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Chief, Seismic and Magnetic Divisions, Weather Bureau

EARTHQUAKES FELT IN THE PHILIPPINES'!

13, 18" 00™ [19, 2" 00™]. TLais (SE Mindanao). Local shock of intensity III.

19, 11" 06™ 10s* [19, 19" 06™ 10*]. Lacag (NW Luzon). Earthquake of intensity
ITI. Origin somewhat distant in the China Sea, W of the Ilocos Norte coast. Recorded
at Hongkong Observatory. |

20, 10" 48™ [20, 18" 48"]. TLaoag (NW Luzon). Local shock of intensity II-IIT.

24, 0" 10™ 45°* [24, 8" 10™ 45"]. E Mindanao. Earthquake felt at Butuan and other

places on the Pacific coast with intensity II-III. Distant origin towards the southern

portion of the Deep. Recorded at Batavia.
27, O 32™ [27, 10" 32"]. Guam (Mariana Islands). Earthquake of intensity 111, near

origin.
29, 21" 03™ [30, 7" 03"]. Guam (Mariana Islands). Earthquake of intensity III; near
origin to the east. During the following fifty minutes occurred four instrumental after.

shocks and three more on the 31st between 3" 33™ and 4" 26m™.

* The intensity of earthquakes is given in the notation known as the Rossi-Forel scale. The time
is that indicated by the seismographs at the Central Observatory, whenever the disturbance has been
registered by them. This fact is denoted by an asterisk (*). Otherwise the time is that noted by the
observer who sent the report. All time indications are in Greenwich mean time (midnight =0"), in‘ﬂular

time being added in brackets for the convenience of Philippine readers.
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TEMBLORES DE TIERRA SENTIDQS EN FILIPINAS! oy ARSI
Seismological

18, 18" 00™ [19; 2" 00™]. TLaia (SE de Mindanao). Temblor de tierra local de in"%’éﬁtre
sidad III.

19, 11 06™ 10** [19, 19" 06™ 10°], Laoag (NW de Luzon). Temblor de tierra de in-
tensidad III. Origen en el Mar de la China algo distante al W de la costa de Ilocos
Norte. Registrélo el Observatorio de Hongkong.

20, 10" 48™ [20, 18" 48"]). Laoag (NW de Luzén). Temblor de tierra local de inten-
sidad II-III.

24, 0" 10™ 45°* [24, 8" 10" 45']. E de Mindanao. Temblor de tierra sentido en Butuan
y otros varios pueblos de la costa oriental con intensidad II-III. Su origen se hallaba
lejos en el Pacifico hacia la parte sur del abismo. Registrélo Batavia.

27, 0" 32™ [27, 10" 32"]. Guam (Islas Marianas). Temblor de tierra de intensidad
ITT. De caracter muy local.

29, 21" 03™ [30, 7" 03™]. Guam (Islas Marianas). Temblor de tierra de intensidad
III, de origen cercano hacia el E. Ocurrieron cuatro réplicas instrumentales durante
los siguientes cincuenta minutos, ¥y tres el 31, entre 3" 38™ y 4" 26".

.

" La intensidad de los terremotos se indica conforme a la conocida escala de Rossi-Forel. Cuanto
a la hora de su ocurrencia, adoptamos la indicada por los sismografos de este Observatorio siempre que
los hayan registrado, distinguiéndola por medio de un asterisco (¥*). En caso contrario copiamos la
apuntada por los observadores que nos envian las notas. Todas las indicaciones del tiempo se refieren
al medio de Greenwich (medianoche—=0"). Para conveniencia de los lectores de Filipinas se anade tam-
bién la hora insular.
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EARTHQUAKE OF PANGASINAN: MARCH 16", 1892, 9" 2 p. m.

Among the most destructive Philippine earthquakes must be counted the one of
March 1892, occurred in the Provinces of Pangasinan, Benguet, and La Union. Fortu-
nately the Engineer of Mines, Mr. E. Abella, visited the affected region immediately
after the event and wrote a complete geologic and seismic study of the earthquake.
From it we take many of the data for this brief description.

