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Earthquak 
An account of the h rp mov m nts of th ar h 
that often bring tragedy to the inhabitants of c rt in 
regions, together with an explanation of the in tru, 

by 
h t r . R 

men ts that record these movements 

TH 1 ne dl n th i m o-raph in th 
Am rican Iu um may udd nly, 
without a mom nt' n ti , b 0 ·in to 

trace n movino· he t f pap r a thr f Id 
s rie of wavy lin , which r pr nt ibra­
tion that ha, pa d t hrou 0·h t he arth-
omewh re t here ha b n an arthquak 

and the ei moo-raph i makino- a 0Taphic 
record of it. If t h hock i uffici ntly 
strono-, other ei moaraph in variou part 
of the world will in crib a r cord f t he 
same quake at approximately th ame tim . 
The vibration from a strono- distant quake 
may continue to arrive for an hour or more; 
those from a small near-by quake will be 
recorded in a much hort r t ime. 

An earthquake is produced when the 
materials compo ing the earth are broken 
or di placed. The materials are hard, 
brittle, and elastic, and they will resist change 
until the forces acting upon them develop 
stresses greater than their strength, t hen 
they will yield uddenly and produce not 
only a fracture, but a hock. A udden 
yielding of rocks to earth strains may o-ive 
rise either to a new fracture or to movements 
along a previously exi ting fault. When a 
sudden movement does occur along a new or 
old fault, the frictional re istance offered by 
the opposing rock walls no doubt contributes 
its share to the development of vibration . 
Whatever happens, the sudden hock re­
leases energy, vibrations are t up and waves 
are transmitted through the arth in variou 
directions to ei mograph ituat d at differ­
ent distances from the point of rigin. The 
greater the dislocation, th o-r ater the 
vibrations set up, and the o-r ater t he di tance 
the waves will t ravel. 

In the United tat 62 major ar h-
quakes and many smaller on w r r ord d 

in trum nlnll , for th yPar 1. :~:3. TII(' 
av rag 
I a lly 
40 o. 
quak 

annual num C'I" of c·arl hqt1akc• 
n ibl human bC'i1w: i: abou 

f thi numb r about -o arc' major 
apabl fin lrumrntal regi tratio11 

v r a h mi ph r r th C'ntir _glol <'. 
Th r ar 20 - dd ci · molo,giral 

ov r th urfa of lhc 
arth. ~Iany of th tati n onlain onl 

a pair of i m raph , t h la r(T r tation. 
con ain t br , f ur, r m r mak of 
in trum nt , ach with a cliff r n d f 
en itivity, and capabl f r CT j t rinCT, n 

only the horiz ntal but a , , rti al 
compon n t of an arth h k. It ha b n 
rec ntly ti.mated that th numb r f a rth­
quak , which pr bably cur annuall , nd 
which are u ceptible f in rum ntal r (Ti -
tration, approximate 000. limit d num­
b r of mod rn i morrraph ha\' b n in u 
f r the pa t 35 y ar . Durina thi p ri d, 
it ha been e timat d that nearly 2500 m jor 
earthquake have b n r c rd d, and ab ut 
140,000 mall r on , , hich ma hav b n 
felt locally. The numb r " 'hi h pr b bl ' 
occurr d, bo h lara and mall and whi h 
may ha, b n tronrr n uah f r r CTi tra­
tion by pre nt-day in rum nt 
amount d to 240,000. I ma b 
that earthquak ar f infr qu nt 
occurr nc . 

In r c nt ar th itiz n f th ' nit d 
tat and of untri luw mani-

f t d a wide pr ad int r t in th ur­
r nc and di tribution f arthquak and in 
h kind f in trum nt " ·hi h Jul\' n 

d vi d f r r rdinrr th m. With th 
aradual m th numbN f mo-
I aical tati n in ,·ari u pnrt of th 



rr;de World l'hotoqraph 

A view of the wreckage of the city 
of Melfi, Italy, after the eartL, 
quakeofJuly23, 1930. Almost the 
entire Mediterranean is induded 
in the geologically "young" zone 
that continues across Asia Minor 
and the Himalayas to the East 

Indies and beyond 

Italy 

Tacrmina, Sicily, looking toward 
the active volcano, Mt. Aetna. 
and with the ruins of an ancient 
Greek theater in the foreground . 
Taormina and Messina were 
severely shaken in 1908. The 
loss of life exceeded 100,000. 
The famous volcano of Sicily 
and the fact that earthquakes are 
not uncommonly felt in the islaud, 
demonstrate its geologic youth 
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Wide World P hotograph 

An aerial view show, 
ing the ruins of Mi, 
yagi, Japan, as they 
were burning, fellow• 
1ing the destructive 
earthquake of M arch 

3, 1933 

Japan 

Looking across Shoji 
Lake toward Fuji, 
yama. This particu, 
lar volcano is quies, 
cent but others in 
Japan have played 
their part in the 
periodic earthquakes 
that are common in 
the Japanese archi, 

pelago 
@by E . M . N ewman. 

l'ublishers Photo Service 



4 AT RAL HI TOH,Y 

civiliz d world, togeth r with the imprO\'e­
ment that ha\'e been made in the different 
typ of elf-recordino- in trument , there 
ha been a marked incr a in the number of 
earthquakes record d. 

