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RE.SUMEN 

Con el prop0sito de observar microtemblores asociados a la caldera de Los humeros, Puebla, 
Mexico, entre el l 2 y 24 de enero de 1977 se instalaron 3 estaciones sismologieas portatiles en 
su interior. Se localizaron 7 ev.entos de inagnitud m :::::.1.0. Tres de estos eventos fueron localfaa· 
dos usando primeros arrjbos, suponiendo que ocurrena un.a profundidad de l km ya=. 2.!'l km/seg; 
Los rcstantes cuatro cventos no presentan fases legiblcs para las ondas internas P y S; su locali
zacion se estima a partir de los tiempos de arribo de la maxima amplitud de las ondas superficia
les (fase de Airy) suponiendo que este maximo esta controlado principalmente por la velocidad 
Ele las ondas sismicas de la cubierta de c.-enizas volcanicas presentes en la caldera. Otros eventos 
de menos magnitud fueron registrados en una o dos estaciones; en ptomedio se registraro~ 3 
eventos/estacion/dia, actividad comparable a la observada en.otras estructuras geologicas de in
teres geotermieo. De uirtotal de 96 eventos registrados, la mitad ocurren en forma de enjam
bres. Ademas, se observaron microtemblores deltipo "A", "B" y de "Trepidacion", caracferfs
ticos de cstructuras volcanicas activas o de reciente. actividad. Los datos sugieren la existencia 
de una zona que atenua mas intensamcntc las ondas sismicas: esta zona presenta tambien ano
malfas en mcdidas de autopotencial y temperatura (Alvarez, este volumen). 
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ABSTRACT 

From 12 to 24 January 1977 three portable seismic stations were intalled at the interior of Los 
.Humeros Caldera in order to obsenre tlie rilicroearthquake activity associated with it. Seven 
events of magnitude m ~ 1.0 w.ere iocated. Three of these events we located using first arrivals, 
fixing depth at l.O km and taking O'. .= 2.5 km/sec. The remaining 4 microearthquakes do not 
show legible P or S body waves arrivals; we estimated an epicentral location based on the dif
ferenci;s of arrival time for the maximum amplitude of surface waves (Airy phase) assuming 
that the velocity of surface waves is controlled mainly by .the .deposits of unconsolidated 
pyroclastics t.hat cover the caldera area. Lower magnitude events were recorded at only one or 
two stations; an average of 3 events/day/station were recorded. s.uch an acti1dty is similar to 
that observed in other geological structures of geothermal interest. 96 small events were record
ed; one half of them occurred in swarm sequences .. Microearthquakes of types "A", "B", and 
"Tremor" were observed; they are typica(,.of active or recently .active volcanic structures. The 
data suggest the existence of a zone on ti· 't western side of the caldera, that strongly attenuates 
seismic waves; this zone also presents self~po~~tial and temperature anomalies (Alvarez, this issue). 
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. INTRODUC:TION 

Microea.rthquake' activity associated with tos Humeros caldera was ob" 
served.for 8daysduringjanl1ary,1977. Three portable high-gain·.seismo
gfaphs were used~ The main .purpose of!the experiment was to find· out 
whether Los Humeroscaldera ·shows seismicactivitysimilar to that.ob
served in. other vol.canic structures (Minak~mi, 197 4) of recent origin, 
as well as to refine the data gathering technique to be used on sub. 
seq?~nt, more det<ii:focl observations. The present work complements 
other geological (Perez-Reynoso, 1978), and geophysical (Alv:arez,etaL, 
1976; this issue; Mena and Gonzalez-Moran, this issue) surveys done in 
the.caldera. Los Humeros caldera: is considered of high potential value 
as a source dfgeotherrnal e:Qergy.(Alvarez, 1976) in the.Mexican Vol
canic Belt (MVB). 

Los Humeros caldera is situated on.the eastern part of the MVB, it 
has an almost circular shape that.covers an. area of about 200 km2 (Fig
ure 1). The MVB is controlled tectonically by a system of deep-seated 
trascurrerit faults that run in SW-NE direction; Gm.the eastern part.of 
theMVB are four major. displacements of a left-lateral ·nature, which .are 
paralleled by nm:rierousmino11·lines; ai less significant setoffractures 
runs in a WNW"ESE direction (Mooser ,.1972). Los. Humer<?s caldera is 
divided by.the Zaragoza Fault (Figure l), whichiruns NW-SE and may 
constitute a continental feature well defined in satellite images but dif
ficult to detect in aerial ph0tography,(Le6n del Rio, person,al com
munic0ation)'. This fault is crossed almCist perpendicularly by the Monte 
Nuevo fault which runs along the .SW-NK·direction. There is no evid.ence 
of the presence.of.this second fault beyond the vicinity of the caldera 
b<irder, 

