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Supplementary Data: 
 
Supplementary Data 1: Silicon and Ti isotope data of samples and geostandards measured in 
this study, as well as their published major element concentrations. 

Supplementary Data 2: Titanium isotope data compilation used in this manuscript. 

Supplementary Data 3: Silicon isotope data compilation used in this manuscript. 

Supplementary Data 4: Input parameters for Si isotope modeling.  
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Supplementary Figures: 
 

 
Supplementary Figure 1: Silicon isotopic compositions of granitoids over time (d30Si), i.e. the 
data are not corrected for the effect of magmatic differentiation. The same general trend is 
visible as in Figure 2 in the main manuscript. Literature data are from 1–4. Samples from this 
study with a bold line are from Greenland, the others origin from the Acasta Gneiss. Data are 
given in supplementary Data 1 and 3. 
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Supplementary Figure 2: Nb versus Ta, and Sr/Y versus La/Yb signatures of rocks originating 
from the melting of a hydrous mafic crust investigated in this study. Rocks from both age 
groups (younger and older than 3.60 Ga) cover the ranges of element signatures classically 
used to distinguish Archean low, medium and high pressure Tonalite-Trondjemite-
Granodiorite (TTG) suites 5. 
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Supplementary Figure 3: Result of Model 3 (see supplementary Note 2 for details), with the 
dotted red line being a polynomial fit through the data produced by the Monte Carlo 
simulation (small blue points). Figure 3B in the main manuscript is based on this modeling 
result. It correlates the calculated fraction of the Si flux from the weathering of land (fSiland) 
to the ocean, based on the Si isotopic composition of the measured granitoids, with the 
changing proportion of silica (1/𝑘 = !<3.6

!>3.6
) added to their melting sources. The black line 

represents the situation where the increase in silica in the melting source of the granitoids 
after 3.60 Ga is identical to the fraction of the Si flux to the ocean from the weathering of 
land. 1/k (x-axis) expresses the relative increase in the added silica to the melting source of 
granitoids younger than 3.60 Ga compared to older ones. At a value of 1, the amount of silica 
added to the melting source stays identical, at a value of 2, it doubles. Note that for a value 
of 2.2 times more silica added to the melting source of the granitoids, 𝑓Siland is 0. This means 
that the additional silica added to the ocean had a different isotopic composition from what 
we assumed to be the discharge from the weathering of emerged crust. This could mean 
either that the additional Si did not derive from the erosion of land, or that the Si isotopic 
composition delivered by land to the ocean had a much lower Si isotopic composition, more 
akin to that of the unweathered continental crust. We prefer the latter, as increasing 
seawater silica in the melting source of granitoids likely requires a higher flux of Si to the 
ocean. Hydrothermal discharge likely decreased, and not increased over time 6–8, and aside 
from Si input from emerged land, no other major Si flux to the ocean is currently known.  
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Supplementary Notes 1 
 
Sample description 
Acasta Gneiss samples 

All Acasta Gneiss samples analyzed here have been extensively described in both their 
petrology and isotope geochemistry, including whole rock elemental geochemistry 9,10, zircon 
oxygen and hafnium isotope data 9–11, extinct isotope data 12 and Ti isotope data 13. Our 
measured tonalites and granitoids span an age range from 4.02 to 2.94 Ga. Radiogenic isotope 
composition and trace elements imply that their melting source and mechanism of formation 
changed over time 12. The 4.02 Ga rocks are ‘icelandite’-like in elemental composition and 
were likely formed by high degrees of shallow fractionation starting from an anhydrous 
basaltic melt. In contrast, the 3.75 Ga tonalites were generated by partial melting of hydrated 
Hadean mafic crust in a shallow melting environment. Sample with ages ≤3.60 Ga formed by 
melting of young, hydrated mafic crust with almost chondritic Hf isotopes at greater depth 
than the 3.75 Ga tonalites.  
 
