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10. The EswtHQUAKE of Ttk Avgusr, 1895, in NoRTHERN
Itary., By Rrcmaup Drxox Oupmay, F.R.S., F.G.S.
(Read November 8th, 1922.)

Ox the 7th of August, 1895, an earthquake was felt over the
greater part of Lombardy and Tuscany, and in the Alpine districts
of Northern Italy. Although only a feeble shock, nowhere
exceeding an intensity of 1V° Merealli, 16 is worthy of attention
as being of unusual type, and affording an illustration of some
general prineiples which have been deduced from the-comparative
study of a large number of earthquakes. The details of obser-
vations vecorded are published in vol. i. of the ¢ Bollettino della
Societd Sismologica Italiana’; on pp. 162-67 reports from 81
distinct localities are given, mostly with little more information
than a mere record of an earthquake, but a certain number contain
fuller defai]s. These loealities are plotted on the map accom-
panying this paper (p. 232), which also gives an cpitome of the
pertinent facts recorded.

The time, as shown by continuous-record seismographs, was
about 20h. 50m., mid-European time; the area, over which there
is a practically continuous series of records, is approximately
triangular, the sides being about 160 miles in length, making the
seismic area about 15,000 square miles, and possibly about 20,000,
if the shock is included, which was felt, at about the same time, at
several places in the Island of Elba. The report, from Portoferraio,
is attributed without question to the same earthquake, but it may
have been an independent shock, approximately coincident in time
with the larger one.  In favour of this supposition may be placed
the fact that the nearest locality on the mainland from which
record was received is over 50 miles from Tortoferraio, and that
the shock was apparently not sensible, but only instrumentally
recorded, at Siena, which is considerably nearer the boundary of
the region covered by fairly continuous records. Against the
supposition may be placed the fact that the authorities coneerned
in the prepavation of the published accounts, who had the original
reports before them, had no hesitation in regarding the reports
from Ilba as referring to the same carthquake as those from
Tuscany. In presence of this doubt, the Elban reports will be left
out of consideration : if included, they would only strengthen, and
it excluded, would not invalidate, the conclusions illustrated by the
other records.

" An attempt was made to determine the degree of intensity,
according to the Mercalli scale used in Italy, at each locality ; but
in the greater proportion of cases the information was too scanty
to allow of this being done. In those cases where a degree could
be assigned with some certainty, it is indicated on the map
(p- 232), and a consideration of these shows that there was no
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recogution of scecntre of asimn mtenestys where the shoek
wonld b severe enonch to attact ceneral '111:1111\'“ nutst be put
the Baet tad 10 s especially vecorded that the shock was not felt
at the observitory on Monte Chuone. This ulm rvatory lies about
S5 miles rom N\lull and moa straacht hne hetween that phlice and
Fiomadbo (FE S lnts NoO 100 39" long, Koy, which lies about

2 miles farther on, uml al which the infensity was about the siume

as ab Sestolas Taking the other localities, 1t 15 found that at
nearly all (listinwtly lower inteusity is indicated; but scattered
amony  them are places where the reports would  indicale at
least IVY, and sonme of these are on the extreme Timits of the area
covered by the reports. At Al (43° 117 lat. N, 11° ¢ long. K.) -
and Valli di Signort (457 41" Late N, 112 15 lmnr 1) on the
north, ot Rettinella (457 3" lat. No, 1209 long. l*.) on the cast,
and at Pontedera (437 307 Tnt. No, 107 88 long. 1) on the south,
all localities from bevond which no reports were received, an
intensity of not less than 1V~ is indicated, though to other pl wes
nearer the eentre of the seismic aren a greater mtumt_v than 11°
or 1T1° M. cannot he assigned.

The sound phenomenon gives no betler indication of a distinet
epteentral avea, for, althougli yeports are »yore numorvus in the
region between Florenee, Bologna, and Carrara, the sound was
recorded at scattered places up to the extreme hmits of the seismic
are, as ab Iirba (457 48" Tat. N, 92 138" long. E.), Valli di Signor,
Arvgenta (LE 36" lat. N, 11° N lonw 1), Rotta (L‘” B0’ Jat. N,
107 41" long. E.), and Lari (1303 / at. N, 107 35" long. I.).

The presence of a noticeable \clthll component of the motion
(sussultorio) is generally conlined to the central arca, but the
attempt to make wse of this proved as little \'un(lu\l\L as the
distribution of intensity and sound, for the vertical movement was
reported from localities at the extreme limits of the seismic area,
as ab Irba, Castelletto di Brenzona (457 41" lat. N, 107 45 long.,
1), Argenta, and Lari.

The close clustering of reports from the southern portion of
this arca, lyving mn thc region west of Florence and Bologna, Is
summbtne of an cpwmm.\l area of greater intensity of shocks; but
this might well be attributed to the fact that this is a wglon of
comparative wealth and ancient culture, where carthquakes have
Tong been a subject of study, and where the number of potential’
Ob%&.l\'(.‘lb and reeorders would be greater than in the region on the
north, from which no reports were received, until we come to the
southern edge of the Alps. It may Dbe that the peculiar distri-
bution of the reports, and the absence of any reeords from
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cousiderable areas, on cither side of which the shoek wias recorded,
is real, and direetly conneeted with the origin of the shock: this
point will be referred to Lder on, but, meanwhile, it must be
noted that the distribution of the reports is so mueh in accord
with the probable distribution of potential recorders, that no great
importance ean be attached Lo the absence of records from certain
regions within the boundary drawn through the extreme localities
at which the shock was recorded.

