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INTRODUCTION 

The magnitude-7.6 (MS) Peruvian earthquake of October 3, 1974, 

occurred within a segment of the shallow seismic belt that bounds 

western South America. Earthquakes of large magnitude are not uncommon 

to the coastal areas of Peru (e.g., Silgado, 1968; 1973) and represent, 

in all probability, the ongoing process of the Nazca plate underthrust-

ing the more stable Americas plate (Isacks ~al., 1968). 

Prior to this study, there had been no attempt to investigate, in 

detail, an aftershock sequence of a major South American earthquake. 

The field work involved in such a task is usually difficult, if not 

impossible, because of the large aftershock zones and remote areas in 

which they occur. The earthquake of October 3, however, presented a 

rather unique situation. Although the main shock epicenter was ocean-

ward, west-southwest of Lima, excellent paved highways along the coast 

to the northwest and southeast provided a practical means for using 

surface vehicles to install and maintain a temporary regional seismo-

graph network that would essentially bracket the aftershock zone to the 

north and south. Also, there were three seismic observatories within 

the area of interest that could be used to augment a temporary network. 

Therefore, at the request of the Institute Geofisico del Peru (IGP), the 

U.S. Geological Survey (USGS) dispatched a team of seismologists to Lima 

on October 5 with five portable seismograph systems. The field work for 

this study represents a joint effort between the IGP and the USGS, and 

has provided data for the location of 113 hypocenters which are consi-

dered to be a representative sample of the aftershock activity during 

the period of investigation. 
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PHYSIOGRAPHIC AND GEOLOGICAL FEATURES 

Peru, the third largest country in South America, extends along 

the western side of the continent from near the equator to about 

18.3°S latitude. It is bounded on the east principally by the Amazon 

basin of Brazil and to the west by southern Ecuador and the Pacific 

Ocean. 

Within the region of study (Figure 1), three major geographic 

units exist: the Andes mountain system, the coastal area, and the 

Peru-Chile trench. The Andean system is formed from two mountain 

ranges ref erred to as the western cordillera (Cordillera Occidental) 

and the eastern cordillera (Cordillera Oriental), both of which are 

generally subparallel with the coast between northern Peru and about 

12°S latitude. South of 12°S latitude they begin to branch apart; the 

western cordillera continues to parallel the coast whereas the eastern 

cordillera is deflected inland and assumes a more east-southeasterly 

strike. In southern Peru, the two ranges become completely separated 

by a high plateau termed the altiplano. The coastal area varies in 

width between about 20 and 75 kilometers with moderate relief ranging 

from sea level to over 700 meters. It is characterized by marine 

terraces and broad alluvial planes dissected by numerous valleys with 

intermittent rivers, which extend to the Andean foothills (Bellido B., 

1969). The Peru-Chile trench is a narrow, deep oceanic basin which 

closely parallels most of the west coast of South America. It is the 

boundary between the converging Nazca and Americas plates and is repre-

sentative of a typical island-arc trench system, i.e., it has asso-
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ciated large negative gravity anomalies, extensive seismicity, and 

volcanism. Between 10.5°5 and 14.5°S latitude, the trench axis is 

approximately 250 to 300 kilometers west of the crest of the western 

cordillera and attains a maximum depth of greater than 6,300 meters 

(Hayes, 1966; 1974). 

The geology of the region is known only on a broad scale (Bellido, 

1969). Many of the chronological and structural relationships between 

the eastern and western cordilleras have not been clearly defined. The 

eastern cordillera consists of highly folded and faulted Precambrian 

metamorphic and metamorphosed Paleozoic sedimentary rocks which have 

been intruded and overlain in places by Mesozoic and Cenozoic igneous 

rocks. Reverse and normal faults are well developed along and parallel 

to both flanks of the cordillera. In contrast, the front of the west-

ern cordillera is .formed by the late Cretaceous Andean batholith. 

Cenozoic volcanic rocks predominate along the eas~ern slopes and form 

many of the higher peaks. Complex normal faulting is common throughout 

the batholith and the volcanic belt. East of the batholith are a 

succession of anticlines and synclines with associated reverse and 

thrust faults which are aligned with the northwest trending axes of the 

cordilleras. The coastal area consists principally of Quaternary sands 

and gravels and Cretaceous volcanic sedimentary rocks. The mapped 

faults are primarily normal and are both parallel and transverse to the 

coast line (Jenks, 1956; Bellido, 1969; Bellido and de Montreuil, 

1972). 



