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Additional Supporting Information (Files uploaded separately)

Maps.zip This is a zip archive containing 18 images (*.png) giving mapped Mg/Si,
Al/Si and Cr/Si elemental abundance data on Mercury as shown graphically in
Figure 3 as well as Maps-README.txt, a text file describing the *.png files.

crflaredata.csv: a table in comma-separated-variables format of fitting results for
the 133 MESSENGER XRS flare data used in the paper. Cr/Si and Fe/Si ratios are
corrected for the phase angle effect, as discussed in the paper. Both corrected
and uncorrected data are provided for Cr/Si. Error bars are one-sigma. Errors are
statistical and systematic error bars may be larger. Columns are defined as
follows:

Flare: a number label for each record

STARTMET: Mission elapsed time (MET) of the first MXRS data record used for
spectral sum. MET isseconds since launch of spacecraft.

ENDMET: Mission elapsed time (MET) of the last MXRS data record used for
spectral sum. MET isseconds since launch of spacecraft.

START UTC: Date and time (in UTC) of the first MXRS data record used for
spectral sum

END UTC: Date and time (in UTC) of the last MXRS data record used for spectral
sum

PPLOTINCLUDE: If this variable is set to 1, this flare result was included in the
calculation of phase angle correction and plotted in Figure 2

Area (km2): The total area of XRS footprint over spectral integration in square
kilometers.

FPASPECT A unitless parameter that gives a rough measure of how asymmetric
the XRS footprint is (high means stretched N-S, lower than 1 means stretched
E-W); see L. R. Nittler et al., “"Global major-element maps of Mercury from four
years of MESSENGER X-Ray Spectrometer observations,” Icarus, vol. 345, p.
113716, Jul. 2020, doi: 10.1016/j.icarus.2020.113716.

Latitude: average latitude of the XRS footprint for the spectra integration.

Longitude: average latitude of the XRS footprint for the spectra integration.



Incidence angle (deg): Average incidence (sun-surface normal) angle, in degrees,
averaged over XRS footprint for spectral integration

Emission angle (deg): Average emission (XRS-surface normal) angle, in degrees,
averaged over XRS footprint for spectral integration

Phase angle (deg): Average phase (spacecraft-surface-sun) angle, in degrees,
averaged over XRS footprint for spectral integration

Solar temp (MK): Estimated average temperature of solar corona (in millions of
kelvin) inferred from MESSENGER X-ray Solar Monitor measurement acquired
at same time as spectral measurement

Mg/Si: Mg/Si weight ratio determined from fitting of spectral integration

er Mg/Si: One-sigma statistical error of Mg/Si weight ratio determined from
fitting of spectral integration

Al/Si: Al/Si weight ratio determined from fitting of spectral integration

er Al/Si: One-sigma statistical error of Al/Si weight ratio determined from fitting
of spectral integration

S/Si: S/Si weight ratio determined from fitting of spectral integration

er S/Si: One-sigma statistical error of S/Si weight ratio determined from fitting of
spectral integration

Ca/Si: Ca/Si weight ratio determined from fitting of spectral integration

er Ca/Si: One-sigma statistical error of Ca/Si weight ratio determined from fitting
of spectral integration

Ti/Si: Ti/Si weight ratio determined from fitting of spectral integration

er Al/Si: One-sigma statistical error of Ti/Si weight ratio determined from fitting
of spectral integration

Cr/Si (not phase corrected): Cr/Si weight ratio determined from fitting of spectral
integration (not phase corrected)

er Cr/Si (not phase corrected): One-sigma statistical error of Cr/Si weight ratio
determined from fitting of spectral integration(not phase corrected)



Cr/Si (phase corrected): Cr/Si weight ratio determined from fitting of spectral
integration (phase corrected)

er Cr/Si (phase corrected): One-sigma statistical error of Cr/Si weight ratio
determined from fitting of spectral integration (not phase corrected)

Fe/Si: Fe/Si weight ratio determined from fitting of spectral integration (phase-
corrected)

er Fe/Si: One-sigma statistical error of Fe/Si weight ratio determined from fitting
of spectral integration (phase-corrected)

Introduction

This document includes two supplementary figures referred to in the text and a table
providing the literature references for the experimental partitioning data used in the
manuscript (for example in Figures 6 and 7). Additional supplementary information
included are:

Text S1.

