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ADDITIONS to the Article, Of Earth-
guales and Vileans's, vol. . p. 382.

Of Earthgu

Y ARTHQUAKES are produced by two
caufes: The firfk is the fudden finking
of cavitcs in the bowels of the earth ; and the
fecond, which is re frequent and more
violent than the firft, s the adlion of fubterra~
neous fircs.
 When a cavern finks o the middle of a con-
produces a commotion which extends
naller diftance, in proportion to
the quantity of motion excited by the fall of this
mafs of earth 3 and, if this mafs is inconfiderable,
or falls from no great height, it will not produce
a fuccuffion fo violent as to be perceived at a
great diftance; the effeét is limited to the neigh-
bourhood of the funk cavern ; and if the move-
ment is propagated to greater diftances, it s
only by flight tremblings or vibrations.
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As moft of the primitive mountains reft upon
caverns, becaufe, at the moment of their con=
folidation, thefe eminences were blown, up by
the adion of the internal fire, finkings in the
mountains have happened, and fill happen,
whenever the vaults of the caverns are under—
mined by water, or fhaken by any convul-
fion. An entire portion of a mountain fome-
times finks perpendicularly, but oftener inclines,
and not unfrequently reverfes. ~ Of this we have
firiking examples in feveral of the Pyrennces,
where the ftrata, formerly horizontal, are often
inclined more than forty-five degrees; which
fhows, that the entire mafs of each portion of
the mountain, whofe ftrata were parallel to cach
other, has inclined by the lump, and, in the
moment of its finking, refted upon a bafe in
clined to the horizon forty-five degrees. This
is the moft general caufe of the inclination of
firata i For the fame reafon, we
often find, between the adjacent eminences,
firata which defcend from the firft and rife to
the fecond, after having traverfed the valley.
Thefe ftrata are horizontal, and are bedded at
the fame height in the two oppofite hills, be-
tween which the cavern had fallen in. The
crth finks down, and the valley is formed,
without producing any other derangement than
a greater or fmaller inclination of the firata, ac~

ding to the depth of the valley, or the des
clivity of the two oppofite hills.
This




OF EARTHQUAKES
This is the only fenfible effe@ of the ﬁnking
of caverns in mountains and other parts of cone.
tinents. But, whenever this effeét happens in the
the fea, where finkings muft be more
frequent than on the land, becaufe the water per-
dermines the vaults in_every place
where they. fupport the bottom of the ocean,
thefe finkings not only derange and incline the
ftrata, but fenfibly lower the level of the fea.
From the firft mm;v:tion of the waters, their
Tevel has been depreffed two thoufand fathoms
ngs; and, as all the fubmarine ca=
not yet fallen in, it is more
, that the bafin of the fe
e decp, wi
and, of courfe, that the extent of all the cont
nents will always continue to augment by the
retreat and finking of the waters.
A fecond and more powerful caufe than the
firlt concurs in producing the fame effe@. This
3 mp(\wc.md finking of caverns by
fobmarine fires. It s certain,
g in the bottom of the
ing its furfac
And, if we confider the general effe@s of fub=
terrancous fires, we will perceive that, as long
as thers is fire, the commotions of the earth will
be confined to fimple tremblings ; for the
15 of fire raife and open the feaand the land
nt and reiterated fuccufli which not
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only overturn and deftroy the adjacent lands,
but fhake thofe that are diftant, 2nd ravage or
derange every thing in the route of their di=

re@ion.

