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EA1 Fe isotope measurements and results
The reproducibility of our terrestrial rock standards BHVO-2 and BCR-2 are shown in Figs.

EAL and EAZ2 in comparison with literature data.
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Figure EAL. Shown is a comparison of the §°4/54Fe values for terrestrial rock standards
BHVO-2 and BCR-2 measured in this study (black symbols) along with literature data (grey
symbols). Uncertainties of the samples and the grey shaded boxes are the 2SD of the
respective rock standards. Literature data from: Dauphas et al., 2004; Weyer et al., 2005;
Dideriksen et al., 2006; Craddock and Dauphas 2011; Schuth et al., 2015.
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Figure EA2. Repeat analyses of the terrestrial rock standards BHVO-2 and BCR-2
throughout the measurement campaign for a) £%Fe and b) £°®Fe. Uncertainties of the samples
and the grey shaded boxes are the 2SD of the respective rock standards. Data are internally
normalized to *’Fe/**Fe = 0.36255.

EA2 Location of Fe isotopic anomaly

In this study, we internally normalized our data to >’Fe/>*Fe = 0.36255 (Taylor et al., 1992).
This normalization was selected because most Fe was produced in supernova explosions by
radioactive *®Ni decaying to *°Fe (Clayton, 1999); thus, *®Fe is important for isotopic
investigation. Additionally, the least abundant isotope, %®Fe (0.28%), is uniquely produced in
a neutron-rich version of the equilibrium process in supernovae. As such, these two Fe
isotopes are the most likely to preserve any signatures (Dauphas et al., 2004; Cook and
Schonbéchler, 2017).



EA3 Rare earth element data

Table EAL. Rare earth element data for the bulk CAls and Egg 2 mineral separates
normalized to CI using Lodders (2003).

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

AFO1 234.69 192.16 235.29 247.77 225.32 33.00 199.91 176.93 156.17 50.19 20.03 189.36 17.88 9.89
AF02 438 395 433 448 434 156 205 156 114 035 0.18 383 0.89 0.12
AF03 320 258 344 339 322 588 209 170 153 082 065 528 292 0.38
AFO4 31.85 39.72 35.71 3514 37.72 11.94 1364 1159 9.00 251 1.68 33.96 894 1.16
Al01 1895 17.30 16.40 17.07 15.89 13.54 16.96 15.87 16.68 15.09 15.60 14.10 14.90 15.49
Al02 24,07 25.75 25.14 1980 1880 7.59 7.13 572 492 283 239 1204 561 1.70
A-ZH-2 1743 17.89 15.87 15.68 1553 19.44 17.05 1592 16.98 16.16 16.76 16.33 15.26 16.59
A-ZH-3 14.09 14.07 1340 13.33 1355 20.46 14.02 1298 13.70 13.23 13.79 13.57 14.43 13.73
A-ZH-4 13.70 13.38 12.67 12.48 1259 16.29 13.62 1257 13.30 12.96 13.66 12.42 12.89 13.93
A-ZH-5 1555 1556 1521 15.38 15.76 5.31 16.16 15.13 15.84 15.30 15.90 15.69 10.63 15.90
CAl 164 767 810 829 846 890 961 806 882 857 845 893 844 10.01 9.20
CAI 165 578 497 610 647 627 441 522 581 572 572 598 530 324 593
CAI 166 22.44 23.83 24.23 2477 2576 421 1454 1353 10.21 2.38 0.87 2059 0.84 0.23
CAI 167 20.20 1875 21.16 21.33 21.39 314 911 8.02 569 164 108 1475 2.06 0.72
CAI 168 840 867 880 896 924 1086 840 9.11 891 890 9.61 862 9.93 10.19
CAI'170 1256 12.33 12.78 12.05 13.30 15.81 1250 14.44 13.82 13.52 13.76 14.78 14.77 12.91
CAI171 1250 14.36 14.33 13.09 14.17 10.25 10.12 12.07 13.19 19.63 22.83 15.62 7.51 22.58
CAI172 21.99 21.34 23.15 2249 2497 31.02 2499 28.65 28.35 28.64 30.38 27.79 31.57 28.85
CAI173 19.53 17.44 2054 20.31 21.92 9.74 20.33 24.25 23.64 22.56 23.24 21.92 8.43 20.25
CAIl74 28.65 27.07 27.44 2599 28.16 36.49 26.51 31.84 31.79 31.97 34.24 31.17 36.24 33.30
CAI'175 52.89 44.12 51.23 50.67 45.95 4.41 3943 4211 35.20 14.35 7.61 4223 494 158
Bart 23.64 2310 2475 26.71 28.24 22.34 29.43 29.62 29.31 27.87 28.24 27.79 17.62 25.00
Homer 687 676 650 628 6.08 259 169 146 114 061 057 519 478 054
Lisa 20.68 20.36 20.16 20.70 20.62 21.88 20.14 20.19 20.37 19.84 20.45 20.28 18.85 20.20
Marge 17.14 16.00 17.10 17.70 16.60 11.05 12.05 1199 11.20 8.89 8.92 18.80 11.31 9.01
Egg 2 Plag 508 456 395 411 343 827 304 294 279 271 270 259 283 220
Egg 2 High-Mg Px | 3.44 424 476 6.03 647 212 701 753 758 758 7.84 7.61 7.84 8.09
Egg 2 High-FePx | 6.32 7.50 831 1029 11.84 450 1249 13.25 13.47 13.34 13.65 13.16 13.51 14.00