The seismotectonics. of the tippet layers of the MVB have not been 
studied partly owing to the lack of a: network of high:gain seismological 
observatories in the Mexican territory. Nevertheless, the records of Me
xico City observatories show thalin the MVB seismic energy is frequently 
released in swarm sequences, lasting a few hours up to several weeks. 
The low energy' seismicity associated to I;os Humeros caldera has lJ.ot 
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been recorded previously. Focal m:echanisms of large earthquakes mb ~ 
6.5 that occurred in the southe.astern part of the MVB have been 
studied in some detail (Jimenez ,.a.nd. P.~nce, 1978.). Focal mechanisrµ. 
solutions show that the T-axis is p'arallel to the hypothesiz;ed Benfoff 
zone associated to. the subduction of the.Cocos plate u.nd,er the .North 
America plate~ However, the relatior1ship between vol<;:anism .and seismic 
energy released.by the subductien prn.cess is not yet.clearly unqel'stood 
for·theMVR 

Los. Humeros.;ealdern is a young volcanic structure de,vefoped fr,om 
early Eli-ocene ll.p to Recent. TheJast lavaJloV\'s, Tep~y.eh;lJalco and I.,i
m6n,· are probably onl1 tO;OOO years.otd•(!lerez.Reyn0so,.19'78~: At 
the .interior of Lo.s Humero5 .• caldera ()~<; finds cones, minor .calderas, 
lava flows ahd. a zone of fl,lmarole.s. ne.ar the. c0untry house .called . Los 
Humeros. 

SEISMICITY.AND VOLCANIC STRUCTURES 

Several authors have studied the sefamicity associated with. volcanic 
structures accompanied by hot spring manifestations. Ward et aL{l 9.69) 
and Ward· and Bjornsson (1971) surveyed the Iceland mid-atlantic ridge; 
Eaton et al. (1975) studied the Yellowstone geothermaLfields; Steeples 
and Pitt (1976} studied the seismicity associated with. Long Valley cal
dera; Gilpin and Lee (19'78)studied the Salton Sea geethermal area. 
The results of these works indicate .that:the data of rnicroearthquake 
surveys· should be careftllly. interpreted ,with ;other geological and geo
physical. data .. 'the .. seismological .approach can yield an.insight on the 
differences. between the. tectonic processes occuring at.the interior· of 
the volcanic structure of geothermal.interest and its surrounding ar,eas. 
However, there is 0ng .. uniqu~ meth9d9logy to interpret the .. data in ·re
lation to.the estim;i.tedsize .. and reservojr,configi:;u;ation(M~jer~··.1978). 

FIELD OBSERV:ATIONS ·. 

Three high:g!,tin Sprengnether. ;MEQ~800 portable ~ismog.raphs ·.along 
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·with Ranger. SS-1· seismometers (T.= l.Osec)were installed.atthe in
terior gf' the .caldera. area .(Eigur.e J), Acco.rding,to the prevailing ·noise 
c.onditions a JO Hz filte:r was seiected for bothlow-and.high-frequ:iency 
responses; the v:efocity;-frequency response curve bas .a .. well defined peak 

. •at .10 Hz with a magnification ~f ~,000 crn/cm/sec at a.gain of 9Qdl3. 
Seismograms were recorded. o:n smoked paper .with a speed· of 2 .mm/ 

se.c, .• allowing an accuracy of.:!: o .. 1 sec in timereadings •. At the beginning 
and at the .end ()f each 24 ho.ur. seismogram a time. base was established 
witha WWV-reeeiver .. 

. TheJ()cation of t}ie temporary stations is ;shmyn i11 E;igure 1 .. The dis-
tan<:;e between .• eac.h station is ~out .10 ik.m. Th.e ropk · Cf>mp<;>.nents in 
1lnfl ar<;>.und .:f;Jitt. sites were rece11t la.va.flows overla,ping l<iyers of pc:>,orly 
consolid/;lted .rnat~rial~ Attl:ie .. S<;>µth, stt:ttiox;i XCV" ~as operated at a 

. gain ()f 90. dB during 11 •. days;.a;t.the :~estfMY. ~11s operated 9 days, 
· Inostly at. 10.2 ~B;the;statio11 loi:;ated intheNorth-ceIJ.;tral region ofthe 

caldera w:as operated. at three differ;ent locaUties VHV, HDV, and.CAY 
for a total of8 days with gains .ranging fr?m .78 to 10:2. The net
work worked simultaneously for a total of 7 ciays. 

