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TNDIAN SECTION.

Thursday, March j1; Sir DENWIR Froz-

raTRICK, K.C.51, Member of the Council
of India, in the chair.

The Coatesan, in ogening the proceedings, =aid
Lo macy al those present, aed especially fo thase wha
had heen in Assam, Mr, Luilman-Johnson needed
Bo introdection,  For a larger nomber of years
ihan wmal, he ncenpied a high asl dmgoriant
positinn there, ond was  known, not only  as
an vthoial of preat ability, bmt also a5 & mam of
great powers aff observation, and of deep sympathy
with the pecple. He also possessed in an unossl
degree the faculty of mraphic decrption, so that he
coald anspse interest in whatever suhject he deslt
with. He {elt sure, therefore, thet his paper would
b both interesting and instructive.

The paper read was—

THE EARTHQUAKE IN ASSAM.
By H., Lurraas-Jouxsson, LCS,

Convesrs,—Description of Assam—Geslogical decription

Wiit un carthqeakn is—Farthgquake orlgin—Lhepth of
orgim and velocity—Assas ai cartbquake srea—Fermer
surthquakrs—This pagthqpake she most vieleat -Effccts of
earih Re gl peizcipel] 3 ¢ Shillozg, Mr, Molabs,
Ganhdzi, Sylhet, Turn—Experience of civil surpeonef Gnalpam
—Cundect of native umreanbe—Conduct of natres populatioe —
Further troublss—Message reai the Qeees—Belaviour of
coimili—Thmyge tn roade aad rasloeaye—Tea gardens
Effaris in Ionpal—liesres—Gevsers—Upheaval of river
el —Fildings—Exlensiun of earthquske—3 o semmclogicsl
reanlt—Camclusan,

DESCRIFTION OF ASSAM.

I propose to take you this afterneon to rather
a remote comer of India—indeed, & remote
comer of the earth, IF yau will turn your
mind’s eye tothe map of sur great dependency,
yvou will see that to the [north-east it overlaps
Burmah, the S5traits Settlements, &c. Here
the red line which distinguishes British terri-
tory extends almost to the western borders of

China. The overlapping corner is the Hritish
provinee of Aszsam, It is bounded on the
north by the Himalayan mountains, on the
rast by hills 'h-clrr]r'ring an Uhina and Burmals,
on the south by Burmah and the huge province
of Bengal, on the west by the same provinco.
The province conslats of two valleys running
rast and west, with a range of hill country
rising some 5.000 feet above the sea botween
them, It also containg within it limits a
large stretch of hill country on the confines of
Burmieh, while the hill trbes of the ![irn.a.'l:.:,-rl.n
mountains on the north and nocth-cast are
more ar less within its administrative group,
The northern valley = that of the great
Brahmapuelra rviver, which, after draining a
large: part of Thihet h{'}-rmr'l the T-Tirna'l.;}'an
mountaing on the north, breaks through those
mountaing nearly duwe south, and then flows
west by south till 3t reaches the province of
1!|l-11]_5.]. The southern 1.':|Ile':|.' is namcd after
its principal river the Surma. The northern
vitlley is some 430 miles long from east to west,
and from G0 to 40 miles broad; the southern is
nn]}' some 150 miles ll.mg from rast o west,
and about the same breadth as the northern
valley, But though the northern walley is so
much the larger, the populations of the fwn
valleys are abeut the same.  Semething in the
climatic conditions of the northern valley
militates against increase of population and
coltivation, whereas the southern walley is
almost fully popalated.  The northern valley is
inhabited by A mixed popolation largely Moen.
golian in arigin ; tho southern tract is inhabited
by Bengalls. The hill tract lying between the
two yalleys is very sparsely inhabited by very in-
T{'r('s:ring andd wary ]u'imiLiw.-. mrp]m:.

