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Negligible Zr isotope fractionation during partial melting 
To address isotopic fractionation effects during partial melting, we built a theoretical model by combining equilibrium Zr isotope fractionation and closed-system phase equilibrium modeling, which is similar to the approach used in Antonelli et al.1. The phase equilibrium modeling was undertaken in the MnO–Na2O–CaO–K2O–FeO–MgO–Al2O3–SiO2–H2O–TiO2–O2 (MnNCKFMASHTO) chemical system, using GeoPS (ver. 2.10)2 and the internally consistent thermodynamic data set version 6.623. The a-x models of phases included in the modeling are as follows: melt, augitic clinopyroxene and hornblende4; garnet, orthopyroxene, muscovite and biotite5; K-feldspar and plagioclase6; ilmenite7; epidote3. Quartz, rutile and titanite were considered as pure endmember phases. Because Archean samples in this research are sodic TTGs and K-rich granitoids, enriched and depleted Archean tholeiite (EAT and DAT, respectively) are the most likely protoliths8-10. The bulk compositions of EAT and DAT is from Kendrick et al.10. The water content of two bulk rock compositions was set such that the rock was just fluid saturated at the wet solidus at 1.2 GPa. Phase proportions and compositions are calculated along three P-T thermal gradients, 500 ℃/GPa, 750 ℃/GPa and 1000 ℃/GPa (Extended Fig. 5). Because the δ94Zr values of all the known mafic rocks are similar, the initial δ94Zr value of bulk rock was set at 0.04 ‰ as the value of primary mantle11. The partition coefficient of Zr between each mineral (Kmineral/melt) were compiled from the GERM database (https://earthref.org/#gsc.tab=0), and we used the mean, maximum and minimum values of Kmineral/melt to calculate separately (Supplementary Table 7). The equilibrium fractionation factors of Zr isotopes among minerals were adopted form Chen et al.12. The order of 94Zr enrichment is quartz > K-feldspar > amphibole ≈ orthopyroxene > clinopyroxene > garnet > ilmenite. The fractionation factors of K-feldspar and ilmenite were used as a substitute for plagioclase and rutile, respectively. For biotite, muscovite, sphene and epidote that are not constrained, we use the average values of polynomial expansion coefficients from minerals with the same coordination numbers. The fractions of these minerals are very small, and the Kmineral/melt of biotite, muscovite and epidote are not large. It is unlikely, therefore, that these minerals have any significant effect on our modelling results. The model results, beginning at the temperatures with melt proportion of 7% and ending at 1050 ℃, are presented in Supplementary Table 4. 
The equilibrium isotope fractionation factors and the fraction of residual solid are larger at lower temperatures. Therefore, with the gradual increase of temperature, the Δ94Zr between melt and its source decreases significantly, reaching ~0‰ at temperatures higher than 900 ℃ (Extended Fig. 5). Whatever the protoliths and thermal gradients are, the δ94Zr values of melt are the lowest when using the maximum partition coefficients (Extended Fig. 5). The maximum magnitudes of fractionations are relatively small, ranging from -0.04 to -0.25‰ for EAT and from -0.06 to -0.28‰ for DAT (Extended Fig. 5; Supplementary Table 4) when using both the highest 1000lnβ values12 and partition coefficients. These negative values are not consistent with the δ94Zr values of most whole-rocks (Extended Fig. 4a), And are not big enough to explain the isotopic range of samples in this study and in other reported whole-rock (-0.13 to +0.63‰)13 and zircon grains (-4.24 to +1.01‰)14. There are no reliable activity data of zircon in mafic system and zircon is not considered in this phase modelling. Zircon is enriched in light Zr isotope composition compared to melts. If zircon were present in our models, therefore, this would increase δ94Zr in the resultant melts and serve to counter-balance the negative effects predicted for partial melting, leading to overall smaller isotopic variations during partial melting. 

