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El anilisis de la .actividad sismica ( m ;;;i. 2.8 )-registrada por medio de una red local de 6 sismo
grafos durante 3 semanas previas a la ocurrencia de un fuerte temblor (29 de. Noviembre de 
1978, M8 = 7.8) en Oaxaca-, revela los siguientes aspectos (Ponce eta/., 1978).(l)Las distri
buciones espacial y temporal de la: actividad sismica precedente sugieren que ella ocurre a lo lar-
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go de un:a direccion con rumbro N66° ± 6°W y probablemente a lo largo de otras dos direccio

nes C'ln. tµmbo N39° ± 6°E que cruzan .los. flanco8: occidenta! y ()riental de.la z,on~ de replicas. 
(2) En una area de 3000 :km2 que rodea al temblor principal se presentaima caltna s1srnica (pa" 
ra temblores de m ;;;;;. 2.8) excepto durante dos periodos en que oeurre!l "temblores precfn:sores" 
(a menos de24. km delepicentro del temblor principal): el primero, a 2 semanas de la ruptura; 
el segµndo:.21 lirs, antes deJa rµptura. ·r l~e11;0 la 11ctividad declin~ durante 17 hrs hast a la ocu
treneia delitemblor pJinefpii.L E.ste eofupoi:t~ienio d~la actividad sismica e.n el tielll;pO, obser
v.ado ilunediatamente antes de la ocurrencfa del temblor principal es similar a otros casos obser
vados mundialmente .. Mientras que los temblores precursores ocurren en la mitad norte de un 
circu.lo de radio de 24 km. centrado. en el epice):ltr() de1 .te.mblor I>rincipal, 5 .de 1as .12 replicas 
mas ~llertes ( U:b;;;;. 4.0, 30 Nov-8 Die )ocurren dentro. de este pequefio cfrculo; aLsur de. los tem
blore~ precursores. Adem:is 8. de dicha:s replica~, los ternblo~esyrecursores, el temblor pri~cipal 
y 2 de los. may ores temblor.es precedentes (m ;;.3'.9 y. 3.4)se encuentran alineados a lo largo de 
la direccion N-S. Se observa que existe. µna aceptable correla.cion. entre los 1ineamientos defini-

. dos por la informacio11 sismologica y las fallis. ac.tivas encontradas .en base a estudios ~eomorfo
estructurii!es. Un resultado importante de.este estudio es la documeni:acion de la actividad si&
mica preeedente a niveles de energf a menores que los urnbrales de deteccion acostumbrados 
(mb = 4). La relocalizacion .del temblor principal se encuentra aproximadamente a 50 km. al 
surestedel epicentro publicado por NEIS'. Elanilisis del mecanismo focii.l compuesto y la esta
bilidad de la razon de amplitudes de las ondas p y s para los "temblores precursores"(m ;;;;.i.s) 
indican que ellos ocurren a lo largo. de dos direcciones preferenciales de. dislocacion; los meca
nismos sondel tipo de fallanormal de gran angulo debuzamiento (ip1 = 282°, <\ = 80°, /\

1 
= -72°; 

IP2 = 177~ o~ ==:' 72°, ~ = --78) y SUS rumbos se correlacionan satisfactoriament~ con los li
neamientos . .definidos anterior!llente de acuetdo .. al anatiSis de fa actividad sislniea y estudios 
morfoestructurales. 
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lNTRUDUCTlUN 

Three weeks prior to the occurrence of theOaxaca, Mexico, earthquake 
Ms= 7.8 of 29 November· of 1978, the Instituto deGeofisica,.UNAM, 
in collaboration with California Institute of Technology installed a loc.al 
network of 6 smoked paper .portable seismographs in the coastal range 
of Oaxaca (Figure 1 ). The .project was to define spatio-temporal patterns 
of local earthquakes mb < 4.0 which can not be resolved from standard 
world-wide network. The data obtained c<;>uld provide new information 
relevant to the Oaxaca seismic "gap" (Kelleher et al;, 1973; Oh take et 
al;, 1977). Last authors observed that from the mid.die of .1973 the 
frequency of shallow earthquakes (H < 60. km) was m:msually low in 
the area of. Oaxaca; Mexico (95,5°W .. "'"" 98,0"\V). This area experienced 
two major earthquakes in its.eastern (16.33'N -95.80°W, .Ms =71/2 - 7%, 
Aug. 23, 1965) and western (16.569N - 97.79°W, .Ms=;: 7.5, j\µg. 2, 
1968) sides and both were preceded by intervals of quiescence (a stage) 
and following reasumption (f3·stage) of local seismicity in .. advance of the 
mainshock. The separation between those two previous aftershock 
zones was comparable with their dime.nsions. On this.basis Ohtake et al. 
(1977). forecast the occurrence of a large earthquake. ('/! = 16.5° ± 

0.5°N; i\ = .96.5° ± 0 .. 5°W; Ms o:= 71/z .± 1
/ 4 ) although they did .not predict 

the time of occurrence. Jn Mexico, among .academic and government 
circles, this forecast was a.matter of cor1troversy(Garza and Lomnitz, 
1978); local well controlled microearthquake data could help to clarify 
the. tectonic significance of the Oa:xaca gap and the importance. of the 
earthquake forecast, 

We have obtained a unique. data set of .preceding .and aftershock 
activities (Singh et al., 1980), In F:igµre.2 we presenCthe 48 largest 
preceding earthquakes (m ~ 2~8);in other.paper (Pcn1ce et al.,.1978) we 
discuss their correlation· with :the mainshock and aftershock,locations 
an.d the surface geologicdata(Sumin deJ1ortilla·etal., 1978).Magnitude, 
m, is "relative" l\Vithout specific<calibration for this. regi,on ), and, has 
been detemlined frpm e3:rthquake .coda du.r~tion. {Lee .etal. J 97;2 ). 

