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ABSTRACl' OF T I fE  E'ESLJLT.9 OF THE 

TEE amount of information now in possession 
of the U. S. geological survey, relating to the 
Cl~arleston earthquake, is very much larger than 
any of similar nature ever before collected relating 
to any one earthquake. The nnmber of localities 
reported exceec's sixteen hundred. The soitrces 
of information are as follows : P,we are deeply 
indebtecl to the U.8. signal service for furnishing 
us the reports of their observers ; ant], 2", equally 
so tca the Lighthouse boarcl, which l ~ a s  obt:iined 
ant1 forwarded to us the reports of keepers of all 
l~ghthouses from bfassachusetts to Louisiana and 
upon the Great Lakes ; 3", to the Western union 
telegraph company, m-hicl~ instructed its division 
superintendents to collate and transmit many val- 
uable reports ; 4O, to the ~ssoc ia ted  press, whicl~ 
has given us access to the full despatches (wit11 
transcripts thereof) which were sent over the mires 
centring at  Washington during the week follo\~- 
ing the earthquake ; so,to geologists and weath- 
er-hureaus of several states, who have kindly ex- 
erted theniselves in this matter, and collected 
nlucii important information ; BO, to a considera- 
ble number of scientific gentlemen who hare 
distributed for us our circular letters of inquiry in 
special districts, notably, Profs. W. M. Davis, C. 
G. 1Zockwood, J. P. Lesley, T. C. Mendenhall, and 
Messrs. CV. R. Barnes of Kentucky and Earle 
Sloan of Sooth Carolina ; 'iO, to a large number of 
post,niasters in the eastern, central, and southern 
states ; and, finally, to hundreds of miscellaneous 
correspondents throughout the country. 

I n  collecting this information, a printed list of 
questions was prepared. This practice has been 
resorted to in Europe ancl in J a p a ~ i  with consider- 
able success, and the questions which have been 
devised for distribution in those countries have 
been prepared with great skill by some of the 
ablest investigators of earthquakes. Prof. C. G. 
Rockwood of Princeton bas also been in the habit 
of distributing forrnal qnestions of this character 
in this country whenever apprised by the news-
papers of a notable shock. Availing ourselves of 
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his advice ancl assistance, questions prepared hy 
him were printed and ~vitlely distril~uted. They 
were much fewer ancl inore simple tllirn those em- 
ployed in Europc, because European investigators 
del~encl almost ~v l~ol ly  upon the educated classes 
to answer them, while in this coiintrg the uuedu- 
catocl hlit intelligent and practical classes of the 
peoplc ninst be the rnain reliance. These ques- 
tiocs were desiguecl to elicit information, lo, as to 
n~llnther t l ~ e  earthqualre \vas felt ; 2 O ,  the time of 
its occurrence ; Yo2 how long it contillued ; 4O, 
~vhet l~eraccompanied by sounds ; do, the number 
of shocks ; G o ,  general charncteriqtics which \.\-iuld 
serve as a measure of its intensity, ancl indicate 
the kind and direction ot n~otion. 

I t  is to he obsprvetl that the only information 
to he hoped for, wl~icll can Ilave even a roughly 
approximate accuracy, is the time of transit nf 
the sllock. The degree of :~pproxitnation in tile 
time riata actually obta.inec1 will be acl\,erted to 
later. Special effort was made to obtain infornia- 
tion as to the relative intensity of the shocks in all 
parts of the country. At the very ootset a serious 
dificulty pre~ents itself. 111the estimates of in- 
tensities there is no absolnte measure. What is 
really desired is some reliable indication which 
shall serve as a measure of t11e amount of energy 
in any given portion of the wave of clisturbance as 
it passes eacli locality. The nleans of reaching 
even a provisional judgment are very indirect, and 
qoalified by aconsitlerable amount of uncertainty. 
To estimate t,he force of a sboclr, \yehaye no better 
means tthari by exanlining its effects upon build- 
ings, npon the soil, upon all kinds of loose objects, 
and upon the fears, actions, and sensations of 
people who feel it. I n  ~ i e ~ v  the precise meth- of 
ods \vhich modern science brings to bear upon 
other lines of physical research, all this seems 
crude and barbarous to the lasL degree. But we 
have no other resource. Even if it were possible 
to obtain strictly comparative results from such 
facts, and decide with confidence the relative 
nieasure of intensity which should be assigned to 
each local~ty,we should have gained measures 
only of a eeries ot local surface intensities, and 
not of the real energy ot the deeply seated wave 
which is the proximate cause of  the surface phe- 
nomena. Kotwithstanding the indirect bearing 
of the facts upon the real quantities we seek to 
ascertain, and their apparently confused and dis- 
tantly related cliaracter, they give better results 
than might hare been supposed. When taken in 



large groups, the:; give some broad inclications of 
a highly suggest i~e character ; and though affected 
wit11 great inequalities, \I-liich for the tinie being 
seem to be anomalous, these anomalies are as in- 
strootive as ilie maill facts themselves. 

We have given the preliminary plotting of the 
intensities i n  tile nlap before you. The first pcint 
to which Ire sllall invite atiention is the magni- 
tocle of the area affected by the shocli~. I t  was 
sensibly felt in Boston, \ ~ ~ l ~ i c t ~  is the niost distant 
point on the A tlnrltic coilst from which afir.m:ltire 
reports hare been received. From hlairle the aa- 
sm-ers are all nrgati\.e. Xost of those from Xe~x-
~TLampsiiireare negative, but two or tl~ree positire 
ones shorn clearly that it was felt in se~isitive 
Spols. In Vei mont, afit-matire report8 collie Bronr 
St. J?llnshi:ry aiicl Burlingtoil on Lake Champlxia. 
S o  11ositii.e reports c o ~ ~ l e  fro111 th'? Province of' 
Quebec. Tn Ken7 YorB state it was felt in the 
vicinity of L?!ie George, and a t  Lake Placid and 
Blue ;\lonntain Lake in the Xtliroadacks. In On- 
tario it was quite iloticeablc ic several localities, 
tl-~ougli tile great majority of reports fro111 that 
place are negative. I11 ?,iicliigan it it as noted in 
several place; ; and at ixanistee ligilthouse, on 
Lake ,7lichigan. tile trembling was strongly 
ntarked. In Wisconsin, thongti lnany of the 1-e- 
ports are negative. it was felt quite strongly at  
3Silwauitee. and mas also iloticecl a t  Green Bay 
and at  La Cropse on the l\Sississippi, 967 miles 
from Charleston, --the remotest point will~ia the 
United States ivllich has given a positive report. 
In central Iowa and central Missouri it  was un-
niistalrably felt. Jn Arliaasas the eastern portion 
of the state frorn sixty to ~eren tg- f  \.e miles west 
of the &fississippi gives xlumeroiis positive reports. 
In Louisiana tlie reports are mostly negatire, but 
Ilumerons persons in Ne\v Orleans felt the shock^, 
and recognized their natnre. In Florida it wa3 
universally felt, and in the northern part of the 
state was severe and alarming. F ~ o mtlle Erer- 
glade region, of cocrae, no reports have been re-
ceived, as it is unini~al?ited : but in sonle of the 
Florida K c ~ s  it was felt in notable force. From 
Cuba a few reports have collie : and the most dis- 
tant point in that inl:ind which was shaken ivas 
Sagua la Grande, where the vibration was very 
clecided. Lastly, a report comes from Bermuda, 
a thousand miles tlistant from Cl~arleston, wf~ich 
leaves lit,tle doubt thab ?i?e trenlors were sensible 
there. 

