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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA.

Vot. 1. Royal 8vo, pp. 309, 1859 (out of print). Pt. 1, 1856 (price1 Re.): Preliminary
notice on the Coal and Iron of Talchir.—Qn the geological structure arnd
relations of the Talchir Coal-field.—Gold-yielding deposits of Upper Assam.—
On specimens of gold and gold dust from Shué-gween. Pt. 2, 1858 (price
2 Rs,): On the geological structure of a portion of the Khasi Hills.—On the geo-
logical structure of the Nilghiri Hills(Madras). Pt. 3, 1859 (price 2 Rs.) : On
the geological structure and Ehysical features of the Districts of Bankura,
Midnapore, and Orissa.—On the laterite of Orissa. On some fossil fish-teeth
of the genus Ceratodus, from Maledi, south of Nagpur.

Vor. II. Royal 8vo, pp. 341, 1859 (out of print). Pt. 1, 1860 (price 2 Rs.): On the
Vindhyan Rocks, and their associates in Bundelkand. Pt. 3, 1860 (price 3 Rs.)
On the geological structure of the central portion of the Nerbudda District.—
On the tertiary and alluvial deposits of the central portion of the Nerbudda
Valley.—On the geological relations and probable geological age of the severa
systems of rocks in Central India and Bengal.

Vor. III. Royal 8vo, pp. 438. Pt. 1, 1863 (price 3 Rs.) (out of print). On th& geologica’
structure and relations of the Raniganj Coal-field. —Additional remarks on the
geological relations and probable geological age of the several systems of rocks
in Central India and Bengal.—Indian Mineral Statistics, I. Coal. Pt. 2, 1864
(price 2 Rs.): On the Sub-Himalayan Ranges between the Ganges and Ravi.

Vor. IV. Royal 8vo, pp. 450. Pt. 1, 1863 (price 2 Rs.): Report on the Cretaceous Rocks
of Trichinopoly District, Madras. Pt. 2, 1864 (g¢7ice 2 Rs.) (ot of print):* On
the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3, 1865 (price
1 Re.): On the Coal of Assam, &c. }

Vot. V. Royal 8vo, pp. 354. Pt.1, 1865 (price 3 Rs.) (out of print): Sections across

: N.-W. Himalaya, from Sutlej to Indus.—On the Gypsum of Spiti. Pt. 2, 1866
(price 1 Re.): On the Geology of Bombay. Pt. 3, 1866 (price 1 Re.) (out of"
print): On the Jheria Coal-field.—Geological Observations on Western Tibet.

Vou.  VI. Royal 8vo, pp. 395. Pt. 1, 1867 (price 8 As.): Onthe Neighbourhood of Lynyan,
&c., in Sind.=Geology of a Portion of Cutch. Pt.2, 1867 (price 2 Rs.)
(out of print): Bokiro Coal-field.—Réimgarh Coal-field. —Traps of Western
and Central India. Pt. 3, 1869 (gp7ice 2 Rs. 8 As.): Tapti and Nerbudda
Valleys.—Frog-beds in Bombay—Ozyglossus pusillus.

Vou. VIL Royal €vo, pp. 342. Pt.1, 1869 (price 3 Rs.): Vindhyan Series.—Mineral Sta-
tistics.—Coal.—Shillong Plateau. Pt. 2, 1870 (price 1 Re.): Karharb4ri Coal-
field.—Deoghar Coal-field. Pt. 3, 1871 (price 1 Re.): Aden water-supply.—
K4ranpura Coal-felds.

Vot. VIIL Royal 8vo, pp. 353. Pt. 1, 1872 (p7ice 4 Rs.): On the Kadapah and Karnul

'ormations in the Madras Presidency. Pt. 2, 1872 (price 1 Re.): Itkhuri Coal-
field.— Daltonganj Coal-field.—Chope Coal-field.

Vor. IX. Royal 8vo, pp. iv, 358. Pt. 1, 1872 (price 4 Rs.): Geology of Kutch. Pt. 2, 1872
(price 1 Re.): Geology of Nagpir.—Geology of Sirban Hill.—Carboniferous
Ammonites, pp. 65.

Vou. X. Royal 8vo, pp. 359. Pt. 1 (price 3 Rs.): Geology of Madras.—S4tpura Coal-
basin. Pt. 2, 1874 (¢rice 3 Rs.): Geology of Pegu.

Vou. Xl Royal 8vo, pp. 338. Pt. 1, 1874 (price 2 Rs.): Geo)})gy of Dérjiling and Western ‘

uars. Pt. 3, 1876 (price 3 Rs.): Salt-region of Kohé4t, Trans-Indus.

VoL. XIL Royal 8vo, pp. 363. Pt. 1, 1877 (price 3 Rs.): South Mahritta Country. Pt. 3,
1876 (price 2 Rs.): Coal-fields of the Nédga Hills.

