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PROGRESS OF SEISMOLOGICAL INVESTIGATIONS IN THE 
UNITED STATES, JANUARY 1,1925,  TO JUNE 30 ,1927  

By N. H. HECK, Chief, Divtvion of Terrestrial Magnetium and Seisniology 

1NTRODUCTORY 

The period covered by this publication has been important in the 
growth of interest in seismology in the United States. Prior to this 
period there was considerable activity, but ver little in the way of 
concentrated attack on the many problems. 9 '0-day, although full 
development of a suitable program is not yet a t  hand, a number of 
events indicate that such full development is imminent. 

I n  1925 seismological investigation b the Government was trans- 

Geodetic Survey. Among the reasons leading to this transfer were: 
Operation of seismographs by the Coast and Geodetic Survey at  its 
magnetic observntories for more than 20 years ns an adjunct to 
magnetic work ; special geodetic surveys during recent yqars in 
regions sub'ect to earthquakes to study crustal creep; practice of 

hydrogrti hic surveys of coastal waters, which make i t  easy to deter- 

and last and, perhaps, most important, the desirability of applyin 
the recise methods used in the work of the United States Coast an 

ferred from the Weather Bureau to t i e United States Coast and 

studying ti d a1 records for evidences of seismic sen waves; accurato 

mine wit R accuracy submarine changes accompanying earthquakes ; 

8 
Geo t; etic Survey to instrumental seismological work. 

I n  taking up this work the Coast and Geodetic Survey realized 
that it was neither practicable nor desirable for the Government to 
undertake a very large part of the great amount of work to be 
accomplished. The survey has made special efforts td establish 
cooperation with other organizations and the encouragement by 
advice and assistance of small institutions desiring to enter the field 
but not fully able to function without such assistance. 

A valuable contribution to seismology in the United States is 
that of the Jesuit Seismological Association, organized in 1925 
under the direction of Rev. James B. Macelwane, S. J., head of 
the department of geophysics, St. Louis University, St. Louis, Mo. 
The association's work includes the coordination of the work of 11 
stations, with a definite program of improvement of instruments 
and methods and interpretation of results. 

An activit , local in extent but of international impprtance, is 
the ear thquJe investi ation being carried on in California under 
the direction of the a f visory committee in seismology of the Car- 
negie Institution of Washington, of which Dr. Arthur 'I?. Day, 
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Director, Geophysical Laboratory, Washington, D. C., is chairman. 
This work is carried on with the coo ration of the United States 
Coast and Geodetic Survey, United gates Geological Survey, sev- 
eral universities in California, as well as commercial organizations. 
The work includes geological studies, study of crustal creep, instru- 
mental seismological observations from permanent stations, and 
other operations. 

A number of universities not included in the above groups are 
operating seismographs, chiefly of the teleseismic type. I n  some 
cases their records are being interpreted by the Coast and Geodetic 
Survey. Commercial organizations are using seismic methods for 
study of geological formation, and while the operations are being 
held secret for business reasons, it is expected that results will 
eventually be made available for scientific study. 

Other organizations are studying earthquakes with a view to 
protection from disaster. This includes design of structures and 
actual tests of materials and structures. 

Progress has been made in instrumental design, and a new instru- 
nient, the Wood-Anderson torsion seismometer, has been put into 
use for investigstion of both near and distant earthquakes. Work 
is being done on a simpler and less ex ensive, yet more reliable, 

with a view to placing a number of such instruments in regions 
sub'ect to earthquake. 

dhe  study of wave transmission is being prosecuted actively. The 
work of Macelwane is outstanding, and Byerl (of the University of 
California) and Neuniann (of the Coast an B Geodetic Survey) are 
giving considerable attention to this subject. Practically all organi- 
zations in the United States engaged in the interpretation of seismo- 
grams are using all possible phases, recording those which can not 
be interpreted at this time. 

There is excellent cooperation with Canadian seismological sta- 
tions. Whenever an important earthquake occurs in either Canada 
or the United States, if it is felt across the border, the country in 
which the e h x n t e r  occurs receives from the other all reports for 

rence earthquake of February 28, 1925, and the Montana earthquake 
of June 28, 1925. 

