
The Pariahu.anca Earthquakes, Huancayo, Peru: 
July-Octoher 1969 

PRELIMINARY REPORT 

ERNESTO DEZA 

Department of Seismology and Gravity, 
Instituto Geofisico del Perú, Lima 

A bstract 
ON 24 July and 1 October 1969, two earthquakes of 
M 5.6 and M 6.2 respectively, took place in the 
Pariahuanca area, near the city of Huancayo, Peru. 
Both were very shallow earthquakes, having the same 
epicentre. Associated faulting reached up to 1.60m 
of vertical displacement and about 0.70m of lateral 
movement. The resultant block movemen ts were strike--­
slip and rotational upwards along the plane of the 
dip. Differential displacement a long the fault trace 
occurred with the second shock. The observed fault 
length is about 16km. The information obtained from 
field work gave poor correlation with the empírica! 
magnitude-fault parameter relations. 

lNTRODUCTION 
THE R uan.cayo region is located in the Andes Range 
of Central Peru. The seismic activity in this region, 
like others on the western side of South America, is 
closely related to the growth of the Andes. Many 
earthquakes of magnitude greater than 5 have occur­
red in the present century (Table 1) . Among such 
earthquakes may be mentioned the Satipo earth­
quakes of 1 November 1947, ata depth c.f 70km an.d 
having a magnitude of 7.5, of which the epicentre 
(10.5°S, 74.9°W) was 140km north of the Paria­
huanca shocks. The Satipo earthquake affected a 
big area, producing many Iandslides, ancl for ,- ·.ong 
time the routes to Satipo and San Ramor were 
closed. There were no reports of faulting. 

TABLE 1.- Earthquakes from the Huancayo R egion. 

Date 
D. M. Y. 
05 01 
09 12 
24 12 
04 08 
30 09 
28 05 
01 11 
24 01 
28 04 
28 09 
28 01 
07 10 
28 05 
05 07 
11 11 
18 06 
15 05 
01 07 
03 08 
03 02 
21 09 
28 09 
01 12 
12 01 
27 02 

1925 
1932 
1937 
1940 
1946 
1948 
1947 
1957 
1958 
1962 
1963 
1963 
1964 
1964 
1964 
1965 
1967 
1967 
1967 
1968 
1968 
1968 
1968 
1969 
1969 

January 1925-February 1969 
Time 

GMT Lat. Long. Depth Mag. 
H. M. S. 
13 45 46.0 
08 34 55.0 
06 20 40.0 
16 07 05.0 
00 59 42.0 
03 36 12.0 
19 58 54 
07 16 29.0 
11 47 40.0 
22 14 52.7 
02 12 13.3 
12 43 53.6 
12 49 57 .5 
22 14 55.8 
18 48 56.6 
22 45 16.7 
17 08 57 .1 
01 13 42.6 
12 40 21.1 
11 43 04.4 
14 44 24.6 
13 53 35.3 
13 14 50.6 
14 12 53.0 
05 09 30.5 

S. W. KM CGS 
14.0 
13.7 
10.3 
14.0 
13.6 
13.1 
10.5 
12.5 
11.0 
13.8 
11.2 
12.9 
13.4 
10.0 
13.4 
11.1 
10.3 
13.0 
13.5 
12.2 
11.8 
13.2 
10.6 
14.1 
13.9 

73.5 
73.4 
75.4 
74.0 
75.9 
76.2 
74.9 
78.0 
74.7 
76.7 
76.9 
76.8 
74.9 
75.0 
75.0 
73.6 
74.6 
76.0 
74.8 
76.3 
75. l 
76.4 
74.9 
72.7 
74.3 

200 
75 
15 

120 
100 

70 
70 
33 
33 
61 

11 0 
69 

103 
93 
99 

11 1 
117 
66 

116 
40 

7 
70 
5 

113 
11 1 

6.5 
6.5 
6.2 
5.5 
7.0 
6.7 
7.5 
6.2 
6.7 
5.4 
5.4 
5.3 
5.2 
5.0 
5.0 
5.5 
5.1 
5.5 
5.2 
5.0 
5.0 
6.0 
5.4 
5.2 
5.2 

Tecton,ically the Huancayo region displays a folded 
mesozoic-cenozoic rock system; the main axis of the 
folded system is parallel to the dominant NW 
direction of the Andes range. To the east pre­
cambrian and paleozoic rocks are present which 
control the folded rock system. The faulting, from 
west to east, is mainly overthrust on the folded rocks, 
and of in.verse nature on the oldest rocks; both types 
strike NW (Tectonic map of Peru, 1968) . 