The mainshock epicentyr was relocated (15°46'N; 96°48'W) using 
master event techniques (Figure 1); depth for the mainshock has been 
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estimated to be. 18 km from waveform analysis (Stewart and Chael, 
1978). 7 large aftershocks well located by the whole local aftershock 
seismic network {Figure I) and permanent stations operated by th.e 
Servicfo Sismologico Nacional and SlSMEX, UNAM were used as 
master event. HYPO 71 was used for hypocen:ter determinations (Le1' 
and Lahr, 1975). The model for compressional-wave velocities (Table 1) 
was selected by trials. and nror as no detailed crustal study of the 
region is available; our .model is a compromise from reversed seismic 
profile data obtained (1) off-shore along the coast of Guatemala and (2) 
in contjncntal Mexico between Pinotepa Nacional (about 150 km WNW 
of mait1shock epicenter) and Lake of Alchichica (about400 km.inland 
perpendicular to the coast) (Shor and Fisher, 1961; Hd1;;lcy et aL, 1975; 
Mooney et, al., 1975). The epicenter ofthe mainshock given by the Pre
liminary Determination of ~:-pieenter (PDE); published by the National 
Earthquake Information Service (NEIS)of the U.S. Geological Survey, 
differs from our location by 48 km, as seen in Figure ] , 

Closest to the mainshock rpicenter location (less than24 km), with 
the exception ef one small eveht on the 9 November, the preceding seis
mic activity (m;:;;:. 2.8) oeeurred during the periods 15"17 November 
and 28-29 November. We. will call these t>arthquakeH "foreshocks". 

Small t>arthquakes app'ear .to occur in linear patterns during the 3 
weeks prior to the mainshock (Ponce et al., 1978): the more active 
zone trends N 66° ± 6°W and runs slightly north of the epicenter of the 
main event; 2 other·zonc;; may ('.Xis!, trending N39° ± 6°E and crossing 
the western atid t>astem portion of the area defined by the afkrshoek 
sequence (Singh 1•t al., 1980). A N65°.± 5°W fault is well defined by 
geoh10rphostructural data (Sumfo de Portilla et al., 1978) and :,:atdlifr 
image interpretation (N. Galvan, personal communication) which is 
coincident with the more active seismic zone (Figure 2a). No faults 
<'orresponding to the ·-.;39° ± 6°E li1ieation':,: ofactivily are dearly evident 
in local surfah' st ruduh's; ho\V<'frr tht'se \ 39° ± 6°E lirn~ations could 
r('fkd a ;;ystt·m of less \\'('II d('Vt·lop<"d t'.ncchelon faults ;.:ubpafalkl lo a 
200 km long f;mlt tha.t trends \~0°E in Ian cl from the f·oastal line about 
120 km wt~st .of the mainshock epicenter (Figure 2a). 30 of 48 of the 
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prnceding earthquakes might be associalf'd with the direcction at N66° 
± 6°W (Figure 2d). In contrast, 8 of 12 epicenters of the large~t after~ 
shocks (mb > 4.0}from 30 November until.8 Decembe.r, theforeshocks, 
the mainshock and 2 largest pr~ceding earthquakes (m = 3.9 and 3.4) 
appear to trend N -S (Fig. 2a ); 

Forcshocks occum~d within the active zones trending !\66° ± 6°W 
and N-~. The final. episode o.f. foresh ock artivity (m ;;;;. 2.8) began 21 
hours before the mainshock and then subsided for l 7hoursuntilfailun:; 
no forcshocks of lower magnitude occurred in this· last period of 
quicHcencP. This pattern hllii been ohHervecl for forc;;hock8 prN:cding 
other large earthquake8 (Rikitake, 1976; Raleigh Pt.al., 1977; Wu et al., 
1978). 

Figure 2a shows a clear clustering of 8 large aftershock8, mainHhock, 
foreshocks and 2 large preceding earthquakes along a N-S trend. This 
trend is welJ correlated with the .\-S direction of old deep faults 
(Orthogonal t>')'Htem formed by :\-S. and E-W faults) obtained. from 
geomorphoHtructural.analysis (Sum f n ·<k Portilla<'/, al;, 1978)~ Figure.2a 
also shows that the preceding seismic activity .occurring along the \66° 
± 6?W lineatio.n (Ponce<'/ al., 1978) is well eorrdafrcl w.ith the sh.allow 
and young faults with \65° ± 5"W trend: abo.a satisfactory eorrf'lation 
is obserw~d bdwct>n preccdingscismie activity and weakly.defined syHfrm 
of suh-parallt.J faults along \:10° ± S

0

E. Th<' faults along \65° ± 5° .and 
iN30° ± 5°E. constitute the diagonal system defined from geomorpho
structural analysis (Sum in de Portilla <~t al., 1978). 