Vou. XIIL Rolz:l 8vo, pp. 248. Pt.1, 1877 (price 2 Rs. 8 As.): Wardha Valley Coal-field. |

. 3, 1877 (price 3 Rs. 8 As.): Geology of the Rdjmah4l Hills.

Vor. XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab,

Vor. XV. Royal 8vo, pp. 192. Pt. 1, 1878 (price 2 Rs. 8 As.): Geology of the Aurunga and
Hutér Coal-fields (Palamow). Pt. 2, 1880 (price 3 Rs. 8 As.)): Ramkola and
Tatapani Coal-fields (Sirguja). |

Vor. XVL. Royal 8vo, pp. 264. Pt. 1, 1879 (price 1 Re. 8 As.): Geology of Eastern Coast
from Lat, 15° to Masulipatam. Pt. 2, 1880 (price 1 Re. 8 As.): The Nellore
Portion of the Carnatic. " Pt. 3, 1880 (price 2 Rs.): Coastal Region of the
Godévari District.

Vor. XVII. Royal 8vo, pp. 305. Pt. 1, 1879 (price 3 Rs.): Geology of Western Sind. Pt, 2,
1880 (price 2 Rs.): Trans-Indus extension of the Punjab Salt-range.

Vor. XVIIL Royal 8vo, pp. 300. Pt. 1, 1881 (price 2 Rs) : Southern Afghanistan. Pt.2,
1881 (price 1 Re. 8 As.) (out of primt): Ménbhum and Singhbhum. Pt. 3,
1881 (price 2 Rs,): Prénhita-Godévari Valley.

Voir. XIX, Royal 8vo, pp. 242, Pt.1,1882 (price 2 Rs.) : The Cachar Earthquake of 186g. *

t. 3, 1882 (price 1 Re,): Thermal Springs of India. Pt. 3, 1883 (price 1 Re.) ¢
A catalogue of Indian Eerthquakes. Pt, 4, 1883 (price 1 Re.): Geology of
perts of Maoipur and the Néga Hills.



Vot. XX. Royal 8vo, pp. 240. Pt. 1, 1883 (price 3 Rs, 8 As.): Geology of Madura and Tinne-
velly. Pt. 2, 1883 (price 2 Rs. 8 As.): Geological notes on the Hills in the
neighbourhood of the Sind and Punjab Frontier between Quetta and Dera

. Ghazi Khan.
Vot. XXIL Roltl 8vo, JP' 286 (ouf of print). Pt.1, 1884 (price 2 Rs.): Geology of the
ower Narbada Valley, -Pt. 8, 1884 (¢7ice 1 Re.): Geology of Kathiawar.
Pt. 3, 1885 (price 3 Rs.) : Coal-field of South Rewah, ogt. 4; 1885 (price
1 Re.): Barren Island.

Vor. XXII. Royal 8vo, pp. 344, 1883. The Geology of Kashmir, Chamba, and Khagan,

Vor. XXIIL Royal 8vo, pp. 233, 1891. Geology of the Central Himalayas.

Vot. XXIV. Royal 8vo, Pt. 1, 1887 (price 1 Re. 8 As)): The Southern Coal-fields of the
Shtpura Gondwéna basin. Pt. 2, 1890 (price 3 Rs, 4 As.): Physical Geology

. of the Sub-Himéla{{a of Garhwél and Kumaun. Pt. 3, 1890 (price 1 Re. 4 As.):
Geology of South Malabar, between the Beypore and Ponn4ni Rivers.

Vor. XXV. Royal 8vo, 1896. Geology of the Bellary District, Madras Presidency.

Vor. XXVL Royal 8vo, 1896. Geology of Hazara.

Vor.XXVIL Royal 8vo, Pt.1,1805(price 1 Re.): Marine Fossils front the Miocene of Upper

urma. Part 2, 1897 (price 4 Rs.) : The occarrence of Petroleum in Burma,
and its technical exploitation. )

Vol. XXVIII, Royal 8vo, Pt. 1,1 (price 2 Rs.); Notes on the Geological Structure of the

hitichun region. A note on the Allah-bund in the north-west of the Rann
of Kuchh. Geology of parts of the Myingyan, Magwe and Pakokku Districts,
Burma., The Geology of the Mikir Hills in Assam. On the Geology of
Tirah and the Baz4r valley.

The price fixed fOI: these publications is § Rs. (10s.) each volume,

PALZONTOLOGIA INDICA.

(S=e. 1, 11, V, VI, VIIL)-CRETACEOUS FAUNA OF SOUTHERN INDIA, &y
F. STOLICZKA, except Vou. 1, Pt. 1, &y H. F. BLANFORD.,

vor. 1. TheCephalopoda ?861-65), pp- 216, pls. 94 (6 double).
Vor. II. The Gastropoda (1867-68), pp. xiii, 500, pls. 28.
Vou. 111, The Pelecypoda (1870-71), pé). xxii, §37, pls. 50.
Vor. IV. The Brichiopoda, Ciliopoda, Echinodermata Corals, etc. (1873-73), pp. v, 202, pls. 29.

