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THE MEXICAN EARTHQUAKE OF APRIL 15,1907, WITH 
NOTES ON THE NATURE OF MOVEMENTS INDUCED 
BY EBRTHQUAKES. 

A marked period of repose from seismic activity appears to 
have prevailed, especially thruout the Western Hemisphere, 
after the Kingston earthquake of January 14, 1907. During 
an interval of almost exactly three months the Weather Bureaii 
seismographs did not record any movements of noticeable 
magnitude until the early morning of April 15, when a very 
complete record mas obtained of another great earthquake 
whose origin is nom known to have been within or near the 
southwestern provinces of Mexico. The towns of Chilpan- 
cingo, Chilapa, Ayutla, and doubtless others from which press 
reports mere not received, all near the Pacific coast, suffered 
very severely or mere mostly destroyed. 

Judging from the Weather Bureau record the disturbance 
mas of very considerable violence, greatly exceecliug the Kinwrc- 
ton earthquake, and coinpar:tble in intensity with t,hose in 
California in April and in Chile in  August of 1906. 

Table 1 gives the times and duration of the several phases 
usually characteristic of records of great tliqtant earthquakes. 
The automatic records from which the results have been de- 
duced are partly reproclucetl on Chart IS. 
TABLE 1.- Timen mcd ditrrifiort of phtrntx. Aff.c.icwc carlhqitak: 1 q i i t ) t i i t g  

By C .  F. MARVIN,  Professor of Meteorology. Dated April 36, 1907. 

: 

1 hr., 14 ?)tin., 19 wc. (1 .  in., 75th nteridirrn tiirie, April 1.5, 1.')flT.' 

First preliiliinary tremors liegan. . .  

Principal portion began .......... 
Princilial portion ended . . . . . . . . . . .  
End of  earthquake.. . . . . . . . . . . . . . .  
Duration I.)f first prrliiiiiunry tre- 

mors . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Duration of sec:onil preliniiuary tre- 

mors . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1)uratioii of principal port.ion. . . . . .  
Total duration o f  eartliqliiike. . . . . .  

Second preliminary tremors began. 

N . 4 .  Gwupolrent 
h. 111. s. 
1 14 1!1 a. in. 
1 19 2s a. 111. 
1 26 56 a. 111. 
1 43 17 it. in. 
2 43 00 a. 111. 

0 5 !) 

0 7 as 
0 1G 31 
1 2s 41 - -- \ I Z' l  . . 

1 1 31 to  33 . . . . . . . .  Times of mnaimuni mot.ion 
PrObabll> amuant o f  actual maxi- 

muni displaceiuent (douhle aiupli- 

Period of pendulums. . . . . . . . . . . . . .  
Magnification of recibrd. . . . . . . . . . . .  25 times. 

t 11 d I?). . . . . . . . . . . . . . . . . . . . . . . . . . .  5 mnl. 
15.5 secs. 

E.-JV. l ' ~ l l l l ~ ~ I J l l ~ U 1 .  
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1 1:) 31 a. 111. 
1 21; * a. 111. 
1 43 39% it. Ill. 
3 48 00 a. 111. 

u 5 I5 

0 7 . .  
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9 33 41 

Pen off sheet. 
Pen I)IT b h w t .  

7 111111. 
a0 W C S .  
20 timrs. 

1 nri I I ci pal portiou in the east-wrst 

Before drawing attention to certain details of the records, 
it seems desirable to outline certain general characteristics of 
the movements which seismographs record. 

I n  the first place, the most perfect instruments known a t  
the present tiine still fail to give us a wholly faithful record 
of the vibrations of the ground during an earthquake, and, 
therefore, no exact deductions can lie drawn from records tlius 
far obtainable. The ground inoveuients, moreover, are very 
complex and unfortunately seismographs such as the Iiori- 
zontal pendulum instruments in  use a t  the Weather Bureau, 
like other forms, are influenced by more than one element of 
motion. Fo r  example, the record ordinarily produced by a 
horizontal pendulum may represent one or more of a t  least 
three possible elementary motions, i. e. : (1) A linear horizontal 
displacement of a vibratory nature. (2)  The passage of unclu- 

lWlien this earthquake mas recorded the vibrator device attached to 
the Weather Bureau seismographs to diminish friction (see Weather Er- 
view, May, 1906, pp. 912-217) was, for experimental purposes, tempora- 
rily inactive on the north-SOUth component, and, in consecliience, tliis 
instrument was strongly damped by friction and distinctly less sensitiT e ,  
as is shown by the damping tests made on the morning after the earth- 
quake. The shorter duration of the earthquake and other features of  
the record d the north-south motion are also explained by tliis strong 
damping. 

