Geothermal reservoir potential of volcaniclastic settings: The Valley of
Mexico, Central Mexico

Abstract
The geothermal potential of the Valley of Mexico has not been addressed in the past, although
volcaniclastic settings in other parts of the world contain promising target reservoir
formations. An outcrop analogue study of the thermophysical rock properties of the Neogene
rocks within the Valley of Mexico was conducted to assess the geothermal potential of this
area. Permeability and thermal conductivity are key parameters in geothermal reservoir
characterization and the values gained from outcrop samples serve as a sufficient database for
further assessment. The mainly low permeable lithofacies types may be operated as stimulated
systems, depending on the fracture porosity in the deeper subsurface. In some areas also autoconvective thermal water circulation might be expected and direct heat use without artificial
stimulation becomes reasonable. Thermophysical properties of tuffs and siliciclastic rocks
qualify them as target horizons for future utilization of deep geothermal reservoirs.
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1. Introduction
In recent years the efficient use of energy resources and energy storage has gained great
importance. For the future, increasing global energy demand strongly relies on renewable
energy development (e.g. geothermal, wind, and solar energy) that may reduce the
dependence on fossil fuels and its related negative effects for the environment. Right now,
Mexico is still mainly based on fossil-fueled (hydrocarbons and coal, 68%) power plants, and
more than one fifth (22%) on hydroelectric plants. Geothermal electric capacity represents 2%

and wind only 0.1%. The rest (1.9%) is represented by nuclear power plants. The solar
potential for electricity is largely untapped, leaving room for great improvements in the future
[1].
Mexico has among the best potential for solar power in the world [2], and according to the
World Energy Council [3] report “the scope for solar electricity generation is unlimited from
a technological point of view”. More than 70% of the country's surface receives an insolation
in excess of 4.7 kWh/m2/day (1,700 kWh/m2/yr), which corresponds to 50 times national
electricity generation. Electricity produced by photovoltaics in Mexico in 2008 is reported as
9.277 GWh [4]. At the Solar Power Mexico 2012 conference in Mexico City, it was said that
photovoltaics electricity and solar thermal will comprise up to 5% of Mexico's energy by
2030 and up to 10% by 2050. Most of the already existing solar power stations can be found
in Sonora and the Baja California or are supposed to be commissioned, soon. In Sonora, the
average sunlight hours per day are 6.4 with an average of 7 kWh/m2/day (2556.7 kWh/m2/yr).
But even in Mexico City, with 7.6 average sunlight hours per day, there is still an average of 5
kWh/m2/day (1826.2 kWh/m2/yr), also making the Valley of Mexico, that this paper will
focus on, a possible location for the construction of solar power plants in order to provide the
21.2 million people of the metropolitan area of Mexico City with electricity.
The total generation capacity for Mexican wind energy was calculated for 2013 to 1,488 MW,
finally making wind energy a competitive option within the Mexican electricity market [5, 6].
So far, Mexican wind farms have been limited to smaller projects in Oaxaca (La Venta and La
Ventosa wind farms). Nevertheless, the Comisión Reguladora de Energía (CRE) has issued
permits for wind plants in Baja California, Tamaulipas, Nuevo León, San Luis Potosí,
Veracruz, and Chiapas, bringing the total number of wind power generation permits issued to
30 across the country within the next few years [7].
One of the biggest problems holding back renewable energy is that energy sources such as
wind and the sun, are not constant, and therefore do not allow a steady output. The best way

