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Ooe of tbe lnost importaDt pllq)oses of
scieDtific resea,rch in seismolog_lr il to
heak dtown that attitude of fatalise or

fa,lse optilxism which se€ns so lrevalent
coucerning earthquakes. lvithout doubt,
there has bectr in the part some Justifica-
hou for the a,ttitude of fatall$r1 due to
tho fact that tho averago aDnual dea.th
tatl from eatthquakes is estirn?ted to le
alout 30,000, f,et us coosialex only a few
reasotrS for this pessimistic attitude,
tapan has always beeo ooe of tbe leading
natioDs in ca]a:i{ng on ea,rthainake !e.
scarch, andl yet in 1923 an earthq[aLe
therc killed. 100,000 and lnjured an equal
nueber. It is true that somo I)roqress has
teetr ltade since that tune, bul, we lr,vo
clrly a Belevole4t a,nd DiviDe Providleoce
to thatrl, that iu 1933 the Long Beach
€arthquatre wag not one of the $orlafs
llejor calaeities. In faat, i! this couJrtry
we have been so forhuat€ at the times
of our earthqua,Les that we just take for
gmutod that earthqua,kes will always bo
co[sidorate erough to occur ai a time
'wheD loss of life aqd propofty dasage
would be a !inim'u.!r. Tbis is ao idle state-
tl!e!t, as 6ome short-sighted engiae€rrs
(artl we ca't te thanktul that the 4umbex
is sma,[) use this particuJar poiut as an
arguEent against earthquake resistanrt

corstnrctloD,
We know rro reason wLY tbe lJong

Seach €arthquake d.id trot occur iwo hou.rs

earlier: a.nd ,when the public scbools were

in session, AD exa.tnioatioD of the public
schools after the quako shoqetl th.at had
tlte earthquake ocou eal two houxs ea,rlier,
tlre d.eath tou would have run into thou-
sarrds. Carrying this tlrcught a[other ste!,
s'e come do!v! to the Holena earthquakes
of la,si ydar. Tho collapse of the len high
school there sho$ed that some real seri"
ous thinking has to be clone otr this ppb-
lem, We cannot afforal to contin'te, as we
have tlore in the past, to rebuild aloog
the sarDe old llles and hopo thar the old
mlstaken adage, ..Lightniug D.ever strikes
twice i! ,tl1e sa@e plaoe,', lright !e aIF
Flied to eartbquakes.

Ior economic teasons vO have stroDgly
strosseal the lmportaD.ce of ea,rthquakes itr
Californiat but fmm a, sqiotrtiirc view-
point we rna,y have over-eDpha,sized tlts
California qua&es anal uDal€r-estimat€d
tle oarthquaLe prollelo ir Ne_i.ada, a6
sell as iI1 the Nodhwester4 p6rt of tho
Itdiod States. The tso oa,rthquakes i!
Westem Montatra, ocqrriug at an inter-
val of tor yea,$, bave focuaetl attention
on two paftioular poirts-first, the in-
terval bsteeer alestructive shociis i! anxy
partiqrlar regioq a,Dd socotuUy, the pos-
siliEty of additiotra,l sbocks in the e.rltire
liortlrwest It would be i&poEsible io a
s&ort paper to go into a le[gthy discu,s-
sio! of the cause of earthquakes, but lt
is genera,lly concedoal tbat the majodty
of eartJquake,s a,re of tectooic orlgi[.

Mountain formation a4d eartbquaker,

. €r0pha6lre the locessity for at least two

ycars of general academlc trainilgJ two

years of geDelal ttainiDg iD. fol€stry vith

as liitle of the vocatioua,l aDdL apprentice

aEpeqts of the work as !o$ible, anil a

Te-aFof minor speclaltatio! wbich sbould

xot leatl an itrtlividual to believe that he

is qualified. in this day of xapidly advabc-
itrg techuical fields to coDo.pete with rea,l
specialists in biological, phtrsical, or social
scie4ces. In forostxy sucl true sleclaliza-
tion can orly be had by post-graduate
work fir a Ecbool equipped, fi[a,nced, auit
Etaffed to alo aalvatrceal rrork ou a biEh