Formerly these outlying parts were under the
Covernment of Bengal, but in 1374, pactly in
acder Lo relieve that Government, which was
thought te be oo Lucge, partly because it was
thought that these backward, undeveloped
tracts suffercd from cheir union with the stroctly
vegulation province of Bengal, they were con-
atituted into a separate province, The upper
part of the wporthern or Brahmaputra valley
had long boen called Assam, a name perhaps
derived from the Ahoms, a pecple of Shan
arigin, who ruled there in former tlimes.  Ta
thie matives of Hindestan this old Assam is gn
uneanmny, Hisomened land—a land of mysteTies
and terrors, wot [.Irli])ilb'}' am account of it
ca,rthqua'l\::s. ar its plogues, but rather hecause
it is cither non-Hindue or only superficially
Hinduised, The name is well knosn in this
country becauso the pravinee produces tea in
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The cultivation of this
product  has hr\clug'h.t a large number of
European settlers to the provinece, It is rather
a British coleny than an Indian proviocs, so
prevalent is the tea indestry. No other part
of ldia swes sp mach ta this class,

large quantities.

Grorosical DESCRIFTION OF ASSAM.

Budh the norhern and southern valleys are
mare ar less alluvial. The eastern end of the
sauthom valley is deltaic, Bolls valleys are pro-
bably areas of subsidence. The consral range
18 composed of mare or less hard erystalline
rocks, thromgh which an earthquake sheck
would be transmitted with greal ceadiness.™
The gm]-:lg]r:al character of this contral range
<onnects it rather with Western Bengal and
the peninsula of India than with the Himalayas
am the north, The Himalayan mountaios are
aampesed of Indermted rocks, also well adapted
in thomselves for the transmission of earth-
guake shoclks, ot moantain ranges are fowsd
te form & barrier to the transverse peogress
af carthquakes, probably because the shocks
have (o cross the strike of the strata flanking
them.  The soothern face of the central pange
presents some very remarkable phenomena of
npheaval or subsidence.  Coal is found elevated
tooa height 4,000 feet abave cthe lovel of the
seat, accompanied by a serics of rocks, limes
stone, and sandstone, similar to that at the
base of the hills a fow feet above the sea level t
Tt is probable that this entire group of strata,
botls that part which 35 now at the top of the hill
ind that which is at the bottom, some 2000 feet
thick, was deposited and formed in water of
ne great depth.,  Subsequently, either the
marthern part of the group was elevated to its
prosunl pusition or the seuthern parl subsided.
It is probable that the prasent steep southecn
face ol this central range is formed alung a
great line of fault] -1 mention this becauso
the majurity of carthquakes are probably dus
ta fultingr, and the origin of the recent earth-
auake s supposed to lie somewhere in this
region,  The allevial deposit tao in this part
belaw the hills exbibits signs of upheaval o
subsidence.;|

¥ Carckar Rarthquake, 168, ** Mimire of Geological
Fyprvag," vl g, p. B

+ *Mpneire of Jodian Earthquekes,” " Joumal Asiasic
Howciety of DNevgal,™ vol. oz, part . po roy

# Odbae, " Goslogy of Khsn Hills™ pp, 4840
' Ceeloyy of Indin," b 41, BMallicutz, *Shil.
* v Memalrs of Gesdeges] Seovey,"” vol, 1,

WHAT AX EARTHQUAKE 158.°

Tha doscription I am about o give of
the Jubilee earthguake in Assam will anly be
intelligible to those who know what an carth-
yuake is.  As many of vou have probably not
studicd seismelogy. I will explain as shortly
as passible what an carthquake is. When a
blow is given to any elastic body or material,
the blow—that is, the wave or impulse gene-
rated by the blow—travels theough or alang
the hl:lﬂ}' of materal ; in ather words, the
particles which form the body or materal first
struck  have pushed forward the particles
immediately in front of them, which in thel
turn, after communicating the motion fe the
p.'l.ﬂ_'idns in frant of them, a_g.ain retumm to
their original position, and &0 on. Now
imagine an eiplesion of seme kind to take
place at same point inside an elastic material.
The impulse or elastic wave generated by this
explosion will travel from it in the manner I have
deseribed in all divections. IF the explosion
orcurs inthe centre of a sphere of hamogenseous
material, its impulse or waye will touch the
outside at all points at the same time, The
sphere will be distended as a bladder blown
out with air, and will then again contract.
What we call an elastic wave is rather a back-
wards and forwards pulsation or vibration,
and must not be confounded with waves of
water which depend on the action of gravity.
It is peopagated in & manner similar to that in
which spund vibrations are 'propaga.tcd. Mow
suppese the blow to bo struck not in the centre,
but at some point near the surface of the sphers.
The vibration will reach the outside of the
::phlm: at the point nearest to the hlow vorti-
cilly, at all other points at an angle greater or
smaller according te the distunce from the
vertical Jpoint. Imagine a marble consisting
af a numbcr of concentric shells inside a foat-
ball, cach shell representing a vibration, and
let the blow be struck in the sxact centre of
the marble, The vibration or impulse will
reach the crust of the featball first vertically at
the podnt where the marble touches it, and it
will come oot on the sutside of tho feotball
thraugh the crost just spposite that peint. It
will reach other points of the sucface of the
fothall later, and at a greater or less angle,
according to their distance from the vertical
raint.  This wertcal point is called by seis-
maologists the eplcentrum, the poaint where
the blow iz struck or the explosion orours

