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Abstract

A photo-geologic re-interpretation and new analyses of gravimetric and resistivity data of the Los
Humeros geothermal field allow define the new superficial trace of the rim of the Quaternary volcanic
calderas of Los Humeros and Los Potreros in the Mexican states of Puebla and Veracruz. The photo-
geologic re-interpretation shows a volcanic arc in the northern portion not previously identified. This
feature is used to trace a new rim of the Los Humeros Caldera (LHC) together with some other
volcanoes and craters and another southern volcanic arc. The new trace of the Los Potreros Caldera
(LPC) includes several volcanic edifices and craters, like the Maztaloya crater and the Arenas, Los
Coyotes, San Antonio, Don Fidel, Sotoltepec and El Gato volcanoes. The Bouguer’s anomaly map
show a gravimetric minimum related to the LHC, which is coincident with the trace defined by the
photo-geologic map. Some exploration geothermal wells were drilled in the past with the aim to
intersect the deep trace of both calderas with no success. The new traces so defined imply new
exploration targets in the Los Humeros geothermal field, which is one of the four fields in operation in
Mexico.

Keywords: Gravimetric anomalies, resistivity anomalies, photo-geological interpretation, volcanic
caldera, geothermal exploration.

Nueva traza superficial de las calderas volcanicas de Los Humeros y Los Potreros,
Mexico

Resumen

Una reinterpretacion fotogeoldgica y de datos gravimétricos y de resistividad del campo geotérmico de
Los Humeros permite definir una nueva traza superficial del borde de las calderas volcanicas
cuaternarias de Los Humeros y Los Potreros en los estados mexicano de Puebla y Veracruz. La
reinterpretacion fotogeologica muestra un arco volcanico en la parte norte no identificado previamente.
Se ha utilizado este rasgo para trazas el nuevo borde de la Caldera de Los Humeros (LHC), junto con
algunos otros volcanes y crateres y otro arco volcanico meridional. La nueva traza de la Caldera de Los
Potreros (LPC) comprende varios edificios volcanicos y crateres como el crater Maztaloya y los
volcanes Arenas, Los Coyotes, San Antonio, Don Fidel. Sotoltepec y El Gato. EI mapa de la anomalia
de Bouguer presenta un minimo gravimétrico relacionado con LHC, que coincide con la traza
determinada en el mapa fotogeoldgico. En el pasado se perforaron ciertos pozos exploratorios con el
objetivo de intersectar a profundidad la traza de ambas calderas, sin éxito. Las nuevas trazas definidas
aqui definen nuevos objetivos de exploracion en el campo geotérmico de Los Humeros, que es uno de
los cuatro campos en operacion en México.

Palabras clave: Anomalias gravimétricas, anomalias resistivas, interpretacion fotogeoldgica, caldera
volcanica, exploracién geotérmica.

1. Introduction

Altogether to Cerro Prieto, Los Azufres and Las Tres Virgenes, Los Humeros is one of the four
geothermal fields in operation in Mexico. The current geothermal power capacity installed is 94 MW,
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composed of two 26.7-MW condensing (flash) units and eight 5-MW each back-pressure units. Five of
these 5-MW units are out of routine operation, and then the running capacity is 68.4 MW.

The geothermal field lies inside the Los Potreros Caldera (LPC), which is a Quaternary volcanic
caldera formed some 100,000 years ago and is nested in the south-central portion of the older, larger
Los Humeros Caldera (LHC). LHC was formed 0.460 Ma ago after a highly differentiated magmatic
chamber was emplaced into the Mesozoic calcareous basement, which was already partially
metamorphized by the Laramide Orogeny and the Oligocene intrusions. The magmatic chamber
produced a series of explosive eruptions with an equivalent magma volume estimated in 115 cubic
kilometers, which gave place to the Los Humeros Caldera, an oval collapse of 21 km per 15 km in
diameters. After a resurgence process, a new gasification occurred in the chamber, whose pressure was
also released by sudden explosive eruptions giving place to the LPC, with oval shape and 7-10 km in
diameter (Gutiérrez-Negrin et al., 2010).

Based on a photo-geologic re-interpretation of the region where the Los Humeros geothermal field is
located, some volcanic features like a couple of volcanic apparatus and structures were identified.
These features went unnoticed in past surveys and studies in the area and together with new analyses of
old geophysical data, mainly from gravimetric and resistivity surveys, have led to define a new trace
for both calderas. It is noteworthy that the new rim of the LPC certainly enlarges the geothermal
development area giving more chance of success for new wells to be drilled in the field.