The earthquakes occafioned by fubterrancous
fires generally precede eruptions of voleano's,
and fometimes ceafe the moment the fire opens
a paffage through the earth, and carries its flames
into the air. Thefe dreadful carthquakes fome-
times continue during the whole time of erup=
tions.  Thefe two effeéls are intimately connet~
ed. There s never a great eruption of a volcano
without being preceded, or at leaft accompanied,
with an earthquake. But we often feel very
wiolent fuccuffions of the earth without any
eruption of fire. Thofe movements in which
fire has no part, proceed not only from the firlk
caufe, the falling in of caverns, but likewife
from the adtion of fabterrancous winds and
ftorms.  There are many examples of lands raif-
ed or funk by the force of thefe internal winds.
Sir William Hamilton, a man as relpe@able for
his private charadter, as admirable for the e
of his knowledge and refearct
told me that he had feen betsween
rona, near the village of Roveredo, f

ompofed of large maffes of cal
which had evidently been raifed by different ex~
plofions of fubterrancous winds. ‘There is no
indication of the acion of fire upon any of thefe
rocks
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sndication of the acion of fire upon any of thefe
rocks or their fragments. The whole country,
on both fides of the highway, for an extent of
near a league, has, from place to place, been
overturned by the prodigious efforts of fubter-
rancous winds: The inhabitants fay that it hap-
pened fuddenly, and was the cffect of an earth-
quake.
But the force of the wind, however violent,
appears not to be a caufe fufficient to produce
effeqts; and, though there be no
marks of fire in thefe litle hills raifed by the
commotion of the carth, I am perfuaded that
they have been clevated by cle€trical explofions
ancous thunder, and that the internal
winds have contributed to this effect folely by
producing ele@rical forms in the cavities of the
earth.  Hence all convulfive movements of the
earth may be referred to three caufes : The firlk
and molt fimple is the finking of caverns; the
fecond, florms and fubterrancous thunder; and
the third, the action of fire kindled in the inte-
sior parts of the globe, It is eafy to aferibe
to one or other of thefe three caufes all the
phenomena which accompany or fucceed earthe
o akes.
nmotions of the earth fometimes give rife
to eminences; but they more frequently pro-
duce gulfs. On the 15th day of Otober 1773,a
gulf opened in the territory of Induno, in the
State
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State of Modena, the cavity of which was
‘more than four hundred fathoms wide by two
hundred deep®. In 1726, a mountain of a
confiderable height, fituated in the northern part
of Iceland, was funk in one night by an earthe=
quike, and a very deep lake affumed its place.
The, fame night, about a league and a half
diftant, an ancient lake, the depth of which was

nown, was entirely dried up, and its bottom
saifed in fuch a manner as to form a pretty high
bill, which fill exifist. In the feas in the
neighbourhood of New “Briin, M. Bougaln
ville remarks, carthquakes have terrible effeéts
on navigation. On the 17th of June, the 12th
and 27tk of July 1768, there were three carth=
quakes at Boero, and on the 22d of the fame
month, one at New Brittany. Thefe earthquakes
fometimes annihilate iflands and known fand-
banks, and fometimes create them 1.

There are earthquakes which extend to great
diftances ; but they are always longer than broad-
One of the moft confiderable was that felt in
Canada in the year 1663. It extended more
than two hundred leagues in length and
hundred in breadth, 7. . more than twe
thoufand fuperficial leagues.  The effes of the

* Journ. Hif. et Polidque, Dec. 10,

+ Melanges interaffans, tom. i. p- 159-
£ Voyage autour du Monde, tom. i. p. 2
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It carthquake in Portugal, which happened
in our own time, were felt {tll farther. ~ M, le
Chevalier de Saint-Sauveur, King's commandang
at Merucis, informed M. de Genfanne, that
when walking on the left margin: of Jouante
in Languedos, the fky fuddenly became very
dark, and that, in a moment after, he perceived,
2t the foot of the hill, which is fituated to the
sight of that river, a terrible bright globe of fire:
Immediately.there arofe from. the bowels of the
earth a confiderable mafs of rocks, and the
whole. chain of mountains fplit from Merudis
to Florac, an extent of near fix leagues. Tl