(Ssr. 11, X1, XIL)-THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by
O. FEISTMANTEL, except Vou. 1, Pr. 1, by T. OLDHAM and J. MORRIS,
Vor. I, pp. xviii, 233, pls. 72. 1863-79. Pt. 1; Réjmahél Group, R4jmahél Hills. Pt. 2; Tke
gﬁc (continued). Pt. 3; Plants from Golapilli. Pt. 4; Outliers on the Madras
oast. ‘

Vor. I, pp. xli, 115, pls. 26. 1876-78. Pt. 1; Jurassic Flora of Kach. Pt. 2; Flora of the
Jabalpur Group.

Vou. i, pp. xi, 64+ 149, pls. 80 (9 double) (I—XXXI+1 A=XLVII A). 1879-81. Pt. 1; The
Flora of the Talchir-Karbarbari beds. Pt.2; The Flora of the Damuda and
Panchet Divisions. Pt. 3; The same (concluded). .

Vor. 1V, pp. xxvi, 25+ 66, pls. 35 (2 double) (I—=XXV + I A—~XIV A). Pt.’1 (1883); Fossil
Flora of the South Rewah Gondwana basin. Pt. 2 (1886) ; Fossil Flora of some
of the coal-fields in Western Bengal. .

(Ser. 1X.)—]JURASSIC FAUNA OF KACH.

Vor. 1(1873-96). The Cephalopoda, by W. WaAGEN, pp. i, 247 pls. 60 (6 doubles).
Vou. II, pt.1(1893). The Echinoidea of Kach, by J. W. GREGORY, pp. l(z, pls‘.'z. ) ,

(Szr. IV.)—=INDIAN PRE-TERTIARY VERTEBRATA.

Vor. L Pp v, 137, pls. 26, 1865-8s. Pt.1 (1865); The Vertebrate Fossils from
Panchet rocks, by T. H. Huxwey. Pt. 2 (1878); The Vertebrate Fossils of ttll::
Kota-Maleri Group, by S1r P. pe M. Grey EGeErron and L. C. MiarL. Pt, 3
(1879) ; Reptilia and Batrachia, by R. Lyperkxr. Pt. 4 (1885); The Laby.
rinthodont from the Bigori up, by R. LvpEkker. Pt. 5 (1885); The
Reptilia and Amphibia of the Maleri and Denwa groups, by R. LYypgrker.

(Szr. X)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, éy
R. LYDEKKER, excspt VoL. I, Pt. 1, by R. B. FOOTE.
vor. L, xxx, 300, pls. 50. 1874-80. Pt. 1; Rhinoceros deccanensis. Pt. 2; Mola
P and other remains of Mammalia, Pt. 3; Crania of Ruminants, Pt, 4‘; sr..;’;]:‘:
nenttoli;t.s. Pt. ;gjmgnd g::lbadakiroboscidz P
11, pp. xv pls, 45. 1881-84. 1; Siwalik Rhinoceroti t. 3; Suppl
Vor  TL PP alik ‘snd Narbada Proboscidiar Pt 3; Swalik and Naviada” Bognt
Pt. 4; Siwalik Camelopardalidze. Pt. §5; Siwalik Selenodont Svuina, etc.
Pt. 6; Siwalik and Narbada Carnivora.




" [

Vor. 1II, pp. xxiv, 264, pls. 38. 1884-86. Pt. 1; Additional Siwalik Perissodactyla and Pro-
boscidia. Pt. 2; Siwalik and Narbada Bunodont Suina. Pt.3; Rodents and
new Ruminants from the Siwaliks. Pt.4; Siwalik Birds. Pt. 5; Mastodon
Teeth from Perim Island. Pt. 6; Siwalik and Narbada Chelonia. Pt. 7;
Siwalik Crocodilia, Lacertilia and Ophidia. Pt. 8; Tertiary Fishes.

VoL, 1V, pt. 1,1886. Siwalik Mammalia (Supplement 1), sp. 18, pls. 6.

s w n 3 1886 Tshse) Faluna (of the Karnul caves : (and addendum to Pt. 1); pp. 40(19—
, pls. § (vii =xi). .
s 1 = 31887, Eocene Chelonia from the Salt-range; pp. 7 (59 =65), pls. 3 (xii =xli’).