® ¥ Eirthgoaken™ (Milno), ved, o, “ Internatioeal Scientific
ks chapter 3.
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the centrum ar origin, the line jaining these
pl.n'nr'_c. the scismic wertical, The angle al which
the wave comes out on the surface of the
warth is called the angls of smergence, The
EIMECTENCE of waves of elastic rr.rrnpnmﬂ:ir.ln (]}
the surface of the carth cavses the undulations
=p familiar in earthquakes.

Of course the sarth is oo sense a home-
genecus medium like the ale in a football
or the material of a marble, The elasticity
of the parts of which it is composed waries
cnotmously, and the parts themseboes are
permeated by Gssures and faulls. It has been
caleolated that nea.'rl:,r s;l:w-::l-u'i;;hths af the
fuall 1.'|"I|x=t}' of the carthqua'l-:u: wave doc to the
material if solid and continesus is lost by
reason of the heterogeneity and diseontinalty
of the rocky masses as they are found piled
twgrether in nature,  This want of homagreneity
of course affects the se-called waves in many
different ways, which I hawe not time to explain.
Then the eriginal blow ar explosion may be of
various kinds, For instance, a Ionr break or
fissure would produce waves differing from
those produced by a short one.  Lastly, we
mity have waves nat only of elastic comprass
sion, which I have describted produced by
Alteration of velume, but also waves of elastie
distorlion produced by alteration of shape,
From all which you will readily understand
that earthguake mation is an extremely come-
plicated phenamenan—indeed, an carthqonake
is rather & thing of freaks and cccentricities
than of law.,

EARTHQUAKE ORIOINA.

When an earthquake occurs we are told that
the first thing we have to do is to find out
where it originated, so that we may ba able to
avnid that part of the country, ot at least make
arrangements for future carthgquakes emanating
{zoau the same origin.

In order to find out where an earthgquake
origmmitties, we musl observe ite digection.  If
in gne place to the west, the direction is
from east to wesl, i oansther place further
east, from west to east, we infer that the
origin is situated somewhere belween the two
p'la,u_'.:s. Personal observations of direction
are C'};Tl'l:'n'||:‘|_l.l' pnraliable. Bat in the absence
of recording instruments we can generally
et a good idea of dircction from the way in
which walls, columns, and other objects have
been overthrown, or fractured, or prajected.®

& = Parhquakes " CALine) val. 5% " Inbernational Sobe nitde
Series' 1. fa

o Uhe wave is propagated.

NEPTH or QRIGLX AND VELOCITY.

Seismologists take great interest in ascer-
taining the depih below the surlace of the
earth of the origin and the velocity with which
IE we know the angle
at which the wave emerges on the surface of
the sarth at different places, we can easily
caleulate the depth from which it i= propagated.
This angle is calculated from the inclination of
fizsures produced in buildmgs, It is assumed
that these figures are at right angles to the
direction of the shock.® Again, if we have
accurate records of the time at which an earth-
guake reaches different places wecan caleulate
its teansit velocity, that is the spoed at which
the wave o wnpulse above described travels
along or, rather, emerges wpon the surface of
the carth.t It is obwvions that these calcula-
tioms must always give very uncertain results,
In the present case we bave no cracks.  When
the Thrector of the Geologleal Survey tele-
graphed to be sure tn shserve and mecord all
ceacks in walls, the answer was, ' There are
o walls Teft.””

