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that Hamflead-Heath, and Finchley-Common, and
Kennington Common, may have been affe@ted with
it; yet it is notorious, that Londor was the Gentres
the Place to which the Finger of Gop was pointed.

XXXIV

Some Confiderations on the Caufes of Earth-
quakes. By zhe Rev. Stecphen Hales,
D.D. and I.R. S.

Read April 5. S the late Earthquakes in Londor,

1750 and fome other Parts of England,
have roufcd the Attention of Mankind, to confider
the Caufes of them, both in a rcligious and natural
View: And as in a religious View they have been
confidcered by the Bithop of Lendon, in his cxcellent
Letter to the Clergy and Pcople of London, which
has been reccived with gencral Approbation: So I
fhall here give a fhort Account of what fecems to
me to be a probable natural Caufe of them.

But I muit firft obviate an Objection of fome ferious
well-meaning Pcople, who are apt to be offended
at any Attcmpts to give a natural Account of Earth-
quakes; which, but rarcly happening in thefe more
northern Parts, are apt to be Jooked upon as the more
miraculous. But it ought to be confidered, that the
ordinary Courfe of Nature is as much carried on by
the Divine Agency, as the extraordinary and mira-
culous Events.  God {ometimes changes the Order
of Nature, with Defign to chaftifc Man for his Dif-

obedience
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obedience and Follies ; natural Evils being gracioufly
defigned by him as moral Goods: All Events are
under his Direftion, and fulfil his Will,

On the other hand, there arc fome who make
light of Earthquakes, becaufe they are capable of
being accounted for by natural Caufes. But the
Hand of God is not to be overlooked in thefe
things,-undcr whofe Goverament-all natural Agents
aét; cfpecially fuch rare and unufual Evénts as Earth-
quakes. God ufes all Creatures to be the Inftruments
of his Will: Natural and moral Agents arc all under
his Dire&tion.  'When he inflits a Faminc on a Na-
tion, it-is not the lefs the Hand of God; becaufe we
know thc natural Caufes of it, viz. great Diought,
and unkindly Seafons: Fire and Hail, Snow and
Vapour, and ftormy Wind, fulfil his Word, Pfal.
cxiviii. 8. Infe@ious Air, peftilential Difcafes, and
Earthquakes, however occalioned by natural Caufes,
arc under the Divine Influence.  He not only or-
ders and dire&ts the Operations of Nature, but alfo
influences the A&ions of moral Agents, turning, as
he pleafes, the Hearts of the Governors of the Na-
tions, fo as frequently to chaftize Mankind by that
fevere Scourge, and great Difgrace of human Na-
ture, War. Earthquakes arc not therefore flightly to
be regarded, becanfc we think we can give a pro-
bable natural Account of them; ncither ought we,
on that Account, to c¢ncourage ourfcives to go
carclefly on in wicked Courfes. If national Judg-
ments do not overtake us, yet it cannot be long be-
fore we fhall come into the Punifhment of our future
State: And tho Senience againft an evil Work is
not [peedily executed, tho a Sinner do Evil an flm;l

re
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dred times, and his Days be prolmged ; yet furely
1 know it fball not be well with the Wicked. Ecclef.
viii, 11,12, I3.

It may not be improper, on this Occafion, to men-
tion another conftant and uninterrupted Plague, in
which, of late Yecars, we have been, and. ace jike to
continuc Sufferers, in comuon with wany -her
Nations. A Plaguc, of al: others the grearcic that
cver befel usliappy Man; it bein: by ior the moft
deftructive, not only of the Lives, but alfo of the
Morals, of Mankind; Dboth a natural and 2 moral
Evil : I mcan fermented diftiiled Spirituous Liquors
of all Dcnominations. Did God Almighty dcftroy
as many by Earthquakes as arc ycarly deftroyed by
diflilled Spirituous Liquors, which js probably about a
Million of Perfonsin aYcar all over the World ; how
grcat a Terror and Confternation would it caufe every
whete! But, alas! with what Unconcernednefs, with
what Calmnecfs, and even Complacency, is this enor-
mous both natural and moral Evil rcceived, and even
foltered, among us; infomuch that it is now become,
by a juft Judgment, the Curfc and the Punifhment of
the World, cven the greateft that ever befel unhappy
Man! Notwithftanding which, this inchanting S7ren
fo bewitches and infatuates the Nations, that it
fpreads its baleful Influcnce far and wide, making
yearly farther and farther Devaftations, both of the
Lives and Morals of Mankind, and cven debaling
the Breed of Man. ' '