(Ser. VII, XIV)—TERTIARY AND UPPER CRETACEQUS FAUNA OF WESTERN
INDIA, 4y P. MARTIN DUNCAN and W. PERCY SLADEN, except Pr. 1, by

F. STOLIgZKA. o . 848 87185, Pt
Vor. I, pps 16 + 110 + 382 + 91 = 599, pls. § + 28 + + 13 = 104, 1871—=85. Pt. 1;
PP Tertiary Crabs from Sind and Kach, Pt. 1 (new 2); Sind Fossil Corals and
Alcyonaria. Pt. 3. The Fossil Echinoidea of Sind: Fas. 1, The Cardita
beaumonti beds; Fas. 2, The Ranikot Series in Western Sind; Fas. 3, The
Khirthar Series; Pas. 4, The Nari (Oligocene) Series; Fas. 5, The Gaj
%Miocene) Series; Fas. 6, The Makrin (Pliocene) Series. Pt. 4, The

ossil Echinoidea of Kach and Kattywar.

. (Szr. XI11.)—SALT-RANGE FOSSILS, ¢y WILLIAM WAAGEN, Pu.D.
Productus-Limestone Group : Vol. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 73, pls. 6.

» » »  »- 2(1880). Gastropoda and supplement to pt. 1, pp. 111
(73-183), pls. 10 (1 double), (vii-xvi). .

”» ” » w» 3(1881) )Pelecypoda, pPp. 144 (185-328), pls. 8 (xvii-
xxiv).

» » » s 4 (1882-85). Brachiopoda, pp. 442 {339-770), pls. 62
(xxv-lxxxvi).

” " w  » 5(1885). Bryozoa—Annelidz—Echinodermata, pp. 64
(771-834), pls. 10 (Ixx®Vii-xCVi). .

”» ” nw »6 (|886)-') Ccelenterata, pp. 9o (835-924), pls. 20 (xcvii=
cxvi),

» " »w » 7(1887). Coelenterata, Protozoa, pp. 74 (925-98), pls.

: 12 (cxvii-cxxviii).
Fonills from the Ceratite Formation: Vol. II, pt. 1 (1895). Pisces—~Ammonoidea, pp. 324,
s. 40.
Gmlggiul Results: Vol. IV, pt. 1 (1889), pp. 1—388, pls. 4.
» ” » » 2(1801), pp. 89—243, pls. 8
(Ser. XV.)—HIMALAYAN FOSSILS, éy CARL DIENER, Pu.D,
The Permocarboniferous Fauna of Chitichun No. Is Vol. ], pt, 3 (1897), pp. 105, pls. 13.
The Permian Fossils of the Productus Shales of Kumaon and Garhwal: Vol. 1, pt. 4 (1897),

pp- 54, pls. 5. .

The (?ephalgpoda of the Lower Trias: Vol. II, part 1 (1897), pp. 182, pls. 23.

The Cephalepoda of the Muschelkalk: Vol. 1I, pt. 2 (1895), pp. 118, pls. 31.
(Ser. XV1.)—BALUCHISTAN FOSSILS, &y FRITZ NOETLING, Pu.D,, F.G.S.

The Fauna of the Kellaways of Maz4r Drik : Vol. I, pt. 1 (1895), pp. 22, pls. 13.

The Fauna ef the (Neocomian) Belemnite Beds: Vot I, pt. 2 (1897), pp. 6, pls. 2.

The Fauna of the Urper Cretaceous (Maéstrichtien) Beds of the Mari Hills: Vol. I, pt. 3
(1897), pp- 79: pls. 23.

The price fixed for these publications is 4 annas (6 pence) per single plate,

RECORDS OF THE GEOLOGICAL SURVEY OF INDIA.

Vou. 1, 1868.

Par¢. 1.—Annual report for 1867. The coal-seams of the Tawa valley. On the prospects of
useful coal being found in the Garrow Hills. Copper in Bundelkund. Meteorites.

Part 2.—On the coal-seams of the neighbourhood of Chanda. Coal near Nagpur. Geological
notes on the Sarat collectorate, The cephalopodous fauna of the South Indian cretaceous
deposits, Lead in the district of Raepore. Coal in the Eastern Hemisphere. Meteorites,

Part 3.—General results obtained from an examination of the gastropodous fauna of the South

‘Indian cretaceous deposits. Notes on route from Poona to Nagpur vid Ahmednuggur,
Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found by Mr.
Wyane in the pliocene (?) deposits of the Upper Godavery. The boundary of the Vine
dhyan series in Rajputana, Meteorites.

Vot. 1, 1869.

Part 1.—The valley of the Poorna river, West Berar, On the Kuddapah and Kurnool formae
tions. Geological sketch of the Shillong plateau. On the occurrence of gold in the
district of Singbhoom, &c. Memorandum on the wells now being sunk at the European
Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites.

Part 3.—Annual report for 1868. Note on Pangshura tecta and the other species of Chelonia
from the newer tertiary deposits of the Nerbudda valley. Sketch of the metamorphic
gacks of Benga!.




Part 3~Preliminary notes on the geology of Kutch, Western India. Contributions to the
geology and physical geography of the Nicobar Islands.
Part 4—0n the beds containing silicified wood in Eastern Prome, British Burma. Minerale
" ogical statistics of Kumaon division. The coal-field near Chanda, Lead in the Raipur
district. Meteorites.
Vou. 11, 1870.

