Table S1. Experimental conditions.

Oxygen fugacity CO/CO, Nominal Measured Nature of the wire  Run duration
mix temperature temperature
log(fO,)=-0.7 N/A 1550 °C 1552°C Platinum 2h
(air)
log(fO,)=-2.4 CO: 0.41 1550 °C 1559°C Pre-saturated 2h
(QFM+2.5)" % platinum
log(fO,)=-2.46 CO:0.43 1550 °C 1556°C Pre-saturated 3h
(QFM+2.5)"" % platinum
log(fO,)=-8 CO: 72 % 1550 °C 1556°C Rhenium 2h
(IW+0.3)

"Conditions used to prepare the tholeitic basalt, andesite, dacite and rhyolite.
Conditions used to prepare the basalt.

Table S2. Compositions of some olivine grains prepared by the hydrothermal method

Olivine
Olivine
Olivine
Olivine
Olivine
Olivine
Olivine
Olivine
Olivine
Olivine
Olivine
Olivine

Si0,
41.20
36.10
40.25
40.79
38.49
40.96
43.41
41.16
39.61
40.24
39.40
37.24

FeO

17.80
14.96
17.43
16.00
16.77
15.51
17.07
16.63
17.38
17.28
17.56
17.80

MgO
41.85
48.48
43.80
42.92
45.23
44.87
38.93
43.69
43.78
40.92
41.78
43.06

Total
100.85
99.54
101.48
99.71
100.49
101.34
99.41
101.49
100.77
98.43
98.73
98.10



