








Extended Data Fig. 4 | Energy requirements for rock grinding. Grinding 
requirements in electricity for eastern and western interconnections for 1 and  
2 Gt rock yr−1 scenarios. (a, b) Annual electricity requirements for grinding in 

TWh/y. (c, d) Annual electricity requirements for grinding as a percentage of 
total electricity production. (e, f) Annual electricity production in TWh/y and 
Life Cycle Emissions (LCE) of electricity in gCO2/kWh.
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Extended Data Fig. 5 | Comparison of observed and modelled EW rates in 
the U.S. Corn Belt. Observed (Obs)4 (mean ± s.e.m, n = 5) and simulated (Sim) 
rates of loss of (a) calcium (Ca2+), (b) magnesium (Mg2+) ions by EW at 0–20 cm 
soil depth by EW of crushed basalt. (c) Cumulative rate of potential carbon 
dioxide removal (CDR), based on mass balance. (d) Average depth-weighted 
treated (Obs) and control (Obsc) bulk soil pH (0–30 cm) for the Energy Farm  
EW field trial, Illinois3, with model predictions (for soil pore water) pH with 
(Sim) and without EW (Simc); pH measurements are for bulk soil. 2016 is the 

pre-treatment year. Simulations were undertaken using the 1-D soil profile EW 
model with the blue ridge metabasalt mineralogy, particle size distribution, 
and application rate as used in the field trials, driven with CESM climate and 
CLM5 soil profile inputs (Extended Data Fig. 1), i.e., the same methodology as 
the current study. Pot in (a) and (b) indicates maximum potential soil Ca and Mg 
concentrations respectively, based on basalt chemistry and application rate, 
i.e. assuming no weathering3.



Extended Data Fig. 6 | Ridgeline plots of the calcite saturation (omega) 
responses to EW over time for small catchments. Modelled calcite saturation 
(omega) for small USGS watersheds (<500 km2) for 2 Gt rock extraction by  
2070 EW scenario. Vertical dashed lines indicate mean omega values of 10, 15, 
20, 25 from left to right.
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Extended Data Fig. 7 | Probability density plots of U.S. cropland soil pH 
with EW deployment over successive decades (2020–2070). Histograms 
show topsoil pH results for 1 Gt rock yr−1 (red) and 2 Gt rock yr−1 (blue) extraction 
by 2070 scenarios for the Corn Belt states where EW is implemented. Decadal 
values for 2050–2060 and 2060–2070 are percentage of cropland area above a 
threshold pH value of 7.5 (denoted by the vertical lines).
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Extended Data Fig. 8 | U.S. Soil agriculture nitrogen gas fluxes and 
responses to EW. Modelled emissions of (a) nitrous oxide (N2O) (b), nitric 
oxide (NO) and(c) ammonia (NH3). Left panels (Control) show the spatial 
distribution of present-day (averaged 2015–2020) fluxes. Middle panels  

(Δ EW-Control) show geospatial changes in fluxes due to EW in 2070. Right 
hand panels show time series annual fluxes from 2020 to 2070 for Control,  
1 and 2 Gt yr−1 scenarios, shaded areas denote 90% confidence interval.
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Extended Data Fig. 9 | U.S. crop yield-ozone metrics and responses to EW. Simulated summer surface AOT40 (ppm-hr), M12 (ppb) and POD3 (mmol m−2) for 
2070 (control, no EW) and changes in response to EW practices in 2050 and 2070 (2 Gt yr−1 scenario).
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Extended Data Fig. 10 | U.S. spring and summer air quality and PM2.5 
responses to EW. Simulated PM2.5 and relevant PM2.5 chemical species for 
control in 2070 and changes due to EW, for nitrogen oxides (NOx in ppb), 

ammonia (NH3 in ppb), nitrate (NO3 in μg m−3), ammonium (NH4 in μg m−3) and 
anthropogenic PM2.5 (in μg m−3) during spring and summer.
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Extended Data Fig. 11 | Annual changes in fine aerosol loading (mg m−2)  
and radiative forcing with EW. (a) Changes in fine aerosol loading with EW  
and (b) radiative forcing (RF) from aerosol scattering (W m−2) in response to  
EW practices (2 Gt yr−1 rock extraction by 2070 scenario).