Part 1.~Annual report for 1869. On the geology of the neighbourhood of Madras. On the
alluvial deposits of the Irrawadi, more particularly as contrasted with those of the Ganges.

Part 2.~Geology of Gwalior and vicinity. On the slates at Chiteli, Kumaon. On the lead
vein near Chicholi, Raipur district. The Wardha river coal-fields, Berar and Central
Provinces. Report on the coal at Korba in the Bilaspur district.

Part 3.—The Mohpani coal-field. On the lead-ore at Slimanabad, Jabalpur district. On the
occurremce of coal east of Chhatisgarh in the country between Bilaspur and Ranchi. On
petroleum in Burma. On the petroleum locality of Sudkal, near Futtijung, west of Rawal-
pindi. On the occurrence of argentiferous galena and copper in the district of Manbhum,
S. W. Frontier of Bengal. Assays of iron ores.

Part 4—On the geology of Mount Tilla, in the Punjab, The copper deposits of Dalbhum
and Singbhum: 1.—The copper mines of Singbhum: 2.—On the copper of Dalbhum
and Singbhum. Meteorites.

. VoL. 1V, 1871,

Part 1.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and of
*  the indications of coal in the Cuddapah district. Mineral statistics of the Kumaon divi-

sion.

Part 2.—The axial group in Western Prome. Geological structure of the Southern Konkan.
On the supposed occurrence of native antimony in the Straits Settlements. On the com-
position of a deEosit in the boilers of steam-engines at Raniganj. On the plant-bearing
sandstones of the Godavari valley, on the southern extension of rocks belonging to the
Kamthi group to the neighbourhood of Ellore and Rajamandri, and on the possible occur-
rence of coal in the same direction.

Part 3.—The progress and results of borings for coal in the Godavari valley near Dumagudem
and Bhadrachalam. On the Narbada coal-basin. Sketch of the geology of the (inmu
Provinces. Additional note on the plant-bearing sandstones of the Godavari valley.

. Part 4.—The ammonite fauna of Kutch. The Raigur and Hengir (Gangpur) Coal-field. De-

scription of the sandstones in the neighbourhood of the first barrier on the Godavari, and
in the country between the Godavari and Ellore,

. VoL. V, 1872,

Part 1.—~Annual report for 1871. Rough section showing the relations of the rocks near
Murree (Mari), Punjab. Mineralogical notes on the gneiss of South Mirzapur and adjoin-
ing country. Description of the sandstones in the neighbourhood of the first barrier on
the Godavari, and in the country between the Godavari and Ellore.

Part 2.—On the geological formations seen along the coasts of Beluchistan and Persia from
Karachi to the head of the Persian Gulf, and on some of the Gulf Islands., On a traverse
of parts of the Kummummet and Hanamconda districts in the Nizam’s Dominions. The
geology of Qrissa. On a new coal-field in the south-eastern part of the Hyderabad
(Deccan) territory.

Part 3.—On Maskat and Massandim on the east coast of Arabia. An example of local joint.
ing. On the axial group of Western Prome. On the geology of the Bombay Presidency.

Part 4—On exploration for coal in the northern region of the Satpura basin. On the value of
the evidence afforded by raised oyster banks on the coasts of India, in estimating the
amount of elevation indicated thereby. On a possible field of coal-measures in the Goda-
vari district, Madras Presidency. On the lameta or infra-trappean formation of Central
India. On some recently discovered petroleum localities in Pegu. Correction regarding
the supposed eozoonal limestone of Yellam Bile.

Vou. VI, 1873.

Part 1.—Annual report for 1872. The geology of the North-West Prov inces.

Part 2—The Bisrampur coal-field. Mineralogical notes on the gneiss of South Mirzapur and
adjoining country.

Part 3.~ Notes on a celt found by Mr. Hacket in the ossiferous deposits of Narbada valley
(Pliocene of Falconer) : on the age of the deposits, and on the associated shells. On the
Barakars (coal-measures) in the Beddadanole field, Godavari district. On the geology of
parts of the Upper Punjab. Coal in India. The salt-springs of Pegu.

Part 4—On some of the iron deposits of Chanda (Central Provinces), Barren Islands and
Narkondam. Stray notes on the metalliferous resources of British Burma,

Vou. VII, 1874.

Part 1.—Annnal report for 1873. On the geological structure of the hill ranges between the
Indus valley in Ladak and Shah-i-Dula on the frontier of Yarkand territory. On sone
of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj
field. On the habitat in India of the elastic sandstone, or so-called Itacolumyte, Geolo-
gical notes on part of Northern Hasaribagh.

Part 3,—Geological notes on the route traversed by the Yarkand Embassy from Shah-i-Dala

' to Yarkhand and Kashgar. On the occurrence of jade in the Karal valley, on-the
southern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum in Assam!