~- 

lations of the ground like long, shallow waves on the surface 
of water where the motion is literally a slight tilting aud with- 
out translation. (3) The record may even be caused by a 
certain oscillatory rotation of the ground about a vertical axis. 
We can not tell, from the record itself, whether one or more 
than one of these several effects may have been operatire. 

From other sources of information we are justified in making 
the following statements concerning the general nature of the 
motion of the ground a t  a great distance from the origin of 
an earthquake: 

(1) The motions are essentially vibratory motions, naturally 
more or less coiuplex and of irregular character. No appre- 
uial>le permanent dislocations, even of small ainounts, appear 
to 1)e indicated Ivy records, even at  relatively moderate dis- 
tances from the origin. 

( 2 )  The period of the main oscillations is relatively slow- 
scarcely less than ten seconds, and even tweuty to thirty 
seconds :tud longer. The maximuin acceleration is corre- 
spondingly small-one millimeter per second per second or less. 

( 3 )  The speed of  propagation is relatively rapid-several 
iiiiles per second. 
(4) The wave length is accordingly very great-waves of 100 

miles in length are plausible. 
(5) Under these circumstances, the piers upon which seis- 

niographs inay be installed, in fact whole buildings, and very 
considerable horizontal areas, iiiove or  vibrate l zq  a t o t  it under 
the influence of the distant earthquake. Consequently, there 
can not be important differential motions within restricted 
dimensions. 

This explains how i t  is possible that  relatively large ground 
vibrations, causecl by a distant great earthquake, may persist 
a t  a place for many iuinutes, or even Iiours, and be recorded 
by suitable seismographs. yet be entirely uafelt by individuals, 
am1 be unmarked by creaking of buildiugs or other tangible 
eyiclence of the ilisturlmuce. 

The case is very different with near ly  felt earthquakes even 
of very feeble intensity. The period o f  vibration is small, 
the speed of propagation slower, the wave length accordingly 
shorter, and the acceleration greater. All such characteristics 
coiubine to  fayor cliff erential motions within limited distances, 
and the resulting distortion. wrenchinK., and clisplaceinent of 
structures typical of earth(1ualie eiTects. 

Iii great destructive earthlunkes the intensity as measured 
by the maximuin acceleration of the ~ r o u n c l  motion may attain 
to about one-tliircl the acceleration of gravity-that is, to from 
3000 to 4000 millimeters per second per second. 

We iiiuat conclude, from what has nlreacly been said, that, 
a t  a distance from an origin, the seismograph pier, in fact, the 
whole materinl environment, m o m &  os a r o t i t .  Now, in accorcl- 
ance with well known principles of mechanics, an elementary 
portion of the motion of the pier during any brief interval of 
time, may consist of one or both of two separate kinds of 
inotion. (1) The pier i m y  undergo simple linear clisplace- 
ment in soiiie particular direction; or (2), the  pier may execute 
a niovement which is an eleiuentary rotation about soiiie par- 
ticular axis. That is, we may hare  linear translation along a 
line, o r  angular rotation about some axis. 

It should always be recognized that  these two elementary 
motions may possibly exist, either separately or siinultane- 
ously, but, a t  the same time, other considerations enable us to 
see that  some motions are more probable than others. 

Now i t  is iiiipossible to so dispose seismographs as to record 
directly these elementary motions thembelves. The beet that  
seismographs are able to do is to pick up  one or more resolved 
components of the primary eleinental motions. Since me have 
two possible elemental movements, and since each elementary 
motion can have three resolved components, it must therefore 
follow that  sir possible resolved components, each separate 
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and distinct from the other, are  required to  fuily represent the 
two original elemental motions. If we carry this to  its logical 
conclusion, we see tha t  six distinct seismographic records are 
required to  fully represent the true movement executed by a 
seismograph pier affected by earthquake vibrations. 

