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Abstract

CO2-rich fluid migration in hydrocarbon reservoirs promotes either porosity enhancement through dissolution or reduction by cementation.
Reconstructing the pathways of paleo-fluids in reservoirs is challenging and usually requires a combination of multiple techniques.
Hydrothermal fluid flow is controlled by faults, associated damaged zones and/or primary porosity. Although veins and hydrothermal alteration
patterns could be easily recognized at the outcrop, they may become a matter of interpretation when analyzing subsurface samples. Here, we
propose recognizing hydrothermal flow paths using petrography and Raman spectroscopy to characterize a well located beyond the external
high in the Santos Basin. Below the oil-water contact, planar dolomite cements and hydrothermal dolomite with curved edges are partially or
completely replaced by calcite, as checked by Raman spectroscopy. The dedolomitization was likely a direct replacement of the euhedral
dolomite by calcite, which still retains the original dolomitic rhomb morphology. At the top of the reservoir, the main hydrothermal cements
are represented by well-developed rose-like bladed calcite clusters indicative of high CO2 flux, overgrown by drusy and blocky calcite cements
developed during the burial diagenetic stage. Dedolomitization conventionally is interpreted to form in an eo-diagenetic or telo-diagenetic
environment where meteoric water dissolves evaporites to supply excess calcium. However, dedolomitization can also occur during deep burial
diagenesis related to hydrothermal fluids with calcium excess, whether related to magmatic intrusions or not. Experimental reactions at
equilibrium vapor pressure have demonstrated that dedolomitization occurs at Mg2+/Ca2+ ratios < 1/10 (total ionic strength = 0.1) at
temperatures from 100 ° to 200 °C. Coarse-bladed calcite crystals can be rapidly formed from solutions composed of H20-CO3-CaCO3 at
relatively high temperatures (up to 250°C) and relatively low pressures. The H20-CO2 system is an excellent solvent for precipitating calcite
crystals, although more alkaline conditions are required to precipitate dolomite at such a temperature range. Therefore, fractures and veins
infilled by calcite may indicate COZ2 injection into shallow aqueous systems (a few hundred meters to ~1.5 km) and possibly boiling,
representing conditions strongly suggestive of hydrothermal processes. Since boiling and fluid mixing are the main hydrologic processes that
affect the concentration of aqueous carbon dioxide in the upper one to two kilometers of a geothermal system, formation in this environment
should be sensitive to the CO2 flow. Rose-like bladed calcite clusters may have precipitated due to a CO2 release by boiling, probably
enhanced by mixing, which in turn reduces fluid temperature and its capacity to dissolve CO2. These slightly acidic aqueous fluids, due to high
CO2 partial pressures, may have also incorporated large amounts of Ca2+ from the dissolution of the Coqueiros Formation. Thus,



supersaturated fluids with respect to calcium carbonate (Mg2+/Ca2+ ratios < 1/10) were likely responsible for the dedolomitization here
registered, as well as the precipitation of late coarse crystalline calcite along the main hydrothermal conduct. Interestingly, the residual fluids

would become enriched in Mg2+, so their subsequent lateral migration may have favored the dolomitization of the Barra VVelha Formation in
adjacent sectors.