The cross seetion along a din·c·tion perpf~ndicular to \66°W (Figure 
2b) shows that most of the pre(:cding seismic activity occurred in the 
eontincntal plate; the dip of 14° of llw Cocos Plate lwneath ~1e.xieo is 
elJnsisft'nt with tlw f01·al mcchaniHn for.rnain:-;hock (Skwart and Chae!, 
1978). For reference we have also traced a dip, of 20°. figure 2c dearly 
shows that the forcshock region was quiet except for two periods of 
foreshock activity, and suggests that preceding seismic activity was 
present in the WNW and ESE flanks of the aftcr:shock area during the 
3 weeks of observation before the occurrence of mainshock. Figure 2d 
shows that most of the activity (30 of 48 pn:ccding earthquakes) also 
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occurred associated .with the N66~W djrnction in the northern half of 
the affersho(:k area. 

We also arrnlyzt'd lhe stability of the ratio of amplitucks of I' and S 

\\aves for alJ tilt' l'.oresho1;ks (m .·~ 1.5} With epictn(t',J'S located inside a 
small circle· (r ~ 24 km) et·ntered at the mainsh01·k relocation ((;onza
lcz, 1979). In Fig. 3a we. show .the results at PGO; the ratio of amplitudes 
of' I' and S waw·s present two well defined li1war trends (I and 11; Fig. 
:h) suggesting that dislocations occ11rs along two di f'fernnt preferential 
planes. Composed focal mcdrnnisms (uppt·r focalsplwre for each group., 
I and II), arc givt>n in Figures 3h and <k (Com~cllez. 1978). Hesults 
indicate nornial fault m1:.chanism for h.oth groups; tlw firAt group have a 
strike of \7B0

E and th1: :-:econd of \:3°E. For both caseF "'e suggest that 
dislo<'atiom; oecurrt'!i alongtbemon> vertieal plant' (dip equal to80° and 
72° rcspedivf:ly) ahd that they reflect the zom~s of weakne;,;s of the 
upper layt~rs of nw continental plate as discussed previom:ly (\6:1°± 5°1·: 
and \-S respf·1·tivcly). Other authors (SadovRky el al;, 1972: Chin.el al., 
] 978) stwli<·d HH: stability of foi·al me1·hanisrns an<l ratio of amplitutfos 
of P arnl S wavt' . ..; for preceding earthquakes 01:curring nt'.ar the main
shoek. Our n·sults i:;ugge:.;t that (I) t·ven though prn"failure disloeations 
occurs along µn~fercntial directions .they a!'e not uni.que, and (2) lhat 
prcl'xisting zones of w1,akncss ir1 the c.ontinental plate could play a 
siguifi1•ant rol al' a triggeringrneehanism for large <>arthquakes in sofi tlwrn 
Oaxaca and may be in. olber zor~es of subduction. 

Preliminary results .. on precursory.· and.• fornshock activities near the 
1·pin·nfer of th<' Oaxaca t~arlhquakt' :-;uggt'.i'f that a .detailed ,;urvcy of 
adive faults· must lw dont' in the <:oastal range of\1exico, as th<''. seismic 
adivily (m < 4.0) assol'iah'<L with them i·oulcldefint\thesizesoftedonii: 
units in the region (Lukk, l97B; Ka:-:ahara <'/al., 1978) and 1wnsti.tutc 
precursory aetivity to large destructive earthquakes (Chen et al. ,.1979). 
i\ more sys11~rr1atic. ohHcrvation. of s.ei.smic activity and multidisciplinary 
survc\y of geophysical, geochemical and geological paramders is recom
mcndt~d for lhc()axaca region in ordertotestltwvalidityofthc·lectonic 
foa1tH'l'1'· .diH<:us:·wd .here. The local sciHmiG network. should p(~rmit lo
cations of event~ a:-; low as m. = 3.0. in the regi<rn of interest. 
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TABLE 1 

Layer compressional-wave nepth to the botton 
velocity, km/sec of .the layer, km 

1 4.4 5.0 

2 5.6 12.0 

3 6.4 22.0 

4 8.2 

compressional-wave vel.oci ty 1. 78 she.ar.:..wave velocity. 
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Figure 3, Figure 3a shows a plot of relatives amplitudes at PGO of P and S waves for "fore
shocks" (m > 1.5). TWo differents trends are well defined, I and II. 

Figure 3b Composed focal mechanism for. trend I. The more vertical plane is selected as dislo
cation plane .. Strike= 282°, dip =80°, rake =-72°. 

Figure 3c Composed focal mechanism .for trend II. The more vertical plane is selected as dislo
cation plane. Strike= 177°, dip= 72°, rake = -78~ 
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