Figure 1 shows the location of seismological stations in the United 
States and the adjacent parts of Canada which contribute informa- 
tion regarding earthquakes occurring or felt within the United 
States. 

Par t  1 contains the detailed report of the seismological work of 
the United States Coast and Geodetic Survey and other Government 
organizations cooperating. 

A corn osita picture of all the activities- in the United States is 
given in ffart 11. I n  the cases of the Jesuit Selsmological Associa- 
tion and the Carnegie Institution of Washington corn lets reports of 
their activities are given elsewhere, and only a brie F summary will 
appear here. 

device for recording the maximum acceeration P of an earthquake, 

its own pub i ication. This program was in effect for the St. L a w  





PART I. WORK OF THE COAST AND GEODETIC SURVEY 

PRESENT AND PLANNED EQUIPMENT OF STATIONS 

The station a t  San Juan, P. R., has a Bosch-Omori seismograph at  
present. The important position of this station with regard to the 
Caribbean region makes it important to install a more modern and 
accurate instrument here, and this will be done as soon as practicable. 

The station at Cheltenham, Md., has a Bosch-Omori seismograph. 
This will not be replaced for the present because the first-class 
station of Georgetown University, Washington, D. C., is only 18 
miles away. 

The station at  Tucson, Ariz., has a Wood-Anderson torsion seis- 
mograph of the teleseismic type. This instrument has been in use 
for a year under good conditions. Study of the results is not yet 
sufficiently complete, however, to make a report. A large number of 
shocks in the Imperial Valley of California were recorded by this 
station in January, 1927. 

The station at Sitka, Alaska, has a Bosh-Omori seismograph, 
which will be replaced with another instrument as  soon as practicable. 

The station at  Honolulu, Hawaii, has operated a Milne-Shaw 
seismograph for five years. This was recently moved to the Univer- 
sity of Hawaii, where a joint station is being operated, thus affording 
opportunity for special studies. At  all times, but especially at cer- 
tain seasons of the year, microseisms are recorded a t  Honolulu. At 
times these are so great as to interfere with interpretation of the 
preliminary phases of the records. This affords an unusual oppor- 
tunity for the study of microseisms, and it is hoped to make such a 
study in the near future. 

The station at  Chicago University, formerly operated by the 
Weather Bureau, is being continued by the Coast and Geodetic Sur- 
vey. This station has a Milne-Shaw seismograph whose recording 
apparatus has been remodeled, so that excellent results are being 
obtained. 

No vertical-component instruments have as yet been installed at  
any of these stations, and this is one of the outstanding needs. 

REPORTS OF VISIBLE AND FELT EFFECTS OF EARTHQUAKES 

(4) 



5 

ment for the country as a whole. In regions subject to earthquakes 
the reporting service is considerably expanded, and an attem t is 

adopted for such reports is a modification of previously existing 
forms, with special effort toward simplicity. The observer is not 
asked to estimate the intensity of the earth uake, but only to give 

reports, so that all reports receive uniform treatment. 
It is hoped that an entirely satisfactory device will soon be forth- 

comin for giving the maximum intensity. None of those hereto- 
fore $eveloped are entirely reliable, and a device sufficiently 
inexpensive to be used in large numbers would be most valuable. 

Special investigations of regions where important earthquakes 
have occurred are made for various reasons. When the investiga- 
tion is geological the work IS done by the United States Geolog$al 
Survey. The Coast and Geodetic Survey makes special investiga- 
tions to determine intensity and also to appraise damage to engi- 
neering structures. I n  the case of the California regions various 
local organizations are prepared to  make special investigations. 

made to secure adequate reports of each earthquake. The P orm 

observed facts. The intensity is appraised B y those reviewing the 

REIRM0TX)OTCAL REPORT 

All earthquakes occiirring within the United States and the 
regions under its jurisdiction. with certain exceptions, are included 
in the Quarterly Seismolo ical Report published by the United 
States Coast and Geodetic !3 urvey. This publication also contains 
data on all earthquakes recorded by stations within the area named, 
provided the epicenter can be determined. Complete siiinninries by 
date and by region appear a t  the end of each quarterly report, and 
a t  the end of each year summaries for the year and maps showing 
t,he position of epicenters are given. Volcanic earthquakes in the 
Htiwaiian Islands are not given, since they are recorded in the 
Bulletin of the Volcano Research Associat,ion. Numerous minor 
earthquakes in the United States and the Philippine Islands are 
also omitted. 

