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between tlie disturbed areas and the s t rnc t~~ra l  fea-
tures of the Alps mill be looked for with interest. 

TIT. X .  DAVIS. 

T H E  CAUSES O F  EAIiTHQUs-lh'l3S.l 

IIIAVE with much interest tlie details upon follo~ved 
the recent earthqualics, which the newspapers liave 
published ; but this qai:stion is so intricate, so difficult, 
that I assure yon I sho111d not liave undertaken its 
investigation lrad I thought any other person would 
have been milling to do so. 3Ieanwhi1e, at the acad- 
emy, the  question is growing in import.ance, geolo- 
gists, geodesists, a ~ l d  others having taken it np with 
consitlerable enthnsiasni. Ur~tler these conditiolis, I 
have tlionght that I ought not to draw bacli. Never-
thelese, I arri not withont a certain apprehension. 
hit3eei1, the question of eartliqnakes is one of tlie 
vaguest. Data are hitherto n-anting, but there is no 
lack of theories; for as in merlicine, ~ l i e r i  there are 
Inany remedies for one disease, it is frequently the 
case that  neither is really good, so in geology, in ter- 
restrial physics, when rnany theories are put forward 
to explain a phenomenon, it is necessary to cast aside 
each, and say that none is absolutely sufficient. I 
start, then, mith a certain hesitation; and yet, when 
one accepts an appointment to study facts of tlris 
sort, it seems to me necessary to have in mind some 
theory, true or' false, and to atlopt i t  more or less 
boldly, free to abantlon it after contradiction. 

I start, then, with a certain idea w11ic11 I expect 
to verify or invalidate. 1do not propose to tell you 
what it is: I mill simply ask your permission, before 
giving my plan of studies, to point out in a few words 
tlie cunerit theories to account for earthquakes. 

Tl~erea1.e four principal ones. They are very old. 
We find thern in the Greelr authors, and perhaps, if 
one were to search carefully, they mould be found 
among East-Indian traditions. The first is bastrd 
upon the supposition, that,, under the solid crnst of 
the eartli, the sadden generation of gases and vapors 
causes subterranean explosions: and it is the effect of 
these shocks tliat we feel on the surface. This mot~ld 
be in a way comparable to an explosion of dynamite 
taking place at  a great depth. I necil not tliscuss 
these theories, yet I Inny say that perhaps tliis one is 
true wlien applied to cartl~qualies in the neighborlrood 
of volcanoes. I t  is certain. indeed, tliat as soon as 
the earth opens, great quantities of gas are liberated 
from beneatli the surface, where in some way they 
have been generated a11d furirished wit11 extraortii- 
nary power. 

But even if tlris tlieory is probable with regard to 
volcanic earthqualies. 1 tliink that it ~vould be dif- 
ficult to apply it to those in Sp:iin. 

A secolrd theory has been 1)roposed by a learned 
physicist, Alexis I'errey. I t  is basecl upon tlie sup- 
position that the colnbined influence of the sun 
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and moon, acting upon the liquid parts beneath the 
surface, produces tides analogous to those on the sar- 
face of the earth. These vast tides of liquid fire a t  
certain favorable movements, striliing upon the solid 
ext,ernal crust, cause the earthquake shoclrs. I also 
abandon this theory, for I do not thinli it can apply 
to Spain. 

There rernain two others, one tliat of Schenchzer, 
a clistinguished snamrt, at once paleontologist, geolo- 
gist, and physicist. Ilaving stndied the earthqualies 
in Switzerlarid, he has attributed them, not ~vithout 
reason, in certain par t ic~~lar  cases, to the falling-in 
of subterranean caverns caused by tlie dissolving-out 
of sncli substances as salt or gypsum by n'ater ~vhicll 
has penetrated beneat11 the surface. Such a collapse 
w o ~ ~ l d ,without doubt, cause a very appreciable shock 
at t>he surface of the earth. This theory rnay apply 
to certain special cases; but it remains to be seen if 
i t  applies to the Spanish earthquakes. 