West Greenland samples 

Eoarchaean TTG orthogneiss samples (all having prefix 155) were collected from the 
Itsaq Gneiss Complex of southern West Greenland by Stephen Moorbath and colleagues 14, 
and they have been well-characterized by a number of workers 15–18. Most of the samples are 
from the Nuuk region, including several from the Godthåbsfjord area and one sample from 
the Qilanngaarsuit area (155735). Three additional samples come from Amîtsoq gneisses of 
the Isua Supracrustal Belt dome (155766, 155768 and 155774). The Itsaq gneisses formed 
from a TTG-type protolith in the Eoarchaean and were subsequently metamorphosed to the 
granulite facies, and they show a limited range in textures and compositions, mostly 
comprising granitic, “speckled” dioritic, and banded gneisses. These TTG samples largely 
constitute plagioclase and K-feldspar, quartz, and biotite 14, and their Pb/Pb whole rock ages 
range from 3800 ± 120 Ma 19 to 3654 ± 73 Ma 20. 
 
 
Supplementary Notes 2 
 
Mass balance models 

The errors are calculated as the 2SD of a Monte Carlo simulation for error propagation 
(20’000 cycles), unless the simulated data distribution is skewed. In the latter case we report 
the 2.5% to 97.5% percentile range as error estimates. For our model, we use all granitoids 
that sourced from the melting of hydrated basalts (i.e. excluding the rocks that derive from 
fractionation of dry melts). Some of the published granitoids exhibit high SiO2 concentrations 
(up to 86 wt%), exceeding the typical values for highly felsic rocks such as rhyolites (i.e., 77 
wt%). Generally, samples with SiO2 concentrations above 77 wt% display greater variability in 
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D30Si. This may indicate that normalization for the effect of fractional crystallization on Si 
isotopes is less accurate at such elevated SiO2 concentrations. However, excluding these data 
does not alter the outcomes of our model. All needed input variables are given in 
supplementary Data 4. 
 
Model 1; static Si isotopic composition of silica added to the seafloor 

The offset in the Si isotopic composition of Archean granitoids compared to modern 
ones (∆"#Si) likely equals the offset between a non silicified basalt and the silicified basalt 
that partially melts 3. In this case, ∆"#Si is defined as: 
 
∆"#Si = (p ∗ 	δ30Sisilica	+	(1-p) ∗ δ30Sibasalt)- δ30Sibasalt    (eq. S1), 
 
With p being the proportion of silica added, δ30Sisilica being the isotopic composition of the 
silicifying material, and 	δ30Sibasalt is the isotopic composition of the non silicified basalt (-0.29 
± 0.08‰ 21). Writing this equation for the time intervals before and after 3.60 Ga yields: 
 
∆"#SiGr<3.6 = (𝑝<3.6 ∗ 	δ30Sisilica<3.6	+	(1-𝑝<3.6) ∗ δ30Sibasalt)- δ30Sibasalt  (eq. S1a), 
∆"#SiGr>3.6 = (𝑝>3.6 ∗ 	δ30Sisilica>3.6	+	(1-𝑝>3.6) ∗ δ30Sibasalt)- δ30Sibasalt  (eq. S1b), 
 
with ∆"#SiGr<3.6 being the ∆"#Si value of granitoids younger than 3.60 Ga (i.e. +0.160 ± 
0.018‰; 2SE, n= 67), and ∆"#SiGr>3.6 being the ∆"#Si value of granitoid between 3.82 Ga to 
3.60 Ga (i.e. +0.075 ± 0.030‰; 2SE, n=12). Given that in this model we assume that 
δ30Sisilica<3.6 equals δ30Sisilica>3.6 we can combine and rewrite these equations to: 
 
∆&'SiGr<3.6
∆&'SiGr>3.6

 = !<3.6
!>3.6

         (eq. S2).  

