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ABSTRACT: The Puerto Armuelles Earthquake of July 18, 1934 and its six main aftershocks nave been relocated 
using a new version· of Dewey's Joint Hypocenter Determination program: JHD89. The main event focal mechanism 
has been determinated from historical seismograms first arrivals. The results of this study suggest that the active 
Panama, Balboa and possibly the My leland fracture zones extent through the southwestern Panama continental shelf 
up to connect with faults inland as proposed by BERRANGE & THORPE (1988). The Burica Peninsula medial fault 
zone, stratigraphically infered by CORRIGAN (1986) also seems to be active. This group of parallel northwest 
trending right lateral strike-slip faults interact, at least for large events. The focal mechanism solution of the 1934 
Puerto Armuelles Earthquake indicates a right lateral strike slip solution with a normal component. 

RESUMEN: En este traba jo seha relocalizado el sismo de Puerto Armuelles dellS de julio de 1934 y sus seis replicas 
principales utilizando una nueva versi6n del programa de Dewey para la determinaci6n grupal de hipocentros: 
JHD89. El mec~ismo focal del even to principal se ha determinado a partir de los prim eros arrivos de sismogramas 
hist6ricos. Los resultados de este estudio sugieren que las activas zonas de fracturas de Panama, Balboa y Mykland 
se extienden a traves de la plataforma continental del suroeste de Panam~ hasta conectar con fallas en tierra como 
ha sido propuesto por BERRANGE & THORPE ( 1988). La zona de falla media de Burica, Ia cual fue inferida estra­
tigraticamente por CORRIGAN (1986) tambien parece estar activa. Este grupo de fallas paralelas transcurrentes 
diestras interacruan al menos, para eventos grandes. El mecanismo focal para eleven to principal indica una soluci6n 
transctuTente diestra con una componente normal. 

INTRODUCTION 

The Pacific coast of Panama and Costa Rica 
is characterized by numerous peninsulas and pro­
montories formed by obducted ophiolitic seg­
ments of oceanic crust of Cretaceous to Early 
Tertiary age (DENGO, 1985). 

Unlike the rest of Central America and north­
western South America most of the Pacific conti­
nental margin of the Isthmus of Panama presents 
a wide continental shelf. In this region does not 

exist a conclusive evidence that an active subduc­
tion process is still taking place . . 

Around the coast of the Gulf of Chiriqui live 
near one third of the total population of the 
Republic of Panama. This is a region of great 
industrial and agricultural wealth, where many 
important infrastructures have been built. Among 
them we have the transisthmian oil-pipeline, which 
transports the Alaskan crude oil through the 
isthmus on its way to the east coast of the United 
States, and the hydroelectric dams that proVide 
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seventy percent of the electric power consumed 
by the whole country. 

Even though this region has been shaken by 
several destructive earthquakes. at least during 
the last four hundred years (VIQUEZ & TORAL, 
1987). the absence of a local seismic network 
impedes a beuer knowledge of the seismotcct.Q. 
nics of this zone. 

Because in this gulf events larger than Ms = 
6.0 do not occur very often the study of historical 
earthquakes is of great importance to improve the 
understanding of the seis motectonic and seismic 
hazard of southwestern Panama. 

The study of historical events is greatly im­
proved by using historical seismograms (thOse 
recorded before 1962). The use of historical seis­
mograms presents several problems: there is a 
small number of valuable and " readable" records, 
the instrument response are not well known and 
their polarity calibration sometimes is not too 
reliable. Unfortunately these historical seismo­
grams constitute the only source of instrumental 
information, principally for regions without seis­
mic networks, of some of their more important 
earthquakes. Furthermore seismic events do not 
repeat exactly in the same way. and consequently 
the study of historical seismograms is very impor­
tant for a thorough understanding of the earth­
quakes phenomenon (KANAMORl, 1988). It is 
also crucial to distinguish the typeoffocal mecha­
nism of the events for a better evaluation of 
seismic gaps (McCANN, et al., 1984). 

