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ABSTRACT

The Acoculco and Los Humeros geothermal systems in the eastern sector of the Trans-Mexican Volcanic Belt are investigated for
future exploitation and expansion, respectively. Electromagnetic methods are used to investigate the subsurface resistivity distribution
in order to determine worthwhile future drilling targets. Magnetotelluric data are interpreted by using phase tensor analysis in order
to derive the orientation of conductive features. For the Los Humeros geothermal system the caldera crossing NW-SE aligned
Maxtayola fault can be identified by a clear change in phase tensor ellipses at high frequency ranges. At lower frequencies, the
homogenous distribution of strongly elliptical phase tensors points at a strong conductivity contrast at greater depth. For the
geothermal system at Acoculco the electromagnetic data indicate a partitioned subsurface resistivity distribution. Phase tensor ellipses
on both sides of a NW-SE lineament, located east of the exploration wells, differ significantly.

1. INTRODUCTION

Fault zones, due to their enhanced permeability, control fluid flow. Volatiles, brines and magmas are ascending along fault zones.
Often volcanic edifices are aligned along fault zones or occur at fault zone intersections (e.g. Cembrano and Lara, 2009). Also, the
location of thermal hot springs or fumaroles match fault zone alignments (e.g. Giggenbach & Soto, 1992; Gudmundsson, 2000; Held
et al., 2018). Thus, fault zones enable advective heat ascent generating heat anomalies that can be used efficiently for energy
production.

Hydrothermal systems are characterized by a reservoir body overlie by a cap rock that seals the reservoir to the surface and prevents
the fluid from escaping. The systems are driven by a heat source triggering fluid ascent. The cap rock, but also the reservoir body, in
hydrothermal reservoirs contains hydrothermal alteration minerals. Thereby, the mineral assembly is governed by temperature and
thus, a typical sequence is evident in several geothermal systems (Inoue et al.,, 1992; Spichak and Manzella, 2009). Smectites
detectable by electromagnetic techniques due to their high conductivity, are formed at intermediate temperatures and thus, occur in
upper layers of the cap rock (Vozoff, 1991). In the context of geothermal reservoirs fault zones are of utmost importance as 1) they
connect the heat source to the reservoir and 2) by itself increase the reservoir permeability and enlarge the subsurface heat exchanger
area (e.g. Held et al., 2014).

Besides geothermal exploration, the magnetotelluric (MT) method is used for investigations of the earth’s mantle due to the ability
to penetrate deep into the rock. These long frequency investigations target the roots of subduction processes (Bertrand et al., 2012;
Wannamaker et al., 2014), melting processes (Brasse et al., 2015; Diaz et al., 2012) or deep rooting fault zones (Tiirkoglu et al., 2015;
Unsworth et al., 1997). Major scale crustal fault zones can be recorded by elevated conductivities (Bedrosian, 2002; Wannamaker et
al., 2002), yet the conductivity mechanism is not fully investigated. Saline fluids, hydrothermal alteration products or a combination
of' both could cause the decrease in resistivity (Held, 2018).

The research presented here is conducted in the framework of the European-Mexican co-funded GEMex project, investigating the
Los Humeros and Acoculco geothermal systems. Both systems are located inside a caldera collapse structure, but possess highly
differing characteristics. The Los Humeros geothermal reservoir is a superhot geothermal resource that is operated successfully
producing 70 MWe. from 23 wells (Romo-Jones et al., 2017). The Acoculco system was investigated as an enhanced geothermal
system (EGS). In order to explore the geothermal resource and guarantee a future sustainable exploitation, an extensive international
research program was initiated, aimed at investigating the characteristics of both areas, superhot conditions for Los Humeros and the
potential of EGS development at Acoculco.

Besides seismological and gravimetric techniques, at both research locations intensive 3D-MT campaigns were conducted, resulting
in 122 measurements at Los Humeros and 68 measurements at Acoculco. The data acquisition, processing and inversion are presented
in Hersir et al. (2020) and Benediktsdottir et al. (2020), whereas sensitivity studies about 3D inversion of MT data from Los Humeros
are presented by Ruiz-Aguilar et al. (2020). In this study, we use the phase tensor analysis to investigate the orientation of subsurface
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resistivity structure. The phase tensor analysis was developed by (Caldwell et al., 2004) and enables a galvanic distortion independent
visualization of the magnetotelluric data.