of overcoming this problem is by developing energy storage systems that can store excess
energy produced during times of high output, and release it again when it is needed during
times of low output. Energy from both sources, wind and sun, can be stored in porous rocks
deep underground for later use. Wind energy – which is often produced at night when winds
are strong and energy demand is low – can be stored by a method called compressed air
energy storage (CAES) [8, 9]. The basic idea of CAES is to capture and store compressed air
in suitable geologic structures underground when off-peak power is available or additional
load is needed on the grid for balancing. The stored high-pressure air is returned to the surface
and used to produce power when additional generation is needed, such as during peak demand
periods [10].
Underground thermal energy storage (UTES) [11, 12, 13, 14] is a system that uses interseasonal heat storage, storing excess heat (e.g. from solar collectors) for use in winter heating,
and the cooling potential from winter for cooling in summer [15]. This could contribute
significantly to meeting society’s need for heating and cooling. UTES may be implemented in
rocks or soil via a series of vertical borehole heat exchangers or in deep aquifers [16].
Finally, the development of so-called hybrid systems combining solar/wind, geothermal and
biomass energy is seen as very promising in countries like Mexico.
According to the Global Energy Network Institute [17] Mexico has an estimated geothermal
electricity potential of at least 8,000 MWe, second in the world only to Indonesia. In reality,
Mexico is not that far, yet, in harvesting this geothermal potential to the maximum.
Nevertheless, with 980 MW [18] (887 MW according to the World Energy Council [19]), the
country is ranked fourth in terms of global installed geothermal capacity (after the U.S. (3,098
MW), the Phillipines (1,904 MW), and Indonesia (1,197 MW); values according to Bertani
[20]).
The currently four operating geothermal fields in Mexico are Cerro Prieto (a geothermally
active area intersecting the southern end of the Imperial Fault and the northern end of the

Cerro Prieto Fault in the Baja California), Las Tres Vírgenes (related to a complex of
volcanoes located in the Mulegé Municipality in the state of Baja California Sur), Los
Azufres, and Los Humeros. The project Cerritos Colorados, formerly known as La Primavera,
has been scheduled for 2014 [21]. The three latter geothermal fields are all part of the
Transmexican Volcanic Belt and are associated to large calderas [22], which could, in the
future, be the source for a lot more energy for Mexico and also the U.S., considering that in
2012 already 1,285,959 MWh had been exported to the northern neighbor [23].
In Mexico, geothermal energy is almost entirely used to produce electricity. The direct use of
Mexican geothermal energy is still under development and currently remains restricted to
bathing and swimming facilities. The use of geothermal heat pumps is minimal, and
underdeveloped with no information available [24]. Furthermore, to date, no useful
information is available on the geothermal gradients of the Mexican deep sedimentary basins
or graben settings, such as the Valley of Mexico [25, 26, 27], and its possible potential for a
direct use of geothermal energy.
The Valley of Mexico, located in the Transmexican Volcanic Belt, contains most of the
Mexico City Metropolitan Area, as well as parts of the State of Mexico, Hidalgo, Tlaxcala
and Puebla, and can be subdivided into four sub-basins [28]. The surrounding mountain
ranges of the Sierra de Las Cruces, Sierra Nevada, and Sierra Chichinautzin are (in decreasing
order) the main recharge areas for the enclosed basin [29].
Below a 30 to >200 m thick cover of Quaternary to recent volcanic and lake deposits [25, 30,
31] that outcrop extensively on the plain, Neogene volcanic rocks (intercalated with
siliciclastic and volcaniclastic rocks) attain a thickness of up to 4000 m [25, 26, 32] on top of
the basement. These units are extensively fractured and crossed by fault (graben) systems that
resulted from tensional regional forces [33]. They partially cover an excess thickness of 1000
m of limestone strata of Cretaceous age.

A reasonable amount of data is available only on the hydraulic properties of the Pliocene–
Quaternary and Quaternary–Recent deposits. The properties of the deeper aquifer units,
however, are not known [25]. However, several hundreds of liters of water per second that are
continuously extracted from the Mid Tertiary volcanics for the dewatering of a mine [34] in a
mine district in the northern part of the Basin of Mexico, i.e. in Pachuca (Hidalgo State), are
evidence for an effective reservoir and aquifer [35]. Furthermore, Carrillo-Rivera et al. [36]
interpreted the hydraulic conductivity of the deeper aquifer from shallow boreholes (~300 m
depth) in the northern part of the catchment.
Due to the lack of detailed well logs and physical data of this area, a pilot study was initiated
on the Lower Miocene Tepoztlán Formation, which is supposed to be linked to the processes
forming the Valley of Mexico [37]. Furthermore, the Tepoztlán Formation shows excellent
exposures of its volcanic rocks, enabling an outcrop analog study of the thermophysical rock
properties of the Neogene rocks within the Valley of Mexico. Recently, the Tepoztlán
Formation rocks have been studied in detail, with a fairly complete geologic history already
established [35, 38, 39, 40, 41].
The aim of this study is to provide thermophysical rock properties of the different lithofacies
types to be added as important attributes into 3D reservoir models, identifying target
formations for geothermal reservoir utilization.