Topography of the affected region.—Its southern portion embraced the Pangasinan Prov-
ince, which at the time occupied only the northwestern end of the central plain of
Luzon, which extends from Manila Bay to Lingayen Gulf, between the mountain chain
of Zambales to the west and the oriental, or the Pacific Cordillera, to the east. The
southwestern end of Pangasinan penetrates into the first reaches of the Zambales range,
while to the north and northeast it comprises also a hilly tract which forms the southern
portion of the high mountain region of Benguet and Nueva Vizcaya. To the E and S,
Pangasinan is nearly bounded by the Agno River which, after emerging in a N-S direc-
tion from the mountains, forms in the plain a broad arch towards the west and finally
empties in the Lingayen Gulf in a nearly S-N direction. In the northwest of the prov-
ince, the Bued River forms a similar but smaller arch in its course from the Benguet moun-
tains to the gulf. The alluviums carried by ‘these two rivers cover the soil of nearly the
whole extension of the province and continue yet to fill low and marshy tracts. Be-
tween these two great rivers there exist numerous minor water courses which descending
from the northern hilly part of the province recurve also to the west towards the gulf,
and take their part in the formation of the alluvial plain. The northern portion of
the affected area comprised the southern ends of Benguet and La Union Provinces. The
first is mountainous and lies in a series of mountains and the Baguio plateau terminated
abruptly to the SSW in the Santo Tomas mountain of over two thousand meters of al-
titude. This mountainous section of Benguet is separated from the main Cordillera of
Luzon by the deep Agno River Valley, which runs from the north and forms the eastern
natural limit of the Benguet mountain region. The soil of this region is very deeply cut
by torrents and canyons, excepting in the Baguio plateau. La Union Province occupies
the western lowest slopes of the mountainous Benguet Province and the sea coast.

The general geologic nature of the three provinces is the following: Pangasinan is
wholly an alluvial plain; only to the hilly southwest, north and northeast appear conglo-
merates and tertiary sedimentaries. In Benguet plutonic formations prevail in the
east and tertiary sedimentaries, conglomerates or dilluvium in the west. Through La
Union prevail tertiary sedimentaries, alluviums, and beach sands.

The earthquake and its origin—The earthquake occurred without any preliminary
shocks, at 21" 2= (12" 58 G.M.T.). All the reports say that violent oscillations fol-
lowed immediately after subterranean rumbling and that the shaking lasted for about a
minute. Aftershocks not so violent continued at short intervals during the night: an
informer counted 24 to 1 a. m. of the following day 17; at 10 a. m. of this day another
observer had counted 90, and to the early hours of the 18th about 20 more occurred
During this last day were felt about 15 and so on; they did not cease completely until
July. -
From the area of destruction of this earthquake it can be deduced that its epicenter
was in the Santo Tomas mountain, and its cause tectonic or geologic. Mr. Abella tries
to relationate it to volcanism, founded in the increase of temperature observed in two hot
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springs situated respectively south and very near, and to the north, but far from(th#
mountain. It was stated that the night of the earthquake flames had been seen fn tHernational
Lingayen Gulf but the same author discreetly considers such statements Without~%?§$g'°9'ca'
foundation.