The area mitlii~l whicll the motion was sufficient 
to attract the attention of the unexpectalit ob-
server I\-ould be some\~hat  more than circuin-
scribed by a circle of a thousand n~iles radius ; ancl 
the area of markedly sensible shalring, xvould, in- 
cluding the oceanic area, be somewliere between 

two and one-half and three niillion square 11:iles. 
In this estimate, 11om-ere]., only well-ciefir~ed 
seismic movemesrt of notable force is co~iqi'l~red, 
There are reasons for balievil~g, that, by proper 
instrunlental observation, tlic niovernerlt could 
hare been detected over a ~ n u c h  greater area. I n  
the first place, it  is to hc noted that the peiipl~eral 
portions cf tlse obserred area lie in districts irl~iclm 
are rather tliinly pop~~latetl, also in dis-so~~iei i~sles  
tricts \vliich, from the nature of the ground, do 
not disclose f~rc ib ly  tlie passing shock. Fnrtlier-
more. the passing ware in the outer porrions of' 
the are:, was a!tnost every\\-here of an undniatory 
ch:~racter arlcI of great wave-length, and. \i.ililtp 
still retaining a large amount of energy, did rrot 
often ciitsipate itself intoihose stnallcr aild shorter 
tremors mliicii are very 131iich more lilcely to at- 
tract attention, though really possessing xery 
m!rch less energy. Six hnnclrecl nliles frorz~ tiit? 
origin the !on5 s!i~ayil~g motion was felt, aiid n.as 
often sufficient to proclnce seasicliness, !-et \\;as 
mlaccompanie.i by sountl or hy the trerr~:;lous 
motion rlue to short waves. 

It \\,ill he cij?er.i-ed upon the niap that there are 
several large tracts which sh3w a con2pa;.atirrly 
feeble intensity, while conil1:etelg7 surrounding 
them is the gene~a l  area of greater intensiiy. The 
most consl~icuons of these areas of silence is the 
A!)palachian rrgion. 'I'he facts liere are exireilie- 
l;v interesting a t ~ d  ~uggeiti!P .  It  has been gener- 
ally supposecl that a serves as a, nio~~ritain-range 
barrier to the propagation of ear th~uakes,  :sot 
froin any known relation of cause and effei.:, but 
merely a3 the result of observation. In Japan it  
is universal testilnony tliat the central range of 
the islanil n1al.k~ the dividing-line between elrth- 
quake and no earthqualie. The shocks, so fre-
quent there, are seldonl noticed beyond the 
mountains. A siniilar coliciusioil lias been 
clmrvn from Soutll American earthqualre~, and 
also froill those Ivhich have risiteil southern Italy. 
As so011 as the data in the earlier stages cf t h e  
inquiry began to indicate i~~stilatecl aleas oT niini- 
mum action, they v e r e  co~npletely inr.est,igated, 
and every effort has been ~uaile to secnre f u r l  data 
from them. The result has been to shon- satis- 
factorily that such was tlle case. TheApp:ilachian 
belt south of middle Pennsylvania discloseti a 
few sl)ois where the sllalting \\-as considerable ; 
bnt in t,lle main it was hut lightly affectetl until 
we reach the e ~ t ~ r e i n esouthern ~tortion of this 
range, where the shocks begin to he scimewhat 
vigorous, even in themountains. LLTest and north- 
west of the range, however, the force of the un-
dulations resumes even more than i t , ~  normal vig- 
or. 111eastern Kentucky and south-eastern Ghio 
the force of tlie shocks was very consideraide 



causing general alarm. Chimneys and bricks 
were shaken donn,  and the oscillation of the 
houses was strongly felt. In  south-eastern Ohio 
nearly every theatre, lodge, and prayer-meeting 
was broken up in confusion. I t  does not appear 
that the Appalachians offered any sensible harrier 
to the progress of the deeper waTes, but it  does 
appear that they affected in a conspicnous degree 
the manner in which the energy of the mavea was 
dissipated at  the surface. Another minimum area 
was found in southern Indiana and Illinois, and 
also in southern Alabama and liissiqsippi. There 
is a curious circumstance connected wit11 the 
minimum area in Indiana and Illinois. On the 
6th of last February an earthclaake of notable 
force occuiued in just this locality. Circulars were 
sent out a t  once, and, on plotting the isoseismals, 
tiley shuwed a singular coincidence in almost 
exactly filling the vacancy or defects of intensity 
of the Charleston earthqualre. At present therz is 
nothing to indicate whether this coinridencQ is 
accidental, or mhether there is some hiclden rela- 
tion. 

Where the waves passed ii1t.o the newer delta 
region of the lower Mississippi, the surface inten- 
sity of the shoclrs rapidly declined. This is indi- 
cated in the map by the conipression of the iso- 
seisuisls in those localities. We incline to the 
opinion that this sudden diminution of the in- 
tensity is due to the dissipation of the energy of 
tlie waves in a very great tlliclrness of feebly elas- 
tic, imperfectly con~olidated, superficial deposits. 
It is a matter of conlmor~ observation in all great 
earthquakes, that the passage of the principal 
shocks from rigid and fir111 rocks into gravels, 
sanela, and clays, is, under certain circumstances, 
attenclecl with a local increase in the amplitudes 
of the oscillations and in the apparent local in- 
tensity and destructiveness ; and the reason for it 
is intelligi\~le. But, where such looser materials 
are of r e r r  great thickness and great horizontal 
extent, the re\-erse shoulcl be expected : for, \\-\-hen 
a wave passes froin a solid and highly elastic me. 
diuni into a less solid and imperfectly elastic one, 
the amplitude rimy be suc1denl.y iilcreasetrl a t  tlie 
instant of entering; but sorapicl is the extinction, 
that, if the new medium he very extvnsive, the 
impulse is soon dissipated. 

&Isny reports througliont tile central xtatrs in- 
dicate localities of silence n-l~icll are not expressed 
upon the map. The reason for omitting then1 is, 
that it has been impracticable to secure a sufficient 
density of observation (i.e., a sufficient number of 
reports per unit area) to enable us to mark out ancl 
define these sinaller areas wit11 very great pre-
cision. To do this for the whole country would 
recl;liie solup tens of thousands of ol~serrations ancl 

the expenditure of tens of thousands of dollars to 
systematize and discuss the data. A rnap shaded 
to show the varying intensity by varying thedepth 
of the shading would have a mottled appearance, 
in which the mottling woulcl be 11lost pronounced 
in the areas of a little below the lnean intensity, 
say, between the isoseisnials 3 and 5. This fact is 
of great i~llportallce in the interpretation of the 
isoseismals, for the omis;ion to co~lsider it results 
in  giving to the niiddle isoseisnials too high a 
value. In any isoseisn~al zone, what we should 
like to ascertain is the mean intensity of the whole 
area included within that zone. As a matter of 
fact. tlie data we possess consist more largely of 
maxinlum than of minimum or average intensi- 
ties, and therefore tend to consiclerably augment 
the mean derived intensity above the true mean. 
This mill Leconle apparent by an inspection of the 
map where the zones of 3, 6 ,  and 7 intensity are 
di>proportionately broad, while those of 3 and 4 
are disproportio~~ately narrovr. We hare not at- 
templed to allom. for this source of error, though 
fully aware of it, because vie had no means of de- 
termining what allowance to rualce. We have 
drawn the lines wholly upon the face of the re- 
turns, an11 the investigators who may atten11)t to 
utilize our results must grapple with the correc-
tions as best they may. 

