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RESUMEN

El terremoto del El Tocuyo de 1950 estuvo asociado con €l sistema de fallas de Bocond. Lamagnitud Mstuvo unvalor de
6,3; laprofundidad focal (determinadaa partir pP—Py sP—P) fuede 18 + 1 km. El mecanismo focal corresponde afallamiento
rumbo deslizante, y |os planos nodal es vienen dados por:

Plano Acimut Buzamiento Dedlizamiento
A 206 72 -166
B 112 77 -19

El plano nodal A es € plano de fala, lo que corresponde a un fallamiento rumbo deslizante dextral. No se ha reportado
ruptura superficial.

El epicentro del terremoto se ubica en una zona limitada por las fallas de Bocon6 y Carache, y que incluye la ciudad de
Carora. Todos|osmecanismos publicados para sismoscon mb > 5.0y epicentros dentro de lazona presentan mecanismos rumbo-
dedlizantes. Al sureste de esta zona, la falla de Bocond constituye €l limite con €l régimen de fallamiento inverso asociado al
piedemonte surandino. Estadistribucién del fallamiento difiere delade otras areas delosAndes Meridefios. Laactividad sismica
delazonase confina, en sumayor parte, a los primeros 18 km de profundidad. L os sismos de magnitud mb > 5,0y defallamiento
rumbo deslizante tienden a nuclearse a profundidades de 16 a 20 km, lo cual indica que el comportamiento sismogénico de las
fallas rumbo deslizantes en esta &rea podria alcanzar los 18 km 0 mas.

PALABRAS CLAVE: Terremoto de El Tocuyo, tecténica Andina, parametros focales.
ABSTRACT

The El Tocuyo earthquake of 1950 event was associated with the Bocond fault system. The Ms magnitude was 6.3; thefocal
depth was ( from pP— P and sP—P) 18 + 1 Km. The focal mechanism was strike-slip with the nodal planes as follows:

Plane Strike Dip Slip
A 206 72 -166
B 112 77 -19

Nodal plane A was the fault plane, which corresponds to right-hand strike-slip faulting. No surface rupture has been re-
ported.

The epicenter is located in an area limited by the Bocon6 and Carache faults, and that includes the town of Carora. All
published mechanismsfor eventswith mb > 5.0 in this area correspond to strike-dlip faulting. However, southeast of this area, the
Boconé fault borders on a reverse faulting regime associated with the southern Andean foothills. The partitioning of faulting
differsfrom other areas of the MéridaAndes. Most seismic activity intheregionisconfined to the upper 18 km of the crust. Strike-
dlip events with mb > 5.0 tend to nucleate at depths of 16 — 20 km. The depth of the seismogenic zone for strike- dlip faults may
reach to 18 km or more.

KEY WORDS: El Tocuyo earthquake, Andean tectonic, focal parameters.

INTRODUCTION The town of El Tocuyo (7746 inhabitants in 1950) was se-

verely damaged. Two hundred and fifty houses were de-

The 3 August 1950 El Tocuyo earthquake (9.74° N, stroyed, two churches suffered heavy damage and seven hun-
69.83° W, Figure 1) was one of the most damaging seismic dred houses were partialy destroyed (Ponte et al., 1950).
events in western Venezuela during the twentieth century. Martinez Olavarria(1951) points out that 93% of housesand
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Fig. 1. Neotectonic map of the study area (Beltran, 1993). Faultsareidentified asfollows: FV: Vaera; FT: Trujillo: FC: Carache; FB: Bocond;

RT: Rio Tocuyo. Thelatter was added after Giraldo (1985). The population centers (P. C.) are: Tu: Trujillo; Ge: Guanare; Go: Guarico; To: El

Tocuyo; Ba: Barquisimeto; HA: Humocaro Alto; HB: Humocaro Bajo; Ca: Carora; Cu: Curarigua: An: Anzoategui. LM stands for Maracaibo

Lake. The star stands for the epicenter of El Tocuyo event. The rectangle enclose the area which contains the epicenters of the events used to
examine the depth distribution of the hypocenters (see text).

buildings collapsed and that only 3% remained habitable. In
theneighboring localities of Guérico, Anzodtegui, Humocaro
Alto and Guait6 half the houses were destroyed (Fiedler,
1960). The damage wasinfluenced significantly by the poor
condition of housing (Herrera et al., 1951; Martinez
Olavarria, 1951).