THE COMPO ITIO OF THE EARTH 

The tudy which ha b en made durino- th , 
pa t few decades of ei moo-raph record ha 
re\'ealed that the earth ha a crust compo d 
of olid material, and that it ha a thickne 
variously interpreted a being 40 to 60 
mile in depth. Th irreo-ular configuration 
of the earth's outer urface i a matter of 
common knowledge. The highest point of 
land, represented by Mount Evere t, ha an 
elevation of 29,141 feet; the greatest d pth 
of the sea, known as the wire Deep, off the 
east coast of the Philippines, measure 
35,433 feet. The maximum relief of the 
earth's surface is thus approximately 12¼ 
miles. The average height of the land, how­
ever, is but 2,300 feet above sea level, or 
nearly a half mile, while the oceans have an 
average depth of 11,500 feet, or a little 
more than two miles. The difference in 
relief between the average height of land 
and the average depth of the oceans is thus 
2.6 miles. Only 28 per cent of the earth's 
urface is above sea level, the remaining 72 

per cent being below. In other words, one 
part is land while nearly three part are 
covered by water. This relative distribu­
tion of land and water is in keeping with the 
location of earthquakes, for maps showing 
the distribution of earthquake epicent rs, 
for periods of one or mor years, how that 
arthquakes are far m re abundant at ea 

than on the land. It has been r coo-nized 
by geologists and oth r cienti ts that the 
earth's surface ha an irrco-ular r Ii f; be­
cause of the presence of material of cliff r-
nt den iti near th arth's urfac . nd r 

th contin nt th den itie , which av rao-
2.67 tim an qua! volum f fr h wat r, 
ar le than they arc for th mat rial und r 
the ocean . which arc of th ordrr f 3. Th 
avnagc dcn ity of the cntir arth i con­
. ickrably greatcr. It i 5.6 tirnc. a. much a 

an equal volume of water. A a con e• 
quence, the material of the inner part of 
the earth mu t be den er and heavier than 
tho e of th outer cru t. 

\Ve know, too, that the cru t of the earth 
i rigid, althotio-h it i compo ed of material · 
of different con i tencie , for, otherwi e, the 
high area would lump down and the 
material compo ino- them would move for­
ward to fill the vall y , the oc an ba in and 
their deep , and produce a true pheroid, 
which would be CO\'ered with water to an 
average depth of about 7,500 feet. 

The length of time during which the earth 
has had thi irr gular configuration i not 
definitely known. It ha been lono- and may 
be of the order of the olde. t known rock , 
which are now regarded a exceedino- a 
billion and a half years. High mountains 
such as the Alps, Ande , Cauca u , Hima­
layas, Rocky Mountains, and, i rra evadas 
have not always been high, for they are of 
comparatively recent orio-in geologically 
speaking; older mountains, uch as the 
Appalachians of the nited tate , the ale­
donian and Hercynians of Europe, have been 
greatly reduced in height by the action of 
the agents of ero ion during many millions 
of years. The till older Laurentides of 
Canada, and the upturned trata of Man­
hattan I land and the adjac nt mainland of 

ew York have b en reduced by the e ame 
agents of ero ion to rolling uplands. Their 
pre ent relief does not sugo- t mountains, 
but their o- ologic tructur d . We may 
conclude from thi evidence that while the 
high pot of the land and th low place of 
the sea hav not alway b n wher they 
arc now, th r lath· di tribution of the 
continental land ma e and th oceanic 
basin ha , with minor variation , r mained 
more or 1 s con tant for va t g oloo-ic ao- s. 

vVnAT HAPPE Wrrn THE EARTH Q AKE, 

In region , h r laro- arthquak occur, 
it ha b n not d that ith r " rtical or 
horizontal chano- , r b th, take plac in 
th cru t of th arth. The am un of 
chang produ eel at any nc time may be of 
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th ord r f a f w in h or a mall nurn r r 
off et, and lrnv a lin a l xt nL f rith ' I' n 

l f w mil , r a in th ' an 1' ran i o ca rt h­
quak of 1906, f v ral hundr cl mile '. 
In the cour f irr gu lar p ri I , f long or 
short durati n, a r t hq uak ma r ur in th 
same plac r in cl I adj a nL nr n ; Llw 
combin d r ult of a numb r of u h r ur-
rin o- ar hquak i t pr du a,,· ,]I mark I 

chano-e in th confi 0 ·urati n f ·h arth 
' surface at that p la . ◄ ar t hquak whi h 

accompany i th r v rti a l or horizonta l 
changes in t h urfa f th arth, ar n t 
nly happ nino· now, bu t h y hav 

fr quently durino- th pa t hi t r 
earth. In fact, th r i no porti n of th 
earth' urfac whi h i ab lu t ly fr f 
faults, th la r o- fractur , which appear a 
mute v id nc that arthquak hav oc-

' curr d a long th m at n t im or anoth r 
during th pa t hi t ry f th arth. 