Table $3. Thermoelastic properties derived from NRIXS data

Tholeitic basalt IW

Tholeitic basalt IW

Mean Tholeitic basalt IW

Tholeitic basalt INT

Tholeitic basalt AIR

Basalt INT

Basalt AIR Andesite W ‘Andesite INT ‘Andesite AIR
Parameters from §
Temperature from detailed balance (K) 318 303 303 205 201 296 295 289
Lamb-Mssbauer factor from S 05777 £ 0.0016 0.6104 £ 00019 05912 + 0.0013 0.6417 £ 0.0026 0.6679 £ 0.0025 0.6262 £ 00029 0.6611 ¢ 0.0027 0.5929 £ 0.0015 0.6254 £ 0.0018 0.6520 £ 0.0018
Mean square displacement <z from s (%) 0.01030 + 0.00005 0.00926 + 0.00006 0.00985 + 0.00004 0.00833 + 000007 000757 + 0.00006 0.00878 + 0.00008 0.00777 & 0,00007 0.00981 + 0.00005 0.00881 £ 0.00005 0.00803 % 0.00005
Internal energy/atom from § (meV) 29,04 £ 065 28.78 069 28.92+ 0.48 2917 0 30.06 £ 0.80 2892 081 2002+ 077 2823+ 066 2897+ 072 2883+ 074
Kinetic energy/atom from S (meV) 1452+ 033 1439+ 035 14.46 ¢ 0.24 1458 £ 039 15.03 £ 0.40 14.46 £ 0.40 1451+ 038 1412+ 033 14.49 £ 036 14.41 £ 037
Force constant from S (N/m) 189 £ 10 209 13 197+ 8 234+ 16 202+ 18 2522 23 275+ 18 199 + 11 256+ 16 278+ 18
*“Fe/*'Fe  coefficients from S
1000 In B=A,/T*+A,/T*+A,/T* (Tin K)
A 5.403E405 + 2.795E+04 5.9556405 £ 3.606E+04 5.610E405 + 2.209E+04 6.675E+05 £ 4.641E+04 8.345E405 £ 5.110E+04 7.199E405 £ 6.583E+04 7.839E405 £ 5.028E+04 5.692E+05 + 3.243E+04 7.298E+05 + 4.502€+04 7.931E405 + 5.056E+04
A 31936409 + 4.487E+08 -4.061E+09 £ 5.865E+08 35136409 £ 3.564E408 -4.0276+09 + 7.638E+08 -6.861E409 £ 9.179E+08 67156409 £ 17306409 “6.1S5E409 £ 9.538E+08 33676409 + 4.472€+08 -5.994E+09 + 9.5326+08 “6.461E+09 + 1.055E+09
A 52176413 £ 1.422E+13 72576413 & 17406413 6.034E+13 £ 1.101E+13 51206413 + 22736413 13176414 £ 2.959E+13 18136414 + 7.843E+13 1080E+14 + 32236413 4.561E+13 + 11006413 12306414 + 3.5316+13 12016414 + 3.8816+13
,<F>/T"-B,<F>/T* (Tin K)
28536403 28536403 2853 28536403 28536403 28536403 28536403 28536403 28536403 28536403
7.3336404 7.525€404 74290 63476404 6.359E404 7.4748408 6.609E+04 7.224E404 7.1336404 6.684E+04
Parameters from g
Lamb-Mssbauer factor from g 05757 0.6090 0.5923 0.6404 0.6666 06243 0.6598 05919 06239 0.6504
Mean square displacement <z’> from g (A’) 0.01036 0.00931 0.00984 0.00837 0.00761 0.00884 0.00780 0.00984 0.00885 0.00807
d<z’>/dT (AY/K) 3.29E-05 2.95E-05 3.12€-05 2.63E-05 2.38E-05 2.79E-05 2.44£-05 3.12E-05 2.79€-05 2.54E-05
Critical temperature (K) 571 637 604 713 790 673 768 602 672 740
Resilience (N/m) a2 a7 a4 52 58 50 56 4 a9 54
Internal energy/atom from g (meV) 2962 2939 29.50 29.80 3072 2956 2968 2883 2961 29.49
Kinetic energy/atom from g (meV) 1481 14.70 14.75 14.90 15.36 14.78 1480 14.41 14.80 1474
Vibrational entropy (kb/atom) 135 128 132 121 114 1.20 112 1.26 119 111
Helmholtz free energy (meV) -5.42 378 -4.60 -1.49 105 -1.60 071 -3.84 -1.14 0.72
Vibrational specific heat (kb/atom) 095 093 094 092 090 090 087 091 089 086
Lamb-Mssbauer factor at T=0 089 089 089 090 091 090 091 089 090 091
Kinetic energy/atom at T=0 (meV) 6.26 651 639 7.04 7.79 7.01 7.48 638 712 7.46
Force constant from g (N/m) 186 206 196 231 290 251 274 199 255 278
*Fe/*'Fe  coefficients from g
1000 In B=A,/T*+A,/T*+A/T* (Tin K)
A 5.3006405 58876405 5.594E405 6.599E+05 8.2636+05 7.169E+05 7.827€405 56726405 7.2708405 7.939E+05
A 31566409 -4.081€409 -3.5986409 -3.9826409 -6.840€409 6.691E+09 -6.1366409 33626409 -5.9736+09 6.449E+09
A 5.2566+13 7.4636+13 6.360E+13 51576413 13716414 18348414 11006414 47426413 12516414 12216414
Velocities from g
Input density (g/cc) 278 278 278 278 278 278 278 257 257 257
input bulk modulus (GPa) 63 63 63 63 63 52 52 52
Debye velocity (m/s) 3477 + 86 3400 + 167 3461+ 77 4007 + 164 3931+ 228 3708 + 71 3604 + 165 3238+ 165 3512+ 158 3547 + 91
p-wave velocity (m/s) 5961+ 56 5912 + 108 5951 % 50 6324+ 115 6270 + 159 6115 + 48 6045 + 110 5602+ 107 5783 + 107 5807 + 62
s-wave velocity (m/s) 3108 + 82 3036 + 159 3093t 73 3605 + 156 3534 £ 217 3324+ 68 3227 ¢ 157 2892 + 157 3148 150 3181 + 87
Poisson ratio 0313 0321 0317 0259 0267 0.290 0.301 0318 0289 0286
Dacite IW/ Dacite INT Dacite AIR Rhyolite IW Rhyolite IW W Rhyolite INT Rhyolite AIR Olivine Fo82 Olivine Fo82 Mean Olivine
