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1. Supplementary Figures
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Figure S1: Schematic diagram of the ion exchange chromatography procedure implemented prior to

MC-ICP-MS analyses. Dotted line separates two independent chemical separation schemes.
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Figure $2: Long-term repeatability of volatile element concentration measurements based on
replicate analyses of RM. (a) Carbon; (b) Hydrogen; (c) Sulfur. Shaded fields represent average value
(line) + 2 standard deviations of population, except in (b) where it has been fixed at + 0.05 % to be
visible. Majority of analyses were undertaken using EA, except grey symbols in (c) which are from XRF
measurements. Only RM that had measurable S contents in each duplicate are shown. Orange
squares represent previously published values: [1] Kubota (2009); [2] Govindaraju (1994); [3] Imai et
al. (1996); [4] average from GeoReM (Jochum et al., 2005). Note: some RM display significant intra

aliquot heterogeneity.
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Figure $3: Long-term repeatability of oxygen isotope measurements via IRMS in this study (a)
Primary reference material NBS-28; (b) in-house basalt standard OREAS 24P. Uncertainty bars are
measured 2 standard deviation values, with shaded fields representing average value (line) + 2
standard deviations. Orange squares represent published %0 values 1) 9.58 + 0.20 %o (Reed, 1992);
2) 9.57 + 0.36 %o (Baker et al., 2000); 2) 9.67 + 0.22 %o (Hou et al., 2003).

4 McCoy-West et al.



Supplementary Information for:

Advances in Geochemistry and Cosmochemistry 1(2): 986, https://doi.org/10.33063/agc.v1i2.986

o S HPS(Fe) |
<> Mau —-0.307 £0.046%o (n = 51)
. 025} *+

L ol f s ++?+ % : ++
~0.40 @ 7
- [ Fe-Wire ]
o 0.30} 0.241 #0.037%0 (n = 13) i
LL [ -
% 025F L | | + * + H ]
© 0.20 - T + + ¢ _
0.15 () il

Figure $4: Long-term instrument performance during MC-ICP-MS analyses over a 7-month period.

Analyses were conducted at both JCU (circles) and MQU (diamonds). (a) Fe isotope composition of

HPS Fe solution; (b) Fe isotope composition of Fe-Wire solution. Uncertainty bars are measured 2

standard error values, shaded fields represent average value (line) + 2 standard deviations. Orange

squares represent published values: 1) 5°°Fe = +0.23 + 0.04 %o (Gerrits et al., 2019).
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Figure $5: Plot showing the mass dependent covariation between 656Fe and 657Fe of international
rock standards measured in this study. Uncertainty bars represent 2 SD. The red dashed line
represents the theoretical equilibrium mass-dependent fractionation line (EMFL; where the slope =
1.5014 is related to the relative atomic mass difference between the two isotope pairs (i.e. 5’Fe =
6°6Fe x 1.5014)). The shaded field represents the long-term repeatability of 5°°Fe of + 0.05 %o.. All

analyses exhibit mass dependence.
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Figure S6: Long-term instrument performance during MC-ICP-MS analyses over a 7-month period.
Analyses were conducted at both JCU (circles) and MQU (diamonds). (a) Sr isotope composition of
HPS Sr solution; (b) Nd isotope composition of Mona Nd solution. Uncertainty bars are measured 2
standard error values, shaded fields represent average value (line) + 2 standard deviations. Orange
squares represent published values: 1) *3*Nd/***Nd = 0.511559 + 11 (McCoy-West et al., 2020); 2)
MNd/Nd = 0.511553 + 22 (Kaufmann & McCoy-West, 2025)
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2. Trace element data considerations

2.1 Anomalies in trace element data set

The analyses of sedimentary RM herein generally agree within £10% for the majority of elements to
previously published values (Bau & Alexander, 2009; Chauvel et al., 2011; Dulski, 2001; Fiket et al.,
2017; Govindaraju, 1994; Imai et al., 1996; Kumakura et al., 2004; Outridge et al., 2017; Révillon &
Hureau-Mazaudier, 2009; Roje, 2019; Sampaio & Enzweiler, 2015; Shaheen & Fryer, 2011; Waheed et

al., 2007), although, some rare exceptions do exist. For example:

1) Zn concentrations for the majority of sedimentary RM (e.g. JSd-2, JSd-3, FeR-4, MESS-3) are
consistently and often significantly lower (15-50 %) than those obtained in previous determinations,
we attribute this to stringent contaminant reduction herein, including positive pressure HEPA-filtered
chambers and the exclusive use of rinsed vinyl gloves which have the lowest inherit contamination

from Zn (Gargon et al., 2017);