The earthquake is one of the largest events instrumen-
tally recorded near the Bocon6 fault zone. As defined by
Schubert (1980) and Schubert and Vivas (1993), the“Bocond
fault zone” is awide zone of faulting with awidth of 1to 5
km and alength of approximately 500 km and “ Bocond fault”
proper is the fault trace where the main Quaternary defor-
mation has occurred. Some of thelargest known earthquakes
in western Venezuela, such as the 1812 earthquake (magni-
tude 8 approximately) and the earthquake of 1894 (magni-
tude 7 approximately), were probably associated with this
fault. The epicenter calculated by Dewey (1972) is off the
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Bocond fault, as is the one inferred by Von der Osten and
Zozaya(1957) fromintensity data. On the other hand, Fiedler
(1960) attributed the event to the Bocond faullt.

In thiswork we recompute the mechanism, focal depth
and surface wave magnitude of the event using availabledata,
and we comment on the sei smotectonic implications of this
important earthquake.

DATA

An initial attempt to determine the focal mechanism
was made by using polaritiesfrom the 1.S.S. Bulletin (Inter-
national Seismological Summary). However, an equal area
projection suggested that the number of inconsistencies was
too large. Copies of records of only five seismological sta-
tionswere obtained, as some seismological stationsactivein
1950 were closed or have lost the El Tocuyo records. Seis-



mogramswere obtained from stations PAS, TUC, STL, FLA
and LPB. In addition, stations CAR, BOG, CHN and GAL
reported Pwavefirst motion polarities. The availablerecords
are of high quality and they clearly show phases such as di-
rect P, pP, sP, PPand pPP, needed to constrain the focal depth
and the mechanism of the earthquake. Figure 2 shows part
of the vertical component records from Pasadena and Tuc-
son.

Published focal mechanisms include Dewey (1972),
Pennington (1981), Pérez et al. (1997), andtheHarvardCM T
solutions. The seismicity catalogs from Pérez et al. (1997)
and from the Laboratorio de Geofisica, Universidad de Los
Andes, were also found to be useful.

FOCAL DEPTH AND MAGNITUDE

In the Pasadena and Tucson seismograms the depth
phases are clear (Figure 2). Inthe FLA record, P and sP can
be distinguished. The readings from these records are given
in Choy (1997). Three crustal velocity models were used to
calculate the focal depth: those of the Universidad de Los
Andes, FUNVISIS, and Pérez et al. (1997). Thefocal depths
for these three models are: 18 + 1 km.

The El Tocuyo, Venezuela, earthquake of 3 August, 1950

Magnitude values for this event are as follows: 6.75
(PAS), 6,9 (Fiedler, 1960) and 6,25 (Dewey, 1972, after
Gutenberg and Richter, 1954).

We recomputed the magnitudefollowing the U.S. Geo-
logical Survey Earthquake Data Report, using only the ver-
tical components (Willmore, 1979). Theresult from Rayleigh
waves recorded at PAS, TUC and STL, was Msz= 6.3.

FOCAL MECHANISM

Theonly published focal mechanism of the earthquake
isby Fiedler (1960), from P-wavefirst motionsat CAR, BOG,
CHN and GAL. Fiedler obtained right-lateral strike-dlip,
paralel to the trend of the Bocond fault (Figure 3). The P
wave polarity at GAL is inconsistent with this mechanism
(Figure 3).