‘ Santo Tomas mountain, known also locally as the Tonglon, where the earthquake ori-
glflated, consists of tertiary sedimentaries; some geologists classified it as a block moun-
tain raised by a bascular movement of depression to the west and upheaval to the east.
The deep curved canyon of the Bued River, which borders the mountain to the southeast
and northeast is indeed suggestive. Certainly this region as a whole rose to the present
high level very recently, at the end of the pleistocene, and from such upheaval resulted
in the mountain a great number of faults, many very recent, in different directions, so
much that on the very top of the Santo Tomas several blocks rised to different levels can be
distinguished. Around the western base of the mountain and nearly parallel to it exist
low mountain chains, with a serrated appearance, due to faults with a dip of about 45°
perpendicular to their axes, which cut them into blocks. On the NNE side of the moun-
tain, in the extension joining it to the Baguio plateau, exists a tract with numerous sink-
ing holes which reveal much faulting. It seems indeed that after the plateau of Baguio
reached its present altitude of more than 1,400 meters the Santo Tomas continued to rise
about 800 meters more to the actual height of 2,257 meters. Indications of a rupture
between this mountain and the plateau are traceable along the Bued River, in the said
broken area with sinks to the NNE and N, and along another river and deep canyon,
which bordering the mountain to the north and northwest, turns to the west toward
the sea. This mountain may be considered as a nearly triangular mass, with an angle
towards east and its adjacent sides approximately to SW and NW, the eastern angle
and the said two sides are abrupt, while the west slope or side is more gentle.

Area of destruction.—It surrounded entirely the Santo Tomas mountain; to the SE, E
and N of it, it had an extension of only about 20 kilometers, while to the NW and W
it reached the sea coast, about 35 kilometers distant. Towards S and SW, through the
Pangasinan alluvials, it extended to a distance of 50 kilometers. Having in mind the
geological conditions of Benguet indicated before such irregular form of the central
area should be expected.

The effects of the shocks within this area were: cracks and landslips in the Benguet
Province, including Santo Tomas and the region to the N and NE, with destruction of
houses in the populated centers of Baguio, Trinidad, and Itogon. The alluviums of the
characteristic circular valley of Trinidad were much creavassed in all directions, but
chiefly in the direction of the river. In the western section, Union Province, all the
principal buildings, as churches, convents, schools and municipal houses of nine towns,
generally built of strong materials, were either destroyed or much damaged, chiefly in
their principal upper floor; native structures of wood and lighter materials sustained
also great damages. Landslips in steep hills and much fissuring in alluvials were like-
wise conspicuous. The greatest destruction of structures and disturbances of the soil
occurred of course in the alluvial plains of Pangasinan, especially along its numerous
rivers and channels. Eighteen towns or municipalities suffered heavily, as well as their
numerous barrios with native structures only.

There occurred but two deaths with a small number of injured persons. Fires
started at several places but nowhere propagated themselves.

Conclusions.—Myr. Abella makes the following final remarks:

1. The destruction was greater in soft soils, the regions more damaged being those of
recent alluvial formation. On the contrary, where hard soils prevailed, as hypogenic
rocks. and their secondary formations of tuffs and conglomerates, destruction was less.
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2. The fissures in the plains opened chiefly near the rivers, channels, and|depres-

. : . 1 . International
sions.  From them issued frequently water, sand, and mud, but without any relatiop,d ological
voleanism. - Centre

3. Ruins were necessarily greater in structures standing on fissured soils and close
to the banks of rivers and channels. Consequently in such places the foundation of
buildings must be constructed with great care, and protected by piling or by a solid sus-
taining wall on the side looking to the river or depression.

4. Mr. Abella also calls the attention to the fact that the vibrations gained greater
amplitude in the alluvial soils, and their destructive direction was generally perpen-
dicular to the cuts of the soil caused by rivers, channels and depressions, rather than the
direction corresponding to the position of the epicenter; he considers quite useless the
pretension of obtaining the position of the origin by bearings obtained from the ruins.

9. According to him the irregularities of the first isoseismical line limiting the central
area are entirely due to conditions of the soil. He presents several convincing instances
of great differences between very near towns, apparently built on the same soil, which
really had it very different at a few meters below the surface.