Parameters from S
Temperature from detailed balance (K) 305 301 309 204 29 295 302 295 317 299 308
Lamb-Mssbauer factor from S 0.5632  0.0028 0.6016 £ 0.0026 0.6092 + 0.0029 0.5440 £ 0.0021 0.5285 £ 0.0021 0.5363 £ 00015 05673 + 0.0026 0.5941 £ 0.0023 0.7178 £ 0.0059 0.7689 £ 0.0014 0.7662 + 0.0014
Mean square displacement <z2> from s (A2) 0.01077 + 0.00009 0.00954 + 0.00008 0.00930 + 0.00009 001143 + 000007 001197 + 0.00007 0.01169 = 0.00005 0.01064  0,00008 0.00977 + 0.00007 000622 + 0.00014 000493 £ 0.00003 0.00499 + 0.00003
Internal energy/atom from § (meV) 2027+ 0.74 2958 + 081 3035+ 0.89 2889 + 0.69 2862 + 0.68 28.75 £ 049 2092+ 077 30.41+ 082 30,58 + 097 2813+ 064 28.87+ 053
Kinetic energy/atom from S (meV) 1464 £ 037 1479 + 0.40 1518+ 045 14.44 £ 035 1431+ 034 1438+ 024 14.96 £ 039 1520 + 041 1529 + 049 14.07 £ 032 14431 027
Force constant from S (N/m) 206+ 13 272 19 296+ 21 256+ 14 21+ 16 250+ 10 308 17 351+ 20 190 + 18 199 + 12 197+ 10
S6Fe/5dFe b coefficients from S
1000 In b=A1/T2+A2/T4+A3/T6 (T in k)
AL 5.8726405 + 3.825E+04 77536405 £ 5.454E404 8.440E405 £ 6.072E+04 7.318E405 + 3.896E+04 6.890E405 £ 4.556E+04 7.137E405 £ 2.961E+04 8.798E405 £ 4.774E+04 1.002E+06 + 5.675E+04 5.426E405 + 5.205E+04 5.690E+05 + 3208E+04  5.61SE405 & 2.786E+04
a2 -3.523E409 + 5.158E+08 “6.946E409 £ 1.081E+09 “6.457E409 £ 1.102E409 “5.493E409 + 6.011E408 “6.977E409 £ 1.242E+09 -5.775E409 £ 5.411E408 71106409 £ 7.424E408 “8.959E+09 + 1.091E+09 “2.091E409 + 5.985E+08 31956400 + 6.635E+08  -2.587E409 £ 4.444E+08
4.922413 12606413 15106414 + 3.759E+13 10316414 & 3.489E+13 8535413 + 16326413 2072414 + 6.185E+13 93286413 + 1.578E+13 11136414 + 2.006E+13 1609E+14 + 3.653E+13 22856413 + 12676413 6.220E+13 & 2.610E+13  3.035E413 + 1.140E+13
1000 In b=B1<F>/T2-82<F>2/T4 (T in K)
81 28536403 28536403 28536403 2853 2853 2853 2853 2853 28536403 28536403 2853
82 7.065€404 7.2008404 6.107€+04 69502 81270 75386 62147 58559 5.101E+04 6.346E+04 57235
Parameters from g
Lamb-Mssbauer factor from g 05620 05999 0.6075 0.5431 05228 0.5330 0.5659 05917 07176 0.7686 0.7431
Mean square displacement <z2> from g (A2) 0.01081 000959 0.00935 001146 001217 0.01181 0.01069 0.00985 0.00623 0.00494 0.00558
d<225/dT (A2/K) 3.44E05 3.036:05 2.95€-05 3.66E-05 3.89E-05 3.78E-05 3.406-05 312605 1.90€-05 1.49€-05 1.70E-05
Critical temperature (K) 546 619 635 513 482 552 601 987 1260 1124
Resilience (N/m) 40 46 a7 38 35 a a4 7 93 8
Internal energy/atom from g (meV) 2084 30.19 3097 20.45 2921 3051 31.02 31.27 28.89 30.08
Kinetic energy/atom from g (meV) 14.92 15.10 15.49 1473 14.60 1525 1551 1564 14.44 15.08
Vibrational entropy (kb/atom) 133 121 117 1.20 1.26 114 1.08 130 112 121
Helmholtz free energy (meV) 457 116 064 158 354 091 304 2.46 012 129
Vibrational specific heat (kb/atom) 094 090 091 088 089 088 086 102 091 096
Lamb-Mssbauer factor at T=0 089 090 090 089 089 090 0.90 090 092 091
Kinetic energy/atom at T=0 (meV) 651 7.30 7.85 710 6.66 7.88 844 688 677 683
Force constant from g (N/m) 202 270 202 256 201 307 350 181 198 19
S6Fe/54Fe b coefficients from g
1000 In b=A1/T2+A2/T4+A3/T6 (T in K)
AL 57736405 7.694E405 8.3406405 7.3136405 6.8826+405 7.098E+05 8.766E+05 9.983E405 5.169E+05 56586405 5.414E405
A 35066409 6.937€409 -6.408E+09 -5.5106409 -6.9646409 -6.2376409 7.182€409 -8.948E+09 -2.0436+09 31626409 -2.602E409
A3 5.1586+13 15626414 1.057€+14 8.958E+13 20926414 14936414 1.1926+14 1666E+14 24348413 6.234E+13 43346413
Velocities from g
Input density (g/cc) 248 248 248 233+ 233+ 233 233+ 233+ 343 343 3.43
Input bulk modulus (GPa) 46 8 378+ 78 378+ 378+ 129
Debye velocity (m/s) 3353 + 469 3440+ 118 3198 + 310 2665.661508 + 49 3226 + 308 2674+ a8 2700+ 184 2967 + 273 4740 £ 133 5582 + 126 5187+ 92
p-wave velocity (m/s) 5531+ 317 5591+ 81 5428+ 204 4871276047 + 30 5235 + 273 4876 + 30 4892+ 115 5060 + 179 7855 + 90 8457 £ 93 8145 65
s-wave velocity (m/s) 3006 + 447 3088 + 113 2860+ 295 2372.681136 + 46 2896 + 379 2380 £ 46 2405 + 176 2653 + 260 4251+ 127 5043 + 120 4669 + 87
Poisson ratio 0.290 0281 0.308 0.3444833 0280 0312 0341 0310 0293 0224 0.258




