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Depactment of the Intevior

DOMINION OBSERVATORY

L

R. MELDRUM STEWART
Director

OTTAWA, CANADA, February 10, 1926.

MEMORANDUM
Re. The Seismologic Problem of Quebec

The enclosed bulletins are intended to supplement
an informal discussion of the above subject before the
Logan Club, Victoria Museum, Wednesday afternoon, Feb-
ruary, 10'26.

The first memorandum "Earthquake Risk in Quebec
and Some Weys of Making Use of Seismologic Services",
gives an outline of the topics dealt with by the author
in an interview at Montreal with the officers of the
Shawinigan Water and Power Co. and with members of the
Quebec Running Streams Commission.

The second mimeographed article is copied from the
3t. Louis Post-Despatch of September 30, 1925. It out-
lines the research in the Ozarks, referred to in the
memorandum above. It is accompanied by & photograrph
showing Commander Heck, Dr. Macelwane and Father Joliat
(to be in charge of the St. Louis out-of-town station).
These men are standing in the excavation prepared for
the new vaults of this station at St. Stanislaus Acad-
emy, Florissant - about 15 miles out of St. Louis.

The third article has just been received from
Science Service. It is written by Bailey Willis, who
needs no introduction to geologists; it presents a
well-considered statement as to the feasibility of deal-
ing with earthquake prediction.

Further supplementing the above it may be stated
that: +the Shawinigan Water and Power Co. have written
the Deputy Minister of the Interior, imforming him
of their decision to purchase, install and operate
seismographs of the latest, short-period, pattern, at
Shawinigen Falls and at Seven Falls on the Ste. Anne
River near St. Fereol, provided they may have the
cooperation of the Govermment in the matter of : hav-
ing geodetic control stations placed about the two
installations, and supervision of the seismologic work
by the officers of the Goverrment. It is essential
that the cooperation of the Geologiesl Survey be ob-
tained in this special problem. Their cooperation in
& general attack on the seismicity of Quebec would be
indispensable.

DOMINION OBSERVATORY, TTAVA
February 10, 1926.
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EARTHQUAKE RISI IN QUEBEC
by
Zrnest A. Hodgson
(o]

The following compilation of obscrvotions is not in-
tonded os o complcte troctment of the subjeet indicated in
the title. It is rother dosigned to call attontion to the
foet of o recl preblem focing the engincer who is congoaged
in plonning the construction of cxponsive works in the scis-
mic Quebec croa. For tho purpose of meintaining o definite
ordcer in tho prescntation of the frets they are set forth
under scrial numbers ond sub-numbers,

I Scismology &s ¢ scionce sccurcs data of value to the
engineor by mcons of the following studies:-

1. Scismographic obscrvations which yicld information
as to the frequeney of carthquakes, their intensity, cnd
their distribution in morc or less well-defined orocs.

2. Study of corth structurc ond stobility in regions
designnted 28 scisnic., This study is node by neaons of
specially designed seismographs of short pericvd. The seis-
mologist is assisted in this field by the geoclogist and by
the geodetic engineer. Their combined efforts produce what
may be spoken of us an earthquake map.

3. Exasnination of the results of earthquakes upon
construction with referconce to the factors; proximity to the
epicentre; nature of the subsoil; character of the building
design and the workmanship and the quality of the materials
used.

II A well-werked-~out example of the asbove listed contribu-
tion of seismology to engineering is to be found in Cali-
fornia. (Japan has also a fully developed seismologic ser-
vice which supplies information to companies interested in
construction work in that country). 4n outline of the
progress of seismoligy in Californie may be presented as
follows:~

l. Previous to 1906, the date of the San Francisco
earthquake, seismographs were in operation at various points
in California, n>tubly Lelond Stanford University and the
University of Californic. These instruments were found in-
adequate to record any but the lurger tremors but they pro-
vided a basis of observationsl material to enable the pioneers
in seismolcgy to deduce the frequency of shocks and to'point
out the more striking exaomples of slipping fault lines.

2. Several seismclogists - Branner, Willis cnd
Luwrson - urged the necessity of systemctic ecrthquake study.



They met with opposition from all types of business
men - real estate agents, enginesrs, electrical develop-
ment promotors, etec.

3. The San Francisco earthyuake occurred, followed by
the fire. Renewed efforts were made to arouse public inter-
est in seismology but the opposition was more marked than
ever, DBranner and his colleagues were looked upon as a pub-
lic menace. However, they succeeded in forming the Seismo-
logical Society of America.

4. The San francisco quake was studied in detail and
it was discovered that although the shock was a thing they
could not have avoided, the loss would have been much less
had they taken proper precautions. The dity should never
have been built directly on the San Andreas fault. Even
though that had been done, care should have been taken to
avoid areas of fill., The water confBuits should have c¢rossed
as few fault lines ab possible and emple storage should have
been provided within the last fault cfossed, to supply
fire-fighting and general city requirements until & rupture
in the leads could be repaired. It was actually found
that the pipe lines were, in many cases, lying along a fault,
crossing and recrossing the danger zone. Iluch was learned
of the resistance of ferro-concrete construction to earth-
quake action.