It is a l o true that durin°· pa t o- oloo-ic 
aaes parts of t he arth' cru t hav b n 
either down-warp d, uplift d or br k n, 
and in many cases, t il ted. Evidenc of thi 
may be een in many f our hio-h t moun­
tains wh re b ds f lim tone, and ton , 
or sha l , which contain fo il r main f 
shells that once lived in the ea, hav b en 
found at high el vation . Volcanoe a l 
periodically bring up molten mat ria l fr m 
great depths and pour th m out at cliff r nt 
elevations on the arth ' urfacc. It would 
be of interest in this conn cti n if w kn w 

more pr cisely from what d pth thi whit 
hot lava a rise . 

WHERE EARTHQ AKES ORIGIN ATE 

The depth at which earthquak origina t 
is a problem cone ming which w would lik 
to have mor preci e data . Many a rth­
quakes produce evid nc of hift f a rth-
blocks at the surface of th arth, o t her 
leave no trace of uch mov m nt . While 
some earthquakes undoubt d ly ccur n ear 
the surface, wi th mov m ent xt ndino­
downward, others app ar to b dr .p- a t d. 
A study of J apan e arthquak by K 
Wadati, 1928, show that they may b ei h r 

: ha ll w or d <'<' Jh c·at<·cl . Tiu· l1alli"' 11111 • 
hav nn a , ·c·rngc• dc·ptl 1 of ~-i 111il, , "ltil, • 
the d c·c• p-:,wnlc•cl 011C•. 1uay 11ri11111ut, • :it 

ckpths of m on • t li a 11 l. 'G 11iil1•. . \ f1·\\ 11tl1<,. 
inn• ·tiga (ors hn,c• 111adc· . 1111111• of tlii 
problem \\tlh , nry inµ; rc·su ll.. TIii' . 111,li, • 
of B. ;ut c, nbc• rg in 1920 of sh.t1·1•11 diff1•n ·11t 
earthquake. s hcrn tli n( (11<• fo<·11, · or poi11t c,f 
o rig in of tl H•se q unkc•s li<'s \\ 1tl1 a f1•\\ 1",<·c•p ­
tion nt n. dept Ii of , m il<·s or le·.. . , '01111• 
rn,· t ig;n Lors o f lhi .· prnblc·m :·t.,· tli:it 1f Ilic • 
, , l it of propagat ion of 1-wi:111i · \\:1,·1·s 
thr ug h l hr 11ppprm o. t layc• r: of tl1<· Part It' . 
cru t " 'C'l' ' m or pre i:c•l , kno" n, t IH·n• 
''" ul I b I s' u n Ntnin ty in ci<'!Nnii11ing t IH· 
cl I th a L whi h a r t h 1ua kc\' origina le•. 

E I 1 RAPH. \:-ID E .\RTII \ ' 1Bll \TIO'\s 

i m araph a rc in Lru ment dc:ig;rwd to 
r cord th vibr t i n t ra n. mi ttrd throurrh 
t h o-r und . urin°· a grrat ea r t hquake l "·o 
thino- ar ap t happ n , na m ly : (1) 1 lwrc 
will be a, lurch or di pla m n t f l h grou n I 
ith r h rizon tal r \'Cr t i a l, o r hori zonta l 

a nd v rtica l, t h r a ngr of whi h ma a m ount 
to 20 fc ' L r m or . Th a m oun t of di pin r­
m nt " ·ill n t b r r r !rel b tlw .~C'i ·mo­
o-raph. It m ay b ' I L rmin r d b rrsun·eyinrr 
the gr und . (2) \ ' ibra ion will br. t 11p in 
th gr und . 