llaIre,
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i! general, appear to be closely relateal.
Those DatuJal processes aro stiu going otr
alitl there has beeD no material chaDge in
gcclogical conditions i!, receri years.
I{ence, we ca! xeasoDallly expg.t about
the same number of eafihquakes in the
ifi,mealiate future as we have had in tbe
ir@ealiato past. Ws hav€ a fairly gootl
hratory of recent seismic activity in Ca,li-
fclnia aDdL Westem Nevadla. Silce 1?69
we have a record of 43 dlestructive eatth-
qrakes in this region. Perhaps rlany more
o(curleil as we kl1ow that 39 of these
alestnrctive €arthquak€s occu edl in the
past 100 yea$. These shocks were equa!
or greater irl intensity than the lol1g
B€ach andl Santa Sarbara shocks. A com-
plet€ history of safthquaLe a(tivity ill
the Northwest has trever leen comDiled.

so we oa.nnot state the exa,ct lumle! of
quakes occurring in this rcgion. IIowever,
Donald C. Bxatlforcl, ilr nseismic Eistory
of the Westem l4rashing:ton Territory,,
lists 20 shocks in that region frcm 1864
to 1932 alld which wete classifi€d as being
sereve or heavy. Since 1925 the Coast antl
Geotletic Survey has ieen charsetl .with

tle duty of making seismological investi.
g,itions in the Uqited. States, aDd one of
the importallt palts of t&e progrrE is to
niaintain a complete history of seismic
actviity. From 1925 to1936 we tave rec-
od of 29 tlestnrctive or near-destructivo
ea.rthquakes occurring in the Pacific Coast
and Westem Mountaitr States, These axe
Iistedl as followsi

The Coast ancl ceodetic Srhrey h&s
leoq xosponsible for s€ismological itr-

fnterNity,
Year Day Rossi-l'o.el
1925 June 27 i
1925 June 29 I t-X
1036 Oet. 22 \ I t I
1927 Jan. 1 VUI-TX
1927 Aug. 20 VIII
7927 Nov. .1 IX X
1918 Junc 3 lrlll
l!l:9 July S VIII
19i10 Ieb. 25 VIII
1930 March MII
19:10 Aug. 30 \riII
1910 Scpt. 22 VIII
19Bl Sept. I  \ I I I-VIII
1932 June 6 Vl l I*
1932 Dcc. 20 X
l9:3 Mrrch l0 IX
1933 XIay 16 \r[I
1933 June til \rtII
1933 Oct. 2 VI
193.1 Jan. 30 1rI1 IX
1934 llarch 12 YI1I
1934 June 7 IX
1934 July ? VI
1934 Dec. 30 \rI I  IX)
1934  Dec .31  l r i J -X )
1935 Oct. 18 & 3MII-IX
1936 June 3 VI
1036 July 15 \/1II

Location of Epicenter
Tirrec ]'orks) l{ontara.

Santa l lafbaraJ Cal i iomia
O{f  Morterey BayJ Cal .  (3 s i rocks)
Iinperial ValleyJ Caiifol'lia
IIumbol.lt BayJ Califoruia
r,\lcst Ccast, Sarta Barbara Cou tyJ Cal.
trV.averviller Califor.11ia
l fJr i t t ier ,  Cal i forDia
hnpedal ValleyJ California
I  pcr ia l  V:r l ley,  Cal i forr ia
()fishore, 8 mi. $r. of Santa tr{oiica) CaI.
Ifunbol.Lt BnyJ Califomia
(){ f  Cape MeDclocinoJ Cal i foIn ia
Ilurnboldt County, California
\\reitern Ncyada
] ong Boach, California
Niles, Californir-
Itr-asbnsha, Nevada
Long Beach, Cal i lomia
tr\resteltl Ncyada

Nolthern Utah
farkf ie ld,  Cal i fouia
O{f  Oregon Coast
(Imperial \ralleyJ California, an.]
(trIerico

Ilclena, Ilontana

Olf  Oregon Coast
South of Walla Wallaj Washingtla
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vestigatioDs i! the united States for tho

Fast 11 yea$. It is felt that consideral e
progress has teetr made (l1lring that tittlo
atil it uigb,t be woU to consider wh5.t has
been ac,€omplisheal allal a18o what xemains
to be ttoDe. AE preriously Dxer-tioneq a
sesoological history of tho UDited. States
!ia6 ore of tho first projects u[dertaken.
Tl.is has beeD completetl, vith the er-
celtion of a satisfactory catalog for tbe
Pacific Nolthw€st states.