FORESHOCK, MAIN SHOCK, AND LARGER AFTERSHOCKS 

An apparent foreshock (~ ~ 5.0), which was felt in Lima and 

nearby communities, occurred on September 27, approximately 6 days 

prior to the main shock. It occurred within 20 kilometers of the main 

shock and is considered to be the initial event of the earthquake 

sequence. 

The main shock of October 3 (MS= 7.6) was located approximately 

65 kilometers west-southwest of Lima, about 130 kilometers east of the 

Peru-Chile trench axis. It caused extensive damage in the Callao, La 

Molina, and Churrillos-Barranco districts of metropolitan Lima and to 

several coastal communities, e.g., San Luis, Canete, and Chincha, 

located south-southeast of Lima. Partial or total collapse of adobe 

buildings and severe damage to some reinforced structures, particularly 

in La Molina, resulted from the intense shaking. Landslides and set-

tling occurred close to the ocean shore along steep cliffs or embank-

ments consisting of sands and gravels. The number of reported casual-

ties include 78 killed and 2,414 injured (USGS, 1974b). 

The sequence of aftershocks included numerous felt earthquakes and 

was essentially terminated, in a rather unusual manner, by a magnitude-

7 .2 (MS) event on November 9 which caused additional damage to already 

weakened structures. Thirty-three hypocenters were determined from 

teleseismic data for the time period spanning approximately 12 weeks 

(Table 1). The aftershock magnitudes range from 4.0 (~), the apparent 

lower threshold for teleseismic locations near the coast of central 

Peru, to 7.2 (Ms; ~ = 6.0). 
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REGIONAL AFTERSHOCK STUDY 

Instrumentation and Field Procedure. Because many of the earth-

quakes occurred offshore, it was not possible to encircle completely the 

seismic source area with the monitoring network. Further constraints 

were also imposed by mountainous terrain and logistics. A maximum of 

ten stations was employed, three of which were permanent IGP observa-

tories. Table 2 lists the seismograph locations and their respective 

recording time periods. The instrumentation used and seismometer site 

conditions are described in Table 3. 

The first of five USGS systems was installed October 7 in the 

Miraflores section of Lima. Stations were later placed at Chilca, 

Huacho, Paracas, Canta, and Condor to augment the IGP instruments at 

Nana, Huancayo, Magdalene (Lima), Canete, and Guadalupe. The resulting 

network length was approximately 375 kilometers, extending southeast-

erly from about 11°5 to 14°5 latitude (Figure 2) and was of sufficient 

size to bracket the aftershock zone in the north-south direction. 

Precise time corrections were determined at the temporary sites 

with a WWV radio receiver and an oscilloscope. The overall network 

timing accuracy is within ±0.05 second except for Nana, Guadalupe, and 

Canete. The accuracy at Nana is not definitely known; however errors 

are thought to be no greater than ±0.10 second (L. C. Ocola, personal 

communication). Early in the aftershock sequence, accurate time cor-

rections were not made at Guadalupe or Canete. However, clock drift 

curves determined for these stations are, in general, quite linear. 

Use of extrapolation leads to an estimated ±0.20 second accuracy prior 

8 
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Station 

NNA 

HUA 

SP2 

CAH 

CAl 

CLl 

HUl 

PAl 

PA2 

GUl 

MAR 

CTl 

CON 

10 

TABLE 3 

INSTRUMENTATION AND SITE CONDITIONS 

AT THE REGIONAL SEISMOGRAPH STATIONS 

Instruments 
Recorder 

1WW'NSS 

2WWNSS type 

3Helicorder 

4MEQ-800 

4!·1EQ-800 

5MEQ-800 

5MEQ-800 

5MEQ-800 

5MEQ-800 

0MEQ-600 

5MEQ-800 

5MEQ-800 

5MEQ-800 

Seismometer 

WWNSS 

WWNSS type 

J-M 

S-7000 

S-7000 

L-4 

L-4 

L-4 

L-4 

S-7000 

L-4 

L-4 

L-4 

Seismometer Site 

Concret~ ~ier on bedrock 

Concrete pier in compacted alluvium, 
near bedrock 

Concrete floor on loosely consolidated 
conglomerates 

Concrete floor on unconsolidated sedi-
ments 

Concrete floor on compacted alluvium 

Bedrock 

Concrete floor on unconsolidated sedi-
ments 

Concrete floor on sand 

Sand 

Concrete pier on bedrock 

Soil over unconsolidated conglomerates 

Loosely consolidated conglomerate 

Bedrock 

1standard WWNSS system. 
21-component, short-period Z; 3-component, long-period. 
3Heated stylus recorder (Teledyne-Geotech); 1-component, short-period Z 