5. A system of education was begun, mostly through
the small group of enthusiasts forming the Seismological
Society of America. This led, in time, to a realization
of the necd for scientific investigation of the seismic
possibilities and the best means of meeting them. Public
opinion demanded knowledge and the protection it affords.

6. The Advisory Committee in Seismology of the Carmegie
Institution of Washington was formed and began work in Cal-
ifornia in 1921. They invited and rececived the cooperation
of Ukish and Lick Obscrvatories, the U.S. Coast and Geodetic
Survey, the U.S. Geological Survey, the California In-
stitute of Tochnology, the U.S. Burcau of Standards, the
University of California, Leland Stanford University, and
the United States Havy.

7. Since 1921 the cooperating bodies have:-

(a) Produced a fzult map of California on a scale of
8 miles to the inch, showing all tho known faults, active
end passive in Cuclifornia or bencath the coastal wators.
This map wes madc possible by funds subscribed by the same
busincss men who once considered scismology & menaco.
The work involved considcrable oxpense to trace foult
linos indicated by the scismograph and by tho studics of
the geology of the region.

b) Determinced the rolative shift of triangulation points
in Californic. These show movements of the surfaco,



in different dircetions at different pluces, runging from
two to twenty fout. A study of thosce shifts designuates the
fuult lines likely to slip wnd indicutes whether 'the shift
taking place ¢t the time of an carthquake has rolicved the
strain or whcther further slips arc likely.

(¢) Developed a new type of scismograph which combines the
advuntaeges of smull compass, rclative cconomy of production
end opcration and which has proved highly succcssful in the
study of local trcmors which do not rccord on scismogruphs of
the ususl typc. A modification of the instrument is being
developed for rccording distent certhyuakes. Lxperimoents,
so far, huve shown remarkcbly satisfactory results, :

(d) Arranged for a thorough sub-occanic survey which
has beun successful in detecting configurations of the occan

floor for arcas ncar the coast, making possiblc an cxtension
of the tracces boyond the shore line for many foults inown
to traverse the land corcas.

(¢) Bstablished spociel scismic obscrvuation stations,
cquipped with the Wood-Andcerson specicl type scismographs,
for critical study of thc scismicity of tihc Californiu rocgion.

IIT So successful has been this work in Californic that
it is now proposcd to curry on o similar investigoction in the
Ozork mountains; in this cusc the Jesuit scismological
orgonizotions will cooperate with the U.S. Coust and Geodetic
Survey, the geologicel surveys of the stotes concerncd and
possibly the gcology depoertment of the Uaniversity of Chicago.
They hopce to:-

" 1. Throw a gcodctic tricngulation and precisc level
net over the arcc, o8 c basis of investigetion ot o luatoer
date to deteet cvidences of cccumuleting stroin in this .rec
which hts not been relieved since the great carthqucke of
1811 ct loew lladrid.

2. Producc o doctciled topogrephiccl mep of the area,
bascd on the geodotic tricngulation.

3. Study, by meccns of three suitebly equipped scismo-
logic stations, the prescnt cvidences of slipping fault lincs,
w;th & viow to determining their laws of shock rccurrcnce,
if ony.

4. Survey the arco geologicelly to detcrmince the cngles
et which the strate cppecr cnd the position of fiult lincs,
revealed by the distribution of different kinds of rock.

5. Produce an ccrthquake mep of the region, using tho
topogriphicel mop s o basce and plotting on it the active
cnd decd foult lines discovered in the scismologic cnd geo-
logic surveys.

IV Thc activiticvs in the United States have becen outlinced



to show the methods which should be Follcwed tc determine

the f:ult lincs in cn ore. known to be scismic, in which mony
pcople are c.olled upon to live, wund wherce considcrable in-
vestments ore ticd up in construction of varicus kinds. The
recent .carthqucke in Quebee occurred on & Toult line which

hos long been knovm to scismologists ws cective although it

was never very closcly delimited. The records ¢f the Dominign
Obsorvcatory, meintcined since 1906 cnd the investigations

of the destruction last Pebruory permit us to sy with

respeet to the location of foult lines in Quebee, thot:-

1. The cetivity in the faults in this region was not
merked previcus to last Februcry wnd subscyuent to the begin-
ning of the Ottawa rocords in 1906. 4 shock inm from threce to
five years wos 2ll that was reported or registered ot Ottowe
ond knovm to come from the lower St. Lowrencc.

2. Other shocks were fc¢lt therc but were too faint to
record on the scismographs then in usc at Ottawa., Uo ob-
servor was stationed in this locality to rcport the tromors.
Qur rccords of carthquake frequency are, therefore, limited.

3. Thc quakc of Fcbruary 28 occurrcd, in all probab-
ility on a fault linc crossing thc St. Lawronce necar Rivicrce
Ouclle, cntoring the south shorc to ncar St. Pacomec, and
extending into the north shorc up onec or both the rivers
Malbaic and Gouffrec to their common source in the highlands
ncar the castern boundary of thc Laurcntides Park. It prob-
ably consistecd .0of a sharp upward thrust on the north-oast
sidec of the fault, with possibly & strong horizontal movement
toward the north-cest in the casc of the south-west side of
the fault. The maximum movement was in the rcgion ncar
Rivierc Ouclle on the south shorc and lialbaic on thce north
shorc, but very considcrable damage was donc at Qucbee, and,
to a lesser degrov, at Shawinigan Falls end Threc Rivers.
These wore duc to the deep alluvial soil at theso placoes or
to a combination of dceop soil and the location of hcavy
buildings on a stcop slapo.