2. Geological setting
The Valley of Mexico refers to the lower part of the Basin of Mexico (Fig. 1). The Basin of
Mexico is one of the largest of a series of closed catchments located in the Transmexican
Volcanic Belt [42, 43]. The eastern boundary of the catchment is characterized by the Sierra
Nevada and its volcanoes such as the 5,400 m asl Popocatépetl and the 5,230 m asl
Iztaccíhuatl. It is a closed basin located on a graben structure, which developed during the
Oligocene, characterized by a thick sequence of volcanic and lacustrine deposits [25]. In those

times the basin drained to the south. The runoff outlet was closed during the Pleistocene as the
result of a series of volcanic activities [44] that formed the monogenetic volcanic fields of the
Sierra de Chichinautzin to the south of the basin [25], the Tezontepec Sierra to the northeast,
and Teotihuacan to the north of the catchment [27]. The floor of the Valley of Mexico has an
elevation of ca. 2236 m asl and the lowest part is still occupied by what remains of Lake
Texcoco. The drainage divides in the mountains that surround the Valley are frequently more
than 3000 m asl, and the lowest pass across the divide is about 2260 m asl [45]. Groundwater
recharge occurs in the volcanic rocks of the mountains that surround the valley to form the
Basin of Mexico [45].
The groundwater temperature towards the west of Mexico City is 19±1°C and increases to a
fairly uniform 23±1°C near the centre of the basin [25]. The latter temperature is spatially
related to the two thermal water spring sites that are reported from the Basin of Mexico, i.e.
the thermal site of Peñon de los Baños (44°C), adjacent to the international airport [25, 46],
and Peñon del Marquez [47]. After an increase in groundwater extraction in the 1950’s, the
thermal water is tapped solely by boreholes with a distinct discharge temperature of 45°C
[26]. Direct temperature logging in a nearby borehole showed a temperature of 87°C at a
depth of 1800 m [48, 49]. According to Huizar-Alvarez et al. [26], the observed temperature
of the sampled water is in agreement with the natural geothermal gradient of ca. 3.16°C/100
m as the closest active volcanic area is located ca. 40 km to the southeast. Edmunds et al. [25]
infer either a variable geothermal gradient across the basin or, that the water is being drawn
up by abstraction, from greater depth beneath the city. By means of a silica geothermometer,
Fournier [50] calculated an equilibrium temperature of 163°C in a depth of at least 2500 m (at
an assumed geothermal gradient of 3.16°C/100 m).
Seismic studies and deep wells (drilled by PEMEX, Petróleos Mexicanos) in the Basin of
Mexico reaching 4000 m, give evidence that the volcaniclastic succession in the lower unit of
the basin is correlative with the Miocene Tepoztlán Formation [37, 51] (Fig. 2). The time of

