Source Rock and Oil Characterisation across the Santos and Campos Basins: Why are these Lacustrine Systems so
Annoyingly Similar or are They Really?
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Abstract

Variations in hydrocarbon biomarker geochemistry across petroleum system(s) are interpreted as spatiotemporal changes in the organofacies of
the contributing source rock(s) (Albrecht et al., 2023). The encoded information in these biomarkers, as an aid to exploration, is used to
estimate source rock prevalence, richness, and generative capacity through basin modeling. The study serves as a follow-up on a survey of 25
Cretaceous oil samples, covering both the areal span and maturity variation throughout the Santos Basin in Brazil including 104 core and
cutting samples from wells inboard and outboard of the Santos and Campos Basin and covering the entire pre-salt stratigraphy. In addition to
these samples, we included now 25 organic rich cutting samples from pre-salt sediments from 5 Campos Basin wells drilled inboard and
outboard. The investigation on the cutting extracts includes the analyses of free lipids by GC together with GC-QQQ-MS analyses of sulfurized
biomarkers by Raney-Nickel (RN) desulfurization. The selected cutting samples from the Campos Basin have restored TOC values between
1.1 and 3.9 TOC (wt%) and, despite their slightly elevated maturities based on Tmax values, appear to be unaffected by staining with migrated
oil unlike many of their Santos counterparts. Contrasting with the biomarker assemblage in the marine-influenced evaporite-salt succession
(SK 50) of the Campos Basin (Ma et al., 2025), analyses of free hydrocarbons from the pre-salt oil and source rock samples in both Campos
and Santos Basins indicate a common prevalence of typical lacustrine markers (low sulfur, TPP, high wax content with odd-over-even
preference in n-alkanes). Methyl hopanes, gammacerane, and carotenoids identify stratified lacustrine settings with underlying euxinic water
bodies. CSIA of the C7 isomers, and n-alkanes indicate similar pattern throughout samples with a minor maturity overprint. Overall, results of
free hydrocarbons indicate that there is a remarkably uniform organofacies contributing to the oils across basins with minor differences that
cannot be interpreted as maturity or contamination from oil-based drilling fluids in subsurface samples. The similarity across a broad spectrum
of oils implies rapid generation and expulsion across the basin. Additionally, source rock screening analyses indicate there is continuous source
rock deposition throughout the pre-salt interval. The continuous deposition of similar organics is extraordinary given the areal extent of the
Santos & Campos Basin and more than ~10 million years of deposition during which significant biological adaptations occurred. Moreover, we
observe very similar characteristics in co-eval sedimentary systems from Gabon and Angola on the conjugate West Africa margin (Cui et al.
2023). Hydrocarbons released upon Raney nickel desulfurization can provide a more representative distribution of biomarkers for interpretation
of oil generation and correlations with source rocks, given that the sulfurization process happens during the early stages of diagenesis.



Additionally, these hydrocarbons appear to be minimally impacted by contamination from drilling additives that are commonly encountered in
solvent extracts of source rock cuttings across the Santos and Campos Basins.



