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INTRODUCTION

= =

The following is the list of the official seismological stations equipped with seis-
mographs as they existed on January 1st, 1929.

: North East : s
Name Province latitude | longitude Flevation Equipment
= |
0 r (4 ] r m.
. Wiechert Inverted Pendulum, mass 1000 Kg., 2 components.
Manila _ . ______._. Mantia.. ....... 14 36 120 59 2.5 |{Vicentini seismograph, 8 components.
| Two horizontal pendﬂlum seismographs, mass 20 Kg. each.
icentini seismograph, 3 componentas.
Dees. . Mountain. ... .. 116 25| 120 85| 1,612.0 {¥wu b e Rl e i
Ambulong.._____. Batangas. ..____| 14 05 121 08 10.5 | Vicentini seismopgrah, 3 components.
Dt . Agomsn.. ol B b6 126 382 2 0 | Wiechert Inverted Pendulum, mass 200 Kg., 2 components.
PR O L I e T TR 18 24 | 144 388 5.0 Do.

Moreover, all the meteorological stations, official and codperative, have instructions
to report all perceptible earthquakes.
' The intensity of macroseisms is given in the notation known as the Rossi-Forel

scale.
ROSSI-FOREL SCALE OF EARTHQUAKE INTENSITIES

I. Microseismic shock: recorded by a single seismograph or by seismographs of the same model
but not by several seismographs of different kinds; the shock felt by an experienced observer.

II. Extremely feeble shock: recorded by several seismographs of different kinds; felt by small number
of persons at rest.

III. Very feeble shock: felt by several persons at rest; strong enough for the direction or duration
to be appreciable.

IV. Feeble shock: felt by persons in motion; disturbances of movable objects, doors, windows;
creaking of ceilings.

V. Shock of moderate intensity: felt generally by everyone; disturbance of furniture, beds, etc.,
ringing of swinging bells.

V1. Fairly strong shock: general awakening of those asleep; general ringing of house bells; oscil-
lation of chandeliers; stopping of pendulum clocks; visible agitation of trees and shrubs; some
startled persons leave their dwellings.

VII. Strong shock: overthrow of movable objects; fall of plaster; ringing of church bells; general
panic, without damage to buildings.
VIII. Very strong shock: fall of chimneys, cracks in walls of buildings.

I1X. Extremely strong shock: partial or total destruction of some buildings.

X. Shock of extreme intensity: great disaster, buildings ruined, disturbance of the strata, fissures
in the ground, rock-fall from mountains.

The time of occurrence is that indicated by the seismographs at the Central Observatory, Manila,
whenever the disturbance has been recorded by them. This fact is denoted by an asterisk(*).
Otherwise the time is that noted by the meteorological observers who report them. All time indica-
tions are in Greenwich Mean Times (midnight==0"), insular time being added in brackets for the
convenience of Philippine readers.

The instrumental record is that of the Wiechert Inverted Pendulum in the Manila

Observatory.
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4 CONSTANTS OF THE WIECHERT INVERTED PENDULUM