 
Thus, when assuming that the Si isotopic composition of silica added to the seafloor did not 
change, we require that around 2.2 times more silica was added to the melting source of the 
granitoids younger than 3.60 Ga, compared to those older than 3.60 Ga. The result of the 
Monte Carlo simulation is skewed, with the 2.5% and 97.5% percentile yielding values of 1.5 
and 3.5, respectively. Thus, if the additional Si added to ocean is due to the onset of 
continental weathering, the Si flux from land would make up around 55% of the total input.   
 
Model  2; static proportion of silica added to the melting source of the granitoids 

For this model, where we assume that the proportion of silica added to the melting 
source of the granitoids did not change, we can use equation S1 to calculate p in the case the 
δ30Sisilica is known (eq. S3), or one can calculate δ30Sisilica in the case p is known (eq. S4). 
 

p	= − ∆30Si
 δ30Sibasalt	– δ30Sisilica

     (eq. S3) 
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δ30Sisilica= ∆30Si+ δ30Sibasalt∗p
p

     (eq. S4) 

 
In our case, we can calculate p with equation S3 for the granitoids that are younger than 3.60 
billion years (∆"#SiGr<3.6 = +0.160 ± 0.018‰; 2SE, n=67), where we have information on the 
Si isotopic composition of the silica added to their melting source (δ30Sisilica<3.6), estimated to 
be between +0.9‰ to +1.5‰ 3. Assuming p stays constant, we can then calculate through 
equation S4 the δ30Sisilica>3.6 of the silica added to the melting source of the granitoids older 
than 3.60 billion years (∆"#SiGr>3.6 = +0.075 ± 0.030‰; 2SE, n=12). The difference in the 
isotopic composition of the silica added to the melting source of the >3.60 Ga and <3.60 Ga 
granitoids (∆Sisilica) is then defined as: 
 
∆Sisilica=	δ30Sisilica<3.6	– δ30Sisilica>3.6   (eq. S5) 
 
Combining equations S3, S4 and S5 leads to: 
 

∆Sisilica=	
6 δ30Sibasalt78&'9:silica<3.6	;∗6∆&'SiGr>3.67∆&'SiGr<3.6;

∆&'SiGr<3.6
     (eq. S6). 

 
If the ∆Sisilica is the result of a heavy d30Si flux to the ocean (δ30Siinput) due to the onset of 
weathering and erosion of land, then the fraction of the Si flux from land (𝑓Siland) to the ocean 
can be described as: 
 
δ30Siinput = (δ30Sihyd+∆Sisilica)	=	δ30Siland ∗ 𝑓Siland + (1 − 𝑓Siland) ∗ δ30Sihyd (eq. S7) 
 
Solving this equation for 𝑓Siland yields: 
 

𝑓Siland=	–
∆Sisilica

 δ30Sihyd-δ30Siland
        (eq. S8). 

 
Here, δ30Sihyd and δ30Siland are the Si isotopic compositions of the oceanic inputs through 
hydrothermalism and dissolved Si from the erosion of land, respectively. The isotopic 
composition of the hydrothermal input (δ30Sihyd) is estimated at -0.30 ± 0.14‰ (error as 

shown in Rahman and Trower 22) and that of the dissolved Si (δ30Siland) at +1.210 ± 0.078 (2SE, 
n=372) 22. Substituting ∆Sisilica from equation S6 into equation S8 leads to: 
 

 𝑓Siland=	
6 δ30Sibasalt78&'9:silica<3.6	;∗6∆&'SiGr<3.67∆&'SiGr>3.6;

∆&'SiGr<3.6∗( δ
30Sihyd7δ30Siland)

     (eq. S9). 