2. GEOLOGICAL SETTING

Los Humeros and Acoculco geothermal concessions are located in the eastern sector of the Trans-Mexican Volcanic Belt (TMVB),
a 1200 km long active volcanic arc stretching from the Pacific to the Gulf of Mexico coast (Fig. 1a). The eastern sector of TMVB is
characterized by the occurrence of several large scale caldera collapse craters (Ferrari et al., 2012). Both concession are located within
major caldera collapse structures. Faulting in the TMVB decreases from west to east (Ferrari et al., 2012) but indications for
preferential fault orientations of NW-SE, E-W and NE-SW are documented (Cadoux et al., 2011; Campos-Enriquez and Gardufio-
Monroy, 1987; Garcia-Palomo et al., 2018; Lopez-Hernandez et al., 2009).

Los Humeros is the easternmost caldera of TMVB located in a 40 km-wide NNE-SSW aligned depression limited by volcanic chains
to the east and west. The basement sequence comprise Late Paleozoic plutonic and metasedimentary rocks, Triassic-Cretaceous
sedimentary rocks (e.g. thick limestone sequences) and Tertiary plutonic intrusions (e.g. Ferriz and Mahood, 1984). The caldera
formation started at 500 ka (Carrasco-Nuiiez et al., 2017) and comprises two main collapse events (Los Humeros & Los Potreros
calderas) (Campos-Enriquez and Arredondo-Fragoso, 1992). Caldera formation deposited two series of ignimbrites (Xaltipan,
Zaragoza ignimbrites), accompanied by further volcanic manifestations e.g. monogenetic eruptive centers lava flows, pyroclastic
deposits (Carrasco-Nuiiez et al., 2012; Norini et al., 2015). Following the collapsing phases, volcanic activity resumed after 50 ka,
generating basaltic-andesitic lava flows and tephra deposits (Davila-Harris and Carrasco-Nufiez, 2014). Recently, magma
temperatures are determined to 600°C — 650°C indicating solidified conditions in the magma chamber (Campos-Enriquez and
Arredondo-Fragoso, 1992; Verma, 1983).

Inside the caldera the major fault zones are documented by Campos-Enriquez and Arredondo-Fragoso (1992) and Carrasco-Nuiiez et
al. (2017). The Maxtayola fault zone is oriented NW-SE, crossing Los Potreros scarp and running along the Xalapasco crater (Davila-
Harris and Carrasco-Nuiiez, 2014). Towards the north, the fault split into N-S oriented splay faults (Norini et al., 2015). In the eastern
sector, E-W striking faults occur. The production (and also injection) wells are operated east of NW-SE Maxtayola fault and along
the N-S aligned splay fault (Fig. 1b). Abandoned wells are located along E-W running faults or west of Maxtayola fault, besides
individual wells located close to productive wells.
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Figure 1: a) Location of Los Humeros (LH) and Acoculco (ACO) in the Trans-Mexican Volcanic Belt. B) the Los Humeros
geothermal system including MT recording and well locations. Fault zone and caldera structure configuration after
Calcagno et al. (2018). Digital elevation model from SRTM data with a resolution of 30 x 30 m. Blue dashed line = NE-
SW MT profile displaying phase tensor ellipses vertically.