the deposition of the Tepoztlán Formation is likely concurrent with the main phase of
formation of the basin [35].
The Tepoztlán Formation crops out in an area of approximately 180 km2 and has an overall
maximum thickness of 800 m. The volume of the deposited material, still remaining after
erosion, was calculated to 130 km3 with the help of GIS. The formation is widespread around
the villages of Malinalco and Chalma in Mexico State and Tepoztlán and Tlayacapan in
Morelos State; sparse outcrops are located east of Tlayacapan and southeast of the Nevado de
Toluca [52, 53].
A variety of Eocene-Oligocene (Balsas Group) and older rocks, mostly Cretaceous
limestones, underlie the formation. It is covered by lava flows of Pliocene to Holocene age.
Close to Malinalco, the Tepoztlán Formation crops out between the San Nicolás Basaltic
Andesite and the overlying Basal Mafic Sequence [54]. In Tepoztlán and the eastern vicinities
it unconformably overlies the Balsas Group and is covered by the Chichinautzin Formation.
The Tepoztlán Formation is composed of calc-alkaline volcanic and sedimentary rocks. The
volcanic rocks have predominantly andesitic to dacitic compositions; however, rhyolites are
also present [38]. The entire succession comprises pyroclastic deposits (fall, surge and flow
deposits), deposits from lahars (debris-flow and hyperconcentrated-flow deposits) and coarse
to fine fluvial and lacustrine deposits (conglomerates, sandstones and mudstones). Only few
lava flows and dikes are present [39].
Clasts within the sediments are commonly coarsely porphyritic (20%-30% crystals) with
plagioclase (anorthite), sanidine, augite, hornblende (magnesioriebeckite) and minor
muscovite phenocrysts in a microcrystalline groundmass. The red, oxidized groundmass of
many clasts indicates subaerial eruptions.
Bedding within the Tepoztlán Formation is generally flat-lying or gently dipping with up to
10° to N/NNE. The succession is disrupted by normal faults and dikes. Displacements at
faults are frequently about half a meter and rarely exceed a few meters.

Magnetostratigraphy combined with K/Ar and Ar/Ar geochronology revealed an age of Early
Miocene (22.75-18.78 Ma) [38].

3. Materials and methods
This study is based on an integrated analysis of petrographical and petrophysical data from
the Tepoztlán Formation. 125 core samples from tuff, lava, tuffaceous breccia, conglomerates
and sandstone with diameters of 5 cm were obtained by using a gasoline-driven drilling
machine with diamond-studded drill heads. Core descriptions were prepared, detailing
lithology, degree of welding, and alteration, as well as the nature and intensity of pore space
and fractures. Petrographic analyses were conducted on thin sections prepared from selected
core-plug samples.
Permeability measurements were carried out by usage of conditioned compressed air, using a
gas pressure mini-permeameter, developed at the Institute of Applied Geosciences, TU
Darmstadt, Germany. All samples were dried overnight in a conventional oven at 38° - 49°C
before the measurements.
For the determination of the thermal conductivity the Optical Scanning Method was applied
[56] on a Thermal Conductivity Scanner developed by “Lippmann and Rauen GbR”. In this
method the surface temperature of the sample is measured contactless by infrared temperature
sensors before and after heating with a contactless heat source. The sensors and the heat
source move with constant speed and constant distance to each other along the sample and
reference samples with known thermal conductivities. The determination of thermal
conductivity is based on the comparison of the difference of the temperature of reference
samples with known thermal conductivities and sample material with unknown thermal
conductivity. As reference sample a material with a thermal conductivity in the range of the
estimated thermal conductivity of the sample is used.

4. Results
4.1. Petrography
The studied samples consist of lavas and tuffs of dacitic to andesitic composition as
previously identified by Lenhardt et al. [38]. Furthermore, samples from tuffaceous breccias,
derived from mass-flow deposits (lahar deposits), and conglomerates and sandstones
(siliciclastic rocks) [35, 39] were analyzed.

4.1.1. Lava samples
The lava has a porphyritic to glomeroporphyritic texture with phenocryst contents up to 60
vol.%. The mineral phases consist of plagioclase, subordinate K-feldspar, clinopyroxene and
amphibole. Accessory phases consist of mica, abundant titanomagnetite and other accessories.
The tuff samples consist of plagioclase, K-feldspar, subordinate pyroxene (augite) and rare
quartz crystals in an ash-rich matrix. Subangular cognate lithic clasts comprised of gray to red
porphyritic rocks of dacitic to andesitic composition (58.5 - 66.5 vol.% SiO2) reach up to 10
mm. Subrounded to rounded pumice clasts range from creamy white to pale yellow in colour.
They are relatively dense to finely vesicular and usually porphyritic, depending on degree of
welding and contain predominantly augite and plagioclase as phenocrystals. Within the
matrix, pumice clasts usually do not exceed diameters of 6 mm. Rare accessory clasts, red
clay-siltstones and gray carbonate rocks, were derived from the subvolcanic basement and
belong to the underlying Balsas Group and Cretaceous limestones.
The lava facies, represented by andesites and dacites are interpreted as viscous, slow moving
blocky lava flows [57, 58] as they are associated with lava domes and coulées [59, 60].

