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METHODS

Isotope measurements of Se from Pt-Pd nuggets were performed following the protocol
described by Kurzawa et al. (2017) and Yierpan et al. (2018). For this, sample material is mixed
with a 7Se-""Se double spike and digested in concentrated HCI:HNO3 1:1 (v/v) in closed beakers
on a hotplate at 85°C for 48 hours. To assure complete digestion, we additionally digested two
specimens in an AntonPaar High pressure Asher (HPA, Yierpan et al., 2018). Selenium is
purified from trace Fe via anion exchange chromatography according to the procedure previously
used for pyrite (Konig et al., 2019). Selenium isotopic compositions were determined, using a
ThermoFisher Scientific Neptune™™ MC-ICP-MS, by hydride generation and in low-resolution
mode at the Isotope Geochemistry laboratory, University of Tiibingen. Typical signals on %2Se,
with an amplifier resistor of 10" Q, on a Se solution of 30 ng mL™!, and operating parameters
similar to those reported in (Kurzawa et al., 2017), were generally 0.8-0.9 V. Selenium isotopes
of samples were determined at similar signal intensities compared to those of standard solutions.
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For detailed descriptions of analytical techniques employed, see Yierpan et al. (2018) and
Kurzawa et al. (2017).

Platinum-poisoning effects on H2Se formation in the hydride generator (Bolea et al.,
2001), and unknown but potentially related Se isotopic fractionation are corrected for by the
double-spike method employed here. All Se isotopic compositions obtained during this study are
reported relative to the NIST-3149 Se reference solution (delta-zero-anchor). Measurements of
the inter-laboratory standard solution MH-495 in four different analytical sessions over a period
of more than 6 months yielded an average value of 3%*76Se of -3.23 £ 0.15 %o (2 SD, N =23, 30
ng mL ! solutions, Table S3), in agreement with previous studies (Kurzawa et al., 2017, 2019;
Labidi et al., 2018; Yierpan et al., 2018, 2019), and our long-term reproducibility in our lab over
5 years. International rock reference material USGS BCR-2 was repeatedly digested and
analyzed during the course of this study, and gave 5%¥7°Se of 0.14 + 0.15 %o (2 SD, N = 4) and Se
concentration of 78 ng g™, respectively (Table S4, see also Kdnig et al., 2021). This is in
agreement with previously published Se concentration and isotope composition (Kurzawa et al.,
2017; Yierpan et al., 2018, 2019). A detailed compilation of reference-material data, further
documenting the accuracy and reproducibility of our Se-isotope method, are openly accessible
(Yierpan et al. 2020, and supplemental material therein). Long-term analytical reproducibility for
determination of Se concentration is ~3% (1 SD). Measurements of nuggets after both hotplate
beaker and HPA digestion produced similar results. Since no Pt-Pd materials exist as references
for Se isotopes, we report a conservative external reproducibility of §%%7°Se for these samples as
0.2 %o (2 SD), compared to that obtained for low Se abundance, mafic reference materials
(Yierpan et al., 2020).

Measurements for Os isotopes were carried out following the method previously
described in (Brauns et al., 2000, 2001). In this study, Pt-Pd nuggets of 1-7 mg were placed into
pre-spiked (1*°Os-tracer) Carius tubes, followed by dissolution and equilibration with 4 ml of
inverse aqua regia at 240 °C. Osmium was extracted by distillation of the volatile tetroxide,
condensed in 20 pl of chilled H2SO4 and then collected in 1.5 ml of 6.8 N HBr. Final purification
of Os was achieved by microdistillation (Birck et al., 1997). Isotopic ratios of Os were measured
by ion-counting on a modified Finnigan-MAT 261 mass spectrometer operated in NTIMS mode,
corrected for mass bias and oxides. Internal (2 SD) precision for unknowns was <0.2 %. Final
1870s/!880s ratios were corrected for blank (0.1-0.05 pg Os, '#70s/'*80s blank of 0.108),
assuming an Os yield of 85 % (Brauns et al., 2020). Blank contribution for samples with low Os
concentrations are less than 0.5%. During the course of this study, the reference material JM-Os-
DTM yielded an average '*7Os/!%0s ratio of 0.17393 + 38 (N = 7), which is consistent with
published results (see Table S1 for details). Final '%¢0s/!%Os ratios, as basis for determining
180s concentrations, were calculated using a modified data reduction scheme of (Birck et al.,
1997). Concentrations of Pt and Pd were determined on the solution directly taken from the
Carius tube, by means of an ICap Q (Thermo QICP MS), in two different ways: normalizing Pt



and Pd to 100; and directly measuring Pt and Pd using a calibration curve. The results are, within

error, identical. Each Pt-Pd nugget had its Pt-Os age calculated according to the equation:
1/(1.477%10712)*LN((*3Ossample/" **Ptsample)+1)/10°,

the decay constant of which comes from Begemann et al. (2001).
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Fig. S1. Superposition of Eh-pH diagrams at 25 °C for S, Se, Pt and T1 species (Brookins, 1988).
Note that elemental Tl is not indicated because it is stable below the lower limit of water stability
(dashed line intercepting the pH and Eh axes at 14 and 0.0, respectively). The stability field of
elemental Pt, shaded in blue, overlaps with that of elemental Se, delimited by thick line in green.
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TABLE S1. PLATINUM-OSMIUM AGES FOR PLATINUM-PALLADIUM NUGGETS

