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TELLURIC, SELF~POTENTIAL, AND SURFACE TEMPERATURE 
PROFILES ON LOS HUMEROS CALDERA 

ROM.AN ALVAREZ* 

RESUMEN 

Se hicieron levantamientos geofisicos en dos lineas (16.5 y 17 Km) de la caldera de Los Hume
ros, la cual se encuentra situada en la parte centro-0riental de Mexico, con el proposito de deli
near preliminarmente areas de interes geotermico. El metodo telUrico de cociente de campo 
electrico E, que consiste en dipolos colineales y medidas a frecuencias .05 y 8 Hz, se us0 como 
metodo de reconocimiento para tener. una idea de los cambios relativos en. conductividad elec
trica a traves de la caldera; se hicieron asimismo mediciones de autopotencial y temperatura su
perficial a lo largo de dichas lineas. Las respuestas telliricas sugieren marcados contrastes de 
conductividad en la parte occidental de ambas lineas y en ambas frecuencias; ademas, la linea 
mas al norte parece. definir con gran exactitud la porcion colapsada (que esta cuhierta de piro
clasticos) de la caldera a lo largo del perfil. Los datos teluricos y gravimetricos coinciden muy 
bien en delinear los rasgos estructurales mas importantes de la caldera. El autopotencial muestra 
que el horde occidental de la caldera esta aproximadamente 8.00 mV mas alto que el potencial 
del horde oriental. Las temperaturas superficiales (i.e., 0.5 a ] m de profundidad) en la parte 
occidental de la caldera estan de 3° a 6°C mas elevadas que las temperaturas en el lado oriental. 
Con base en estas evidencias proponemos que el flanco occidental de la caldera es un blanco pri
mario de exploracion para prop0sitos geotermicos. 

* Instituto de Geofisica, UNAM. 
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ABSTRACT 

Two geophysical lines of 16.5 and 17 Km in lerigth have been surveyed in Los Humeros Cal
dera, in central-eastern Mexico, in order to delineate preliminary areas of geothermal interest. 
The E-field ratio telluric method, which consist of collinear dipoles and measurements at fre
quencies of .05 and 8 Hz, was used as a reconnaissance tool to get an idea of the relative changes 
in electrical conductivity across the caldera; self potential and surface temperature data were also 
collected along the lines. Tellurics suggests sharp conductivity contrast on the west side of both 
lines and at both frequencies; in addition, the northern line appears to define quite well the 
collapsed portion of the. c.aldera along the profile, the topography pf which is oblitarated by 
pyroclastics. Telluric and gravity data agree quite well in delineating the major structural features. 
Self-potential responses show that.the western caldera rim is approximately 800 mV above the 
electric potential of the eastern rim. The average suiface temperatures (i.e., 0.5 to 1 m depth) 
ori the western caldera portion.are from 3° to 6°C above the temperatures on the eastern por
tion. On the basis of this evidence the western flank of the caldera is proposed as the primary 
exploration target for geothermalpurp()ses. 
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INTRODUCTION 

Surface geothermal activity is ~ecessarily linked to underground. neat 
sourcek Although surface activity is ~asily. detected '.'focati~n of: the 
maih· reservoir @r of the primary heating source is' ~ften .. ~.fompli~ated 
taSk that requires .. correlation· dt geological features.' and· various. ~eo
physical responses: In selecting possible geophysical methods to be ~p
plied in geothermal exploration one must be.ar in mind. that most heat 
sources of economic relevance are likely to be located at depths ranging 
from 2 to 20 Km (Stanley, •1977; Ward,1977). Thus, if the exploration 
target is the primary heat source of a geothermal system and notonly 
.its shallower manifestations, it•is .imperati:v:eito have highpenetration 
capabilities: 

No \Single11riethod has been established' as .the best f(jr locating geo
thermal.targets. However, tellu:rics·•and magnetotellurics oft~n appear 

. associated with other exploration methods, owing fo their high. pene

. tration capability that allo'ws targetdetectionit:Idwn to· 20 Km, a:nd ·to 

the large, often undetermilled electrical conductivity contrast between 
a hot mass of. rock a:nd its. surroll.nding (~. g'., iWesi: and Shankland, 
19.77)': in .fact, magnetotel1uiit ortaudiomagnetotelluric determinations 
have. already revealed the presence of many zones with electrical con
ductivities larger th.an 1 ( ohm-m r1 within 10 Km from the surface 
(Hoover et al., 1976; Ward, 1977). Both methods yield apparent resis
tiyities; although the telluric.metl10d cam;iot detcrmineapparent resistiv
ity values it can yield resistivity ratios between a given location and a 
reference base. 