DATA. AND. RESULTS 

In the perio.d of observation 7 events.were.recorded at all three stations . 
• Their epicenters .are shcrwn·in Figure.I. ThFee of.these events occurred 
in. th~ N9rth:West .part .of the caldera. The epicenters were determined 
using a velocity ex = 2.5 .km/sec for compressional waves and fixing a 
'.depth.at.h:;= LO km.The values of.a•= 2.0 to 2:5 km/sec correspond to 
V€locities •of compressional waves in .. · tuff .or fracturated .arid poorly 
consolid~ted rocks. (Press,·1966 ). The presence of su<;h material in the 
caldera; is supported·· by the. gravity observations and their correspond
ing models .(Mena and Gonzalez-Moran, this issue; Alvarez, this issue). 
Some .other sets of .a (1.5 and 2,0} and h (0.0. and 2.0) values wefe 
C()nsider.ed; however.the.epicenter·~ocaticm doesnot·arift.more than··l.O 
km . .from the. position shown. '.Fhe+.records. of these three .. events present 
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the··characteristic of B-type earthquakes (Minakami, 1974) since they 
do not present a well defined Scarrival and the P-wave is>weak (Figure 2a ). 

The .rem.ainder 4 events do not show readable body-wave arrivals 
tFigure 2b )•Since fot each e:Vef!Uhe records at all three stations present 
the same.character, the time·corresponding:to thearrivalof maximum 
amplitude of the wave train was readed. For this arrival the difference 
of time between two stations varied' from 8 to 12 sec, indicating that 
they should correspond.· to surface waves propagating with a:. very low 
velocity (less than 0.5 km/sec). We suggest that these events occurred 
at vefy shallow depths and the velocity of surface waves obser~ed is 
controlled mainly ~ythe'layers of. volcanic a·sh thafcover'the caldera 
area. In visible places the thickne~s· of the cover ~f volcanic •ash reaches 
20 m; it would suffice thatthe thickness had an average value of 50 m 
to justify· velocities ~f Rayleigh ~aves less than 0 .5 km/ sec. considering 
that the frequency of·the. signalSrange from IO to 15 Hz. In fa:ct; the 
velocity of compressional: and shear waves for· sandstones can take the 

tC>llowing values: <X = 0.6 to l.85 and~= 3.0 to 3.5 (Press, 1966 ). Fur-

thermore, for~== 3.0thePoissoncoefficientequals'0.44 and VR = 0.95 {3 

(Knopoff, 1952); Then VRcould take values of 0.16.to 0.59 km/sec. If 
we assume h = 0 (very. shallow event) aria VR = 0.25 km/sec (Rayldgh 
g:.-oup velocity for the Airy phase), then the epicenters.shown in Figure 
l are obtained.Other values of•¥R•(0;2 and0.3)weretried;JorVR= 0.2 
km/sec the epicenters would appro~ch the border of the caldera; for 
YR::;::= 0.3 .km/sec they would move as much .as 7 k.m outside from the 
border. 

A. relative Richter .local •magnitude for these seven events was esti
mated. As. the attenuation factor ·of the caldera· rocks is unknown, any 
correction of this kind was .omitted; only the differences in maximum 
amplitudes,.corrected for.gain were considered in the.c()mputation. of 
the. magnitude (Richter, 1958). The. computed magnitudes are given in 
Table l..Their.averageis of the oMer.of LO. A remarkable -fact is.the 
systematically lower magnitudes observed atthe station FMV. In average, 
the localmagnitucle se'en at FMVis 0.55 less than the average magni-
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tudes seeh at XCV or VHV stations. The average magnitudes determined 
from X~V or .VHV are 1.13 .and 1.14 respectively. Also, a relative 
"coda. duration"magnitude was dete.r1Ilined using thecriteria•defined 
by Majer .(1978). The. computed ·coda magnitudes are lower than 
Richter mag~tude.s; for one eventtne codaduratio~wa~ imposihle to 
read. Nosyste1fiatic di~erence in duration was observed at station 
FMV .This sugge~ts that an anomalous zone might exist which strongly 
aftenuates the ene~gy .of seisniic . waves but which does not. affect tlle 
interference prgce~s !hat generate the coda ofthe events; Thiss~gg-stien 
issupported ~y the fact that cpd a duration is defined for frequencies of 
the orde; of3 Hz while ma~imum amplitu~es are defined· for freque,icies · 
of the order ofl0-15 Hz; .Usw11ly lower frequencr signals are less 
affected by fo~al inhomogeneities·. of th~· propagating path. 