The faal resuls of the investigations
made by the members of the Geolegical
Survey af India into the Assam earthguake
kawe mot yet besn published.  From  pre-
limiary investigations it is supposed that
the ventrum of the Assam earthguake was
samewhere west of the line joining Shillang
and Sylhet, in the regien of the great up-
heaval or subsidence which 1 have noticed.

Professor Omori, a Japancse seismoluglist,
wha was depured o Assam to make engquities
inte the earthquake, thinks it originated 2o
miles helew the surface. The famoes Japanese
parthquake of 181 was found to have an arigin
5 mmikes below the surfuce, While the intensity
of that earthquake was four Gmes that of the
prescat ome, the area of greatest disturhanoe
in the present case is four times greater than
it was in the Japan earthquake. Fram this
the Professor argues that the arigin of the
seeent earthgquake s four times deeper than
it was in the case of the Japan earthquake.
Other big carthqguakes bave been found to
ariginate feom 5 to 3o miles below the sors
face of the carth.  One has acteally been
traced to a depth of 50 miles.

The velocily is said to have been 10,000 foot
per secomd, or 112 miles per minuote,  (ther

® v Earthquakes™ (Alilac] vol. 56, Internatioos] Scenlshe
Serica,'" p. B3

v “ Rarthguakes " { Milae), vol, 5%, " Inkemabicaal Scimtife
Ferien,'” . FR
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famous earthguakes have had much smaller
velncities, foom 2 ousg ta 3,000 fieet per secood.
But  more recent earthquakes in Japan,
where systematic abservations have beon car-
rizd on wader the Earthguake Department,
have prodoced velocilies wp 1o g000 feel.
Telegraph signallers prave wseful recorders of
velocity, Im two instances in Bengal whers
ths guake was travelling east to west, tele-
graph stations west were working stations east.
There was stappage due to earthquake at the
east station, and almost immediately after-
wards the quake reached the west station.

Assad AN EARTHOQUAKE COUNTRY.

As arule, earthiuakes are most frequent in
voleanic districts, The Malay Archipelago is
oae of the volcanic districts of the world.*
In Java, in Somalta, thore arc many activi
voleanoes, North of Sumatea, we still find
volcanpes, first Barrenm
true wolcana; then, on the coast of Burmah,
the mud volcanees of Ramree Island, with
Cheduba close to it In Ratllede about 1g°
Mear Chittagong there are many hot and cold
springs giving forth inflammable gas. Farther
nareth, however, Lowards Assam, and in Assam,
though there are het springs and ene muod
woleano, there are no tree velcavees, either
active or which have besn recently active,
Still, though not a voleanic tract, earthquakes
are ng new things in Assam, or indeed on tha
east skde of Indin. The late Mr. Oldham, of
the Geological Survey of lodia, compaled a Tist
of Indian earthquakesobserved without the aid
of instroments.t In this list I find 210 easth-
quakes rocorded  as having occurred  in
Eastern Benga.'l, Aszam, and Burmah, up o
1363, In Assam alone in the twenty years
ending :Bby there were some Gifteen. This s,
wo dovbt, a very incomplete Jist. We have
oaly born 150 years in Bengal and 75 years in
Asszam, and before cur time there was no
systematic record of such events. Inan oid
diary I find eleven earthquakes occurred at
Dilveoghar, at the upper eastern end of the
BErahmagputra ‘l.-"a'l][-}f, between j:l.nu;lrllr, |83_g,
and September, 1833 All of these came from
the southewest, indicating an origin in the
contral hill grail,

Even in guite recent times, the record has
been very incomplete, It is anly recently that
columnar seismometers hawe been i use,
Thiz seismometer consists of & sedes of
pound columns or cylinders of wood, or other

* Lyeli's " Principles of Geology, '
+ 4 Memeire of Qeelogsal Servey of India,'” wol. 1g, p. ofn