2) For JSd-2, nearly all REE concentrations are consistent with literature values within 5 % (Chauvel
et al., 2011; Dulski, 2001), with the exception of the elevated Eu consistently measured for JSd-2 (n =
5). Given that Eu concentrations for both BHVO-2 and FeR-4 are in excellent agreement with
literature values (Bau & Alexander, 2009; Dulski, 2001; Jochum et al., 2016), this anomalous value is
not considered an analytical artefact. It is possible it could result from contamination of this split of
JSd-2 at JCU (which is >15 years old), however this is considered unlikely as it has not noticeably
affected any of the other trace elements or REE, and as such this could indicate natural variability

between commercially available batches of JSd-2 (see further evidence with respect to isotopes);

3) Concentrations for the high field strength elements (HFSE; Zr, Hf) in the JGS composite stream
sediments (JSd-2, JSd-3) are significantly underestimated (ca. 50% relative), this discrepancy suggests
the incomplete digestion of zircon grains due to the conventional hotplate digestions undertaken
herein. This approach was used to accommodate the large sample masses (c. 100 mg) digested to
minimize intra-aliquot heterogeneity. In hindsight this incomplete digestion is not surprising given
the JGS RM possess the largest particle size at < 149 um of any RM herein (Terashima et al., 1990).
Notwithstanding the anomalous HFSE data all other elements are considered sufficiently accurate in
the JGS RM (Table DR3), meaning hotplate digestions remain suitable for trace element
characterisation in most instances. Additionally, this dataset reconfirms the necessity for a very fine
rock-powder (ideally < 74 um; 200 mesh) when undertaking hotplate digestion on unknown

materials, especially if they are expected to be enriched with refractory phases, whereas if HFSE
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characterisation is a priority an alternative digestion method should be considered (e.g. Révillon &

Hureau-Mazaudier, 2009; Yu et al., 2001).

Elemental data that is considered of sub-optimal quality are noted in Table DR3 and should be

treated with these caveats in mind during future use.

2.2 Rationale for including BHVO-2 as an unknown

Simultaneously obtaining accurate and precise concentrations for a comprehensive suite of trace
elements is a non-trivial task (Eggins et al., 1997; Roje, 2019). The basalt BHVO-2 is at present (and
to the best of our knowledge) the most extensively-characterized RM for trace elements in existence
(e.g. GeoReM; Jochum et al., 2005). Given all the sedimentary RM measured here are either missing
data for some elements (see Table DR3) or suffer from heterogeneity or rare digestion issues (see
above) it is currently unviable to use them to assess the precision and accuracy of all 47 measured
elements. Therefore, here we have also included separate digestions of BHVO-2 that were processed
entirely separately as unknowns throughout the analytical procedure (i.e. independent digestions
from those used for normalisation). These analyses represent the best-case scenario given the

identical matrix match with the calibrating standard.

3. Analytical Methods

3.1 Laboratory environment, reagents, and materials

Unless otherwise specified, all sample preparation (weighing, digestion, chemical separation, and
refluxing and dilutions for analyses) occurred in the IsoTropics Geochemistry Laboratory, James Cook
University, in a temperature and humidity controlled positive-pressure ISO 7 geochemical clean
laboratory, with all chemistry occurring inside ULPA-filtered chemical workstations (ISO 5 or better
conditions). Acids used in this study (unless specified) were double-distilled HNOs or HCl (using
Savillex DST-1000 distillation units derived from Merck Analytical Reagent grade) or obtained at ultra-
high purity (HF, H,0,; Seastar Baseline grade) to ensure the lowest possible blanks. Acid dilutions
were conducted using ultra-high purity water (>18.2Q resistance; hereafter MQ H,0) produced

through a Milli-Q 7015 system equipped with an 1Q Element dispensing unit.

Care was taken to minimise any potential exogenous contamination during the analytical
program. All sample handling during solution-based work was conducted exclusively with vinyl gloves
(which have the lowest inherent contaminants; Garcon et al., 2017; Jaouen et al., 2020) which were
additionally rinsed with MQ H,0 and dried with Verasoft wipes to further remove any manufacturing
residues . After surfactant cleaning using warm MQ H,0 and Decon90, all consumables are rinsed

thrice with MQ H,O0. Plastics (1.5, 2- or 5-mL vials, pipette tips, etc.), are room-temperature leached
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with 2 molL* HNOs for a minimum of 10 days. After leaching, plastic consumables are again rinsed
thrice with MQ H,0, then dried on an enclosed, HEPA-filtered clean bench (Thermo HeraGuard ECO)
and capped and stored for further use. All PFA beakers (7, 15, 22 or 30 mL) for samples digestion and
chemical separations undergo multistage cleaning as follows (all cleaning occurs at 120 °C; times
specified are minima): 1) batch cleaning in 6 molL? analytical grade HNOs overnight to digest any
potential contamination both inside and outside vessels; 2) individual closed vessel cleaning in 16
molL HNO;s for 24 hours; 3) individual closed vessel cleaning in 4 molL* HNO3 + trace HF (to remove
adsorbed high field strength elements) for 48 hours; 4) individual closed vessel cleaning in 6 molL?