(Geo tech). 
4 Ink recorder (Sprengnether); 1-component, short-period Z (Sprengnether). 
5Smoked paper recorder (Sprengnether); 1-component, short-period Z (Mar~ 

Products). 
6smoked paper recorder (Sprengnether); 1-component, short-period Z 

(Sprengnether) .. 
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Figure 2. Spatial distribution of 113 aftershock epicenters and the 
regional seismograph network station locations. Symbols: star -
main shock epicenter; larg~ x - largest aftershock (November 9) 
epicenter; circle with x - foreshock epicenter; solid circle - after 
shock epicenter; open triangle - seismograph sta::ion location. llote 
that the foreshock, main shock, and Hovember 9 event occur near the 
northern boundary of the aftershock zone. Sections A-A', B-B' used 
in Figure 5. 
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to October 9. Subsequent ti~ing is Qt the previously stated network 

accuracy. 

The recording speed for all seismographs was 60 millimeters/ 

minute and the stylus deflection adjustments were set for maximum peak-

to-peak amplitudes (-50 millimeters). Record quality at most stations 

was excellent (Figure 3). 

Data Processing 

Seismographs at distances greater than 150 km from an aftershock 

epicenter were at or near P range. Consequently, for the lower magni-
n 

tude events, the onset of the first-motion was frequently small and 

sometimes partially obscured by the background noise. In order to 

improve the record-reading capability, enlargements (x2) were made of 

all the temporary station records. Phase arrival times were then 

measured with a low-power magnifier and corrected for any small varia-

tions in the length between minute marks. Arrival time accuracies for 

most P-phases are thought to be within ±0.1 second. For most after-

shocks, S-phase arrivals were easily identified at two or more sta-

tions. The Nana data was particularly useful because of the short-

period horizontal recordings. The estimated accuracy of selected s~ 

times is approximately 1.25 seconds. 

A five-layer P-wave velocity model (Table 4) and a P-to-S velocity 

ratio of 1.76 (Poisson's ratio ~o.26) were assumed for the aftershock 

zone to compute the hypocentral locations. The P-wave model is based 

on Woollard's (1975) marine air gun observations and land explosive 

measurements which extended in an east-west profile across the Nazca 
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Figure 3. Seh,riug.;:-ams from portable stations at Chilca and Lima 
(Miraflores) showing contrast in seismicity. On original records the 
trace separation ls 1 mm and the distance between minute marks is 60 
mm. 'l'l:ae period and seismograph magnifications :ire approximately 
equivalent. 
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TABLE I.; 

VELOCITY MODEL FOR THE PERUVIAN COAST 
BETWEEN 10° AND 11°5 LATITUDE 

(Woolard, 1975) 

Thickness (km) P-Wave Velocity 

1.0 4.5 

2.5 5.8 

18.5 6.3 

8.0 7.5 

8.0 

(km/sec) 



15 

plate onto the continent at about 10.5°5 latitude. Other P-velocity 

structures for the region of interest have been derived by Hussong 

(1972), Ocola and Meyer (1973), Johnson et al. (1973), and Hussong et 

al. (1976); however, the Woollard model is preferred because use of the 

other models consistently gave larger travel-time residuals at most 

stations. The P-to-S velocity ratio was determined by L. C. Ocola 

(personal connnunication) from refraction data obtained from profiles 

across central and southern Peru. 

Of the several thousand aftershocks detected by the seismograph 

network, 113 hypocentral locations (Table 5) were determined with the 

HYPO 71 computer program (Lee and Lahr, 1975). A measure of the 

hypocentral accuracies is indicated by the standard errors, the average 

of which are about ±4.1 kilometers in the horizontal plane and ±3.0 

kilometers in the yertical plane. These values, however, may not 

represent the actual error limits because the statistical interpreta-

tion involves the assumption that the errors are random and not aff ec-

ted by station distribution or anomolous seismic velocities. In this 

study, the hypocentral solution quality is somewhat degraded by the 

large azimuthal gap in the aftershock network ana the complex velocity 

structure common to zones of plate subduction. 

