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SPECIAL ISSUE 

The present .issue of Geofisica Internacion:tl is qeyoted to .Los Humer()s 
Calde_ra, a y()ung. V(:)lcanic structure. located .in central-eastern Mexico 
(Figl!reJ) . .TheJnotiv~tion fpr studying the area arose from its potenti:tl 
as a geotherm.alsourc~ .. The result_s and arialysfS presenteg herei11 
encompass seismic, gravity' n1agnetic,telh1ric, self-pot~ntial, an4: surface 
tempf(rature data. . . . . . . . . . .. . . . 

Mexico has two< majoftectonic .areas in which the production of elec
tricity from geotherm:tl sources may become of economic relevance to 
the country: the Mexican VolcanicBelt (alsocalled.Trans-Mexican Neo-. 
volcani_c Axis) and the G_ulf of California (Alvarez, ip76)_-; G_eothermal 
generation of electricity coll1es at present only from the Cerro Prieto 
field (150 Mwe) near Mexicali, Baja California, However, intense explo
ration and development is being carried.out by the Coll1ision _Federal de 
Electricid_ad in Los.Azufres, Mic;ho.a.c~n,.La Prjll1avera, Jalisco, ~d more 
recently in Los Humeros, Puebla . 

• 
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With potentially vast resources of a given energetic, a country must 
have adequate strategies for its exploration and .exploitation. Several 
countries throughout the world support research groups trying to es
tablish such strategies for the location and evaluation of geothermal 
resources. By publishing th.ese reports we hope to make our local expe
riences available fo the international community. The total number of 
papers is small and the amount of data presented in some of them will 
have t() be increased when more preciSe estimations are needed and 
when more substantialsupport becomes available. 

A preliminary geological .description of Los Humeros was elaborated 
under the geothermal program of the Instituto · de Geofisica, UN AM 
(Perez-Reynoso, 1978). More recently geothermal explorations from 
the Comision Federal de Electricidad, Mexico, have required semi-detail
ed geological mapping not only of Los Humeros but of a larger area 
(Yanez et al., 1979), which partially overlaps with an area previously 
studied by Basan (1959) and by Ordonez (1905 and 1906). 

According to Perez-Reynoso (1978), the formation of a large shield 
volcano took place in los Humeros probably during the Pliocene. In 
the Pleistocene basaltic flows covered the southern flanks of such structure 
in the Holocene explosive volcanic activity produced various cinder 
cones within. the caldera (Figure 2). Robin (1976) suggests that during 
the Pleistocene times strong volcanic activity of basic composition 
fook place iri the area of Los Humeros. Yanez et al. (1979) report that 
igneous and metamorphic rocks from the Paleozoic constitute the region
al basement (pink granite, andesite and rhyolite porphyries, and green 
schists); they reported limestones of Jurassic and Cretaceous ages as 
above basement rocks, During the Miocene the major volcanoes of the 
area were formed in episodes that filled topographic depressions with 
pyroclastics; such volcanoes contain augite, hipersthenc andesite and 
hornblend andesite. The activity continued throughout the quaternary 
with the formation of volcanoes, calderas, maars, domes, and cinder 
cones; Lo.s Humeros is one such episode. 

The aero magnetic results (Flores et al., this issue) indicate the exis
tence of a central structure within Los Humeros caldera; it is a normally 
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magnetized body yielding a bipolar anomaly of dimensions comparable 
to the. caldera dimensions. The computed model corresponds to a 
prism of $Jcm in depth, whose top is located at 2 km from the surface. 
Having magnetized material at .such depths implies that the prism's 
temperature is less than the Curie temperature, rendering such a body 
unattractive for geothermal exploration. The magnetic interpretation, 
however, does not preclude the existence of partially molten material, 
or material close. to .its Curie point, in the. caldera perimeter. 

Gravity results (Mena and Gonzalez-Moran, this issue) support the 
existence of a central body although they cannot properly define its 
shape or depth to the top owing to the scant data points in that specific 
area. The gravity· survey covers· art area considerably larger than that of 
Los Humeros, .defining regional structures adequately. A collapsing 
process is suggested to take place from South to North, with Los Hume
ros being the area of greater collapse. 

The overall .caldera response consists of. a gravity low; such a low is 
explained in terms of low density caldera fill, which according to the 
calculations presented may reach up to J 500 m indepth. Immediately 
to the East of Los Humeros gravity shows anoth.er low, which is interpret
ed as a second caldera of similar dimensions, but older tha:n Los Hume
ros. Such a caldera (La Gata) .would he completely covered by pyroclast
ics and alluvium and would he located between two major volcanic 
structures in the area: LosHurneros·and.Cofre de Perote volcano (4282 m). 

Two cross~sections of the caldera were modelled gravimefrically and 
compared to the telluric responses (Alvarez, this issue). The two sets 
of independent· results show·a high. correlation in delimiting the ·caldera 
rim. Owing to such a correlation.one can safely discard the northeastern 
caldera limits proposed by Perez-Reynoso .(1978) and substitute them 
for the limits obtained from gravity and telluric responses (i.e., about 4 
km West of the limits shown in the photogeologic map of Perez~Rcyno
so ); the western limits determined by such methods coincide with those 
determinedphotogeofogically. Telluric responses on the northern por
tion of the caldera suggests a series of blocks collapsing en echelon 
toward the East, while on the. central area the blocks fall from the · 
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center of the structure toward. the West. The response along Line I 
appears to intersect the central.body suggested by magnetic and gravity 
results. The central~eastern portion of the caldera appears to be an area 
of greater structural uniformity than the western and northern sections. 
The self-potential response .shows that the. electrical potential of the 
caldera is 800 mV higher on the western than on the eastern caldera 
rim; the western section also shows a clearly defined positive· anomaly 
of approximately 600 mV in amplitude. Surface temperature readings 
:yield aver;ige values which are 2° to 3°C higher on the. western side than 
on. the eastern side of the structure. . 

The seismological oh~ervations (Pone~ an.d Rodriguez, this issue) 
showed an active ar~a with very shallow seismic .activity on the south
western portion, both inside and outside.the. caldera. An area of anomal
ous ,absorption of seismic. energy was detected on the western portion 
of the structure, roughly corresponding to the area where relative 
ele.ctrical condµctivity, self-potential, a11d. temperature anomalies were 
obtained~ Large time delays between stations indicate the presence 
.of.a.layer of unconsolidated material probably thicker than 50 m, cor
relating well :with the result derived fromgravimetric observations. Some 
microearthquakes appear to be c.aused by circulation of fluids in fractured 
rocks at shallow depths, 

Summarizing, Los.Humerosis a quaternary shield volcano.with activity 
as recent as probably 10000 years· as.suggested by lava flows that have 
not yet developed complete drainage systems. It appears to be the 
result of a tectonic. collapse beginningin an area.ab011t 50 km South of 
the caldera and ending abruptly .. atthe .northern caldera flank, in the 
gravitic mass of the Macizo .de Teziutliin. An.omalies were obtained on 
the western section of the .caldera for relative electrical conductivity, 
self-potential, surface temperature, ·and absorption of seismic energy; 
such .anomalies are compatible with tl:te presence .. of a heat source that 
may be of geothermal interesL Magnetics, gravity, and tellurics appear 
to be a viable co.mbination for determining structur.al features in volcanic 

fields. 
The present issue. represents the combined effort of yarious research 



GEOFISICA INTERNACIONAL 411 

gwups at the Instituto de Geofisica, UNAM. Support from the Insti
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FIGURE l. Location map showing the position of Los Humeros in the Mexican Volcanic Be11 
(hashures ). 
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