Los Humeros c.aldera is beirig used as a test area for deciding which 
geophy!licaLmethods, and which e:Xploratiou strategies, are best .suited 
for. /surveying .extensive volCanic areas in search of geothermal sources 
and, possibly, in.the evaluatien of.their energies. Morphologically Los 
t{umeros is probably the best developed example M a calderain Mexieo. 
It i,s of Quaternary.age and there is yet no detailed mapping of the geo
logic; structures within the .caldera. k photogeologic :ma:p; as\well as 
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some petrographic analyses have recently been reported (Perez-Reyno
so, 1978). 

Figure I shows the photogeologic map of the. caldera as well as the 
twQ >ge9physical lines. Close. to station 0 on Line ~ one finds the only 
geother~al manif{lstati0n ll'l.the caldera: 6 to. IO steam fumar()les .ap
pearing on the .downthrown bl0d~ ()fa n9rmal fault.(LosfliJmeros fault) 
'and scattered. in .an .. area (")f.approximately I Km2

• The ground temper
atm:e at the fqmilrolei; e:xha:ust rariges fro~ 60° to. 90°C. 

TEl:iLURH:: METHOD 

The partic:ular. ve~sion .of the telluric method used in the present case is 
shown schematically in Figure 2 and was originally proposed by H,. F. 
Morrisop (Beyer .. e.t al., 197(\)).:ancJ.."developed• by Beyer (1917}; it has 
he~n . llse~ in conjunction with. otherugeophysical' techniques in the 
Grass y alley area of Neva.da .. The method consists. oftwo contiguous 
intervals. (X .and Y) 9f 500.m eachin whichthedectricfieldisdetermined 
.(Ex and Ey) simultanequsly at .<>ne .of two frequencies (.05 or 8 Hz); 
fre,quency select.ion is .made at .a system of filters.whose output is plot
ted on .an X-Y recµrder ,in such a\way that the ratio Ey/:Ex is directly 
obtained; The E-ratio isrelated to the.resistivity ratio thrm1gh 

(I) 

(e.~., .~e~ler and Frisch~necht,. 1966), where Px and Py ar~ the apparent 
i:es1sbVIties of the media excited by the· electromagnetic wave ·under 
interya~s X and Y respectively . .If the two intervals have the same elec
tric11l re~istivity the slope of the Ey/Ex plot~ will be 45~; higher resistiv
ities under y will i"et;ult in slopes greater. than 45° in such plots, while 
slopes of lells,than 45° .den0te.thatthe X~interva:l is more resistive than 
the Y~interval. Equation (1) holds in uniform media;·\if a• contact 
between two .me.dia of. different resistivities is.found, such a<relatioii 
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beco'mes 

(2) 

in the vicinity of the ccihtact (Beyer, .• 1977), owing·. t? the requirern~nt 
of continuity of the normal cdmp onent of the curreht across' the contact 

1· . . . ;,· . ;· 
(i.e., Jn= -En continuous at contact). 

p .. J .• . • ; • . •.. ; 

. Since n(} ahsl)lute. value}~tennin.ations .of. thy apparent r~sistivities 
can be 111ade, an .a,r}:>itr~rY r:~fere'flce va}~e is ~stablished; the electric 
field at the, rejen~n.ce intetvaL is. 1 py. defin.~tion and; co:ris~q~ently, all 
gther va,lues ai:e expressed asll'lultipl~s (}fthis unit)f by oth~r means 
(e~g., by; magnetqtelll;1,ric 111easur~111ents)one c011i,d· sub~equently d~ter
mine. the .appa:rent resj;9tivity at the .refe~epce i1;nerval; one could iifl
mediately. ?bt~i(l the app.a,rent re$isti~ties at all other~tervals along 
the surveyed lines .. This )?OSsihility rewes~nt~indeeda great ~dva,.ntage 
for the utilization of the telluric. method in· reconnaissance studies of 
large areas; m~giletotell~ric deter~i~ations. are considerably more 
involved and time .consumiI1g and could in principle he ma\:le 1:mly •at a 
few key locations, while the bulk o{the effort would .be dedicated to 
. ~overing. the a,rea wj;th the. tellµri~ m~thod. Tw? ~d?itional assets can 
pe fqurnl in. t~i.s .meth()d. with re~p~ct to)ts appljc~bilify in geother~al 
exploration: (l)it$. great penetration ~apability and (2) itsrelatively 
inexpensiv~ in~tr1t111entation and operation. Penetration. is of course 
controlled by the .electri~al resistivity of the• me,dia under each interval 
(i.e., the.impedan.ce orthelile~iitat.a given frequency);in ,the way of 
an example consid~f t~(} 111edia ~ith apJ>arent resistivities of lohm.-m 
and 100 ohm·m: The wave of frequency .05 Hz wm1l~ penetr~te 2:3 Km 
and 26. Km respectively ill the media with the above resistivities, while 
the .8 Hz wave wo~ld p~netrate 0 .. 2 l(m and 2.3. Km in the pame media. 