2. Geological background

The first photo-interpretation of the Los Humeros region was made in 1978 (Pérez, 1978). The Figure 1
shows parts of the LHC southeastern rim. To define the trace Pérez (1978) took into account the
annular fault of the southeast sector, but he just inferred the northern border with no volcanic
evidences. To the west there are a couple of volcanic craters partially truncated (Fig. 2) that Pérez did
not take into account to place the trace of the rim. He neither considered some volcanic edifices at the
SW as parts of the LHC.

The trace of the LPC rim was interpreted by Pérez (1978) only based on topographic differences, with
no further consideration of some volcanic features like the Maztaloya (Fig. 3) crater and structures like
the normal faults of Maztaloya (Fig. 3) and Los Humeros. It is worth to mention that when Pérez
prepared his map there were no available aerial photos at appropriate scales covering the northern part
of the Los Humeros region, which explains why some volcanic features, as the northern volcanic arc
mentioned below, was unnoticed in his work.

Yafiez and Casique (1980) prepared the geological map of the Los Humeros geothermal field based on
a detailed geologic survey. The trace of the LHC was mainly defined by photo-geologic interpretation
and based on the prior work of Pérez (1978), but their map shows more relation to volcanic structures.
They took into account the mentioned truncated craters and the southern volcanoes that Pérez (1978)
did not, and they also used an isolated volcanic cone called Cerro Patata (Fig. 4) to close the LHC rim
in an almost circular shape. They considered that the Maztaloya crater and the truncated craters were
the result of phreatic or phreatic-magmatic eruptions.

Regarding the LPC rim, Yafiez and Casique (1980) defined the northern trace based on the Los Encinos
volcano (Fig. 2) and continued the western rim with no volcanic control. They did not define the rim at
the west and south, leaving it open.

Ferriz and Yafez (1981) presented a geological map of Los Humeros. They inferred the rims of both
calderas as follows. For the LHC they considered the rhyolite domes outcropping in the northwestern
2
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sector as part of the collapse. The NE and SW limits of the rim were defined with no volcanic
structures, and the SE sector of the caldera was defined with no consideration of the topographic
features.

To define the LPC, Ferriz and Yéafez (1981) considered more volcanic apparatus, including the
Maztaloya crater, the truncated craters and some volcanoes as El Pajaro (Fig. 3) and the Sotoltepec
volcano. The LPC rim was completely closed.

The version of the LPC rim presented by Ferriz and Mahood (1984) was taken from that presented by
Ferriz and Yéfez (1981). However, they did not take into account the Maztaloya crater or the
volcanoes of the northern part to close the LPC rim.

A detailed geological and structural survey in the Los Humeros area made by De la Cruz (1983)
concluded that there was a third caldera inside the LPC, called the Colapso Central (central collapse,
see Fig. 2), as well as another phreatic-magmatic crater. He also mapped some lateral phreatic
explosions in the San Antonio, El Jaral and Arenas volcanoes and an older volcano between the Arenas
and EI P4jaro volcanoes (Fig. 3).

De la Cruz (1983) defined the LHC rim based on volcanic features. Thus, the W and SW rim is defined
by the Oyameles dome, the El Valle crater (Fig. 2), the El P4jaro and El Jaral volcanoes, and the lateral
explosion of the Maztaloya crater (Fig. 3). The southeast border is marked by a volcanic lineament and
the northern-northwestern limit is defined by the Ocotepec dome.

Regarding the LPC, De la Cruz (1983) defined the rim mainly based on topographic features. He also
proposed a normal fault as a part of the northern rim of this caldera, but actually the fault turned to be
the unusually straight front of a lava flow from the San Antonio volcano. He used this feature to set
part of the northern rim of the LPC and later some geothermal wells were located aiming to intersect
this supposed structure to get more permeability and production —which was not the case.

In 2006, Cedillo started a revision of the previous works and proposed some changes in the superficial
rims of the LHC and LPC, which are the base of this work.

Davila and Carrasco (2014) made a detailed study of one of the volcanic members of the Los Humeros
caldera, and included a map showing the LHC and LPC rims (Fig. 4). However, the traces are
practically the same presented by Ferriz and Yafiez (1981).

3. Geophysical background

Arredondo and Campos (1999) made a gravimetric survey in the Los Humeros area. They prepared a
gravimetric map and a residual anomaly map, where a series of gravimetric maxima and minima are
defined by iso-anomaly lines. It is remarkable a gravimetric maximum located in the western sector
related to a structural high, and two concentric and extended gravimetric minima related to the LHC
and LPC rims. Based on their gravimetric-structural analysis, Arredondo and Campos (1999)
determined two systems of normal faults, one with NNW-SSE direction and dip to the east, and other
with NNE-SSW trend and dip to the west. Both systems seem to affect only the sedimentary-
metamorphic basement.