I=land, which is a

material, placed on a level plane and sur=
roupded by selt matedal te prevent their
rolling when they fall. The nember and dia-
meters of the columns vverthrown measure the
intensity, while che direction of their fall gives
the direction of the shock. Such seismometers
are not sensitive to slight shecks, and even
where the shock suffices to overturn one or
more columng, the information given is not
wholly reliable.® A leng - confinued gentle
shaking may overturn o column which would
stand a very considerable sudden shock. Then
carthguakes often give columns, gravestanes,
@, A rotatory motion, which results in the
columns falling in different directions, Besides
the direction of motion of an  carthquake
seldem  continues the same throoghout the
disturbance, S0 far as  earthquakes of
sufficient  intensity tn be recorded  without
the aid of instraments are concerned, wi
should have o complete record for the last
24 yoars, for the first Chief Commissioner
opened a register of them in 1B7s. I thisk
this was the first official notice taken of such
phenomena. The results ol the record thus
cstablished have nat, I am sommy to say, been
publizhed, In Japan, whers carthquakes have
been carefully recorded for 2,000 years, thers
are from 20 o 4o move or less destructive ones
ina century, and many of theze are kpacal
that is, are felt in paricular localities only.
Besides these there are something like two a
day of sufficient intensity to be recorded with-
out the aid of instruments.  During the 1%
years I was in Assam, I can recall somo half-
dozen move or less destructive carthquakes
which is not far bebind Japan, But in minor
earthguakes, Japan s clearly fucdle princegs.

FOoRMER EARTHOUAKFS.

Among large earthquakes in Assam and
neig]]hwrhu-od, i may mention the ﬂﬂluﬂ.‘ing,
I omit that of 1737, which, in Mr. Oldham’s
list, ls alleged to have cauwsed the stecpls
ab the principal church In Caleutta to sink inte
the ground, barauss it s now lhuu:.;hl that
the steeple was blown down by a cyclone and
buried in mud by a stormewave-—a curioos
and ‘,nl;m'c—.t,ﬁng instance af the grawth of myth.

A very had earthguaks which occorred in
]';?63 has become classie, that is, s referroed
to in all the texi-books.t  lE was :ipm.'i.ul'l].'
violent at Dacca and Chittagongy in Hastern
Bengaj, south of the Tresent Provinee of

= Larthgeakes " (A0llva), po o5

+ * Joumal of Asistic Socicty of Aeegal, 833, wl, a9,
pErl &, o103y,
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Assam. Atthe latter place the ground opened,
throwing wp water of @ very sulphurous smell.
The water gushed out prodigioosly.  In the
chaise raad, that is, the driving road, thers
wiore preat chasms 2 fect wide and vpwards.
The bungalows [that iz, howses of wooden
frame and lath-and-plaster walls) proved very
convenient on 5o melancholy an occasion.
Brick houscs must  inevitably have  been
shattored and Jevelled to the ground. Thers
was not @ brick wall or howse but was either
preatly damaged or fallen.  Anticipating the
theary that an ['.a:rrhqu.akr‘ i5 an abartive at-
tempt of pent-up forces to free themselves, the
ahserver, hearing that twe velcanoes had opened
aut, expresses a hope that they will prove a suffi-
clent vent to discharge all the remaining sole
]:-'ll.u:n'.luﬁ witter in the bowels of the country.

There was another voery severe carthnnake
in the eastern part of India in 1842.* This
does not appear Lo have been very viclenl in
Assam, lhb-ugh the focos of the seismic force
lay at some distance north-cast of Calcutta,
that is towards Assam. We read this earth-
quake was accompanied by a noise which at
first resembled some mighty rushing wind and
then the Jowd ra{l:ling of i.'..'l.rri.a.gf.-.x over i stony
streel.  Again, in tBby, there wais & very sericus
disturbance, of which we have an admirable
account by the late Mre T. Oldbham, of the
Greological Survey of Indiat The centeum
or origin of this earthguake was traced to the
nosthern edge of the hill tract which 1 have
described as forming the cepire of what is
now the Province of Assaem, north-cast of the
head-quarters station, Shillong. lts velocity
was found to be some ¥ o000 feet per second,
Several places in Assam, especially Carbuc,
at the eastern end of the southern walley,
suffered very sovercly. At Shillong, a good
deal of damage was dome. A prominent
feature of this carthgquake were Gusores and
openings throwing wp sand and water,

Agrain, there were destructive shocks in 18z
and 1885, The centrum of this last was some
200 miles north-east of Calcutta, some 60 mibes
south of the western end of the centeal rangs
of Assam.] This earthquake did great damage
inthe parts of the Provinee of Beagal adjeining
Assam.  And there were many otber shocks
during the eighteen years I seeved in Assam,
50 that one came to regard them almost with
contempt.

