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Seismic-wave modelling including temperature is an improved tool for the geophysical characterization of deep structures in geothermal and volcanic-caldera areas. We study two target Mexicans geothermal fields: the
Los Humeros superhot-geothermal system (SHGS) and the Acoculco potential enhanced-geothermal system (EGS). The study covers analytical aspects and full-waveform signal simulation in poro-viscoelastic formation
Including possible melting conditions in the proximity of the brittle-ductile transition (BDT) characterized by rock thermodynamic Arrhenius parameters and temperature, as well as pressure and fluid-phase properties.
The analysis includes possible supercritical conditions, and different hydrothermal mechanisms, by convective and conductive heat transport (see also GEMex Deliverable 5.5, Poletto et. al, 2019a).

The utilized full-wave solver (Carcione et al., 2017) is based on the Burgers mechanical model, which
allows us to describe the anelastic behavior due to shear deformation and plastic flow, and the Gassmann
equation to account for the fluid properties in the poro-viscoelastic model.

The shear viscosity (n) is related to the steady-state creep rate (¢) and the octahedral stress (o,) through
the Arrhenius equation. The dislocation creep rate is represented by the steady state power law

¢ = Aogexp(""/rr),
being A (MPa™ s1) a material constant, n the stress exponent, E the activation energy (kJ/mole), R the gas
constant and T the absolute temperature.

The saturated-rock Gassmann-Burgers bulk (K;) and shear moduli (i) are related to the dry-rock and solid
matrix moduli, the porosity (¢ ) and the geothermal fluid bulk modulus. The dry-rock moduli can be related

Los Humeros is the largest active caldera located in the
northernmost part of the eastern sector of the Trans-
Mexican volcanic belt. To calculate the synthetic
propagation we consider the geological and temperature
model (Fig. 7) proposed by Verma et al. (1990), a
magma chamber under the caldera, with two cylindrical
chimneys at the top of the granite unit.

We analyze two geothermal scenarios: the proximity to
melting formations and the presence of superhot
chimneys (Poletto et. al, 2019b).
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Vp=3.4 km/s, Vp/Vs=2, p=2474 kg/cm3
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U5: Vescicular andesite
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The Acoculco geothermal area is located in the eastern part of the Mexican volcanic belt. The Mexican
Federal Electricity Company (CFE) drilled two exploration wells EAC-1 and EAC-2, which reach a depth of
2000 m and 1900 m, respectively. The temperatures measured in the wells are around 300 °C, their linear
profile is indicative of a conductive thermal regime (Lopez-Hernandez et al., 2009).
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e The study results show that in deeper zones the main expected
contributions In terms of variations In seismic quantities due to
temperature come from melting transition, while in shallower porous
fluid-saturated formations the trends are governed by pressure effects.

Fig. 10 Map with the
position of the wells
and the 2D model line.

Fig. 11 Seismic 2D model superimposed
to temperature model in the 2D SW-NE
line crossing the two wells (from WP3).

Tab. 1 Seismic and thermodynamic (Arrhenius) parameters used to
model the 2D line of Fig. 10.

Fig. 2 Sensitivity curves for (a) Vp and (b) V¢
with and without porosity and pressure effects.
The arrows indicate the zones in which the
different effects are more relevant for the
sensitivity.

We consider a 2D model along a line (Fig. 10), which crosses the two wells in the SW-NE direction. We
extract the geological and temperature 2D slices (Fig. 11) from the 3D model proposed by WP3 (GEMex
Deliverable D3.4, Bonte et al.,, 2019). In the absence of additional local information, we associated
geophysical and thermal properties (Tab. 1) derived from literature. For the unit U4, which represents the
crust involved in thermal anomalies, we consider two sets of Arrhenius parameters: AC1 characteristic of
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assuming that the heat transfer from below is convective or conductive considering 1D temperature and S S A a rock that melts at temperature around 700 °C
petrophysical models (Farina et al., 2019). ‘ | ¥ (Tab. 1).
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Fig. 4 P- and S-wave phase velocities and attenuations versus
temperature with convective (blue) and conductive (red) models.

The 1D geological model is composed of four units
(Gutiérrez and Montalvo, 2010). To evaluate the
seismic response assuming the proximity of a
magma chamber as a possible scenario, in the
deepest unit, below 5 km depth, we use a set of
Arrhenius parameters that allows rock to melt at
about 700 °C. Velocity trends are shown in Fig. 4.

The decrease of seismic velocities and attenuation
(Q factor) is observable only in the hypothesis of
conductive heat-transport mechanism.
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pressure associated to the chosen temperature gradient.

For the geological model, we consider a simplified
1D model with the main four lithological units
penetrated by well EAC-1 (Lopez-Hernandez et al.,
2009). In the deepest layer we assume two sets of
Arrhenius parameters corresponding to two
different rock behaviors at high temperature,
namely AC1 for rock that melts at T > 900°C and
AC?2 for rock that melts at T~700°C.
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Fig. 6 P- and S-wave phase velocities and attenuations versus
temperature with the last layer characterized by the Arrhenius sets
AC1 (blue line) and AC2 (red line).
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Fig. 13 VSP (vertical particle velocity) at offset 4 km a) with
melting, b) without melting, c) difference.
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(RVSP) geometry, such as by drill-bit source In
which also melting zones can be approached.
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