HCl for 48-72 hours.

3.2 Major and volatile element analyses

Major element compositions were determined using a PANalytical Axios Advanced XRF at CODES
Analytical Laboratory, University of Tasmania using well established techniques (Robinson, 2003;
Watson, 1996). A 2 g aliquot of dry powdered sample was ignited at 1000 °C in a muffle furnace for
12 hrs (overnight), with each sample weighed before and after ignition, with the mass loss used to
calculate the loss on ignition (LOI) of the sample. Fusion discs (32 mm) were prepared at 1100 °Cin a
rocker furnace in 95% Pt-5% Au crucibles. Glass discs were made by adding 0.6 g of fresh (not
ignited) rock powder, 5.4 g 12:22 flux (Lithium Tetraborate-Metaborate mix), with 0.1 mL of saturated
LiNOs solution (with exact weights recorded). X-Rays were generated using a 4 kW Rh anode with
elemental fluorescence measured using a gas flow proportional detector with P10 gas (10% methane
in argon), a sealed Xe Duplex and scintillation counter. Major element data was calculated by
comparison with a range of well calibrated reference standards. Sulfur can be measured when the
glass discs are made with unignited powder. The S is oxidized in the presence of LiNOs, so remains

fixed in the sample.

Total nitrogen, carbon, hydrogen, and sulfur contents were determined at the Central Science
Laboratory, University of Tasmania, using a Thermo FlashSmart Elemental Analyser. Between 2 and
10 mg of sample were weighed into tin capsules using a Sartorius Cubis Il ultra-microbalance to the
nearest £ 0.1 pg. Combustion of the pressed tin cups was achieved in ultra-high purity oxygen at
1000 2C (flash combustion takes place at about 1300 2C) using tungstic oxide on alumina as an

oxidising agent followed by copper wires as a reducing agent.

3.3 Sample digestion

For each RM, 100 mg was carefully weighed out into acid leached round bottomed 15-30 mL Savillex
PFA beakers for digestion. To break down organic compounds, an initial 2 mL 16 molL* HNOs + 1 mL

9.8 molL? H,0, was added to the samples, which was allowed to degas at room temperature (caps in
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place but not tightened) as required depending on the intensity of the reaction; once degassing had
largely ceased, caps were tightened, and the RM refluxed overnight at 100 °C for at least 12 hours.
This step was only necessary for the organic rich sedimentary standards, however, for consistency
(e.g. procedural blanks; oxidation) it was done to all samples. The solution was then evaporated to
dryness at 95 °C, and the sample refluxed with 2 mL 29 molL*HF + 1 mL 16 molL HNOsz on a
hotplate at 110 °C for at least 48 hours. A further 3 mL 16 molL™ HNOs was added to the reflux (to
limit insoluble fluoride formation), and the sample was then dried down overnight at 85 °C. The
samples were then sequential refluxed in 5 mL of 6 molL™ HCI, and 8 mL 6 molL't HNO3 until
complete dissolution of the sample was achieved. Final sample digests were evaporated and
refluxed in 10 mL of 2 molL™? HNO; for stable storage prior to aliquoting for further work. Final

sample solutions were checked for clarity to ensure no mineral precipitates were present.

3.4 Trace element analyses

Digested samples were diluted 25 times by taking 200 pL of sample and adding 4.8 mL of 2% HNOs to
produce 0.2 mg/mL solutions for analysis. Both sample and calibration solutions were gravimetrically
diluted. Solutions were then analysed using a Thermo Fisher iCAP-TQ triple quadrupole inductively-
coupled plasma mass spectrometer (TQ-ICP-MS) coupled to a Cetac ASX-560 autosampler fitted with
a custom HEPA-filtered enclosure. A 5-point calibration was conducted using calibration solutions
(zero-point blank; 0.5 ng/mL, 2 ng/mL, 10 ng/mL, 25 ng/mL diluted from High Purity Standards 10
mg/L ICP-MS-68A combined Solutions A and B; Lot# 2133408-100). Each analysis was preceded by a
60 s washout time and consisted of 3 replicates of 5 sweeps where each sweep represents 0.1 s of
dwell time on each of the following isotope masses: "Li, °Be, 3'P, *°Sc, *8Ti, >V, >*Cr, >>Mn, *°Co, N,
65CU, GGZn, 7lGa, 73Ge, 75AS, 85Rb, SSSr, 89Y, QOZr' 93Nb, 97M0, 1llcd’ 115|n’ 1185n’ 121sb, 133CS, 13883, 139La,
140cg 141py 143N 1499 153gy 157G, 19T, 163Dy, 165H0, 166Er, 169Tm, 172YD, 75Lu, 178Hf, 181Ta, 182\,
205T|, 208ppy 2098 232Th gnd 238U. The Qtegra software package aids in the selection of the optimum
analytical mode to determine the abundance of each element most accurately by minimising direct
isobaric or polyatomic interferences. Both kinetic energy discrimination (e.g. KED-mode) and isotopic
mass shifts with the addition of oxygen (e.g. TQ-mode) were utilised in this study to avoid
problematic overlapping masses (analytical modes utilised for each element can be found in the data