4, According to the Geological Survey thorc arc probably
many fault lincs in the region of the north shore. The
scismographs at Ottawa and the reports of local rcsidonts
show that these arc active. Honc have been definitely located
by gcological surveys. Therc has becn no complete triangula-
tion of tho country by the Geodetie Survey. lo accurate
topographical or goological mep of the torritory north of
the St. Lawrcnce and south of the Sagucnoy cxists. Arguments
may be adwanced in favour of carrying out o programmec of work
similar to that dono in Californic or that shortly to be
undcrtaken in tho Czarks, within this arcc of large invesiments
in mills and other works connceted with lumbering, as well cs



in water power electrical development. Ve mey profit by
the lessons learned in California by the business men of
that state, to the extent that we bring ourselves to admit
our problem and take steps to solve it.

5. A thorough study of the situation in this area would
not yield full results &t once. e would undoubtedly expect
thet within a year or two we would be led, in our choice be-
tween two otherwise equally suitable sites, to exhibit some
degree of judgment. Later, triangulation and precise level-
ling, once mecde and rcpeated after sn interval of, say, ten
yeers would serve to indicate the existence or non-existence
of lateral ond vertical eurth movements cnd the accumulation
of strain likely to result in an earthqueke. A4 detoiled
topogrophical map of the country, showing contours, would form
a valuable asset to companies operating in the area and form
a bose upon which the seismologist could plot the fault lines
discovered by the geologist. He could then study these in
detail and o series of seismic observations with suitable ap-
paratus would give full detcils o8 to which foults are active,
and which are passive. Such work would grow in vzolue with
time. If we had these dato todcy we could soy with conviction
"do not build here; there is o scfer location". Unless we
do this work today our tomorrow will clso be comfortless in
this respect. Ueither ignoronce of conditions nor cpathy to-
ward them ccn be looked upon os o« comfortuble condition in the
foce of the positive, known, foct, that the crec concerned
is seismic.

V Although we ccnnot now scy excetly where most of the
foult lines lie in Quebec we con point out that:-

1. lo buildings should be plcced on deep olluvial soil
if such o location cun be avoided.

2. If construction of massive type must be erected in
such places then & well broced steel froame is required as
the bosis of the design upon which the structure is to be
moulded.

5. Concrete construction hoving the ordincry rcinforce-
ment of rods, bars cnd wire network, is quite sufe except
for points immedictely upon the foult line or wherc the
soil is decep.

4. All concrete worik should be so designed that the
wolls shall taper; wide ot the bottom cnd diminishing in
thickness toward the top. ‘

5. Curtcin wells cre to be cvoided in 2ll cases.

6. Ovcerhonging cornices, orncmentcl terra-cotts work
end tile roors arc dangcerous.

7. Water tunks should be built cport from 2nd not into
the frame of mills, foctorics, ete.



8. llassive mochinery on the upper floors of buildings
will result in o scrious strain on the structure in the case
of earthquakes.

9. Dams should be designed with a safety margin calcula-
ted to withstand surging due to earthquakes affecting the
upper waters. Gate works should be placed where they will not
be damaged by such surging.

10. Prame buildings must have the studding run through
from sill to top plate; with ledger board construction at
the second floor joists: The frame must be well braced. The
chimney must be tied to the building at several points. Under
no circumstances should a chimney be built on &« shelf as is
sometimes done in this region. leglect of this precaution is
likely to result in loss of 1life in the case of even a minor
shock and the fire risk is greotly increased by such improper
chimney construction in frame bulldlngs from private residences
to construction shanties.

11l. Additions to buildings, when placed in immediate con-
tact with the original structure, should be bonded in to the
latter. Otherwise each part acts as a battering ram for the
other at the time of on earthquake.

12. Brick veneer buildings are not safe on either solid
or - deep soil locations within o distance of the epicentre
which varies with the intensity of the shock, the character
of the so0il ond the quelity of the workmanship, from twenty
to 2 hundred miles or even more. 1

13. Solid brick buildings are much safer under similar
conditions then are those of brick veneer but if they cre on
deep soil and near the epicentre they are likely to be dis-
integraoted by the first shocks and overthrown by the secondary
tremors. The scme remarks cpply, though perhaps to a lesser
degree, to solid stone structures.

14. Dwelling houses which must be built on alluvial soil
and near active foult lines should be of wood. The design
should include plenty of diagonal bracing. The sheathing
should be applied dicgonally. The chimney should not pass
up through & bedroom.