11 a rthqua kc: cl r vrlop ,· ibratio ns. TIH' 
I ri d f t h , ·ibrnlion m a ,·a ry from a 
fra cti n of a on l in near ar hqu n.kc\' to 
20 or c ncl in di. ta nl r:1 r l hq uakes. 

oTnph will n ord nil of t lw. r 
Du to !in iln ions in on-

tructi n orcling;, cliff ren t l ' JH's of 
in t rum nt nrr required f r t h rc,2:i. (ration 

f n ea r and di tant nrthq uakes. .\ th ird 
ty p fin t rumcn L known a· a tromonwlPr, 
i need d for r ro-i lrring th minu te ln•mor: 
whi h pr a n I a >mp:rny nilc ·mi 
rupt i n . A fourth ty pe of . eism g;r:tph is 

r quirrd fo r t ho region. wlH' re g;rp·1t <•art h-
qua k ur , f r t h re the m ot ion is :1 p t to 
be t r na and vi rrorou t hat any ma hinr 
de io·n cl f r th r g i. trnt i n of ther type. 
of earthq ua k would be d amagrcl or tlirmrn 
ut f a tion. 



Seismograph 
The photographs at the 
left and below show the 
seismograph at the 
American Museum of 
Natural History. The 
record which is being ex, 
amined by the observer 

, below records an earth, 
quake of moderate in, 
tensity in the ocean bed 
on August 29, 1934. So 
accurate and sensitive 
are these instruments 
that though thousands 
of miles may separate 
them from the center of 
the earthquake shock, a 
study of the record will 
of ten determine the 

quake 's location 

Above: The seismo, 
graphic record above 
and the one parallel 
to it on the opposite 
page are in reality 
two parts of one 
record, made on No, 
vember 20, 1933, on 
the American Mu, 
s e um seismograph, 
recording a quake 
in Baffin Bay. Seismo, 
logical stations have 
reported these shocks 
as being among the 
strongest ever re-

corded 



Photograph by 
Charles C . M ook 

Above:Trouble 
for a railroad. 
This view, tak, 
~n immediately 
.ifter the earth­
quake of July, 
l925, at Three 
Forks, Mon , 
tana, shows the 
havoc wrought 
on a railroad 
line by the dis­
placed masses 
of rock loosened 
by the earth-

quake 

Earthquake 

A crack in the earth photo 
graphed after the earthquake of 
July, 1925, at Three Forks, Mon­
tana, not far from the spot pic­
tured above. Such cracks in the 
earth are not uncommon after 
earthquake shocks, and some­
times can be traced for consid-

erable distances 

Pholoyraph by Charles C. Mook 



'ATVRA.L HI TORY 

Each kiud of seismog, aph con i t of fixe 
e ntial part.::., uanwly . (1) the ' teady 
ma " which remain 01 should remain 
qui t during the time ot an arthquake; 
(2) the frame\\'ork wh id1 upport the 
" t ady ma ''; (3) tl1 e r cordino- apparatu ; 
(4) a damping device who e tunction i to 
keep the" tcady ma· '' quiet; and (5) a' 
pier constructed in such a mannc.r that it 
tand free of building and is firmly con­

nected to the ground. 

THE MAINKA S~ISMOORAl'H 

In the American Museum in,-tallation 
there are two horizontal pendu lum· , k110\.,n 
as the Mainka eismograph Hnd built pn-'­
cisely alike and set at right ana;les to each 
other. One is placed in a - direction the 
other in an E-W plane. The , - instru 
ment registers the E -W component, the E-W 
instrument the N-S component of a11 arth­
quake movement. The "steady masses' ' 
in these two sei mographs have been p .1,i u tt-'d 
black. Each consists of a series of 16 
alternating iron and lead discs which h'.we 
been stacked in such a way that they make a 
cylinder 15½ inches in diamet r and 22 
inches high. The weight of each '' teady 
ma s" is 450 kiloo-rams or n arly 1000 
pound . Each "steady mas " is supended 
from a sturdy angle-iron frame, painted 
white, which rests upon a concrete pier. 
The top of the pier, which has dim n ions 
3' 8" X 5' 8" and supports both in truments, 
i l vel with the first floor of the Mu eum 
building. It is not conn cted with the 
building, howcv r, for an air pace parate 
th m. The pier, which xtends downward 
24 f t, ha it lower half firmly imb dd din 
Manhattan chi t. The upper half of the 
pi r pa Lhr ugh th ba em nt f the 
building and th re it i urroundcd by a wall 
of hollow iil . Thi tilr wall noL only 
pr Lects th pi r, but it k eps th air sur­
rounding th . pier of a unif rm t mp raLur . 
Air condiLioning of i m graph J icr, i an 
imporLant maLL r, for, if not att nd d to, 
th sri mograph record arc apL Lo how 
unnaLural earth tilt brought about by un-

equal chano-e in temperature in th pier . 
The mode of su pension of the ' teady 

ma e " varie in different types of in tru­
m nt . The " teady mas " may be sup­
ported in uch a manner that it represents 
either a common pendulum, an inverted 
pendulum, or a horizontal pendulum. In 
these variou types of u p n ion, the 
equilibrium of the "steady ma " i respec­
tively stable, un table, and neutral. f the e 
three types of pendulum the horizontal one 
offers the lea t amount of difficulty in 
providing a" steady ma s," which is e ential 
in an accurate ei mograph. The horizontal 
pendulum, therefore, i the one o·enerally 
used in the con truction of ei mograph . 
A door or gate swung on two hing s is a 
common example of this type of pendulum. 

