
GEOFISICA INTERNACIONAL 

OAXACA , M1'XJCO, EARTHQUAKE OF NOVEMBER, 1978: A 
PRELIMINARY REPORT 0 1\ Sf.'ISI\tJC ACTIVITY FOR PERIOD 

20 JAN UAR Y-20 APRIL 1979 

RESL:MEN 

F. N~EZ-CORNU* 
L. PONCE* 
K. C. McNALLY** 
L. QUINTANAR* 

Entre el 20 de enero y el 18 de abril de 1979, el lnstituto de Geofisica, l iNAM y el Laboratorio 
Sismologico, CALTECH operaron conjuntamente una red local de estaciones sismologicas por­
tatiles al sur del Estado de Oaxaca, con el objeto de observar las replicas de! temblor de Oaxaca 
(M8 = 7 .8) ocurrido el 29 de noviembre de 1978. Aqui se presentan las localizaciones epicentra­
les para 139 temblores (ML ;;.,3.0~ Los principales resultados son los siguientes : (] )el area epi­
central alcanza el valor de 9000 km 2, valor que coincide con determinaciones segun la formula 
de Utsu-Seki para temblores de M8 = 7 .8; sin embargo el area determinada para el periodo del lo. 
al 12 de diciembre de 1978 (Singh et al., 1978, 1979) es de solo 6000 km2 y la determinada 
para las primeras 32 hrs de replicas (Havskov et al., 1979) es de 3700 km. (2) La actividad sis­
mica de mayor magnitud se concentra en dos regiones pequefias; una, en la parte sur central de 
la zona de replicas, sugiriendo un lineamiento N-S y la otra, en la parte noroeste de! area de re­
plicas. (3) La region suroeste de! area de replicas presenta escasa actividad sismica y de baja 
magnitud; esto sugiere que esta region define un bloque '·rfgido" que despues de ocurrir el tem­
blor se reacomoda liberando su energia ela~tica a lo largo de sus fronteras con las unidades tec­
tonicas circundantes. Estas observaciones sugieren que la determinacion del area de ruptura de! 
temblor principal, a partir del area rfe replicas, debe ser realizado luego de un analisis detallado 
y multidisciplinario de los factores que pudieran controlar la ocurrencia de las replicas en espa­
cio, tiempo y energia. 
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During a period of 3 months from 20 .lanuary to 18 \priL 1979, tlw 

lnstitu tc of C P.ophysics, L \ ,\ !\1, and the Sf' ismological Laboratory, 
CALTECH, installf'd in Soutfwrn Oa,a1·a, !\1<'\i(·o a local array of 5 

portable rn10ke papt>r st:ismograph:--. Ead1 ,-talion 11:--cd a \lEQ-800 

Sprt>ngndlwr micruearth4uak1' r1'corckr along with vf'rtic:al SS- l KinP­
mdric;,; :seismometer, To = l ,we. Tlw s<"kctf'd silt's are ,-hown in figure 

l (hl:.H'.k triangle;;) and tfwy art' lo<'atrd as dose pmsibk to sites occupied 

prPviously. before and after tlw occurrt'ncP the main,-hock (Poncf' et al., 
1978 a. b; Singh I'/ al., 1978). Tim<· wa:-- controlled <>very 24 hr;; record­

ing tlw WWV radio signal; P-wav<·s first arrival timt>,- wt>re read with an 

accuracy of± .l st'1· and S-v,aH's arrival timf's with± .2 sf'c. Tlw purpose 

of the projf'ct wai- to obs,•n e tlw Pvolution of affrrshock ,-eisrnic activity 

in spact'. tim<', and f'rwrgy in ordn to compare it with pn~cf'ding and 

first aftershock adivitie:-. ll1·ri· w<' will point out only :-omf' cvi<frnt pat­
t1•rn:-- of th<~ ob:·wrwd ,wi:-rnicit~, and Wt' compare it with the after,-hock 

st>ismic activity rPported for the pPriod of l st lh·cember to 12 Df'1'f'mber. 
1978 (Singh et al., 1978). 

In Figure 1 we show the epicenter location for 139 earthquakes (ML;;;,, 
3.0) that ocrnrr<'d in soutlwrn Oaxaca (96°W - 98°W; 15° - l 7°V) from 
20 January to 18 \pril 1978. Hypocenfrrs werf' determined using 
H) PO- 71. additional data from a short-period pt'rmanf'nt st>ismic sta­

tion operated in Oaxaca Cit~ (\ HO) by th<0 lnstitufr of Ceophysics, 
werr· also used. I l<'lays for thi;; station Wf'r<' calculated using 7 larg<' wdl 

recorded aftershock,.; (Pon<T I'/ al., 1978 a, b). :\lagnitudes (m) are rela­
tive and wf'n' rld<'rmin,,d u,.;ing the formula suggested by Lf'f' et al. 

