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Abstract

The understanding of the new frontier in exploration in the Colombian Caribbean has significantly advanced after the recent drilling
campaigns. New analyses have provided further confirmation regarding the origin of the gases, which are predominantly described as biogenic
(Katz and Williams, 2003; Rangel et al., 2003; Spigolon et al., 2023). From south to north, the geothermal gradient increases from 17°C/km up
to 25°C/km across the offshore basins, while the sedimentation rate from Miocene to Pliocene decreases in the same direction. The discovered
gas accumulations in the offshore Guajira Peninsula, Colombia, are rich (>98%) in carbon-isotopically light methane (-70%o to -52%o), as
observed in the Chuchupa and Ballena fields. This indicates a biogenic origin or a possible mixture of biogenic and thermogenic sources, with
a predominant biogenic input. The reservoir ages are mainly Oligocene and Miocene, with present day temperatures around 80°C (£ 20°C). A
novel geochemical method was employed to estimate the formation temperature of methane in a well located in the northern portion of offshore
Colombia. Clumped isotope analysis revealed a methane formation temperature of 50°C, supporting the hypothesis of a biogenic origin for this
gas accumulation, despite the methane isotopic signal being moderately light (approximately -52%o). To explore the relative role of both gas-
generating mechanisms, biogenic reactions were combined with thermogenic ones in a regional 3D petroleum systems modeling. This
approach aimed to match the petroleum composition and provide a comprehensive understanding of the gas potential in the area. Temperature,
vitrinite reflectance and petroleum composition data were used to calibrate modeling results. For thermogenic reactions, a modified type 11l
kinetic scheme based on Burnham (1989) was applied, while the biogenic reaction model utilized is one available in the PetroMod software.
The biogenic reaction generation rates followed a Gaussian distribution with a mean temperature of 50°C and a standard deviation of 10°C.
The simulated scenarios considered the entire stratigraphic column as a potential source rock with TOC and HI values of 1.5% and 250 mg
HC/g TOC, respectively, which are representative and consistent with source rock data from drilled wells. Specifically for biogenic reactions, a
maximum gas yield of 90 mg HC/g TOC was assumed. The volume of biogenic gas in the modeled accumulations was a function of organic
richness and temperature history. The gas generation modeling corroborates that biogenic reactions are the primary source of most discovered
gas accumulations in offshore Colombia and shows an undrilled potential for thermogenic sources. Overall, offshore Colombia exhibits the
main key factors necessary for forming biogenic gas accumulations, as described in McGregor (2018): low geothermal gradient, high
sedimentation rates, type 111 organic matter, and the intercalation of shales and sands, ensuring traps were in place during the main stage of the
biogenic window. On the other hand, there are some unexplored areas, with non-investigated depocenters where it is possible that prior



thermogenic gas charge filled the structures. As mentioned in Carvajal-Arenas et al. (2024), the Orca Norte-1 well has “a gas discovery with a
different composition than what was found at Orca-1”. Another gas source could attract more investments and amplify the gas potential of
offshore Colombia.