This requirement is very far from being fully met by any 
known forms of seismic apparatus, and, in consequence, earth- 
quake records a t  the present time are, a t  best, more or less 
indefinite and incomplete. 

The essentially six-fold nature of the motions indicated by 
seismographs will be more readily recognized under nanies 
that more specifically describe them. 

(A) The three resolved components of the linear displace- 
ment of a seismograph pier are, orclinarily- 

(1) A horizontal north ancl south component of motion. 
(2) ,4 horizontal east and west coruponeut of inotioii. 
( 3 )  A vertical up and doivn component of motion. 
(R) The three resolved components of the possible rotatory 

motion of the pier are conveniently- 
(1) A component of rotation about a north and south line. 

This we may very properly call a tilting of the pier to tlie east 
or west. 

(2) A component of rotation about an east, a d  west axis. 
This will logically be called a tilting of the pier northward or 
southward. Finally- 

This 
component niay, perhaps, best be called the twisting compo- 
nent of motion. 

Entirely erroneous inferences have been drawn concerning 
the existence of twisting motions during destructive eztrth- 
quakeR, since the twisted clisplaceioent of chimneys, monu- 
ments, and even buildings is pointed to as evidence of ex- 
aggerated amounts of such motions that  never really existed. 
The efFects niistakenly attr ibuted to twisting may be fully 
explained b y  the actmion of strictly liorizontnl clisplaceiiients 
upon a tottering or  otherwise imperfectly supportetl mass of 
consiclerable inertia. 

The popular use of the word <'twister ", to characterize an 
earthquake during which rotary motions particularly are 
imagined to exist, is un(1uestionably wrong, and should be 
discouraged by those who write on seismological sulijects 
with soiue authority and who it may be assumed are prompted 
by a desire to diffuse sound scientific ideas and teach habits 
of exact thought. 

The foregoing indicates that  the exact registration of earth- 
quake phenomena is a very complex prolilem, and, altlio theory 
calls for six resolved components of motion, yet we are fortu- 
nately able to conclude from other considerations that  several 
of the components, if not entirely absent, are of relatively 
small iiiagnitncle and importauce, especially a t  consiclern1,le 
distances from the origiu. The horizontal :tnd even the 7.er- 
tical displacements are no clouht of primary magnitude nncl 
iinportance; whereas the tilting and especially tlie twisting 
rotations are very small, or utterly inapplicable, except, per- 
haps, within a limited region near the origin. 

Having thus explained, very briefly, t,he essential details of 
the ground movements induced by earthquakes, the attention 
of the reader is invited to a careful esaniination of the Weatlier 
Bureau records of the Mexican clistiirbance, especially during 
the  initial portions which appear to be so well defined and 
distinct as to justifiy some attempt a t  a s p t h e s i s  of the coiu- 
ponent motions recordecl, n i t h  a view to  declucing soniething 
concerning the actual motion of the ground a t  certain phases 
of the records. 

The approxiniate location of the origin of this earthquake 
may be placed a t  latitude 17.5' N. and longitude 99.50 W. 
A little examinatinn of the geographic relations of this origin 
to Washington (latitude 38' 54' N. and longitude 77' 4' TV.) 

For example- 

(3) A componeut of rotation about a vertical axis. 

indicates that  the  direct line of propagation of the wave motion 
lies almost exactly northeast and southwest. From this cir- 
cumstance we should expect that  the Washington records of 
the north-south and east-west components of motion should 
closely resemble each other. This is found to  be the case to  
a certain extent, as is shown by a comparison of the two 
component recorcls, partly reproduced in  the accompanying 
Cliart IS. 

If we assume that  the records were produced by linear 
motious of the ground, as clistinguished from tilting move- 
ments, then they must be interpreted as follows: A displace- 
ment toward the f o p  of the sheet means that  the pier moves 
to  the rwst in the case of the east-west component record, but 
to  the N J U f h ,  in  case of the north-south coiuponent record, and 
vice rersa. This is indicated by the letters on the margins of 
the records. The reader must understand tha t  both instrn- 
iiients are iuountecl on one massive pier. 

