Modeling the Total Organic Carbon in a Lacustrine Paleoenvironment: A Case Study from the Santos Basin
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Abstract

Modeling Total Organic Carbon (TOC) in rocks deposited in lacustrine paleoenvironments poses significant challenges due to the
heterogeneity and wide geochemical and geomorphological variations inherent to these depositional settings. Traditional TOC modeling often
relies on static correlations or empirical approaches, which may overlook the dynamic interactions between sedimentological, geochemical, and
biological factors. To address these limitations, this study implements a simulation- based TOC model that integrates sedimentological inputs,
enabling a more comprehensive reconstruction of the processes driving organic matter deposition. This research focuses on the Organic Carbon
Accumulation Rate (OCAR) in a lacustrine paleoenvironment within a well from the Santos Basin, Brazil. The model incorporates multiple
parameters, including sand fraction, paleobathymetry, dry bulk density, sedimentation rate, and lacustrine paleoproductivity. The latter was
divided into two components: TOC Watershed (allochthonous input) and TOC Lacustrine (autochthonous input), following the approach
outlined in recent literature. The lacustrine paleoproductivity can be estimated using equations for low or high latitude environments, while the
allochthonous TOC input was calculated through a linear adjustment between sand fraction and expected watershed-derived TOC. An anoxic
event was also modeled in a specific interval of the well, characterized by an enhanced preservation factor for the organic matter and a
productivity multiplier applied to the paleoproductivity parameter. This interval reflects unique depositional conditions that favored elevated
organic carbon accumulation. The predicted TOC results generated by the model were compared to measured TOC data, validating the model's
accuracyand demonstrating its capability to replicate observed trends. The results provide valuable insights into sedimentary processes, organic
carbon deposition, and the impact of anoxic conditions in lacustrine settings. This study highlights the potential of the Santos Basin as a case
study for reconstructing depositional environments and improving paleoenvironmental modeling in ancient lake systems.