Tliere is a fou r t l~  ~vliich is at  present in favor in 
Germany among nearly all geologists of that country, 
and it lias also been accepted by some in other coun- 
tries. I n  France it has not been so ~vell received: 
~~evert.lreless,there are elninent men who entertain it. 
I t  is based upon geological ohservations. Tliere are 
no geologists, inileed, who, observing the walls of the 
cracks ill the meta~norphic roclis, for instance, have 
not been struck by tlie fact that these beds, originally 
deposited in a horizontal position, have been raised 
and broken. There liave evidently been movements 
of cstreme iniportance, since rocks that were origi- 
nally connected and regular are nom in the greatest 
disorder. Now, it is cerlain tliat these nlovernents 
could not 1i;tve been produced without superficial 
shocks a t  the moment when the fissures were made. 
Tlrerefore there must Ilave beet] earthqualres in all 
geological epochs, even tlie no st ancient, which are 
exactly colnparable nit11 tltose of to-day. Rot recip- 
rocally, if tliese ancient foldirigs have procluced eartli- 
qtlalies, why are not the present eartl~qualies the result 
of a~lalogous phenomena ? 

You see that the tlieory is perfectly regular up  to 
tliis point. I t  is only necessary to know (the diffi- 
culty is ~nerely tlirowrr baclr ill tirne) mhat is the 
origin of these foldings, of these fractnres. Why 
these out-throws, these subsidences, tlicse convolu-
lions? TVe then arrive at  a very old exl~lanatioii, 
given by geologists, and still adniitted by rnany 
strvcci~ls. I t  is tliat the earth is continually cooling, 
arid so contracting. Tile superficial crnst lias reached 
a rieal,ly constant temperature; but tliis is nut true 
of the liquid portions adjacent to it, where the tenr- 
perature trinst be very high, tliorrgli cor1s1:iritl~- cool-
ing. I n  cooliug, it,s voln~ne becornes less, and its 
contractio~ls came foltlings ant1 fractures in the solid 
crust. This theory is rather old, it is true, but there 
is no better theory at  present. 

As to the Spanish earthquakes, it seerns to me, 
that, of these four theories, oiily tmo should recei1.e 
any attention. 

The question is, therefore, -ivhetl~er there are fis- 
sures, bendi~lgs, and faults beneath tlic: snrface, or 
whether the water is dissolving out caverns. In  a 
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word, the subject for research is whether one of the 
last two theories will apply to tlle case in qucstion. 
You will notice, moreover, that  each of these theories 
presumes a geological cause. I t  is in part, I think, 
this idea of the connection between earthqualies and 
the movements far below the surface, that has influ- 
enced tlie Academy of sciences in choosing a geolo- 
gist to exarnine the plienomenon. 

I n  my turn, - and for tlie same reason as the 
Academy of ~ciences,- I have taken geologists 
as collaborators. Those nrho accompany me are 
Messrs. Michel LBvy and Marcel IZertrand, members 
of the geological survey of France, and mining en- 
gineers of great competence. Tlie third who accom- 
panies rue is Professor Earrois, of the Faculty of 
science at  Lille, an eminent geologist, who is well 
acquainted with the Spanish soil. 

1 liave, then, as my associates, three geologists, 
perfectly co~npetent to study all the facts that are 
usually investigated in eartllqualres, -the propaga-
tion of tlie motion, the direction of the shock, and 
the place of greatest intensity. They are also capa- 
ble of determining the relations wliich exist between 
the superficial action of an eartliqualce and that 
wliicll may be going on at  great depths. Geologists, 
when they travel over the surface of a piece of 
ground, see not only the superficial beds, but, by a 
sort of iiistinct, they divine the character of the 
deeper extensions. Sometinles they are mistaken, -
they are not infallible, -but still, in tlie most cases, 
they are able to determilie the constitution of tlie 
deep strata. This, then, is one special point which 
we shall endeavor to determine. 

TVe wish, froni the stucly of tlle superficial deposits, 
to deduce its geological structure at  a certain depth. 
On the other hand, wit11 the means which we possess 
to-day, it is possible to determinc approxin~ately the 
depth from whicll an  earthquake shoclc originates. 
7TTe have two methods for this. One, whicli is founded 
upon very precise and delicate observations, has been 
proposed by Mr. Seebach : it is based upon the cletermi- 
nation of a series of points, in whicli the oscillations 
are felt a t  the same nioment. These observations 
are extremely difficult to obtain. 