We recompute the focal mechanism with P, pP, sP, PP
and SH polarities from the available seismograms, and with
pP and sP amplitudes from the PAS Benioff 1 — 20 seconds
vertical component record. Thisset of datawas supplemented
with P-wave first-motion polarities reported by CAR, BOG,
GAL and CHN stations.

sPP

Fig. 2. Sampleof seismic records of El Tocuyo earthquake. Record A correspondsto Pasadena (California,U.S.A). Theinstrumentis aBenioff

vertical component, with a1-second pendulum and a20 second galvanometer. Phases P, pPand sPareclearly identified. Record B corresponds

to Tucson (Arizona, U.S.A.). The instrument is also a Benioff vertical component, with a 1-second pendulum and a 90 second
galvanometer. Phases P, pP, sP, PP, pPP and sPP are clearly identified.
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Fig. 3. Foca mechanism of El Tocuyo 1950 earthquake as deter-

mined by Fiedler (1960). A lower hemisphere equal areaprojection

isused. Circlesrepresent first motions Pwave polarities. Solid ones

are compressional; open ones, dilatational. The SE-NE nodal plane

isinterpreted asthefault plane. Notethat the polarity of Galerazamba
(GAL) isinconsistent with this solution.

N

planeb g ®

S

Fig. 4. Lower hemisphereequal areaprojection of the Pnodal planes

for the El Tocuyo 1950 earthquake. Solid symbols represent com-

pressions, open symbols, dilatations. Circles: P direct phases,
squares: PP, triangles: pP, diamonds: pPP.

Polaritiesand amplitudesaregivenin Choy (1997). The
search for a solution is done through a three dimensional
discrete net of points following the procedure described in
Pearce (1977) and Choy (1989). The search for the solution
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starts at an arbitrary point of the net. Polaritiesand pP/P (or
P/pP) amplitude ratios are computed for every seismic sta-
tion, and compared with the whole dataset. If there are in-
consistencies, the mechanism is rejected. The procedure is
repeated until aconsistent focal mechanism isfound. Figure
4 shows the lower hemisphere projection for the P nodal
planes. The resulting focal mechanism is predominantly
strike-dip. Itisright handed if the nodal planeA corresponds
to the fault plane. Notice that the P, pP and PP pol arities suf-
ficeto constrain the mechanism. Additional information adds
reliability to the solution. Thus, in Figure 2 the polarity of
the sPphaseis unambiguous. This phase propagates upwards
asan SV pulseandisreflected asPat thefree surface. Hence
the polarity of the SV pulse can be obtained from the polar-
ity of the sP pulse, following the notation givenin Figure 5.5
and Table 5.1 of Aki and Richards (1980). All SV polarities
used in thiswork were inferred from sP polarities as shown
in Figure 5, where the lower hemisphere projection for the
SV nodal surfaces corresponding to the mechanism of the El
Tocuyo earthquake is also shown.

Strike-dlip faults near El Tocuyo trend from N-Sto SW-
NE (Stephan, 1977; Giraldo, 1985). Thus, nodal planeA is
likely to bethefault plane. The azimuth of the fault isN26E.
The intensity distribution also supports this assumption.
Herrera et al. (1951) mention that the highest damage oc-
curred in El Tocuyo and Anzoétegui. Damaged decreased
away from the El Tocuyo — Anzoétegui line, which is close
to the azimuth of nodal plane A. The observations by Ponte

N

N
(10

Fig. 5. Lower hemisphere equal area projection of the SV nodal
surfaces for the mechanism of El Tocuyo earthquake. Arrows
indicate the sense of first motions for SV radial components asthe
raysleavethefocal sphere. These first motions were inferred from
sP phases, following the notation and sign convention given in
Figure 5.5 and Table 5.1 of Aki and Richards (1980).




et al. (1950) agree with thisinterpretation. However, itisnot
possibleto determine conclusively which fault wasthe source
of the earthquake, as there are no reports of surface rupture
given the relatively modest size of the event.

It is unlikely that the Boconé fault itself was the
causativefault, because: (1) the epicenter obtained by Dewey
(1972) falls outside this fault, (2) The highest intensities
occurred in locations away from its trace, (3) the epicenter
as calculated by Dewey (1972) is closeto El Tocuyo, where
theintensities reached the highest values, (4) thetrend of the
Bocond fault in this area is approximately N5SOE, whereas
the azimuth of nodal plane A is N26E. Thisis a significant
difference as the focal mechanism is well constrained, (5)
note also the consistency between the observations of Ponte
et al. (1950) and Herrera et al. (1951), with the azimuth of
nodal planeA.