VI Research in seismology is constantly discovering focts
which are of importcnce to the engineer, in whatever field

he may be working. Pcpers appear from tlme to time, contoining
informction likely to interest the builder, the oil surveyor,
the insurance agent, the investment compunieo, nanufoecturers
of building products etc. etec. llany of these papers cppeer

in the Bulletin of the Scismological Society of America. For
excmple they have been running o series of crticles on “Eorth-
queke Risk in Cclifornica®. These touch on mony points in



engincering. Articles of . similur type cppecr in other
journ.ls &s woll. Somc ore in foreign langucges. The Jopon-
esc have, for mony yeurs, corricd on, clong with their other
scismologic octivitiocs, rcscorch work in cngincering design
for ocurthquuke crows. liost of this is published in English
in the becutifully printed cnd illustroted reports of the
Impericl Lorthgualzc Commission. Recently o committeo of
cngincers has been oppointed in the United Stotes to study
and rcport on "The Effcets of Barthqunkes on Enginccering
Structure with Spoucicl Referonce to the Japanesce Barthquake
of Sceptembor 1, 1923." Scvercl preliminary roports have been
published by the Dominion Observotory, docling with the
obscrved conditions in the St. Lawronce rcegion cfter the
Februory corthqualie. Tho fincl roport which will cppear os
onc of the roguler offMcinl scrios "Publications of thoe
Dominion Obscrvatory" is nov ncaring comploetion.

VII Within the past month stups hove been token to form cn
Eostern Scetion of tho Scismological Socicty of Amcerice.
The proposcd cctivitics or this scetion cre of intcrest to
engincers. They include the following:-

1. " Formation of o mombership list, divided into two
classes - full ond cssocicte.

2. Arrcngements Tor fees - full members pay the
regular three dollar ducs for membership in the porcont socicty
and clso & onc dollar foc toward the maintencnce of the
Eostorn Scction. Associcte members poy only the lottoer.

5. Benefits distributed - full momboers roccive the
quoerterly Bulletin of the Scismologiccl Socicty of Americe
and alsc all the circulars,memorcondc, reports of mcotings,
cbstracts of papers given before the Boastern Scetion, ete.
Associcte mombers rcceive 2ll execpt the Bullotin.

4. The first mcceting of tho Eostern Scction is to be
held in Woshington, sometime in April. The koynoto of this
meeting will bo "4 Rovicw of the Past; an Outlock to the
Futurec". Following out this idca, paopers will be given by
thosc in & position to decl with their own respective ficlds,

treating in detail the scismologic scrvices of such bodics

&8 - the Jesuits of the United States cnd Concda:  the United
Stotes Government scrvices: The Concdicn Government serviecs:
the work of the geologist. Popers moy clso be given treat-
ing thc subjecct from the stondpoint of the insurance companics
end of those interested in the lesscning of cuorthqucke hazard.
These popers will be cbstracted and published in mimcographed
form to ©ll membors of the Eastern Scction.

5. It is proposcd to issuc quartorly o list of oll
orticles on purc ond opplicd scismology which appecr in book



form or in techniccl journcls. This list will be divided
into scctions for the ccnvenience of those recceiving it.

The sections will give, rcspectively, a bibliogrephy of those
articles of particular interest to - scismologists only:
construction cengincers: oil-field workers: insuroncc com-
panics: manufacturcrs of building moterial: oand geologists.
If an articlec would be of interest in more %than onc of thesec
ficlds it will be cntored in 2ll the sections with which

it is concerncd. Thc complete list, in mimeogrephed form,
will be sont, cach quarter, to £ll members of the Eastern
Section. It will probebly appeor also in the bulletin.

This scrvice will iiccp posted those individuals ond firms
Joining the section, with regard to thosc matters which should
interest &1l who arc concerncd with the lesscning of carthquake
hozord and its cattendont dongors of fire ond flcod, the
fixing of adcquate insuronce premiums whether from the stond-
point of the insurcr or the insurcd, the cvolving of well-
plonned structurcl design, +the devclopment of noturcl re-
sources, or the stubility of investments in thosce crecs which
arc definitely scismic.

The dangers waich surround 211 cetivities in such nrecs
may be reduced to o very low percentoge by preccutions,
rcvecled as wise by the light of cccurcate knowledge cnd re-
quiring, in most cases, no grecter first cost thon their
doengerous olternatives, followed in the poast through ignor-
cnce of conditions.

Dominion Obscrvatory,
Ottawz, Cenedn.

Jonucry 16'26.



MEMORANDUN
SOLIE PRACTICAL WAYS OF IIALING USE OF
SEISMOLOGIC SERVICES

o]

1 Some person should be appointed in each organization
interested, whose responsibility it shall be to receive
the quarterly bibliography of seismologic publications
sent out by the Eastern Section of the Seismological Society
of America; to secure copies of those articles and books
reported as being of interest in the field concerned; and
to maintain a section of the company files or library

for such literature. 1In this way it would be certain that
everything in seismology, of value for the work of the
organization would be brought to the attention of those
officers who were in a position to profit by the informa-
tion.

2 Before we can determine much about the seismicity

of a region it is necessary that we know the positions

of the fault lines. If there are many they nrust be plotted
on a good topographical map. Thus, in general, the geo-
detic engineer and the geologist must perform their work
before the seismologist can hope to do his. When their
part is finished a complete seismic survey of a region

can be made by means of three seismographic installations.

3 In some cases a fault line is known and important
works are already constructed there or there is no other
place for proposed installations to be set. It then be-
comes desirable to know whether strains are accumulating
in that area which are liable to be relieved by an earth-
quake. Evidences of these strains may be detected by re-
occupying, after a lapse of years, geodetic triangulation
points from which first-order observations were made.
Steps should be taken to have a first-order triangulation
net placed over the suspected area at once, to form the
basis of future investigation for the detection of slow
creep.