repository).

Variations in instrumental mass bias due to difference in sample matrix (i.e. leading to signal
suppression) were corrected online using a 5 ng/mL High Purity Standards Ru solution (diluted from
1000 pg/mL solution, Lot# 1305924). To obtain final concentrations, procedural blanks were

subtracted from raw concentrations, which were then gravimetrically corrected using recorded
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dilution masses. To ensure accuracy and correct for residual fluctuations in sensitivity across the
entire mass spectrum that remain following internal normalisation (e.g. Eggins et al., 1997), a
secondary normalisation using a well-characterised primary RM was implemented comparable to
those undertaken previously (e.g. Chauvel et al.,, 2011; McCoy-West et al., 2015; Russo et al., 2024).
Here we utilised the recommended values of the extensively -characterized RM BHVO-2 (Jochum et
al., 2016) as although it is not an ideal matrix match for the sedimentary RM it possesses the largest
bibliography for all 47 trace elements investigated here. Final concentrations in unknowns were
obtained by applying a linear drift correction to each individual element using bracketing analyses of
a single digestion of BHVO-2 measured a maximum of every 8 analyses throughout an analytical
session. This normalisation procedure ensures consistency between data obtained in multiple

sessions over an extended period.

3.5 O isotope analyses

Oxygen isotope analyses were conducted at the Queen’s Facility for Isotope Research (QFIR), Queen’s
University, Canada sporadically over a 2 year period. Samples were acidified prior to oxygen
extraction to remove carbonates using 20% HCIl (v/v) at room temperature until no reaction was
observed. Samples were rinsed thrice using 18.2 MQ MQ H,0 and oven-dried overnight at 100 °C.
Oxygen was then extracted from c. 5 mg of silicate sample at 550-600°C according to the
conventional BrFs procedure of Clayton and Mayeda (1963). Unknowns (RM including NBS-28 and
alkali basalt OREAS 24P) were loaded into Ni bombs with excess BrFs and heated overnight. The
liberated oxygen was converted to CO; via sublimation of a carbon rod (EMS, CVP grade) and
analysed using the multiport of a dual inlet system on a Thermo-Finnigan Delta Plus XP Isotope Ratio
Mass Spectrometer (IRMS). Analyses were conducted using the factory installed CO, configuration
with masses 44, 45 and 46 measured on Faraday cups 2, 3 and 4, respectively. Each analysis consisted
of 8 cycles, at 2500 mV intensity, in CO, gas configuration using Isodat 3.0. Sample gas was measured
against a reference gas calibrated against Vienna Standard Mean Ocean Water (VSMOW) using a
suite of international standards (NBS18, NBS19, NBS20 and NBS23). A 70 correction using the SSH
algorithm (Santrock et al., 1985) was applied to the measured values. Oxygen isotope compositions
are reported using the delta (8) notation in units of per mil (%) relative to VSMOW, with 80 =
[(**0/**Osampte / *80/**Ovsmow) -1] x 1,000].

3.6 Fe chemical separation

Digested sample aliquots were calculated to obtain fractions with 100 pg of Fe (based on the XRF
results), the required volume of sample was pipetted into a clean 7 mL PFA beakers and dried down

at 95 °C. To ensure complete destruction of any residual organic molecules, Fe aliquots were attacked
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repeatedly with concentrated HNOs and H,0;. First, 0.5 mL 16 molL* HNOs + 0.5 mL 9.8 molL? H,0;
was added to the samples, and they were refluxed overnight at 120 °C. The sample was then dried at
95 °C and whilst warm additional concentrated HNOs and H,0; was added dropwise to the samples
(c. 4 and 2 drops, respectively) and dried immediately at 95 °C, this step was repeated twice. This
additional digestion step prior to chemical separation was found to be critical to generate mass

dependent Fe isotope data in the organic-rich sedimentary materials.