4.1.2. Tuff samples
The massive pumice-rich tuffs exhibit of accessory and minor accidental lithic fragments (up
to 10 cm in diameter) in a matrix of bubble wall shards and phenocrysts (feldspars, augite,

rare quartz). Accessory lithic clasts are comprised of gray to red porphyritic rocks of dacitic to
andesitic composition (58.5 - 66.5 vol.% SiO2) [61]. Pumice clasts range from creamy white
to pale yellow in color. They are relatively dense to finely vesicular and usually porphyritic,
containing predominantly augite and plagioclase as phenocrysts. Within the matrix, pumice
clasts usually do not exceed diameters of 6 mm. However, in pumice concentration zones on
top of single units, clasts can reach up to 10 cm in diameter. The colour of the tuff samples,
varying from creamy beige to reddish purple, reflects the changes in the degree of welding
and alteration. The welding range is subdivided into the four facies of welding [35]: 1)
nonwelded, 2) incipiently welded, 3) partially welded, and 4) densely welded. The principal
hydrothermal minerals in the samples include silica polymorphs, montmorillonite, and
hematite. Most of the hydrothermal alteration in the welded tuff occurs as fracture and cavity
fillings.
This lithofacies is interpreted as ash-flow deposit and is described by many authors as the
most common ignimbrite lithofacies [62, 63, 64, 65].

4.1.3. Tuffaceous breccia samples
The tuffaceous breccia is composed of angular to subangular clasts in a pinkish red matrix of
fine to medium sand. In outcrops, the clast size usually is in the range of pebbles and cobbles,
not exceeding diameters of 20 cm; however, single outsized clasts of 2 m in diameter have
been observed. The matrix of the deposits is commonly composed of lithic and pumice
fragments, crystals and glass shards, showing significant alteration to clay minerals. The
fragments do not show any alignment within the matrix.
The poor sorting and massive appearance are evidence for transport and deposition of this
lithofacies by and from debris flows [66, 67, 68, 69, 70].

4.1.4. Siliciclastic rock samples

The sampled conglomerates and sandstones predominantly consist of lithic and pumice
fragments, glass shards and crystals, indicating significant reworking of primary pyroclastic
material and lava.

4.2. Permeability and porosity
Variations in permeability are correlated with lithology, alteration, and, in case of the tuff
samples, with degree of welding. The highest permeabilities within the Tepoztlán Formation
rocks can be found in the siliciclastic rock samples (mean 2.8·10-14 m2), followed by the tuffs
(mean of 2.7·10-14 m2), tuffaceous breccias (mean 2.2·10-14 m2), and lavas exhibiting the
lowest mean values of 9.7·10-16 m2 (Table 1). The permeabilities of the tuff samples can,
furthermore, be distinguished according to their degree of welding (Table 2) into: 1) nonwelded (mean 5.1·10-15 m2), 2) incipiently welded (mean 6.4·10-14 m2), 3) partially welded
(mean 2.2·10-14 m2), and 4) densely welded (mean 3.8·10-16 m2).
Porosity values taken from Lenhardt and Götz [35] show that the lavas are characterized by
the highest porosity values (mean of 30%) followed by tuffs, (mean 25.6%), conglomerates
(mean 32.3%), sandstones (mean 18.9%) and the tuffaceous breccias showing the lowest
porosities with mean values of 15.2%. The relatively high porosities of the lava samples can
be explained by numerous vesicles and gas pockets in the lava. The tuff samples have a large
range in measured porosity that corresponds to differences in welding and compaction after
emplacement. The welding range can be subdivided into four distinct welding facies [35]: 1)
incipiently welded (> 36%), 2) partially welded (36-30%), 3) moderately welded (30-2%),
and 4) densely welded (< 2%). Generally, a steady decrease in porosity can be noticed from
incipiently (mean of 37.7%) to densely welded tuffs with strongly reduced porosities (mean of
1.6%).
The permeability and porosity values from Tepoztlán are similar to those reported for other
geothermal systems. Most volcanic-hosted geothermal systems have relatively low matrix