T = - —_— - —_ —_ = o SRS e — e m— —— e —— o — - ——

-8 Contpasiant W Comsoneat. -1 - (IntEmationsl
| _ ISeismological
Date | ] - e
Ta \Y € E; Ts vV € | ;’i
January 9 e 6.3 169 2.6 0.081 6.4 200 1.9 0.034
T AR R SR A SO PR TR AR L 186 3 8 0.035 6.3 216 30 0.046
L PR S SRR TAINE  C Dip T DS 3| 6.4 213 3.2 0.063 6.3 232 8.2 0.068
April 8_.____ e Sk T ik, MR 6.1 206 2.9 0.050 6.6 200 2.7 0.050
T s RN YOO el A U N L SR TR e o 6.1 162 3.8 0.017 5.9 196 8 2 0.022
R T SRR TR AR S I (IRSRIIR M ‘ 6.8 133 3.6 0 025 6.2 131 2.9 0.033
Note.—The sub-soil of Manila is alluvium.
SYMBOLS AND ABBREVIATIONS
P Normal first preliminary tremors; longitudinal waves which have passed below the
- continental layer.
P Upper first preliminary tremors whose path lies wholly in the continental layer.
it Longitudinal waves that have traversed the earth’s core.
PRn Longitudinal waves reflected “n” times at the earth’s surface.
PcP Longitudinal waves reflected from the outer surface of the earth’s core.
S Normal second preliminary tremors; transverse waves that have passed below the
continental layer.
S Second preliminary tremors whose path lies entirely in the continental layer.
PS Waves transformed from longitudinal to transverse oscillations or vice versa through
one reflection at the earth’s crust.
SRn Normal transverse waves reflected “n” times at the earth’s surface.
ScS Normal transverse waves reflected from the outer surface of the earth’s core.
ScPcP Waves which start with transverse vibrations but on refraction into the core are
changed to longitudinal, or starting as longitudinal are refracted out as transverse.
L Long waves of irregular form at the begining of the surface or main phase.
M Shorter and more regular waves of large amplitude in the surface group which travel
more slowly than the L waves.
Mn Individual waves of relatively large amplitude in the surface phase and usually in

the M group.

F Finis. End of discernible movement.

1 Impetus. Impulsive and sharply defined beginning of a phase.

“ Emersio. Poorly defined emergence of a phase,

m Maximum wave in any phase.

A Amplitude of earth motion measured in microns from position of equilibrium. One
micron equals .001 mm.

7 - Miecron.

E-W component of A.

A N-S component of A.

Vertical component of A.

AE

N

AZ

y s Period of waves.

O Time of earthquake at the epicenter.

A Arcual distance from station to epicenter.
0

Vv

€

r

8. A.

Free or undamped period of the seismograph.

Static magnification.

Ratio of successive damped amplitudes.

Friction constant,

Jesuit Seismological Association. Central Office at St. Louis University, St. Louis,
Missouri, U, S. A.

U.S.C.G.S. United States Coast and Geodetic Survey, Washington, D. C,, U. S, A.
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SPECIAL ARTICLES

FOURTH PACIFIC SCIENCE CONGRESS

' The Manila Observatory was represented at the Fourth Pacific Science Congress
In Java, May 16th-25th, by Rev. W. C. Repetti, S. J., Chief of the Seismic Division.

Seismology formed one of the Sections of the Division of Physical Sciences of the
Congress. |

Lieut.-Comm. L. C. Colbert, of the U. S. Coast and Geodetic Survey and a member
of the Philippine Delegation, presented to the Seismological Section a proposal of Col-
onel E. Lester Jones, late Director of the U. S. Coast and Geodetic Survey, that the
Manila Observatory be considered as a Central Seismological Observatory for the de-
termination of the epicenters of severe earthquakes in the western part of the Pa-
cific basin. The proposal was not accepted by the Section but, with a view to bettering
the data in the Monthly Bulletins issued by the observatories of the Far East, it drew
up the following resolution which was adopted by the Congress in its final general
meeting.

"It be resolved that this Congress recommends that a monthly interchange of special
bulletins of important earthquakes be made between the cooperating observatories of
the Far East, to facilitate the determination of epicenters, without altering any existing

interchange of reports”.
These special bulletins are to be exchanged within a few days after the close of

each month and will give briefly the station data on the important earthquakes of
the preceding month which have been registered over great distances.

THE MINDORO EARTHQUAKE OF JUNE 15TH 1928

A macroseismic report of this earthquake has been prepared by Rev. M. Saderra—
Maso, Assistant Director of the Manila Observatory, and appears in the Seismological
Bulletin of the Observatory for the second half of the year 1928. He determined the
epicenter to be in the vicinity of 12.3° N and 121° E.

In view of the fact that this earthquake was sufficiently intense to be recorded at
almost every observatory in the world it is thought that some microseismic data will
be of interest to seismologists.