Throughout the states of North Carolina, South 
Carolina, Georgia, and north-eastern Florida, and, 
in general, anywhere within about two hundred 
and fifty miles of the centre, the energy of the 
shocirs \?as very great. At Colunibia, Augusta, 
R,aleigh, Atlanta, and Savannah the consternation 
of all people was universal. The negroes and 
many of the poor whites were for a weelr or two, 
not exactly ' demoralizeil,' but intensely moral-
ized, giving themselves to religious exercises of a 
highly emotional character ; the stronger and 
deeper natures anlong then1 being in~l>ressecl wit11 
a fe~liiig of awe, the weaker natures with a feeling 
of terror. And this was general tbroughoi~t the 
large region just specified. In all of the large to\rns 
within two hundred l~iiles of Cllarleston, more or 
less damage \\.as suffered by houses and other 
structures. TValls were crar:ked to sucli an extent 
as to ~iecessitate important repairs, dams were 
broker:, ch iu ine~s  were overthrown, plastering 
slialreri from ceilings, lamps overturnetl, water 
t h r o m  out of tanlrs, cars set in motion on side- 
tracks,animals filled with terror, fowls shalren froni 
their roosts, loose ol~jects thrown from rnantel~, 
chaira and I ~ d s  niove(3. horizontally upon the floor, 
pictures bangell against the v:alls, trees visibly 
swagecl ancl their leaves agitated and rustled as if 
by a ~vind. Tliese occurrences were g~nera l ,and 
were riiore strongly marked, until they becacile 



terrifying and disastrous as tlle centre of the clis- 
tnrbance was aj~proaclied. At Augusta, 110 ~iiiles 
distant from the epicentri~ni, tlie damage to build- 
ings was considerable, and :tt the arsenal in that 
place the cotnrnanding officer's residence \\.as so 
badly craclred and shattered as to npcessitate prac- 
tical reconstructiotl. In  Colnmbia, 100 ~niles dis- 
tant, tlie shock mas very injnrious to buildings, 
and appalling to the people, but no subqtantial 
s t r~~c tures  I11 At-\,vere actnally sl~alien do:~11. 
lanta. 250 miles diataiit, there mas no worse in-
jury tlinil failing cl~inlneys alrtl some slight cracirs 
in  tlie n.nils ; but the hol~ses irere instantly aban- 
c1one:l ill great alarni and confusion b j  their oc-
cupants, and many preferred p:~ssiog the night in 
t11e streets to re-entering their dwellings. At 
Asherille, N.G., 230 miles tliitant, ancl at Xaleigli: 
215 miles distant, tlie sh?c!is were quite as vigor- 
ous as a t  Atlanta. 

Coming nearer the seistnic centre, ire find the 
intensity increasing on all aiiles. The regioli irn- 
mecliately about the epicentrutn in a great earth- 
quake a1:vags cliscloses phenoillena atriliingly tiif-
ferent from those at  a distance froni i t :  and tiir 
differences are not merely in degree, but also in 
liincl, Tlie plleaolrlena cbaracteriatic of the epi- 
cen:ra: area cease \\-it11 sotilething !ilie a!)rupt~~ess 
as ire radiate aw:zg frcm ille epicer~tl.um. Tlle 
central piienomelia are those pro[-tuced by shoclis 
iii ivhicli the prinzipal comp3nent of the motion 
of the earth is rerticai. Proceetlinq out\r\;nrds, 
these predominating vertical motions pass, by a 
very rapid t ran~it ion,  into ~norcn~ents  of whicll 
the horizontal coniponent is the greater, and in 
which the uniluiatory motion becornes pronounced. 
The eyicenirurn, ancl the zcne imn~ediately sur- 
rounding it, is the pclrtion of the disturbed tract 
wl~ich lnexits the closest attention ; for it is here 
that we may find the greatest atnonrlt; of infornia- 
tionconcerning the origin and nature of the earth- 
quake. To appreciate this, we will venture to 
offer some theoretical considerations. 

Allusion has already been made lo tile indefinite 
character of the data usecl for esrjinating the in- 
tensity of the shock. There is no unit of intan- 
sity which is a t  present available. In  selecting 
certain effects of a n  earthqualie to  characterize 
varying degrees of intensity, the niost that can be 
hoped for is a means for discrin~inating whether 
the relative energy of a shock is greater or less 
in one locality tllan in another. Hut how much 
greater and how nluch leis -in conformity with 
what law-is a problem irhich re~llains to he 
solved. An earthquake impulse, however; is a 
form of energy transmitted as ail elastic xvave 
through the deep1.v seated roclrs, and its propaga- 
ti011 and varyii~g intensity are subject to tlie 1an.s 
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of wave-motion. Tllere muit be, therefole, sonle 
typical law go.ieraing tile rate a t  mhith sucll a 
ware clinliiliohes t l i ~  miensit- of ~ t seff~ctsas i t  
mores cn\vard. To anticipate tlle objectiol; that 
this typical law nonld apply oxily to n niecliuni 
which is perfectly elastic, llornogeneou~, and so-
tropic, mliile the roc*lr> are far from being so, n.e 
reply that we haxe in~~s t iga te i l  the objection. and 
ale  satisBe[l, tliat, nbile it lias soine v:ilirlity, Lile 
effect of these inrclualities is 1206 great enor~gli to 
seriously inipnir ti^^ applicability of northe l a ~ ~ ,  
to vitisite ,greatly the results to be clednced from 
it. The analysis ive offer is a no\.el one. X"e at-
tach con~itlernisle importance to it ,  and the con- 
sequences iVllic!1 flom Proni it :ire son~ervl:at ye- 
mnrlrahle. 

Let us suppose a n  clastic wave to ori4inatt-1 at  a 
point C (fig. I), i3iruateci a t  tile tleptil q behiv the 

surface. Let the intensity of the slrock (amount of 
energy per unit area of ware-front) a t  the distance 
unity f r o n ~  C'be tlenoted by a. Sinre the intensity 
is inversely proportional to the square of the dis- 
tance, the intensity at  the epicentruni would he 
-- . Take any other point on the surface of then(: 

earth a \  the distance n. fro111 the epiceritre, and 
connect it with C by the line Cz. The intensity 

at any such point ;rill obrisusly be equal to s. 
If we denote the intensity by y, me shall then 
hare the equation, 

This equation expresses a curile which will serve 
as a qrapliic representation o f  the way in which 

http:epicer~tl.um


the surface intensity varies along a line radiating 
from the epicentre. 