In Table 2 .are listed. the events recorded simultaneously in only two 
3tations: At first we discuss .those. two occurring in January 16~ 197:7 .. 
The records atXCV prese11t an A-type character (Minakami,197 4} with 
well defined Pan~. S arrivals (Figu.re 2c); forthis statfon klt (S-P)·= 1.5 
se?'and the Pwave ardved 1~5 and .0.75 sedater atFM.V for each event. 
If we accept 2.5 km/set and a//3 == 1. 73, a probable zone of occurrence 
is obtained at th.e west side of the .Los Humeros fault, as shown in Fig" 
ure l. The gain at the third station was 78 db at that time, and these 
events were not recorded. On January 21, 1977 were recorded two 
events at .FMV and RDV with a clear character of volcanic tremor 
(Minakami, 1974) their duration lasted from 90 to 120 sec and their 
amplitudes were almost constant (Figure 2d). 

In Table 3 are listed the events recorded in a single station. Most 
remarkable is the swarm occuring on January 19, 1977, and recorded at 
XCV. The pattern of the events is identical to the A-type events observ
ed on January· 16; we assume that both swarms originate at the· same 
active focal zone, as proposed before; near the western end of Los Hu
meros faulL In average 3 events were recorded .per day at each station. 
This level of seismic activity is similar to those reported byotherauthors 
in volcanic structures of geothermal interest (Combs and Hadley, 
1977). . 
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CO,NC~USJPNS 

Tl:ie pei~micity Observ~d<at L.o~ Hun,ieros.caldera ,dmi~g this preliminary 
survey suggests that J?;~ar stationJMJ,on Jhe we.sterp~~i~e.of the.cal
dera, theseis a. zone of larger absorptio11 of seisn:ijc energy. This resvlt~ 
suppo.rts the po.psi]:)ility of athern,ially anomalo.11.sw~e,. a.s .. suggested by. 
the self-potentialarn:Ltenipewture data. shown for. the saµie area by Al
varez •. (t~is issue). The o.cc,urrence. oft~en,iortype ~arthquake~·sl,lggests 
the circ.ulation of fh1ids. in f~a,cwre9- rq.ck~ at slii;i.llowdepth~in tl~e cal-. 
der~ (Minakami, 1974; Kubotera, 1974; l)ibble, ~974) .. The.,oqcurrence 
of B~ty;pe earthqualrnsind,icate t~at x~ry shallo~ seisn:i~ca.ctivity is pres~ 
ent at.the southweptep1,part o~.t}:ie qa1~era structure (Minak~Irli, 1974). 
The occurrence •of.f:\.-!ype n,ii9r(>eai-thquakes, ~ith-w-ell defi~~d P. a~~ 
S waves. c.Sl,lggests. displacemen_t . of tectonic .]Jloc1$.s • ~lo~g actiye .faults 
inside the c.aldera,.;lrJ; c?ncl;tJ.~iqn,th,.e niic;roearthquake activity rec()rci~d 
in thit> very prelin,ii:nary. w.o:i-k .• suggests that a. rn:pre detajled pass;iye s;is~ 
mic survey should help to delineate.t}ie teqtonic setting. ()f L9s .H;un,ieros 
cald@ra,.)n addition, a r~gioP;al micrq~arth<fll~~() St1~t:lY should help 
tlefine .. ,some neighbo:r,i~g areap pf geothermal int~rest,. whose. existence 
hasbeen suggested.in other studies. . 
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LEGEND 

'f' STATION LOCAlllY 

~ 0 £l'IC£flTER,b•I ~,. 
TOb> \ 'f. EPICElllER, b•O km 

•, , . ~'~ t ;• e ••PRO. BABLE £PIC£NTI1Al. 
>. = ~ • AREA OF SWARllS 
I/ """: .. ·'. '-..._ Al'l'ROXlllATE fAUl.T 
I · '• . ..._ lOCATIOli 

7"r---'t:--::=:-..f I 

L.J ~":.-:QI I. 
.PHOTOGEOLOGIC INTERPR£TATta; BY J. ~SREZ·REYNOSO 0976) 

Figure 1. Station localities, epicenter locations, probable epicehtral area of swarms, and ap
proximate fault location are shown. 
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