Modeling of partial mantle melting and granitoid differentiation

Partial mantle melting. Dauphas et al. (2009) had derived analytical expressions to calculate the iron isotopic composition of mantle partial melts when the isotopic fractionation is
entirely controlled by redox conditions in the melt. We have modified these equations to account for the possibility that there could be some equilibrium isotopic fractionation between
Fe?" in minerals and Fe*" in melt, and between Fe?" and Fe’" in minerals.

The following notations are used:

- &; = [(°°Fe/>*Fe);/ (°°Fe/%*Fe)yq — 1]1%x1,000, where i=0, 21, 2s, 31, and 3s stand for initial, Fe*" in liquid, solid, Fe** in liquid, and solid, respectively,
- f is the degree of partial melting,

- K, = [Fe?*],/[Fe?*],, and K5 = [Fe3*],/[Fe3*];,

- A=6,-5

- R = Fe3"/Fe?*

Batch melting
We start by writing the following mass balance,

[*Fel, = f([*®Fe?*], + [*°Fe3*]) + (1 — H([3Fe?*]; + [5®Fe3*]y). (S1)
Introducing [5°Fe] = (56Fe/>*Fe)[>*Fe], we have,

56Fe
( > [f ([5*Fe**], + [*Fe**]) + (1 — FH([P*Fe**]s + [**Fe’*]y)]

54Fe

54 2+ 5 o 54 3+ 56F °* 54 2+ 56Fe2+ 54 3+ 5 °*
= f[>*Fe**]; Sipgrt + f[>*Fe’*], TipgaT + (1 = [>*Fe?*] SipgZt + (1 = [>*Fe’F] SipgT | - (52)
l l s s

We can bring the term on the left side to the right side, divide by (°®Fe/5*Fe)qyq, and multiply everything by 1,000 to reformulate this expression in § or A notation,
F3*Fe?*] A% + f[S*Fe* A3 + (1 — H[PFe? A% + (1 — H[P*Fe3|AF =0, (S3)
or relative to the isotopic composition of Fe*" in the solid A%,
FI*Fe2*] (A5 + A3%) + f[5*Fe®] (A5 + A%% + A3)) + (1 — H[P*Fe? |05 + (1 — H[P*Fe**[,(AF + 435) = 0. (S4)
This can be rewritten as,
f K, [**Fe?* 15(A° + A%5) + f K3 [*Fe3*15(A8° + A% + A3)) + (1 — FI[P*Fe*],A5 + (1 — )H[P*Fe™*] (a5 + 455 = 0. (S5)
Given that to a very good approximation >*Fe3* /54Fe?+ ~ Fe3* /Fe?*, the previous equation takes the form,
f Ko (AF + 830 + f KaR(AF + A3, + A3]) + (1 = NAF + (1= HR(AF +4%) =0, (S6)

where A%, A3L, and A3S are taken to be known constants. We now have to estimate R as a function of R,. Using the fact that,