FROM CORREGO BOM SUCESSO, MINAS GERAIS, BRAZIL

Common

186 186 /188 187()< /188 Pt 10Py/1%0s
Sample Os Os Os/***0s 2 SD Os/***0s 2 SD (wt%) age (Ma) 2SD

(ng g)* (ng g™ '
Serrol 24 8 10.865 0.043 1.301 0.005 72.1 179.1 7.2
Serro6 26 15 7.481 0.030 0.896 0.004 82.7 174.4 7.0
Serro8 24 12 7.854 0.031 0.940 0.004 72.6 184.7 7.4
Serro9 23 10 10.825 0.043 1.296 0.005 69.1 184.9 7.4
Serro 12 25 11 9.183 0.037 1.099 0.004 74.8 185.7 7.4

Note: Analytical work by M. Brauns. Measurements of reference material JM-Os-DTM yielded

an average '%70s/!%%0s ratio of 0.17393 + 38 (n = 7), which is consistent with published results—

e.g., two sets of long-term averages, 0.17429 + 55 and 0.17396 + 38 (Shirey, 1997); two sets of
averages from Monash University, Australia, 0.17367 = 58 and 0.17400 £+ 21 (Lambert et al.,
1998; McBride et al., 2001).

*From '"°Pt decay.



TABLE S2. SELENIUM ISOTOPIC VALUES FOR PLATINUM-PALLADIUM NUGGETS
FROM CORREGO BOM SUCESSO, MINAS GERAIS, BRAZIL.

Mass  8%/7Se 2SE Pt Pd Se Os Ir Tl

(mg)  (%o) (%)  (Wt%) (wt%) (ngg!) (pgg)  (ngg) (ngg)
Pt-Pd1 6.32 -17.1 0.04 27.2 12.3 246 0.0295 0.0240 7.71
Pt-Pd2  18.38 -17.0 0.05 71.6 22.5 1074 0.0603 0.0785 12.3
Pt-Pd3 16.80 -15.7 0.11 77.9 204 1146 0.0389 0.143 28.0
Pt-Pd4 13.73 -17.0 0.05 84.2 14.7 805 0.0663 0.0781 15.2
Pt-Pd 5* 6.26 -17.4 0.07 92.5 6.18 402 0.128 0.0713 1.43
Pt-Pd 6* 8.12 -16.3 0.07 77.9 19.0 435 n.a. n.a. 9.90
Pt-Pd7 4.33 -16.4 0.06 70.3 22.3 801 0.0164 0.0459 16.5
Pt-Pd8  6.57 -16.6 0.04 n.a. n.a. n.a. n.a. n.a. n.a.

Note: Analytical work by M.I. Varas-Reus, B. Eickmann and S. Koénig. Trace elements,
originally from Cabral et al. (2019), are listed here as averages of LA-ICP-MS analyses on the
same samples.

*Samples dissolved with high-pressure Asher digestion method, all others with hotplate beaker
digestion method.

SE: standard error = internal precision of a sample run during Se isotope analysis (over 40
cycles), well within long-term reproducibility (conservatively expressed as +0.2 %o, 2 SD) of all
previously analyzed samples in our laboratory over a period of 5 years.

n.a.: not analyzed.



TABLE S3. RESULTS OF §%276Se (%0) OF THE INTERLABORATORY STANDARD
MH-495 (30 ng mL"' Se), MEASURED TOGETHER WITH THE PLATINUM-PALLADIUM
NUGGETS

30 ng mL! solution

582/7686 (%0) 2 SE (%o)*
-3.24 <0.1
-3.29 <0.1
-3.07 <0.1
-3.03 <0.1
-3.21 <0.1
-3.24 <0.1
-3.19 <0.1
-3.27 <0.1
-3.26 <0.1
-3.24 <0.1
-3.27 <0.1
-3.27 <0.1
-3.30 <0.1
-3.26 <0.1
-3.28 <0.1
-3.27 <0.1
-3.24 <0.1
-3.32 <0.1
-3.22 <0.1
-3.25 <0.1
-3.08 <0.1
-3.30 <0.1
-3.25 <0.1
Average -3.23
2SD 0.15
N=23

*Internal precision of a sample run during Se
isotope analysis (over 40 cycles) is reported as 2
standard error (2 SE).



TABLE S4. SELENIUM CONCENTRATIONS AND ISOTOPE COMPOSITIONS OF
INTERNATIONAL ROCK REFERENCE MATERIAL USGS (UNITED STATES
GEOLOGICAL SURVEY) BCR-2

Sample Rock type  8%¥7°Se (%o) 2SE(%0) Se(nggh)
USGS
BCR_2 Basalt 0.04 0.07 79
0.22 0.06 78
0.15 0.05 78
0.13 0.05 77
Average 0.14 78
2SD 0.15 2

Note: Reference material digested and analyzed during the course of this
study and that of Konig et al. (2021).
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