In order that the horizontal pendulum may 
have a small amount of stability and may re­
turn to its initial position after di plac ment, 
the axi of support i tilted slightly toward 
the , tnter of gravity of the " teady ma s." 
Swinging doors and gate al o readily come 
to rest when they are not hung perfectly true. 

THE ARRANGEMENT OF THE "STEADY lA " 

In a simply constructed horiz ntal p ndu­
lum the "steady mass" i u ually firmly 
attached to on end of a boom; the oth rend 
of the boom, which i fr e, end in a teel 
point which i pivot d in an ao-at cup n ar 
the base of the ma t or upportino- frame. 
The weiffht of the " t ady ma " i sup­
port d in mid air by a wire tay, which i 
attached at one end t the w iffht and at 
th oth r to the top f th ma t. Thi 
mode of attachment not only k p the 
' t ady ma ' fr e of it upportino- fram , 
but it p rmit adju tm nt f the ano-1 which 
th boom make to a horizontal plan 
pa sin°· throtwh it pi, t d nd. Thi ano-le 
aff ct th p riod of th in trum nt, in th r 
w rd , th number of vibration which th 
" t ady ma '' will mak in a nd, wh n 
touch d liffhtly with th fin°·cr. F r n ar 
arthquak a p riod f four t , ix cond 

i uitabl ; for di tanL earLhqu·1k on of 
thirty c oncl or ven ff!' at r i d irable. 
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In the merican Mu um in tallati n f 
th M ainl · m 0 ·raph t he ' t ady ma 

1 i 1 pt fr e upp r i by a Y-
hap d y k , th two di tal •hi 

, attach d t th i the m a , ,vh · 
1 fr e proximal nd i d t th fram in 

uch a ·way that a knif -bl ad prino- i k pt 
und r · n. Th l w r end f t h up-
portino- tay con i t f a bri to 
th two nd of a pip which pa thr uo·h 
th center of 0Tavity of th " tcady m a '; 
th upp r nd of thi upp rt t rminat in a 
wire v.rhich i attached t th top f t h 
porting fram . The u p n ion i 
cat ly adju t d that, if th " t ady m a ' i 
slicrhtly touched with th fincrer, it will wino· 
back and forth in a horizontal plane and th 
vibration will b r ccri ter d by th r cord­
incr needle on smoked pap r . From uch 
a r cristration the natural p riod f the 
in trument can be obtained. In thi con­
nection it may b tat d t hat a ei m crraph 
i mo t en it iv to tho e wa, e which cor­
r pond to it own natural period of vibra­
tion. The p riod of th machin i n t d at 
the beginning of every r cord. J w h t 
of paper are plac d on th in t rum nt , 
u ually at the end of v ry forty-eight hour . 

THE " D AMPER" 

The movement of the " t ady m a 
when touched i just t he contrary of what 
happ ns when an arthquake occur ; th n 
the earth, the concrete pier , and t he whit 
supportincr fram e vibrate a a uni t whil th 
"steady ma s" rem ain quiet, at lea t for a 
time, when it may beo-in, if not damped, to 
pick up th earth' vibration tran mitted 
through the upportincr b om and tay. 

The damper which i placed upon t h 
of each upportincr frame con i t f a r -
tancrular metal box, a pair of round air hol 
near the top with adj ustabl cov r , a h et 
of metal within th box which act a a 
diaphragm, and a et of rod which conn t 
th diaphragm with t h c nt r of t h 
"st ady ma ." Thi is an air damp r ; 
oil and ma0·netic dampers ar a l o u ed on 
som type of seismograph . Th damp r 

off r rc•sist,ui '(' to any . 11dd1•11 1110, 1' 1111 •11 

whi h mt y tnk(• pla •c·, 1•. pc•ciall., I Ill' 11' 1111 -

n y of th• pPnd11l11m lo . \\ 1111!, 111 it "" 11 

na tm· I p riod " h n an c'art liq ll:t h · cH•c•11r • 

How THE RE ·ono1,a .\ t>I' ,n ,n ,.. OP1. 1< , 11 . 

Th r orclincr apparatu. in 1·ac·l1 i11 tn1 -

m n · of a 0111w ·l <l M ' l'l(•s of 111ul -
t' · . ( ll • 'tHI i: attac·l1<·d to t 11<· 
c gra\'il. of thl' ':tc·acly 111:1 " 

11 l i a f n C'ly nw, Ill!.!, \\ c·ll­
ba.lan cl r or ling n (•die ,, !ti ·It light I~ 
t a m ving sh et of :mokc'cl papc· r . 