The first noteworthy feature of this curve is tlie 
contrast between the rapidity wit,li which the in- 
tensity din~inisl~esnear the epicentre, and t'he 
slowness with wliicll it diminishes at  remote dis- 
tances. Thus, a t  a distance frorn the epicentre 
equal to the depth of tlie focus, the intensity has 
fallen to one-half, at twice tbis distance it has fal- 
len lo one-fifth, and at  three times the distance to 
one-tenth, of the intensit,y at  the epicentre. This 
suggests a t  once the  possibility of ~nalring an ap- 
proximate estimate of the depth of tlie focus, 
based upon the rate a t  which the intensity of the 
slioclr a t  the surface dimillislles in the neighbor- 

FIG.2.- IZNE11GY CONSTANT, DEPTH 1ARYINO IN RATIOS 

hood of the epicentre. If we were able to con-
struct upon any arbitrary scale whatever a series 
of i~oaeismal curves around the central parts of 
the earthquake with any approach to accuracy, 
this depth would follow a t  once from the relations 
of these isoseismals to each other. In  the case of 
a very powerful ealthqnalte in a region mbie11 is 

the same, while the depth of tile focus varies. 
Tlie first series of cnroes (fig. 2) will enable us to 
make a coniparison of the eff'ect of two or more 
shoclts of the same total energy. but originating 
a t  different depths. The intensity a t  the epicentre 
being inversely proportional to the square of the 
depth, the shallower shock would be rnucli nlore 
energetic than the deeper one ; while a t  a great 
distance from the epiwntre the two would be ap- 
proxi~nately equal in their effects. The rate of 
dimin~ition of int'en3ity would be corresponclingly 
varied, and we might commit large errors in es- 
timating t'hese ratios on the ground, ~ 1 1 i l e  the 
error of the depth deduced for the focus would 
be less than o u r  errors of cstimr,tc. In short, the 
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rnetho~?is not sensitive to sn~al lorrnod~rate  errors 
of observation. 

The eecontl series of curves(fig. 3) is conditioned 
upon the assumption that the depth remains con- 
stant, while the energy of the shoclc varies. In  
these curves, the ordinates corresponding to ally 
abscicsa are proportional to each other in a simple 
ratio. In  the first series they are proportional to 
each other in a duplicate ratio. 

T11e third series (fig. 4) represents the effect of 
varying both the energy and the depth in such a 
way that the intensity at  the epicentre is ciln- 
stant. 

It will appear, th~refore,  that every shock must 
have some characteristic intensity curve, clepend- 

so flat and uniform in its features as the ~ ic in i ty  
of Charleston, this can be done with a rough ap- 
proacll to accuracy. 

To apprec~ate rnore fully the validity of thiq 
mode of reasoning, let us take a series of these 
intensity curves, and vary the values of the con-
stants. And first let us suppose the total energy 
of the shock, measured by the constant a, remains 
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ing upon the total energy and tbedepth below the shock deeply seated, or to a less energetic one 
surface. The intensity at  any point on the sur- nearer the surface. The criterion is soon given. 
face will therefore depend upon these two quan- I t  is obvious that in any shock there is some 



epicentre and proceed outwarcls in any di~ection, 
the intensity diminishes, a t  first more and more 
rapidly, but farther on diminishes less and Icss 
rapidly. \JTe wish to find the point a t  whicl~ the 
rate of decline changes from an increasing to a 
decreasing rate. In the curve, this poinl is repre- 
senlecl a t  the point of inflexion, mhcre the curte  
ceases to he concave towards the earth, and beginb 
to be convex towards it. To find the co-ordinates 
of this point, we differentiate the equation of the 
curve twice, and equate the value of the second 
diiYerentia1 coefficient to zero, and deduce the 
corresponding value o t the al~scissa x, 

which equation is satisfied when 

8c~:c~=2a(q2+:r2), 
whence 

In  thir value of x it is seen that the constant a 
has disappeared ; and the abscissa of the point of 
illflexion is therefore independent of the energy of 
the shock, and dependent upon the depth alone. 
The meaning of this is, that the distance from the 
epicentre to the point where the rate of decline of 
the intensity is greatest is simply proportional to 
the depth of the focus, and is the same whether 
t l ~ eenergy be greater or less. This propeity of 
the intensity curves malres us independent of any 
absolute standard of measurement for the in-
tensity, and all that we require is to find with 
reasonable approxinlation the points where the in- 
tensity ialls off most rapidly. The depth of the 
focus follows at  once. 

The determination of the ep;c,ntral tract is 
chiefly the work of Mr. Earle Hloan of Charleston, 
a young civil engineer, who, imlnediately after 
tbe disaster, nisde an extensive series of observa- 
tions. In  the brief time at  llis disposal he ac-
c~unulateda surprisingly large amount of detailed 
into~mation,and i n  searching for it exercised a 
discrimination and sagacity which woulcl have 
been highly creditable to the ll~ost expetienced 
and learned observer. It  is to he regretted that 
his basiness engagements prevented Iiiin from 
continuing the work. As it is, he has located 
with considerable precision the epicentral tract, 
and has furnished data which sl~o\v well the vari- 
ation of intensity along several lines radiating 
from it. 

The snmmary obtained from the examination 
of Mr. Sloan's data is as follows : the tract -vvhich 
iuclades the most forcible action of the earthyualte 
is a n  elliptical area about twenty-six illiles in 

length, and with :t width of about~ n a x i n ~ i ~ r l l  
eighteel1 miles. The major axis of this area is 
;lot a straight line, but a curve, tvhich is concave 
towards Charleston, and is situated from fourteen 
to sixteen rliilrs west and nortll-'iveut of that city. 
Along this line t l~ere are three points, each of 
\\~llich has all the cl~aracters of an epicentrum, 
determined by as many distinct slloclrs, each hav- 
ing a focus of its own. Much the n~ost  powerful 
shock. centres in the northern~llost focus, tllougll 
the other two were of sufficient energy to have 
occasioned great havoc if either of them had oc-
curred alone. The southerninost was also con-
siderably wore energetic than the middle one. 
The distance between the northern and soutl~ern 
epicentrum was about twelve miles. Within this 
tract, except near the edges of it, the motion was 
most conspicuously of suhsultory character ; i.e., 
motion in which the vertical conlponent predomi- 
nated over the horizontal. The marginal portions 
of this area, where the character of the movement 
changes, and where the intensity falls off most 
rapidly, seem to be very well indicated. The 
positions where the inten~ity most rapidly declines 
may be located with an error not exceeding one 
or two miles on both sides of the epicentres. The 
South Carolina railroad crosses the tract in a 
straight line very near the most forcible seismic 
vertical. Tlle first point where the intensity falls 
off with greatest rapidity is near the nine-mile 
post, illeasnring from the railway depot in 
Charleston ; and so well marlred upon tlle ground 
are the indications of this change, that it seems 
very improbable that this point is Inore than a 
mile distant either way from tile precise point we 
seek to locate. Passing north-westward through 
Summerville to the opposite side of the tract, we 
find the corresponding point of most rapid decline 
in the vicinity of the twenty-third-mile post. 
This gives us a. base-line wit11 which to measure 
the depth of the focus of the principal shock. 
The computed depth is twelve miles, with a prob- 
able error of one or two miles. The conlputed 
depths of the ot,her foci are about the same, but 
the probable errors are somewhat larger. 

IIPspealring of a focal point of a shock, it milst 
be understood as referring to the centre of all the 
forces, considered wit11 reference both to amount 
and direction, which constitute a great seisnlic 
impulse. The presunlption is, that this ialpulse 
originates in a large subterranean tract of which 
this ideal focus is merely the central point, or 
nearly so. The form of tlle subterranean tract 
may be any thing, and, within limits, may have 
ibs three dilllensions (length, breadth, and thick- 
ness) of any n~agnitucle, and bearing any ratios to 
esch other. The fornl and climensions of it, we 



cannot, of course, detc~rmine, thuugli it may be 
poss~ble to obtain soiile notion of its most general 
Peatuies if tlie data are saficient. 