In this research we have studied the Puerto 
Annuelles earthquake of July 18, 1934. This is 
the largest event, Ms = 7.6 (ABE, 1981), of the 
Gulf of Chiriqui region to have been instrumen­
taly recorded. We re located the hypocenters of 
the main event and its large aftershocks using a 
joint hypocenter determination computer pro­
gram (JHD89). Because the historical records of 
the aftershocks are scarce or are very deteriora­
ted, we were just able to determine the focal 
mechanism of the main event form frrst motion 
analysis. This is so. because most of the after­
schocks were not sttong enough to be recorded 
teleseismically by the low gain instruments of 
those years, and also because many of the few 
a~ilable records are very deteriorated. 

TECTONIC SETIING 

The Gulf of Chiriqui in the southwestern 
continental margin of the Isthmus of Panama 
forms part of the Middle America Forearc Ridge 
(CASE. 1984 ). Here the crust is 17 to 25 km thick 
and is overlain by a primitive magmatic arc 
complex, including thick pelagic and turbiditic 
components.Thisgulfisconsideredtobea modern 
pull apart basin (BERRANGE & 11-IORPE, 1988; 
BERRANGE, 1989). 

Analysing seismic sections from the Gulf of 
Chiriqui, near the west of Coiba island (81. 9° W), 
OKAY A & BEN-A VRAHAM (1987) discove­
red four major active submarine normal faults 
(see Fig. 1), with a WNW-ESE !rend. One of 
thesefaults,theCoibafault.couldbeanextension 
of the Puerto Annuelles-Esquina fault, which lies 
to the north of the city of Puerto AnnueUes, in the 
northern side of the Burica Peninsula (LUQUE, 
personal comm., 1989).0KA YA & BEN A VRA­
HAM ( 1987) have also proposed that these faults 
probably bound a large northwest-southeast gra­
ben or pull apart basin, that extends for approxi­
mately 100 km, from a bathymetric depression in 
the northwest through Coiba island to the sharp 
bend of the continental slope al 81 .5° W. 

The Panama-Coiba Fracture Zone extends 
from the Costa Rica rift zone, around 3.00 N 
(GRIMM, 1970), up to 6 .0° N. and between 83.0° 
and 82.0° W, as a belt which exhibits a vigorous 
shallow focus seismicity (WEYL, 1980; ADA­
MEK, 1986). It has been shown by several re­
searchers (MOLNAR & SYKES, 1969; LOW­
RIE, et al., 1979; PENNlNGTON, 1981; 
WOLTERS, 1986; ADAMEK, 1986), that this 
oceanic transform fault. which forms the bound­
ary between the Cocos and Nazca plates, displays 
a right lateral strike slip motion (see Fig. 1). 

Approximately north of 6 .00° N the Panama­
Coiba Fracture Zone splays in a series of parallel, 
north trending dextral strike slip faults. The most 
prominentofthesefaultsare: thePanama,Balboa, 
Mykland and Coiba fracture zones (LOWRIE, et 
al., 1979). 

There are two models to explain the tectonics 
of the northern terminus of the splayed Panama­
Coiba Fracture Zone. One states that the north 
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Fig. 1: Map depicting lhe southwestern Panama continental manin and lhe Panama-Coiba Fracture Zone wilh some 
of its characteristic focal mechanisms. 
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trending right-lateral strike slip faults subduct 
obliquely in the southwestern Panama continen­
tal margin into a NNW -SSE trend (MOORE, et 
al., 1985;HEIL&SILVER, 1987).Subductionof 
the fracture zone apparently produces the uplift of 
the adjacent contiental slope; e.g. The Panama 
Fracture Zone aligns with the Burica Peninsula, 
the Balboa Fracture Zone with an anomalous 
bathymetric high on the continental slope and the 
Coiba Fracture Zone with Coiba and Jicaron 
islands (HElL et al., 1986; SILVER et al., 1990). 
The other model proposes that the right lateral 
fracture zones extend through the continental 
shelf up to intersect the coast in the vicinity of the 
Osa and Burica Peninsulas, in the Panama-Costa 
Rica border region, where they bend to the north­
west to form a series of braided coast parallel 
dextral trench faults (BARRIT & BERRANGE, 
1987; BERRANGE & THORPE, 1988). Further 
northwest these NW -SW trending faults trans­
form into thrust and reverse faults which parallel 
the Mid America Trench (CORRIGAN, 1986). 