The Acoculco geothermal system lies 75 km northwest of the Los Humeros geothermal system and 120 km northeast of Mexico City.
Exploration of Acoculco concession area was conducted by Comision Federal de Electricidad resulting in the limited availability of
freely accessible literature data. However, Lopez-Hernandez et al. (2009) combine not published data for internal reports to a
comprehensive dataset. The consideration of Acoculco as being a geothermal prospective area occurred after a first exploration well
was drilled in 1995 revealing a high geothermal gradient (Canet et al., 2015). The heat transport mechanism was characterized as
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conductive resulting in an EGS development concept. The system is located in the Tulancingo—Acoculco caldera complex that is
situated at the intersection of major NW-SE and NE-SW aligned fault zones (Lopez-Hernandez et al., 2009). The asymmetric caldera
collapse structure has a diameter of 18 km and is filled with calcalkaline volcanic rocks overlying Mesozoic sedimentary rocks
(Avellan et al., 2018; Lopez-Hernandez et al., 2009). Dating methods reveal a multi-stage evolution of the volcanic activity, with two
documented caldera collapse events generating Tulancingo and Acoculco caldera (Avellan et al., 2018; Sosa-Ceballos et al., 2018).
The caldera collapses generate ignimbrite series that are intercalated with lava flows, pyroclastic deposits (Canet et al., 2015; Sosa-
Ceballos et al., 2018) and lacustrine sediments (Avellan et al., 2018). Volcanic rocks, ignimbrites, lava flow deposits and dome
complexes range from (basaltic-) andesitic composition during Pliocene evolving to a rhyolitic composition in the Pleistocene (Sosa-
Ceballos et al., 2018). Acoculco caldera is intersected by a complex fault pattern with NW-SE, ENE-WSE and NE-SW orientations
prevailing (Avellan et al., 2018; Calcagno et al., 2018).

3. PHASE TENSOR ANALYSIS

The phase tensor concept was introduced by Caldwell et al. (2004). The galvanic distortion independent phase tensor & can be
calculated from the impedance tensor by

L 2P ¢12] _ 1 X22Y11 —X12Y21  X22Y12 — X12Y22
Py Py det(X)1X11Y21 —X21Y11  X11Y22 — X21Y12

with X and Y being real and imaginary part of the impedance tensor. The phase tensor can be visualized as an ellipse with its main
axes Omax and Omin, maximum and minimum value of the ellipse, respectively, representing the principal axes of the tensor. Phase
tensors analysis has been proven as a valuable tool for the investigation of geoelectric strike direction (Ichihara et al., 2011; Schifer
et al., 2011; Stagpoole and Nicol, 2008), partial melting and magma chambers identification (Diaz et al., 2015; Heise et al., 2007;
Hill et al., 2009; Ingham et al., 2009) and is used for geothermal reservoirs exploration (Heise et al., 2008) and even geothermal
monitoring (Peacock et al., 2013). With the phase tensor, analysis orientations of current channeling can be visualized indicating
possible pathways for fluids, gases or magmas.

Homogenous and thus, circle shaped ellipses indicate no preferential geoelectric strike direction. The size and color code of the
ellipses, displayed as V@& max * ®min, exhibit the vertical conductivity change. In Los Humeros at high frequency (71.1 Hz) large
phase tensor ellipses are displayed west of the NW-SE Maxtayola fault pointing at increasing conductivity in shallow depth (Fig. 2).
The vertical NE-SW profile (Fig. 3) confirms the occurrence of enlarged phase values at high frequencies at stations SW of Maxtayola
fault. East of the Maxtayola fault the enlarge phase values occur at intermediate frequencies (10 Hz — 1 Hz). This conductive layer is
described as the cap rock of Los Humeros geothermal system by Benediktsdottir et al. (2020). The lateral extension of the cap rock
is significantly affected by the fault zone. Towards the SE sector the E-W aligned fault zones seems to constrain high phase tensors
to the north.

At lower frequencies (0.0142 Hz) and thus higher depth, all phase tensors show an almost uniform ellipticity and orientation in NE-
SW direction. The phase tensor appearance take an elliptic shape, when huge conductivity contrasts exist (Bertrand et al., 2013;
Caldwell et al., 2004), with ® max pointing in the direction of conductivity enhancement. Thus, it is assumed that in greater depth a
conductivity change is occurring located NE or SW of the Los Humeros caldera. A closer inspection reveals a trend of increasing
ellipticity from SW to NE. In figure 3, the measurements in the SW possess an elliptic shape at higher frequencies (1 Hz — 0.1 Hz).
Considering the radial propagation of electromagnetic waves the measurements in the SW are located closer to the expected conductor
and thus record the signal “earlier” meaning at shallower depth. These findings are consistent with the induction arrow (not shown
here) that point also towards a conductive body to the SW. As a conclusion, a conductivity enhancement is expected in SW direction.
Considering the parallel orientation of the phase tensor ellipses a linear feature is assumed.
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Figure 2: Horizontal view of the phase tensor ellipses at Los Humeros at different frequencies and hence depth. Lengths of
the axes are proportional to principle values (® max, ® min) of the phase tensor. Color code of ellipses display the
geometric mean.
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Figure 3: Phase tensors at high frequencies along the NE-SW profile, crossing the Los Humeros geothermal system and the
Los Humeros caldera. Lengths of the axes are proportional to principle values (® max, ® min) of the phase tensor. Color
code of ellipses display the geometric mean. Station numbers named in yellow circles.