Altbough the Coast atrtl Geodelic $rI-
vey had beon oll€rati[g seisilogfalhs
since about 1900, at tl1e tilre of tmtrsfer-
ul1g tJ1s wolk to tlxis Bureau in 1925, many
of the instrusents wers olsolete anal the
lecordS vsxe not very dependabls, [or did
tJ:ey give a satisfactoly dlegree of ac-
cura,cy. tho secord. task waa oal,rrally
to briug up to date tl1e iostrumenta,l
equipmeut of tbe Bures,u anal to etrcouragel
the ostabltuh.l!'elt of additioual seis-
mological statiols in aliFtricts which were
u01 adequately covered. At '!hc preseDt
time the instflrmental equipnent of the
Bureau is rlx good thate enil the distdbu.
hon of instrtunents in tho Uniieo States,
o[ til1e whole, is fairly satisfactoly except
in a few distdcts alrtl for special work
i! certai[ areas. The estabushitrg of seis-
rnological instrumgnts in the Northwest
has perhaps lagged behind the rest of
tbe country. This was Do ouli diie to thq
irdrequeDcy of ealthqua,kes itc this arca.
Ifowevet the tvo errthquak€e in Montana
and. the Walla Walla earthquake during
tie last yea,r have change(l tire picture.
lYitft te.o sensitive seismographs anal four
stro[gmotlo4 seisDroglapls now in Dpera-
tiotr iD 1\1[o[ta1a, that State is fairly well
coverodl llowever, tlxe Pacific Notthwest
---that iF, Wa8hington, Idaho and Or€go!,
i8 IIot ai ]|IeseDt ade{iua,tely covored to
give us acorrate tletailed informatiotr.
Ttete is [eecl for both the sensitive and
Slro!.9-rDotion seismograpb.s in thiE 1egiorl

Ths purpose of the sensitive instrument
is to give deDendable infonna,tioD ou
frequency atrd. locatiou of al eadhquaJre

B)rocks. ftrformatloo ol this kind, €speclal-
ly for 1o4al earihquakes, is esscntia.l to
the ilsuraDco compaoies iu tixing a,rl
e.{uitable insumnce rate and to the e4-
guee,r 'wbo mrst have accurate data i!
ordex to tlesig! eoginedog projects for
the develolment of the coultry, Frolq
the distaDt ealthquakes, the s€usitive s€ds.
mographs proviale us with a co$siderablg
arxount of fundlarnental scieotific da,ta.

The purpose of the strong-li1otiolr ii,
slflment is to give accurate rlala con:
ceming the forces set up by sarthq[ake,
the p€riod.s of oscillatio4 tl1e amplitutlo
of vibratior and the duration of the shock
fig.ht at th.e ceuter of the eartlrquako or
ri! [ear as possible to the oeDter. 

'with

sach infolmation, engineers aDd archii€cts
have BoEe idlea of tJ1e forces agai$t
vhi,eh they hav€, to desigtx their stfuctru69.
Unless they have such iDforrnaiiior they
cr4not desigh the most oconomicai ea ,t.
quake-resistant stm.ctures. As the cost of
making a Etfiloture earth.quake,rcsistant
ilcreases the cost of ths,t Etructure only
from four to te,n percent, as stated by
the Bdard of firc Undervriters of ths
Pacific, it is quite certain thai evetrtBauy
all public builditrgs or aDy buitdingi hous.
itrg a large number of tr,eFons 0qiU hav€
to be matle to withstand ear.thquakes.

At the present time th6 C{rast atrd
G?oaletic Survey operates or cooFiratea
ir the operation of 55 stxong-motlon ]!-
struments, 50 in Califohia, I in MoIl
tnna aodl oflo in Nevaala,.

Another iml)oltarlt phase of our rrork lg
wllat we call the Questiomafue program.
Tliousancls of cooperators throughout tho
trnited States are furnishetl qqestioDiairs
cards upon which to report felt eaxt$.
qtakes. Fxom theso carals we ot iiai[ much
valuable informatiotr or1 tho intensity df
shocks at various plac€s and ibe area
over which damage has occurr€al, This
Droglam has beer operating oirly well
for soD:e time. Because of ihe iacreasing
i!4portanco of this work, eslecially bere
in the West, a plan ls under coDsideratiol
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g,t the preseDt time whieh will provide

f,or a xoore detai.leal covemge after eacb
earthquake.