The seismotectonic pattern around the Burica 
Peninsula, at the northwestern margin of the gulf, 
could be affected by the subduction of the Pana­
ma Fracture Zone and the Cocos Ridge, located to 
the southwest of the peninsula, beneath the South 
Central American Arc (VERGARA, 1988). Its 
long term uplift rate of 1.25 mm/year, as well as 
the Neogene fault pattern show that the Cocos 
Ridge subducts beneath the Burica Peninsula 
(CORRIGAN, 1986). This also seems to be con­
firmed by normal focal mechanism of the July 9, 
1963, event, and the July 1, 1979 event. The 
eastward-dipping nodal plane of this last event is 
consistent with uplift of this peninsula (ADA­
MEK, 1987). 

North of the Burica Peninsula the Co to Colo­
rado-Chiriqui basin contains 2500 m of sediment 
(SPRECHMANN, 1984). This is part of a series 
of basins which prolong from the Gulf ofNicoya, 
in northwestern Costa Rica, to the Gulf of Chiri­
qui in southwestern Panama (FISCHER, 1980). 
It has been suggested by BARR IT & BERRANGE 
(1987), and BERRANGE & THORPE (1988), 
that these are pull apart and tipped wedge basins 
fllled with sediments derived locally from adja­
cent mini horst blocks of uplifted ophiolitic Ni­
coya Complex, and developed as result of the 

strong N -S horizontal stress field generated by the 
Colon spreading ridge in the Tertiary. 

Close to the western shore of the Gulf of 
Chiriqui the bathymetry changes abruptly. Very 
.close to the coast runs a V shaped submarine 
valley which p3rallels the Burica Peninsula for 
more than 5 km and can be traced some 16 km 
farther south to the 1800 m line (TERRY, 1941). 

IthasbeenpointedoutbyMORALES(1986), 
that the absence of focal mechanisms from the 
continental margin of southwestern Panama makes 
difficult to confirm if there is an active subduction 
process taking place or just the continuation of the 
fracture zones inland. TherupturezoneoftheJuly 
18, 1934 Puerto Armuelles Earthquake characteri­
zes the extension of this zone (MORALES, 1985). 

THE PUERTO ARMUELLES 
EARTHQUAKE OF JULY 18, 1934. 

On July 18, 1934atOlh36m29sUTC,a very 
strong earthquake (Ms = 7 .6) hit the Gulf of 
Chiriqui region. The epicenter reported by the 
1934 ISC Bulletin is 8.2° N, 82.6° W. GliTEN­
BERG & RICHTER (1958) report an epicenter 
with coordinates 8.0° N, 82.5° W. 

This event caused very local damage mainly 
in the southwestern Panama region (VIQUEZ & 
TORAL, 1987). It was strong enough to trigger 
a Wenner accelerograph, on fmn ground at Balboa 
Heights Panama (BHP) in the Panama Canal 
Zone, 340 km away, that recorded a maximun 
horizontal acceleration of 7 cm/s2 at 0.6 s 
(NEWMANN, 1936). This earthquake was also 
felt in Panama City and in San Jose, Costa Rica at 
350 and 300 km from the epicenter, respectively 
with a M.M. intensity of V. It has been suggested 
that the Panama Fracture Zone works as an elastic 
wave buffer zone so that earthquakes to the west 
of it cause more destruction in Costa Rica and 
those to the east produce most of the damage in 
Panama(GUENDEL, writtencomm., 1989). This 
phenomenon could possibly be explained by the 
fmdings by DE1RICK et al. (1986) of a seismi­
cally anomalous crust within large oceanic frac­
ture zones, which presents low compressional 
wave velocities specially in the shallow crust, and 
very high velocity gradients. 
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The Puerto Armuelles Earthquake also gen­
erated a small local tsunami (LOCKRIDGE & 
$MITH. 1984). The tsunami was recorded in 
Bahia Honda, in the eastern shore of the Gulf of 
Chiriqui, by a tide gage aboard the U.S.S. Hanni­
bal. The peak to through amplitude was 0.6 m, 
and the duration of the wave train in Bahia Honda 
was five hours eighteen minutes. This tsunami 
only caused minor damage along the western 
s.hores of the gulf. CRUZ & WYSS (1983), have 
found that the tsunamis along the Pacific coast of 
Mexico and Central America just cause local 
damage. Large tsunamis llke those of Chile and 
Japan are not characteristic of this region. 