The remarks of Mr. Abella about the decisive influence of the soil in the effective
intensity of the shocks and the unsafety of modern alluviums for all kinds of construc-
tions was confirmed recently in 1923. An earthquake of the same origin, in the Santo
Tomas, caused landslips, fissures and overturning of stone fences in the Pangasinan
alluviums at a distance of 45 kilometers from the epicenter, while in a radius of 20 kilo-

meters around it through harder soils the intensity reached only grade VII.
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EL TERREMOTO DE PANGASINAN: MARZO 16, 1892, a 9" 2™ p. m.

El terremoto de las Provincias de Pangasinan, Benguet y La Uniéon de marzo de 1892,
figura entre los mas destructores ocurridos en las Islas Filipinas. Por fortuna el
Ingeniero de Minas, Sr. D. E. Abella y Casariego, visitdo inmediatamente la regién azo-
tada y escribié un estudio geolégico-sismico muy completo. De él tomamos muchos de
los datos para esta breve noticia.

Topografia de la region mas afectada.—Ocupa la parte sur de esta region la Provinecia de
Pangasinan, toda ella situada entonces en el extremo NW del gran llano central de Lu-
zon, el cual se extiende sin interrupcién desde la bahia de Manila al golfo llamado de
Lingayén, entre la cordillera de Zambales al W, v la oriental o del Pacifico al E. En
su parte sudoeste, la Provincia de Pangasinin penetra algo en las estribaciones de la
cordillera de Zambales, y al N y NE comprende también varios collados que son las
primeras avanzadas de las montafias que constituyen las Provincias de Benguet y Nueva
Vizeaya. Por el E y S, Pangasinan esti casi limitada por el gran rio Agno, el cual
al salir de las montafnas centrales de Luzén, en direccién al sur, forma en el llano am-
plia curva hacia el W hasta desembocar en el fondo del Golfo de Lingayén con direc-
cion aproximadamente al N. Al NW de la provincia otro rio importante, el Bued,
forma una curva semejante pero de mucho menor radio desde las montaiias de Benguet
a la costa occidental del golfo. Los aluviones arrastrados por estos dos rios han
formado casi en su totalidad el suelo de esta provincia y todavia contintian su tarea rella-
nando porciones pantanosas. Entre estos dos principales rios, que descienden del inte-
rior de las montanas del norte, existen muchos otros de menor importancia que
arrancan de sus estribaciones; todos recurvan hacia el oeste para desaguar en el golfo v
contribuyen asimismo a la formacion o extensién del llano con sus aluviones. La
parte N del area danada esta ocupada por la porcién meridional de las dos Provincias de
Benguet y de La Unién. La primera estd situada en la montafia, y ocupa una serie
de montanas y el altiplano de Baguio, que termina bruscamente al SSW en el monte
Santo Tomas, de mas de 2,000 metros de elevacién, mientras que por el E el profundo
valle del Agno separa toda esta parte montafiosa de Benguet de la parte central montafiosa
también, la cual tuerce al E y se une a la cordillera oriental de la isla. EIl terreno de
esta provincia, fuera del altiplano de Baguio, es quebradisimo con profundos barrancos
vy canadas.

La Provincia de La Unién ocupa las vertientes occidentales de las tierras altas de
Benguet y la costa del mar de la China.

Puede decirse que la Provincia de Pangasinan esta en toda su extension compuesta
de aluviones; solo en las colinas del SW, N y NE aparecen conglomerados v -terrenos
sedimentarios terciarios. En la Provincia de Benguet la parte oriental esti constituida
por terrenos plutonicos y la occidental por sedimentarios terciarios y conglomerados o
diluvium. La de La Union consta de sedimentarios terciarios, aluviones v formaciones
playeras.

El terremoto y su origen.—Il terremoto gobrevino sin sacudidas premonitorias, a las
21" 2= p, m., 12" 58™ de Greenwich. Todos los informes aseguran que, seguidamente a

un rugido subterraneo, hubo movimientos verticales seguidos de oscilaciones violentas
durante mas de un minuto. Luego las repeticiones no tan violentas se sucedieron a
intervalos cortisimos durante toda la noche. Alguien conté 24 hasta la una de la ma-
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