James ~ al. (1969) have discussed some of the problems in obtain-

ing satisfactory hypocentral solutions for local earthquakes in Peru 

when using small seismograph networks (<10 stations); however, their 

investigation was based on instabilities inherent in the most refined 

hypocenter location programs of that time (e.g., Bolt, 1960; Cisternas, 

1964; Engdahl and Gunst, 1966). HYP071 was designed specifically for 
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determining local earthquake hypocenters using a multi-layer flat-earth 

velocity model. A step-wise multiple regression technique is employed 

to solve the normal equations (Geiger, 1910) which stabilizes the 

matrix formed from the normal equations and prevents it from becoming 

ill-conditioned (Lee and Lahr, 1975). The inclusion of accurate S-phase 

data greatly improves the solution quality, particularly for hypocenters 

located outside the seismograph network. To minimize the possibility of 

large errors in locations, the number of data used for any one solution 

include not less than five P- and two S-readings. 

Location of Aftershocks. 

Aftershock epicenters are confined within an irregularly shaped 

region (Figure 2), the southwestern side of which trends southeast, 

roughly parallel to the coast, between about 12.2°S and 13.8°5 latitude. 

The zone, which is approximately 210 kilometers long by 150 kilometers 

wide, extends onto the coast in the vicinity of Chilca and also near 

Lima. The aftershocks exhibit a fairly uniform pattern throughout the 

area with the exception of the dense cluster south of Chilca and the 

group of ten epicenters south of the main shock epicenter. The cluster 

near Chilca consists of 59 events and reflects a much higher degree of 

seismic activity than observed at other network stations (Figure 3). 

Control from nearby seismographs to the northwest (Nana and Lima) and to 

the southeast (Canete), as well as Chilca, lend validity to the conti-

nental or near continental locations of these epicenters. 
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In order to investigate a more uniform sample in terms of the 

distribution of aftershock energy release, only the largest and, there-

fore, best located aftershocks (~ > 4.0) were selected (Figure 4). 

This epicentral plot indicates a southwest trend, perpendicular to the 

coast, extending outward from the Chilca cluster to the southwestern 

margin of the aftershock zone as well as a pronounced southeasterly 

trend of the oceanward events. In addition, the concentrations of 

aftershocks south of the main shock epicenter and, particularly, those 

south of Chilca are still much in evidence. This suggests that the 

large number of events located near Chilca is not merely a function of 

station distribution but is a unique feature of the aftershock zone. 

The vertical distribution of aftershocks is presented in Figure 5 

by means of two cross sections, each of which is perpendicular to a 

nodal plane of the main shock focal mechanism (Figure 7). Depths range 

from near surface for the more oceanward events to about 66 km for those 

aftershocks in the vicinity of Chilca. The dip inferred from the 

hypocentral locations is consistent with shallow underthrusting indi-

cated by the main shock focal mechanism (Spence,~ al., 1976). 

A comparison of all epicenters determined from both teleseismic and 

regional network data (Table 6) is shown in Figure 6. Of these eleven 

aftershocks, the magnitude-5.3 (~) event on October 10 at 1953 (UTC) is 

the largest and may therefore be considered to have the best teleseismic 

location. The regionally determined epicenter is located approximately 

10 kilometers south-southeast of the teleseismically determined epi-

center. The general trend of the difference in locations for the ocean-

ward events ranges southwest to southeast whereas the trend of four of 
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TABLE 6 

COMPARISON BETWEEN TELESEISMICALLY AND 

REGIONALLY LOCATE~ AFTERSHOCKS 

Depth of 
Date Origin Time No. of Sta . 1 Magnitude Epi. Diff. 2 Focus (km) 

(1974) UTC Tel. Reg. ~ o 1-1, (km) Tel. Reg. 

Oct. 7 0457 26 7 5.0 5.0 17 26 23 

1140 21 7 4.5 4.6 1 ,. 
d 17 

Oct. 9 0259 15 9 4.4 4.4 47 N 50 

1749 18 9 4.8 4.9 12 N 26 

Oct. 10 1953 66 10 5.3 5.2 10 19 23 

2057 25 10 4.8 4.8 19 24 11 

Oct. 12 0108 7 10 4.2 4.2 4 N 11 

Oct. 13 0752 7 10 4.2 4.2 62 N 57 

1734 5 8 4.0 4.2 65 N 43 

Oct. 14 2236 8 9 4.2 4.1 16 57 50 

Oct. 24 0225 7 7 4.5 4.4 50 60 41 

1No. of Sta. - Refers to the number of stations used for teleseismic (Tel.) 
location or number of phases used for regional (Reg.) location. 