It is, consequenily, apparent that none of the methods
ordinarily employed allows of the fixing of a definite epicentre,
or the drawing of successive isoscismals of decreasing intensity.
To a great extenl this is duce to the peculiar nature of the
shock, quite different in character from that wually noticed in
moderate earthquakes, for which the customary scales of intensity
are frimed; it was mueh more akin to the movement which is
noticed on the borders of the scismic area of a great earthquake,
when the movement, as it is propagated, dies out in comparatively
slow undulations, often more noticeable through the effect produced
by tilting than by actual sensation. At all the places where this
earthquake was recorded, an undulatory character was noticed,
suspended objects were set swinging, doors and windows were
shaken or moved. At Sestola it was especially recorded that there
was @ sensible inelination of walls, giving to persons standing at
a window the impression of danger of falling out, and at some
of the localitics the carthquake was only recognized by a vibration
of doors or windows. These are all features characteristic of the
marginal portion of the seismie area of a great carthquake, and to
these the ordinary seales of intensity are not applicable, for some
of the results are such as would only be produced by a considerable
earthquake of the more common type, where the rattling and
swinging are seb up by inertia, instead of by inclination of the
surface, due to the passage of the long waves propagated outwirds
from w great disturbance. It is not unnatural to attribute the
shmilarity of 1he movement, noticed in this earthquake, to a
similar cause, and, if this be so, the ounly direction in which
distanee can be attained is downwards into the interior of the carth
—=in other words, we are not dealing with a small disturbance of
shallow depth, but with the marginalarea of a greater disturbance,
diminished in intensity by propagation before it veached the outer
surface.

In attempting to estimate the depth at which this origin lay,
recourse was first made to the instrumental records, but no help
was found in that quarter.  The records from within or just
outside the arcas over which the shock was sensible, agree in fixing
the time at about 20h. 49-7m. M.K.T, but there is no regularity or
evident connexion between distance from the eentre of the shocks
and the time of record, and the variations extend from 49m1. 20s.
to 50m. 20s. omitting those which merely give the time to the
nearvest minute.  Outside the seismic area the shock was recorded
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recording distant carthogudes was few el vone of thon vecordind
this earthagudee, which may be wecomnted Tor by the Taet that at
Bome, about 100 miles from the outer edoe of the seismic area,
there was only a shght thickening of the record ou the fwo most
sensitive of the dnstraments i action. Had this earthquake
occurred some years later it is probable that more records, and
possibly more distant records, would have been obtained from the
more nuuterous, and more sensitive, instruments then installed ;
but the Rome record 1s of intervest, as showing that the disturbance
was one of the type which gives vise to long-distance records.

There remain, then, the deseriptive records, on which o base an
estimate of depth of origin, wnd, in making use of these, the first
difticulty encountered is the explanation of the peeubiar distribution
of the records.  One possible Lypothesis is, as has been stated, that
there was in reality a Jarge avea of tolerably uniform intensity of
shock, and that the irregule distribution of the records is duc to
the presence or absence of potential observers.  In this case we
are dealing with a shock due to the propagation of wave-totion
directly from the bathyscisin, and this wave-motion, as revealed
by the records, was of fwofold charctler: there was first the
undulatory movement, only noticed through the cffeet of the
melination ({f the surface produced by it, and also a vibratory
movement of greater rapidity, giving rise to the sound phenonienon
and to tremors which were everywhere of feeble intensity. The
actual amount of the acecleration was everywhere small, but the
reports do not adimit of the Tormulation of uny precise estimate of
the variation: at the outside i may have been twice as great in
the ceutral purt of the seismic area as in the marginal hrug;i()ns.
The rate of variation of acceleration of the w;l\'urp:u'ticlcb with
distance from the origin hax not been investigated; but, if it be
taken ax inversely proportional to the distance from the origin,
the depth would come ont as something near 30 miles; \\’llilL:, if
the variation is inversely proportional to the square of the dis-
tance, the depth might reach double this ligure.

This is not, however, the only possible interpretation of the
records, for it may be that the intervening gaps, from which the
earthquake was not reported, represent a real absence of notiecable
shocks, that the immediate ovigin of the earthquake was o series
of fractures, of comparatively shallow depth, and that the distri-
bution of the records represents, at least approximately, the extent
of the“sensible shock. In some ways, this interpretation is in
accord with the peeuliwr distribution of the records and the absence
of any defined wren of maximum intensity.  The records lic mostly
along a line runuing about north-castwards from Pisa, and along
another running eastwards from Como, the two lines mecting in
the district north-west of Venice; there is also indication, less
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well neorked, of anothier e jotuing the L'\ll‘~'ll|i“«'> ol These tao,
and running from e Como {owards Pisa, f the ovigin of the
vutlnlmlw readly wis of the nature of two, lm\\ll)l\ Hnw fractures
or series of ulm«\ s not coneetvable that they coubd Tave
Been due to any ciurse directly conueeted 1 with the tectonies of the
surface-roeks: Tor, with the exeeption of the cast-to-west northern
Jine, they ran across the structurad features as seen on the swrfaee.
But it is coneeivable that, if any general change of hulk had taken
place o the material uu«lul\mu that ]nutmn of the crust over