[Fe?*]o = f[Fe**], + (1 — f)[Fe**],

[Fe**]o = fIFe**], + (1 — f)[Fe**];, (S7)
it follows,
Ry=Ry(fK, +1—-f)/(fKs+1—f)
Ry =Ro[f + (1= )/ Kl/If + (1= f)/ Ks]. (58)
Using this expression for Ry, it is possible to solve Eq. S6 for A3® and then calculate A%', A3®, and A3'. The bulk Fe isotopic compositions of solids and liquids are combinations of the
two oxidation states of iron,
Ay = (RAY + 48D/ (R + 1)

Ay = (RAF + AF)/(Rs + 1. (S9)

Deriving the final expressions poses no difficulty other than being cumbersome,



8, = 8+ A3+

1-f {1_f+Ro + f(K5 + RoK; — Ry) K3Ro[1 — f + Ry + f (K3 + RoK; — Ry)] 31 (510)

A3L — 0 A3l},
1+Ry | (1—f+fK)(1—f +fK;) (1= f+ fK)I(L = KRy + Ko (1= f + fKs + fKzROI ™ (1= f + fK3) ™
f | =DKR — K, (1= f + fKs + fK5Ry) ) K3Rg a1, Ro(Ky — fKy + fK;K3 + K3Ry — fK3Ro + fKoK3R,) A3S] (s11)
Ro +1 A-f+fK)A—f+fK3) 21— f+fKs T (I—f+fK)(A—f+fKs+Ro—fRo+ fK;Ro) =]
If A3L = 0 and A3} = A3S = A3, we recover Eq. 20 and 21 in Appendix A of Dauphas et al. (2009).

8, =8, +

Fractional melting
Let us first calculate the Fe*" and Fe*" ratios in the solid and cumulative liquid (c/). For each increment of melt removal (m denotes the mass of solid residue and / denotes the
instantaneous liquid in equilibrium with solid) we have,

d(m[Fe**],)

= [Fe?*],dm = K,[Fe?*].dm,
d(m[Fe**],) =

K,[Fe?*].dm. (512)
After some rearrangement, it is straightforward to show that,
[Fe?*]s = [Fe**]o(1 — f)271,
[Fe3*], = [Fe3*]o(1 — %1, (513)
Therefore we have,
Ry = Ry(1— f)Ks ke, (514)
The Fe*'/Fe”" ratio in the cumulative liquid can be estimated by using the following mass balance,
RolFe?* ]y = fRy[Fe?* ]y + (1 — fRs[Fe**];. (515)
We also have,
[Fe?*],=f[Fe?*], + (1 — f)[Fe?*],. (516)
Using Eq. S13 and solving Eq. S16 for [Fe?*];, we get (and similarly for Fe’"),
[Fe**]. =[Fe**], [1 - (1 — F)*2]/f,
[Fe3*], =[Fe3t], [1 — (1 = HK]/f. (S17)

Ry =Ro[1—-(QQ—-£)%]/[1-(1 -] (518)
Let us now examine the isotopic fractionation between the solid residue and the instantaneous liquid, which are in equilibrium. We have for the liquid,
(56Fe/5*Fe), = (°°Fe?* + >°Fei*)/(5*Fei* + >*Felt). (S519)

Therefore it follows,

This can be rewritten as,

(56Fe> 3 (56F82+/54-Fe2+)l + (56F83+/54F63+)1(54F83+/54F82+)l (520)

