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Imaging the deep structures of Los Humeros geothermal system 
using seismic noise beamforming

Los Humeros Volcanic Complex (LHVC) in the Trans-Mexican volcanic belt has been 
identified by the GEMex interdisciplinary European-Mexican collaboration as an 
important natural laboratory for the understanding of Super-Hot Geothermal Systems 
(SHGSs) in volcanic calderas. One of the aims of GEMex is to characterize the deeper 
structure (> 2-3 km) of the active geothermal field hosted by the LHVC. At depth, rocks 
become progressively more ductile because of the increasing temperature, until the 
brittle/ductile (BD) transition is reached. The identification of this transition, which limits 
the extent at depth where brittle structures acting as hydrothermal fluids channel may 
exist, is of paramount importance for the exploration and thermodynamic modelling of 
geothermal areas. Here, we present results from seismic noise beamforming identifying 
for the first time the BD transition zone below the LHVC. Beamforming provides Rayleigh 
wave dispersion curves, which are then inverted using a Markov chain Monte Carlo 
algorithm. From the inversion we obtain a probability density function of the shear-
velocity distribution at depth. This distribution is in good agreement with a shear-velocity 
profile from local seismicity analysis, which exists, however, only for the upper 4 km. 
Combining noise-based and earthquake-based models, we obtain a shear-velocity 
profile down to 15 km depth, that is, much deeper than any other method applied in the 
area so far. Matching our profile with well log and outcrop data, we identify different 
geological sections such as the top of the crystalline basement at ~5 km depth. 
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The decline of shear-wave velocity at ~10 km depth marks the onset of the BD transition 
zone. Our findings suggest that SHGSs can exhibit brittle rheology at large depth 
despite positive thermal anomalies, increasing the rock volume available for 
geothermal exploitation. Based on ambient seismic noise, the beamforming algorithm 
is also applicable in aseismic regions where other methods are infeasible altogether.

Das Kolloquium findet um 16 Uhr c. t. als Zoom-Videokonferenz statt. Der Link dazu wird 
auf der Homepage und per eMail rechtzeitig mitgeteilt.
Alle an dem Thema Interessierten sind hierzu herzlich eingeladen.  
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