The publication includes =the records of the observatories under 
the jurisdiction of the Coast and Geodetic Survey, one at Guam 
under the Navy Department, one in the Panama Canal Zone, and 
those of other stations which do not publish their results. I n  de- 
termining the e icenters all available reports are used, and for this 

six months after the close of the period. At present the interval is 
considerably longer, but it is hoped to rectify this condition soon. 

reason the pub F ication will normally be sent to the printer about 

IMMEDIATE DETERMINATION OF EPICENTERS 

Immediate determina tion of epicenters is sometimes cwnsidered 
iisefiil merely as a matter of ublicity and a means of arousing 

tion of this work, as carried on by the Coast and Geodetic. Survey 
and cooperating organizations. T o  make this point clear, it may 
be well to  outline the cooperative method employed. When an 
earthquake occiirs messages are sent in code either to Science Serv- 

public interest in seismology. TP his is not, however, the entire func- 
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ice, an organization under the auspices of the National Academy of 
Sciences and the American Association for the Advancement of 
Science, at their expense, or through official channels to the Coast 
and Geodetic Survey from its own stations. The best possible im- 
mediate interpretation from the reports first arriving is then given 
to the press. 

These determinations of epicenter are iisually made with insufi- 
cient clata and, while usually accurate enough to meet the needs of 
publicity, are often considerably in error from the viewpoint of 
correct interpretation. Accordingly, on receipt of re orts from all 
stations contributing for a given earthquake, anot E er and more 
accurate determination is made. Information is exchanged with the 
Jesuit Seismological Association, and, if ossible, agreement is ob- 
tained on the interpretation. The adopte r; time of origin and epi- 
center are then sent, within 10 days of the earthquake, to all con- 
tributing stations. In  the case of Pacific stations the information 
is sent by radio to Honolulu and distributed from there. 

The value of this arrangement is particularly veat for those 
observatories: which attempt to interpret all possib P e phases. The 
area covered is so great that in practically all cases the earthquake 
will be relatively near to some and distant from the others. The 
position obtained from the nearer stations aids tlie distant stations 
In interpreting their hases. The experience of the Coast and Geo- 
detic Survey is that t t: e time saved in interpretation of seismograms 
of distant earthquakes more than compensates for the time and effort 
necessary for carr ing out the cooperative plan. Special care is 
used to avoid dupicating the functions of any other organization, 
and as a result it  is believed that the reports of the Jesuit Seismo- 
logical Association and of the Central Bureau at  Strasburg, as well 
as the final report (The International Seismological Sumniary ) , 
prepared under the direction of Prof. H. H. Turner, at Oxford, is 
strengthened rather than duplicated. 

Figure 2 shows the contribution which the stations in tlie United 
States and regions under its jurisdiction are making to determina- 
tion of earthquake epicenters in the Pacific. 

INFORMAZION 5 THE PUBUC 

S ecial effort is made to keep the public informed in re ard to 

Science E ervice is r r t icu la r ly  furnishing information to the 
active in this respect. The &f:blogical Society of menca, an 
international organization, publishes the Seismological Bulletin, 
which gives information on every subject relating to earthquakes. 
An eastern section, recently formed, issues a bibliographical bulle- 
tin, the work being done by Mr. Ernest Hod son, seismologist, 

various organizations and individuals in the United States who are 
members of the society. 

f eart K quakes. This is done by correspondence, ublished artic.es, and 

Dominion Observatory, Ottawa, Canada, with t f e cooperation of 

OTHER WORK 

The United States Geological Survey has made s ecial geological 
investigations and published reports of the St. E awrence earth- 
quake of 1925 and the Montana earthquake of the same year. 
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Additional work of the Coast and Geodetic Survey includes the 
highly important geodetic work in California reported as part of 
the program of the Carnegie Institution and also re orted to the 
section of geodesy of the International Geodetic an$ Geophysical 
Union. Somewhat related work, though primarily volcanological, 

I I 
8 3 

is the running of precise levels on the Island of Hawaii, to be re- 
peaked from time to time to detect changes in elevation. 