® “ Journal of Asiazle Sackety of Bezgal, rkyy,'" vol. ex,
g

+ " Memairs of Gealogical Survey of India," vol. 14

§ " Rucurds of Geological Sarvey of Tudia,™ vul. <f, b 190,

cevidenca.

TH15 EARTHQUAKE THE MOST VIOGLENT.

But no carthquake, s0 far as we can jodge, has
evier oo a0 violenl, or has wrought such havoc:
as the one [ am aboot to describe this afternoen,
Ay neards more recent earthquakes, this is
abundantly proved by the descriptions we
hawe of them, and by the fact that many boild-
ings which have succumbed on this neoasion
have resisted formerattacks.  And in regard oo
mare ancicnt times, we have strong negative
There iz a very curious set of stone
Mdiuments gl IJI:r.n.u.pur. an the nerthern cﬂgt-
af the centeal tracs, 'pmh.'l.h!:,r sct up 'b‘:.r O
primitive people ages ago. These have been
twisted, broken, and overtheown by earth-
quakes in former tmes, bet such an earthgquakes
a8 the recent one would have wruugh'.. much
greater destriection.  Again, monoliths ar men-
hirs set up by these primitive people in homowr
of deceased ancestors, who are suppossd o
have benefitad r.||.P.rr.|, Hi p'mrrl.i'rb('n'r featare of
the hall trauce, which 1 have said forms the contoe
of the province.  Probably in ne country are
menhirs more numerous.®  Many of these ane
very anclent.  They are now broken and
snapp-.-d; L some cosey they have besn torm
out of the parth.  Those of yvan whe have seen
the Druidical stones at Stonchenge and  al
other places in these islands can form a gpand
idea of what this means. A massive stons
ht‘.i.dgl:.. uf‘g‘r\eat antiguity, in the 'I-'I-'ra,hms,pq,ﬁ_ra
Walley has been destroyed,  Very eareful
peological surveys, especially of Lhe centra?¥
hill wract, have not disclosed traces of such a
catastrophe within histaric time.  Lastly, had
such a catastrophe accurred, the people would
have a tradition of i,

Errecrs oF EARTHQUARE AT PRINCIPAL
STATIONS. —SHILLONG.

I will first describe the carthquake and ils
effects at four of the principal stations in the
provinee,

And first of Shillongr, the head-quarters
gtation. When the Province of Aszam was
first constituted in tBpq—though Calcutta is
the matural business capital of these outlying
parts, especially so far as the tea intevest is
concerned—it was thought necessary 1o find
a local bead-gquariers within the limils of
the mew province. The chief town in the
northern  valley which bhad been the head-
quarters of the Commissionership of Assam
wits Griwnhati, very picturesquely situated an the

——

*® Frrguesnn'e ¥ Kudo Stean Meonumeatr.'"
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mat. The kites soared about, An ohserver |
naticed the large bats, which we call lying
!'n:es, H}-ing and ﬂ'lb{:alcing p'itg:uusl:.r round the
hambon clumps,. from branches of which they
had been hanging. Elephants generally just
sat down, bul in some cases they were cooght
and relled over. The crows, who are alwavs |
with us in Tndia and give us notice of [
approaching  storms, were moch  disturbed
immediately before the shoeck, Hving abowt :
and cawing wildly. |

Danrack 10 ROADE aND RAILWATS. |
I have described how the roads leading to |
Shilleng were affecled, and how that station
was cut off from the rest of the world for days.
Similar damage was danc to roads in other
parts of the province near the seismic centre.
The milways alee suffered considerabily. Cuite
near the seismic -centre, at the foot of the
crentral range south from f\']ri'lltrng and north-
west from Sylhet, was & small narrow-geage
lise. A&t places on this line the rails have
been pushed up to & height of 2f fesr. At
ather places the ling has been shifted to the
cast side of the embankment.  Curisusly, two
large iron bridges have escaped.  Ancther
alodt line in the northern valley, leading from
Gaukits to nowhere, which has hitherto been
worked st a loss, has been so injured that it |
cannot be reopened 11 the end of this cold
eeason. A line has latcly boen constructed
along the south of the southern valley, Though
some distance from the seismic centre. this |
line suffered a mood deal. Where it crossss |
& swamp, the embankment has spread itself
out over the swamp, and the rtails Te- |
malin sospended in mid-air. Grenerally, the |
damage was greatest in seft ground. Ome |
1
|
|
|
|

train was overturned, anetler was deeailed
and stuck. The Northern :H-e-.n;__ra.l Erilway,
which comnects Calrutta with I]arjccling. Wi
much damaged by fissures and the sinking of
embarkments, In many cases, the mals were |
twisted out of place, and assumed a serpentine |
COLTED.