The Central Bureau at Strasbourg placed the epicenter at 13.5° N and 118° E.
but this 18 too far out in the China Sea and does not agree with the macroseismic data.
The Central Office of the Jesuit Seismological Association, St. Louis, U. S. A., gave a
tentative epicenter at 11.5° N and 114° E which also does not agree with the macro-
seismic evidence.

For a more accurate determination the writer fixed O at 6" 12™ 36® on the basis of
the observed arrival time of P at Manila, the distance of Manila, and Mohorovicic’s
tables for surface layer waves. Distances to Manila, Taihoku, Hongkong, Phu-Lien,
Zikawel, Nagasaki, and Batavia were calculated. The observed arrivals of P were as

follows.
240267 —2
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6 THE MINDORO EARTHQUAKE OF JUNE 15, 1928
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These residuals show that a shift of the epicenter to the NW and a change in the
time of O would give better results. Accordingly O was changed to 6" 12™ 35° and the
coordinates to 12° 22’ N and 120° 55’ E. The epicentral distances and expected arriv-
als of P were again calculated. The results appear in the first eight lines of Table II.

These coordinates were judged to be sufficiently accurate. The distances and ar-
rival times were then calculated for all the stations whose reports were at hand.
Table II shows the arcual distances and residuals. ,

The tables used were those of Macelwane.

TABLE II. .
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THE MINDORO EARTHQUAKE OF JUNE 15, 1928

The results, in general, are considered good. Where P is observed excessivewsmrﬂgmatioﬂd

it 1s suggested that a probable explanation is to be found in the mistaking of sgffclogica

1solated movement for P. Where P is observed 4-10 seconds early a possible explanean-tre
tion may be that the observed time is that of the vertical component which frequently
leads the horizontal. This is shown in the case of Zikawei. The observed time used
in the determination of the epicenter is that of H because the vertical component gives
P 7-8 seconds early. Where P is excessively late it would seem to indicate a lack of
sensitivity in the seismographs. The early arrival of P’ at the antipodes has been ob-
served by the writer in previous instances and it is believed that slight modification of
the table of travel times for these distances is desirable.

The position thus determined puts the epicenter 10 kilometers from the Mindoro
shore line in the Apo East Passage of the Mindoro Strait. A Coast and Geodetic
Survey sounding at this location shows a depth of 330 fathoms and the relief model
of the Philippines, prepared by the Survey, shows that a submarine trench begins in
the neighborhood of this point and runs NW into the China Sea, increasing in depth
to more than 2,000 fathoms. The epicenter is shown in Plate 1.

The depth of focus seems to be of the order of 25 km., assuming the validity of
Mohorovicic’s tables for this region.

The first wave at Manila was compressional. There was about 60 aftershocks

recorded at Manila, one of which, at 17" 16™ 45¢, appears to have almost equalled the first
shock in intensity.

THE BOKOD SEISMIC PERIOD, JAN.—-FEB. 1929

On January 15th at about 1.30 a. m., local time, an earthquake occurred near Bo-
kod, Benguet subprovince, Luzon, that ushered in a period of seismic activity which
lasted with intervals until February 25th. Bokod 1s 27 kilometers to the ENE of
Baguio, the mountain resort of the Philippines. The Benguet Subprovince has been
the scene of similar seismic periods in the past, among which may be mentioned those
of August—September, 1913, October 8th-9th 1920, and September 17th—October 22nd
1925.

The topography and general geological structure of the region has been carefully
described by Rev. M. Saderra—Maso, former Chief of the Seismic Division of the Ma-
nila Observatory, in the Bulletins for August 1913 and October 1925. A further detail
may be added here concerning the location of Bokod. In 1926 the Bureau of Science
of Manila issued a preliminary geological map of the Philippines which shows a small
circular area of Mesozoic undifferentiated metamorphics in the center line of the elon-
gated mass of Pre-Tertiary intrusives of the Central Cordillera. Bokod is just inside
the boundary of this circular area. However, the general character and small scale of
the map do not allow of great accuracy in this determination.