All tidal records received by the Coast and Geodetic Survey are 
examined, as a routine matter, for indications of seismic sea waves. 

Corn leted hydrographic and topographic surveys of the coast are 
invalua%le in case of an important earthquake, as they make it 
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possible to determine accurately whether changes have occurred. I n  
all the waters under the jurisdiction of the United States, and adjoin- 
ing waters, rapid progress is being made in such surveys. The present 
status of surveys complete for the purpose is indicated in the 
following table : 

Completed kydrogrrrplcic c1ii.d topooraphic work Per cent 
completed 

BIBLIWRAPllY OF ARTICLES BY MENBERS OF T H E  UNITED BTATEB COAST 
AKD GEODETIC SCRTTY 

Seismological Report, Jan., Feb., Mar.. 1025, U. S. Coast and Geodetic Survey, 
by Frank Neumnnn. Serial No. 3%. 

Seismological Report, Apr., May, June, 1925, U. S. Coast and Geodetic Survey, 
by Frank  Neumann and Jer ry  Service. Serial No. 337. 

Seismological Report, July, Aug., Sept., 1925, U. S. Coast and Geodetic Survey, 
by Frunk Neumann. Serial No. 363. 

Earthquake ,Investigation in the United States, by E. Lester Jones, U. S. Coast 
and Geodetic Survey. Serial, No. 304. 

Science and the Earthquake Peril, by E. Lester Jones, U. S. Coast and Geodetic 
Survey. (Reprint from the Journal of the Franklin Institute, May, 1926.) 

Plarthquakes in 1925, N. H. Heck, U. S. Coust and Geodetic Survey. Bulletin 
of the Seismological Society of America, June, 1925. 

Some Remarks on Certain Earthquakes of 1925, by Frank  Neumann, U. S. 
Const and Geodetic Survey. Bulletin of the Seismological Society of 
America, June, 1925. 

Earthquake Epicenters in the North Pacific, by N. H. Heck, U. S. Coast and 
Geodetic Survey. Bulletin of the Seismological Society of America, Sept., 
1026. 

PRINTED INBTRUMESTAL SEISMOLOOlCAL REPORTS Ih- THE UNITED STATES 

Quarterly Seismological Report, Coast and Geodetic Survey, July, 1024, to 

U. 8. Weather Review, Monthly Reports from 1916 to  June, 1924. 
Georgetown University Seismological Station, Annual Report, latest, 1924. 
University of California, Annual Report, latest, March 31, 1926. 
Beginning with 1926 the Jesuit Seismological Association expects to  publish 

March, 1926. 

reports of 11 stations in the United States. 



PART 11. SUMMARY OF EARTHQUAKE INVESTIGATION IN THE 
UNITED STATES 

L-SITEU STATES COAST 4 x 1  aEonErIc ST-RVEY 

,4eisn/oymph stcrtiom-The United States Coast and Geodetic 
Survey now operates seismographs at six stations-San Juan, P. R. ; 
Cheltenhsm, Md. ; Chicago, Ill. ; Tucson, Ariz. ; Sitka, Alaska ; and 
Honolulu, Hawaii. Three of these have modern instruments, Milne- 
Shaw a t  Chicago and Honolulu, and Wood-Anderson (teleseismic 
type) at Tucson. The others have Bosch-Omori instruments which 
it is planned to replace in the near future. 

Collection. of data on observed aizd felt em*thpwkes.--The Weather 
Bureau is giving active support to this part of the work, and addi- 
tional reports are being obtained in regions of frequent earthquakes. 
Although such reports are not scientifically equal to instrumental 
ivports, the inadequate number of instruments for the great area 
involved will continue to make such reports of importance. An im- 

for making reports has been adopted. 
most complete record possible, from 

for earthquakes occurring within 
the Gnited States, or regions under its jurisdiction, or earthquakes 
occurring outside of these areas but recorded b instriinients within 
them. This information is published quarter ?; y as the Quarterly 
Seismological Report of the Coast and Geodetic Survey. At the 
end of each year an annual summary with ma s is given. All epi- 
centers are determined from information avai P able, it being under- 
stood that the determinations are preliminary. The publication 
includes the records of the six observatories of the Coast and Geo- 
detic Survey and those of five or more universities. 

determination of epi- 

occurring in North America or the Pacific region. This is accom- 
plished through the cooperation of several organizations and numer- 
ous seismological stations within the United States and throughout 
the world. The cooperative method is described in detail in Par t  
11. A more accurate determination of ,epicenter, from all reports 
received, is made within 10 days and transmitted b~7 radio or mail 
to all contributing stations. 