permeability, and thus fluid flow and bulk permeability are typically controlled by fractures.
Bulk reservoir permeability values usually range between 1 and 100 mD (9.9·10-16 m2to
9.9·10-14 m2) [71]. The Wairakei and Broadlands geothermal fields in New Zealand, for
instance, have rhyolitic tuff reservoir rocks with reported permeabilities of 3.5·10-14 m2 to
4.0·10-14 m2 and 3.0·10-14 m2, respectively, and porosities of 20% [71, 72].

4.3. Thermal conductivity
Thermal conductivity data of the different rock types are plotted in Fig. 3. Ranges and mean
values for individual rock types are given in Table 1, for the four facies types of tuffs in Table
2. The lava samples within the study area yield a mean conductivity of 1.5 W/(m∙K), and a
range from 1.0 to 1.9 W/(m∙K).
Generally, the conductivity of the tuffs shows a range from 0.4 to 2.0 W/(m∙K) (mean of 0.9
W/(m∙K)). For non-welded tuffs the thermal conductivity ranges from 0.4 to 0.8 W/(m∙K)
(mean of 0.5 W/(m∙K)). Incipiently welded tuffs have measured conductivities ranging from
0.4 to 0.8 W/(m∙K) (mean of 0.6 W/(m∙K)). Partially welded tuffs have conductivities ranging
from 0.5 to 1.7 W/(m∙K) (mean of 0.9 W/(m∙K)). Densely welded tuffs have measured
conductivities ranging from 1.5 to 2.0 W/(m∙K) with a mean of 1.7 W/(m∙K).
The thermal conductivity of the mass-flow deposits shows a range between 0.6 and 0.9
W/(m∙K) (mean 0.8 W/(m∙K)). Finally, fluvial deposits show thermal conductivities ranging
between 0.4 and 0.9 W/(m∙K) (mean 0.7 W/(m∙K)).

5. Discussion
Despite the obvious advantages of the use of clean and safe geothermal energy sources, there
are also some major disadvantages to it. Among others, the high installation costs are one
major setback as power plants, electricity towers and stations need to be set up in order to
transport the power from the geothermal plant to the consumer. This needs skilled staff, that

has to be recruited and then relocated to the place of interest, sometimes far away from major
cities where the power is needed. The transport of the power from the plant to the consumer
without too much loss is therefore one of the major challenges for the future use of
geothermal energy. In addition, geothermal sites close to volcanic centres may contain
poisonous and/or corrosive gases such as HCl and HF that can escape from the depth and be
harmful to well casings or shallower aquifers that are used for drinking water extraction. In
the Mexican Los Humeros geothermal reservoir, for instance, HCl steam is produced by the
flow of fluids from a deep dry reservoir to a shallow water-saturated reservoir [74], resulting
in corrosion and scaling due to fluid mixing and reacting with casing and rock [75]. The
geothermal field of Cerro Prieto, in turn, is located far away from major cities where its power
is needed. Both major disadvantages, i.e. the distance to the consumer and the corrosive gases,
can be overcome by using the natural geothermal gradient of Mexico’s deep sedimentary
basins such as the Valley of Mexico with a depth of more than 4000 m. So far, the Valley of
Mexico was not even taken into consideration for the use of deep geothermal energy.
However, the results of the present study show the basin’s favourable conditions and its
similarities to other sedimentary basins whose geothermal potential is currently being
assessed (e.g. the Pannonian Basins System of Rumania and Hungary) or already harvested
(e.g the Molasse Basin in Germany, the Wei River Basin in China). The term “deep
geothermal” is used for boreholes, which tap geothermal energy at depths exceeding 400 m,
and at temperatures above 20°C [76]. Using deep geothermal energy either involves natural
hot water resources (hydrothermal plants) or the heat stored in the rock (petrothermal plants).
Both can be used to supply heat (at temperatures above ca. 60°C) and for power generation –
usually at temperatures above ca. 100°C [76], with >150°C for dry steam power plants and
>180°C for flash steam power plants [77, 78, 79]. Nevertheless, especially in low-to-medium
temperature (~60-170°C), water-dominated geothermal fields, the binary-cycle method [80,
81, 82] has made considerable progress for electricity production [83, 84, 85, 86]. The deep