~Epi. Diff. - Indicates distance between teleseismic and regional locations 
for the same aftershock. 

N - Denotes normal depth of focus (33 kilometers). 
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the more coastal aftershocks is east-northeast. Expectably, the great-

est location differences are associated with the deeper (>40 kilometers) 

aftershocks. 

Within the scope of this study, it cannot be stated explicitly 

whether the regionally located epicenters are more or less accurate than 

those determined by teleseismic data. Algermissen, ~al. (1974) show 

that the epicenter reported by NOAA (1973) for the Managua, Nicaragua, 

earthquake of December 23, 1972 (MS = 6.2) was mislocated approximately 

25 kilometers to the northeast. They argue that the errors in location 

are due primarily to the bias introduced by the teleseismic station 

distribution and the anomously high velocities related to the Benioff 

zone. Similar conditions also exist for western South America although, 

in the area of study, location errors are somewhat reduced by control 

from the Peruvian.seismograph stations. Travel time errors for the 

regional seismograph network are considered to be significantly less 

than for seismographs at teleseismic distances because of shorter 

hypocenter-to-station seismic ray paths. Therefore, in most cases, the 

regionally determined aftershock locations are thought to be more 

precise than the locations determined from teleseismic records. 



FOCAL MECHANISM SOLUTIONS 

A focal mechanism for the reain shock (Figure 7) was determined by 

Spence et al. (1976) from 56 long-period P-wave first-motion obser-

vations using the method of Dillinger et~~· (1972). Although this 

solution is not unique, i.e., the elliptical fiducial areas indicate a 

well controlled dip but a poorly controlled strike, the pref erred 

nodal plane (B-plane) is representative of shallow underthrusting and 

is therefore in accordance with the subduction of the Nazca plate 

beneath continental Peru. This solution is in general agreement with 

the results of Stauder (1975) and Wagner (1972) for five earthquakes of 

normal focal depth near the central Peruvian coastline. There is also 

a close correspondence with the focal mechanisms of Isacks and Molnar 

(1971) for six intermediate depth earthquakes between southern Ecuador 

and central Peru. Thus, a similarity in stress distribution at both 

the shallow and intermediate depths of the descending lithosphere is 

indicated. 

The thirteen aftershocks (~ ~ 4, Figure 4) located in a group 

south and in a line southwest of Chilca were used to construct the 

composite focal mechanism solutio~ (CFMS) shown in Figure 8. The 

strike and dip of the preferred nodal plane (A-plane) are well con-

strained and comparable with the preferred nodal plane of the main 

shock. A dip of 30° is somewhat greater than would normally be ex-

pected, however, this parameter is quite sensitive to the velocity 

model of HYP071 and may therefore be reflecting some of the incon-

sistency between the actual structure and the assumed model. The 
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strike is nearly parallel to that of the coastline and in excellent 

agreement with the previously r~ported focal mechanism solutions for 

coastal Peru. 



STATISTICAL PROPERTIES 

Magnitudes 

Local magnitude estimates, ~' (Table 5) were computed using the 

coda-length technique applied by Lee et al. (1972) to earthquakes in 

California. Conventional magnitudes (Richter, 1958) could not be 

determined, for the most part, because the maximum recorded P- and S-

phase amplitudes were either instrumentally clipped or not discernible. 

For the period October 7-24, there are 32 aftershocks of magnitude 

~ ~ 4.0 but only the eleven listed in Table 6 have been located tele-

seismically. However, 17 of these 32 are at the lower magnitude thresh-

old (4.0-4.1) for teleseismic location within the area of study. Since 

the magnitudes of the eleven teleseismically located events compare 

favorably with corresponding local magnitudes (Table 5), it is assumed 

that the listed ~ values are, within a reasonable degree of accuracy 

(±0.3), representative of the actual aftershock magnitudes. A careful 

examination of the regional data indicate that the four aftershocks of 

magnitude~ ~ 4.2 which were not located teleseismically are not 

anomalous. This suggests that adequate readings were not provided to 

the USGS National Earthquake Information Service (NEIS, Golden, Colo.) 

for satisfactory teleseismic locations. 