Th nif , Llw 'arth lrC'mor · lOO 
tim . Lhal the nrth mo, c'nH•nt . 

w hi h pa g;h th J ier and ·u pport i ng 
fram ma · l with r fNrll c to !Ill' 
' t ady 1 r '11 nin.- qui 'l tlH· 

r c rding l a h('c[ to the' 
f tl th' diaphra•rm 

f th damp r, an l t Ul p rtinrr frame. 
In addition t th mul ipl incr l " r.' t !tr 
r c rdino- a.pparatu in th :\faink, i. mo-
0Taph con i t fa J air of r \' h·inrr drum on 
which h t f m k d pap r 1 X90 C'n!i­
m ter in iz , an l j in d at th ncl rolat 
pa t the p in f th r · 1g nr('(!!r . . 
Th mov ment of h dr n l m keel 
pap r , which i at th ra - mm. p 'r 
minut , i c n tr II d b a · t and 
o-ov rn r. l\Iinut and h ur dot rnrk d 
on the d paJ r b ' a J inlC'r, 
"hi h i c ntr ma t r wall lo k 

ormal · t rati n f a :\fainka ~ i ·m -
crraph app · t f a ric, of 
par al I l lin d dl 

ctually th ntinu-
' pirnl as wh n 

a · · f r th p:1pcr 
th high r 

unno ·ti die swing 
back and 1 a )ll J r ·rncl l hus 
in rib th Yibn earl h whi h 
u ua.lly a rri v in t hr 
F ir t l r liminar 

k:11< wn a-; thr 
P: thr ,' •nncl 

Pr liminar 
Wa,·c , L. 

tr m rs ,'-!, ; and thr :\fain 
In di tant ra rthqu ak<'s 01w or 



P ublishers Photo Seniice 

The photograph at the 
left, taken at Compton, 
California, shows how 
the wall of a building 
crumbled away as the 
result of a quake. Be, 
low is a view of San 
Francisco which in 1906 
was fearfu lly damag, 
ed by an earthquake 

followed by fire 

California 



N ew Zealand 

P ublishers Plwto 'ervice 

The photograph at the 
right was taken at Na, 
pier, New Zea land, Feb 
3, 1931, while n earth­
quake was still in action 
in the vicinity. The view 
below is at Aukland, 
which was shaken by 
the great quake of 1931. 
New Zealand is periodi, 
cally subject to earth, 

quake shocks f~l 



12 N 1 TCRAL HI TORY 

two r f the e \\'a,· at th arth' 
urfac may ccur, at on -third and t\\'O-

third th 'i lance, and b record d a 
up rirnp d pha e . Th fir t ca e may b 

cl io-nated a PRl, Rl, and th latt r a 
PR2 and , R2. The i m o-raph record f 
uch tremor indicate not only th path by 

which th \'ariou kind of wav reach d 
th in trument, but al o the properti of 
th material through which the wa\'e 
pa d. The earth thu not only writ it 
own epitaph, but thi in cription i full of 
m anino- and i worthy of our careful in-
p ction. For distant earthquake , the 

beginning as well as the continuation of the 
diff rent pha e of the record are indicated 
on the seismogram by udden or gradual 
increa e of amplitude, by udden chano-e of 
period, or both, and by th ord r of ucces­
sion in which they occur. For instance, it 
ha been determined that the P-wave , the 
fir t to arrive, are longitudinal or compres­
sional wave with vibrations in the direction 
of progre s. They are fast and of small 
amplitude, usually less than a millimeter. 
Their velocity near the surface is 7 to 8 
kilometers per second and their period varies 
from 5 to 7 seconds. They u ually follow a 
direct path from the point of origin to the 
recording seismograph, but a curved one, 
since in pa ing through, they dip toward 
the center of th earth wh re the rock are 
denser and their rate of propagation is fa ter. 

vv AVE AND VrnnATIONs 

The -wave ar tran verse or distortional 
with vibration at right an°·les to the direc­
tion of progr . They ar slower than the 
P-wave , and have a veloci y near the urface 
of about 4.5 kilom ter p r second. Th ir 
period i 11 to 13 second . They follow 
approximatrly th ame path a th P­
wavc .. 

Thr main r long wav , , L, which pa. 
ar und th urfac are comp! x longitudinal 
wave. . Th ir v .locity i 3 to 4 kilom t r 
prr . C'C nd, d pcndino- on condition . c­
cording Lo . II . II ck, chi f i mologi t 
of thr U. , '. Coa. L and I odrtic urv y, 

th ir , . locity under th Pacific ocean is 
about 20 per cent o-r ater than under the 
contin nt . Th ir p riod Yary o-reatly and 
may b u Iara- a 40 or 60 econd . 