groundwater with a temperature of 163°C at a depth of ca. 2500 m as it was calculated by
Fournier [50] and Edmunds et al. [25] for the Valley of Mexico would therefore be very much
suitable for electricity production in a binary geothermal power plant.
According to the geothermal map of North America [87], the area of the Valley of Mexico
shows an intermediate terrestrial heat flow of 80-84 mW/m2. Compared to areas such as Cerro
Prieto (~100 mW/m2) [88] and Las Tres Vírgenes (117 mW/m2) [89], located at thermal
anomalies, this may not seem too impressive. The heat flow values of Los Azufres (84
mW/m2) [90] and Los Humeros (85 mW/m2) [90], however, show that the terrestrial heat flow
values of the Valley of Mexico are still within a useable range. If compared to other
international terrestrial heat flow and temperature data of sedimentary basins where deep
geothermal energy is currently assessed or already harvested, one can, furthermore, see the
potential of the Valley of Mexico. In Germany, for instance, areas such as the Molasse Basin
in the South (geographically the area between the Danube and the Alps), the Upper Rhine
Graben and the North German Basin are already used for geothermal energy. According to
BINE [76], in the southern Molasse Basin, groundwater with temperatures of 70-140°C at
800-4500 m depth (heat flow of 80 mW/m2 [91] and very similar to the conditions in the
Valley of Mexico) is already used to produce electricity. The same applies for the Upper
Rhine Graben were temperatures of 135-160°C are measured at depths of 2500-3300 m (heat
flow of >100 mW/m2) [91], and northern Germany with groundwater temperatures of 55170°C at depths of 1300-3800 m.
The geothermal energy that is already harvested in China is mostly exploited (a lot more areas
are currently under assessment) from sedimentary geothermal systems (e.g. North China and
Wei River Basins) with low-medium temperature resources (groundwater temperatures of 40120°C at 1500-4100 m and heat flow values of 55-80 mW/m2) [92, 93, 94, 95]. This is
because the population and economic activities are mainly distributed in the eastern part of
China where low-medium resources are abundant, similar to the Valley of Mexico.

Finally, in Rumania and (western and southeastern) Hungary, where the geothermal potential
is currently assessed [96], groundwater temperatures of 60-120°C at 800-3500 m [97] (heat
flow 37-83 mW/m2) [98], and 150-200°C at a depth of 3000-4000 m [99] (heat flow 90-100
mW/m2) [100] are measured, respectively.
All these basins are dominated by clastic sedimentary and partly fractured and karstic
limestone or dolomite successions with permeabilities and effective porosities of clastic and
carbonate rocks similar to those of the Tepoztlán Formation. The here presented
thermophysical rock properties of the volcano-sedimentary succession within the Valley of
Mexico and its outcrop analogue Tepoztlán Formation show, that its tuffs and siliciclastic
rocks qualify as target horizons for utilization of deep geothermal reservoirs. Both potential
reservoir rock types are widespread in the volcano-sedimentary succession of the Valley of
Mexico and are therefore very promising exploration targets with respect to hydrothermal
power generation utilizing geothermal energy of deep sedimentary basins. Applying the
thermofacies concept of [73], the low permeable tuffs (measured permeabilities at Cerro
Prieto also only reach 10-14 m2) [101] and siliciclastic rocks represent transitional (stimulated)
systems, and depending on the degree of fracturing within the deeper part of the Valley of
Mexico represent hydrothermal systems, respectively. Due to the high fracture porosity and
the well developed fracture and cavity network in the Valley of Mexico [33], this area is well
suited for hydrothermal systems.
Due to the limited access to existing borehole data (e.g. PEMEX), the here presented
thermophysical rock properties of the different lithofacies types studied in outcrop sections
add valuable information to the assessment of the geothermal potential of the Valley of
Mexico. Thermophysical data from outcrop analogues serve to identify exploration target
horizons and are important attributes for reservoir modelling.