This method of computing the depth of a seis-
mic focus is here proposed for the f i r ~ t  time. 
The inetbod employed hy Mallet, nllich consists 
in finding tlie angle ot enlergence oC a wave-
front from the earth by studying the configura- 
tion of cracks in buildings, is believed to be 
pretty nearly valk~eless by all seismologists. There 
is no definite a n ~ l e  of emergence, ot the nature 
he conternplates. disclosed at  tlie surface. Cer-
tainly in Cliarleston there was nothing of the kind 
to be found. The method employed by Seebach 
is sound in theory, but it requires such extreme 
accuracy of time-determinations that very small 

errors of time give very large errors in the result. 
Our obtn method consists in finding two points 
on opposite sides of the seismic vertical, a t  \vhich 
the changes in seismic action along a given line 
are most strongly marked. These points ought 
to be indicated in powerful earthquakes n it11 a fair 
approach to precision, and the probable errors of 
determination should not usually exceed one or 
two tenths of the distance between t l ~ e  two points. 
The feebler the shock, however, the less is the 
degree of precision to be expected. IVhatever 
may be the errors in the estimate of this dis- 
tance, the resulting error in the con~puted depth 
is smaller than the error of observation in the 
ratio of the square root of three to two. How 
much the estimate may be vitiated by want of 
hoinogeneity in the superficial strata, we have 
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no means of cleterminiiig; but we (lo not be-
licve that it would 111. so affected to an) r:reat 
extent in such :t region as South Caiol1n:i. 
Being inclependent of any absolute measmes 
either of the surface intensity or of the total 
energy of tlle shoctr, the greatest difficulty of all 
is a t  once eliminated. Our o\vn opillion of- tln- 
method is, that it is incapable alike of verj gie,it 
precision and ol T ery great el rors. 

P~obahly the fil.st thought oc~~nrr ingto an! 
one examining t h ~ s  method will be that the de- 
tern~ination of tlie two iequired point? wo~ild bt. 
liable to \erg large errors. Rut, i t  lie w ~ l l  exam. 
ine the varying v a l ~ ~ e j  :he ordinates of t l ~ eof 
culve coiresponding to varying xalues of the ab- 
scissas autl of tlle depth, nTe thinlr he n ill be sat-

isfied that the limits within which each of the 
two points of inflexion must fall cannot I.)e wide 
apart, and that an error in tile determination of 
the base-line greater than two-tentl~s of its esti- 
mated length would in such a cour~try as Cnro- 
iina be very improbable. I t  will appear tlmt the 
relations of these variables are such as to restrict 
the locus within which the desired points are to 
be found to a very narrow annulus arourid tlje 
epicentrum. We believe the method will irnprove 
upon acquaintance. 

We have endeavored to apply our method of 
computing the depth of the focus to other earth- 
quakes, but hare fo~uld difficulty in obtaining 
any thing more than very general reeults. such a.: 
the following. The depth of the Cllarleston earth- 
quake was relatively great ; and we find rc2a;oll 



for believing, that among those great earthquakes 
of the last hundred and fifty years. of whose 
effects we possess any considerable knowledge, 
none have originated from a much greater depth, 
and few from a depth so great. Our reasoning 
is this : very few earthquakes have been felt a t  
a distance from the origin so great as a thouqand 
miles ; but the greatest distance at  which the 
tremors are felt is tlie best measure of the total 
enelgy of the hock. On the other hand, the in- 
tet~sity of the Charleston earthquake in the epi- 
central tract was relati1 ely low in comparison 
~ i t hother great earthquakes. If, then, any shoclr 
is mole intense at  the epicentre witllout extend- 
ing to a greater distance than that of the Charles- 
ton earthquake, it is certain that its focus was 
nearer the surface. Tbis is true of the vast ma- 
jority of recent eartbquakea which have been 
suff~ciently investigated. I t  is suggested that all 
estimates of the depth of earthquake foci much 
exceeding tmelve nliles are in need of re-examina- 
tion. 

The city of Charleston is situated from eight 
l o  ten miles outside of the area of maximum in- 
tensity, and dill not experience its most destruc- 
tive power. Following the law which me have 
laid down, the intensity of tlie shock a t  Charles- 
ton was only three-tenths what it must have 
been a t  the epicentruni, and about one-thircl the 
intensity at  Summercille. The cliagratn (fig. 5) 
showing the long intensity curve stretching from 
Charleston to a point forty miles north-west of it, 
will ~llustrate the position of the ciry with refer- 
ence to the varying force of the shock. 

Hnd the seismic centre been ten miles nearer to 
Cliarleston, the calamity would have been incom- 
parably greater than it was, and the loss of life 
would probably have been appalling. Another 
circunlstance greatly broke the force of the shocks. 
All of the coastal region of the Carolinas consists 
of a series of c l a ~ s  and quicksands, which have 
been penetrated by artesian horings to a depth of 
two thousand feet, and which are believed to have 
a much greater tliicknees. These beds of loose 
material, no doubt, absorhed and extinguished a 
considerable portion of the energy of the shocks. 
We have already remarked that a wave passing 
from firmer and more elastic material into rna- 
terial less firm ail13 elastic, produces a t  first a n  ill- 
creased ampl~tude of wave-motion which is liable 
to be more destructive or injurious to buildings. 
Bnt, if tlie mass of less consistent strata be very 
great, the reverse result is proclucrd, by reason of 
the rapid extniction of the energy in passing 
through n considerable length or thickness of very 
imperfectly elastic material. We cannot but think 
thab Charleston owes in some measure its escape 

from a still greater calamity to the quicksands be- 
neatli the city. 

Another aspect of the same fact, if such it be, is 
found a hundred miles west and north-west of 
Charleston. Here the loosely aggregated sedi-
ments of tertiary and cretaceous age which cover 
the Carolina coastal plain have thinned out, and 
the crystalline roclrs appear at  the surface, thinlj- 
covered witli soil and a l lu~ ium.  911 along the 
junction ot tlirsr loose strata and superficial ma-
terial with the metarnorphics, tile intensity of the 
shorks was co~lspicuously greater than to the east- 
ward and south~vard. 'The loose coxering of these 
firm roclrs is just thick enough to gi le  full effect 
to the increased arnplitucle of vibration which oc-
curs wllrn the wave passes froni very solid and 
elastic roclrs to tllose whicll are less so. 

TVe have also endeavored to reach some trust- 
worthy estimate of the amplitude of movement a t  
the surface, but the results are meagre and far 
from satisfactory. The ' amplitude of the earth 
particle ' in  any earthquake is a question of great 
practical importance, ant1 it is much to be regret- 
ted that no better facilities for determining it can 
be obtained. There were, however, many occur- 
rences at  Cllarleston bearing upon this qnestion, 
which are extrenlely dificult to explain upon any 
valuation of the amplitude less than ten inches 
to a foot. Such amplitudes, however, were most 
probably limited to spots here and there, while in  
other spots it was probably much less. That 
within a small area the an~plitltde of movement 
in  the surface soil varies hetween very wide 
limits, seems to be a practically certain conclusion 
from the observations. In Charleston it appears 
to have been greatest in the 'made ground,' 
where ravines and sloughs were filled up in the 
early years of tlie city's history. The structures 
on higher ground, though severely shaken, did 
not suffer so ~i luch injury. 