4 If there are slight shocks from time to time on a
fault line known to exist, they are evidence that the

fault is active. PFrom obscrvations with a seismograph
alonc it is not possible to determine just what is happen-
ing. Strain may be accumulating vhich is being contin-
uously relieved by the slip: or the strain may bec increeas-
ing at a ratc faster than that for which thce slippages
would be sufficient to completely compensate. The reccord
of slight shocks would be o positive proof of activity;
their absence would not be complete proof of stability.

.



5 For a complectc analysis wec must arrange for the
accuratc gecodetic survey, follow it with somc ycars of
obscrvations with a short pcriod scismograph properly
placed and wecll attended, repcat tho triangulation, and
thus dctermine which of four cascs rcpresonts our con-
ditions, namcly:

(a) Therec is a stcady crcep with no slight shocks.
tending to rclicve the strain. Therc is then grave
rcason to cxpcct an carthquake.

(b) There is a stcady crecp with somc slight shocks
but not cnough to relicve the accumulating strain com-
pletely. Therc is rcason to cxpect an carthquake, cs-
peccially after a pecriod of no disturbance, or after a
scrics of slightly morc severc shocks than usual at a
somewhat grcater intcrval in time.

(¢) There is no indicated crcep after a period of,
say, ten years. Slight shocks arc rcgistecrcd. We may
supposc that the shocks arc taking carc of the creep
gnd that there is not very much likelihood of a scvere
carthquake.

(d) Therc arc no evidences of crecp ond no local
tremors are rcoordcd. The fault is, morc than likely, a
dcad onc and no apprchcension nced be felt.

Dominion Obscrvatory,
Ottawa, Conada.

Jenuary 19, 1926.
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EARTHQUAKE SURVEY OF 0ZARK REGION PROPOSED
BY ST. LOUIS SCIELTIST

SMALL SHOCKS ARE FREQUENT, AID IF L BIG OUE IS COLIING WE OUGHT
TO XNOW IT, S.LYS THE REV. DR. JLS. B. IL.CELVALE OF ST. LOUIS
ULIVERSITY

One of the most interesting investigations in the history of
Ilissouri and adjoining states is proposed by a St. Louis scientist.
The information assembled during the investigation would be set ‘
forth on a map of the region - & map of & sort never before made
in this part of the United States.

The scientist is the Rev. Dr. James B. liacelwane, S. J., who
is the seismologist or earthquake expert, at St. Louis University.
The inquiry which Dr. liecelwane has initiated would enswer the
following questions.

Do the small shocks frequently felt in this region of late
have o sinister meaning which should be heeded?

If whet seismologistes ccll o cotestrophic earthqueke is on
the wcy, what point or points in the arec cre threctened?

Lecurate, well-founded answers to these questions would not
be useless informction. True it is that if o disastrous earth-
quake is brewing in nature's mighty loboratory, fhe qucke will
come just the scme. It cannot be prevented nor delayed. But
with ample worning of such an impending peril, there are some
very practiccl things which can be done to minimize the damage.

"The Ozark region is scismic; thot is subject to quakes of
the earth's crust." said Dr. licgelwone. "L grect mony smoll
shocks occur in 2ll the Stotes on the flanks of the Ozarks.
HMissouri had onc of the greotest carthquakes known ot Hew Moadrid
end vicinity in Deecember 1811, and Jonucry 1812. e hod o shock
in St. Louis only & fcw wecks ogo which wos felt by o good many
people, clthough it did no horm.

Smcll Quakes arc Froquent

"There arc frequent smcll quakes on €1l sides of us - in
Oklchome, arkonscs, Kentucky and Tennessce. The Ozork region is
not only &n crcc which has been seismic in the past, but one which
is aective now.

"Certoinly it is not my wish to alarm pcople. But if we are
in danger of an carthquakec we ought to know it and takc measurcs
in advance to protect oursclves. With proper measures for safc-
guarding a community from earthquake danger, that dangcr can be
reduccd to & minimum. This applics not only to human lives, but
to buildings and othcr property.



"Let me repecat, a great many small shocks occur in all the
Statos on the flanks of thc Czarks. 4t present we have no
facilitics for obscrving and studying these quakes, which are
noticcd by rcsidents, and the still grcater number of quakes
which nobody fcols.

"In the casc of shocks strong cnough to be felt by pcople
in the vicinity, we have no mcuns of locating the center of the
disturbance accuratecly. Our scismograph at St. Louis University
was dcosigned for distont and not local carthquakes. But in-
strumcnts may be obtaincd which render perfectly satisfactory
scrvice in rccording local ecarthquakes.

"The csscential part of our progrom will be to find out
beforchand just what rock strain hos cceumulpted in the region
end wherce it is greatest. If therc hap been & movement of rock
strata which will produce o dangerous strain or stress in the
rock, wc ought to know it,

"This condition can be ascertoined by scientifie means.
Thrce Stations licedod

"The first thing to do is to get one seismological station
with latest equipment for recording earthquakes in operation,
preferably at St. Louis. Then at least two other similar
stations should be established on the flanks of the Ozarks.
These three stations would form the points of a great triangle
and the data from them would be compared and co-ordinsated. 1In
this way we should obtain a true record of all the shocks in the
region and their points of origin - not & distorted picture
but a general picture of the whole area.