Nearby El Tocuyo there are many mapped faults (Mapa
Geoldgico, Ministerio de Minas e Hidrocarburos, 1976).
Some are long enough to generate magnitude 6+ events
(Stephan, 1977; Giraldo, 1985). The El Tocuyo depression
may be a pull-apart basin between two north-south striking
faults (Giraldo, 1985). These faults, however, cannot be
associated with the earthquake. However, Rio Tocuyo fault

The El Tocuyo, Venezuela, earthquake of 3 August, 1950

is close to El Tocuyo (Figure 1). This fault was added to
Figure 1 from Giraldo (1985). About 16 km SW of El Tocuyo
it offsets a quaternary aluvial fan in aright lateral sense
(Giraldo, 1985). The azimuth of this fault is subparallel to
the Bocond fault; however, itstrend is not constant.

DISCUSSION

Figure 6 shows several focal mechanismsfrom Dewey
(1972), Pennington (1981), Pérez et al. (1997), HarvardCM T
catalog, and thiswork. The hypocentral parametersaregiven
inTable 1. Thefocal mechanism for event # 3 wasrecomputed
with Pand SH first motion polarities, from WWSSN records,
supplemented with Pwavefirst motion polaritiesreported in
the ISC bulletin. Only impulsive arrivals at epicentral
distances less than 67° were used. Figure 7 shows the focal
mechanism, which corresponds to a thrust faulting with a
small strike-slip component.

In Figure 6 strike-dlip events are located north of the
Bocond fault up to about Carora, and between Trujillo and
Barquisimeto. Events 10, 11, 12 and 13, are roughly aligned
withamajor strike-dlip fault, thus confirming the right-hand
character of the motion. Thefault isshown asleft-handed on
some maps.

/
X

LM

¥ epicenters
¢ towns

Fig. 6. Focal mechanisms compiled in this work. The numerals next to each focal sphere are keyed to the ones given in the first column of
Table 1. Notethat strike slip eventsarelocated from the Bocond fault to the northwest. LM = Maracaibo lake, Tu =Trujillo, Ba= Barquisimeto.
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Tablel
N vyear month day Lat.N Lon.W h Al Bl D1 A2 B2 D2 mb  Ms
1 1950 August 03 9,74 69,83 18 206 72 -166 112 77 -19 6,3
2 1965 July 19 9,2 70,2 20 235 90 -170 145 80 O 53
3 1975 March 05 9,037 69985 25 204 50 70 54 44 112 56
4 1975 April 05 10,04 69,76 22 204 80 1 12 79 170 56 6,1
5 1977 December 11 9,52 69,56 18 170 38 83 3B9 52 95 56 50
6 1984 June 14 10,01 69,74 18 340 65 -11 75 80 -155 52 45
7 1986 — 92 69,9 <20 170 40 53 55 59 117 <4
8 1986 — 99 69,5 <20 45 90 -150 315 60 O <4
9 1986 July 16 10,72 69,51 15 64 41 106 223 51 76 56 49
10 1988 — 103 69,8 <20 55 90 -145 325 55 O <4
11 1991 August 17 10,045 69,94 16 344 86 -3 74 87 -176 53 52
12 1995 December 29 9,944 70,106 15 88 70 -167 354 78 -21 55 52
13 1995 December 31 10,01 70036 15 257 74 -175 166 86 -16 51 48

Focal mechanisms for eventsin the study area. Sources for the focal mechanisms: 1 and 3, thiswork; 2 and 4, Pennington (1981); 5, 6, 9, 11,
12 and 13 Harvard's CMT,; 7, 8 and 10 Pérez et al. (1997). Lat = latitude, Lon = longitude, h = focal depth, in kilometers, A1y A2 = nodal
plane azimuths, B1 y B2 = nodal plane dips, D1 y D2 = dlip angles, mb = body-wave magnitude, Ms = surface-wave magnitude. The

convention used for azimuths, dips and slip angles follows Hermann (1975) and Aki & Richards (1980).