I f  tlie ef'fects are due only to  tilting motions, then a deflec- 
tion of the record toward the f o p  of the sheet means a tilting 
of the pier to the w s f  in the case of the east-west compoueut, 
atnil to the w r f h  in tlie case of the north-south component; 
tliat is to say, the niotion of tlie groiintl is such as to cause a 
vertical line rigid with the pier to deflect toward the west or 
the north as the case inay be. 

The time-tick marks on the record sheets represent the be- 
ginning of each minute, and are numbered on the margin a t  
intervals, 15, 20, 95 ,  etc. Very perfect time-marking appli- 
ances are employed with the Weather Bureau seismographs, 
ancl the variation of the errors in the marks thruout the entire 
day covered by tlie record does not exceed two or three-tenths 
of n second. The corresponding tick marks on the two sheets 
are perfectly siinu1t:tneous. 

By cuiilparison with tlie Naval Observatory tiiiie signals it 
has lieen found that  the tick marks ou t,he recortl sheets are 
four set'onds slow; that  is to say four seconds must be added 
to the sheet time to obtain mean time of the seventy-fifth 
ineritlian west. 

With these esplmations of tlie record in inincl we observe 
that  the initial inotion of the pier. if  a clisplacement. must 
have lieen to the northeast, as if a wave of coinpression were 
aclvnncing from the southwest and pushing the pier to the 
northeast.* The amount of the displacement, however, was 
relatirely miall (a few hundredths of a millimeter) and was 
soon succeeded by a much greater movement of the pier to 
the southwest; followed, iu turn, b y  further oscillations north- 
eastward and southwestward. The crests and liollows of 
simnltaneous, o r  nearly simultaneous, excursions of the pier 
hare  1)een numbered in the two diagrams, 1, 3, 3, etc. The 
nominal scale of magnification of the two records is nearly the 
same. but  we can uot attach niuch significance, quantitatively, 
to the a i ) ip l i f ud t~s  of the wareh. As already stated, the north- 
south instrument was on this date iiiore strongly damped by 
friction than i ta  cwmpanion instrument, in consetluence of 
which the etfect is very niuch the same as if the ticales of 
magnification were greatly different. 

A fair interpretation of the records does not controvert a 
concliision that  the amplitudes of the east-west and north- 
south components of iiiotion were about equal, especially 
thruout the first preliminary tremors. 

The times of about sixty-seven wave crests and hollows 
during the first and second preliniinary tremors, represent- 
ing an interval of about twelve minutes, have been care- 
fully measured of€ froiii the records and are tabulated in 
Talile 9.  

*The \ prtical coinpnnent of linear motion was not recorded and is not 
liere conbidered. If tlie ware motion was propagated directly along the 
chord from the origin, the angle of emergriice a t  Washington moult1 Ire 
only about 15Q \vhence we should expect only a sinall vertical com- 
ponent. 
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TABLE 2.- Smea of creuts aitd hoUoios of waves of $rat and second prelimi- 
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The agreement in times ( 

Rumaiks. 

l'rest of first prel iminary tremor. 

Ripples Iregin. 

In t r r ra l  of lmrtial rest with ripples. 
\Vsvea Nos. 12 to 29 arc  almrmt. nli8,lly xbnmt i n  

I l i a .  wniponrn t .  

noticeably close thruout the first five niinut,es, as also in the 
first waves constituting the second preliminary tremors. But  
discordance soon develops, (at  No. 28) and the records can 
not be said to a h i t  of any very definite interpretation. 

There is a noticeable tendency for the wave periods to  
become longer toward the end of the second preliminary 
tremors. 

From a consideration of all the  facts a t  our  comuiand in 
this connection, we may be warranted in making the followiug 
statements in  regard to the real nature of the motion of the 
seismograph pier a t  the time of registration of the preliminary 
tremors of the earthquake in question. 