"In eddition to ascertaining the amount of strain which hes
accumulated, we should find out in whot degree this stroin is
being relieved by small shocks, and the relction of the smcll
shocks to the places of greatest strain.

"The progress of cn ecrthquake might be compared to the
collcpse of 2 big wooden becm in o building. The becm does not
go all ot once., The collupse is preceded by the cracking of the
outer fibers of the beum. Just so, the first breck of the rocks
in ¢ catcstrophic ecrthqueke is known to be preceded by & lorge
number of smt.ll shocks.

"If such shocks «re cccumulcting in the Ozark cret we ought
to know it, cnd know just where they ore originating. This ccn
be done by installing specicl instruments for the observetion of
local corthquakes. And the vhole program for investigoting the
ecrthqualke pocsibilities of the Ozark rogion con be corried out at
on expense less thén the money loss involved in the destruction
of a single first-cli.ss building by ccrthquole.

"Bventuelly we should hove enough informction, Gsscmbled
in this woy, to be able to give the cnrthquoke risk ot cny point
in the Ozarz :rea." :
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The Ozark Seismic Area

Dr. Macelwane defined the Ozark seismic area as including
nearly all of Missouri, \'estern Kentucky, Western Tennessee, a
bit of North-western lLlississippi, Northern Arkansas, Hortheastern
Oklahoma and Eastern Kansas.

"There is a large number of small earthquakes in the history
of this region", he continued, "besides the catastrophic shocks
which occurred at New Madrid. We have not enough strictly
scientific data about the New lladrid disaster to say that it
was the most terrible ecarthqueke which ever occurred in the
United States. But probably it was.

"There are some indications at present, in the reports
which we receive, that there are more smell earthquakes in this
area at present thon in the past. But we can't tell whether
this is true until we get suitable instrumonts. There is &
probability, although this is in doubt, of an cccumulcting rock
strain in the region. e shall not know until on investigation
has been made. There may be a catastrophic earthquake brewing
for the Ozark seismic area. Forewarned, the threatened points
could get ready for it in various ways.

"In california an investigetion of this kind hes been in
progress this year. Some very definite results haove been ob-
tained, although they are not yet ot the end of the progrim,
to ascertain what localities are in danger and the best ways to
minimize the damnge when the quakes come. The mejor part of
the work in Celifornio has been done since 1921. In the lost
few yecrs they hoave gotten very splendid results.

"I have becn brought here by St. Louis University to

incugurate the progress of such an investigation. Recently

I made o trip to Washington cond aosked officials of the Coast
and Geodetic Survey if they would give assistance here os they
ere giving it in the similar investigction in Southern Califor-
nia. I found them very willing to co-operate with our work os

ar o8 funds cre cvoilable. The mochinery is at hand, in the
Temple Act passed by the last Congress, which provides that

the topographiccl mop of the United Stotes shall be completed
within the next 20 yeccrs.

"A prercquisite to this mopping is an cccurate survey which
will dcterminc the key points of the region. In order to get the
points necessary we nced to have the Coast tnd Geodetic Survey run
o system of triongulation ceross the Ozorks. This scme tricngulo-
tion will help us determinc the strains in the rock strata as it
hes donc in Cclifornia.

Importance of Task
Tt seems to me that solving & problem like this of possibla

earthquake danger, will be of high economic importance. 1In a
clearly recognized seismic region like the Ozark area, we face a



situation something like that of storm risk. We protect our-
selves against the danger of damage from high winds for example, by
building against the winds. When there is potential danger of any
kind, we should take precautions. Danger of the destruction of

St. Louis, for example, by an earthquake probably is extremely
small. But whether such a danger impends, where and when cnd to
whet extent should be ascertained.

"Our investigetion may show that St. Louis and environs

are not in for any earthquake catastrophe but that & rock strain
is accumulating elsewhere in the QOzcrk seismic region. To as-
certain that danger and to warn the people there, so that they
may protect themselves, would show our concern for the welfcre
of our fellow citizens., It would be cn achievement in which 2ll
St. Louisens who had gssisted, fincncinlly or otherwise, might
well toke pride.™

Dr. Macelwcne explcined that an earthquoke-proof type of
building construction has been evolved. Properly cpplied in the
design ond erection of ¢ building, it will sive thot building
from destruction, even from minor dcmoge. VWhich, of course,
meons safety for the occuponts ond no dovmpour of bricks, stones,
etc., upon people in the street.

Building Agoinst Quakes

"This type of construction," he said, "provides for
flexibility with strength, proper distribution of load and
good workmanship throughout a building which is & unit and acts
as & unit is the best for an earthquake area. Frame buildings
generally are regarded as safer in an earthquake as far as the
shock is concerned, but they are more liable to damage by fire
which usually follows the quake. Even greater resistance to shock
can be gotten with steel and concrete. The earthquake building
is so designed that it will vibrate &s & unit. The walls should
be anchored firmly, tied to the framework, and the natural period
of vibration of the various materials used in a building should
be the same. This is a matter of lengths and weights and elasticity,
and 'constants' well-known to engineers.

"Purthermore, water mains can be laid in such o way as
to minimize the danger that they will be broken during an earth-
quake. lony times fire cnd lack of water have coused grecter
havoc than the qucke itself.

