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Abstract

Naturally fractured reservoirs are considered as a double porosity medium where fractures provide the main path for reservoir fluids
(Warren and Root, 1963; Kazemi et al., 1976). Most of the fractures affecting a reservoir can be assimilated to background fractures
which correspond to early inherited fracture sets homogenously distributed throughout the reservoir (Bazalgette, 2004; Vitale et al.,
2012). However, partial subsurface data availability is not sufficient for a 3D fracture network prediction (Narr, 1996; Angerer et al.,
2003; Ortega et al., 2006). Therefore, an analogue-based outcrop study can help in characterizing and understanding controlling
parameters on fractures formation and distribution (Di Naccio et al., 2005; Wennberg et al., 2006; Olson et al., 2009; Zahm and
Hennings, 2009; Barbier et al., 2012). For a better characterization of fracture patterns in subsurface reservoirs, field analogues
provide a 3D overview of the fracture network and enable prediction of the geometry of a reservoir’s fracture network since they
allow deciphering the nature, origin and conditions for fractures formation through the geodynamic history of the reservoir. The
example presented in this article is at Maiella Mountain (eastern Apennines, central Italy), where there are outcropping platform and
slope-to-basinal carbonates (Figure 1) known to be analogue of southern Italy sub-surface reservoirs.
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The main objective of the present study is defining controlling factors on fractures development through a platform-slope transect.
Fractures in Maiella Mountain were characterized to understand how they developed and to explain host-rock control, i.e. diagenetic,
sedimentological and mechanical control, on fractures development. Their occurrence has been deciphered through geodynamic
history and related to host-rock diagenetic evolution and rock physical properties. Diagenetic sequences have been determined to
relate fracture facies with the diagenetic history of host-rock. Fracture patterns are sorted based on geometric and kinematic criteria
from field measurements and from host-rock analysis on thin-sections. Porous types and rock physical properties have been
characterized in order to establish the impact of early diagenesis on facies evolution. Fracture sequences have been determined using
cross-cutting relationships and compared with burial/uplift history deduced from subsidence curves and regional structural analysis.

The dataset is mostly composed of joints, veins and numerous bed-parallel stylolites which densities can be related to host-rock
porosity. In each studied area, we observe a stage of perpendicular to bedding fracturing, synchronous with early burial and prior to
major tectonic events. Despite the fact that depositional facies are different between the two studied formations, carbonates have
undergone early diagenesis during a fast and early burial stage, conferring early brittle behavior (Figure 2). In addition, the amount of
stylolites is not correlated to burial depth but to fracture density, porosity and free air P-wave velocity.

Structural analysis and fracture data collection enable us to determine that fractures developed in mode I opening due to a sediment-
loading vertical o, stress, when bedding was horizontal. Geometry does not reveal mechanical control of present-day stratigraphy but
a pre-existing mechanostratigraphy while fractures developed. In Maiella, early burial processes such as diagenesis modified
mechanical properties, giving brittle character to carbonates and thus, mechanical differentiation is early acquired in burial history.
Fracture patterns are highly dependent on mechanical properties of the rock at the time of fracturing but also on pre-fracturing
diagenetic events.

This study, and likewise a similar study in the Provence Basin of SE France (Lavenu et al., 2011; Lamarche et al., Submitted), suggest
that most of the diffuse fracturing that generally provides the background fracture permeability in NFR’s developed in response to
early tectonic and diagenetic events which are not necessary related to localized, large scale deformation (and associated high
permeability pathways) related to the anticline late development. Consequently, fracture modeling techniques based on correlation
with large scale deformation (e.g. curvature, distance to fault, etc.) will provide only a part of the answer and might not be suitable for
diffuse fracture modeling. Only a full understanding of the geodynamical basin history from early deposition to present day
deformation and experience from outcrop analogues can provide us with the keys to properly model our reservoirs.
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Formation: Tre Grotte TG
Rl Age: Turonian to Upper Campanian
‘ Environment: base of slope / proximal basin
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Figure 1. Example of one of the studied outcrops of the Tre Grotte Formation (slope formation).
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Figure 2. Diagenetic phases related to geodynamic history for both studied formations.
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