The P and wa\'e f harp, w 11 defined 
ingl h ck can be d finitely diff r ntiated 

on a i moo-raph r cord for tho c earth­
quake which orio-inate at place more than 
700 mil and less than 7000 mil di tant 

, from th r cording in trument. Further­
mor , with an accurat timino- apparatu the 
tim of arrival of th e wa\'e can u ually 
be d finitely d termin d on the r cord, the 
difference noted, and the di tance from the 
receiving tation to the point of orio-in 
(epicenter) calculated, or read off from an 
empirical table or it graph, with an error 
not o-r ater than 25 to 50 mile . By u ing 
the determin d di tance a a radiu , and the 
location of the station a a cent r, a circle 
may be in cribed on a globe, or caled map, 
which will pa s through the epic nt r. Its 
location on the circl may b determined by 
applyin°· th same m thod to di tanc ob­
tained from two oth r widely eparated 
tation , u ino- one or the other of tho ta-

tions as th center of th econd and third 
circle . Th point of int r ection of the 
three circle , or th cent r of th triano-le 
form d by th m, will be the location of the 
epicenter. The us of the duration of the 
fir t preliminary tremor for determinin°· the 
position of th picent r of a di tant earth­
quake i known a the Zei io- method. It i 
the on used by mo t ob erver . 0th r 
method ar ometim u ed bu th y re­
quire p cial apparatu 

Whatever method i u. d it may be noted 
that ince 1 99 ther ha be n an ever­
increa ino- accuracy in 1 eating earthquake , 
e pecially tho e 700 to 7000 mile di tant 
from recordino- tati n . Th location of the 
main i mic ar a i now w 11 known-one 
belt extend around th margin of he Pacific 
Ocean, anoth r form a gr at circle ab ut the 
earth throurrh the I ditcrran an- aribb an 
region . th r area f fr q uenc ar le 
well d fin d, for i olat d occurr nee ar 
common in man part f the world, xc pt 



Ii . Armstrono Roberts, photo 

Extending in a vast 
horseshoe from Cape 
Horn up the coast of 
the Americas across 
to A sia and down to 
the East Indies is a 
great band which 
includes mountains 
and islands of geo, 
l og ic a 11 y r ece nt 
formation. M ost of 
the West Indies also 
are included in this 
region throu ghout 
which ea rthqu a kes 
are occasionally ex, 
perienced. The view 
on the right was 
taken on the island of 
Puerto Rico, and the 
photograph be Io w 
shows the Chilean 
Andes rising abrupt, 

1 y from the sea 

P ublishers Photo ervice 



Athens 
A view of the city from the top 
of the Stadium. Both Greece and 
Palestine occasionally feel the ef, 
fects of earthquakes, for old 
though these regions are in the 
history of civilization, they are 
comparatively young as the geol, 
ogist measures the age of the earth. 

Right : A view of the Temple of 
Jupiter with some of its fallen 
columns. Many of the Greek 
ruins have been brought to their 
present condition by earthqu3kes 

Publishtrs Photo Service 



E_ I TflQl K E, ' 

in th p lar r 0 ·i n , wh r f ,v a r hquu,k 
hav b n r 0 ·i r d durino- th pa t hir ty­
five y a.r . 

For n a.r- arthqua.k , hat i , t h Lha 
1 

occur within 10°, r 700 mil , f th pi-
e nt r, th re i I paraLi n, n m t 
mograph r cord , f th primary wav , P , 
and f th cc ndary wav , , and it ha 
been uo-rr t d that for thi di tan ach 
wave po s b th typ f cha ra L r . 
In oth r word , th charact ri tic f a ur 
of th e wave , c nd n ati nal on t h n 
hand and di tortional on the ther, a r n t 
differ ntiat d on i mo 0Taph r cord m ad 
by in trum nt de io-n d and et f r th 
quak orirrinating 700 to 7000 mil , away 
and known a di. tant quak . p cially 
con truct d in trum nt ar r quir d to 
separate P and waves of n ar-earthquak . 

Those far distant earthquak , which 
originate 7000 to 10,000 mile or farth r from 
a recording station, do not rerri t er t h 
P waves, as the first recorded irnpul e , 

I ince these VI aves are refracted a t a d pth of 
I; 2900 kilometers ( 1802 mil ) in to the inner 
1 core of th earth and produc by their re-

fractions what is known a th "blind 
zone." Such refracted waves, when recorded, 
are designated at P' wav s. The velocity of 
these ·waves ju t ouside the central core is 
13 kilometers (8 miles) per second; inside 
it is 8.5 km. (5.3 miles) per second. 

So far as we know the -waves orirrina ting 
7000 to 10,000 miles distant do not em erge 
from the inner core and we may a ume, 
ince they are not transmitted through sub­

stances in a liquid or ga eous sta te, tha t the 
inner core, with radius 3470 km. (2157 miles) 
or .55 of the radius of the earth, is in a liquid 
or gaseous condition and com posed of a mol ten 
mixture of the heavy metals iron and nickel. 