As to the Affair of Earthquakes, particularly that
which happened at London the 8th of March 1itt,
about 20 Minutes before 6 in the Morning; I be-
ipg then awake in Bed, on a Ground-floor, near “he

Chuch
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Church of §¢. Martin's in the Fields, very (enfibly
fclt the Bed heave, and confequently the Earth muft
hcave too. There was a hollow, obfcure, ruthing
Noifc in the Houfe, which cnded in a loud Explo-
fion up in the Air, likc that of a finail Cannon:
The whole Duration, from the Beginning to the
End of the Earthquake, feemed to be about 4 Sc-
conds of Time. The Soldiers who were upon Duty
in 8¢. James’'s Park, and othcrs who were then up,
faw a blackith Cloud, with counfiderable Lightning,
jult before the Earthquake began; i was alfo very
calm Weather.

In the Hiflory of Earthquakes it is obfcrved, that
they gencrally begin in calm Weather, with a black
Cloud. And when the Air is clcar, juflt before an
Earthquake, yet there are then often Signs of Plenty
of inflammable {ulphurcous Matter in the Air; fuch
as Ignes Iatui or fack-a-Lanterns, and the Mc-
tcors called. falling Stars.

Now, I have thewn many Years fince, in the Ap-
pendix to my Statical Effays, Experiment 3. Page
280. the Effcét that the Mixture of a pure and ful- -
phurcous Air have on cach other; wviz. by turning
the Mouth downwards, into a Pan of Watcr, of a
Glafs Vefltl of a Capacity fufficient to hold about
two Quarts, with a Neck about twenty Inches long,
and two Inches wide.  Then, by putting under it,
in a proper Glafs Veflel, with a long narrow Neck,
a Mixwre of Agua fortis, and powdcred Pyrites,
wiz. the Stone with which Vitriol is made, there
will be a brisk Ferment, which will fill the Giafls
with redifh fulphurcous Fumes; which, by gencrating
more Air than they dcftroy, will caufec the Water,

' with
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with which the whole Neck of the Glals Veflel we
filled, to fubfide confiderably. When tie ud;:;
fulphurcous Air in the upper Part of the Giafls is clear,
by tanding two cr three Hours, if then the Mouti
of the inverted Glafs is lifted out of the Water, f{o
as to let the Water in the Neck of the Glafs fall out;
which, fuppofing it to be a Pint, then an equal Quan-
tity of frcth Air will ruth in at the Mouth of the
Neck of tae Veflel, which mult immediately be im-
merfed in the Water: And upon the Mixture of
the frefh Air with the then clear fulphurcous Air,
there wiil inftantly arifc a violent Agitation between
the two Airs, and they will become, from tranfpa-
rent and cicar, a redith tuirbid Fume, of the Colour
of thofe Vapours which were feen feveral Evenings
before the late Earthiquakes : During which Effervet-
cenee, a Quantity of Air, ncarly equal to what
freh Air was let in, wxll be deftroyed s which is
cvident by the rifing up of the VWater inthe Neck of
the Glafs, almoft as 'nul as before. And if, after
the Etervefeence of the mixed Airs is over, and be-
comc clear again, treth Air be admitted, as before,
they will again grow redidith and turbid, and dellroyv
the new admitted Air as before ; ; and thh atter fe-
veral rgpcaud Admiflions of frch Air: Dut after
cvery Readmiflion of frefh Air the Quantity deftroyed
will be lefs and lefy, till no more will be deitroyed.
And it is the fame after ffanding feveral Weceks, pro-
vided, in the mean time, too much freth Air had
not been admitted.  Now, I found the Sum tozal
of the frefh Air thus dgﬁmy ¢d to be nearly cqual to
the firft Quantity of fulphurcous Air in tic inverted
Glafs.
Rrrr Stoce
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Since we have in this Experiment a full Proof of
the brisk Agitation and Effervefcence which arifes
from the Mixturc of frefh Air with Air that is im-
pregnated  with fulphureous- Vapours, which arife
trom feveral mineral Subftances, cfpecialiy from the
Pyrites, which abounds in many Parts of the Earth;
may wc not with good Reafon conclude, that the
irkfome Heat, which we feel in what is called a
clofe fultry Temperature of the Air, is occafioned
by the inteftine Motion berween the Air and the
fulphureous Vapours, which are exhaled from the
Earth? Which Effervefcence ceafes, as foon as the
Vapours ate cquably and uniformly mixed in the
Air; as happens alfo in the Efferveicences and Fer-
ments of other Liquors.  The common Obfervation
therefore, that Lightning cools the Air, feems to be
founded on g,ood Rcafon, that being the utmoft
and lalt Effort of this Effervefcence.