At Acoculco widespread elevated phase values are not documented as observed for Los Humeros neither at highest nor intermediate
frequencies (Fig. 4). At intermediate frequencies (5 Hz) a partition of the geothermal system is recorded. The eastern sector possess
an increased geometric mean of the phase tensor values and circle-shaped ellipses. The sector is divided to the west by a NW-SE
striking lineament that is located in the eastern sector of the survey area. Coincidence can be noticed in the results of the
magnetotelluric inversion (Hersir et al., 2020). Further investigations and interpretations have to fathom the origin of this geologic
feature. The sharp NW-SE aligned boundary and the coincidence with observed strike directions (Avellan et al., 2018; Calcagno et
al., 2018) is remarkable. Differing from Los Humeros, at greater depth no prevailing strike direction is recorded.
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Figure 4: Horizontal view of the phase tensor ellipses at Acoculco at different frequencies and hence depth. Lengths of the
axes are proportional to principle values (® max, ® min) of the phase tensor. Color code of ellipses display the geometric
mean.

4. CONCLUSION

The magnetotelluric method reveals the subsurface resistivity structure of the Los Humeros and Acoculco geothermal systems in the
eastern sector of the Trans-Mexican Volcanic Belt. The distortion independent phase tensor analysis investigates the orientation of
current channeling structure and thus, in a geothermal context allows the identification of fluid pathways. For the Los Humeros
geothermal system the Maxtayola fault, crossing the entire caldera, can be identified in shallow-intermediate depth by the occurrence
of circle- shaped phase tensors of enhanced geometric mean values west of the fault zone. At greater depth the phase tensor show a
homogenous orientation in NE-SW direction indicating a strong conductivity contrast. For the Acoculco EGS a partition of the
geothermal reservoir can be observed. At intermediate depth a NW-SE oriented feature divides the system. The phase tensor analysis
could reveal fault zones with impact on the resistivity structure and their effects to the geothermal reservoir structure.



Held et al.

REFERENCES

Avellan, D.R., Macias, J.L., Layer, P.W., Cisneros, G., Sdnchez-Nuiiez, J.M., Gémez-Vasconcelos, M.G., Pola, A., Sosa-Ceballos,
G., Garcia-Tenorio, F., Reyes Agustin, G., Osorio-Ocampo, S., Garcia-Sanchez, L., Mendiola, L.F., Marti, J., Lopez-Loera, H.,
Benowitz, J.: Geology of the late Pliocene—Pleistocene Acoculco caldera complex, eastern Trans-Mexican Volcanic Belt
(México), J. Maps., (2018)

Bedrosian, P.A.: Magnetotelluric imaging of the creeping segment of the San Andreas Fault near Hollister, Geophys. Res. Lett., 29,
(2002), 1-4.

Benediktsdottir, A., Arango-Galvan, C., Hersir, G.P., Held, S., Romo Jones, .M., Salas, J.L., Aviles, T., Aquilar, D.R., Vilhjalmsson,
A.M., Manzella, A., Santilano, A.: The Los Humeros Superhot Geothermal Resource in Mexico: Resistivity Survey (TEM and
MT); Data Acquisition, Processing and Inversion — Geological Significance, Proceedings World Geothermal Congress
Reykjavik, Iceland 2020

Bertrand, E. a., Caldwell, T.G., Hill, G.J., Bennie, S.L., Soengkono, S.: Magnetotelluric imaging of the Ohaaki geothermal system,
New Zealand: Implications for locating basement permeability, J. Volcanol. Geotherm. Res., 268, (2013), 36-45.