Znfommtion t o  the public.-Special effort is made to inform the 
public regarding matters of interest and importance relating to 
earthquakes. 

Other Government activities include : Special geological investi- 
gations of regions where earthquakes have occurred are made for 
the more important earthquakes by the United States Geological 
Survey; the United States Navy bepartment reports seismic sea 
waves felt by its vessels or those of the merchant marine reported to 
it :  the United States Bureau of Standards is a t  work on seismograph 

(3) 

Detemaination of eyicpnter.--Preliminar 
center is made within 24 hours, especial P y of those earthquakes 
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design and is also concerned with tests of materials and structures 
to resist earthquakes. 

JF,YUIT SEISMOLOGICAL A8SOCIATION 

The Jesuit seismographic stations in the United States date back 
to the organization in 1909 of a Jesuit seismological service by the 
Rev. Frederick 1,. Odenbach, S. J., of the John Carroll Universit 
Cleveland, Ohio. Under his direction 18 seismographs of the sma 1 
Wiechert type were im orted and set up in the following 
Brooklyn, Buffalo, and Fordham, N. Y, ; Cleveland, Ohio ; C iicago, 
Ill. ; Denver, Colo. ; Georgetown, D. C. ; Milwaukee, Wis. ; Mobile, 
Ala.; New Orleans, La.; Santa Clara, Calif.; Spokane, Wash.; St. 
Boniface, Manitoba, Canada ; St. Marys, Kans. ; St. Louis, Mo. : and 
Worcester, Mass. Three of these-Georgetown, New Orleans, and 
Santa Clara-installed both vertical and horizontal components. 

Two years later unfortunate circumstances caused the disruption 
*of the established seismolo ical service. The number of stations in 
full operation raduall &creased, until in 1924 the only Jesuit 
stations in the 6 4  nited L. tates still publishing earthquake data were 
Georgetown, Fordham, and Spring Hill. Georgetown had installed 
in the meantime a pair of photographic Bosch seismographs, a 
Mainka bifilar endulum, a 200-kilogram Wiechert horizontal seis- 
mograph, and &ally a Galitzin vertical. Fordham also had been 
equipped with two seismographs of the Milne-Shaw type. Rev. 
Francis C. Tondorf, S. J., of Georgetown, was very active in keeping 
alive popular interest in seismology. 

The stations at Santa Clara, Spokane, and St. Louis continued in 
operation but without publishing tbeir results. I n  the summer of 
1925 an exchange of views between the Jesuit colleges and universi- 
ties in possession of seismographs resulted in a meeting which took 
steps to reorganize the stations. The Jesuit Seismological Associa- 
tion was formed and a central station established ?t St. Louis. 

During the past months there have been 1 0  stations in o eration: 

Louis, Santa Clara, Spokane, and Chicago. A new station is being 
established at Cincinnati equipped with a Galitzin vertical, two 
long- eriod, horizontal-component, torsion seismometers of the 
Woo B -Anderson type, and three short-period components of the same 
ty  e. 

$he station at St. Louis is installing the same equipment as Cin- 
cinnati, but with two horizontal com onents of the Galitzin type in 

room in the university $uilding on a pier of concrete built into 
massive St. Louis limestone of Mississippian age. The balance of 
the equipment will be located outside the cit in a large vault com- 

service will be furnished by a Shortt synchronome checked by wire- 
less time signals. 