The study of distant arthquake records 
has indicated that the surface of the inner 
core is a well mark d urfac of di cont inuity, 
and that it refracts or reflects the waves 
which meet it. ome four ther l s pro­
nounced discontinuities eparat e the zon 
of the earth which appear above it. 

Th OIH UJ>l ·ari11µ; at a cl1•ptli of al,1111I ill 
kil m ' lcr: (:37 mil e• ) i.· \\ f' ll 111:irl c·d i11 111:111y 

•i ·mcwraplt r<• ords. I t i t i ll· 1cm c•r 111:ir •i11 
f th l'll ·t of UH• 1•a r t l1. 
Th pla ne•: of cli. ·011t i11 uiLy c·li:111 •c• t 111' 

I ath and ' IH rg of <•a r t liquake• \\'ave• .. 

Pnonu, \l s To 111-: , '111,, 1.11 

Ii: •11 ·:ion give· a liri1 •f 
r ra l : la lu: of ou r l-1111\\ lc•d~1• 

1c a rth ': i11 1Prior1 Ilic• prop•q.p­
quuk \\'a vc•: a 11cl t lie· . w11ifi­

. m gra ph re• •o re!:. Whi le•, ancHt 
· · 1 inv . t i<rtt (ion .- ha, c· lwc·11 c·ar-

rin h pa. l lliir ty-fi, c• y<'ar., 
whi h hav hrown a flo cl of light upon 

m r 
prop r 
produce ar thqu 
and tr of 
cru t . ic 

pr bl m: a nd hidcl 11 
woul I Iii·• to k11 " 
inl rior, th c•la ·ti• 
h con li t i n whi ·Ii 

indication ·ino- 1 pa 

om o· ilion 
g th e• 
rfa 

ncl 
f u t o b li ve t hat t i 

num rou lay r of r ck whi varia bl 
in numb r, xtent, a nd 
compo it ion. Th r t d pm n f 
sei mic pro p ctin o- fo and t h r rr in ral 
and th ff ect of t he pr pao-ati -
quake wav on · · and -
tur s · ze or a, 1 

re earc aily a ion and tu Ii 
ar b inrr t dbyvari aniza tion .. 
In th t· y ar ·no- arri d 
on by th ·nm n t thr u o-h h 

oa t a d rv y with th 
op ration of t h th r Bur au th 
G oloo-ical urv y , t h Bur clnr I , 
and t h ati nal R a.rel th r 
organizati 
the arn rri 
t h J ui t i mol 
variou u · · · 
in cliff r n p, 
mate aim f t h· 
tandino- f t h la tic 

ear th. 

, 1 um, 
l t h ulti-

a 
nditi n 

und r­
f th 
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A SEISMIC MAP OF THE WORLD 

BY CHESTER A. REEDS 

This map show the epicenters of 1783 major earthquakes. The e large earthquake­
were recorded at various sei mological tations during the t·wenty-five-year period 1 99-
1923. The data for the map were compiled from the report of the Seismological Com­
mittee of the British A sociation, the Canadian Ob ervatory, the ei mological oci ty 
of America and other organizations. 

The solid black dots show the location of ingle major disturbance . The circl , 
with one or more radiating ray indicate place where large earthquakes have been re­
peated at different time during the twenty-five-year period. Each ray rcprc ent a 
recurrence. Some circles have a many as ixteen rays. Major earthquakes arc u ually 
produced by pronounced movements along fault planes. They generate wave of uffi­
cient intensity to pa s through the earth and be recorded at ei mological station itu­
ated at points more than half way around the earth from the place of origin. Tho c 
numerous minor quakes which are recorded by nearby tation and which may have 
exceeded 100,000 in number during the twenty-five-year period, are not shown on the 
map. If they had been plotted they would how a more wide pread di tribution. Mo t 
of them, however, would be confined to the haded zone which repre ent tho e b It- of 
the earth where the highe t and younge t mountains and deepest troughs of the ocean 
occur. 

The map shows that mo t earthquakes originate in rock beneath the oceans and 
that they are confined for th mo t part to two great belts, one running from we t to east 
through the Medit rranean and Caribbean ea and the other adhering to the margin 
of the Pacific Ocean. The ancient hield of the continental ma e , which include the 
great ice wa tes of the polar region , are underlaid by old rocks which arc, for the mo t 
part, free of earthquakes. 

Prior to the development of modern sei mology by John Milne and his a sociate in 
the late Nineties, our know] dge of the occurrence of earthquakes was confined to the 
de truction wrought by th m on land. From in trumental record , we now know that 
most earthquakes originate beneath the oceans and in those parts of the land where 
geomorphic changes are taking place in the cru t of the earth. 
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