With regard to the time clata from which the 
speed of propagation must be computed, we are 
not yet in a position to give final results, but can 
only state how the problem stands at  present. 
The time reports have been placed in the hands of 
Professors Roclrwood and Newcomb, with the re-
quest that they would scrutinize and discuss them. 
But neither has been able to finish, as yet, the 
taslr he has so courteously undertaken. Probably 
the greatest difficulty in the way of determining 
the speed of propagation arises from the ill-de- 
fined character of the disturbance at  considerable 
distances from the origin, and from the very con- 
sirielable dnration of it. Wherever a time obser- 
vation seems to be well authenticated, there still 
relnains, in mosL cases, the clificulty of deciding 
to what particular phase of the earthquake the 



record refers ; and this difficulty is a very serious 
one At Summertrille the first shocli came alnlost 
like an explosion. Before people had time to 
think, they were pitchecl about Illre ten-pins. At 
Charleston there was a perceptible interval. esti- 
mated at  from five to eight seconds, fro111 thp first 
note of warning to the maxinium of the great 
shock. At Savannah (90 miles distant) the inter- 
val fro111 the beginning to the first n~aximum was 
considerably longer, probablj ten to t~velve sec- 
onds ; at Augusta (115 miles) the inter\ a1 mas still 
greater : and, generally speaking. the greater the 
distance, tlle more the pllrnornena vere ' long 
dratvn out.' The duration of the earthquake a t  
Charleston will probably never be 1rno~r.n wit11 ac- 
curacy, but the general testilnony ranges between 
fifty and ninety seconds. At Washington (450 miles) 
Professor Newcomb, with his watch in his hand, ob- 
served a duration of perceptible tremors 1%-itli t ~ v o  
maxima lastlng about five and one-half minutes. 
Professor Carpmael's magnetographs recorded tlie 
disturbance, and he interprets their photographic 
traces as showinga duration of about four minutes. 
Mr. G. W. Holstein of Belvitlere, N.J., gires fire 
minutes very nearly as the observed duration. 
Froni other localities come well-attested ohserva- 
tionsshotving durations of' several n~inutes, though 
few of these pretend to gi\-e the whole time with 
any accuracy. This progressive lengthening of the 
shocks is a well-niarlred feature of the testimony. 
The eupla~~ation The elas- suggests itself a t  once. 
tic nlodulns of compression being greater than 
that of distortion, Ihe speerl of the normal wares 
is the greater, while the ~vaves of distortion lag 
behind. 

It is obvious that the phase which it is desired 
to observe should be the arrival of the first inl- 
pulses, but the great duration of the tremors has 
left much doubt on this point. Stopped cloclrs 
were plentiful all over the country, but a t  what 
phase of the earthquake did they stop? So great, 
indeed, are the uncertaintics on this point, that 
the observations of intelligent men, with watches 
in their hands, measuring a part of the shock and 
estimating the begini~ing, are in nlost cases to be 
preferred to stopped clocks, e\-en if we knew 
with certainty that the clocks had been accurate 
to  the second. It matters little h o ~ v  we twist and 
turn the time data : the smallest estimate we can 
put upon the speed of 17ropagation must prove to 
be a great surprise to se~smologists. 

The time a t  Charleston of tlie occurrence of 
the main shock has been fixed at  9.51.10 P.M., 
75th meridian, or eastern standard time (all times 
in this paper, unless otherwise specified, are re- 
duced to that meridian). The uncertainty does 
]lot exceed ten seconds. The beginning of the 
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first tremors at Charleston was from six to eight 
seconds earlier. The time at  Summerville was 
probably less than four seconds earlier than 
Charleston. For all localities within two hundred 
miles, the time observations are of little value. 
So swiftly did the waves travel, that a small 
error i11 the tirne record gives a very large uncer- 
tainty in the resulting speed. 

The nearest point which yields a valuable rec- 
ord is W Jtheville, Va. (286 miles).' Mr. Howard 
Shriver was sitting a t  a transit instrument, mait- 
ing for the passage of a star, and at  once noted the 
time a t  9.58.37 (reduced to 75th meridian), giving 
a speed of aboct 3.3 miles (5.300 metres) per sec- 
ond. There is yome slight uncertainty about t l ~ e  
precise phase of the shoclr corresponding to the 
observation. 

The signal service obserxer a t  Chattanooga (3J2 
miles) pi\-es only the nearest minute for the prin- 
cipal shocli a t  9.53, corresponding to a speed of 
3.03 miles per second, or 4,860 metres. 

Tile best observation in our possession is that of 
Prof. Sinloll Ne\vco~nb himself, a t  Washington 
(150 miles), who gives the time of the beginning 
of the shoclr a t  9.53.20, wit11 an uncertainty not 
greatly exceeding ten seconds. The resulting 
speed is 3.46 inilea per second, or 5,570 metres. 

From Baltimore (486 miles) Mr. Richard Ran- 
dolph, C.E,,  reports a very intelligent and care-
fully verified observation of 9.53.20 as the begin-
ning of the shock, -exactly Professor Newcomb's 
time for Washington, giving a speed of 3.74 miles, 
or 6,000 metres, per second. 

At Atlantic City, N.J. (552 miles), a large pcn- 
dulunl-clock in tlle Fothergill House stopped at  
9.54 very nearly. If this may be talien to be the 
beginning of the shock, the speed woald be 3.26 
miles per second, or 5,250 metres. 

George Wolf Holstein, Belvidere, N,J. (622 
miles), gives 9.54 for the beginning of the shock, 
ancl 9.59 for the end, and compared his watch 
next morning with the tirne of the Pennsylvania 
railroad. The gradual and uncertain character of 
the beginning and end would not admit of precise 
determination to seconds. The speed, taking 9.54 
for the beginning, would be 3.66 miles, or 5,900 
metres. 

From New York City (645 miles) and its sub- 
urban towns and cilies come many reports, all of 
wllich give either 9.54 or 9.55 as the nearest n ~ i n -
utes. If we take as a mean 9.54.25 a t  New York 
and Brooklyn for the beginning of the shock, 1-he 
speed would be 3.31 miles, or 5,330 metres. 

1 The ilistances aro measured somewhat hastily with a 
scale upon the war department map of the United States, 
taking the greater epicsutrum 163; miles north-west of 
Charleatou as the starting-point. 



At distances greater than six hundred miles, the 
difficulty of associating the time records with 
particular phases of the shocks becomes very 
great. In most cases the motion was the swaying 
movement, with only faint t~emors  of tlie rapid 
lrind ; and those who felt then1 were slow i n  rec- 
ognizing their character. Readers must forin their 
omn opinions as to the degree of approximation 
to the time of the earliest movements, from tlre 
following records. We gibe them only as we 
received them, tvithout attempting any d~scus-
sion. 

J. 0. Jacot, watchmaker and jeweller a t  Stock- 
bridge, Mass. (772 miles), was sitting by his regu- 
lator-clock, distinctly recognized the nature of the 
movement, and noted the time as 9.36. The phase 
of the shoclr is uncertain. 

At Albany, N.Y. (772 miles), Mr. J. IT Clarlre. of 
the New York state museum of natural history, 
heard the mortar falling down the chinlney and 
the creaking and straining of the building, As 
soon as he appreciated the character of the dis- 
turbance, he noted the tirne by his watch a l  
9.56.30. I le  did not ascertain the error oi his 
watch. In  tlre Eame city, Dr. Willis G. Tucker 
says he instantly looked a t  hi$ watch, and aftcr 
comparing it next morning with the time of the 
Dudley observatory, and nlalcing correctiou of the 
error, gave 9.55 very nearly, with an error proba-
bly not exceeding twenty seconds. 