(l 97a). In Figure l W<' d<'lineatc tilt' aftershock ar<>a df'tnminf'd for the 

first period of aftershocks (Singh et al., 1978, 1979). This area is of the 

order of 6000 km
2

• Using the same criteria we delineate a new after-­

,;hock an·a valid for tlw whole period of obstTVation (1st Dt>cemht>,r 

1978-18 April, 1979). This new area is of the order of 9000 km2, 
SO% greatn than tilt' prniow, one. This ll<'W value agree 4uite well with 

the size of aftt-rshock a1Ta detl'rmincd with the relation log .\ = 1.02 

\Is - .i.() I ohtai1H'd from data on 21 japanrse eard14uakt's (ltsu and 

~eki. J 9SS): for a Vis = 7.8 earthyuakt· this relation µ:ive an area of 
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8831 km2, approximately equal to the 9000 km2
• For the first 32 hrs 

following Oax.J:·a <'arthyuak<·' th<' aftershock area has been estimated to 

be 3700 km
2 

(Havskov et al., 1978). The differences in the aftershock 
an·as .~uggesl the growth of this an·a with tim,·. Tfw signifirancr of this 

rt'sult is duf' to tlw fact that aft<>rshcwk ar<·a is mwd to estimatt· th<' 

rupture area. This ;-;uggest that for Oaxaca rt'gion the probablt' rupture 
area might be only 40% of tfH, area dt'fincd according to the { 'tsu-Seki 
eyuation. 

From Figun .. l is observed that I.Jrgt· ,·,ents cluster in two small n~­

gions: (I) at tfw south of t lw aftf'r,-hock an·a defining a .\-S din'.dion: 

this is also observed for aftershocks (Singh et al., 1978, 1979) located 
from ht to 12 IJecf'mhPr, 1978. and ha;; al;.;o l)('en discw;sed in relation 

to prect'ding 1wismic adi\ity (Pone,· f'/ 11/ .. 1978 a, L). (2) at the north­

western n°gion of the affer,,hwk art'a: this n·gion was relativf' yuite 
from hf to 12 J),·ccml.wr. 1978. From Figuff l is obsenf'd that at thf' 

:-;outlwrn half of the aft<T,-hock area mo;;! of ti](' ,-train e1wrgy is liberated 

along a narrow band with \-S dirrction: al both side;; of thi:-; band the 

activity is scaf<"t' and of rdatiw !own mag11itudt·;-;. Thi,; is abo obst-rw·d 
from ht to 12 Dcn·mlwr (Singh f'/ 11! .• 1978, 1979). This suggt·,.;t that 
at ka,-t for tlwsc µeriods tlw south w t•stf'rn zone of rdativc yuidne:-s 
-bounded on its western flank by aftershock activity-, could con­

stitute the bulk of a tectonic block that moves as a "rigid" unit after the 
O<"\'UITPncr of tht' main;;l1<wk. lilwrating mo~t of it,.; ,-train enf'rgy along 

ib houndarin, in \·ontacl with surrounding;; bl(wb. l nfortunakly we 
did not obsnwd the ,wismi1· adi,ily from 19 J)PcPmber, 1978 to 19 
January 1979 to supµort mo1T strongly this hypotlw~is; howevPr mor­
pho;-;tructural analy,;is of Oa,aca rf'gion support llw t'xistf'nre of tecto­
nic units whose limits correlate enough well with the preceding and large 

aftershock seismic activities (Ponce <'t al., 1978 a, b; Sum in de Portilla, 
1978) and support the suggested hypothesis. 

In Figure 2 WP show llw ,wi;-;micity projr<·ted on a profile along tlw 

direction N23° E (A-A, Figure 1 ). Large earthquakes (ML;;:;, 3.5) suggest 
two clusters of events: (1) along a plane dipping 14° to the N23°E inter­
face that i~ almo,;t coincidf'nt with the plant' of frat'lurf' of the main-



354 GEOFISICA INTERNACIONAL 

shock (Stewart and Chael, 1978); (2) along a plane dipping 72° to the 
S 23°W; this plane reach the surface at Loxicha rPgion, half way from 
Miahuatlan to the coast line. We should note that the l.oxicha region 
suffered the greatest damage during du~ occurrPncP of tlw mainshock; 
probable this active "fault" ddirn .. atPd from aftershock activity, expe­
rienced also some displacement during the occurrence of tlw mainshock 
affecting mainly the Loxicha region.-

The fluctuation of seismic activity (number of evrnts per unit time), 
not shown here, indicate that energy is liherakd according to typP 2.c. 
defined by Utsu (1969). For Japan this type correspond to shallow 
earthquakes associated to subduction boundaries; the Oaxaca earthyuake 
is indeed one of the same type. 

In conclusion, we point out that the occurrencP of aftershocks for 
Oaxaca earthquake, and maybe for others subduetion boundaries, reflt->ct 
the t·omplexities of the tectonic units of the continental plafr. In view 
of that, the aftershocks areas should not be used as a measurement of 
fracture areas without a more detailed and multidiseiplinary analysis. 
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Figure l. Epicenter location for 1 39 earthquakes for the period from 20 January to 18 April, 
1979. Triangles show the observa lion sites; circles represent epicenters; segment line delineate 
aftershock area defined for period from J st to J 2 December, J 978 (Singh et al., 1 978 );continuos 
line delineate aftershock area for the whole period of observation (30 Nov . to 17 Dec., 1978; 
20 Jan. to 18 April, 1979); straight line show the direction of projection (see Figure 2). 
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LOXICHA 
MIAHUATLAN REGION COAST LINE TRENCH 
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Figure 2. Projt'ction of hypoce nters alon~ profile A-A' (see Figure l ); dashed lines delineated 

the two suggestt:d directions of clusterini; of r.vents. 
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