1. That  all the wayes of the first preliminary tremors appear 
to have produced vibrations of the pier north-east and south- 
west, ancl tha t  the first initial motion mas a very small motion 
toward the northeast, followed by a considerably larger dis- 
placement to the  southwest, ancl again to the northeast, with 

A correction of 
four seconds must  be added to  obtain true seventy-fifth meridian time. 

~~ 

3 The t imw are taken directly froin the record sheet. 

a clistinct siibsidence after one or two complete waves of all 
motion, except of very small amplitude. 

2. That after an interval of about a minute and a half, a 
series of ripples, or waves of small amplitude and period pre- 
vailed for nearly two minutes, followed by much slower waves 
of siuall amplitude, just  preceding the arrival of the second 
preliminary tremors. 

3. That  the second preliminary tremors appear to be exactly 
the same in character as the first preliiuinary tremors, except 
stronger; that  is to have caused the pier to move first slightly 
to the northeast, then much more to the southwest; again to 
the northeast, ancl so on. Here, again, the motion distinctly 
subsides, relatively, bu t  the records indicate more complex 
motion, and I think we are warranted in  assuming that the 
original longitudinal vilwations northeast and southwest are 
becoming coiuplicated, possibly with transverse vibrations. 

Altho the records are very clearly defined and inscribed, 
yet the s i d l n e s s  of the time scale, and the inherent defects 
of seismographic action render it iiiipossilde to arrive a t  any 
tletinite further interpretation of the records. 

These relatively n e p t i v e  and incomplete conclusions empha- 
size the necessity for still further clevelopiuent of seismic appa- 
ratus. The records in the present case seem practically per- 
fect. I n  the originals the smallest cletails are perfectly clear 
and definite. The clificnlty arises from the failure of the steady 
mass to  remain a t  rest. The relation between its motion and 
that of the grounil is complicated and unknown. Mathemati- 
cal analysis of the problem enables us to formulate certain 
analytical relations between the motion of the steady mass and 
that  of the ground, bu t  a t  the best these necessarily involve 
certain assiimptions as to the grouncl motion, the damping of 
the pendulum, etc., that  are not justified in nature. 

I n  actual practise it is dificnlt to realize a suficiently long 
period for the steady illass and t u  render it truly aperiodic 
under a strictly e\l)ouentinl law. 

I n  the opinion of the mriter these are the objects to be 
striven for in the further derelopnient of seisiuographs. 

~ 

NEW JAPANESE SEISMOLOGICAL PUBLICATIONS. 
1:) c' F. JI IK\ I v ,  Prufewv  ivr t l  N ~ ~ I o ~ ~ .  rixtt.d M ~ J  ~ 2 ,  i a n i  

The Iinperial Earthquake Investigation Coinmittee of Japan 
lias been a very large coutribntor to modern seis~i~ology and 
its literature, and the so-called '' Publications of the Earth- 
quake Investigation Committee in Foreign Languages " are 
consulted by all seismologists tliruont the world. The com- 
mittee has very recently issued the first and seconcl numbers 
of a new series of publications entitlecl: " Bulletin of the Im- 
perial Earthquake Investigation Committee ". 

The following quotation from the preface of Vol. I, No. 1, 
dated January, 1907, explains the object and scope of the 
Bulletin: 

The object iu isGuing the Bulletin is to wuure quick publication of 
short notes aut1 prrliminary reports o n  srismologicttl subjects,   no re 
espwially siicli i.ontriliutionfi as may be o f  use in coilnrction with the 
works of the International Svismological Association. The Publications 
which contain more lengthy papers will be issued froiii tirne to time 88 
heretofore. 

Numbers 1 and 2 of  the Bulletin before tis contains a collec- 
tion of short  notes by Doctor Oiuori treating of incliviclual 
topics concerning one or more of the recent, great ea] thquakes. 
In  fact, it seems appropriate to give here the titles of the 
several notes, as follows: 

'' On the estimation of the time of the occurrence a t  the 
origin of a distant earthquake from the clurstion of the first 
preliminary tremor observed a t  any place ". 

'' On the methocls of calculating the velocities of earthquake 
propagation ". 

" Preliminary note on the cause of the San Francisco earth- 
quake of April 18, 1906 ". 


