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Supplementary Material S.1 : Expanded version of Fig. 3, including all measured elements, conditions and partitioning
data
The different curves show the influence of metal activity, new Kb parameters and the combination of the two on the partitioning
and concentrations of all measured elements, compared to the baseline model based on (Rubie et al., 2011). The black bars in
the figures of the planetary mantle concentrations are estimates for the BSE (Palme and O’Neill, 2014).

90

80

~
(=]

D
S

IS
(e

W
(e}

[\
(=]

—_
(=)

0.36

0.34

0.32

0.30

Pressure
| —@- PlanetBuilder baseline
i New K& A
4
=B Metal activity corr. ./
- =¥-  Combined 7
o
4
L ,X
/I
L P 2
o
N . r
.X
L .-
’-.-. W
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0
Mass fraction of Earth accreted
Core Size
L m‘ O—gq. ——
Tyiug - ¥ Sy
Yw B ™ g
STy TN
“Fy-¥ :‘\\
\Q "
AN
\ \ﬂ
\
AXN ¥
\ 3
_ NS
AR Y
\m p
=@~ PlanetBuilder baseline \\ %
New K S S
= Metal activity corr. A7
=V=  Combined
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

b
3500

3250

3000

2750

2500

Temperature (K)

2250

2000

Temperature
=@~ PlanetBuilder baseline
New K _-®
=B Metal activity corr. e -
=¥=  Combined .’
-,
V2 o
;2
3
’,l
’l
W
1 1 1 1 1
0.2 04 0.6 0.8 1.0
Mass fraction of Earth accreted
O (core)
=@~ PlanetBuilder baseline
New K ¥
eW Ky N /Y' 7 L S ~— -
=B Metal activity corr. ,
=¥=  Combined L4
// - -
a
Y . -~
/ x
= J
-
', Poad
/ o~
, ' -
i Cad
/V/- /‘/
ﬁ-‘} ricied
ST v
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted



FeO (mantle)
€ 12F
=@ PlanetBuilder baseline
~0- New K > 4
10F g ivi -
etal activity corr. /’ L
=¥ Combined 7’ 7
y »
8T PRI I
v 257
~ ' ’/
3 v
T 6k ‘o %
E v <7
O / ‘/
P~ o /77
‘f' o - ‘/
] L 2 - }
oL LPC 9 P
et
oL e
1 1 1 1 1
0.2 04 0.6 0.8 1.0
Mass fraction of Earth accreted
Si0, (mantle)
g 52
=@ PlanetBuilder baseline
=0~ New K
i == Metal activity corr.
50 =¥ Combined
< mo.
< a8t %,
2 %ol es
N7 u 9. (Y
o vvﬁ - S S -
@) V. “ ’\‘ -~ A IS
& X RS RN
46 ™ Se &
V [ § s‘ . -9
= -¢
W g
- v ¥< =
44 Ve — -y
1 1 1 1 1
0.2 04 0.6 0.8 1.0

Mass fraction of Earth accreted

Fe (wt%)

Si (Wt%)

Fe (core)

83

82

80

12

11

10

—e-
>

Th

PlanetBuilder baseline » p
b \

New K LN b4

Metal activity corr.

Combined

0.4 0.6 0.8
Mass fraction of Earth accreted

0.2

Si (core)

1.0

B RX

PlanetBuilder baseline

New KI\DA P o '\
Metal activity corr. ,f \V
Combined

04 0.6 0.8
Mass fraction of Earth accreted

0.2



5000

4000

%)
(=2
(=3
S

NiO (ppm)
8
S

MgO (wt%)
(98] W (9% W N I N
(@)Y ~ [oze] O (e} —_ [\S]

(98]
(V)]

NiO (mantle)
| —@- PlanetBuilder baseline
~0- NewKY —— -
| —#- Metal activity corr. ’, -
=V¥= Combined y/ -
> ndul /S
I -~
/ /' v
Ay
7 7
B ﬂ )4
/ o—-o—-|
./ . _e-
¢ ' d -
I » A e
/ // o«
L [ *.
0.2 0.4 0.6 0.8 1.0
Mass fraction of Earth accreted
MgO (mantle)

PlanetBuilder baseline
New K

Metal activity corr.
Combined
1

0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

0.2

A203 (Wt%)

Ni (core)