Dr. llccelwone is planning for cn underground stotion in the
county, protected not only from storm disturbances but from the
rumble of street cars, heavy trucks and other fectures of city
life which ccuse local, crtificicl tremors. There ¢ seismogroph
of the latest improved type will keep & log, &s it were of 2ll
ecrthquake disturbonces in the Ozorlk region. Two more stotions
ot other points of o grect tricngle ccross the region, w;ll be
esteblished, he hopes. Study of 5ll the dcto obtoined will yield
informotion os to any e.rthquake "dcnger spots” which exist in
the region.

The present seismograph at St. Louis University, instolled
in 1909 cnd typiccl of the instruments for long-distonce ecrth-
quoke observation, is o big pendulum upside down. The pendulum
cction is obtnined by hoving it - little off verticcl, ond



bzalanecing the pull of gravity on the 175-pound bob cgainst two
gsprings. Attoched to the bob are two levers which rest upon
the frome of the instrument ond cre brought together in front
of & revolving chart of smoked poper, on which they mtke the
record with aluminum bristles. The fromework is vibrated by
the earth tremors, while the inverted pendulum is held
theoretically still by the inertia of its 175 pounds.

Kinds of Eorth Woves

Dr. Hacelwone explained thot there are several kinds of
ecrth waves which rodiate out from o quake and which are recorded
by 2 seismogroph. One type is longitudincl, like o sound wave.
One is tronsverse, like & light wavo. The onc which travels through
the earth most ropidly is the one like & sound wave.

"These two types of waves start together," said Dr. licececlwone.
"The distance by which the more ropid type leaves the othor type
bchind is o meosure of the distoncce troveled. The foarther behind
the transversc wave is, the more distant the center of the carth-
qucke. There 2lso are surfoec © woves which travel cround the out-
side of the earth, and they clso may be uscd in cstimcating
distonce"

Dr. llccclwane was grodunted from St. Louis University in 1910
ond recoived his M. 4. in 1911 &nd his il. S¢ in 1912. The
University of Californica, ot Berkeley, conferrcd on him the degrec
of Ph. D. in 1923. PFor thc lnst two yenrs he has been assistont
professor of gcology ~t the University of Cclifornic ond in chorge
of the scismogroph stoation there. He supcervised the publicotion
of scismograph rccords for the University of Californic cnd for
Lick Obscrvatory.

Brother Georgce Rucppel, who has been temporarily in charge
of the St. Louis University scismogroph stotion, will be cssistont
director of the new departmont of geophysics ond scismology,
besides carrying on his metcorologiccl work cnd dirceting station
WEW the university's brocdecasting picnt.
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CAN WE PREDICT RARTHQUAKES?

(This is an unsensational statement on the earthquake problem by one of
America's leading seismologistse. Is there danger of earthguske in California,
New England, and elscwhere in the United States? Dr. Willis states the facts
ead the reader can draw his own conclusionse)

By Dr. Bailey Willis
Professor Emeritus of Geology, Stanford University.

"A1l T know is what I read in newspapers", as Will Rogers Bi¥se. At least
that is true as regards "predicting" earthquakes. Prediction comnotcs precision
and . precision spices news. Hence news predicts precisely. There will be a
destructive earthquake shock in Wall Strecet in two years, two months, and a
day. That, telegraphed by an irresponsible reporter is news, though not tmme.
There have been severe earthquake shocks in New England. They are sure to
occur again sooner or later. Common sense demands th&t we take precautions
against disaster. That is not news, though true.

Earthquake news, served up as a kind of side dish, is overspiced. It is
time for seismologists to give the public plain food. Certain facts we know;
others we think we know; still others we infer confidently; others doubtfully;
then we guess. The prediction of an earthqueke is a guess, which I prefer to
call a forecast. "

We know that earthquakes are natural phenomena, which have occurred from
time to time, at longer or shorter intervals, with greater or less violence, but
unequally as regards time-~intervals and intensities in different countries.

If earthquakes were like comets they would return at definite intervals,
But they do not resemble comets in any respect whatever. Rather are they like
storms, an effect of concentrated energy; gathered in the cne case in the air and
reaching a crisis at frequent intervals; in the other case gathered in the earth's
crust and rising to & critical state at longer intervals. That much we know
regarding their periodicity and we can say with confidence that the farther we
are from the last great shock, the nearcr we are to the next one.

We know that sometimes, but not always, earthquakes group themselves in
o district in a brief sequence of years. We recognize in those cases what we call
fore-shocks, a relieving shock, and after-shocks. When we have a full series there
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is mo difficulty in distinguishirz the severnl poris of the sequonce. The fore-
ghosks sye moderctely severe and limitod jn torir effects to a smoll arece. The
relieving shock is one of great intensity cnd lerge aren. The ofter-chocks grod- g
ually 8$pinesh ir intensity and frcquency. In case of o moderately scvere carth-
guake, however, such as the Senta Barbera incident, we connot Imow definitely to
what extent it mey have served as a relieying shock for that locality or in whet
manner it mey have relieved adjacent districts of strain, or have increased the
strain upon them. Here we begin to guess. ‘

We may be guided in guessing by reloted fzcts and may feel more or less
justified accordingly. Thus the histopical recerd shows thet southern California
is a province which hos been shaken from time to time by earthquakes of a genecral
character. In 1857 the disburbence was strong over an area of some 250,000 square
miles. That is, it comp-red in extent with the earthqurke of February 28, 1925 in .
the eastern St~tes, but it wes muck more viclent. The Santa Barbars shock, by con-
trast, shook an area th-t did not c¢cxceed 3000 square miles ond points of high in-
tensity were curiously limited and sporadic. The energy relecsed in the lotter
case was not more than one percen*., very likely not one tenth of one percent. of
that set free ir 1857. The 1857 shock wes = relieving shock. It was followed by
a long interval of quiet. I‘would not feel safe in guessing that the Santa :
Barbara ihcident would have a like effact.