May we not hence alfo, with good Probability,
conclude, that the firlt Kindling of Lightning is cf-
feted by the fudden Mixture of the pure ferene
Air above the Clouds, with the iulphurcous Va-
pours, which are fomctimes raifed in Plenty, im-
mediately below the Clouds? The moft dreadful
Thunders being nfually when the Air is very black
with Clouds; it rarcly thundering without Clouds :
Clouds ferving, in this Cafc, like the above-men-
tion’d inverted Glafics, as a Partition between the
purc and fulphurcous Airs: Which muft thercfore,
unon their fadden Admixtare thro® the Interflices
of the Clouds, make (like the two Airs in the Glaf)
a morc violent It fYcrch;cncc, than if thofc Airs had,
without the Intervention of the Clouds, more gra-

duaity
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dually intermixed, by the conftant more gradual
Afcent of the warmer fulphurcous Vapours from the
Earth, and Decfcent of the cold ferene Air from
above.  And tho’ therc was rno luminous Flath of
Light in the Glafs, yet, when fuch fudden Effer-
velfcence arifes, among a valt Quantity of fuch Va-
pours in the open Fxpanfc of Air, it may, not im-
probably, acquire fo rapid a Vclocity, as to kindle
the fulphureous Vapours, and thereby become lu-
minous,

And fince, from the Effe@s that Lightning is ob-
ferved to have on the Lungs of Animals, which it
often kills, by dcftroying the Air’s Elafticity in
them, as alfo from its burlting Windows outwards,
by dcftroying the Air's Elaftmty on the Outfide of
thofc Windows : Since, I fay, it is hence probable, that
the fulphurcous Fumes do deftroy a great Quantity
of claftic Air; it {hould therefore caufe great Com~
motions and Concuflions in the Air, when the Air
ruthes into thofe evacuated Places; which it muft
ncceflarily do wich great Velocity,

Dr. Papin has calculated the Velocity with which
Air rufles into an cxhaufted Receiver, when driven
by the whole Preflure of the Atmofphere, to be at
the Rate of 1304 Feetina Sccond of Time ;s which
is at the Rate of §89 Miles in an Hour: Which is
ncar 18 times a greater Vclocity than that of the
ftrongeft Storms; which is cftimated to be at the
Rate of §o Miles in an Hour *,

Hence

* Phil. Tronf. n. 184, p. 195.  Lowthorp’s Aoridgment of Phil.
Tranf. Vol.1. p. 5
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ticnce, we fee that an outrageous Hurricane may
v caufed, by deitroying a finall Proportion of the
Elafticity of the Air of any Place, in refpeé to the
Whole. No Wonder tixen that fuch violent Com-
motions of the Air fhould produce Hurricancs and
Thaonder-Showerss  cfpeciaily in the warmer Cli-
mates; where both the fulphurcous and watry Va-
pours, being rais’d much higher, and in greater
Pienty, cauic more violent Effects.

Monficur de Bujffon, in his Natural Hiftory and
’Ihcory of the Earth, mentions black dark Clouds
in the Air near the tempettuous Cape of Good Hope,
and alfo in the Ocecan of Guiney, which are called
by the Sailors the Ox’s Eye; which are often the
Forcrunners of terrible Storms and Hurricancs.
Whence it is to be f{ufpeled, that they are large
Colle&tions of fulphurcous Vapourss which, by de-
firoying fuddenly a great Quantity of the claftic Air,

caufe the ambient Air to ruth with great Violence
into that Vacuity, thereby pxodut.m(r Tempelts and
Hurricanes.  And off the Coaft of Guzney they have
fomctimes three or four of thefe Hurricanes in a
Day 5 the Forcrunncrs of which are thefe black ful-
phurcous Ciouds, with a ferene clear Air, and calm
Seas which on a fudden turns tempeltuous, on the
Explofion of thefe fulphureous Clouds. And in
Famaica they never have an Earthquake when there
1s a Wind to difperfc the fulphureous Vapours.