which the carthguake was hlt it might he the determining factor
in producing fractures in the Lmst which would be unu)mmptcd
with the surface teetonies, and in this way the isolated area in
Elba, where an carthqualke was noticed in various puts of the
island, could be brought into relation with the mam area in a
nuner not otherwise casy to explain, - This change of bulk might
be of equad area with the carthguake, in which ease it need not lie
at agreat depth from the surface, but so large an area of almost
uniform change i1s not casy to understand; it Decomes more
intelligible if we consider the original change of bulk to bLe of
more uwtnc{ul dimensions, and Ulc cffect, umnulmtd\ below the
solid erust, to be the transmitted effect of such (hnwc This
tl:lnblln:\xloll would not be merely vertically upwards, 1)nt \wuld
spread outwards at a eertain .uwle which might be as mueh as 45

and in this case the ultimate origin would lic at a depth of 1111*
order of 120 miles if the dimensions were inconsiderable ; but, if
considerable, the depth would be proportionately diminished, and
thus for an origin having one-quarter of the dimensions of the
earthquake it \wul(l bcuomv about 90 miles, and 60 miles for
onc-half the dimensions.  On the other hand, the angle of
spreading of the effeet would probably not be as much as 45° , and,
if only 30° (corresponding to an apical angle of $07), the (1(,1)“]\
would be nearly one and threc- qnmtms as glc.xt as those mentioned.

Irom these facts and considerations it will be seen that no very
positive conclusions ean be drawn, nor any preeise estimate made,
of the depth of origin; this much, however, is clear, that the
carthquake was more akin to those which give good distant
records, than to the ordinary type of locul e.uthqualu, and  that
the depth of the ultimate origin of the shocks was great, pro-
Lably of the order of about 100 miles or o, below “the outer
surface of the carth. Tlis conclusion is of interest in its accordanee
with the deductions, recently announced by Prof. H. . Turner,
that the origius of many of the disturbances, which give vise to
good Jong-distance records, lie at a depth of about 200 kilometres
(123 miles).
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T Panir carthguake of the Esth of Felrunry 1911, though of
destruetive violenee in the contvad regron and civing rise 1o long-
distanee vecords, would probably  have passed without  special
notice had 1L not been for two cirecumstances s one, that it was
accompanied by a landslip of exceptional  dimensions, which
dammed one ob the prineipal drainage-valleys of the region, and
gave rise to a permanent lake over 15 miles in length and 900
feet in depthi; the other, that the late Prince Boris Galitzin
formulated the conclusion that this Lundshp was the origivating
cause of the carthquake, awd that this was an mteresting and
unique instanee of  coincidence  of epicentre and hypoeentre.
Attention has been reeently drawn ! once more to this earthquake,
and, although mistakes tn Prince Galitzin's mwathematieal methods
have been pointed out, the imtice of his conclusion has been
naintained 5 but this conclusion 1s so contrary to all other present
knowledge Uf the chareter and behavionr of earthquakes, that a
fuller examination ol the evidence scemed desirable, and as this
= not generally available, being published almost exclusively in
the Russian language, it has secmed desirable Lo record the £ wets,
so far as they are available,

Belore dealing with the loeal observations aud recovds of the
earthquake, 1t \\111 be well to refer briefly to Prince Galitzin's
paper®  Hix conclusions were based primarily on the survey con-
ducted in 1913 by Col. Spilko, from which it was computed that
the mass of the Landshp amounted 1o between 7 and 10 milliards
of metric tons, and the height of Tall was somewhere between
300 and GO0 metres, fromn which 1t results that the amount of
work done in falling, and set free by wrrest of fall, lay between
the limits off 21 x 10* and 6:0 x 10* crgs.

The next step was to estimate, from the scismographic records
at Pulkovo, the amount of work transmitted past that station, and
from thix 1o compute what should have heen the amount set tree
at the ortgin. The result of his computation gave 43 x 107 eres,
a tigure adimost identieal with the mean probable value obtained

from the survey of the Tandslip, andl henee it was concludled that

the landslip gave rise to the u.ntluju ke
The \\lmh, ealeulation, however, is vitiated by le fact that, in

At a geophysical diseussion held in the rooms of the Royal Astronomiead
Socicly on March 8rd, 1922, {Sce also H. Jeffreys, *'The Pamir Earthquake
of 1911, February 18, in relation to the Depths of l‘).uthnumk(, F«)(i ! Nnnt,hly
Notices, Roy. Astronom. Soc. Geophyss Suppl, volo 1 (1923) pp, 22 31,

2 sur Je Tremblement de Terve du 1S février lUll C. R A ul. Sel.
Turis, vol. elx (1915) pp. 81014,
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