Deza ( 1969), has studied qualitatively the seismo­
tectonic regions on the western side of South 
America, finding three regions which interact through 
transitional zones. These zones show sorne special 
features, the more important of which are chan.ges in 
background seismicity, changes of mean depth of the 
earthquakes, relations with the Nazca and Camegie 
Ridges and relations to vulcanism. In the transitional 
zone of Peru, changes of tecton,ism, changes in 
magnetic anomalies and changes in Bouguer anoma­
lies occur. 

The Huancayo region lies to the north and very 
near the transitional zone of Peru (between 
13 º - 14 ° S) which separa tes the seismotectonic regions 
II and III ; in general the seismic activity in this 
region seems to be associated with inverse faulting 
( see fig. 1) . 

THE 24 J u LY EARTHQUAKE (First Series) 

At 025921.0 GMT an earthquake of mean 
magnitude 5.6 took place at a depth of 1km, severely 
shaking Pariahuanca, Lampa and Chilifruta, ali near 
Huancayo; the epicentre located by USCGS was 
11.9°S, and 75.9°W ( fig. 2) . As a result only slight 
damage resulted to the adobe houses which are the 
common type of building. This earthquake was 
followed during the 68 days before thc 1 October 
earthquake by more than 300 aftershocks, recorded at 
the Huancayo station 35km SW of the epicentres. It 
has been observed that the aftershock activity decayed 
according to well-known in.verse power law 
f (T ) = T-k. The data were adjusted by the least 
square method, thereby obtaining the decay equation 
for this series ( fig. 3) : 

f (T ) = 20.358 T--0.os 

The rate of frequency decay k (0.68) found here 
is very small compared with the Iower Iimit for the 
range of k given by Scholz ( 1968) and also with the 
k Iisted by Mogi ( 1962) . The depth error involved 
in the calculation made by USCGS is ± 4.6km, 
which could be significan.t for the rate 0f frequency 
decay and faul t Iength ; the brittleness of the material 
seems to change with depth, since aftershock 

Recent Crustal Movements, R oyal Society o/ New Zealand, Bulletin 9, pp. 77-83, 2 figs, 1971 
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F10. 1.- Sesimicity and Fault System of Central Peru. 

sequences a lmost always accompany shallow tectonic 
earthquakes but not deep earthquakes (Isacks, et al., 
1967) . I t is assumed here that the low rate of 
frequency decay for this shock is related to the 
shallowness of the foci and the brittleness of the 
paleozoic rocks in which the earthquakes took place. 
There was n.o field observation for this earthquake, 
but according to people who work in the earthquake 
area, a vertical displacement of the ground appeared 
a t the foothills of Mount Huaytapallana; the NE 
block was raised sorne 40cm with respect to the SW 
block. 

Fig. 5 shows the deformation characteristics 
calculated (Ba th et al., 1964) from USCGS epicentre 
determinations, which indicates almost the same slope 
as the second branch of the deformation curve for the 
O ctober shock; it could mean that the same process 
has occurred ( shearphase) . Most of the aftershocks 
of this sequen.ce have magnitudes less than 4 accord­
ing to H UA records, but due to the lack of seismic 
stations it was not possible to get more instrumental 
information for the location of aftershock epicentres. 
Nevertheless, Table 2 shows USCGS epiceutre deter­
minations. 
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FIG. 2.- The Pariahuanca earthquake. Huancayo, Peru, July-October, 1969. 

TABLE 2.-Ear thquakes of the First Series. 

Time 
Date GMT Lat. Long. D epth Mag. 

D. M. Y. H. M. S. S. W. KM CGS 
24 7 1969 02 59 21.0 11.9 75.1 01 5.9 
24 7 1969 04 32 36.8 11.8 75.2 01 4.6 
24 7 1969 06 33 07.8 11.9 75. 1 01 4.8 
01 8 1969 02 22 39.4 11.8 75.1 01 4.7 
01 8 1969 19 02 10.9 11.8 75.2 02 5.1 

(M 5.7 CGS: 5.6 BRK 5- 1/2 N 5-3/4 GOL - ) 

THE 1 ÜCTOBER EARTHQUAKE ( Secon<l Series) 

The main shock of this series occurred on 1 
October, at 050543.2 GMT, 68 days after the 
previous shock; the epicen,tre calculated by USCGS 
was the same at 4km + 0.6 depth, and the mean 
magnitude of 6.2 was strong enough to produce 
damage in the villages surrounding the epicentre. A 
Mercalli intensity of 8 was observed in Chilifruta, 
Lampa, Pomamanta and Pariahuanca, ali town,s 
located near the epicentre; in the city of Huancayo 
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the intensity observed was 5 ; in Fig. 4 thc isoseismals 
are drawn. It was impossible to visit the whole 
area, since routes were closed by landslides, and rain­
fall and snow made air transportation difficult. 
More than 130 fatal casualties, 216 injured and more 
than 1,000 slightly injured, were reported. ,As 
pointed out, the majority of houses made of adobe, 
adobon and stones, were seriously damaged, and sorne 
of them collapsed. Landslides and ground cracks 
werc also observed. 