Bertrand, E. a., Unsworth, M.J., Chiang, C.-W., Chen, C.-S., Chen, C.-C., Wu, F.T., Tirkoglu, E., Hsu, H.-L., Hill, G.J.:
Magnetotelluric imaging beneath the Taiwan orogen: An arc-continent collision, J. Geophys. Res., 117, (2012), B01402.

Brasse, H., Schéfer, A., Diaz, D., Alvarado, G.E., Mufioz, A., Miitschard, L.: Deep-crustal magma reservoirs beneath the Nicaraguan
volcanic arc, revealed by 2-D and semi 3-D inversion of magnetotelluric data, Phys. Earth Planet. Inter., (2015), 2-9.

Cadoux, A., Missenard, Y., Martinez-Serrano, R.G., Guillou, H.: Trenchward Plio-Quaternary volcanism migration in the Trans-
Mexican Volcanic Belt: The case of the Sierra Nevada range, Geol. Mag., 148, (2011), 492-506.

Calcagno, P., Evanno, G., Trumpy, E., Gutiérrez-Negrin, L.C., Macias, J.L., Carrasco-Nuiiez, G., Liotta, D.: Preliminary 3-D
geological models of Los Humeros and Acoculco geothermal fields (Mexico) — H2020 GEMex Project, Adv. Geosci., 45, (2018),
321-333.

Caldwell, T.G., Bibby, H.M., Brown, C.: The magnetotelluric phase tensor, Geophys. J. Int., 158, (2004), 457-469.

Campos-Enriquez, J., Garduino-Monroy, V.H.: The shallow structure of Los Humeros and Las Derrumbadas geothermal fields,
Mexico, Geothermics, 16, (1987), 539-554.

Campos-Enriquez, J.O., Arredondo-Fragoso, J.J.: Gravity study of Los Humeros caldera complex, Mexico: Structure and associated
geothermal system, J. Volcanol. Geotherm. Res., 49, (1992), 69—-90.

Canet, C., Trillaud, F., Prol-Ledesma, R.M., Gonzalez-Hernandez, G., Pelaez, B., Herndndez-Cruz, B., Sdnchez-Cérdova, M.M.:
Thermal history of the Acoculco geothermal system, eastern Mexico: Insights from numerical modeling and radiocarbon dating,
J. Volcanol. Geotherm. Res., 305, (2015), 56-62.

Carrasco-Nuilez, G., Lopez-Martinez, M., Hernandez, J., Vargas, V.: Subsurface stratigraphy and its correlation with the surficial
geology at Los Humeros geothermal field, eastern Trans-Mexican Volcanic Belt, Geothermics, 67,(2017), 1-17.

Carrasco-Nuiiez, G., McCurry, M., Branney, M.J., Norry, M., Willcox, C.: Complex magma mixing, mingling, and withdrawal
associated with an intra-Plinian ignimbrite eruption at a large silicic caldera volcano: Los Humeros of central Mexico, Bull.
Geol. Soc. Am., 124,2012, 1793-1809.

Cembrano, J., Lara, L.E.: The link between volcanism and tectonics in the southern volcanic zone of the Chilean Andes: A review.
Tectonophysics, 471, (2009), 96—113.

Davila-Harris, P., Carrasco-Nufiez, G.: An unusual syn-eruptive bimodal eruption: The Holocene Cuicuiltic Member at Los Humeros
caldera, Mexico. J. Volcanol. Geotherm. Res. 271, (2014), 24-42.

Diaz, D., Brasse, H., Ticona, F.: Conductivity distribution beneath Lascar volcano (Northern Chile) and the Puna, inferred from
magnetotelluric data, J. Volcanol. Geotherm. Res., 217-218, (2012), 21-29.

Diaz, D., Heise, W., Zamudio, F.: Three-dimensional resistivity image of the magmatic system beneath Lastarria volcano and
evidence for magmatic intrusion in the back arc (northern Chile), Geophys. Res. Lett., 42, (2015), 5212-5218.

Ferrari, L., Orozco-Esquivel, T., Manea, V., Manea, M.: The dynamic history of the Trans-Mexican Volcanic Belt and the Mexico
subduction zone, Tectonophysics, 522-523, (2012), 122—149.