Coal in the Garo hills, On the discovery of a mew locality for copper in the Narbada
valley. Potash-salt from East India. On the geology of the neighhourhood of Mari hill
station in the Punjab.

Part 3.—Geological observations made on a visit to the Chaderkul, Thian Shan range. On
the former extension of glaciers within the Kangra district. On the building and orna-
mental stones of India. Second note on the materials for iron manufacture in the Rani-
ganj coal-field. Manganese ore in the Wardha coal-field.

Payrt ¢—The auriferous rocks of the Dhambal hills, Dharwar district. Remarks on certsin
considerations adduced by Falconer in support of the antiquity of the human race in India,
Geological notes made on a visit to the coal recently discovered in the country of the
Luni Pathans, south-east corner of Afghanistan. Note on the progress of geological
investigation in the Godavari district, Madras Presidency. Notes tpon the subsidiary
materials for artificial fuel.

Vou. VIII, 1875. .

Part 1.—Annual report for 1874. The Altum-Artush considered from a geological point of
view. On the evidences of ‘ground-ice’ in tropical India, during the Talchir period.
Trials of Raniganj fire-bricks.

Part 2 (out of print).®—On the gold-fields of south-east Wynaad, Madras Presidency. Geolo-
ical notes on the Khareean hills in the Upper Punjab. On water-bearing strata of the
urat district. Sketch of the geology of Scindia’s territories.

Part 3.—The Shahpur coal-field, with notice of coal explorations in the Narbada region.

Note on coal recently found near Moflong, Khasia Hills.
Part 4.—Note on the geology of Nepal. v'l‘he lR):igasr;:Gand Hingir coal-fields.
ot. IX, 1876.

Part 1 (ost of print).*—Annual report for 1875. On the geology of Sind.

Part 2.~The retirement of Dr. Oldham. On the age of some fossil floras in India. Deseri
tion of a cranium of Stegodon Ganesa, with notes on the sub-genus and allied forms.
Note upon the Sub-Himalayan series in the Jamu (Jummoo) Hills.

Part 3.—On the age of some fossil floras in India. On the geological age of certain groups
comprised in the Gondwana series of India, and on the evidence they afford of distinct
goological and botanical terrestrial regions in ancient epochs. On the relations of the
fossiliferous strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian
faunz of India and Burma.

Part 4.—On the age of some fossil floras in India. On the osteology of Merycopotamus dis-
similis, Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of
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PREFACE.

ON SOME GENERAL PRINCIPLES OF SEISMOLOGY.

(The memoirs of the Geological Survey of India usually assume a certaint
previous knowledge of the subject they treat of, and do not attempt to re-
eapitulate the elementary principles which will be found in any text-book of geology,
In the case of the earthquakeof 13th June 1897, which has attracted more general
attention than is usually giver to the labours of the Geological Survey, more
elementary details than customary have been introduced, but even so thete are
some points which it is necessary to understand, and of which a sufficiently exact
krowledge is by no.means common. These could not have been treated in the
body of the report without great interruption to its continsity and the introduction
of a large amount of matter which would only embarrass those to whom it was
already familiar.

For this reason an introduction dealing with certain geaeral principles has
been prepared and printed as a preface to the report. It is not intended as an
introduction to, or as a primer of, seismology in general, but only of such parts of
thé science as is recessary for the comprehension of the following report, or as have
not been treated with sufficient fuliness in the body of the report. Those who
desire to pursue the matter further should refer to the two volumes of the Inter-
national Science Series, ¢ Earthquakes *and ¢ Seismology ’ by Prof. ]. Milne, r.r.s.,
which between them practically cover the whole range of the science.

A special index is appended to this preface to serve the purpose of a glossary
of the technical terms used in the report.)

I —The nature of wave motion.

1. When a stone is dropped into a pool of water a series of concentric ripples
are formed, which travel outwards in ever widening circles till they reach the
edge of the pool, o, if it is large enough, gradually die out. But though we speak
of the ripples, or waves, as travelling, it is important to remember thatthe water
of which they are composed does not travel ; each separate particle of it moves
in a certain orbit, whose size and shadpe determines that of the wave, but ultimatel y
returns to its original position, The travel of the wave is due to the fact that all
the particles of water do not move at the same time, each one starting and finishing
a little later than the onebehind and a little earlier than the one in front of it, on the
course the wave is travelling.

