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            Abstract
The chemistry of aqueous fluids controls the transport and exchangeâ€”the cyclesâ€”of metals1,2,3,4,5 and volatile elements3,6,7 on Earth. Subduction zones, where oceanic plates sink into the Earthâ€™s interior, are the most important geodynamic setting for this fluid-mediated chemical exchange2,6,7,8,9,10. Characterizing the ionic speciation and pH of fluids equilibrated with rocks at subduction zone conditions has long been a major challenge in Earth science11,12. Here we report thermodynamic predictions of fluidâ€“rock equilibria that tie together models of the thermal structure, mineralogy and fluid speciation of subduction zones. We find that the pH of fluids in subducted crustal lithologies is confined to a mildly alkaline range, modulated by rock volatile and chlorine contents. Cold subduction typical of the Phanerozoic eon13 favours the preservation of oxidized carbon in subducting slabs. In contrast, the pH of mantle wedge fluids is very sensitive to minor variations in rock composition. These variations may be caused by intramantle differentiation, or by infiltration of fluids enriched in alkali components extracted from the subducted crust. The sensitivity of pH to soluble elements in low abundance in the host rocks, such as carbon, alkali metals and halogens, illustrates a feedback between the chemistry of the Earthâ€™s atmosphereâ€“ocean system14,15 and the speciation of subduction zone fluids via the composition of the seawater-altered oceanic lithosphere. Our findings provide a perspective on the controlling reactions that have coupled metal and volatile cycles in subduction zones for more than 3 billion years77.
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                    Figure 1: Î”pH of solutions in equilibrium with basalt, pelite and peridotite lithologies.[image: ]


Figure 2: Î”pH along three representative Precambrian and Phanerozoic Pâ€“T paths.[image: ]


Figure 3: Metasomatism at the subduction interface.[image: ]
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