TELLBRIG RESPONSES 

Preliminary results of .the.tellutji; and;self-p9tential (SP) responses on 
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Los Humeros caldera were reported by Alvarez and Morrison (1976). 
Since the time of that report Line I has been extended 9 Km and Line 
2 .extended 6 Km, both to the. West , .. so th~t the .western caldera rim has 
been crossed twice. Figure 3a shows the telluric (i.e., electric field ratio) 
i:esponse • along• Lin~ 1 :Th~ 8 H?' response sli()'fS gentle variations in. the 
.stationsj11ter:'ZaL6w~19E .all<I, abrupt ch;mgesWest of stafam 6W. There 
is a resistivity low, at such a frequency, occurring in theintervalbetween 

s!ations 0 (i.e., "'here the fumarolk ~~tivity is located)· and 6W; betweer 
stations Ag, and 5E .occurs a .. resistivity high suggesting, togetherwith 
the 705.Hz respons~,theexistenceof a shallow, resistive hi>dy. Such a 
hody may he a bli>ck of material belonging to the. central body inferred 
fr~m theaeromagnetic (Flores et al. ,this issue) and the gravity (Mena 
and Gonzalez-Monin, thisissue )re,sults, and according to these telluric 
data it niay extend from· stations 3E to 6K .Between .stations l 2W and 
15W the response of thetw,o frequencies clearly indicatet?e existence 
of a vertical contad, probably the caldera rim, with the more resistive 
material located West of the contact. The most conductive area occurs 

in th.e.interval betw~.en ~iations IIW and 13wr~rboth frequencies. 
. In addition to the above ob~rvations, fhe .05 Hz response indicates 
a seriesof contac~s at depth, between sections'that become more con· 
d11~tive t0'Yard .th~ west (e:g.,contacts at int<(rvals 3E-4E, 0-IW,.and·at 
stations 6W and · 13W). This response may correspond to a geologic 
sitµation in which · a series. of collapsing blocks reach greater . depths 
toward the West. In.the section of LinelWestofstation 15W, the 8Hz 
response. suggests ~ shal1ow resistive body wnile the · .05 Hz response 
sugge~ts the opposite. Such an a~blt?uity should beresolVed by extend
ing the line to the West. Between statio~ 6W and IOW the 8Hz response 
suggests the presenc~ of another shallow resistivebody; the .05 Hz 
resp<mse, however, shows only a small increasein the resistivity. 

Figure 4a shows the· tellur!c r~sp6nse along the·· I6.5 Km covered by 
Line 2;the responses can be described in terms of three major portions: 
the eastern (IE-7W),the central (8W"28W),and the western (29W-32W) 
portions. The former shows a rather fiat response both at .05 Hz and at 
8 Hz, reflecting structural uniformity• along the eastern section. The 
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central portion ·shows a strong decrease· .. areund station 8Wind\cating 
that resistivity of the central portion is. considerably.·slllaller than the 
resisitivity• of, the. eastern sectfrm, In, fact, .. station,. 8W js actually Jhe 
eastern caldera.rim •(e.e'., the .place where blocks begin to coll~pse on 
the eastern side of the caldera),(lsconfil'med bythe.grayity model.that 
will be shown subsequently (see Figure .6). The :western porti()n starts at 
a Contact between conductive .and resisti:ve media, which define the 
western .caldera rim between29Wand 30W·at: th.e .8Hz frequency. and 
between 27W-28W·at the .05 Hz. From.Westto Eastthe .. 05 .. Hz telluric 
response suggests< th at after the first •collapsed blo.ck ip.side the western 
caldera rim, there• are a series of hlocksfalling en echelon.toward the 
western·· caldera rim; . The z 8 Hz response shows that the .shallQw, most 
conductiVe ;area of the line is located. close to the ?western rim.·· 

