Hydrothermal Vents in Pre-Salt Paleolakes: Stratigraphy, Morphology, and Reservoir Implications
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Abstract

The pre-salt interval hosts unique hydrothermal vent complexes, crucial to its prolific petroleum systems. Their complex depositional record,
linked to geothermal fluid flow and igneous intrusions, underlines significant reservoir potential. Yet, their genesis, stratigraphy, and
geodynamics remain poorly understood. This study focuses on a multi-scale analysis of hydrothermal vents emplaced in the Barra Velha
Formation (Santos Basin, Brazil) to reconstruct their tridimensional morphology, stratigraphic organization, and geodynamics by applying a
multi-approach workflow including (i) principles of sequence stratigraphy, (ii) seismic facies and attributes analyses, and (iii) well-log (e.g.,
borehole image log, nuclear magnetic resonance) and core descriptions. In the studied Barra VVelha Formation, pre-salt hydrothermal vents
resemble mound domes of distinct external morphology, internal stratigraphic organization, and well-log stratigraphy. Their radial cross-
sectional anatomy is composed of four parts, from top to bottom: (i) a tridimensional mounded dome dwelling atop (ii) a downward tapering
cone with (iii) a central pipe that bluntly terminates into (iv) high-amplitude reflection anomalies rooted at shallow depths (0.7 to 1.0 km) from
the paleolake floor (i.e., Pre-Alagoas Unconformity). In seismic depth slice, the hydrothermal complex reveals domes and pipe structures
aligned with large-scale extensional faults (NW-SE), formed at early- to mid-rifting stages, stretching c. 9 km along-strike and 1.5 km along-
dip. Overall, the mound domes are small, non-explosive, and possess a complex internal morpho-depositional stratigraphy as recognized by
their: (i) flat-lying bottom surface, (ii) internal chaotic reflectors, (iii) great thickness variation from their periphery (c. 80 m) towards their
summit (c. 200-450 m), (iv) small diameters (< 200 m), and (v) steep flanks (30°-50°in dip attribute). The chaotic, low-reflectivity unresolved
interior of the mound shows a cyclic stratigraphic organization in well logs, where shrubstones bedding dips form decameter-scale cycles of
upward increase limited by breccia intervals, indicating a morpho-depositional sequence of amalgamated vent chimneys, suggesting continuous
deposition from active venting. Additionally, intervals of high bedding dip are linked to increased permeability and flow efficiency, further
emphasizing the intricate morpho-depositional control in the reservoir. Below the dome, the downward tapering cone and its cylindrical central
pipe represent a convective vent conduit where discrete high-amplitude anomalies in the central pipe suggest cementation from ascending
hydrothermal fluids, whereas the inward dipping strata of the surrounding cone suggest dissolution from descending fluids. At the base of the
vent, saucer-shaped, positive high-amplitude reflectors of blunt lateral terminations represent igneous intrusions that likely acted as the source
of geothermally heated groundwater. Finally, this study unveils an in-depth and multi-scale panorama of pre-salt hydrothermal vents, providing
evidence of how their shallow emplacement during the rifting process determined their dimension, geodynamics, external morphology, cyclic
deposition and reservoir potential.