Tea GaARDENS,

The most important industey in Assam after
ordinary agriculture is that of tea ; and when
the news of the Emﬂquukb first reached
.En;.;lul:ld.. greave fears were entertained for the
fea gardens.  Fortonately they lie, for the
must pars, outside the area of greatest dis-
turhance.  Except in the immediate nc]g'][-
bourhicod of Ganhati and E:,:Thcl:, thie damage
was not such as to stop marwfacture, The |

| of

buildings comsist generally of iron framea

| supporting corrugated iron roofs, the walls

hri:ng alsn of r.-ou'nlg__-.-l!eﬂ iren or lath and
plaster. Masoncy boildings, where they existed,
suffered considerably.

EFFECTS 1M BENGAL.

The carthquake was folt in varying degrees

intensity throughout the neighbouring
province of Bemgal, but only the districta
aﬂjrﬁning Axsam, on the west suffersd VELY
severcly, These districts are allewial and
cuffered in the same manner as the allavial
parts of Assam. The towns of Runjpur and
Mymensingh, lylng west and south from the
western end of the central Assam range, were
destroyed. At Cooch Fehar, north of Bunjper,
the Maharajah had a narrow escape.  Notic-
ahle features were: lse opening of long cracks
and fssaces in the ground and the formation
in p'ls,u;x's afmars ar less cirenlar holes, I:hﬂ:lu.gﬁ
which water and sand were ejected. A con-
siderable area has been strown with  sand.
Sand was forced up ina large proportion of the
wells, and rendesed them dey and otherwise
unfit for use.  Tanks have had their bottoms
raised by the upheaval of the soil.  The langest
fisgures are stated to have attained alength af
one mile, and [n some cases a depth of 3o feet.
In many cases houses have been half buried.
Many small river channels have been entirely
tlocked by the upheaval of their beds and their
becaming choked with sand. In this way the
sarface drainage has been changed o places.
Several places which were not fordable before
the earthquake and could be crossed anly by
ferey have become fordable, The bed of one
river bas risen about 10 to 15 et for & distance
of some 20 miles, and as a consequence,

| the dradnege has passed over the countey,

flonding & number of villages, While masonry
bulldings have all been destroyed, native
hooses of mod, wuml, m:lﬁlng. and thatch,
have escaped with comparative immunity.

FIESTTRES.

T have referred more than once to fissomes
caused by the sarthguaks. These fissures play
a very important part, cspecially in the alluvial
portion of the prowinee, You are, probably,
all more or legs familiar with the formation of
alluvial tracts. As a river approaches the sca
lewal, its [all becames much less,  Hitkesto, i#
has been destructive ; it now begins to con-
struct. [t is split op inta hranches which
wind to and fro throwgh the fat alluvial land,
aften coalescing, and thus enclesing insolar
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which the mare southem :|'u;n'|5 have heen foemed,
alike show that ooy two points lying respectively
north and south al the disturbed aseas are pow eloser
tapezher than they were hefore the esrthquake,

“ There 33 one, and so fr as 1 can see, only ooe
supposition which woold explaim oll the focts, and
that ta the existence, or the creation, of a nearl}'
borzontal fracture or fdrasfplens, along which the
upper part of the sarth™s crust was pashed over the
lvwer. This plane would oowhere come to the
sarface, and the movement of the upper Lawer agminst
the umlisturbed crmst beyond the limits of the
fracture would gEive vise 1o just thet compression
which wouldl account for the conspicuses displace-
ments of sarface Lracts seen in the enstern part of the
Grarg kills districl, and less conspiesously o the east
andl the west of that district.

