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Abstract

The presence of igneous bodies in sedimentary basins can play a crucial role in the petroleum industry by altering the porosity and permeability
of host rocks through high-temperature and hydrothermal fluid effects. However, studies quantifying the impact of igneous intrusions on
reservoir quality remain limited. This research addresses this gap by investigating the thermal effects of Cenozoic basaltic and diabase
intrusions on the petrophysical properties of Cretaceous sandstones and limestones in the Potiguar Basin, Brazil. The study focuses on
identifying and characterizing changes in porosity and permeability of sandstones and limestones from the Agu and Jandaira formations,
respectively. Samples were collected at various distances from the contact with three intrusive bodies — Nova Conquista, Sdo Joao, and Riacho
do Meio — including thermally affected and unaffected rocks. Petrophysical analyses were conducted using a nitrogen injection porosimeter and
permeameter at 600 psi pressure. Nuclear magnetic resonance (NMR) provided data on porosity, permeability, and pore size distribution.
Petrographic analyses of thin sections, prepared with blue-dyed impregnation, were performed to evaluate mineralogical transformations,
diagenetic processes, hydrothermal fluids, and pore alterations. Fieldwork was complemented by magnetic surveys using unmanned aerial
vehicles (UAVSs) and ground-based methods to map the thermal aureoles and provide geophysical constraints on the intrusions. Preliminary
results revealed a general trend of porosity reduction in both limestones and sandstones as the distance to the igneous intrusions decreased. For
limestones, unaffected samples displayed porosity ranging from 11.8% to 0.2%. In the thermally affected limestones near the Nova Conquista
body, porosity varied between 0.06% and 0.15%, while in those near the Sdo Jodo body, porosity ranged from 0.3% to 0.8%. Sandstones
showed a similar trend, with unaffected samples exhibiting porosities up to 11.5%, whereas thermally affected samples ranged from 0.2% to
1.6%. Petrographic observations in thermally affected limestones revealed recrystallization of the matrix and carbonate grains, formation of
sparitic cement, calcite filling pores and fractures, and, in some cases, transformation into marble. In thermally affected sandstones, the
petrographic analysis indicated the formation of a cryptocrystalline to vitreous matrix, acicular crystals, and complete pore closure, resulting in
a denser, more compact rock called buchite. Geophysical data revealed that Nova Conquista is an isolated, basaltic intrusion approximately 200
m wide and 300 m long, characterized by a high-amplitude magnetic anomaly. The Sao Jodo intrusion, comprising two main outcropping
diabase bodies, was estimated through geophysical modelling to cover an area ~2,500 x 2,500 m2 and to extend approximately 600 m depth.
These findings suggest that the thermal and metamorphic effects of the intrusions significantly altered the porosity of the host rocks. High-
temperature hydrothermal fluids and recrystallization processes likely contributed to the reduction in porosity in limestones, while thermal
metamorphism, including partial melting, led to densification in sandstones. Understanding these interactions is critical for petroleum
exploration in sedimentary basins affected by igneous activity, such as the Potiguar Basin.



