickard et al., 2022; Schmitt et al., 2009a).
5.8.From the mantle to the Bulk Earth
To assess the influence of the mantle on the Cd isotope composition of the Bulk Earth
(BE), we need to estimate the distribution of Cd in the different reservoirs. The mass of the BE,
including those of the mantle, core, and crust, are respectively estimated to be 5.9736x10**Kg,
4.043x10** Kg, 1.932x10** Kg and 2.6x10?> Kg (Yoder, 1995). Thus, the BSE represents 68
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wt.% of the BE. It is estimated that the continental crust constitutes 0.57 wt.% of the mantle
mass (Rudnick, 1995), which amounts to 2.30x10?2 Kg. This estimate leaves 2.95x10%! Kg for
the oceanic crust.

Cadmium concentration of the BE has been determined to be 80 = 20.8 ppb (Wang et al.,
2018). The same study proposed that the core has a Cd concentration of 167 £+ 63 ppb, while
the BSE has a Cd concentration of 38.3 5.6 ppb. The continental crust has a Cd concentration
of 80 ppb (Rudnick and Gao, 2014). Here we propose a mean Cd concentration of 126 + 45
ppb for the oceanic crust, based on the data for MORB glasses. Based on these data, the BE
contains 4.78x10' Kg of Cd, with 1.56x10'7 Kg Cd in the BSE and 3.23x10!” Kg Cd in the
core (67.5 wt.% of the total Cd content), consistent with Cd being both chalcophile and
siderophile. As was seen previously, the rest of the Cd budget is dominated by the mantle.

The core’s high Cd concentration makes it the most important reservoir to consider when
studying the BE composition. Any isotopic variation between the core and the mantle would
have a significant impact on the overall BE isotopic composition. Recent work suggests that
Cd is unlikely to undergo any significant isotope fractionation during the formation of the
Earth’s core (Pickard et al., 2023). Therefore, the core and mantle should have similar Cd
isotopic composition, leading to the following BE isotope composition:

S Cdgy = 6 *Cdggr = 0.11 + 0.10 %o (2SD, n = 28)

6. Conclusions

This study determined the Cd isotope compositions of a large set of terrestrial rocks to
provide a new estimate of 8''*Cdgse. The Cd isotope compositions of 9 available rocky and
biological standards were characterized using a '°Cd-'"'Cd double spike method, and the new
data showed general agreement with the previous results. The isotope composition of the

MORB samples indicated a remarkable isotopic homogeneity within an individual ridge, as
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well as a great similarity between different ridges, with a proposed mean ''*Cdmors of 0.07 +
0.10 %o (2SD, n = 23). The mean isotope composition for pristine komatiites shows a value of
0.14 £0.18 %0 (2SD, n = 5), and indicates that the Archean mantle has had a homogeneous Cd
isotope composition since at least 3549 + 99 Ma ago. By coupling these results, the study
defined a new value for 3'"*Cdgsg of 0.11 £ 0.10 %o (2SD, n = 28) that can also be used to

approximate the bulk Earth Cd isotope composition.
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