From Fonda, N.Y. (780 miles), Francis L. Yates 
reports 9.35 (no particulars). 

At Ithaca, N.Y. (695 miles), the regulator clocir 
on the wall of the railway-depot stopped at  9.55 

exactly .' 
At Gowanda, N.Y. (666 miles), where the shocks 

were faintly felt, W. R. Smallwood, watchmaker 
and jeweller, noted the end of the percepl~ble 
shocks a t  9.55.30 by his regulator-clock. 

At Toronto (753 miles) the earthquake was re- 
corded auto~natically upon the magnetoqrapliic 
traces in the observatory of Prof. Charles Carp- 
ruael, superintendent of the Xeteoiological s e n  ice 
of Canada. I n  his letter of Sept. 14 he sayb, "1 
n ~ n ystate that a t  9 55 P.M. all our magnetic needles 
were set in motion by earth-tre~nors. The vibra- 
tions of the magnets continued for about four 
minutes. 1would say, that, froni later and more 
careful messurenlents from our mognetic curves, 
I make the time of the earth-tremor a t  Torouto 
to be 9.54.50 P.M. standard : this tirne, I should 
say, would not be astray more than a few sec-
onds." As this record was automatic, and gave 
not only the time hut the phases, it has been 
thoroughly lnveqtigated by Professorb Newcomb 
and Carpmael, assieted by Mr. C, A. Xchott of the 
8.8. coast survey. The final result of this re- 

exanlination is to change Professor Carpmael's 
conlputation to 9.56.18 for the beginning of the 
tremors, 1r1t11 a probahleerror of fully one minute. 
This large probable error is due to tlie very small 
scale upon which the magnetograph records time 
intervals (one-tenth of a millitnetre corresponding 
to twenty seconds), and Lo want of sharpness in  
the photographed traces. This time gives 2.66 
miles per seconcl, or 4,250 iuet~es, with a probable 
error of one or two tenths the aniount. 

The cloclr in the Western 11nion telegraph office 
at Pittsburgh (523 miles) was stopped a t  9.54. 

From Cincinnati ancl suburban towns (500 miles) 
collie trlany reports. In this city, local mean tinle 
is largely used, on lng to tlie tact thnL it  is nearly 
mid~vay between the '75th auil 90th meridians, 
where the only inconrenlencc of standard tirue is 
a t  a rnaximun~. The co~rection to the '73th me-
ricl~an is 371x1.40s. The Western union telegraph 
ofice gives 9.54. The Tinzes-star newspaper gives 
fro111 the clock in its own office 9.16 'exactly'  
(9.53.40 standard) ; at  tlie Con~nzer~cialgazette 
office, 9.17.45 local, 9.55.25 standalcl (probably 
noterl after the slroclrs were over). At  the fire- 
tower atter the principalslrock, 9.16 17 wasnoted ; 
clock error twenty-three seconds slow, giving 
9.54.20 stanclard. Two other obrervers noting by 
matches give 9.16, and one notes an advanced 
stage of the shoclis a t  9 17, but they give no 
means of estimating their errors. At Covington, 
Ky., across the Ohio Rirer, I. J. Evanq, watch- 
maker and jeweller, reports his regulator-clock 
stopped at  9.17.20. Cincinnati local mean tinre ; 
phase of shock unknowa. 

From Crawfordsville, Ind. (622 miles), E. C. 
Simpson, C.E., reports through Prof. J. M. Cot11-
ter of Wabash college, ''Sudrlenlg felt my chair 
move, jumped up, and said, ' We are having an 
earthquake.' At once pulling out my watch, I 
found it was 8.51, !?.&re, standard t~rne  (central). 
Profewor Coulter adds, that the watch was 
exactly with railroail tirne as sllo\vn at  the mil-
road-station and also by the tonn-rlock. 

From Dyersbnrg, Tenn. (569 miles), Louis 
EIughes writes, " Dly time-piece \r7as a n  English 
patent lever watch of Charles Taylor & Son, Lon- 
don, which from business necessity I lreep closely 
with railroad time at  the stalion, which recei~ es 
the t ~ n ~ e  Tile rail- a t  ten o'clock every morning. 
road uses central t~nle .  My first thought was that 
the shaking was ca~lsecl hy the children in the 
next room, but in the next moment, recognizing 
the peculiar sensation, I dropped the lien7spaper 
and ohserved the time, which n a s  probably from 
four to six ~ e c c ; ~ i ; l ~  after 8.04, ancl from that ap 
proximnte~lit in even minutes." Speed 3.25 miles, 
or 5,230 metres, 



At Memphis, Tenn. (590 miles), the signal.ser- 
rice observer repotsts a considerable n ~ ~ m b e r  of 
stopped clocks, one a t  0.54, and the others at  9 55. 
For some unaccountable reason the seconds were 
not noted. The phase is unknown. 

The foregoing comprlse those titrre r e ~ o i t i  which 
seem to justify the presumption that the errors tlo 
not exceed one minute. There are others which 
are obviot~sly rude approximations, giviag exact 
hours, quarter-hours, or tens of minutrs. There 
are also pome vr-hich look at  first like goocl obrer- 
vations, but which surely inr olve some large 1111-
explained error. 

As the discussiol~ of the time data is now pro-
gressing, no further comment will be offercd her?, 
beyond the relnarlr that thele can be no doribt 
that the speed of propagation exceedecl 3 miles, or 
5,000 metres, per second. The only queslions are, 
how much this' speed was exceeded, and nlietl~er 
the speed along any given line was constant, As 
regards the latter question, the clata are not yet 
precise enough to justify an opinion. This iilatter 
will he inquired into. 

Tbe high rate of propagation will probably 
prove unexpected to European seismologists. We 
propoze, however, to foilo\~- it up with the sugges- 
tion that it  is about the norinal speed with \rliicli 
such waves ought to be expected to travel, and 
that all determinations of the rate of prouagation 
in any forrner great eartllqualceq. which are m~icl? 
less than 5,000 metrec: per second, for normal 
waves at  least, are probably erroneous in propor- 
tion as they fall short of the Charleston earth- 
quake. Finding, as the time reports accumulated, 
that a speed in excess of 5,000 metres wad indi- 
cated, and this presi~mption having becoi~~e a con- 
viction, we were led to inquire whether there were 
not some speetl deducible fro111 tbe theory of wax e- 
notion in an elastic solicl to \ rhicl~ all great earth- 

cl~~akesougl~tto approsimatc. 
In a homogez~eous and. perfectly elastic solid, 

the rate of propagation is. according to theory, 
dependent apon t u o  propeities of the medintn, -
elasticity and density. There are two coefficients 
of elasticity in solid bodies, one of which men+ 
ures their resistance to change-, of volume, the 
other to changes of form. Absolute experilnental 
determinations of the values of these coefririents 
have never been made. If, ho!vever. we Irnew 
the ratios of these ccefficieilts ia one substance to 
tile l~o~nologouscoefficients i.1 any other sub-
stance, and i f  we also linem the rate of propaga-

as the waves in a steel bar are essentially waves 
of di~tortio17, 21e multiplies this result by +'$ or 2 
for the normal wave, giving a speed of 21,000 feet 
per second. The elastic motlulus of stcel for en- 
gineering purposes is usually talren to he 29,000,000. 
The corresponding modulus for such rocks as 
granitc ant3 basalt in a rery compact state is 
about 8.000,000. If we nlay assume that these 
nioclnli are proport,ionai to the two e1ast)icities of 
the two substances respectively, xve can compute 
tile rate of propagation in rock. This assumption 
nray or nlny not be true ; but r5e assume it to he 
so. Let V3be tlie rate of propagation in steel, 
and t!l~ rate of propagation in rock, and let es 
and 4,. be their true elasticities of L olume, anfl l1.t 
D,ancl D, be their re-ljective densities. Our as-
sutnption is, lhat 23 :8 : : p, :c,, from which we 
tnny tort11 the equation. 