The association has arranged a program of cooperation whereby 
the data of important earthquakes are telegraphed to the United 
States Coast and Geodetic Survey from selected Jesuit stations and 
relayed, together with the data from the Government and other 

1’ 
places : 

Buffalo, Denver, Fordham, Georgetown, Mobile, New Or P eans, St. 

addition. Par t  of the e uipment WI s 1 be-placed in a subterranean 

pletely under ground and separated from a P 1 buildings. The time 



stations, to the central station in St. Louis, some of the reports being 
telegraphed direct to St. Louis. The central station has made de- 
terminations of epicenters and issued preliminary bulletins by mail, 
giving the tentative location of the e icenter and an interpretation 

earthquake. These preliminary bulletins are sent to about 170 
stations and individuals throughout the world. 

Plans for the future include further expansion of the equipment 
at Bordham and at Georgetown and a continuation of the program 
of research that has been undertaken. 

of the reports of the stations in eac R case a few hours after the 

CARNEOIE INSTITUTION OF WASHINGTON 

Part  of the work of the advisory coninlittee of seismology of the 
Carnegie Institution of Washinp$on is in cooperation with the Coast 
and Geodetic Survey. The chairman of the committee has made 
the following statement in regard to this work: 

“One major task, jointly elabortttccl a t  the outset between the 
institution and the United States Coast and Geodetic Survey, con- 
templated fixing the position both in horizontal and vertical dimen- 
sions of tho significant landmarks throughout the entire zone of 
earth movement in California. The obvious purpose of these, which 
has often been alluded to before, was two-fold-(1) to fix with pre- 
cision the actnal displncement occuring during earthquakes, (2) 
the much nio1:e now1 and, eventually, perhaps more useful purpose 
of attempting to evaluate indications of accumulating stress or 

riinary 
triangulation extending southward from llkiah to the hexican 
boundary, and east and west across the State to suitable points 
beyond the Sierra Nevada range which are believed to be near1 
free from movement. This triangulation is now nearly complete$ 
north and south, and three lines have been finished in tho east-west 
direction, namely, a t  San Francisco Bay, San Luis O\)ispo, and the 
Mexican boundary. 

“ For the detection of vertical movements, lines of precise leveling 
have been undertaken in the southern lortion of the State, chiefly 
with reference to known fault zones. h e  leveling is still in prog- 
ress. Eventually i t  is hoped to extend it over substantially :dl the 
region covered by the recent triangulation.,’ 

The other activities are fully described in the Report of the Ad- 
visory Committee in Seismology of the Carnegie Institution of 
Washington for 1925-26, and n brief &sum6 follows: 

The geological history of the San Andreas Rift and other active 
faults have been studied in detail. I n  eastern California several 
vertical faults have been found, while the others are chiefly hori- 
zontal. The rock is bad1 crushed in the fault zone. 

tory manner, especially the Wood-Anderson seismometer, and this 
has also been modified for teleseismic use. 

An artificial explosion of 62.5 tons of dynamite a t  a distance of 
70 miles has been recorded. 

‘ creep., 
“The purpose of this object has made necessary a new 

Development of specia 9 instruments has progressed in a satisfac- 



The research laboratory at  Pasadena and some of the substations 
Five stations 

Plans for a similar group of stations around San Francisco Bay 

are equipped with instruments and are in operation. 
will eventually be in operation. 

are being worked out. 

MIBCELLANEOUS ACTIVITY 

Harvard, Yale, Cornell, and Virginia Universities operate seisnio- 
raphs, their records being inter reted by the Coast and Geodetic 

eral other organizations in California operate seismographs and 
print their results. 

Eurvey. The University of Cali B ornia, Lick Observatory, and sev- 

E A R T H Q U A K E S  OCCURRING D U R I N G  PERIOD 19 2 5-1 0 2 7 

The year 1925 was an unusually active one in the United States. 
The eastern section was shaken by the St. Lawrence earthquake of 
Februar 28, 1925. The western section had the Montana eartli- 

and an earthquake in Texas on July 30. An earthquake occurred in 
Alaska on February 23. Five others were felt over an appreciable 
area. 

The year 1926 was relatively inactive. One earthquake occurred 
in San Francisco on October 14 and one in Idaho on November 28. 
All others were minor, though scattered over a considerable area. 

On January 1, 1927, an earth uake at Calexico, Calif., was felt 
both in Mexico and the Imperial %alley of California. 

quake o P June 28, the Santa Barbara, Calif., earthquake of June 29, 

0 