2. The shape of the orbit in which the particles of water travel changes
gradually as the wave progresses, as may be seen in the gradually changing
form of the waves as they travel outwards, but the change is slow and, for any
given spot, the tracks in which all the particles of water move may be regarded
as similar, and the nature of the wave motion can be defined by the shape of
the track followed by each particle involved in the wave. Hence comes a term
which will be frequently employed, the wave particle: by this is meant no
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specific individual particle of matter, but any one taken at random at a chosen
place, by the extent, form, and rate of whose movement the nature of the wave
motion at that place is defined. -

3. The particles referred to are molecules, the ultimate portions of matter
reached by continual subdivision till a limit is reached where no further division is
possible without a change of character and properties. Hence the movement in
a wave is called molecular, while a bodily displacement of the water or other
substance may be distinguished as molar. When a kingfisher dives into a pool it
makes a splash, and then from the splash a series of concentric ripples travel out-
wards in ever widening circles. In the splash the movement of the water is molus,
in the ripples it is molecular. So too the general movement of the water of a
trout stream may be regarded as molar, that in the ripples formed by the rising
trout as molecular.

4 Gravitational maves.—Waves are of* several kinds; of these it will be well
t> take first that which is most commonly known, such as may be seen or started
on any sheet of water. In these the course of the wave-particle is elliptical, or
circular, asis diagrammatically represented in fig. i. The wave-particle is at
its highest point as the crest of the wave passes over it, and at its lowest when
the trough occupies the same position. When any one particle is at its highest
the one in front has not yet risen to its highest point, while the one behind has
tegun to sink again. By the time the one in front has reached its highest point
the one we were considering has begun to sink; and so it is that the wave travels.

Fig. i. Diagram of movement of wave particle in a gravitational wave.

5. Wave motion of this nature is quite superficial, and where wavesfare set up
in deep water it is only that near the surface which is affected. As we descend
from the surface the extent of movement of the wave-particle rapidly diminishes,
the shape of its track becomes a more elongated ellipse, till, at a comparative short
distance frony the surface, there is only a slight to and fro movement which
becomes less and less till it vanishes.

6. If in fig. i the firm and broken curved lines are taken to represent the out-
lines of a wave when its crest and trough respectively are over the same place, and
the horizontal dotted line the normal level of the surface of the water ; thenthe
length of the wave is the distance from crest to crest or trough to trough. The
distance a a' is the amplitude of the wave, or the distance the wave-particle moves
up or downwards from its normal level ; double this, or a'a’ is the height of the
wave from trough to crest.

7. 1f the track of the wave-particle as drawn in fig. i is examined, it will be
seen that the movement can be divided into two phases : one of forward, and one of
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backward, movement, if the dividing line is horizontal, and one of upward, and one
of downward, movement if the dividing line is vertical. Moreover, by the inter-
section of these two dividing lines we get four semiphases in which the motion is
(1) upward and forward, (2) downward and forward, (3) downward and backward,
(4) upward and backwards, thus completing the cycle. ’

8. Waves of the kind now being dealt with are khown as gravitational waves,
as in them the moving force is the attraction of the earth. The water which has
been raised above its normal level ina wave, is brought back by gravitation and
communicates the energy so developed to the water in front, by which it is
raised above its normal level, only to fall back and cause the rise of fresh
water in front. In other words, it is the weight of the water in a wave which
causes it to sink, and in doing so to make the water in front rise as the continua-
tion of the same wave.

9. Elastic waves—Besides gravitational waves there are other molecular
movements which, by analogy, are called waves, and, being propagated in virtue of
the elasticity of the substance through which they travel, are called elastic waves.

The elasticity of a piece of indiarubber or cane is familiar enough; in the
sense used here it may be defined as the capacity, possessed by all substances to a
greater or less extent, of recovering their original bulk or shape, if these are
altered by the action of an external force. Itis of two kinds, one, common to both
solids and fluids, is the power of recovering the original volume, which has been
altered by change of pressure, when the original pressure is resumed. The measure
of this is the mo the substance. The other kind of elasticity can only
be possessed by solids, and is the power of recovering the original form, if this is
changed by the action of an external force, when the force is removed. The
measure of this is known as the rigidity of the substance.

10. A perfectly elastic substance would completely recover its original bulk and
form, and in doing so give up exactly the same amount of energy as was absorbed
in producing the change. So far as bulk is concerned a gas may be regarded
as a perfectly elastic substance, but no solid can be regarded as such or even nearly
such, except within comparatively small limits. A bar of iron bent slightly will
spring back to its original form, but if bent further and strained beyond the lims¢ of
elasticity will remain bent. So all solids, if strained within their limit of elasticity
will'recover their original form, but if strained beyond that limit will either remain
permanently bent or break.

11. Within these limits elasticity is measured by the force required to produce
a given amount of change in bulk or shape. The greater the force that has to be
applied, the greater that which the substance will exert in regaining its original
bulk or shape, and the one is equal to the other. Measured in this way the elas-
ticity of steel or glass is very high, while that of the typical elastic band is very
small ; for, though the limit of ‘asticity is much wider, the force required to
produce a small change of shape is much smaller.

12. Waves of elastic compression.—Corresponding to the two kinds of elasticity
there are two kinds of elastic waves, one of which, depending on the resistance to
compression, can be propagated in solids and fluids alike. This form, which will
be considered first, is that of those known as waves of elastic compression or more
briefly condensational waves. In these the movement of the wave-particle is
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directly forwards and backwards in the direction of travel of the waves, hence they
are sometimes called mormal waves.