Taking tlle density of steel a t  7.84, and of deeply 
buried roclrs in their most compact statc at  2.83, 

T,iking the rate of compressional 1%-aresia steel 
to he 6,400 ~netres per second, gives 5,570 melies 
for similar waves in very cornpact and dense 
rock. The corresponding rate for waves of dislor- 
tlon would be 4,430 metres. These results are so 
near to those dcducecl for the Charleston earth- 
qt~alrethat they seem to be worthy of considera- 
tion. 

The exprriruental nleasurernents of the rale of 
impulses obtained by Milne and Fo11qu6 seer11 to 
us inapplicable. The elacticity of the surface 
so~l ,we thinlr, is no more to be compared with 
that of the profound rocks which transmit tlle 
great waves of an earihqualce, t h a ~ l  the elasticity 
of a heap of iron filings is to be compared with 
that of a n  indefinitely extended nlaes of solid 
steel. The difference is loto coelo. But tlre rate 
of propagation is a question of elasticity and 
cleniity chiefly. The effect of temperature we 
have not c?nsideretl. Perhaps the most strilring 
experiment ever made with an artificial earth- 
qualre \vai a t  the Ploocl Bock explosiou in Hell 
Gate. near New Yorlr, mrllere General Abbot* found 
a speerl of propagation approaching very closely 
to that of the Cliarleston eartllc(ua1re. 

Tile quesYon mhicll is undoubtedly of deepest 
tion in either of them, the rate it? the other \x,o~~ld interest i11 this coanectioa is whether the Charles- 
he at oilcc. tlccl\~cil)le. Tl~t. rate in  %lee1bar%has ton e:i,~tilclu,xlie tlirows any new light upon the 
heerl Ll~e sul~jrcl  of nmc.11 cs{)e:ixn?rli:~tic~n, ant1 is origin of s~lclx events. While we are not pre- 
given by Wertheim, rvl~i~scx vc-call  l r ~ sItaxe been pared to sny tllalt absolutely nothiog \\~111 be added 
as careful as any, a t  30.800 feet per serond, But, to our inforniatjon on thisquestion, me are forced 



to adnlit that \ire pxppct very Ilttltl IICIV l i th l .  11) Professor I<riirnlncl ; E'. Toula reports on geog- 
Hitl~ertoour efforts have been de\~oted to bl~nging nosy ; Ole other parts are in the hands of the 
together the facts, and to arranging and compar- same specialists who ga le  the 1alnable reports of 
ing them, and we have as yet given but 1ittleco11- forlner years. 
sideration to this final question. I t  will, however, I11 looking at  the long series of reports, we 
rhortly engage our attention ; nnil, in ant~cipat 1011 find that each nuniber serrecl more satisfac-
of this, we prefer to remain silent for tlle present, tonly the purpose of being a reliable book of 
fearing that if we commit oursel\~es here to any reference to all interested in geography. At 
preference for a particular vies, r\ e ma) fincl oi~r-  the present time t l l e~e  are few branclles of 
selves enculllbered with a bias arising from the geugrapl~csl study which are not ernbraced 
intensely hulnan propensity to clefend, throng11 in the book. The steady development of the 
thick and thin, utterances \; llicll hare once I)een plan, by dropp~ng unnecessary parts, inrluding 
forma:ly given. in one part what belongs together, and adding 

C. E. DUTTON. new departments which had developed into in]- 
EVERETT portant branches of science, encourages us to hope HAYDEN. 

that within a few years the whole donlain of 

WdGfiEIZ'S dlVAIUAL SEPOKT O N  THE geography will be represented in it. We should 
wish, for instance, to have an additional report on 

PROGRESS OE' GEOGRAPHIC the history of geography. That on terrestrial' 
IT is always with some impatience that v-e ex- magnetism is promised for next year. Among the 

pect the publication of Wagner's report on the important additions in the volume of 1887 is the 
progress of geography (Geogru11hisdles Jcil~7~liztch), first report of the geography of ancient Greece and 
because we know that n e shall find there a full the neighboring count,ries. The ancient geography 
report of the work done in the field and in the of other countries, except that of the birthplace of 
study, and that we shall ha1 e a net er-failing hook our culture, is so l ~ t t l e  studied, that the contents 
of reference. We do not lrnow of any similar of a biennial report would be very meagre. We 
publication, -except tlle fragmentary notes yub- hope, with$he-development of these studies, which 
listled by the Snlithsonian institution and in the are principally carried on by ethnographers, we 
journals of many societies, -and therefore it is shall find a n  account of these also. In 1882 Egli's 
indispensable to the geographer. Though 1'etc~- reports on the study of geographical names, and 
mnnr~'s Mittheilt~nge7z, the leading Gernlan geo- 8. Gtinther's on the theory of map-projections, 
graphical journal, contains regular reports on re- mere added to the boolr. We consider it  a waste 
cent publications, their character is clifi'erent frorn of time and worlr, that the Physical society of 
those in the Juhrbt~ch,the reports in t,he journal Berlin continues its reports on phjsical geography 
giving a more detailed review of the eingle pub- in the way they were given before the Jukrbzccl~ 
lications, and being more disconnected. The list had attained its present importance. I t  is true 
of reviewed boolrs is conseq~~ently that they contain some material not included in not so full as that 
of the annual report. The latter gives a cornpre- the Jnhrbz~ch, for instance, nleasuren~ents of 
Irellsive ztccount of the work done during the last heights, etc.; however, these would far better find 
two years. The present volume is the eleventh their place in the latter publication than in the 
of the series. Tile editor, Prof. H. Wagner of reports on the progress of physics. 
Gotlingen, Elas preferred to divide the material, The rapid development of the Juhrbuch and the 
and to publish :ilternating x olumes, one contain- fact that every department is intrusted to the 
ing the various hranclles of geography, the other care of a specialist, make it an extremely reliable 
the progress of explorations, metllocis ant1 teach- and useful book, \vl~icll is .a ~a luab le  hell) to the 
ing of geograyhj-, etc. Through this clivision, student of geography. 
the book has illcreased in volume ancl the report 
has Ir)ecome more exhaustive. Tlle present vol- 2'HE ilfh'CHANICS 08' .ZMACfIIhTERY. 
ume contains the special part, geopl~ysics, geog- PROPESSOI~KENPTEDYis well lrnownas one of the 
nosy, oceanograylly, climatology, geography of ahlest among British workers in this field, and 
plants and animals, and ethnology. The this \701urr~e a series of lectures delivered place ~ o n t ~ a i n s  
of the late Professor Zoppritz is talcen by Dr. by him to his classes during the period of his con- 
Hergesell and Dr. Ruciolph ; the foinler report on nection &th the University college, on a subject 
deep-sea explorations bas been enlarged so as to with \\~liich he is especially familiar. As was to 
cover all prol.>len~s of oceanography, and is given be expected, the work is one of exceptional value. 
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