Chemical isolation of Fe was conducted using established measurement procedures (Dauphas et al.,
2004; McCoy-West et al., 2018; Whitworth et al., 2020; Williams et al., 2004). Sample aliquots were
prepared as above, with the final dried aliquots converted to chloride form by refluxing in 2 mL of 6
molL™ HCl at 120 °C for at least 2 hr, then dried-down at 95 °C, and subsequently refluxed at 100 °C in
1mL of 6 molL't HCl overnight. For ion exchange chromatography samples were then loaded onto
Biorad Polyprep ion exchange columns containing 1 mL of Biorad AG1-X8 (200-400 mesh, chloride
form) anionic resin to isolate Fe from all other elements (Fig. S1; Table S1). Matrix elements were
eluted from the column with 8 mL of 6 molL™ HCI, and subsequently purified Fe collected in 4 mL of
0.1 molL HCI. Solutions were then dried down at 95 °C and subsequently refluxed thrice in
concentrated HNOs-H,0; (c. 4 and 2 drops, respectively) and dried immediately at 95 °C to remove
any residual organics. Samples were then refluxed in 5 mL 0.5 molL* HNOs for a minimum of 2 hr
(ideally overnight) in preparation for isotope ratio determination (>®Fe/>*Fe and >’Fe/>*Fe). Measured
total procedural blanks for Fe ranged from 0.05 — 0.23 ug of Fe, with a median of 0.07 pug and
average of 0.10 pg (n = 10), this equates to < 0.2% of the sample Fe (typically 100 pg), and therefore

are considered negligible.

3.7 Fe isotope mass spectrometry

Iron isotope measurements (*®Fe/>*Fe and >’Fe/>*Fe) were conducted using a ThermoFinnigan
Neptune MC-ICP-MS housed in the Advanced Analytical Centre (AAC) at JCU (n =56) or a
ThermoFinnigan Neptune Plus MC-ICP-MS housed in the Macquarie Analytical Facility (MAF) at
Macquarie University (MQU), Sydney (n = 135). For the most part, analyses on both instruments
utilised the same sample introduction system (SIS) and data acquisition parameters, with the minor
differences explained below. The SIS consisted of a double-pass cyclonic spray chamber (Glass
Expansion) and an Elemental Scientific PFA-ST nebulizer with a 100 uL/min integrated probe-capillary
assembly. Standard Ni sample and H-skimmer cones were used. Each analysis was preceded by a 60
second wash out and consisted of 40 cycles of 4 second integrations using static faraday collectors.
Along with the isotopes of Fe (**Fe, >®Fe, >’Fe, and *®Fe), >3Cr and ®°Ni were measured simultaneously

to enable correction of direct isobaric interferences on >*Fe and *%Fe, respectively (Table S2). These
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corrections were negligible due to the effective separation of Fe from Cr and Ni during column
chromatography. Prior to analyses, Fe solutions were diluted 10 times, and the concentration was
determined using the MC-ICP-MS based on the beam intensity of *°Fe in the dilution relative to a
known Fe solution (i.e. single-point voltage equivalence). Samples were then diluted as required to
match the sample Fe intensities to that of standards. This step also allows confirmation of complete

Fe yield following the chemical separation. In this study Fe yields were >99% in all cases.

Table $1: lon exchange chromatography procedures for separation of purified aliquots of Fe, Nd and

Sr prior to isotopic measurements.

Iron (Fe) Neodymium (Nd) Strontium (Sr)
Resin Anion Cation Sr-Spec
1 mLAG1-x8 2 mL AGw50-x8 100 plL
Cleaning 10 mL 6 molL* HCI 3 x 10 mL 6 molL* HCI 2x1.5mLMQH,0
10 mL 0.5 molL* HCI 2x1.5mL3 moll’* HNO;
10 mL 0.1 molL* HCI 2x1.5mLMQH,0
Conditioning 2 mL 6 molL* HCI 4 mL 1.5 molL?! HCI 1 mL 3 molL* HNO3s

Sample Loading

Matrix Rinse

1 mL 6 molL? HCI

2 x4 mL 6 molL HCI

1.9 mL 1.5 molL* HCI

8 mL 1.5 molL? HCl +

0.5 mL 3 molL* HNO3

3x 1.5 mL 3 molL HNO3
0.2 molL* HF
5 mL 1.5 molL? HCI
12 mL 2.5 molL! HCI?
10 mL 2 molL™* HNO3

Analyte Collection 4 mL 0.1 molL HCI 13 mL 6 molLt HCI* 2x1.5mLMQH;0

A2.5 molL-1 HCl fraction collected from Cation column is then further purified using Sr-Spec column
*Neodymium fraction is a total rare earth element fraction.