Ferriz, H., Mahood, G.: Eruption rates and compositional trends at Los Humeros volcanic center, Puebla, Mexico, J. Geophys. Res.,
89, (1984), 8511-8524.

Garcia-Palomo, A., Macias, J.L., Jiménez, A., Tolson, G., Mena, M., Sanchez-Nuiiez, J.M., Arce, J.L., Layer, P.W., Santoyo, M.A.,
Lermo-Samaniego, J.: NW-SE Pliocene-Quaternary extension in the Apan-Acoculco region, eastern Trans-Mexican Volcanic
Belt, J. Volcanol. Geotherm. Res., 349, (2018), 240-255.

Giggenbach, W., Soto, R.: Isotopic and chemical composition of water and steam discharges from volcanic-magmatic-hydrothermal
systems of the Guanacaste Geothermal Province, Costa Rica, Applied Geochemistry, 7, (1992), 309-332

Gudmundsson, A.: Active fault zones and groundwater flow, Geophys. Res. Lett., 27, (2000), 2993-2996
5



Held et al.

Heise, W., Bibby, H.M., Caldwell, T.G., Bannister, S.C., Ogawa, Y., Takakura, S., Uchida, T.: Melt distribution beneath a young
continental rift: The Taupo Volcanic Zone, New Zealand, Geophys. Res. Lett., 34, (2007), 1-6.

Heise, W., Caldwell, T.G., Bibby, H.M., Bannister, S.C.: Three-dimensional modelling of magnetotelluric data from the Rotokawa
geothermal field, Taupo Volcanic Zone, New Zealand, Geophys. J. Int., 173, (2008), 740-750.

Held, S.: Exploration of Villarrica Geothermal System using Geophysical and Geochemical Techniques. PhD thesis at the Karlsruhe
Institute of Technology, (2018)

Held, S., Genter, A., Kohl, T., Kdlbel, T., Sausse, J., Schoenball, M.: Economic evaluation of geothermal reservoir performance
through modeling the complexity of the operating EGS in Soultz-sous-Foréts, Geothermics, 51, (2014), 270-280.

Held, S., Schill, E., Schneider, J., Nitschke, F., Morata, D., Neumann, T., Kohl, T.: Geochemical characterization of the geothermal
system at Villarrica volcano, Southern Chile; Part 1: Impacts of lithology on the geothermal reservoir, Geothermics, 74, (2018),
226-239.

Hersir, G.P., Arango-Galvan, C., Benediktsdottir, A., Held, S., Romo Jones, .M., Salas, J.L., Aviles, T., Aquilar, D.R., Vilhjalmsson,
A.M., Manzella, A., Santilano, A.: The Acoculco Geothermal Resource in Mexico: Resistivity Survey (TEM and MT); Data
Acquisition, Processing and Inversion — Geological Significance. Proceedings, Proceedings World Geothermal Congress
Reykjavik, Iceland 2020

Hill, G.J., Caldwell, T.G., Heise, W., Chertkoff, D.G., Bibby, H.M., Burgess, M.K., Cull, J.P., Cas, R. a. F.: Distribution of melt
beneath Mount St Helens and Mount Adams inferred from magnetotelluric data, Nat. Geosci., 2, (2009), 785-789.

Ichihara, H., Uyeshima, M., Sakanaka, S., Ogawa, T., Mishina, M., Ogawa, Y., Nishitani, T., Yamaya, Y., Watanabe, A., Morita, Y.,
Yoshimura, R., Usui, Y.: A fault-zone conductor beneath a compressional inversion zone, northeastern Honshu, Japan, Geophys.
Res. Lett., 38, (2011), 38-41.

Ingham, M.R., Bibby, H.M., Heise, W., Jones, K.A., Cairns, P., Dravitzki, S., Bennie, S.L., Caldwell, T.G., Ogawa, Y.: A
magnetotelluric study of Mount Ruapehu volcano, New Zealand, Geophys. J. Int.; 179, (2009), 887-904.

Inoue, A., Utada, M., Wakita, K.: Smectite-to-illite conversion in natural hydrothermal systems, Appl. Clay Sci., 7, (1992), 131-145.