Garcia Estrada (1992) prepared a regional map of the Bouguer anomaly in the zone. This map shows
one gravimetric maximum enclosing the gravimetric minimum in the NE sector. Their traces are
related to the NNE and SSE sectors of the LHC and LPC rims. In the north-central part of the
gravimetric minimum it is observed an abnormal horizontal gradient, which defines the north portion of
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both calderas. He also prepared a profile of the gravimetric basement, where a depression is observed.
This depression corresponds to the two caldera rims.

Palacios and Garcia (1981) conducted an electric survey in the Los Humeros geothermal field and its
surroundings, based on vertical electric sounds (VES) with Schlumberger arrangement. They carried
out 220 VES distributed in 20 lines crossing the geothermal field and the main volcanic structures. The
sections showing lines of the same apparent resistivity allow define in some parts the probable location
of the LHC and LPC traces.

4. Working method and results

The re-definition of the rims of both calderas presented in this paper was mainly based on the photo-
geological interpretation of aerial photos at 1:50,000, 1:20,000 and 1:10,000 scales. It was possibly to
identify contacts of lava flows and pyroclastic deposits, structures and volcanic craters. It was also
possible define the type of volcano and the relative age of each one. Some volcanoes that had gone
unnoticed before were identified and related to the traces of the LHC and LPC. One of these volcanoes
is Don Fidel, which seems to be part of a volcanic arc and of the LPC trace (see Fig. 2).

In order to verify and check the new rims of LHC and LPC so defined, all the available geophysical
information was re-examined, including the Bouguer anomaly and residual anomalies maps and several
sections of apparent iso-resistivity. In particular, these sections show strong vertical gradients where
deep resistivity values suddenly rises from depth. The anomalous gradient seems to be due to faults
systems where hydrothermal fluids with temperatures above 200 degrees Celsius are rising. Particular
attention was paid to the parts where the sections cross or intersect volcanic structures, hidden faults,
fault scarps, superficial fumaroles, alteration zones or steamy soils, and especially the inferred rims of
the calderas. In this latter case, it is evident the rising of the apparent resistivity values where sections
cross the caldera rims.

Thus, the new photo-geological interpretation allowed identify the northern volcanic arc, whose
location seems to be confirmed by the higher gradient lines in the Bouguer and residual anomaly maps.
This arc defines the new superficial trace of the LHC rim, which also includes the truncated craters, the
El Pajaro, El Jaral and Catorce volcanoes, the southern volcanic arc, the lateral explosion of the
Maztaloya crater and the southeast escarpment of the rim indicated by topographic features as re-
interpreted on the aerial photos (Fig. 5).

This work also allowed recognizing that the San Antonio volcano is more recent than EIl Gato volcano,
after their respective lava flows. Both volcanoes are part of another volcanic arc composed also of the
Sotoltepec and Don Fidel volcanoes. This volcanic arc is part of the new trace of the LPC, which is
defined also by the volcanic edifices of Los Coyotes, Arenas and Maztaloya, and by the topographic
features identified in the photo-geologic work (Figure 5).

The analysis of several sections of apparent iso-resistivity indicates strong gradients and apparent
resistivity minima related to faults that are coincident with the new proposed traces of both calderas.
The eastern portion of the maximum gravimetric linked to a structural high is considered as
representative of the LHC rim.

The new layout of the LPC is an attractive target for future production wells.

5. Conclusion

The new proposed traces of the Los Humeros and Los Potreros calderas are presented in Figure 5. The
modified trace of the LHC is based on the following features. Starting by the north, the CLH rim is
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defined by a volcanic arc composed of the volcanoes El Cacahuate, El Zorro and Chicomiapa. The rim
trace continues to the truncated craters (see also Fig. 2) and goes to the El Jaral volcano, the crater of
Catorce volcano, the Llanos de Oro crater and the Llanos del Coyote crater. Then the rim trace
continues to the Cerro de la Antena, Cerro del Vigia (see also Fig. 5) and another unnamed small
craters (that form the southern volcanic arc), the lateral explosion of the Maztaloya crater and go again
to the EI Cacahuate volcano and close the structure.

The new trace of the LPC is mainly limited by the conspicuous trace of the caldera escarpment itself,
being supported in its northern section by the volcanic arc formed by the volcanoes San Antonio, Don
Fidel, Sotoltepec and EI Gato, and by the Los Coyotes and Arenas volcanoes and the Maztaloya crater
(Figure 5). This new trace is considered to be an important target for future development geothermal
wells in the Los Humeros field.
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Figure 2. Photo composition showing parts of the LHC and LPC rims and some volcanic features, including two
truncated craters located in the LHC rim.
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Figure 3. The Maztaloya crater, located at the southern rim of the LPC, and the Maztaloya normal fault.
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Figure 5. The new proposed rims of the Los Humeros and Los Potreros calderas.