The main earthquake was followed by four 
strong aftershocks on the same day: at 04h00m, 
Ms = 6.5; at 06h35m, Ms = 6.5; at 16h10m, Ms = 
6.0; and at 17h00m, Ms = 6.9 (ACRES, 1982). 
The fourth aftershock was also strong enough to 
trigger the BHP accelerograph again. On July 21 
at 10h49m another aftershock occurred, that re­
gistered a magnitude Ms = 6.75 (ACRES, 1982). 
Balboa Heigths Panama (BHP), located 350 km, 
away recorded fifty aftershocks between July 18 
and July 26. Due to the July 21 event, cracks, 
several inches wide, appeared near the village of 
Progreso, extending across the Panama-Costa 
Rica border, with a NWW-SEE trend (LEEDS, 
1978). This last strong aftershock was the one 
caused more damage, mostly in areas with exten­
sive alluvium material. Thia was made worse by 
the fact that its epicenter was located on land, and 
that the buildings were already weakened after all 
these severe aftershocks. Most of the well con­
structed buildings just underwent minor damage 
(LEEDS, 1978; VIQUEZ & TORAL, 1988). 
Altogether, this group of events caused around 
two million 1934 U.S. dollars of damage. 

PREVIOUS HYPOCENTRAL 
RELOCATION AND FOCAL PLANE 

SOLUTION. 

The epicenters of the July 18, 1934 Puerto 
Annuelle EarthqlUalce and its aftershocks were re­
located for the frrst time by KELLEHER et al. 
(1973). Using a single event location computer 
program they obtained the results shown. on table 

1. A plot of the·epicenters relocated by Kelleher 
in 1973 is on figure 2. 

It has been found by PLAFKER (1973), AL­
GERMISSEN etal. (1974),PONCEetal. (1979), 
GETTRUT et al (1980), MIY AMURA (1980), 
MORALES (1984), and SINGH & LERMO 
(1984), that for events in the Pacific of Mexico 
and Central America the epicenters located 
teleseismically, with unadjusted travel times, lie 
tens of kilometers northeast of the true epicenter. 
Due to this shift to the northeast the events are 
usually located inland or very close to the coast 
when in reality they have an offshore location. 
Moreover, CRUZ & WYSS (1983) have studied 
tsunarnogenic earthquakes along the Pacific coast 
of Mexico and Central America, and found that 
their teleseismic location plot 50 to 100 km inland 
from the coast. Like the other researchers men­
tioned before, they propose too, that these loca­
tions are biased by at least 7 5 km to the northeast 
and their depths are overestimated by approxi­
mately 20 km. According to them this has to be 
so, because major portions of the rupture areas 
must have been located at shallow depths under 
water so that tsunamis could have been generated. 

Table 1 
The July 18,1934 Puerto Armuelles Earthquake 
and Aftershocks as relocated by KELLEHER et 

al. (1973) 

Event Date OT. Lat. Long. Md 
# (N) (W) (PAS) 

1 7/18 013623.2 8.14 82.38 7.6* 

2 7/18 040037.1 7.89 82,88 6.5 

3 7/18 063533.0 8.31 82.37 6.0 
4 7/18 160949.4 7.91 82.26 6.0 
5 7/18 165938.8 7.81 82.15 6.9 

6 7(}.1 103908.6 8.48 82.42 6.75 
7 7(}.1 131918.3 7.84 82.87 6.0 

• The magnimde of this first event was estimated by 
Abe (1981) 