Magnitude-Frequency Relationships 

An empirical relationship between earthquake magnitudes and their 

frequency of occurrence is expressed by Gutenberg and Richter (1954) as 

35 
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log N(H) = K - bM 

where N(M) equals either the incremental number (N.) or cumulative 
J. 

number (N) of earthquakes of magnitude M, and Kand b are constants. c 

Yne value of N.(M) is defined explicitly by Page (1968) and represents 
J. 

the number of earthquakes within a selected magnitude interval range. 

The significance and statistical nature of the slope or b value of the 

resulting curve have been discussed in detail by numerous investigators 

(e.g., lsacks and Oliver, 1964; Utsu, 1967; Page, 1968; Karnik, 1971). 

It is often difficult to apply a valid interpretation to many of 

the reported b values because the data sets are statistically incom-

plete and/or the method of computation is not clearly described. Also, 

some authors ignore the difference in the relation between N (M) and c 

N.(M), i.e., that b ~ b. (Karnik, 1971). 
J. c J. 

For the purposes of this study, N.(M) is used to determine values 
J. 

of b by the following three methods: (1) least squares which assumes a 

continuous random quantity obeying the Gaussian distribution; (2) 

weighted least squares which introduces weights for individual points 

(Karnik and Prochazkova, 1971), otherwise the same as least squares; 

and (3) the Page (1968) maximum likelihood method. The values of b 

listed in Table 7 illustrate the results from these methods of compu-

tation and show that, for these data, they yield comparable b values. 

Figure 9 shows the distribution of magnitudes used for the calculations 

of b and also the cumulative distributions over the entire range of 

observable magnitudes. The magnitude data for the shallow seismic belt 

of coastal Peru were provided by the National Oceanic and Atmospheric 
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TABLE 7 

VALUES OF b DETEfil!INCD FROX 1974 REGIONAL AFTERSHOCK 
DATA A}l1) EARTHQUAKES ORIGINATING WITHIN THE 

PERUVIAN SHALLOW SEismc BELT (1963-1975) 

No. of 
Region Earthquakes 

A. Aftershock 
Zone 74 

B. Shallow Seismic 
Belt 316 

Magnitude 
Range !1ethod 1 b 

(1) 0.86±0.04 
(2) 0.86±0.05 
(3) 0.89::0.24 

(1) 0.88::0.02 
(2) 0.864 0.02 
(3) 0.94±0.18 

1Method (1): 
(2) : 
(3): 

Least squares and associated standard error. 
Weighted least squares and associated standard error 
Page (1968) maximum likelihood and approximate 95 percent 

confidence limits. 
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Administration (Meyers and von Hake, 1976). Tbe sample covers the time 

period of April 1963 to May 1975. It includes 559 earthquakes located 

in a zone between the Peru-Chile trench axis and the Andean front and 

extends from 3°5 to 18°S latitude. 

The values of b computed for both the aftershock zone and shallow 

seismic belt (Table 7) are remarkably similar and bear a close resem-

blance with the established median of 0.8 to 0.9 generally observed for 

aftershock sequences and normal seismicity. The fact that the value of 

b for the aftershock zone is based on coda-length magnitudes supports 

the accuracy of these ~ estimates. There is also excellent agreement 

with the least squares computed values of 0.87 and 0.95 determined from 

incremental data by Deza (1970) for western South America between 0° 

and 26°S latitude. Evernden's (1970) b value of 1.11 for central South 

America (1966-1967) may reflect the use of cumulative data and a mix-

ture of earthquakes from different seismic regimes. 



STRESS DROP CONSIDERATIONS 

The combined horizontal and vertical distribution of aftershocks 

imply an effective fault radius of approximately 100 kilometers. 

Assuming that the fault plane is circular (Keilis Borok, 1959) and that 

MS ~ ~' Randall's (1973) graphical relationship between magnitude and 

effective fault radius leads to an estimated stress drop for the main 

shock of about 18 bars. This is consistent with the range of values 

obtained by Max Wyss (personal communication) for shallow underthrust 

earthquakes in the southwest and eastern Pacific. Moreover, Kanamori 

and Anderson (1975) show that, for 24 large shallow-focus inter-plate 

earthquakes, i.e., earthquakes located along plate boundaries, the 

stress drops range between 10 and 100 bars and have an average value of 

approximately 30 b,ars. The lower value of 18 bars, although well 

within the expected limits, may result, in part, from the unusually 

shallow depth of focus for a Peruvian inter-plate earthquake (Wyss, 

1970). 