In the like manner we find, in the latc Earth-

quakes at London, and in the Accounts of many
other Earthquakes, that, before they happen, there
is ufually a calm Air, with a black fulphurcous
Cloud : Which Cloud would probably be difperfed

like
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like a Fog, werc there a Wind : Which Djfperfion
would prevent the Earthquakes; which is probably
caus'd by the explofive Lightning of this fulphurcous
Cloud ; being both nearer the Earth than common
Liglitnings ; and alfo at a time when fulphureous
Vapours are rifing from the Earth in greater Quan-
tity than ufual; which is often occafion’d by a long
Serics of hot and dry Weather. In which com-
bined Circumftances, the afcending fulphureous Va-
pours in the Earth may probably take Fire, and
thereby caufe an Earth-Lightning s which is at firft
kindled at the Surface, and not at great Depths, as
has been thought: And the ‘Explofion of this Light-
ning is the immediat¢ Caunfe of an Earthquake.

It is in the like manner that thofe Meteors,
which are called falling Stars, are fuppofed to be
kindled into a Flame at the upper Part of a ful-
phurcous Train, which is kindled downwards into
a Flame, in the fame manner as a frefh-blown-out
Candle is inftantly lighted from another Candle held
over it at a Diftance, in the fulphureous inflamniable
Smoke of it.

I am fenfible that it may fcem improbable, that
the afcending fulphureous Vapours in the Earth
fhould thus be kindled ; but, fince they are conti-
nually afcending thro’ the Pores of the Earth, more
or lefs, for many good and ufcful Purpofes, it is plain
there is Room for them to pafs. Befides, as Monf,
de Buffon remarks, Naturalifts have obferved per-
pendicular and oblique Clefts, in all Kinds of Layers
of Earth, not only among Rocks, but alfo among all
Kinds of Earth, that have not been removed, as is ob-

fervable wherever the Earth is opentoany Depth: Now
thefe
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¢he (e Clefts ate caufed by the drying of the {everal Lo-
rizontal Layers of thie Earth ; and will alfo be con-
fiderably the wider in long dry hot Scafons, which
arc ufually the preparatory Forcrunncrs of Earth-
quakes, and the Explofion of the f{ulphurcous Va-
pours may probably widen them more.

It is very obfervable, in the Opinion of Borells, and
other Naturalilts, that Paleano’s begin firlt to kindle
near the Surface or Top of the Mountains, and notin
the Caverns in the lower Parts of the Mounrains.
Monf. de Buffon fays, that Earthquakes arc moft fre-
quent where there are Folcand’s ;5 {ulphurcous Mat-
ter abounding moft there: Bat that, tho’ they con-
tinuc burning long, yect they are not very extenfive,
But that the other Sort of Earthquakes, which are
not caufed by a Folcano, cxtend often to a grear Di-
ftance. 'Thefe are much longer Eaft and Weft, than
broad North and South; and fhake a Zonc of Earth
with different Degrees of Force in different Parts of
their Courfe; wzz. in proportion to the different
Quantities of cxplofive {ulphureous Matter in differ-
ent Places.  Thefc kind of Earthquakes arc obferved
to be progreflive, and to take Time to extend to the
great Diftances fomctimes of fome Thoufands of
Miles. They arc an inftantancous Explofion in every
Place, near the Surface of the Earth s and therefore do
not produce Mountains and Iflands, as Folcano's
fometimes do.

The Earthquake in London, March 8. was thought
to move from Eaftward to Weltward, M. Buffon
mentions an Earthquake at Swyruna, in the Year
1688. which moved from Weit to Eaflt; viz. be-
caufc the firlt Kindling probably began on the
Weftern Side; and in the Earthquake at London (;n

5 the
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the Eaftern Side. And accordingly it was obferved,
that the reddith Bows in the Air, which appeared
feveral Days before that Earthquake, arofe in the
Eaft, and proceeded Weftward. It was obferved,
aftcr the Earthquake at Smyrna, that the Caftle-
Walls, which run from Eaft to Weft, were thrown
down ; but thofc from North to South ftood; and
that the Houfes on Rocks ftood better than thofc
on the Earth.