54Fe z - 14+ (54Fe3+/54Fe2+)l
Given that isotopic variations are small, we have (°*Fe3*/5%Fe2*), ~ R,. Factorizing (°®Fe?* /5*Fe?"), the previous equation takes the form,
56Fe °Fe**\ 1+ aj[R,  ,, (*°Fe**\ 1+ a3[(K3/K;)R;
(54Fe>l - (54Fe2+>l 1+R, > (54Fe2+>s 1+ (Ks/K2)R,
Using a similar development for the solid as that used for the instantaneous liquid, it is easy to show that,
(56Fe> _ (56Fe2+> 1+ a3sR, (522)
54Fe . S4Fe2+ . 1+Rs '
Dividing Eq. S21 by Eq. S22, we obtain the isotopic fractionation between liquid and solid as a function of the Fe3* /Fe?* ratio in the solid residue,
(56Fe/>*Fe), o (1 + a3t (K3/K;)Rs 1+R,
(55Fe/5*Fe), “25< 1+ (Ks/K2)R, ><1 T aggRS>' (523)
We can now derive the differential equation that controls Fe iron isotopic fractionation in solid and cumulative liquid. It starts with the following distillation equation,
d(m[5°Fe],) = [5°Fel,dm, (524)

(521)

Given that isotopic variations are small, this can be rewritten as,



d{m(5°Fe/>*Fe)[Fe],} = (5°Fe/%*Fe),[Fe],dm. (525)
After dividing by m(5Fe/>*Fe)[Fe], and rearranging the result, we have,

5613, /54
d In(°°Fe/>*Fe), = {( Fe/>"Fe),[Fe],

(5°Fe/5*Fe);[Fels

- 1}d Inm — dIn[Fel,. (526)

The partition of iron between solid and instantaneous liquid is,
[Fel, [Fe?*], + [Fe3*], [Fe?*], (1 + Rl> K, + K3R,

= . (527
1+ R, 1+R, (527)

[Fel,  [Fe?*]s + [Fe3*]s  [Fe?*];
By injecting Eq. S23 and S27 into Eq. S26, it follows,
K, + a3iK;Rg

Let us now examine the second term in this equation. We have [Fe], = [Fe?*].(1 + R,) and therefore,
dIn[Fe]; = dIn[Fe?*], + dIn(1 + R,). (529)

) - 1] dInm — dIn[Fel,. (528)

Using Eq. S13 and S14, this can be rewritten as,

Ky — K,)R K, +K:R,—1—R
dln[Fe]S=(K2—1)d1nm+Md1nm= 23

S
dlnm. (530
1+R, 1+R, nm. (530)

Equation S28 now takes the form,

4 In(55Fe/5*Fe), = [a% (Kz + aif:QRS) _ K; + K3R;
1+ ajgRg 1+ Rg
Let us introduce the notation y = a — 1. This equation can be rewritten as,
4 In(55Fe/5Fe), = {KgRs(l +R)y3i (1 +y3) + (K, + K3R)[—Rey3s + (1 + Ry)y3]
[T+ (1 +725)R (1 + Ry)

]dlnm. (§31)

} dlnm. (§32)
Given that 1 + y = 1, we have to a good approximation,

d In(5®Fe/>*Fe), =

(1+Ry)?
Writing x = m/m, and using Eq. S14, the previous equation can be rewritten as,
K3RyxK3~K2—1 Rox3~K2=1(K, + K RyxK37K2 K, + K3RyxX37K2
d In(**Fe/*Fe); = | = y3l — — o r BRox” Do Lo R il i (s34)
1+ RyxKs—Kz (1 4+ RyxKs—Kz)?2 x(1 + RyxKs—Kz2)
This differential equation can be resolved analytically between x = 1 (initial, before melting) and x = 1 — f. In § notation, this yields,
1—f)¥2 +Ry(1— f)Es K. 1+ Ry)(1 = fHe—Ks R 1—ffs~%2 —1 K. 1+ Ry)(1— f)ke—Ks
a-9 o(1-1) e LI, (1 + Ro)( - f) a3t 4 {Fo a-5 oK (1 + Ro)( - f) A%, (35
1+R0 KZ_K3 (1_f)K2 K3+R0 1+R0 1+R0(1_f)K3 KZ KZ_K3 (1_f)K2 K3+R0
If A3L = 0 and A3} = A3S, we recover Eq. 48 in Appendix A of Dauphas et al. (2009). If one sets R, = 0, we recover a standard Rayleigh distillation equation. The isotopic
composition of the cumulative liquid is most easily obtained by mass balance,

8 =60 —

31l

8, =08y +1n

(1 — f)[Fels
[Felo — (1 — f)[Fels

(85— 8o)- (S36)

Using Eq. S13 to calculate [Fe],/[Fe], we can rewrite this equation as,
(1= +R (1= )
1+Ro—(1—-ffe —=Ry(1—-f)

8 = 6o = (85 — 60), (S37)

where 85 — §, is given by Eq. S35.