Lopez-Hernandez, A., Garcia-Estrada, G., Aguirre-Diaz, G., Gonzalez-Partida, E., Palma-Guzman, H., Quijano-Leén, J.L.:
Hydrothermal activity in the Tulancingo-Acoculco Caldera Complex, central Mexico: Exploratory studies, Geothermics, 38,
(2009), 279-293.

Norini, G., Groppelli, G., Sulpizio, R., Carrasco-Nufez, G., Davila-Harris, P., Pellicioli, C., Zucca, F., De Franco, R.: Structural
analysis and thermal remote sensing of the Los Humeros Volcanic Complex: Implications for volcano structure and geothermal
exploration, J. Volcanol. Geotherm. Res., 301, (2015), 221-237.

Peacock, J.R., Thiel, S., Heinson, G.S., Reid, P.: Case History Time-lapse magnetotelluric monitoring of an enhanced geothermal
system, Geophysics, 78, (2013), 121-130.

Romo-Jones, J.M., Gutiérrez-Negrin, L.C., Flores-Armenta, M., del Valle, J., Garcia, A.: 2016 Mexico Country Report. /EA
Geotherm. (2017), 1-7.

Ruiz-Aguilar, D., Benediktsdottir, A., Vilhjalmsson, A.M., Arango-Galvan, C., Hersir, G.P., Romo-Jones, J.M., 2020. Different
Strategies Applied to 3D Inversion of MT data from Los Humeros Superhot Geothermal Resource in Mexico- H2020 GEMex
Project. Proceedings World Geothermal Congress Reykjavik, Iceland 2020

Schifer, A., Houpt, L., Brasse, H., Hoffmann, N.: The North German Conductivity Anomaly revisited, Geophys. J. Int., 187, (2011),
85-98.

Sosa-Ceballos, G., Macias, J.L., Avellan, D.R., Salazar-Hermenegildo, N., Boijseauneau-Lopez, M.E., Pérez-Orozco, J.D.: The
Acoculco Caldera Complex magmas: Genesis, evolution and relation with the Acoculco geothermal system, J. Volcanol.
Geotherm. Res., 358, (2018), 288-306.

Spichak, V., Manzella, A.: Electromagnetic sounding of geothermal zones, J. Appl. Geophys., 68, (2009), 459—478.

Stagpoole, V., Nicol, A.: Regional structure and kinematic history of a large subduction back thrust: Taranaki Fault, New Zealand,
J. Geophys. Res. Solid Earth, 113, (2008), 1-19.

Tiirkoglu, E., Unsworth, M., Bulut, F., Caglar, I.: Crustal structure of the North Anatolian and East Anatolian Fault Systems from
magnetotelluric data, Phys. Earth Planet. Inter., 241, (2015), 1-14.

Unsworth, M.J., Malin, P.E., Egbert, G.D., Booker, J.R.: Internal structure of the San Andreas fault at Parkfield, California, Geology,
25, (1997), 359-362.

Verma, S.: Heat source in Los Humeros Geothermal area, Puebla, Mexico, Geotherm. Resour. Counc. Trans., 9, (1983), 521-525.

Vozoff, K.: The Magnetotelluric Method, in: Nabihhian, M.N. (Ed.), Electromagnetic Methods in Applied Geophysics - Volume 2.
Society of Exploration Geophysicists, Tulsa, Oklahoma, (1991).

Wannamaker, P.E., Evans, R.L., Bedrosian, P.A., Unsworth, M.J., Maris, V., Shane McGary, R.: Segmentation of plate coupling,
fate of subduction fluids, and modes of arc magmatism in Cascadia, inferred from magnetotelluric resistivity, Geochemistry,
Geophys. Geosystems, 15, (2014), 4230-4253.



Held et al.

Wannamaker, P.E., Jiracek, G.R., Stodt, J.A., Caldwell, T.G., Gonzalez, V.M., McKnight, J.D., Porter, A.D.: Fluid generation and
pathways beneath an active compressional orogen, the New Zealand Southern Alps, inferred from magnetotelluric data, J.
Geophys. Res, 107, (2002), 1-21.