There is another, older method, due to the English 
physicist, Mallet. The system of observations pro-
posed by hinl is based upon the examination of the 
cracks in the land after an  earthqualre. Tliese frac- 
tures are, in nearly every case, normal to the di- 
rection of the slioclr; and, when one studies them 
carefully, the direction of tliese normals is sufficient 
t o  fix their points of convergence, and hence the ori- 
gin of tlie shock. 

Tlie methods of which I have spolten are not purely 
theoretical: they liave been applied five or six times by 
Germans, Italians, and English; but, unfortunately, 
the French have not yet used them. They liave 
given very interesting results ; as, for instance, in tlie 
last earthqualre a t  Iscliia, it has been slio~vn tliat the 
cause of tlie concussioris came from a depth of from 
twelve hundred to eighteen hundred metres at  the 
most. Between twelve hundred and eighteen hun- 
dred metres there is certainly a considerable range; 

but one would have expected to find that tlie shock 
came fro111 a much greater depth. Consequently 
much is already acco~nplislied, when me can limit the 
origin of the plienon~e~loti to a space so restricted. 

I said tliat we were able to apply these two nieth- 
ods, the orlc certainly, the other probably. TVe may 
thus ascertain the depth of the earthquake's centre. 
If, on the other hand, we are able to deterrnine by 
geological observations the constitutio~l of the earth 
at  this point, mi! shall have obtained a datum ex-
tremely important, and we may be able to accept one 
of tlie t n o  theories, or so to limit one or the other as 
to malie it agree better wit11 tlle facts. 

Tliese are tlle objects of our mission, these the 
things we count on acconlplishinq. You mill see 
that it is very simple. I hope that we sliall obtain 
satisfactory results. I do not dare to proinise tliat 
we shall; but I do pro~nise yon tliat we shall stutly 
A~ldalasia,or a portion of this province, with care, 
and that we sliall bring back data of geological 
interest and importance from this very curious 
country. 

SEISNOLOGICAL N O T E S .  

TIIE earthquakes of the last year in England liave, 
like those in this country, aroused an  interest in seis- 
mometry; and the committee of the Scottish r~leteor- 
ological society, who liave charge of the Ben Nevis 
observatory, have aslied Professor Ewing (whose work 
in Japan we recently noticed [vol. iv. 11. 5161, and 
who is nolr professor of engineering in University 
college, Dundee) to institute cartliqualre observa-
tions on the top of Ben Nevis. Professor Eming has 
received a grant of a hundred pountls from the com- 
mittee controlling the government grant for scientific 
investigation, and will proceed to set up apparatus to 
detect, and probably to record, minute earth-tremors, 
and also slow clianges of level of the ground. 

I n  connection with the recent Spanish carthqualres, 
it is interesting I,o note tllal, me have acciderltally 
brought into prominence a new liind of seismoscope. 
I n  Nuture, voi. xxsi. p. 262, Mr. ICllis of the Eoyal 
observatory at Greenwich states tliat the continuous 
pllotographic records of the declination and horizon- 
tal force magneto~neters both sho~v  a simultaneous 
distnrbance, different from the ordinary magnetic 
disturbances, occurring on tile evening of Dec. 26, a 
few minutes after the reported tirne of the severe 
earthquake in Spain on tliat date. F o  ordinary mag- 
netic disturbances were recorded on this and neigh- 
boring dates, and tlie earth-current registers sllo~ved 
no change; so that there would seem to he little if 
any reason to doubt tliat disturbancesthe u n n s ~ ~ a l  
recorded were caused by tlie swirigirlg of tlie magnets 
on tlieir suspending fibres, due to the shalririg of the 
points of sospeilsion by the Spariisll eartliqualte. If 
some method were devised of photographi~~g tlie lat- 
eral swing of the nlagnets in two azimuths at  right 
angles, in addition to the present torsional swing as 
ruagnetometers, tliese instruments could, perhaps, be 
made very sensitive seismoscopes as well, and the 
accuracy of the t,irne-record would only depend up011 