The events with thrust mechanism are located along
the southeastern Andean foothills. A single thrust mechanism
(#9) islocated to the north of the study area, away from the
MéridaAndes. Thus, thereisanorthwest domain where most
major faults are strike-slip, and a southeast domain where
most major ones are thrust faults (Beltran, 1993). Domains
of faults separated by through-going boundary faults have
been observed in other areas (Scotti et al., 1991). However,
strike-slip faults (e.g., Rio Turbio) are found in the
southeastern domain while thrust faults are present in the
northwestern domain (Giraldo, 1985). The geological history
of the areais complex (Stephan, 1977)

Rod (1960) notesright-lateral faulting along the Boconé
fault and reversefaulting inthe M éridaAndesfoothills. PaAme
& Choy (1996) studied seismic swarms occurred within a
zonethat extendsfrom 8.75° to 9.00° north | atitude and from
70.75°t0 70.90° west longitude. They found that events near
the Bocond fault zone exhibit right-hand strike-slip
mechanism, while eventslocated to the northwest and to the
southeast of this fault zone show reverse faulting.

The pattern is consistent with the shear partitioning
model asapplied to the MéridaAndesby Collettaet al. (1997)
and Pérez et al. (1997). This model agrees with dominantly
right-lateral faulting along the Bocond fault and reverse
faulting inthe M éridaAndesfoothills, because of decoupling
of the oblique convergence between the Caribbean and the
South American plates in central Venezuela. However, the
shear partitioninour study areadiffersfrom the one observed
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toward the southwest, where the Mérida Andes reach their
highest elevations. There, no broad zone with predominance
of strike-dlip faulting exist; instead, reverse faults occur
relatively closeto the NW and SE sides of the Bocond fault
zone (Pamey Choy, 1996; Collettaet al., 1997).

In Table 1 strike-slip events with magnitude mb > 5
havefocal depthsbetween 15 and 22 km. Event N° 3witha
depth of 25 km has a thrust mechanism. To support these
results we examine the depth distribution of earthquakes
within the rectangular areashown in Figure 1 (Pérez et al.,
1997) from January 1983 up to June 1995. It is found that
about 90% of the 300+ events located within this area are
confined to the top 18 km of the crust. For larger depthsthe
reported seismic activity decays drastically.

Sibson (1982, 1986) points out that M, > 5.5 events
tend to nucleate near the base of the seismogenic zone. In
Californiaand Nevada, with the exception of thrust events
in the Transverse Ranges, large shocks appear to originate
at depthsof 10+ 2 km. The seismogenic layer in California
islimited to the upper 15 km of the crust (Udias, 1991). In
Table 1, some mb > 5.0 events occurred at 20 km of depth
or more. Thus, the depth of the seismogenic zone may reach
20 km or more. However, the seismicity for strike-dip events
is shallower than for dip-slip events (Sibson, 1982, 1986;
Scholz, 1990). InTable 1, most mb > 5.0 strike-slip events
occurred between 16 and 18 km. Thissituation may bevalid
for western Venezuela and, in particular, for the Boconé
fault.
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N

Fig. 7. Focal mechanism for event N° 3 of Table 1. (March 5, 1975). Left: lower hemisphere projection of the Pnodal planes. Symbolsasin
Figure 3. Right: Lower hemisphere projection for the SH nodal surfaces. Arrows indicate the sense of SH first motions.

CONCLUSIONS

The focal parameters of the 1950 earthquake, which
damaged El Tocuyo and neighboring towns, were
redetermined. The fault associated with this event is aright-
lateral strike-slip one, and its strike is approximately N26E.
The Bocono fault itself was probably not the source of the
earthquake. Some faultsin the epicentral area, including the
Rio Tocuyo fault, are likely candidates, but the present in-
formation is inadequate to identify the causative fault.

Between Trujillo and Barquisimeto the Boconé fault
separatesinto two domains of faulting. To the southeast, most
mb = 5.0 events are predominantly thrust events, whereasto
the northwest up to Carora they are predominantly strike-
dip events. Thisseparation isthe attributed to dip partitioning
in the northeastern Mérida Andes.

The seismogenic zone for dip-dlip events extend down
to 20 km depth or more. For strike-dlip faultsit could be of
the order of 18 km.
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