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Climatic and geochemical parameters are regarded as the primary controls for soil organic carbon (SOC) storage
and turnover. However, due to the difference in scale between climate and geochemical-related soil research,
the interaction of these key factors for SOC dynamics have rarely been assessed. Across a large geochemical
and climatic transect in similar biomes in Chile and the Antarctic Peninsula we show how abiotic geochemical
soil features describing soil mineralogy and weathering pose a direct control on SOC stocks, concentration and
turnover and are central to explaining soil C dynamics at larger scales. Precipitation and temperature had an
only indirect control by regulating geochemistry. Soils with high SOC content have low specific potential CO2

respiration rates, but a large fraction of SOC that is stabilized via organo-mineral interactions. The opposite was
observed for soils with low SOC content. The observed differences for topsoil SOC stocks along this transect of
similar biomes but differing geo-climatic site conditions are of the same magnitude as differences observed for
topsoil SOC stocks across all major global biomes.

Using precipitation and a set of abiotic geochemical parameters describing soil mineralogy and weathering
status led to predictions of high accuracy (R2 0.53-0.94) for different C response variables. Partial correlation
analyses revealed that the strength of the correlation between climatic predictors and SOC response variables
decreased by 51 - 83% when controlling for geochemical predictors. In contrast, controlling for climatic variables
did not result in a strong decrease in the strength of the correlations of between most geochemical variables and
SOC response variables.

In summary, geochemical parameters describing soil mineralogy and weathering were found to be essential
for accurate predictions of SOC stocks and potential CO2 respiration, while climatic factors were of minor impor-
tance as a direct control, but are important through governing soil weathering and geochemistry. In conclusion,
we pledge for a stronger implementation of geochemical soil properties to predict SOC stocks on a global scale.
Understanding the effects of climate (temperature and precipitation) change on SOC dynamics also requires good
understanding of the relationship between climate and soil geochemistry.
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