
Fourth /5AG, Goettingen (Germanyï. 04 - 06/10//999

SEISMIC ACTIVITY AT GUAGUA PICHINCHA VOLCANO, ECUADOR

793

Darwin VILLAGOMEZ {Il , Mario RUIZ ( 11, Hugo YEPES (JI, Minard HALL Il l, Bertrand GUlLLIER(1. 21,

Alex ALVARADO (Il, Monica SEGOVIA (Il and Alcinoe CALAHORRANO (Il

(1) geofïsico@accessinter.net
(2) IRD, Apanado 17.72.857 Quito-Ecuador. bguillier@ednet.nei

KEY WORDS: volcano, andes, seismic activity, phreatic activity, b-value

INTRODUCTION

Guagua Pichincha volcano, located in the Western Cordillera of the Ecuadorian Andes, is one of

the most dangerous active volcanoes in the country. It is located 12 km to the west of Quito (population

1.5 million). Guagua Pichincha has shown a progressive reactivation since its onset in 1981 that consists

rnainly in phreatic explosions, shallow seismicity and morphological changes in the interior of the

caldera. This volcano has been permanently monitored by the Instituto Geoffsico since 1981.

Eleven years ago, from July to December 1988, a swarrn of 785 volcano-tectonic (VT) events

occurred 8 km SE from the cardera . This activity migrated toward the caldera as weJI as the depth

location did from 10 km to 4-5 km (Bonilla et al., 1992). Between 1989 and 1997, the average seismic

activity was 130 LP and VT events per year, Since June 1998, a swarm of about 4000 events has been

registered in the north of Quito (I6-km NE from the caldera, JO-20 km depth). It could be related with

Guagua Pichincha present activity (Calahorrano et al., This volume).

On August 4,1998 a major subduction earthquake (Mw=7.1) (Segovia et al., This volume) hit the

Ecuadorian coast near Bahia de Caraquez, 210 km west from the volcano. Three days later, on August 7,

an abnormal phreatic activity began with a moderate explosion (Reduced displacement RD=0.63 cm").

For the past 8 months, until present, this activity has continued. More than 140 explos ions have been

recorded . October 1998 and February 1999 have been the months with the greatest number of explosion s

(26 and 28 respectively), although the number of explosions has been moving up and down with time. It

is remarkable that 8 of the 10 biggest explos ions have occurred since December 23, 1998.
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The total number of seismic events increased dramatically l'rom 64 in August 1998 to 1840 in

September 1998, then it decreased progressively until Decernber (294 events) to increase again until

February (2359 events).

Seismicity during this period has principally consisted of YT, LP, and MP (medium period or

"moscas") events (Figure 1). MP are similar to those observed al Soufri ère Hills Yolcano l'rom July 1995

ro Septernber 1996 (White el al., 1998). White proposed thar these events were produced as the magma

co lumn degassed into adjacent cracks.

Events l'rom January 1998 10 March 1999 were relocated using a new velocity model and

HYPOELLIPSE (Lahr, 1995). Map and cross-sections show that hypocenters are weil constrained to a

zone 0-4 km beneath the ca ldera (Figure 2).

TEMPORAL VARIATION OF Il·VALUE

Temporal variation of the b-value obtained l'rom the trcquency-magnitude distrihution was

ca lculated using a least squares rnethod over the period January 3 1, 1998 10 Fcbruary 24, 1999, for

windows of 100 located events overlapped 25% (Figure 3). The b-valuc for Guagua Pichincha

earthquakes ranges between 1.0 to 1.6 for this period.

The decrease in b-value l'rom Novernber to Decernber 1998 can be correlatcd with a decrease in

seismicity. Similarly, since late Deccmber, the b-value increased again as weil as thc number of seismic

events did .

There are a number of possible cxplanations for the changes in b-valucs and seismicity observed in

this period. Factors that can alter b-value include increased heterogeneity of the mater ial (Mogi, 1962).

and an increase in applied or effective stress (Wyss, 1973; Urbancic et al., 1992).

CONCLUSIONS

Guagua Pichincha volcano has been presenting abnormal high seismic and phreatic activity since

August 1998. Although during Nov ember and Decernber 1998, it shows an important decrease in the

number of seisrruc events that can be correlated with lower b-values, which could be correlated to an

increase in the stress field applied under the vo1cano.

On the other hand, the progressive increment 10 b-value since the end of Decernber could be

corre lated with an increase in the energy of phreatic explosions. More frequent and energetic explosions

could be more efficiently fracturing the rnaterial in the volcano conduit. Understandin g these phcnornena

can be useful in predicting the future activity of Guagua Pichincha volcano.

. , ,.....~ ~ .
" . . ··· -1 ---··.··

..............



Fourth /5AG , Goettingen (Germany), 04 - 06/10/ 1999 795

Fig. 1: spectrograms for (a) a YT, (b) a LP, and (c) a MP event, aIl registered at CGGP station

(inside the caldera)
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Fig.2: (a) Map and (b) west-east vertical section showing selected hypocenters (rrns-c û. I seg, vert ical and
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Fig.3: Relationship between monthly seismicity, b-value and phreatic explosions. Horizontal bars are

temporal variation of b-value (see text), columns are total number of seismic events per month, and

diamonds are the 10 biggest explosions as reference.
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