The focal mechanism of the main event has 
been previously estimated by MOHLHAUSER 
(1956). From twenty three P wave first motion 
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Fig. 2: Map with major tectonic features of soutwestern Panama. after BERANGE & THORPE (1988). Relative movements indicated by arrows and downthrown 
block by ticks. Black circles denote the epicenters of the July 18. 1934 and its major afterschocks as relocated by KELLEHER et al. (1973). The epicenters of the same 
events relocated using JHF89 are indicated by open circles. Note the shift to the northwest of the majority of the events. 
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readings he obtained a nonh south trending right 
lateral strike slip focal plane solution. It is impor­
tant to note that five of the polarities employed by 
Mtihlhauser are from stations located at more 
than 100 from the epicenter. Polarities from P 
wave first arrivals generally are not too reliable at 
these distances because the rays hit the eanh 's 
core (STEIN, 1987). Furthermore one of the 
polarities used in his determination, SCO is listed 
in the station bulletin and in the International 
Seismological Summary with the opposite sign. 
Unfortunately the historical seismogram is no 
longer available. Another station GEO is very 
unlikely to be compressive, because historical 
seismograms from three canadian stations: OTI, 
SHF, and SAF with almost the same azimuth 
show clear dilatations. 

An almost similar fault plane solution was 
obtained by WIECKENS & HOOOSON (1967), 
employing a computer program to process the 
same data used before by Mtihlhauser. 

DATA AND ANALYSIS 

In this sll.ldy we have applied modem tech­
niques to relocate the hypocenters of the main 
event and its aftershocks, and determine its focal 
plane solution. 

Hypocenter Relocation 

To relocate the main event and its aftershock 
we have used frrst arrivals times as listed in the 
1934 International Seismological Summary, the 
Bulletin du Bureau Central Seismologuique, L'te 
United States Coast and Geodetic Survey Earth­
quake Report, and bulletins from several Mexi­
can and South American stations. 

With these data we fed a Joint Hypocenter 
Determination (DOUGLAS, 1967; DEWEY, 
1971) computer program: JHD89 kindly pro­
vided by J. Dewey. This method has proved to be 
very succesful in reducing within group errors in 
studies with regional and teleseismic phases 
(DEWEY & ALGERMISSEN, 1974; VIRET, 
1984). 

We preferred a joint hypocenter determina­
tion (JHD) over a master event techniaue. even 

though the last one is easier to use, because many 
of the stations that recorded the 1934 events are 
no longer in operation. For either of these two 
techniques, the effect of travel time anomalies are 
minimized. 

As calibration event we used the 1979 Puerto 
Armuelles Earthquake which was clearly and 
widely recorded at teleseismic distances. The 
International Seismological Centre Summary 
reports for this event the following parameters: 
OT20h34m2ls,8.342°N,82.980°W,andafocal 
depth of 30 km. Instead of using this depth we 
used the one determined by ADAMEK (1986). 
Using waveform modelling he determined a focal 
depth of 12 km for this event. DZIEWONSKI 
( 1987) estimated for the same event a depth of 10 
km. 

We calculated the depth of the main event 
from four pP-P time intervals from historical seis­
mograms. These readings correspond to the fo­
llowing stations: OTI, EDI, UCC, PAS, and 
SLM. Using the J-B travel times we obtained a 
depth of 24.2± 2.6 km, which may be a bit 
overestimated. In oceanic events due to the water 
layer the depth phases can be misidentified with 
water reberberations such as pwP or swP 
(MENDIGUREN, 1971; HERRMANN, 1976). 
Forll.lnately the bathymetry in this region is very 
shallow and the water layer does not affect the 
depth determination considerably. Moreover, the 
fact that this event caused a small tsunami and 
that these are generated by changes in the ocean 
floor following a shall<;>w earthquake (MURTY, 
1977) indicates that this event was shallow. 

For the rest of the events we assigned 
"dummy" depths, based on what it is known for 
depths in this region from recent studies by 
WOLTERS (1983) and ADAMEK et al. (1988). 
The events located in the gulf were assigned a 
depth of 15 km, and those located inland were 
assigned a depth of 25 krn. As has been stressed 
by DEWEY (1979) the effect of an uncertainty of 
approximately 15 Ian in depth, has a minimal 
effect on the teleseismically determined epicen­
ter. Because of this it is better to use geophysical 
and tectonically reasonable estimates of depth, 
than try to compute it from inadequate data. 