 
Using the input values given in supplementary Data 4 yields for 𝑓Siland a value of 0.53 ± 0.26.  
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The model is based on two fundamental premises. (i) We imply that the change in the 
isotopic composition of the silica added to the melting source of the granitoids is equal to the 
change in seawater d30Si, which in turn is directly connected to the change in the total d30Si 
flux to the ocean due to the onset of the erosion of land. (ii) We assume that the ∆30Si value 
of +0.075 ± 0.030‰ (2SE, n=12) of the granitoids aged between 3.82 Ga and 3.65 Ga does not 
require a continental silica flux to the ocean. This assumption is to date substantiated by 
equation S4, that allows us to calculate the δ30Sisilica>3.6, representing the Si isotopic 
composition of silica added to the metabasalts. The best estimates for δ30Sisilica>3.6 yield 
between +0.21‰ (for δ30Sisilica<3.6 = 0.9‰) and +0.46‰ (for δ30Sisilica<3.6 = 1.5‰). Such values 
can be attributed to Si sinks in the ocean, specifically amorphous silica precipitation and 
reverse weathering, which exhibit isotope fractionations with seawater of around -0.5‰ and 
-2.0‰, respectively 23–25. Given that the Si isotopes in the oceanic system were at steady-
state (i.e. δ30Siinput = δ30Sioutput = δ30Sihyd) a seawater δ30Si of +0.21‰ to +0.46‰ can be 
explained by a Si sink comprising 80-90% amorphous silica precipitation and 10-20% reverse 
weathering, for instance. This is in agreement with estimates for the reverse weathering sink 
in the early Archean, albeit with large errors 26–28. 
 
Model 3: Combining higher Si flux with changing isotopic composition 

Given that the erosion of land probably resulted in an increased Si flux to the ocean 
that was also isotopically heavier, the two endmember models above likely overestimate the 
contribution of continental silicon. Thus, we also developed a model that combines the effects 
of an isotopically heavier and increased Si flux. For this model we use again the two premises 
as above; (i) the change in the isotopic composition of the silica added to the melting source 
of the granitoids is equal to the change in seawater d30Si due to the onset of the erosion of 
land, and (ii) we assume that the ∆30Si value of +0.075 ± 0.030‰ (2SE, n=12) of the granitoids 
aged between 3.82 Ga and 3.65 Ga does not require a continental silica flux to the ocean.  

To adjust the model above, we add a parameter k that describes the difference in the 
silica added to melting source of granitoids before and after 3.60 Ga: 
 
𝑘=	 !>3.6

!<3.6
          (eq. S10). 

 
We then rewrite equation S1 to: 
 
∆"#Si' = 3p ∗ ((1 − 𝑘) ∗ δ30Sihyd + 𝑘 ∗ 	δ30Siland)	+	(1-p) ∗ δ30Sibasalt4- δ30Sibasalt (eq. S11), 
 
and adjust equation S9 to: 
 

𝑓Siland'=	
6 δ30Sibasalt78&'9:silica<3.6	;∗67∆&'SiGr>3.6	A	∆&'SiGr<3.6	∗	B;

∆&'SiGr<3.6	∗	6 δ30Sihyd7δ30Siland;∗B
    (eq. S12). 
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If we state that the change in the proportion of silica added to the melting source is identical 
to the increased Si flux from the onset of the weathering of land, then the parameter k is 
related to 𝑓Siland′ through: 
 
1 − 𝑘	=	1 − !>3.6

!<3.6
=	 !<3.67!>3.6

!<3.6
=𝑓Siland’       (eq. S13). 

 
We can now substitute k for 1 − 𝑓Siland′ in equation S12 and solve for 𝑓Siland′ (see 
supplementary Figure 3 and Figure 3 in the main manuscript), which yields 0.32 ± 0.15. 
However, it is currently not precisely known how the proportion of silica added to the melting 
source (k) and the increased flux of Si to the ocean are connected. We can thus also use 
equation S12 to show how 𝑓Siland′ changes at different k, which is illustrated in supplementary 
Figure S3, which shows the result of the Monte Carlo modeling of equation S12 by picking 
randomly a real number for k between 1 and 0.45 (the realistic range given by Model 1). This 
allows to display the range of combinations between increased Si in the melting source of the 
granitoids and the Si flux from the weathering of emerged land that can explain the Si isotopic 
compositions of the granitoids.   
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