Tho matter €f ea,r"ihquake prcdictior is
l,Ee that oftetr gives cer"iain groups a
gaeat tteal of woffy. from an engiB€erllg
viewpoint, 'r.le should aasulro that we call
bxpect earthquakes and should build our
sl.iucturo3 accoldilgly, When that is tloDe,
tLe major part of our foar aud voxry
lrili have lreen overcome. Eartllq'rake pre-
ahction is so rurrelialle in this countrJr
lhat at present it is of Uttle or !,o value.
In r, few cas€s it has b€e shovD in
ltapau that tilting of the gronnd precedod
{r earthquake and thi.s afforded ao ap-
.brcximate pr€dictiorl lrior to its arrival.
'Tlds 

method is baaed upon datn derived
f,rom accufate measurerlerrts of ea4h tilts,
Such effocts can be &ore readily ob-
terved in Japan where the earth tdts
ha,ye s, muc,b greater ao.tr)litutle of Eotiou
as well as a muclr faster WcIe, At tbe
IJDiversity of California we ha,ve folll
trltmgters tn measure these mi[ute ealth
tr':ts, If lf,e are to obtaln detrinite inforlra-
tion frob these tiltm€te$, lt 1pill orly be
a,fter years of obserratiore whiib wiu
Jtrclutle Eevenl fairly sharp earthqua,ko
S]locks. However, it is possible to per-
'teive rrhore an altrotral metcorological
coudtitior, such as atr unusual high or low
tlronrstea rcading or & severo storm
trfght act as a trigger force to set off a4
!Ar{,lqua&e ndrich is about to htpper atry-

I',v'
. Atrother branch of seismology which

hio er(eivcd ccDsnderable atteation iD
Califo:rl a covers the purely eDgitreorjng
phas€s cf tlo prollem. Coosialerable work
has baeD dcre i1 studyilg Yilmiious of
buildings aail strucfirres. Infor&ation oII
vibratioa periods of hftdhodls of buildilgs
Ias teetr obtained. Iu caso of ar earth-
quake, this info:rnation wiU be valuablo
ia several ways. ?irst, a study will bo
't]1aale 

tr see if bujlditrgE of any certaln

Fericd cf oscill:tion suffercdl ltoro or
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less tlamagg than luildiogs of ogher per.
iods. Seoondly, if, after a sevele earth-
qrake, the period of a buildlng is reite-
termined, thel the relative change ia the
Irdlding pedod will 

'bo 
oDe of rh€ best

fieans of dletermining the extent of struc-
tural ala,Iaage ir that }uilditrg. In a few
clses buildings bave t€etr gtudieal shetr
subjected to altificial vibrations simulat
ing a! ea$hquake. trifforts ere being
macle to deteniine pedotls ot grouDdl

- vibratiotr iu oxaler to check up tile effect
of resollaflce between gloulltl and strrc-
iure,

In checki[g over accomplishnents dtur-
ing the last few yeasr, EetrtioD shoulal
be made of the study of masoury builil-
i g damage causedl by the l]ong Seach
eartJquake. A consideralb a;uoutrt of
study has leetr applied to checkiqg over
available seisdological recorals itr South-
erq California to dotormine if dorninart
gtou[d p€riod.s aIO present durhg earth-
quakes. Naturauy, iD work of this trature,
new methotls &na[ llela ilstrulrents havo
to be developcdl. The d.evelopment alral
actual corstructiou of these irlgtlltmellte
has bee! a lalge protlem, As ihc progaam
contioue,s there dlevelols a !€ed for
adalltional instrumetts aod instmmeats of
a dlufelort tylle to supply other ne€ded
information. These problebs have bee!
rDet atrC solved both in CaliforDia s.nd itt
Washirlg:ton,

A last phase which should be merationod
i! the growing interest of seierioiogy iB
the lnteloFt beitrg Dranifedted by a trum-
lcr of aEateurs wbo take up seismology
as a hobby and build aimatenr sels-
rtrog"aphs. Ir Southerq Caufornlr, wl.ero
tbis intercst iD amateur seisEclogy is
quite high, aE amateur sei$nological
leaguo ha,s leetr forDedl for t&c excbalgd
of inforeatio4 aDd[ recoldls. ?lauF aro
urxdler wa,y to forE a similar league ilt
Nevada, ald it is boped that ultioately
a sir[fla,r league wiu eb folDod her6 i!
the Northwest.