In this study instead of relocating the best re­
corded events usinll JHD and then recomoutin2 
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the remainings events with a single event teleseis­
mic location program, using stations delays and 
variances computed in the JHD, we relocated the 
whole set of seven events using JHD. 

The epicenters relocated using joint hypo­
center determination are on table 2. 

Table 2. 
The July 18, 1934 Puerto ArmueUes Earthquake and its 

aftershock as relocated in this work using JHD89 

Event# Date OT 

I 7/I8 0Ih36m28.3s 
2 7/I8 04h00m40.4s 
3 7/I8 06h3Sm39. Is 
4 7/I8 I6h09m54.Ss 
s 7/I8 I6h59m43.2s 
6 7/2I IOh39mi4.7s 
7 7/2I I3hi9m23.6s 

A plot showing the location of the relocated 
epicenters with respect to the tectonic structures 
of the region is on figure 2. In this plot can be 
notice that the main event and the majority of its 
aftershocks have shifted to the southwest, and 
they are located in or within few kilometers of 
mapped faults. The main event, number I in the 
map is at less than I 0 km from the Balboa Fracture 
Zone. Events 2 and 7 arc close to the Burica 
Medial Fault Zone, a north trending rigth lateral 
strike slip fault system, almost coincident with 
the Panama-Costa Rica border, which was in­
ferred by CORRIGAN (1986) based on stratigra­
phic evidence. The relocation of the sixth event 
lies close to the Chiriqui Regional Fault that 
extends north of the city of David, but this event 
could have also been caused by the Balboa Frac­
ture Zone. The lack of a focal mechanism makes 
difficult to determine which of the two structures 
caused this event. Reports of cracks, with a NW­
SW trend, near the town of Progreso (NEWMAN, 
1936) would favor the Balboa Fracture Zone·as 

LaL Long. Ms Depth 

8.I2 82.6I 7.7 25 
8.03 82.95 6.5 I5 
8.38 82.SO 6.S 2S 
8.06 82.36 6.0 IS 
7.9I 82.26 6.9 I5 
8.S6 82.72 6.7S 2S 
8. I8 82.90 6.0 IS 

the source fault for cvent6. Three events: 3, 4, 
and S, even though they do not correlate with any 
known tectonic structure, they show an alignment 
that paraUels the trace of the Panama and Balboa 
Fracture Zone inland as occurrs with the two 
other fracture zones. 

Focal Plane Solution 

To determine the focal plane solution of the main 
event, we read the polarity of the first arrivals of 
twenty five historical seismograms from stations 
distributed in the four quadrants, with epiccntral 
distances in the range between 19° and 98°. The 
great majority of the recording stations are loca­
ted in Europe. Angles of incidence ~ were de­
termined from standard tables (PHO & BIHE, 
I972). The whole focal mechanism determina­
tion procedure can be found in HERRMANN 
(197S). The azimuths, epicentral distance, ~angles 
and polarities corresponding toeachofthe twenty 
five station used in this study are on table 3. 
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Table 3 
Stations used for the focal Plane Solution 

of the Puerto Armuelles Earthquake of July 
18,1934. 

Station ED(0
) Azimuth (0

) ib Polarity 

SJP 19.9 56.0 50.0 D 
esc 25.8 3.0 38.7 D 
LPB 28.6 149.0 36.7 c 
SLM 31.2 350.0 36.3 D 
OIT 37.6 8.0 34.5 D 
SHF 39.3 10.6 33.9 D 
SFA 40.2 12.4 33.7 D 
PAS 41.7 314.0 33.3 c 
BZM 44.8 332.0 32.1 c 
MHC 46.3 316.0 31.6 c 
BKS 46.4 316.0 31.5 c 
UKI 47.7 317.0 31.3 c 
SAS 48.1 3.40.0 31.1 c 
LPA 49.0 153.0 30.8 D 
SIT 63.6 331.0 26.3 c 
HON 73.3 290.0 23.2 c 
TOL 76.0 51.0 22.5 c 
EDI 77.3 34.0 22.0 D 
ALI 78.7 52.0 21.6 c 
KEW 79.1 39.0 21.5 c 
ucc 81.7 39.0 20.7 c 
DBN 82.2 38.0 20.5 c 
STU 84.9 41.0 19.4 c 
UPP 88.0 30.0 18.7 c 
API 91.8 256.0 18.2 D 
PUL 94.0 27.0 18.1 c 
CIZ 98.5 225.0 18.0 D 