EA4 Concerns of incomplete sample digestion

One potential concern when investigating mass-dependent or non-mass-dependent isotope
compositions is incomplete sample digestion which could produce spurious isotope results.
Phases that are difficult to dissolve completely are spinel, chromite, and perovskite. However,
most CAls samples of this work were digested using either Parr Bombs or a high pressure
acid digestion system which alleviates concern of incomplete sample digestion (Shollenberger
et al., 2018; Brennecka et al., 2010). Samples from Burkhardt et al. (2008) and Kruijer et al.
(2014) were digested on hot plates using very similar methodologies to one another (a
combination of HF-HNO3z—-HCIO4 followed by 6 M HCI-0.06 M HF) and both resulted in
complete sample digestion which is described in detail in each manuscript. The Egg 2 mineral
separates were dissolved at Arizona State University using a combination of concentrated HF,
HNO3, and HCI to completely dissolve the samples. Furthermore, the fact that the Egg 2
mineral separates have mass-dependent Ca isotope compositions and nucleosynthetic Ti, Ni,
and Sr isotope anomalies consistent with literature data from other igneous CAls (e.g., Huang
et al., 2012; Brennecka et al., 2013; Williams et al., 2016; Render et al., 2018) additionally
alleviates the concern of incomplete sample digestion.

EA5 Concerns of previous chemical procedures

Some CAls in this work had experienced previous ion-exchange procedures, providing a basis
for possible isotope fractionation. However, as all previous column washes had been saved
and recombined, resulting in high yields, there is a limited concern for mass-dependent
isotopic fractionation from previous procedures. Column washes from previous chemical



procedures were dried down and stored in Teflon vials. These samples were redissolved in the
appropriate acid and volume when sample solution aliquots were taken for Mg, Ca, Ni, and Fe
isotope measurements.

Furthermore, the same CAls were recently investigated for their Ni isotope compositions
utilizing both unprocessed aliquots as well as sample aliquots which had seen previous ion
chromatography (Render et al., 2018). For some of the exact same CAI samples, Render et al.
(2018) showed indistinguishable Ni isotopic compositions for unprocessed aliquots and
chemically processed aliquots (e.g., CAl 164, CAIl 165, CAI 168). Therefore, it is unlikely
that any of the observed isotopic variations in our study are the result of isotope fractionation
during chemistry. Note that the Fe sample solution aliquots were all taken prior to the Ni
chemistry described in Render et al. (2018).