We have calculated the isotopic composition of the liquid during partial melting of the mantle using Eqs. S10 (batch), S35, and S37 (fractional). We use K, = 1, K3 = 4.5 (Canil et al.
1994; Mallmann and O’Neill 2009; Cottrell and Kelley 2011), f = 0.1 (Klein and Langmuir 1987), and R, = 0.043, which is required to explain the MORB Fe*'/Fe, ratio of 0.16



(Cottrell and Kelley 2011) at 10 % partial melting. The temperature is taken to be 1300 °C (McKenzie and Bickle, 1988). The force constants of Fe** and Fe’* in basaltic magma are
199415 and 351+29 N/m, respectively. The force constants of Fe*" and Fe’" in mantle minerals are estimated to be 197+10 (olivine) and 255+24 N/m (Fig. S1), respectively. The
value for Fe’* in minerals is estimated based on an extrapolation to Fe’/Fe,,=1 of silicate and oxide NRIXS data in Fig. S1 (Table 1; Polyakov et al. 2007; Dauphas et al. 2012;
Sinmyo et al. 2014; and references therein). The value for Fe** thus estimated is close to the values obtained in silicates by conventional Mssbauer spectroscopy (Polyakov and
Mineev, 2000) and has little influence on the calculation. The MORB Fe*'/Fe,, ratio of 0.16 (Cottrell and Kelley, 2011) is attained when 8 Femertinitia=+0.023%+0.020 %o.

Granitoid differentiation. The chemical and isotopic evolution of an andesite melt affected by fractional crystallization under a fixed oxygen fugacity of QFM was calculated using the
Rhyolite-MELTS software (Gualda et al., 2012). The chemical composition of the starting andesite was in wt% SiO, 58.23, TiO, 0.94, A1,0; 16.94,Cr,05 0.03, FeO 7.31, MgO 3.99,
Ca0 7.08, Na,O 3.47, K,0 1.57, P,Os5 0.24, H,O 0.20. The pressure remained constant at 1 kbar. The temperature decreased from the liquidus temperature of 1176.95 °C to 851.95 °C
in increments of 5 °C. These conditions are appropriate to model the formation of an A-type granite (Clemens et al. 1986). The program calculates at each step the nature and
abundance of minerals that are removed from the system. The iron isotopic evolution is simulated by calculating at each step the isotopic fractionation between the minerals removed
and the remaining magma. For Fe’" and Fe’* in minerals, we use force constants of 197 N/m (olivine) and 255 N/m (Fig. S1), respectively. For Fe’" in melts, we adopt a force constant
of 351 N/m (Fig. 1). For Fe*" in melt, we use a sigmoid function that passes through the data, (F) = 199 + 41/(1 + 634_5102/2) with SiO; in wt.% (Fig. 7). Fig. 8 shows which
minerals influence the iron isotopic evolution of the magma.

250

Iron force constant (N/m)

200

ol

Fp Force constants:
175 Fe?*=177+10 N/m

Px Fe®=255+24 N/m

WEre
150 * ! . .
0 0.2 0.4 0.6 0.8 1
3
Fe¥/Fe,

Fig. S1. Iron force constants measured in silicate and oxide minerals by NRVS. Olivine is from this study (Table 1). The other values are from Polyakov et al. (2007), Dauphas et
al. (2012), Sinmyo et al. (2014) and references therein. In all these minerals, iron is in 6-fold coordination with oxygen except magnetite, which contains iron in both 4-fold and
6-fold coordinations. A linear regression gives force constants of 177+10 and 255+24 N/m for the Fe*" and Fe’" end-members, respectively.
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