Sl1mm·arizing these. results we. haye .thfl.t while the. telh1.ri.c . .resp()ns!{s 
along Line .2 clearly define the cald.era limits (see Figures 4a;an~J>},.the 
responses along Line l inte.rsect only. the western, caldera rim; su.ch a 
result is •in. flgreement with '.theqifavity :model (see Figure 5), Which 
shows the caldera. limit appr()Xilllatdy 2 Km East ofstation l.6K~ Thus, 
the eastern caldera rim along the continuation of Line I .,.is that shpwn 
in the photogeologic map of Perez-Reynoso (Figure l); however, the 
eastern limit shown for Line 2 .in Jhe pliotogeologic map cannot be 
reconciled with telluric or gravity data. Such data indjcate that the 
eastern caldera rim is intersected. at station· 8W on.Line 2, .. coinciding 
with a· fault in the ph()togeologic map ,that we had preyiol1slY des,i.gnat
ed as Monte ·Nuevo .. •fm1lt .. The.pyrocla~tics.thii::~essisirtdicatedhy.the 
gravify models as ranging between.1.0; to l .5 Km on the central portions 
of Lines land 2. 

SELF-POTENTIAL AND SURFACE ·TEMPERATURE 

The self~potential data. along Line 1 and Line 2 (Figures 3h and 4b) 
:Sliow that the wesferI1 caldera rim is at a higher potential than the 
eastern portio t. Potential differences as large as 1300 mV are observ
ed on each me across the caldera; 'these potential differences are 
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slightly larger than 'those observed by Anderson and Johnson (1976) 
a.cross tlie ·Long• Valley caldera. 

Line 1 shows a. gradient of approximately 37 mV/Km with a,well 
defined anomaly .of 550 Il1V between stations 7W and· 14W. The anomaly 
correlates quite well with the conductivity anomaly detected. with 
tellurics. The·self~poteutial along·Line. 2.experiences.·a steadyclimh.to 
the West of station llW, but•no clearly defined.anomaly appearedas in 
the case of Line 1. Extending the Line 4 Km to the West should provide 
enough data to define the self "potential behavior away from. the. rim. 
The surface temperature profile along Line 1' ... (Figure 3c) shows. that 
there is a temperature increase from· an average of ll°C. onth.e eastern 
section (i.e., between stations. o: and l 3E) to ama.verage of J 6°C on the 
western portion of the lirte (i.e .. ,.hetween lW and 17W). Figure .. 4c 
shows the temperatute>data for Line 2; an average temperature of ll °C 
is obtained fot the section between IE arid 26W while an average value 
close to l 4°'G l.~ ob$erved between 25W to 31 W. Thus,is appears that 
the average value of.U~G obsefred.on the eastern portions of th.e line 
may . represent normal sutface temperatures in . thermally unaltered 
sections of the caldera. · 

CONCLUSIONS 

The E-field ratio telluric method was tested in .Los H umeros .caldera and 
it'was found .to 'he. a valuable tool in delineating structural featur.es 
Within• it. The applicability of such a metliod in. volcanic areas is. con
sidered to he· of high value on 'the basis· of its p.enetration capabilities 
and its economy. Gravity data correlated quite Well with telluric dat.a. 
The self-potential profiles indicated that the western portion of the cal
dera is at approximately 800 mV above the potential of the eastern 
portion, and surface temperature data showed higher temperatures on 
the western caldera rim •. On the:basi.s .of this informati<:m the western 
caldera portion is sugge§fed to he a primary tapget for detailed gepther
mal exploration. 
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PHOTOGEOLOGIC INTERPRETATION BY J PEREZ-REYNOSO (1978) 

Figure 1. Photogeologic map of I:;os Humeros caldera . after Perez-Reynoso, 1978, showing 
the two geophysical lines. 
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X-Y RECORDER 

RATIO ~ 
Ex 

-soorli-

Figure 2. Schematics of the E-field ratio· telluric method as used in the present surveys. Elec
tromag~etic w~\'es of .05 or 8 Hz are d~tected and filtered; the ratio Ey/Ex of the contiguous 
iritervals is fed 'into an XW recorder that displays lines orellipses, whose inclination depends on 
the ratio of the fields. 
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from the contoured data of Mena and Gonzalez-Moran (This issue). The computed data were 
obtained by the same authors following the same procedure as described in their paper. Line lA 
is a straight .line that cuts Line l at stations 12W and 12E. 

. b) Gravity model· ~orresponding. to the. computed data above, The density values are 
Pf ='2.67andp2,'= 2.35 g/cm3 ; calctilatiohs were made consic1ei:ing. a flat sudace at.2400 m 
above mean sea level (amsl), 
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