Negligible Zr isotope fractionation caused by crystallization of other minerals
To investigate equilibrium Zr isotope fractionation during the crystallization of studied granitoids, we used Rhyolite-MELTS15,16 with a zircon solubility model17to calculate Zr isotope compositions during magma crystallization prior to the saturation of zircon. Using a similar method, Chen et al.12 revealed that magmatic differentiation is not expected to cause large Zr isotope fractionation in the calc-alkaline and tholeiitic mafic magmatic series. However, all samples from this study are granitoids. It is therefore necessary to evaluate the scale of Zr isotope fractionation triggered by crystallization of minerals other than zircon in felsic magma systems before considering the effects of zircon crystallization. Bulk chemical compositions of 16LB12, 16LB16 and 16BA03 were selected as the starting melt compositions (Supplementary Table 2). The adopted pressure is 6 kbar, corresponding to a typical emplacement depth for granitic magmas17. The H2O content is set as 4 wt.% and the oxygen fugacity is selected according to the results calculated by zircon magmatic oxybarometer19, which are FMQ-0.42, FMQ+0.23 and FMQ+1.67 for 16LB12, 16LB17 and 16BA03, respectively. The fractional crystallization model results are shown in Supplementary Table 5 and Extended Fig. 8. Zr contents in melts increase with decreasing temperatures and the removal of minerals from melt (the blue lines). Meanwhile, the concentration of Zr required for zircon saturation decreases due to changing melt compositions (the black lines). Once the blue line intersects the black line, zircon begins to crystallize (the green lines). For K-rich granitoid 16LB12, about 2% to 22% of total zirconium (fzr in mineral, the brown yellow line in Fig. 8a calculated using Kmean) is removed by crystallized minerals using minimum, average, and maximum distribution coefficients (Kmineral/melt, Supplementary Table 5). Regardless of the distribution coefficients used, the Zr isotope composition of the melt changes little, from 0.01 to 0.06‰ (the red line in Extended Fig. 8a; Supplementary Table 5). The modelling results of 16LB16 reveal even smaller ranges of fzr (1-9%) and Δ94Zrmineral-melt (0.00-0.03‰), which result in nearly constant δ94Zr of the melt (Extended Fig. 8b; Supplementary Table 5). In the case of 16BA03, the modelling results also give minimal variation in the range 0.01 to 0.04‰ with 2-20% fzr (Extended Fig. 8c; Supplementary Table 5). In summary, the equilibrium Zr isotope fractionation caused by crystallization of other minerals prior to zircon saturation is negligible.

Parameters used in zircon growth rate calculation
The minimum zircon δ94Zr in a sample is the value most affected by kinetic effects due to more rapid crystal growth. Consequently, we can use the minimum δ94Zr values to calculate the maximum growth rate of zircon in a sample20. As discussed in the main text, the zircon growth rate is calculated by
          (4)
The mineral-melt Zr distribution coefficient (K) shows large variations in previous studies21-23. Therefore, we take the ratio of Zr concentrations in zircon (496000 ppm) and whole rock (ranging from 1508 to 5168) as the Zr distribution coefficients in our calculations. Given that these distribution coefficients are all very large, variations in K have a relatively insignificant role in our growth rate estimates.
During zircon growth, a compositional boundary layer (BL) that is highly depleted in Zr forms around growing crystals. In general, wider BL leads to lower growth rate estimates for a given ∆94Zr, but 100 μm is suggested as a maximum BL thickness in natural dynamic systems24. We use this value in our models in order to get at minimum estimates for the duration of zircon growth in our samples.
The Zr diffusivity is calculated following equation 4c of Zhang and Xu25 at the Zr-saturated temperature of each sample (Supplementary Table 2). By using the equation calibrated by Boehnke et al.17, these range from 3103 to 30425 μm2/yr. By using the equation calibrated by Harrison and Watson26, these range from 10959 to 74519 μm2/yr. No matter which parameter is used, the storage time is longer than in modern Earth. The D94/D90 can be obtained through an inverse power-law function of the ratio of their masses27,
          (5)
where β is an empirical factor. No experimental data is available documenting Zr isotopic fractionation in silicate melts. However, β exponents correlate with the ratio of the diffusivity of the cations normalized to the diffusivity of Si. The DZr/DSi is typically close to ~1, suggesting that a value of 0.054 for β is a reasonable estimate for our models11, especially since we are trying to constrain maximum crystal growth rates (e.g., a greater β value would lead to lower growth rates and even longer magmatic timescales than reported in the main text). 

Ti-in-zircon thermometry
We used the Ti-in-zircon geothermometer28 to estimate temperatures of zircon crystallization in our samples, which requires that the Si activity (αSiO2) and Ti activity (αTiO2) of melts need to be constrained. The αSiO2 is assumed to be 1 because of the presence of quartz in all samples. Because of the presence of zircon and the absence of rutile, the αTiO2 is assumed to be 0.5 according to Ferry and Watson28. 
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