During the last seven years there have been four incidends of the Santa
Barbara kind in southern California. We do not know that they arec fore-shocks.
We connot Xnow until the relieving shocl: shell hove shown that they arog But
we are on the scfe side in gucssing that they will prove tc hove becn forc-shocks.

We thirk we know thaet earthquakes are produced by pressure which distorts .
the elastic rocks, so thot when they slip they vibrate. It hos been found by the
Coast Survey that the mountains in Celifornia arc onthel move, so to snock; that
is ,they are pushed out of place, &nd we comnect their movements with the pressure
to which we attribute ecrthquekes. In southerr California certain mountain pealks
not far from Santa Baroara have moved northword, in the dircction in which the
earthquake pressure should push them, as we understond it. In nortlhiern California
other mountain pesks moved northwerd natil zfter th~ enrthgurke of 1906, but they
then began to slide back southward. The shocl: of 1906 was a relieving shock for
the north and we gucss that it took off the pressure. The mountring in the south
have not begun to slide back, so we think that the pressure ncs rot becn relieved,
and this confirms our guess that the relieving shock is ahcad of use.

e

o

/ Until recently we have had to depend upon our senses for evidence of rnearby
edrthqueke activity and we have been aware that thelr capucity to detect vibrations
ig limited to the greater ones. Thousands of mi:mmor shocks or micro-tremors occur
d81ly and they would give us on index of the elaostic strair irn the roclis ot un-
like the significance of a baromcter in wcather observations, if we covld but
wgister them constantly. We have had instruments, it is trme, thot would record
‘1e occurrence of a great shock a thousand miles sway, but they are not tuned to

he more ropid waves of a local tremer. Through the researches of the Carnegis

hstitution 6f Washington, we now nave zvailnble the Wood-Anderson seismometer,

¢ simple, but very sensitive little instrument, which can be tuned to record

dlastic woves of any length, znd we are thus in o position to xnow whnt the

.dbual condition of the earthquoke strain is in ony district where the scismomet-
moy be installeds TWe shnll then :uess more certairly, but we heve to wait



The Scisice News-Lettor February h, 1926 3

Vol. VIII, No. 252

until the value of that informntion is spprecicted in San Froneisco, New Yerlk,
Boston, and elsewhere, ot lenst to the degroe thot business intorcste will provide
the instruments os 2 measurc of sclf-protection.

In the me2n time the sdismometers nove been mrde and tested ot Pasaderna,
where they hcve proved their cfficiency by registoring os many as two hundred
micro-tremors a year. This state of activity is rot what we would cxpeet during a
period of quiet. It might occur before a relieving shock or soon after one, but
in the latter case the great shock must have occurred recently, and that is not
tha fadte.

To sum up for southern California: Sixty-eight years have paossed since
tho last general earthqunke; severe strain is indicated by local shocks, displace-
ments of mountains, and seismometric records; in 1852 a disturbance similar to
that of 1925 preceded the relieving earthqueke of 1857. Will history recpeat?

For northern California the facts are: It is only 16 years since the
greatest relieving shock recorded in thet province; slight, though sensible tre-
mors ocvcur from time to time; they are nct «g strong s we would expect fore-shocks
to be; the pressure which Woved mountains has been relaxed. The best gvess seems
to be that the strain has begun to re-accumulate, but is not likely to reach a
critical condition for two or three decades.

As regards New England we Imow that the conditions are very differert
from those in Californin. Intervals between relieving shocks are much longer;
distingt fore-shocks have not been recognized; movements of mountain peaks may
have occurred, but are unkncwn; seismomet®ic records ¢f micro-tremors are lacking.
The St. Lawrence earthquske of Februsry 28, 1925, no doubt relieved the strain with-
in a considerable area. Does that area include New England? I do not know. Does
it include New York? I cannot guess! The poverty of informetion is lomentable.
We fack two possibilities, as far spart as the poles: {1) the strain is relieved,
we need not expect ancther severe shock in a century or two. Or (2) the strain ¥
is not relieved; it has beern increased by the failure of one port of the continen-
tal structure, which brings the pressure to bear on another; if so, we may expect
renewed activity soon. No light leads in either direction.

New York, Philcdelphia, Weshington are in a seismic belt where shocks have
been so rare and so slight thet we hordly expect them. It may be a safe guess
that no earthquake of any severity will cver affect those citios. And yet -
there was the Charleston earthquake of 18861 A great shock, its intrusion upon
our fancied security gives one pause. I wish seismometers had been longer in use,
that they were more generally installed today.
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