Iy this conclusion we find an easy explanation of
the area over which the shock had a maximam of
destnuctive energy, without pestulating an fmprobalile
degith for the focus. There is no necessity or reason
to supposc that the throsiplane lies st any great
depeh from the sarfwe, aml it is possible that five
miles may represent o maximum  rather than a
mimimum valeo, but what the focus loes in depth
it pains in area. ]

“li ie cmmln'lr nol al present, iF it ever will he,
possible to define the Hmits of the fracture. In on
easterly dereethan there b5 pood reason ta supposo
that it extended to, hut probably not beyond, the
meridian of Skillseg, To the west it |:q:|Lu.l;|I}-
exteskls under the afluvivm of Northem Bengal,
perhaps as far 28 B Lang. 80°, or o distance of abawt
18 miles. The breadth from porth to south is 35
miles within the Gare hills, in the eastern pare of the
districe, amd to the morth iU exteinds usder the allu-
viwm ul the Asam Valley, possibly for os far again.
These dimensions—r8o miles by 70 miles—must be
taken as extreme Bmits. There is at present mo
reasnn to suppose that they wore excended, bat there
e mo certainty that they were reached. It sesms
certain that the thrustplane had is preatest width,
and comsequent greatest movement, in ahoat E.
Laong. 1%, or alittle to the west, and it i Imrqmih!',n
o pealise 1he anc boluw 1,000 syeare miles, while it
may have been five {imes that, If we take the
average depeh at e mibles, wo finl that L comse of
the eartbquake was the swdden and permanent dis-
placement of mot less than 000 cokic milas of the
solid cnust of the carth, and possilly of fee s
that velume,™

CONCLUSION,

I hawe endcavoured 1o give you rather a
glimpse of lifo in India—an account of an
cpigode in an Indian official career—than a
seismological discourse,  Until observalions
hawe beeo tested by the Geoslogical Departs
ment, it would be unsafe to draw concloscons
from them. In calling this cartthoquake an

episode, 1 do not mean that carthguakes such
55 this arc comuwn in Indiz.  But where you
have not earthquakes, you have other calami-
ties.  Twenty years ago, Lhe coast of Bengal
was devastated h].- il sean wave, which ﬂﬂs:rn}r\cﬂ
103,000 perple ; ten VELTS AED, & tornada gul;'r{'d
the most fashionable part of my own town of
Dacea ; and, three years age, a similar tormada
cut A ling ten miles long, and a quarter of a
mila broad, through villages a few miles fvom
my house, producing o butcher’s bill of 135 killed
and wounded. The northern valley of Assam
has its lacal plague, which has almost depopu-
lated large areas, Where you have not battle,
murder, and swdder death, rou hive j_:ll.'?l.'n"l.l.n-_-.
pestilence, and famine, [ hope [ have been
ahle ra show that asin the fighting on the notth-
west frontier, as in the faming in Upper India,
a8 in the plague in the Bombay Presidency, so
in the earthquake in Assam, we may be proed
vl the menner in which oor felluw countrymen
did their duty, and not only our fellow country-
men, but mlse oor fellow suhjr-ct::. natives of
India in the service of the Government, on
whom perhaps the borden and heat of the day,
in times of stress and calamity, more directly
falls. In hisreport to the Government af India
the Chief Cemmissioner selects for special
praige the native gentleman in charge of one
of the sub-distrcts in the Assam "n'u.lll:]r.

DISCUSEI0ON,

The Ciaridiay smid he wae confident that he
expressed the feellnps of ol present in ying that
they were much indebeed to Mr, Luttman-Johnson for
his paper. He vught Bot to detoin the audience, as
there wese other spenkers to lollow, but chere were
just two points mefereed fo in the paper on which he
wishied to say o word,  The first was with regand to
M. Robert MeCabe,  IIe was in his particolar bine
perhaps the most remarkable man be ever kiiw in
India, and had been his companion and guide on
many & long dey's march through the wildes: parts of
Asmam. He (Sir Dennis Fitrpatrick) bl o the
pood fortane to bave working uedey bim, bath on the
narthoeast and morthowest Fontier of India, some of
the ablest fontier officers, and he must sy that there
was not one of them whe, in the power of im-
pressing these wild tribes with mized feelings of awe
and affection, the Bculty of mpidly evelvieg lw and
order ot of choos, could be placed above Haobert
McCabe, The other peint was with regard to
the saammer in which those who had to meet this
terrible calamity feced the diffculties of the sinsation,
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