Supplementary Material

Table S1: Mass fractions of iron-containing minerals (Journet et al., 2008) and their apportionment to readily released, medium soluble,
5 and slow soluble iron.

FEtotal FErr FEmed FEsiow
Hematite 57.50% 57.50%
Smectite 11.00% 0.55% 10.45%
Illite 4.00% 0.11% 3.90%
Feldspar 0.34% 0.01% 0.33%
Kaolinite 0.24% 0.01% 0.23%
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Table S2a: Global annually-averaged atmospheric loading for REF and SS1-6.

Load REF ss1 ss2 $s3 ss4 $s5 556
Dust (Tg/yr) 16.1 16.1 16.1 16.1 16.1 16.1 16.1
Fe oeat (TE/VT) 0.6 0.6 0.6 0.6 0.5 0.6 0.6
Fes . (Gg/yr) 15.1 6.7 145 1.7 11.1 15.8 15.2
Fes . (G8/yr) 0.2 0.1 0.2 n/a 0.2 0.3 0.3
Fet ., (Ge/vr) 14.5 14.5 14.5 14.5 14.5 14.5 14.5
Fes o (C8/Y7) 1.2 0.8 1.0 1.0 1.2 1.4 1.3
Table S2b: Global annually-averaged wet deposition for REF and SS1-6

Wet Dep. REF ss1 ss2 ss3 ss4 $S5 556
Dust (Tg/yr) 6379 6379 6379 6386 6379 6379  637.9
Fe oeat (TE/VT) 23.8 23.8 23.8 22.4 20.5 23.8 23.8
Fes  .(Gg/yr) 9124  269.6  887.3 1811  693.9  954.8  929.9
Fes  (Gg/yr) 13.4 2.8 12.8 n/a 12.8 19.2 18.6
Fet  (Ge/yr) 11427 11427 11427 11427 11427 11427 11427
Fes o (C8/Y7) 90.8 55.6 84.4 97.7 90.7 103.6  97.5

5 Table S2¢: Global annually averaged dry deposition for REF, SS1-6.

Dry Dep. REF ss1 ss2 ss3 sS4 SS5 556
Dust (Tg/yr) 1143.4 11433 11433 11461 1143.4 11434 1143.4
Fe .. (T8/yr) 33.5 33.5 33.5 40.1 36.8 33.5 33.5
Fes  (Gg/yr) 3519 2843 3589 252 4025 3598  366.8
Fes  (Gg/yr) 2.2 0.8 23 n/a 2.2 3.8 3.8
Fet  (Ge/yr) 7561 7561 7561 7561 7561 7561  756.1
Fes o (C8/Y7) 37.6 326 36.6 36.8 37.6 40.9 39.9
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Table S2d: Global annually-averaged emissions for REF, SS1-6.

Emission REF REFpin1 SS1 §S2 SS3 SS4 SS5 SS6
Dust (Tg/yr) 1767.8 19.3 1767.7 1767.6 17711 1767.7 1767.8 1767.8
Feotal (TE/Yr) 56.9 1.0 56.9 56.9 62.0 56.9 56.9 56.9
Fesmed (Gg/yr) 506.9 35.9 506.9 506.9 0.0 506.9 506.9 506.9
Fessow (Gg/yr) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Feteoms (GB/Yr)  1878.9 241.6 18789 18789 1878.9 18789 18789 1878.9
Fescoms (Gg/yr) 75.2 9.7 75.2 75.2 75.2 75.2 75.2 75.2

Table S2e: Total deposition (Gg/yr) for ocean regions defined as Western North Pacific (WNP) (40-60°N, 140-185°E) and
Eastern North Pacific (ENP) (40-60°N, 185-230°E) for SS1 to compare to Table 6 from (Ito and Xu, 2014).
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Dep WNP ENP
Dust (Gg/yr) 6162.0 2747.6
Fe  (Gg/yr) 2379 1088
Fes _ (Gg/yr) 3.3 1.7
Fes  (Gg/yr) 0.05 0.03
Fet  (Gg/yr) 30.7 6.3
Fes_  (Gg/yr) 1.4 0.3
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Table S3a: Global annually-averaged atmospheric loading for preindustrial (PI) cases 1-4.

Load PI1 PI2 PI3 PI4
Dust (Tg/yr) 16.1 10.0 10.0 10.0
Fe . (T8/Y1) 0.6 0.4 0.4 0.4
Fes . (Ge/yr) 13.1 8.1 8.1 7.8
Fes . (G8/yr) 0.12 0.08 0.08 0.07
Fet . (Ge/yr) 14.5 14.5 8.5 8.5
Fes o (C8/Y7) 1.0 1.0 0.6 0.6

Table S3b: Global annually-averaged wet deposition for P11-4.

Wet Dep. PI1 PI2 PI3 PI4
Dust (Tg/yr) 637.9 4067 4067  406.7
Fe . (T8/Y1) 23.8 15.1 15.1 15.1
Fes . (Ge/yr) 7721 4865 4865  474.0
Fes . (G8/yr) 9.8 6.3 6.3 6.1

Fet  (Ge/yr) 11427 11426 601.8  601.8

Fes_ . (C87Y7) 79.1 79.5 43.1 41.5

Table S3c: Global annually-averaged dry deposition for PI1-4.

