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1. INTRODUCTION
The actual world wide interest in renewable energies motivates the exploration of geothermal resources, not only as new prospects but also
as improvements in current developments. Central Mexico has appropriate conditions for the development of geothermal resources: in fact,
there are more than 500 geothermal areas in the Trans-Mexican Volcanic Belt (Fig. 1, Fig 2). Two of these are part of a current project
between Europe and Mexico (GeMex; http://www.gemex-h2020.eu): the first one is that of Los Humeros, where a commercial exploitation
is already present, and the second one is that of Acoculco, at present not developed yet. Reservoirs is usually fractured andesites, but from
preliminary information, seems that best results are obtained when wells reach faults zone in carbonatic basement.
GEMex has the ambition to bring together the extended Mexican know how of discovering, developing, and deploying conventional
geothermal energy systems with a variety of European expertise from similar geothermal energy systems (Italy, Iceland etc.), of developing
EGS technology, and finding new approaches to make use of super-hot geothermal systems. The aim is to improve the reservoir
characterization using new geophysical (Griffith at al., 2016; Guglielmetti et al., 2013) and geological (Cilona et al., 2012; Liotta et al.,
2015) methods and interpretations.

3. ROCK MASS CHARACTERIZATION
The rock mass characterization (in terms of rock and fracture) of both Los Humer and Acoculco sites will be performed using a multiscale
approach from the macroscopic scale (field evidences, fig. 5a), to mesoscopic (laboratory studies, fig.5b) and to microscopic (investigation of
pressure-temperature effect on rock mineralogical structure, fig. 5c), integrating a wide variety of techniques.
This approach aim at differentiate rock samples and fractures depending to their position in the geological sequence and especially to the
“disturb” due to fragile deformations. Andesite and limestone behaviour will be studied in detail.
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Fig. 1 – Geological sketch after A. López-Hernández et
al. (Geothermics 38 (2009) 279–293)

Fig. 2 – Geological cross section along Los Humeros caldera after G. Norini et al. (Journal
of Volcanology and Geothermal Research 301 (2015) 221–237)

2. SAMPLING
For the laboratory characterization of the rock mass, two sampling
surveys were planned according to stratigraphy (fig. 3).
The first one took place on January 2017 and it concerned the Acoculco
Caldera. In particular two zones were analysed:
a) Chignahuapan, Zacatlan, San Miguel Tenango
b) Perote, Las Minas, PUEBLA
The lithologies sampled (Fig. 4) in these areas were: Limestone, Marly
limestone, Pyroclastic breccia, Argillite, Granodiorite, Granodiorite
Skarn, Skarn-Hematite, Rhyolite
The second sampling campaign will be in May 2017, at Los Humeros.
The main objective of this campaign will be the sampling of the
exhumed caldera succession (Ignimbrites, Andesites and Limestones).
a)

Fig. 3 – Geological reconstruction of Los Humeros (left) and
Acoculco (right) stratigraphic successions.
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Fig. 6: Temperature influence
on mechanical properties of
limestones from volcanic
basements on mechanical
properties evolution of
limestone as a function of
temperature (from Bakker et
al., 2016)
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Fig. 4: a) Limestone, early Cretaceous. b) Pyroclastite. c) Marble. d) Rhyolite.
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Fig. 5 – Multiscale approach to
determine physical properties of
rock samples: from the field (a) to
the lab (b) to the microscope (c)
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Fig. 7: Numerical
simulation of triaxial
test performed using
COMSOL
Multiphysics® .
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4. THE RESEARCH PROGRAMME
 Technical field studies and geomechanical surveys aimed to the characterization of the mechanical transitions throughout brittle deformation
zones, from the intact rock to the damage zone to the shear/slip zone.
 Petrophysical and minero-petrographic studies on representative samples at room temperature (Fig. 5). Investigation of mechanical
properties of samples subjected to cycles of heating to the temperatures of the reservoir (>400°C) to analyze the thermal damage and the
micro-cracking process at different gradient of temperatures (Griffiths et al., 2016).
 Measurements of key geophysical parameters (seismic and electrical properties) both on site (seismic surveys and electrical resistivity
A representative rock samples (Giordano et al., 2015). In particular, seismic properties will be measured using
tomographies) and on collected
ultrasonic devices while electrical ones with a new apparatus specifically created (Fig. 5b). Furthermore, sample tomography will allow to
verify the homogeneity of rock specimens, highlighting the presence of pre-existing fractures inside the specimens.
 Measurement of mechanical characteristics performing "destructive" laboratory tests (mono and tri-axial deformation tests). These tests will
take place on cylindrical samples of about 50 mm in diameter and 100 mm in height and they will aim reconstruction of rock properties
(andesite and limestone) under P and T conditions of the reservoirs. The conditions will be reproduced separately and, in particular, will be
performed: i) tri-axial tests at environmental temperature under high pressure; ii) uniaxial tests at different temperature. The objective is to
find some trends useful to reproduce and assess the mechanical properties of the reservoirs, which are under high temperature and high
pressure conditions (fig. 6).
 Numerical models for the estimation of rock characteristics at depth. These numerical models will be performed using COMSOL
Multyphysics® code (Fig. 7) and they will be helpful for evaluating the variation of mechanical properties in function of pressure and
temperature. The models will reproduce the laboratory tests and will be calibrated by the comparison with experimental results. Sensitivity
analysis will be carried out to evaluate the influence of most relevant material characteristics and to simulate the rock behavior in different
boundary conditions.
In GEMex, we aim to accurately and quantitatively evaluate petrophysical and geomechanical properties of the rocks for the EGS reservoir in
Acoculco and the SHGS reservoir in Los Humeros. Numerous laboratory experiments at ambient as well as simulated in situ p/T conditions on
the outcrop analogues and reservoir rock samples will be performed for improving the knowledge about the interpretation of the subsurface
model based on geophysical measurements on the surface.
The integration of petrophysical studies at in situ temperature conditions, key geophysical and geomechanical measurements at different scales,
detailed geological field studies at the mesoscale and numerical modelling of the rock mass at P and T conditions could potentially help not only
for fracture and reservoir characterization but also be a powerful future tool for the control of the geothermal exploitation.

