Evidence of High Partial CO2 Pressures in the Pre-Salt Depositional Environment, Santos Basin: A Microfacies
Analysis Approach by Comparison with Active and Fossil Argentine Travertines

R. A. Mors!?, R. A. Astini2, C. Juliani®, A. L. Pestilho?, L. Monteiro?!, D. Dubois®

1Geofluid Lab, Department of Sedimentary and Environmental Geology, Geosciences Institute (IGc), University of Sdo Paulo (USP), Sdo Paulo, SP, BRAZIL

2Earth Sciences Research Center (CICTERRA), National University of Cérdoba (UNC) — National Council of Science and Technology (CONICET), Cérdoba, Cérdoba,
ARGENTINA

SPETROBRAS Research Center (CENPES), Rio de Janeiro, RJ, BRAZIL

Abstract

Significant CO2 amounts delivered into the Barra Velha Formation (BVF) depositional system formed the main reservoir facies in the Santos
basin. Active geothermal systems (GS) during the BVF deposition could be a key source of mantle-derived CO2 along rift-stage fault zones,
leading to the formation of early-stage hot-spring deposits. Recognizing ancient GS can be challenging, especially when relying on indirect
data. Identifying travertine facies within the Pre-Salt reservoirs is a proxy for these GS, providing valuable insights into CO2 migration
pathways into the depositional environment. Previous studies based on seismic interpretations of the structural framework of the Santos Basin
indicated mound structures (buildups) and prograding seismofacies at the top of vent conduits in the BVF, similar to the clinoforms observed at
travertine quarries. However, travertines have often been overlooked in the Pre-salt reservoirs due to the apparent lack of lateral facies variation
and subaerial exposure surfaces, and limited variation in 313C and 3180 values in seemly pristine depositional facies. Typical travertine facies
were identified through detailed petrography from a well located beyond the external high of the Santos Basin. The microfacies are intensely
recrystallized, including shrubstones, spherulitestones, clotted micritic boundstones with calcite rafts, and peloidal micrograinstones. By
comparing them with active and fossil travertines linked to volcanic settings in the Sierras Pampeanas and the Puna region, Argentina, it was
possible to interpret the processes and the BVF paleoenvironments. Calcite rafts within clotted micritic boundstones and peloidal
micrograinstones typically develop in calm, small marginal travertine pools. In these environments, degassing due to elevated partial CO2
pressures leads to the formation of thin (um-thick) carbonate precipitates at the water-air interface. Active carbonate precipitation from the
surface of these structures promotes their thickening and, subsequently, their settling to the pool bottom. Calm pools also provide ideal
conditions for depositing calcareous mud (micrite) intimately related to microbial activity and exopolymeric substances developing clotted
fabrics and boundstone facies. Moreover, the gentle reworking of this mud within a very thin water layer generates ripple bedforms with mm to
a few cm wavelengths composed of peloidal micrograinstones, often developing internal low-angle crossbedding. Additionally, shrubs and
spherulites are common in travertine systems. In particular, spherulites with comparable crystalline morphology and size form from hot spring
waters, especially under active volcanic conditions, as shown in this study. Both crystalline and micrite-rich facies are indicative of high
productivity rates due to high CO2 partial pressures. Interestingly, due to their aggradational nature, travertine mounds form in disequilibrium
with the landscape and have limited preservation potential. Their early reworking, caused by the lateral migration of punctuated vents due to



self-sealing, is a significant source of travertine detritus. This study suggests that inherited faults from the rift stages of the basin may have
facilitated the CO2 exhalation into the depositional environment under largely subaerial conditions and shallow water depths. These same
structures may have also allowed the circulation of hydrothermal fluids during the mesodiagenetic burial stages.



