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Abstract

Geomechanical concepts and models play an increasing role in geoscience workflows, from exploration to reservoir management. This implies
that new equations and parameters govern our earth models. Such models therefore request new data to be controlled. When it comes to
mechanics in particular, it is crucial to rely on observations that control paleostress magnitudes. In this presentation, we demonstrate how paleo-
stress and paleo-pressures can be estimated in practice from the analysis of calcite twinning. This discussion is based on the study of an outcrop
dataset, including structural and geochemical data to validate the proposed approach.

The studied outcrop is Sheep Mountain, an asymmetric basement cored anticline corresponding to a typical Laramide arch of the Bighorn Basin
(Wyoming, USA). We show how paleo-principal stress magnitudes during the development of this fold can be estimated using the systematic
analysis of calcite twins, a few rock mechanics data characterizing the carbonates from the Madison Formation outcropping in the anticline and
the chronology of the main fracturing events defined using the standard tool of structural geology. This analysis demonstrates that the growth of
Sheep Mountain anticline induces a brutal release of 15Mpa of overpressure accumulated before folding during layer parallel shortening.

This innovative direct quantification of paleo-overpressure is compatible with present day estimates of in-situ stress and overpressure in similar
tectonic context. It is compared with the evolution of the fracture patterns over Sheep Mountain. In particular, we can demonstrate that the
overpressure release is contemporary of the formation of a very pervasive fracture set connecting the whole sedimentary sequence. This
connection is further compatible with the evolution of stable and Sr isotope geochemical signature of cements precipitating within the veins
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showing.

From a methodological point of view, we take advantage of this beautiful outcrop example to propose an operational workflow using mainly
core data and log information to characterize paleo-stress and overpressure. We discuss the underlying hypothesis (paleo-depth hypothesis,
calcite twin thresholds characterization) and the ongoing efforts to put this promising workflow on stream. From a geological point of view, this
example is used to discuss the complex interplay between fracture network growth and overpressure build-up during the formation of fractured
Ieservoirs.
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SHEEP MOUNTAIN Results

The facts presented in this poster allow to define the
hydrodynamic evolution in relation to folding
(scheme on the right).

The consistency of the gathered dataset
demonstrates that:

- Tectonic compaction can induce overpressuring
close to lithostratigraphic gradient.

- Calcite paleopiezometry can be used as a relevant
indicator of paleo fluid pressure.

- Mechanical stratigraphy has a large impact on the
hydrodynamic before folding.

-The tectonic regime during folding favours the
vertical p ion of veins all g the di ion
of overpressure. This dissipation should correspond
to a significant rock hardening though most of the
microstructures correspond to opening mode veins.
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PRACTICAL APPLICATION

The practical estimate of paleo-stress states and paleopressures, will become very important to
constrain geomechanical models used to improve basin modeling and fractured reservoir
characterization workflow.
From the sheep mountain experience, the foll g for paleop Ires esti can
be proposed:
1/ Sampling oriented or re-oriented cores
(reorientation can be done using dip or
2/ Description of the structural diagenesis on each sample
(fracture sets + cement history, generally already done for reservoir characterization)
3/ Identification of calcite twind in a set of calcite cristals representative of each cement
(this process can be automated using EBSD)
4/ Stress inversion
5/ Fluid inclusion analysis and/or Rock mechanics tests
6/ Stress state estimate

aragenenis to constrain the stress state history.
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