Abe (1972), using an analytical method which relates stress drop 

to seismic moment (e.g., Kanamori and Anderson, 1975), computed a 

stress drop value which approaches 42 bars for the Peru earthquake of 

October 17, 1966 (M5 = 7.6, h = 38 kilometers). This earthquake 

occurred roughly 200 kilometers northwest of Lima and had a similar 

low-angle thrust fault mechanism (Abe, 1972). Applying Randall's 

(1973) technique to the 1966 earthquake results in an estimated stress 

drop of about 40 bars which is equivalent to Abe's solution. The close 

correspondence between these two values lends some support to the use 

40 
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of Randall's graphical technique for this region in the case of the 

1974 main shock. 



DISCUSSION M""D CONCLUSIONS 

The Peruvian earthquake of October 3, 1974, is interpreted to have 

occurred in response to differential motion near the boundary separ-

ating an oceanic and a continental lithospheric plate. Large-magnitude 

earthquakes are frequently observed along such major plate boundaries 

and, when associated with island-arc structures such as the Peru-Chile 

trench, are normally located on the landward side of the trench axis. 

Kelleher (1972) has defined various seismic gaps within the shallow 

seismic zone of western South America based on "large" earthquakes 

during the past 60 years. The above investigation leads to one of the 

more interesting aspects of the 1974 earthquake in that the main shock 

and aftershock zone fill a seismic gap identified by Kelleher (1972) as 

a region of "relatively high earthquake risk." Also, Brady (1976) has 

suggested that the region of study is a possible source area for a 

magnitude-8+ earthquake within the next 4 to 12 years. In view of 

Brady's prediction, a thorough study of this earthquake assumes an even 

greater importance. The results obtained from the regional aftershock 

study coupled with the tectonic implications discussed by Spence et al. 

(1976), the intensity report of Espinosa et al. (1976), and the damage 

survey of Husid et al. (1976) constitute the most comprehensive seis-

mological investigation of a South American earthquake to date. 

42 



43 

From an assessment of the aftershock data, the following obser-

vations and conclusions are made: 

1. Locations of 113 epicenters describe an irregular shaped zone 

approximately 210 kilometers long by 150 kilometers wide. The ocean-

ward or long side trends south-southeast, subparallel to the coast. A 

dense cluster of aftershocks in the vicinity of Chilca suggests a 

higher degree of energy release for that area than elsewhere throughout 

the region. 

2. The hypocentral distribution is compatible with shallow under-

thrusting and appears to delineate a zone (or slab) that may be as much 

as 40 kilometers thick. Inferred dip is between about 15° and 23°. 

Thickness of the zone could be somewhat less because of possible errors 

in the computed focal depths. Defining aftershock volume as the after-

shock area (Figure 2) multiplied by the depth range of occurrence 

(Figure 5) give values within the limits of about 5 to 9 x 10 5 km3. 

3. Focal mechanisms are consistent with low-angle thrust faulting 

beneath the continental plate. If the strike and dip of the preferred 

B-plane of the main shock focal mechanism is assumed, the nodal plane 

projects through the hypocenter of the largest aftershock and also 

appears to form an upper bound to the majority of aftershock hypo-

centers (Figure 5). 

4. Differences in location between the teleseismic and regional 

epicenters for the oceanward events indicates a general northerly bias 

of 10 to 20 km where the teleseismic location is toward the north. The 

east-west bias noted for the more coastal locations is, for the most 

part, due to variations in depth. 
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5. The distributions of magnitudes within the shallow seismic 

belt as well as the aftershock zone are nearly equivalent and imply a 

regional b value of approximately 0.90. 

6. Estimation of the stress drop for the main shock based on 

magnitude and effective fault radius is 18 bars. 
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ABSTRACT 

Locations of 113 aftershocks of the magnitude-7.6 (M5) Peruvian 

earthquake of October 3, 1974, were determined from data obtained by a 

ten-station network installed along the coastal area between lat 11° and 

14° S. These epicenters define an irregular shaped zone approximately 

210 km long by 150 km wide, the oceanward or long side of which trends 

subparallel with the coast and extends between about lat 12° and 13.8° 

S. The distribution of hypocenters ranges in depth from near surface to 

roughly 65 km and is indicative of shallow underthrusting. Focal mech-

anisms are consistent with low angle thrust faulting. Ab value of 

approximately 0.90 was determined for earthquakes within the Peruvian 

shallow seismic belt (1963-1975) and the aftershock sequence. 
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