EAG Correcting for mass-dependent and mass-independent effects

Previous work has shown that severe mass-dependent fractionation may result in spurious
mass-independent effects (Render et al., 2018), as the exponential law is no longer valid.
Given some of our samples have large mass-dependent effects in Fe, the £*Fe and £>®Fe
values from Table 4 have a second-order correction done for natural mass fractionation
following Rayleigh distillation as shown by Render et al. (2018). Similar to Render et al.
(2018), this correction was done by using the equations derived in Tang and Dauphas, (2012)
but converting them into Fe isotope space. In this case, alpha is equal to the square root of the
isotope masses. The specific equation is (2) from Tang and Dauphas, (2012) and is the
following for £°°Fe and £%®Fe (n = -0.5):

£%®Fecorr. = 5 % (-0.5-0) [(56-54)(56-57)/54]F =~ 0.093F
£%8Fecor. = 5 x (-0.5-0) [(58-54)(58-57)/54]F ~ —0.185F

where F is the Fe isotope fractionation in %o/amu. As such, the corrected £*°Fe and £°®Fe are
then:

£%Fecor. = £°Femess. — (0.093F)
858F6c0rr, = 858F6meas, — (—0185F)

This correction utilizes the measured 3°¢°*Fe values for an individual sample. The propagated
uncertainty on £*®Fecor. and °®Fecorr. depend strongly on the uncertainty of £%Fe and £>®Fe. As
such, the overall uncertainties are very similar to the uncertainties on £>®Fe and £>®Fe. See the
supplement excel file where the calculations were performed. After this second-order
correction, the Egg 2 mineral separates still had resolved £°®Fe compositions. Given that
Rayleigh fractionation would be the largest correction one could reasonably apply, it appears
that the resolved £>®Fe compositions are real and not an analytical artifact.

As the Egg 2 mineral separates have resolved £°®Fe compositions, their §°°*Fe compositions
were corrected for the anomaly on ®Fe (this was also done for A-ZH-1 which hinted at a *°Fe
anomaly). This was done by subtracting the >®Fecorr. anomaly from the measured §°%°*Fe
composition.

EA7 Ni isotope measurements of the Egg 2 separates
Previous work has demonstrated that Ni isotope measurements can be affected by Zn
interferences, particularly ®4Zn on ®Ni (Tang and Dauphas, 2012; Render et al., 2018), and



Render et al. (2018) discarded any measurements with Zn/Ni > 1.5 x 10, Importantly, the
Egg 2 high-Fe Px had a Zn/Ni of 3.2 x 10, which is just outside the threshold used in Render
et al. (2018). However, previous work has demonstrated with Zn doping tests that
interferences from %4Zn can be accurately corrected with Zn/Ni < 9.5 x 10 (Tang and
Dauphas, 2012; Render et al., 2018). Therefore, regardless of the small amount of Zn present
during the Egg 2 high-Fe Px measurement, we are confident in the reported £*Ni value of
2.25 £ 0.60 within its given uncertainty.

EAS8 Concern of an analytical artifact for £5°Fe vs. §%6/>Fe

The observed correlation between mass-independent and mass-dependent Fe isotope
compositions should be evaluated carefully as such a correlation is unexpected. However, as
described in section EAB, the mass-independent data has been corrected using a previously
derived equation for this exact purpose and mass-dependent results have also been corrected
for mass-independent effects. After these corrections, a correlation is still present in our
samples (Fig. 9). Importantly, mass-dependent fraction can occur 1) in nature, 2) during
separation and purification, and 3) during mass spectrometry. We have very high confidence
that any mass-dependent fractionation during mass spectrometry is accurately corrected in this
work. The details regarding Fe isotope measurement using Cu-doping have been well-
documented (e.g., Arnold et al., 2004) and all of our samples plot along linear trends with the
expected slopes (Fig. EA3). Regarding the chemical separation and purification, our terrestrial
rock standards and a measurement of bulk Allende have unresolved §°¢°“Fe, £%Fe, and £°Fe
compositions, in agreement with previous work (e.g., V6lkening and Papanastassiou, 1989;
Weyer et al., 2005; Dauphas et al., 2004; Tang and Dauphas, 2012). Furthermore, for each
Egg 2 mineral separate, two sample solution aliquots were taken and processed through the
chemical procedures and measured during two different analytical sessions. The results from
both sessions give consistent results. Regarding mass-dependent fractionation in nature, the
second-order correction described in section EA6 should account for this. As such, the
correlation between mass-independent and mass-dependent Fe isotope compositions likely
represents a mixing line as described in the main text (sections 4.3.2).
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Figure EA3. a) 8°5Fe vs. §°¢°*Fe and b) 5°®*Fe vs. §%*Fe for all samples during this work
using Cu-doping to correct for instrumental mass bias. The samples plot along well-defined
correlation lines.
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