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As questoes de 01 a 05, cujas respostas deverdo ser redigidas EM PORTUGUES, referem-se
ao texto abaixo.

VARIABILITY IN THE PORE STRUCTURE OF MICROBIALITES IN LAGOA SALGADA:
IMPLICATIONS FOR RESERVOIR CHARACTERIZATION AND PETROPHYSICAL
INTERPRETATIONS

Tales Rodrigues de Almeida, Mateus Basso, Guilherme Furlan Chinelatto, Eddy Ruidiaz
Munoz, Alexandre Campane Vidal

Introduction

The characterization of petroleum reservoirs strongly depends on petrophysical analysis, in which
the understanding of rock structures directly influences the quality of the data obtained (Lucia,
2007). In carbonate reservoirs, these analyses gain prominence due to complex pore systems
resulting from dissolution processes that contrast with the simpler systems of siliciclastic rocks
(Mousavi et al., 2013). Microbial carbonate reservoirs, such as stromatolites and thrombolites,
present additional challenges due to their intricate porosity patterns, which are associated with
biological structures and unique diagenetic processes (Rezende et al., 2013).

These microbialites exhibit distinct morphological patterns, such as laminated (stromatolitic),
clotted (thrombolitic), and dendritic structures, which are fundamental to reservoir heterogeneity.
Such features are widely documented in biogenic systems around the world, including the
thrombolites of the Zhangxia Formation (Cambrian, China) and the Miocene stromatolitic units of
the Nullarbor Formation (Australia) (Shapiro, 2000).

Stromatolites, recognized since the 19th century, were formally categorized as laminated
microbial structures by Ernest Kalkowsky in the early 20th century (Sharma, 2008). Subsequent
research, carried out over several decades, refined their classification by highlighting descriptive
features, genetic processes, and environmental controls.

Lagoa Salgada in Brazil stands out for its occurrence of stromatolites, which are of great scientific
interest due to their potential analogies with microbial carbonate reservoirs in other parts of the
world (Mohriak, 2015). Although initial comparisons were made with the lacustrine carbonates of
the Brazilian pre-salt, deposited during the Cretaceous in the context of the breakup of the
Gondwana supercontinent, recent studies point to significant differences in their genesis. Pre-salt
carbonates are increasingly interpreted as products of abiotic chemical precipitation and
diagenesis, with limited influence from microbial activity. For this reason, Lagoa Salgada
stromatolites should not be considered direct genetic analogs of the pre-salt. Instead, they
provide valuable textural and pore-system analogies, particularly in terms of in situ carbonate
deposition in shallow lacustrine settings, the occurrence of laminated to dendritic fabrics, and the
development of heterogeneous porosity types such as fenestral, vuggy, and growth-framework
pores. Moreover, more direct analogies can be established with other global microbial reservoirs,
such as the Yacoraite Formation (Salta Basin, Argentina), the Ara Group (Oman), and the Triassic
microbialites of the Sichuan Basin (China), which exhibit similar depositional and diagenetic
patterns.

Understanding the porous systems in microbial carbonates requires the integration of advanced
technologies with traditional petrophysical methods. Facies analysis, petrography, and laboratory
experiments remain fundamental, as the identification of pore types is crucial for relating
petrophysical properties, such as porosity and permeability, to geological interpretations (Fleury
et al., 2007). Carbonate reservoirs frequently exhibit dual porosity systems (matrix and non-
matrix), whose heterogeneity is controlled by depositional textures, diagenesis, and dissolution
history (Matheus et al., 2023).
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The concept of facies, initially proposed by Selley (1970) and refined by Reading (1986) and
Borghi (2000), is central to the characterization of sedimentary rocks. Important contributions to
facies analysis methodology were made by Walker (1992), Reading and Levell, 1996, Fligel
(2004) and, who emphasized the importance of integrating lithological, sedimentological, and
stratigraphic data to interpret depositional environments. Facies represent sedimentary packages
differentiated by lithology, geometry, structures, fossils, and petrophysical properties. At the
microscopic scale, the concept is extended as microfacies analysis, which captures mineralogical,
textural, and diagenetic variations that reflect environmental conditions (lespa et al., 2012). In the
case of microbialites, microfacies analysis is particularly valuable for understanding the
interactions between microbial activity, mineral precipitation, and the evolution of porosity.

In this study, we carried out a multiscale geological analysis of the microbialites from Lagoa
Salgada, combining macroscopic field observations, microscopic petrography, and petrophysical
analyses. By integrating structural, textural, and compositional data, we aim to understand the
controls on the development of the microbialites and the complexity of their porous systems. This
approach allows for a comprehensive interpretation of the microfacies architecture, linking
petrophysical properties with the depositional and diagenetic history. Finally, our work aims to
advance the understanding of the reservoir potential of microbialites, the behavior of fluid flow,
and their paleoenvironmental implications, while also contributing to the discussion of global
analogs such as the systems of the Yacoraite Formation, the Ara Group, and the Qasr Member.

An integrated workflow combining macroscopic description, thin-section petrography, and core
analysis with nitrogen gas injection under reservoir-like conditions enabled the identification of
five distinct microbial microfacies (MF1-MF5), each representing a specific stage of
environmental evolution. Petrophysical analyses revealed marked contrasts in pore organization
among facies. The bioturbated thrombolite (MF3) displayed the highest porosity, dominated by
growth-framework and vuggy pores; however, despite its high storage capacity, permeability
remained relatively low due to poor pore connectivity and high tortuosity. In contrast, the well-
laminated stromatolite (MF5) exhibited lower porosity but moderately higher permeability, favored
by continuous fenestral pores and lamination-parallel flow pathways.

These results demonstrate that pore-system heterogeneity in microbialites is strongly controlled
by facies and directly linked to depositional and diagenetic processes. Overall, the Lagoa Salgada
succession represents a single depositional sequence recording a gradual transition from an open
marine to a restricted lacustrine environment. This finding refines the depositional model of Lagoa
Salgada microbialites, illustrating how facies architecture and genetic factors govern their
petrophysical behavior. By integrating geological, petrophysical, and comparative perspectives,
this study provides new analog insights into microbial carbonate reservoirs, including—but not
limited to—the Brazilian pre-salt, and contributes to the broader understanding of lacustrine and
microbial analog systems worldwide.

Adapted from: https://www.sciencedirect.com/science/article/abs/pii/S0895981125005140
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Question 1

Why is petrophysical analysis particularly important for characterizing carbonate reservoirs, and
what challenges do microbial carbonates such as stromatolites and thrombolites present?

Espago para Resposta

Question 2

How do the stromatolites of Lagoa Salgada compare with the Brazilian pre-salt carbonates, and
why are they considered textural rather than genetic analogs?

Espaco para Resposta
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Question 3

What role does facies and microfacies analysis play in understanding microbial carbonates, and
what types of geological information can it reveal?

Espaco para Resposta

Question 4

Describe the multiscale methodological approach used in the study of Lagoa Salgada
microbialites. How does integrating macroscopic, microscopic, and petrophysical data improve
reservoir characterization?

Espacgo para Resposta
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Question 5
Translate the excerpt below. The translated text should be clear and accurate in terms of
structure and meaning.

These results demonstrate that pore-system heterogeneity in microbialites is strongly
controlled by facies and directly linked to depositional and diagenetic processes.
Overall, the Lagoa Salgada succession represents a single depositional sequence
recording a gradual transition from an open marine to a restricted lacustrine
environment. This finding refines the depositional model of Lagoa Salgada
microbialites, illustrating how facies architecture and genetic factors govern their

petrophysical behavior.

Espacgo para Resposta
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