To construct a model predicting metal silicate partitioning of Cr, we performed a
linear regression using 520 experimental data from 43 peer-reviewed publications
(Ballhaus et al., 2013; Berthet et al., 2009; Boujibar et al., 2014, 2016, 2019, 2020; Cartier
et al., 2020; Cartier, Hammouda, Boyet, et al., 2014; Cartier, Hammouda, Doucelance, et
al., 2014; Chabot & Agee, 2003; Clesi et al., 2016; Corgne et al., 2008; C.R.M. Jackson et
al., 2021; Dasgupta et al., 2013; Fischer et al., 2015, 2020; GeBmann & Rubie, 1998;
Hiligren et al., 1994; Huang et al., 2020, 2021; Jana & Walker, 1997; Jennings et al., 2021;
Kaaden & McCubbin, 2016; Kilburn & Wood, 1997; Laurenz et al., 2016; Malavergne et
al, 2019; Mann et al,, 2009, 2012; Righter et al., 2010, 2018; Siebert et al., 2011, 2012;
Steenstra et al., 2017, 2018; Steenstra, Seegers, et al., 2020; Steenstra, Trautner, et al.,
2020; Thibault & Walter, 1995; Tuff et al., 2011; Wade & Wood, 2001, 2005; Walker et al,,
1993; Wood et al.,, 2008, 2014). Similarly, to model Cr partitioning between sulfide and
silicate, we used a compilation of 253 experimental data from 17 peer-reviewed
publications (Berthet et al., 2009; Boujibar et al., 2014, 2019, 2020; Cartier et al., 2020;
Jana & Walker, 1997; Kaaden & McCubbin, 2016; Kiseeva & Wood, 2015; Laurenz et al,,
2016; Mann et al.,, 2009; Namur et al., 2016; Steenstra et al., 2017, 2018; Steenstra,
Haaster, et al., 2020; Walker et al,, 1993; Wood et al,, 2014). In the table S1 below we
show these references in a table with additional information on C concentration used for
modeling (see main text for more detail).
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Figure S1. Comparison between the experimental Nernst partition coefficients Xmet / x$i
(wt/wt) with the molar x¢t /x5, 2 partition coefficients. The black line represents y=x.
The linear relationship between the log of both Cr partition coefficients calculated in



these two different ways allows to model Nernst Cr partition coefficient using the
equation (3) (see main text for more details).
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Figure S2. (a) Same as Figure 6b of Main Text, only with symbols indicating literature
source of data points (Table S1). (b) Same as Figure 7b of Main Text, only with symbols
indicating literature source of data points (Table S1).



Table S1. List of references for experimental data used in paper; codes are indicated on
Figures 6, 7, and S2. A "*" following a reference indicates publications where experiments
using graphite capsules have not measured C concentration in the metallic phase. In
these experiments, C concentration was estimated by subtracting the sum of all other
elemental concentrations from 100 wt%. The complete reference list can be found below
at the end of this document.

Metal-Silicate Sulfide-silicate

Code Reference Code Reference
Ball13 Ballhaus et al. 2013 Bert09 Berthet et al. 2009*
Bert09 | Berthet et al.2009* Bouj14 Boujibar et al. 2014
Boujl4 | Boujibar et al. 2014 Bouj19 Boujibar et al. 2019
Boujl6 | Boujibar et al. 2016* Bouj20 Boujibar et al. 2020
Bouj19 Boujibar et al. 2019 Cart20 Cartier et al. 2020*
Bouj20 | Boujibar et al. 2020 Jana97 Jana & Walker 1997*
Cartl4a | Cartier et al. 2014a* Kisel5 Kiseeva & Wood 2015*
Cartl4b | Cartier et al. 2014b* Laurl6 Laurenz et al. 2016
Cart20 Cartier et al. 2020* Mann09 | Mann et al. 2009*
Chab03 | Chabot & Agee 2003* Namul6b | Namur et al. 2016*
Cles16 Clesi et al. 2016* Steel7 Steenstra et al. 2017
Corg08b | Corgne et al. 2008 Steel8 Steenstra et al. 2018*
Dasgl3 | Dasgupta et al. 2013 Stee20b | Steenstra et al. 2020c*
Fisc15 Fischer et al. 2015 Stee20c Steenstra et al. 2020b*

Vander Kaaden & McCubbin

Fisc20 Fischer et al. 2020 Vand16 2016+
Gess98 | Gessmann and Rubie 1998 Walk93 Walker et al. 1993*
Hill94 Hillgren et al. 1994 Wood14 | Wood et al. 2014

Huan20 | Huang et al. 2020
Huan21 | Huangetal. 2021
Jack21 Jackson et al. 2021
Jana97a | Jana & Walker 1997*
Jenn21 | Jennings et al. 2021
Kilb97 Kilburn & Wood 1997
Laurl6 Laurenz et al. 2016
Malal9 | Malavergne et al. 2019*
Mann09 | Mann et al. 2009*
Mann12 | Mann et al. 2012
Righ10 | Righter et al. 2010
Righ18 Righter et al. 2018
Sieb11 Siebert et al. 2011*
Sieb12 Siebert et al. 2012
Steel7 | Steenstraetal. 2017
Steel8 Steenstra et al. 2018*




Stee20a | Steenstra et al. 2020a*
Stee20b | Steenstra et al. 2020b*
Thib95 | Thibault & Walter 1995*
Tuffll Tuff et al. 2011

Vander Kaaden & McCubbin
Vandl6 | 2016*

Wade01 | Wade & Wood 2001
Wade05 | Wade & Wood 2005*
Walk93 | Walker et al. 1993*
Wood09 | Wood et al. 2009
Wood14 | Wood et al. 2014
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