The fault noted with the 24 July earthquake was 
activated again, increasing to 1.60m of vertical dis­
placement at a point 6.5km NE of the Acopalca farm 
(Fig. 6) ; a horizontal displacement of 0.70m was 
measured at two places-at 1.0km SE and at 2.5m 
SE from the point where the vertical offset was 1.60m. 
At both points a straight wire fence had been set up 
sorne years ago; when the earthquake took place the 
resulting fault was perpendicular to this fence, so the 
horizontal displacement ,vas very easy to measure. 
At both points a vertical displacement of 1.00m was 
observed (Fig. 7) . The fault strikes 60" NW and 
clips 65º NE, and has been classified as an inverse 
fault, which is the common regional type of faulting 
in the paleozoic rocks. From field observations the 
length of this fault is about 16km and the approxi­
mate aftershock epicentre distribution along the 
direction of fau lting is more than 30km (Fig. 2) . 

As was pointed out, almost a li fault parameters 
were observed in the field, and can be used in the 
empirical m agnitude-fault relationships. The result 
is shown in T able 3; taking into considerntion that 
the magnitude used here is the mean of surface wave 
magnitudes reported by USCGS. 

As can be seen from T able 3 none of the "ormulae 
fit the observed parameters with the rep?rt~d 
magnitude. Of course, there are many t!r,certamt1es 
in these empirical relationships, as was pou,tec! out by 
Otsuka ( 1964) . Applying his rcsults for the upper 
limit of fault length, it is found that 20km of faultmg 
corresponds to this earthquake, which is very near 
to the observed data. 

The Huancayo station recorded from O ctob_er until 
31 December more than 2,000 aftershocks w1th S- P 
ranging from 4 to 6sec, most of them ?f 1:1agnitude 
less than 4 according to the rough exammat10n of _the 
recorded amplitude on the record from the Bemoff 
vertical short-period seismometer. T~c fre_quency ~f 
aftershock sequence was plotted agamst t1me1 as 1s 
seen in Fig. 3. This sequence follows the mverse 
power law quite well ; numerical values wcre . found 
by the least square method and expressed m the 
following relation: 

f (T ) = 532,15 T -1.oo 

TABLE 3.-Calculated Magnitudes of the 1 O ctober 1969 Earthquake from Observed Fault 
parameters. 

Mean M , = 6.2, L = 16 Km., D v = 1.60m, D,. = 0.70, R = D ..2 + D,.' 
Author 

I ida, K., 1965 
Press 1967 (Chinnery, 1969 ) 
Wyss and Brune, 1968 (Chinnery, 1969 ) 
Lida, K., 1965 
Chi-yu King and Knopoff ( 1969 ) 

Formula 
M = (0.76± 0.08) Lg L + (6.07± 0.13) 
M = 1.6 Lg L - 3.5 
M= 1.9 Lg L - 6.7 
M = ( 6.16±0.30) + ( 0.58± 0.15 ) Lg Rl 
M =2.22 - 0.46 Lg Lff 

M 
6.98 
6.43 
5.09 
8.73 
7.49 
4.03 
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The rate of frequency decay found for this series 
seems to be normal-almost 1-as is pointed out by 
Scholz ( 1968) after a review of the Utsu and Mogi 
data, but in comparison to the previous shock there 
is a rather large difference, which may be due to 
the depth of both hypocentres; although since there 
are many factors involved in earthquake aftershock 
activity, it could be of sorne value to takc the depth 
of the foci into account for the frequency-time rela­
tionship. The first series is considered as foreshocks 
of the main shock of October. For locating epi­
centres and recording small aftershocks, two portable 
seismic stations were installed very near the fault 
trace, eight days after the main shock; the nearest 
station, Acopalca, was placed at only 5km perpen­
dicular to the faults, in the SW block; thz second was 

installed at Comas, 16km perpendicular to the fault, 
on the NE block; from the records of these stations 
and those from Huancayo it was possible to find 
graphically during a period of two days ( Oct. 14-15) 
more than 20 aftershocks. T hey fit more or less the 
aftershock area, which is elongated in the direction 
of the fault trace (Fig. 2) . 

