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Abstract

The carbonate rocks exposed in the Irecé (Brazil) are pervasively affected by hydrothermal
silicification and dolomitization. These mineralizing events drastically changed the original
petrophysical properties of the host rock. In order to understand the role played by deformation
mechanisms and tectonic evolution of these carbonates on the ingression of the mineralizing
fluids, we focused our study on the mineralogical, petrographic, stratigraphic, structural and
geochemical characterization of the faulted Neoproterozoic carbonates of the Salitre
Formation, central Brazil. In this contribution, we present the first results of a combined
outcrop- to micro-scale investigation of the structural evolution of the fracture network
responsible for hydrothermal silicification and dolomitization processes.
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Introduction

Hydrothermal Silicification and Dolomitization (HSD) processes have been known for more
than a century. In the last decades, the role played by faulting and fracturing on HSD has been
largely investigated (ie.; Menezes et al., 2019; Mozafari et al., 2019), what highlighted the
control exerted by brittle deformation on the petrophysical properties and fluid migration
pathways on upper crustal rocks (Figure 1). A detailed understanding of such an interplay is
thus necessary to improve our capability of making reliable predictions of fault-related HSD
processes in carbonate rocks. One way forward to understand complex underground naturally
fractured reservoirs is provided by detailed outcrop studies (ie., La Bruna et al., 2017, 2018),
which allow a 3D characterization of fracture networks and fault architecture in order to assess
the mechanism associated to the processes of fault initiation and evolution.

a b 41°10'W

hydrothermal fluids ’ f T
] / \ Strata Bound Zrodlp V(. &
fracture W 3
Non Strata

Bound fracture

S5€01

Prominent
transgressive
surface

Styloli h: i
—_— _ty olite /Beddlng

$20 Francisco Supergroup
Una Group

[ saave Fm.
[ sebecouroFm

PaleoMesoproterozoic

I Esoinhoco Supergroun
Arquean

[~ -

Salitre fm. (limestone affected Salitre fm. (limestone)
by hydrothermal silicification
and dolomitization)

Figure 1 (a) Schematic representation of a thrust zone architecture, with a zoom on the
hydrothermal Si/Mg-rich fluids which flow through the fault zone leading to pervasive
silicification and dolomitization. Pictures at the bottom represent close ups of the carbonates
rocks pertaining to the Salitre Fm.; carbonates affected by HSD, on the left, and pristine
carbonates, on the right end side. (b) Geological map of the Irecé basin (modified after Bertotti
et al., 2019), all the surveyed outcrops for geological and structural analyses are reported in
the figure.

The Neoproterozoic carbonates Salitre Formation cropping out in the Lapédo, Canarana, Lagoa
do Boi sites and in the Morro Vermelho hill (Irecé Basin, Brazil), where are excavated by a
hypogenic cave due to hydrothermal processes (Bertotti et al., 2019). The Focus of this work
is to unravel the structural evolution of the faulted carbonates, and document the spatial
distribution of the silicified and dolomitized rocks. The results might be of great relevance for
exploration and prediction in deeply buried fractured carbonate reservoirs affected by the same
processes.
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Methods

This contribution includes the results of both field and laboratory analyses of the carbonates
exposed in three sites, which are ~ 20 km distant (Figure 1b). High-resolution, litho-
stratigraphic logs were combined with systematic sampling of both pristine and altered
carbonates. A detailed structural analysis of the fracture pattern was carried out in order to
decipher the abutting and crosscutting relationships among fracture/vein sets, stylolites, main
slip surfaces, and primary heterogeneities such as bed interfaces. Representative rock samples
(n=35) were collected along the southern portion of the Irecé basin for further laboratory
analyses. In addition, data gathered from six boreholes, respectively located to the north and
south portion of the Morro Vermelho hill, were considered to better define the geometry of the
mineralizing halos.

Preliminary results and conclusions

The Neoproterozoic carbonates of the Salitre Formation were intensely affected by HSD
processes along the E-W-striking Canarama/Morro Vermelho fault system, which formed in
response to the N-S shortening of the Brasiliano orogeny. The study area shows a complex
structural setting. The Salitre Fm. carbonate rocks are affected by both small-scale and large-
scale folds (Figures 2a and 3a). Moreover, E-W to ENE-WSW striking thrust faults (Figures
3a, 3b and 3d) crosscut the aforementioned carbonates. These thrusts show a S to SE transport
direction which is quite similar orientation of the tectonic transport direction deciphered for
both small- and large-scale folds.

Results of high-resolution structural mapping are consistent with presence of the following
features:

e two sets of cross-orthogonal, bed perpendicular fractures and veins striking N-S and E-W,
respectively (Figure 3e). Open fractures may display hackles and ribs elements and, hence, are
identified as joints;

o bed parallel stylolites which have the typical tooth-like trace, they are localized at bed interfaces
within mm-thick, continuous, clay-rich marl levels (Figure 2b). Often, they are present within
individual carbonate beds;

e one set of sub-horizontal veins (Figures 3b and 3c);

e one set of bed parallel sheared fractures and veins striking E-W (Figures 3a and 3b);

e two sub-vertical fault sets striking about NE-SW and NW-SE respectively (Figure 2c). The two
fault sets form an apparent conjugate strike-slip system, consistent with right-lateral and left
lateral motions along the NE and NW faults, respectively;

Figure 2 (a) Outcrop view of the irregular crenulation displayed by the carbonates rocks
pertaining to the Salitre Fm., Lapao sector. (b) Bed-parallel stylolites and bed-perpendicular
fractures and (c) right-lateral sheared fractures.
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Figure 3 (a) outcrop view of the large, recumbent, isoclinal, thrust-related fold, Camarana
site; (b) close-up view of the main thrust fault; (c) close-up view of the outcropping nucleus of
the anticline fold; (d) panoramic view of the Morro Vermelho study area; (e) outcrop view of
dolomitized carbonates crosscut by two orthogonal silicified veins, which are interpreted as
the oldest structural elements present within the study carbonates; (f) close up view of silicified
vein cluster exposed along the Morro Vermelho hill.

Abutting and crosscutting relationships among fractures, veins, stylolites, slip surfaces, and
primary heterogeneities allows to formulate a preliminary conceptual model regarding the
structural evolution of the study area as follows (Fig. 4): (1), background deformation pattern
development; (2) , bed-tilting led to dolomite-rich en-echelon veins; (3) precipitation of SiO>
from Si-rich fluids sealed fractures and sheared fracture slip surfaces.

Since the HSD processes likely modified the original carbonate petrophysical properties, and
partially overprinted the aforementioned structural assemblages, an on-going effort is spent to
analyse the origin and structures of fractured silicified and dolomitized carbonate rocks.
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Figure 4 (a) Schematic evolutionary model representing the evolution of the structural network
crosscutting the Salitre Fm.; (b) 3D scheme showing the structural architecture of the southern
portion of the Irece basin.
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