P wave first motion is indicated by C (compression) D 
(dilatation) 

From these data we obtained a focal plane so-
lution, that indicates a rigth lateral strike slip 
faulting with a normal component. The nodal 
planes are on table 4, and the focal plot is on 
Figure 3. As fault plane we have chosen plane A 
from table4, because it correlates extremely well 
with the trend of the relocated aftershocks, and 
the bearing of the strike slip faults of the area 
under study. It is also worth of note that for 
stations SLM andLPB, located very near plane A, 

the amplitude of the S wave in the E-W compo­
nent is much greater than in the N-S component 

18 JUL 34 

N 

Fig. 3: P wave focal mechanism solution of the July 18, 
1934 Puerto Annuelles earthquake. This diagram is an 
equal area projection of the lower hemisphere of the 
focal sphere. Solid triangles denote compressions and 
open triangles dilatation. 

Table 4. 
Fault Plane Soludon of the Puerto Armuelles 

Earthquake of July 18, 1934. 

Strike Dip 
(0) (0) 

Plane A 341 86 
PlaneB 250 78 
P axis 
Taxis 

SUp 
(0) 

-168 
-04 

Trend 
(0) 

206 
ll5 

Plunge 
(0) 

ll 
06 

A strike slip focal mechanism does not con­
tradict the fact that a local tsunami was generated 
by this event Large earthquakes along major 
strike slip faults near the coasts of southeastern 
Alaska and British Columbia have generated 
tsunamis that were not observables at distances 
greater than about 100 km (ISAAKS etal., 1968; 
MURTY, 1977). 
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As can be notice from the focal plot on figure 
, 3, the fault plane A correlates exceptionally well 
with the trace of Balboa Fracture Zone. 

CONCLUSIONS 

After relocating the hypocenter of the July 
18,1934 Puerto Armuelles Earthquake and its af­
tershocks, and having determined the focal mecha­
nism of the main event .we may conclude the 
following: 

1. The dextral strike slip focal mechanism of 
the main earthquake, which ocurred at less 
than 30 km from the coast, seems to rule out 
the possibility that the Fracture Zones are 
subducting in the southwestern Panama con­
tinental shelf. 

2. At least, the Panama Fracture Zone and the 
Balboa Fracture Zone can be extrapolated 
northward into the Panama southwestern 
continental margin were they curve into a 
northwest trending direction. Once inland 
they merge with a braided systems of faults, 
which run parallel to the southern margins of 
Western Panama and Costa Rica, as stated by 
BERRANGE & TIIORPE (1988). 

3. Thealignmentofthreeoftheaftershocks: 3, 
4 and 5 in a northwest trending pattern, 
which parallels that of the Panama and Balboa 
Fracture Zones may indicate the extension of 
the Mykland fault through the continental 
shelf, up to connect with the regional Chiri­
qui fault, that runs to the north of the city of 
David. 

4. The northern terminus of the braided Pana­
ma-Coiba Fracture Zone is seismically ac­
tive and capable of generate events with 
magnitudes greater than Ms = 7.0. 

5. The aftershock pattern of the 1934 Puerto 
Armuelles Earthquake may indicate that these 
parallel north trending rigth lateral strike­
slip faults interact, at least, for large events. 

6. Even though, the earthquakes in the conti­
nental shelf of southwestern Panama do not 
occur very often, as in other parts of the 
Middle American Arc, they pose a high risk 

to this whole region due to their magnitude 
and proximity to highly populated areas with 
many important infrastructures. 
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