M. de Buffon rclates, that the Vibrations of the
Earth, in Earthquakes, have commonly been from
North to South s as appears by the Motion of the
Lamps in Churches: Which makes it probablc, that,
tho’ the Progre(s of the Earthquake at Smyrua was
from Weft to Eaft, yct the Vibrations of the Earth
might be from North to South ; and thereby occafion
the Falling of the Caftle-Walls, which run from Eaft
to Weft, but not thofe which run from North to South.
A probable Argumecnt, that, as the freclt Paflage, fo
the greateft Explofions werc made in the Clefts of
the Earth which run Eaft and Wet; which would
make the Vibrations North and South.

It was obfcrved, that the Waters turned foul the
Day before an Earthquake at Bologna in Italy :
And I was informed, that the Water of fome Wells
in Londor turncd foul at the timc of the Earth-
quakes. Which was probably occaflion’d by the
Afcent of great Plenty of fulphurcous Vapours thro’
the Earth.

As to the hollow rumbling Noifc, which is ufually
hcard in Earthquakes, it {cems not improbable, that
it may be occafion’d by the great Agitation that the
eletrical @thereal Fluid is put into by fo great a Shock
of alarge Mafs of Eaith.  For, if thelike Motion of

a fmall
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a fmall revolving glafs Globe can excite it to the
Vclocity of Lightning, and that with a Force fuf-
ficient to -kill Animals, low much greater Agita-
tion miay it probably be e¢xeited to, by the cxplofive
Force of an Earthquake!

The Explofion of a Cannon in 8z Fames's
Park is obterved to eleétrify the Glafs of the Win-
dows of the Treafiry. And what makes it ftill
more probable, is, the Analogy that there is be-
tween them in other refpets. For, as the cle@tri-
cal Flath rufhes, with the Velocity of Lightning,
along the moft folid Bodics, as Iron, ¢re. and as I
have feen it run only on the irregular Gilding of
Leathers fo {uch folid Bodics arc obferved to bethe
Condu&tors of aereal Lightning, which rends Oaks
in Pieces, and. has been known to_run along and
melt an iron Bell-Wire on two Sides of a Room,
&'e.  And accordingly it was obferved, in the great
Earthquake in Famaica, that the moft tremendous
Roaring.was in the rocky Mountains. And in the
late Earthquake of March 8. in London, the loudeft
Explofions were thought to be heard near fuch large
Stone Buildings as Churches, with lofty Steeples and
Spires.

pI, who lay in Duke’s-Court, near St. Martin’s
Church, and was awake all the Time of the Earth-
quake, plainly heard a loud Explofion up in the Air,
like that of a fmall Cannon: Which made me con-
je@ure, that the Noifc was owing to thc Rufhing
off,;and fudden Expanfion, of the elettrical Fluid, at
the Top of §t. Martin's Spire s where all the ele@trical
Effluvia, which afcended up along the larger Body
of the Tower, being by Attradtion ftrongly con-
denfed, and accelerated at the Point of the Weather-
cock,
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cock, as they rafthed off, made fo much the louder
expanfive Explofion.

XXXV,
The Prefident’s Report of the Account given

him by Tho. Burrat, of Kenfington, con-

cerning the Earthquake oz March 8. /aff
paft.

Read April 26. N Tuefday the 24th of this pre-

1750 fent April 1750. Mr. Thomas
Burrat, of Keufington, a Husbandman, and Bailiff
to the Right Honourable Henry Fox Efq; of Hol-
land Hufe, save me the following Account :

That, being carly about his Bufinefs in the Grounds
about a Quarter of a Milc trom the faid Houfe, on
Thurfday the 8th Day of March laft, as he was go-
ing to tell his Sheep (which he does cvery Morn-
ing, and which were then lying down on a dry
floping Picce of Ground), hc heard, as he thoughr,
abour a Quarter aftcr Five a Clock, a Noife, much
like Thunder at a Diftance s which coming, to his
Apprchenfion, trom the North-W e ft, continued fome
fmail time, growing louder as it came ncarcr him,
and gave a Crack (fo he cxprefled bimfelf) over his
Head ; and then went off in the fame manner it
camc on towards the South-Eait.

Hc faid, that the Sky was, to his thinking, quite
clcar, and without any Cloud; and that he faiw
ncither Lightning, nor any Appcarance of Fire ; but
that, imamediately after the Crack, he found the

S{{f Ground