An additional complication when measuring Fe isotopes are the direct polyatomic isobaric
interferences generated in the Ar plasma. These interferences include *°Ar'*N, 4°Ar'®0, 4°Ar'®0*H, and
4OAr80 on >*Fe, >°Fe, >’Fe, and *Fe, respectively (Table S2). Given these interferences are produced in
the instrument, they must be resolved by increasing the mass resolution and measuring iron isotopes
as flat-topped peak shoulders in medium- or high-resolution mode (MR and HR; respectively). In this
study care was taken to ensure the mass resolution was > 8000 on the plateau of *°Fe (where

resolution = m/[m(95%) — m(5%)]). This was achieved using slightly different approaches, as required
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due to the operating efficiency of the different instruments at the time of their usage. Iron isotope
measurements conducted using the Neptune MC-ICP-MS at JCU were performed in HR mode, this
required analyte solution with an Fe concentration of 9 ug/mL to obtain sufficiently large beams on
6Fe > 35V to ensure voltages on the less abundant isotopes were high enough for precise data
acquisition. Iron isotope measurements on the Neptune Plus MC-ICP-MS at MQU were instead
performed in MR mode, requiring analyte solutions with an Fe concentration of 4.5 pg/mL to
produce comparable signal intensities. All data in this study were calculated using the standard-
sample bracketing (SSB) method (Dauphas et al., 2009; Maréchal et al., 1999; McCoy-West et al.,
2024; McCoy-West et al., 2018). The internationally recognized Fe isotope standard IRMM-524B,
which has an isotope composition identical to the exhausted IRMM-014 (Craddock & Dauphas,
2011), was used as the bracketing standard throughout the analytical campaign. All results are
reported relative to the IRMM-524B standard with 86°°Fe = [(**Fe/**Fesample / *°Fe/>*Feirmms24s) -1] X
1,000] where *°Fe/>*Fejrmmsa4s COrresponds to the average composition of the two bracketing
standard measurements immediately before and after the measurement of the unknown sample

(the same formula applies for §°’Fe, however, the >’Fe/>*Fe ratio is used instead).

The determination of accurate transition metal stable isotope ratios when implementing the SSB
method, as is the case in this study, requires stable instrumental mass bias. Variations in instrumental
mass bias are generally the result of fluctuations in the plasma, which can be attributed to
differences in the analyte load during sample introduction. In this study, stringent quality control
criteria formalised here were applied to the entire dataset. The following rejection filter was applied
to the individual measurements that make up the reported data: 1) the measured intensity (voltage)
of *Fe in the unknown solution was within 10% of that for the bracketing standards; 2) the mass bias
related mass spectrometer drift observed between the bracketing IRMM 524B standards was < 0.10
%o; 3) the 8°¢Fe and 6°’Fe data were mass dependent within 1.5 times of the measured individual
analytical uncertainties of that measurement.

Table $2: Faraday cup configurations used for MIC-ICP-MS Fe, Sr and Nd isotope measurements,
showing important isobaric and polyatomic interferences.

Cup L4 L3 L2 L1 Ax H1 H2 H3 H4
Iron

Analyte Isotopes  *3Cr >Fe 6Fe 5’Fe 8Fe 0N
Isobars 4Cr BN

Polyatomic 40Ar14N 40ArleQ  4OArQH  40AriEQ

Strontium
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Analyte Isotopes  82Kr 8Kr 84gr 8Rb 865r 875r 885y

Isobars 84Kr 86Kr 8Rb

Neodymium

Analyte Isotopes  '#Nd 143Nd 144Nd ¥SNd  eNd 147Sm 148Nd 495m  10Nd
Isobars 142¢ce 1435 m 1985m 1505m

3.8 Nd-Sr chemical separation

Following trace element quantification, RM aliquots were calculated based on TQ-ICP-MS results and
prepared to generate 1 ug of Nd (Nd occurs in lower concentration than Sr and therefore is the
limiting analyte). Calculated sample aliquots were dried at 95 °C, converted to chloride form by
refluxing in 2 mL of 6 molL™ HCl at 120 °C for at least 2 hr, then dried-down at 95 °C. Chemical
separation of Nd and Sr was conducted using a two column procedure (Fig. S1; Table S1) that is
based on well-established measurement procedures that have been optimised over a 10 year period
utilising cation exchange resin for Nd purification and Sr-Spec resin for Sr purification (e.g. McCoy-

West et al., 2010; McCoy-West et al., 2016; McCoy-West et al., 2022).

