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A key question pertaining to Earth System evolution is the 

geologic history of ocean pH. The acid-base balance of the 
ocean was probably instrumental in maintaining Earth's 
habitability, and has likely impacted biological aspects such as 
the evolution of bio-mineralization and microbial metabolisms. 
The pH of the ocean is governed by the abundance of 
atmospheric CO2 and the conservative ion charge balance. 
Therefore, the major processes that control atmospheric CO2 
levels and seawater composition also control ocean pH. 
Atmospheric CO2 levels are thought to have decreased in 
response to a brightening Sun over the past ~4.5 Gyr. 
Concurrently, progressive atmospheric oxidation likely 
resulted in increasing oceanic concentrations of oxidized 
species, such as sulfate, and a decline in the concentrations of 
reduced species, such as ammonia. And, throughout geologic 
history, the oceans were continuously saturated with respect to 
carbonate minerals and remained undersaturated with respect 
to gypsum and halite. 

Here we ask: can a baseline trajectory be established in 
light of known secular changes and plausible limits on ocean 
chemistry? Specifically, what can be said about the evolution 
of ocean pH in response to a brightening Sun (declining CO2), 
and an increasing oxidation state of the surface environment 
through Earth history? We employ a simple model of the Earth 
System, which includes the major chemical components of 
seawater and carbonate chemistry, as well as the responses of 
continental and seafloor weathering, and alteration of seafloor 
sediments to variations in these components. We find that 
higher CO2 levels in Earth’s past generally lead to lower pH, 
but the exact response depends on the sensitivity of silicate 
weathering rates to CO2 (Fig. 1A). Moreover, the response 
depends on the oxidation state of the surface environment 
through the abundance of seawater sulfate (Fig. 1B). Thus, the 
range of possible behaviours of ocean pH may be richer and 
more nuanced than previously suggested. 

Fig. 1: Ocean pH as a function of pCO2. Sensitivity to the 
dependence of silicate weathering on rainwater pH (A), and to 
seawater sulfate concentrations (B). 
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