5.25

5.00

4.75

4.50

4.25

4.00

3.75

3.50

=@~ PlanetBuilder baseline
-~ NewKY ,0
—- Metal activity corr. 7 »
- —¥-  Combined / // v
’/ /‘
f ,v -
m T e
/! R
i )" ’
\ % v /)‘
i l\ , o
s
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

Al;O3 (mantle)

Vb b

_Mﬁ:&%

N
§§S

~
;~N

PlanetBuilder baseline
New K

Metal activity corr.
Combined

0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

0.2



(o)

Cr (ppm)

4.2

4.0

3.8

3.6

3.4

CaO (Wt%)

32

3.0

2.8

11000

10000

9000

8000

7000

6000

CaO (mantle)

Ry
‘.g*

N
- N
‘§ N ‘
=@~ PlanetBuilder baseline
L —0- New K}
== Metal activity corr.
- =¥ Combined
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

Cr (core)
i =@~ PlanetBuilder baseline
~0- NewK},
i - Metal activity corr.
’ =¥ Combined
é &
o
L " N
~ N
A '\ ’\\
B - v, N,
= _a N U
Bw - A N
LIS ~_ ©
_ =, Sy
" N
u
C 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

3500

3000

2500

Cr (ppm)

2000

1500

1000

500

P 200

Co (ppm)

150

100

50

Cr (mantle)

PlanetBuilder baseline
New K} _a
Metal activity corr. -
Combined n

0.4 0.6 0.8

Mass fraction of Earth accreted

1.0

Co (mantle)

PlanetBuilder baseline
New KB[

Metal activity corr.

UL L S

R REX

Combined 7
[ ¥ y—-v

b 4
L L - —.'—_.
/ PR _~ |

n
<=

®
\

1 1 1
0.4 0.6 0.8 1.0

Mass fraction of Earth accreted



2500

2400

2300

Co (ppm)

2200

2100

1.2

0.2

Co (core)
=@~ PlanetBuilder baseline
- —&- NewKY ) 4
= Metal activity corr. ,/ vy
=¥ Combined /’ ,/p
L 7 1,7
»
)
e

%tﬂ /",‘ /
s M
h} \.,' /

L \‘\ ,

o

0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

0.2

Nb (core)
| =@~ PlanetBuilder baseline
r. ~0- NewK§
.. = Metal activity corr.
B k .' =¥= Combined
o
L - \ \‘
*
LN
b\ LN
I v * s 'S
A ® & -0 ~. _
K A * =
mae, e e
i A\ u L o R = =f=
R ot =t :_‘%-...
YT “¥--y
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

460

440

Nb (mantle)

r'*:‘ﬂ\‘ .
- T
.,r:‘,«’}:t- —p-a——8

y a® ¥

-—0
—o-—9
yu & o -0 o -0

PlanetBuilder baseline
New KB[

Metal activity corr.

AR

Combined

0.4 0.6 0.8
Mass fraction of Earth accreted

1.0

Ta (mantle)

;"‘"“¢i=‘\
P
, & ‘* e N

& '/ N

ST ~

£"‘ Ve 3
L {
\
|

PlanetBuilder baseline
New K

Metal activity corr.
Combined

R RN

0.4 0.6 0.8 1.0

Mass fraction of Earth accreted



200

150

Ta (ppb)

50

W 260

240

220

200

V (ppm)

160

140

120

Ta (core)
=@ PlanetBuilder baseline
,00.. ~&-  New K}
i ; o, =B~ Metal activity corr.
® \ e =¥ Combined
$ N
Q
- ‘ \
oy \'
x e —e.
" e e
B " S -
2
N,
~.'.. Mol PPN
L 2 o -
- [ 3 = ;’-‘*ﬂ-‘
By —
g g a V- _y
= 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0
Mass fraction of Earth accreted
V (core)
x
| ¥~ N
r"‘. '/ “x N
L jod » N
ey el o
& By g a-ENoy h M
L J
o,
B X \ °
-~
LIS
¢ *o .
- A S AN
L S & e
- Sl
- —®- PlanetBuilder baseline Se - Se
=0~ New K} * -
- = Metal activity corr. -
=¥ Combined
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted

v

V (ppm)

W (ppb)

100

90

80

70

60

50

40

30

20

1750

1500

1250

1000

750

500

250

V (mantle)