MECHANISM OF THE EARTHQUAKE AND THE 

AFTERSHOCKS 

The polarity of the great majority of first 
arrivals recorded at the Huancayo station was dilata­
tional, which is in agreement with the vertical move­
ment and also with the left-lateral movement 
observed in the field. The Huancayo station is 
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situated on the SW block, which was displaced 
relatively from NW to SE. Aftcrshocks u5ually have 
the same polarity as the main shock, but about 1 
percent of this sequence has been observed with 
inverse polarity. The epicentres of the inverse 
polarity shocks have not yet been computed; hcnce 
their relationship with the fault movem:!nt is so far 
unknown. 

T he dcformation characteristic ( Fig. 5) , calculated 
from USCGS preliminary epicentre determinations 
listed in Table 4, applying the deformation-magn,itude 
relationship proposed by Bath and Duda ( 1964) as 
a modification of the Benioff method of strain 
rclease, shows typically two phases: a linear section 
followcd by a curved section ( comprcssional and 

TABLE 4.- Earthquakes of the 1 October 1969 Series. 
Date Time GMT Lat. Long. Depth Mag. 

M. D. Y. H. M. s. s. w. Prof-Km. CGS 
10 01 1969 05 05 43.2 11.9 75.1 04±6.0 *5.9 
10 01 1969 05 25 59.3 11.8 75.1 15 5.3 
10 01 1969 05 58 12. 7 11.7 75.1 05 5.7 
10 01 1969 06 28 02.4 11.7 75.1 05 5.1 
10 01 1969 08 28 14.0 11.8 75.0 03 5.8 
10 01 1969 17 04 44.8 11.7 75.0 05 5.1 
10 01 1969 22 56 24.8 11.8 75.0 05 5.5 
10 02 1969 00 30 57.4 11.9 75.1 05 4.3 
10 04 1969 00 26 34.9 11.9 75.1 20 4.7 
10 04 1969 21 08 18.8 11.8 75.1 05 4.4 
10 04 1969 21 57 51.7 11.6 75.0 05 4.2 
10 06 1969 00 37 59.6 11. 7 75.1 03 5.1 
10 06 1969 06 36 45.2 11.8 75.0 04 5.3 
10 07 1969 23 07 21.2 11.7 75.3 05 4.9 
10 13 1969 04 11 23.0 11.9 75.2 14 4.3 
10 20 1969 18 00 38.7 11.9 75.2 12 5.1 

* 6.2 (USCGS) ; 6.4 ( PAS) and 6.1 (BRK) surface wave 
magnitudes. 

shear phases respectively) . Comparing it with the 
deformation characteristic of the D,,.~i.,t-e-Bayaz 
(Iran) earthquake of August 1968, computed by 
Cramping ( 1969), both earthquakes a:-e similar in 
having two phases, although their relaxati-1:, times are 
diffcrent. 

THE ÜBSERVEO FA ULT MovE1i::ENT 

,According to fi.eld observations, blo k . ovements 
seem to have taken, place in two main ,r;1ges. The 
earthquake of 24 J uly and the correspor.ding series 
of aftershocks are considercd as a fi. rst stage causing 
vertical movement of the NE block in relation to the 
SW block. 

The block movements due to the earthquake of 1 
October are a sccond stage, but apparcntly present 
two steps. The first step involves the vertical and 
rotational movement of the NE block with respect to 
the SW block on the dipping fault plane, which 
seem to have occurred simultaneously (Figs 6, 7, 8, 
9) . The exposecl fault surface of the NE block, very 
near to the poin,t of maximum vertical offset, shows 
curved striations as an inclication of the rotation 
(Fig. 8) , and thus could affect the shal!ower !ayer 
only. 

When these movements took place the second step 
occurred; slabs of ground from the NE block edge 
were formed (Fig. 7), which were folded near the 
weaker en,cls, when the strike-slip (left-latcral) move­
men.t occurred, immediately after or just before the 
end of the fi.rst step. 

Fig. 9 shows a view of about 3km of the fault. 
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Fm. 6.- Inverse fault associated with the Pariahuanca 
earthquake, 1 October 1969, Huancayo, Peru, m_aximu1!1 
vertical displacement 1.60m. The NE block (nght) 1s 

raised to SW block ( left ). 

SW BLOCK -~· _:_, 
• ,· . -~ 

FIG. 8.-Curved striations on the NE block fault wall, an 
indication of rotational movemcnt of the blocks. Bottom 

centre, a Brunton magnetic needle. 
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