The ability of cation specific resins to achieve excellent separation of the REE from other matrix
elements in silicate rocks has long been recognised (e.g. Strelow, 1960; Watkins & Nolan, 1992).
BioRad Polyprep columns were loaded with 2 mL of BioRad AG50W-X8 (100-200 mesh; chloride
form) cationic resin and cleaned repeatedly with 3 x 10 mL of 6 molL™? HCI. Aliquots were bought into
solution in 1.9 mL of 1.5M HCl and refluxed at 100 °C for a minimum of 2 hr (ideally overnight) in
preparation for loading onto the column. The solutions were transferred into leached 2 mL
polypropylene vials and centrifuged for 5 min at 12 000 rpm, prior to carefully loading the
supernatant onto the columns (i.e. avoiding any precipitate; very rare). This step is required as these
columns can be reused numerous times (> 15) over several years if the analyst is careful. Following
sample loading matrix elements were sequentially eluted from the column with 2 mL of 1.5 molL?
HCI, 8 mL of 1.5 molL't HCl + 0.2 molL! HF, and 5 mL of 1.5 molL* HCI (Table S1). Partially purified Sr
fractions were then collected using 12 mL of 2.5 molL™ HCl into leached 15 mL PFA beakers and
dried-down overnight at 95 °C. Next an additional matrix wash with 10 mL of 2 molL™X HNOs was
undertaken to remove Ba, which can interfere during mass spectrometry. Finally, the REE (including
Nd) were then collected together in 13 mL of 6 molL'? HCl into another leached 15 mL PFA beaker.
This REE fraction was of sufficient purity that robust Nd isotopic analyses were possible on these
fractions without further separation chemistry. REE isolate solutions were dried-down overnight at

95 °C, then refluxed with concentrated HNOs-H,0; (c. 4 and 2 drops, respectively) and dried
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immediately at 95 °C to breakdown any residual organics. Final dried sample isolates were refluxed in
2 mL of 0.5 molL'* HNOs for a minimum of 2 hr (ideally overnight), so they contained c. 500 ng/mL of
Nd in preparation for mass spectrometry. Measured total procedural blanks for Nd ranged from 0.01
—0.85 ng (n = 8), with an average of 0.41 ng and a significantly lower median of 0.07 ng. The
contribution of the blanks typical equates to < 0.5% of sample Nd (typically 1000 ng), and therefore

they have negligible influence on the measured isotope values.

Further Sr purification (Fig. S1) was conducted using columns filled with the highly selective Sr
specific resin (e.g. Charlier et al., 2006; De Muynck et al., 2009; Horwitz et al., 1992). Custom ion
exchange columns made from clear polypropylene 1 mL pipette tips (Thermo Scientific FinnTips; with
the bottom 3 mm of the tip removed) using 4 x 1.6 mm Biocomma hydrophillic frits and were
subsequently filled with c. 100 pL of pre-cleaned Eichrom Sr-spec resin (50-100 um; c. 4-5 mm resin
bed thickness). The Sr-Spec resin, rather than any reagents, is the major source of contamination
during this procedure (e.g. Charlier et al., 2006) due to its excellent ability to retain Sr. Therefore 20
mL of Sr-Spec Resin was batched cleaned using a BioRad 30 mL Econo-Pac column topped with a 250
mL Econo-Column Funnel, the resin was sequentially cleaned with MQ H,0 x 3, 8 molL" HNO3, 3
molL* HNOs, 0.5 molL? HNOs, MQ H,0, 6 molL™? HCl, 0.5 molL? HCIl, and MQ H,0 x 3, prior to storage
in 0.5 molL™? HNOs. In this instance, due to the organic-rich nature of the sedimentary samples this
was topped with c. 50 pL (c. 2 mm resin bed thickness) of Triskem prefilter resin (50-100 um) to help
sequester organic compounds and ensure the efficient operation of the Sr-Spec resin. Once loaded
columns were sequentially cleaned twice with MQ H,0, 3 molL' HNOs; and MQ H,0 (Table S1). Dried
Sr fractions collected from the cation columns were converted to nitrite form by adding 5 drops of 16
molL! HNOs and drying immediately at 95 °C and then refluxing in 0.5 mL of 3 molL HNOs at 100 °C
for at least 2 hr (ideally overnight) and then loaded onto the Sr-Spec columns. Column
chromatography was conducted using leached FEP squeeze bottles. The remaining matrix elements
(e.g. Ca, Rb) washed from the column using 3 column volumes (c. 4.5 mL) of 3 molL™ HNOs, Sr was
then eluted in 2 column volumes (c. 3 mL) of MQ H,0 into acid-leached PFA vials. Purified Sr
solutions were dried-down at 95 °C, then refluxed with concentrated HNO3-H,0; (c. 4 and 2 drops,
respectively) and dried immediately at 95 °C to breakdown any residual organics. Final dried Sr
isolates were refluxed at 100 °C in 1 mL of 0.5 molL"* HNO; for a minimum of 2 hr (ideally overnight)
in preparation for mass spectrometry. Measured total procedural blanks for Sr ranged from 0.04 —
1.19 ng of Sr, with a median of 0.37 ng and average of 0.54 ng (n = 11), this equates to < 0.1% of

sample Sr (typical > 2000 ng) and therefore is considered negligible.
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3.9 Sr isotope mass spectrometry