The list of earthquakes in this period, in approximate local time, is as follows:

January 15th.—
1:30 a. m. Felt as far as 100 km.

3:00 a, m,
3:80 a. m.
9:00 a. m.
10:00 a, m,

L |



N THE BOKOD SEISMIC PERIOD, JANUARY-FEBRUARY, 1929 m

January 16th— .Int.ernatio.nal
4:08 p. m. and at intervals during the night. Rocks dislodged. Felt as far as Manila. S€ISmological

5:10 p. m. Reported from 4 places at 25 km. distance. Centre
10:04 p. m. Felt as far as Manila.
January 17th-—At intervals during the whole day. Reports as far as Malasiqui. 756 km.
January 18th—
6:00 a. m
9:00 a. m.
10:00 a. m
10:45 a. m.
8:30 p. m.
January 19th—At intervals.
January 20th—
5:30 a. m.
11:35 a. m.
January 21st—
9:00 a. m.

11.00 a. m.

January 26th—2:35 p.

January 27th—4:30 a.

January 29th—3:00 a.

January 30th—7:10 p.

February 3rd—0:30 a.

February 6th—S8:10 p.

February 19th—

3:00 p. m.
8:00 p. m.

February 25th—9:00 p. m.

In this series there were three predominant shocks which were felt over Central
and Northern Luzon, one at 17" 29™ 40, G. M. T. on the 14th, the second at 8" Q6™
09, G. M. T., and the third at 14" 03™ 37", G. M. T., on the 16th. The epicenter was
determined by the travel times of P to Manila and Zikawei.

The first of these three shocks was registered as far as Zikawei, 1,850 km. to the
north. It is probable that the second would also have been reported as registered there
and at other observatories except for the fact that another earthquake occurred in
China just a few minutes previously and its vibrations, no doubt, masked those of the
Bokod earthquake.

The shock at 17" 29™ 40° on the 14th was felt at Dagupan, Kapangan, Manaoag,
Baguilo, Camiling and Baler and would probably have been reported from many other
places had it occurred during the day. The second and third shock were perceptible
in Manila as a very gentle rocking motion.

The isoseismals for the earthquake at 8 06™ 09° on the 16th are shown in Plate 1.
Reports were received from twenty-one places other than those shown in the figure.
The short lines drawn through various towns indicate the apparent azimuth of the
oscillations as reported from those places. The number “1” refers to the first of the
three important shocks, number “2” to the second, and number “3” to the third. It
seems evident that in most cases the transverse waves, rather than the longitudinal,
were felt.

These three predominant shocks of the series were evidently true tectonic earth-
quakes of at least moderately deep origin and it is interesting to note that the initial
movement in the first was a compression, in the second a dilatation, and in the third
a compression. It is suggestive of a sudden uplift, followed by a subsidence, and then
another uplift. The other and less intense shocks might be considered as due to su-

perficial readjustments following the main shocks.
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THE BOKOD SEISMIC PERIOD, JANUARY-FEBRUARY, 1929

Ed v

il —r s & i - e ationd
N LR DALUPIR N |
— c@ium I o ;Tr(e)lOglcm
BOKOD EARTHQUAKES B ‘
nr PA lUID
JANUARY 1929 ; |
gv;
>
r“IF ,f":“—;ﬁ;ﬂaﬁlv ; & 17
1 AR TN
San Fer | +f 2 ',..f"'};r ’f’ ’,"f =
s’ / / :
£ > " ?ﬂg‘{iﬂkff eBayfmbong o
\ A f’
@1’ % Q f‘r 4 H

- 5NN

Q Q N
”*’@ % ISLAND v \ B
. < o
Of? "PF ' A
) . \
% EPICENTER OF JuNC I5™ A
d:h . : ;

- 2 % e —— = = = ——— m————— e -
19 120 121 j22 123°
T e e R ol o T e e s, . A e T W e R —

PLATE I



. Seismological
Centre



































































































































































































































































































































































































































































































