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Abstract

The Salta Basin, located in the northwest of Argentina and extending into southern Bolivia and western Paraguay, is home to the sedimentary
deposits of the Salta Group. This basin, of the intracontinental rift type, developed from the Cretaceous period during the opening of the
supercontinent Gondwana. Following the discovery of the gigantic offshore Cretaceous reservoirs of the Brazilian Pre-Salt in 2007, the study
of lacustrine carbonates has become a priority. During the immediate year after the Pre-Salt discoveries, Petrobras and its partners devoted
resources to identify outcrop analogs to help understand and model such complex lacustrine reservoirs. Due to their lithological and
stratigraphic context, the carbonate outcrops of the Salta Basin have quickly become the focus of intense study, and since then, the Salta Basin
has been used as a field school. In addition to allowing analogies of sedimentary processes of continental carbonate systems, the main interest
lies in the cyclic organization of the stratigraphic stacking, which, once characterized, enables the development of predictive facies conceptual
models and more accurate zoning during the geological modeling of Petrobras Pre-Salt fields. As the impact of fractures and structural features
becomes apparent for the prediction of hydrocarbon production and water injection, the focus of the study in the Salta outcrops shifted from
stratigraphy to mechanical stratigraphy. In this context, this work presents the results of a R&D project designed to map fracture patterns and
how they are conditioned by stratigraphic cycles. The project aims to improve our understanding of how mechanical stratigraphy and high-
resolution stratigraphy can be brought together to develop structurally constrained field-scale flow models. Four extensive field campaigns
were conducted in the region with the objective of collecting data on fractures in different stratigraphic units. These campaigns included the
description and characterization of 6365 fractures distributed across 195 scanlines in 20 outcrops. Additionally, vertical profiles were carried
out, with measurements of fracture intensity and UCS (using the Schmidt Hammer) taken every 20 cm. The guiding principles adopted during
data collection seek to answer, among other things: i) whether there is any mandatory stratigraphic hierarchy controlling the occurrence of
fractures; ii) from which dimension fractures impact fluid flow; iii) whether it is possible to create predictive fracture models based on a high-
resolution stratigraphic framework; iv) how facies variation affects the distribution of fractures; and v) how to incorporate these different
aspects into 3D geological models. Subsequently, we analyzed how stereographical methods can be used to extrapolate linear
intensities/densities to the volumetric densities that are necessary to parametrize discrete fracture network models. This critical analysis
highlights shortcomings in the most common methods in current use. We also discuss how the Salta results compare to other outcrop data in
the literature. To conclude, we show, using both analytical models and numerical simulations, the impact of the fracture system on the overall
permeability of the carbonate reservoir, and discuss modeling strategies to improve production forecasting and history-matching.