Strontium isotope measurements (radiogenic 8Sr/%Sr) were conducted using a Neptune MC-ICP-MS
at JCU (n = 65) or a Neptune Plus MC-ICP-MS at MQU (n = 14). Sr solutions were diluted 10 times for
concentration checking and diluted as required so the analysed solutions contained 500 ng/mL of Sr.
Analyses on both instruments utilised the same SIS and data acquisition parameters. The SIS
consisted of a double-pass cyclonic spray chamber (Glass Expansion) and an Elemental Scientific PFA-
ST nebulizer with a 50 pL/min integrated probe-capillary assembly. Standard Ni sample and H-
skimmer cones were used. Measurements were performed in low mass resolution (LR mode). Each
analysis was preceded by a 90 second wash out and consisted of 50 cycles of 4 second integrations
with static faraday collectors (Table S2). Sr isotope ratios were mass bias corrected using a &Sr/88Sr
ratio of 0.1194. The Sr isotope standard NIST SRM 987 was used to monitor instrument stability and
correct for intra-session variations with all data reported relative to a &Sr/%Sr value of SRM 987 =

0.710248 (Thirlwall, 1991).

3.10 Nd isotope mass spectrometry

Neodymium isotope measurements (radiogenic **Nd/***Nd) were conducted using a Neptune MC-
ICP-MS at JCU (n = 79) or a Neptune Plus MC-ICP-MS housed at MQU (n = 10). Analyses on both
instruments utilised the same SIS and data acquisition parameters. The SIS consisted of a double-
pass cyclonic spray chamber (Glass Expansion) and an Elemental Scientific PFA-ST nebulizer with a 50
pL/min integrated probe-capillary assembly. Standard Ni sample and H-skimmer cones were used.
Measurements were performed in low mass resolution (LR mode). Each analysis was preceded by a
90 second wash out and consisted of 50 cycles of 4 second integrations using static faraday collectors
(Table S2). The chemical separation procedure implemented above made no attempt to separate Nd
from Sm. Therefore, online correction for the presence of direct isobaric interferences from Sm (on
144Nd, 8Nd and *°Nd) was conducted using mass bias corrected Sm intensities based on the
measured the **Sm/*’Sm ratio and a normalization ratio of 0.9216 (Wasserburg et al., 1981). Nd
isotope ratios were then mass bias corrected using the Sm interference free **Nd/***Nd ratio using a
value of 2.071943 (equivalent to the widely used **Nd/***Nd ratio of 0.7219). This type of correction
is commonly applied during in-situ Nd isotope measurements (e.g. Doucelance et al., 2020; Spandler
et al., 2016) due to its ability to effectively remove analytical artefacts. To ensure the validity of these
correction procedures, all primary and secondary standards were also doped with an in-house Alfa
Aesar Specpure 1000 pg/mL Sm solution (Lot# 227269F) at approximately the chondritic Nd-Sm ratio
(Nd =500 ng/mL; Sm = 200 ng/mL) as would be expected in the unknowns to confirm the accuracy

of the correction procedure. The internationally recognized Nd isotope standard JNdi-1 was used to
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monitor instrument stability and correct for intra-session variations with all data reported relative to

a 1Nd/***Nd value of JNdi-1 = 0.512115 (Tanaka et al., 2000).

3.11 Comparison of multi-collector instruments

The Fe, Sr and Nd isotope determinations measurements undertaken here were conducted across a
8-month period and completed on two different instruments in separate cities: 1) Neptune MC-ICP-
MS at the Advanced Analytical Centre, JCU, Townsville; and 2) Neptune Plus MC-ICP-MS at the
Macquarie Analytical Facility, MQU, Sydney. Undertaking analyses on two distinct generations of
instrument housed at different institutions, that ultimately produced results within uncertainty,
further validates the robustness of the dataset presented. Noting both instruments were not used
for the same length of time or equally to undertake the different isotope analyses (e.g. Sr, Nd and
Fe). Ultimately, as shown in Figures S4 and S5 for a range of synthetic standards the two instruments
generated isotopic compositions that are within uncertainty of each other. By looking in detail at
analyses of individual RM (e.g. JSd-2) provided in the data repository (Tables DR6-DR8), when
heterogeneity is not an issue (see discussion in main text) the same isotopic compositions are

obtained with all data generated at JCU and MQU within analytical uncertainty.
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