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The long-term stability of Earth’s climate and the recovery of the ocean-atmosphere system after carbon cycle per-
turbations are often attributed to a stabilizing negative feedback between silicate weathering and climate. However,
evidence for the operation of this feedback over million-year timescales and in response to tectonic and long-term
climatic change remains scarce. For example, the past 50 million years of the Cenozoic Era are characterized by
long-term cooling and declining atmospheric CO2 (pCO2). During this interval, constant or decreasing carbon
fluxes from the solid Earth to the atmosphere suggest that stable or decreasing weathering fluxes are needed to bal-
ance the carbon cycle. In contrast, marine isotopic proxies of weathering (i.e., 87Sr/86Sr, δ7Li, and 187Os/188Os)
are interpreted to reflect increasing weathering fluxes due to enhanced physical erosion. Here, we evaluate the ex-
istence of a negative feedback by reconstructing the imbalance in the carbon cycle during the Cenozoic using the
surface inventories of carbon and alkalinity. Only a sustained 0.25–0.5% increase in silicate weathering is neces-
sary to explain the long-term decline in pCO2 over the Cenozoic. We propose that the long-term decrease in pCO2

is due to an increase in the strength of the silicate weathering feedback (i.e., the constant of proportionality be-
tween the silicate weathering flux and climate), rather than an increase in the weathering flux. This increase in the
feedback strength, which mirrors the marine isotope proxies, occurs as transient, <1 million year increases in the
weathering flux, which remove CO2. As runoff and temperature decline in response, the integrated weathering flux
over>1 million year timescales remains invariant to match the long-term inputs of carbon. Over the Cenozoic, this
results in stable long-term weathering fluxes even as pCO2 decreases. We attribute increasing feedback strength
to an increase in the bulk reactivity of the Earth’s surface, due perhaps to changes in the relationship between
physical and chemical weathering. Increasing feedback strength through the Cenozoic reconciles mass balance in
the carbon cycle with the marine isotopic proxies of weathering and may explain why there are periods when the
Earth system is more sensitive to carbon cycle perturbations.