feat, in fomesplacesis mave tasn ivicifectind
and has partly fallen in*, There are - othet
eattbimakéa, whighimeoguos, fitlsongo oty
tion,,. Kolbe relates, that, on the 2,th of Sep
tember 1707, from cight to, ten; oclock befors
noon, the fea rofe upon. the land at the Cape of
Goodl Elope, and: deleended foven, times et
fively, and with fuch rapidity, that, from one

moment to another, the place was alternately.
covered and left

With regard to the
the falling of mounta

caverns, T fhall fubjoin a fow facks, which are
 Hit. Nit. de Lang

P23t
+ Defeript. du Cap de Boane-Efperance, tom.
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both recent and well attefted. Tn Norway, 2
swhole promontory called Hammersfields fad=
denly fell *. A very high mountain, near that
of Chimborago, one of the higheft of the Cor-
defiers in the province of Quito, tumbled down
ina moment. This fad, with all its circum=
fances, is related in the memoirs of M. de la
Condamine and Bouguer.  Similar fallings
and finkings often happen in the fouthern
iflands of India. At Gamma-canore, where
the Dutch have a fettlement, a high mountain
£l fuddenly in the year 1673, when the
weather was fine: Tt was followed by an earth=
quake, which overturned the neighbouring vil-
fages, and deftroyed feveral thoufunds of per-
fonst. On the 11th of Auguft 1772, in the
ifland of Java and province of Cheribou, one of
the richeft fetdlements of the Dutch, a mountain,
of about three leagues in circumference, fud-
denly funk, ‘and rofe and funk alternately like
waves in a flormy ocean: It at the fame
me threw out many globes of fire, whichh
were feen at a great diftance, and gove a light
as brilliant as that of day: All the plantations,
together with about two thoufand one hundred
and forty inhabitants, without reckoning ftran-
gers, were entirely fwallowed upf. W
reste many of 1
N
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Jands and fwallowing of mountains by the rip-
ture of caverns, and the fuccuffions ‘occafioned
by earthquakes and the adtion” of voleand's;
But we have fuid enough to cftablifh  the
general conclufions we have drawa. from the
£a@s already related.

1.
Of Volcand's.

THE ancients have left us fome notices cone
cerning the voleano’s which were known to
them, and particularly thofe of tna and Ve-
fuvius. Several learned and curious obfervers
have in our days ckamined more minutely
the form and cffe@s of thefe volcano’s. On
comparing their deferiptions, the firft obferva-
tion that prefents itfelf is the folly of tranfmit-
ting to pofterity the exad topography of thefe
burning mountains. Their form may be faid
to change daily ; their furface rifes or finks in
various places; every eruption produces new
gulfs or new eminences : To attempt to de-
feribe all thefe changes, is to follow and paint
the fucceffive ruins of a burning edifice. The
Vefuvius of Pliny, and the Ztna of Empedocles,
ds from thofe which
e been fo ably delineated by Sir William

lion and Mr. Brydone; and, in a few

ent very diff

ages,
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ages, thefe secent deferiptions will no longer re-
femble their obje@s. Next to the furface of
the ocean, nothing on this globe is fo fludu-
ating and inconflant as the furface of volcanic
mountains : But even from  this inconflancy,
and from the variation of form and move-
ments, fome general conclufions may be drawn,
by bringing particular obfervations under one
point of view.

IIL

Of the Changes which bave happened in Vol-

cand's.

THE bafe of Ktna is about fixty leagues
in dreumference, and its perpendicular height
about two thoufand fathoms above the level of
the Mediterrancan fea.  We may, therefore,
regard this enormous mountain 43 an obtufe

cone, the fuperficies of which arc not lefs than.
three hundred fquare leagues. This conical
furface is divided into four zones, fituated con-
centrically above cach other. The firft is the
largeft, and, by a g afcent, extends above

leagues from the moft diftant point at the
foot of the moun This zone of fix leagues
broad is almoft totally peopled and cultivated.
The city of Catania and feveral villages are fitu-
ated o this it zone, the furface of which
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