=@ PlanetBuilder baseline
- —0- New K}, _»
=B Metal activity corr. ~&
B . &>
=¥ Combined ¢~ - PR
-,
o+ 2
= » e
I PRt
B / ’ -~
i A
| e L T NN /J/
@-:?*' ,¥
L ‘ x/
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0
Mass fraction of Earth accreted
W (mantle)
- =@ PlanetBuilder baseline
I =0~ New K§ Aoty
=l Metal activity corr. Sx -
=¥ Combined A~ o
- v T e el
A S, v
| /V / - ~
v L
/
N |
R Yy
S m
/
i y m
y A
7, o
' o
g—tﬁ I
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted



aa 30

25

20

15

K.

10

Mass fraction of Earth accreted

W (core)
,‘::‘
i m‘“—‘-o =g .- ,::8:
‘\‘ _
!\ \
i ]
\
V\ -\ ,/.
i Y. = Ay
X n’ -
L A" \ ,’ /,
=@~ PlanetBuilder baseline "f'. /X/
| & NewK} { P v
=B Metal activity corr. -7
=¥= Combined
L | | . . ,
0.2 0.4 0.6 0.8 1.0

B WA W ¢
'V: ‘..
iad

oo N
3 p 2 IR oh L TR

D
I<Ni
=@~ PlanetBuilder baseline
i < ~0- NewK}
L 4 = Metal activity corr.
‘ =¥ Combined
R
K
K
R
\ “
e %
“V e L 3

e

0.4 0.6 0.8

Mass fraction of Earth accreted

1.0

0.0175
0.0150
0.0125
0.0100
0.0075
0.0050
0.0025

0.0000

ab

D
I<Si

b4 b

* PlanetBuilder baseline
New K5
Metal activity corr.

’
]
Combined ,’
]
I
]
]
]

) 4
i Il
71
/1
/1
N ,I /'
L ,/,,j, ’
¥ _ = —t =
v _w -
"= < 1 =l +
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0
Mass fraction of Earth accreted
fO2
o
i P9t ‘:’,:"r'—: o
v -
,xr =" __‘//
L LA Y S dn A4
vV e -~ -
V" ” J"
i g
R
»
v“’ =@~ PlanetBuilder baseline
=) ~0- NewKH
T 4 —l- Metal activity corr.
=%¥= Combined
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0

Mass fraction of Earth accreted



Supplementary Material S.2 : Comparison PlanetBuilder implementation of "HET-2’ model with Rubie et al. (2011)
The minor differences between our implementation of the "THET-2’ model and the published data from Rubie et al. (2011) are
primarily visible in the concentrations of Fe and O in the planetary core. As mentioned in the main text, there are two causes:

First of all, our program uses a more exact normalisation when converting the data from moles to concentration in ppm,
including all elements of a phase instead of only the major elements which accounts for approximately 99mol%. This difference
causes a slight shift in all concentrations, and is especially visible for Fe; the primary element in the planetary core with
concentrations of > 81.5wt%.

The second difference between the programs is the execution of the thermodynamic KB calculations, noticeable in both
Fe and O concentrations in the planetary core. As explained in the main text: the concentration of FeO in the impactor core
(x?eeg)al) is used as a variable to derive the chemical potential (Eq. 46). However, the last term of Eq. (46) for the impactor core
is calculated by the asymmetric Margules equations as shown in Eq. (6) from Frost et al. (2010):

RTIn(vEs) = (1 — xBE™)2(Wreo—re + 2(Wre—Fe0 — Wreo e ) Xs!) (S.1)

where Wre_re0 and Wgeo_re are interaction parameters as detailed in Frost et al. (2010). In Rubie et al. (2011) this equation
was adjusted to:

RTIn(vEa™) = (1 — xp)2 (Wreo—re + 2(Wre—re0 — Wreo—re )X (S.2)
This reduces Eq. (6) from Frost et al. (2010) to a constant as X%ftal and xgetal do not change during the calculations, and the
only xﬁ%al variable remaining is in Eq. (46). Using this approximation for the thermodynamic K5 makes it easier to calculate
and avoids the use of a more complicated solver. In later versions of the Rubie et al. (2011) model, this simplification was
removed and Eq. S.1 was used instead of Eq. S.2 (e.g. Rubie et al., 2015).
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