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Introduction
Understanding fluid flow in geothermal systems is one of the most essential targets
in geothermal exploration (Liotta et al., 2010). This flow is commonly controlled by
fault zones, channeling fluids (Faulkner et al., 2010). Favorable settings to study
these processes are the exhumed geothermal fields where the relationship
between geothermal paleo-fluids and conduits can be analyzed by studying the
mineralized zones in order to shed light on the processes occurring at depth in
active systems (Liotta et al., 2015). In the locality of Las Minas, Veracruz (Mexico)
is found an exhumed geothermal system which is considered a proxy of the active
geothermal field of Los Humeros (Fig. 1).
Fig. 1.
Simplified
diagram
showing how
fossil
geothermal
systems can be
considered as
analogues of
active fields.

Study area
The study area is located in the
eastern sector of the active
volcanic arc known as the
Mexican Volcanic Belt where it is
found covering a group of
Cretaceous carbonate (Fig. 2)
rocks that were affected by the
Laramide Orogeny (CamposEnriquez and Garduño-Monroy,
1987). Due to this scenario of
recent volcanism there has been
the formation of active geothermal
systems such as Los Humeros (in
exploitation) and Acoculco (in
exploration) and fossils (Las
Minas locality) where the rock can
be observed with hydrothermal
minerals.

Dealing with tectonic work, two
main fault-systems have been
recognized, a SW-NE trending
system and a NNW-SSE trending
system (Fig. 5). The first trend is
characterized by a normal and
oblique slip (mainly right- Fig. 6),
the second trend is characterized
by a clear strike-slip kinematics
(both, left and right depending on
the area) and by overprinted
oblique kinematics. The activity of
these systems is alternating in
time: in some outcrops the SW-NE
system cut the NNW-SSE system;
in others cases it occurred in the
opposite way.

A geological map of 1:20 000
scale was formulated (Fig. 7),
showing the geometry of the
rocks units and the geological
faults.
The
lacustrine
sediments are structurally
controlled. Also between the
faults proposed in the map
many
meso-fault
and
hydrothermally altered dikes
were found, showing that this
was a permeable zone which
allowed the emplacement of
the dykes and its subsequent
hydrothermal alteration.

Fig. 5. Figure
showing the
two fault
systems
found; SWNE and NNWSSE.

Fig. 6.
Photograp
hs of
some of
the
kinematic
indicators
found in
Las Minas.

Fig. 7. Preliminary geological map of the study area.

Discussion of results
Fig. 2. Geological map of the Mexican Republic where the
location of the study area is observed.

Methodology
The methodology of work is a detailed geological mapping with petrography of
each unit, trying to identify all the geological units present in the area since this
being a mineralized zone all these ore bodies must be find and describe (since
they represent areas with a high flow of fluids). The cartography is helping to
determine the main geological faults. In addition to the cartography, a classic
structural geology analyses is being doing to know the geometry and kinematics of
the present faults, which includes the measurement of the strike, dip and pitch of
the faults.

Results
It was determinate the volcanic succesion of the study area;
starting the volcanic sequence with a localized basaltic lava,
underlying a lacustrine deposit which is very important for the
tectonic point of view due that it is tectonically controlled having as
limits important structures trending NE-SW. Then we have
andesitic rock, after this, we have and ignimbrite succession which
also it is very important tectonically speaking due to it looks that it
is not cut by the mentioned faults, after this we have a located
andesite and covering the succession a widely distributed
pyroclastic fall deposit (Figs. 3 and 4).
Fig. 3. Las Minas stratigraphic column.

The cartography has been able to determine the existence of two main
faults in the southwest area of the community Las Minas. The faults were
those that gave rise to the formation of a tectonic depression in which the
lake was formed and one of these faults is displacing the deposit. In the
lake deposit were also found evidences of the sin-sedimentary tectonic
activity (e.g. sismites and slumps) that can be associated to these faults.
Between these two proposed faults there exist an area with a much fragil
deformation, where meso-faults were found as well as many dykes which
are much altered hydrothermally; showing that it was a highly permeable
area.
The location of the skarn is controlled by the intersection of two of the
main structures that affect the area, which allowed a high fragile
deformation zone that allowed a high flow of geothermal fluids and for this
mineral deposition.
Hydrothermal mineralization deposited in the Pliocenic volcanic rocks was
also found, which shows that the hydrothermal system is more recent than
previously thought (~ 11 Ma). This mineralization showed a clear structural
control by the NE-SW and NNW-SSE systems.
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Fig. 4. Photographs of the rocks that make up the lithological succesion of Las Minas.
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