Furthermore, the here presented poroperm data point to lithologies and areas of high potential
for energy storage, i.e. compressed air energy storage and underground thermal energy
storage, in the Valley of Mexico.

6. Conclusion
A first assessment of the geothermal potential of the Valley of Mexico is based on
thermophysical data gained from outcrop analogues, covering all lithofacies types, and
evaluation of groundwater temperature and heat flow values from literature. Comparison with
data from other sedimentary basins where deep geothermal reservoirs are identified, shows
the high potential of the Valley of Mexico for future geothermal reservoir utilization. The
mainly low permeable lithotypes may be operated as stimulated systems, depending on the
fracture porosity in the deeper subsurface. In some areas also auto-convective thermal water
circulation might be expected and direct heat use without artificial stimulation becomes
reasonable. The here presented data serve to identify exploration areas and are valuable
attributes for reservoir modelling, contributing to (1) a reliable reservoir prognosis, (2) the
decision of potential reservoir stimulation, and (3) the planning of long-term efficient
reservoir utilization.
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Figure captions

Figure 1. Location map of the Basin of Mexico and areas south of the basin exposing the
Tepoztlán Formation (shaded in grey) (modified after [25] and [35]).

Figure 2. Cross-section through the Valley of Mexico and location of the sampled sections
(modified after [55] and [35]).

Figure 3. Thermophysical properties of the Tepoztlán Formation reservoir rocks and their
thermofacies classification following the thermofacies concept by Sass and Götz [73],
describing a geothermal system depending on heat transport (convective/conductive).

Tables
Table 1. Summary of permeability and thermal conductivity measurements.

Table 2. Summary of permeability and thermal conductivity measurements of the Tepoztlán
tuffs.

Table 1. Summary of permeability and thermal conductivity measurements.
Lithology

Number of
measurements

Lava

24

Tuff

69

Tuffaceous
breccia
Sandstones

6
26

Range of
permeability
(m2)
3.6·10-16 to
2.9·10-15
1.4·10-16 to
1.9·10-13
2.0·10-14 to
2.8·10-14
1.3·10-14 to
1.6·10-13

9.7·10-16

Range of
thermal
conductivity
[W/(m∙K)]
1.0 to 1.9

Thermal
conductivity
mean
[W/(m∙K)]
1.5

2.7·10-14

0.4 to 2.0

0.9

2.2·10-14

0.6 to 0.9

0.8

2.8·10-14

0.4 to 0.9

0.7

Permeability
mean (m2)

Table 2. Summary of permeability and thermal conductivity measurements of the Tepoztlán
tuffs.
Lithology

Degree of
welding

Number of
measurements

Tuff

nonwelded
incipiently
welded
partially
welded
densely
welded

6

Tuff
Tuff
Tuff

17
33
13

Range of
permeability
(m2)
2.7·10-15 to
7.2·10-15
3.4·10-16 to
1.9·10-13
1.6·10-16 to
1.0·10-13
1.4·10-16 to
5.9·10-16

5.1·10-15

Range of
thermal
conductivity
[W/(m∙K)]
0.4 to 0.8

Thermal
conductivity
mean
[W/(m∙K)]
0.5

6.4·10-14

0.4 to 0.8

0.6

2.2·10-14

0.5 to 1.7

0.9

3.8·10-16

1.5 to 2.0

1.7

Permeability
mean (m2)
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