Dry Dep. PI1 PI2 PI3 P4
Dust (Tg/yr) 1143.4 7053 7052  705.2
Fe oeat (TE/VT) 335 20.7 20.7 20.7
Fes .4 (G8/yr) 3379 2107 2107 2115
Fes . (G8/yr) 15 1.0 1.0 1.0
Fet ., (G8/yr) 756.1  756.2 4101 4101
Fes o (C8/Y7) 35.5 35.6 19.3 19.0
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Table S3d: Global annually-averaged emissions for P11-4.

Emission PI1 PI2 PI3 PI4
Dust (Tg/yr) 17677 1103.6 1103.6 1103.5
Fe . (T8/Y1) 56.9 35.5 35.5 35.5
Fes . (Ge/yr) 506.9 3168 3168  316.8
Fes . (G8/yr) 0.0 0.0 0.0 0.0

Fet  (Ge/yr) 18789 18789 1001.7 1001.7

Fes_ o, (C87YT) 75.2 75.2 40.1 40.1
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Table S4: Latitude and longitude of 12 ocean basins as defined by Gregg et al., 2003.

Latitude Longitude
N.Atlantic lat>=30 lon<=75 | lon>270
N.Pacific lat>=30 lon>75 & lon<=270
N.Cen.Atl. lat>=10 & lat<30 lon>270
N.Cen.Pac. lat>=10 & lat<30 lon>120 &lon<=270
N.Indian.Ocn lat>=10 & lat<30 lon>30 & lon<=120
Equat.Atl. lat>=-10 & lat<10 lon<=30 | lon>300
Equat.Pac. lat>=-10 & lat<10 lon>120 & lon<300
Equat.In.Ocn. lat>=-10 & lat<10 lon>30 & lon<120
S.Atlantic lat>=-30 & lat<10 lon<=30 | lon>300
S.Pacific lat>=-30 & lat<-10 lon>120 & lon<=300

S.Indian.Ocn

Antarctic

lat>=-30 & lat<-10
lat<-30

lon>30 & lon<=120
lon>0 & lon<=360




Table S5a: Global ocean and regional ocean basin total fractional iron solubility (dust + combustion) for REF, SS1-6.

Ref SS1 SS2 SS3 SS4 SS5 SS6

Global 3.26 1.20 3.14 0.86 2.82 3.49 3.37
N.Atlantic 2.06 1.03 2.30 0.43 1.80 2.15 2.39
N.Pacific 4.92 1.83 5.39 2.48 4.46 5.49 5.95
N.Cen.Atl. 2.96 1.07 3.07 0.72 2.48 3.08 3.19
N.Cen.Pac. 6.49 2.35 6.93 2.61 5.70 7.83 8.26
N.Indian.Ocn 1.98 0.99 2.17 0.44 1.87 2.12 2.32
Equat.Atl. 7.06 1.36 5.05 1.66 6.53 7.35 5.34
Equat.Pac. 9.37 2.93 8.63 4.29 8.56 11.08 10.37
Equat.In.Ocn. 3.79 1.59 4.06 1.20 3.24 4.30 4.57
S.Atlantic 5.62 2.47 4.53 2.86 5.01 6.56 5.50
S.Pacific 5.40 3.11 5.10 4.07 5.44 6.67 6.39
S.Indian.Ocn 7.23 3.44 6.31 4.58 6.95 8.70 7.79
Antarctic 2.92 1.57 2.75 1.68 291 3.39 3.22

Table S5b: Global ocean and regional ocean basin total fractional iron solubility for preindustrial simulations.

PI1 P12 PI3 Pl4
Global 2.80 2.87 2.77 2.72
N.Atlantic 1.93 1.97 1.92 2.01
N.Pacific 4.26 4.14 3.95 3.92
N.Cen.Atl. 2.75 2.81 2.80 2.86
N.Cen.Pac. 5.62 5.17 5.02 5.15
N.Indian.Ocn 1.78 1.81 1.76 1.77
Equat.Atl. 5.22 5.40 5.26 4.59
Equat.Pac. 8.05 8.25 7.95 7.85
Equat.In.Ocn. 3.30 3.37 3.10 3.10
S.Atlantic 4.50 4.26 3.98 3.79
S.Pacific 4.88 5.21 5.07 5.01
S.Indian.Ocn 6.05 6.07 6.13 5.88
Antarctic 2.66 3.02 3.02 3.00
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Figure S1: Scatter plots of model total iron vs. observed total iron for fine mode, coarse mode and for fine + coarse mode.
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Figure S2: Scatter plots of model labile iron vs. observed labile iron for fine mode, coarse mode and for fine + coarse mode.
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Figure S3: Spatial distribution of annual averaged pH at the surface for the reference case (a) and SS5 (b).

(a) Sfc. pH:REF

90

45

-90
b Sfc. pH:SS5

90

45

-90
-180

10



Figure S4: Percent iron solubility from medium soluble iron (Fene) at pH = 2, T=298 °K (for comparison with Figure S2
from Ito and Shi, 2016). Proton-promoted dissolution applied at all model gridboxes is calculated from Eq. (1) and is shown
in red. The iron liberation from in-cloud, organic ligand processing at [C,04”] = 0 is shown in blue and is only applied in
the cloud-fraction of gridboxes within clouds given by Eq. (3). The total iron dissolution for ~ 5% in-cloud to all atmosphere
gridboxes is shown in green.
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