13. To understand the nature of the movement in a wave of this kind let o, fig. ii

represent the normal position of

a molecule when undisturbed.

nee o T e H e 2. Suppose it to become involved in
n » ® 8 v € s

a wave of elastic compression
travelling in a straight line from

Fig. ii. Diagram to illustrate the successive posi- H :
tions ogccupied gy the wave-particles at equal 1nter- l eft t? right ; then, starting fr om Y
vals of time during one complete undulation of a it will move outwards passing

condensational wave. successively through the positions

1, 2, 3, till at 4 it reaches the
extreme limit of its movement. From 4 it returns with an ever-increasing
speed, till at 8 it passes on through its original position and, gradually slowing
down, comes to a stop at 12 ; from this it commences its return journey through
oto 4and soon. The movementis in fact just like that of the bob of a pendutum.,
assuming the direction of travel of the wave to be that of the swing of the
pendulum. Returning to the diagram fig ii, the distance from o to 4 is the
amplitude of the wave, or the extreme distance which the wave-particle reaches
from its normal position; 4 to 12 is the double amplitude or range of motion
of the particle, and the time taken by the wave-particle in travelling from o out to 4
and back through 12 to o is the period of the wave.

14. As in the water wave, the movement of the wave-particle may be divided into
two phases, one of movement in the direction the wave is travelling, the other in the
reverse direction. Each of these can again be divided into semiphases according
as the movement of the wave-particle is inwards, towards, or outwards from its
normal undisturbed position.

15. To understand what is meant by the wave length in a wave of this nature
we must consider how the arrangement of the molecules is affected by them. In
fig. iii, let o represent a molecule which at the movement is passing through its

[ X}
o
»
o
®
3
8

4 ¢ 4 2 o
® *--Q9 e---Q -9 @

*

Fig. iii. Diagram to {llustrate the distribution of matter in a condensational wave.

normal position ; the next molecule behind it, the wave being supposed as travelling
from left toright, is in a slightly more advanced stage of the wave motion, the next
still more so and so on till we come to one where the wave-particle has reached the
stage marked 2 in fig. ii. The small dot numbered 3 in fig. ii. may be taken to re-
present the normal position of the molecule and the heavy dot its position at the
instant under consideration. Passing still further backwards along the wave path
we come to molecules occupying respectively the positions 4, 6, and 8, or normal
and behind that again 10, 12, 14, and so0 on to position o, Now if the momentary
disposition of the dots is considered they will be seen to be crowded together at o
and widely separated at 8; that is to say there are definite zones in the substance
through which the wave is travelling where its material is alternately condensed
and rarified. We may regard the point of maximum condensation as analogous
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o the crest of a sea wave and the point of maximum rarefaction to the trough.
The wave length becomes then the distance o to o, or the length of the complete
undulation is analogous to the length of sea waves measured from crest to crest.

16. It is to be noticed that the points of maximum condensation or rarefaction
are those of junction of the semiphases of movement towards and away from the
normal .position of the molecule ; that of greatest condensation is where this point is
passed in the ph?.se of motion in the same direction as the wave is travelling, that of
greatest rarefaction where the same point is being passed in the opposite phase of
motion. It may also be noticed that the tracts which are in this latter phase are
longer than those in the former, the difference being four times the amplitude.

17. As has already been remarked waves of this nature can be transmitted
through ﬂuit?s as well as solids ; in the latter they travel faster than any other
form of elastic wave. It is waves of this nature which, if the period is not too small
or too great, become sensible as sound.

18. Waves of elastic distortion.—Another form of elastic waves is due to the

rigidity of the substance through which it is
transmitted, or to that form of elasticity which

4 causes a substance to resist a change of its original
sed shape, by the action of an external force, and to
regain it when this is removed. These waves,

20¢ which are necessarily confined to solids, and
cannot be transmitted by fluids, are known as

e waves of elastic distortion or distortional waves.
In them the motion of the wave-particle is still in

oes a straight line backwards and forwards, but this
line lies at right angles to, instead of along, the

direction in which the wave path is travelling, the

g displacement being alternately to one side and the
other of the normal position of the wave-particle

xew hence these waves are sometimes distinguished as
transverse. The motion of the wave-particle may,

”:’5 in fact, be likened to the motion of the bob of a
1= pendulum, the direction of travel of the wave being

vertically up or down. This form of wave motion

. ¢ . is represented diagrammatically in fig. iv. The
o;ﬁg;;?&;ﬂ"&gg;ﬁ::‘;ﬂ- figures opposite the dots having the same signi-
plete undulation of a distortional ficance asin fig. ii, the amplitude is the distance
wave. oto 4, and the period is the time taken to travel
through the complete cycle. As before, there are tw'o.principal ?hases of the _move-
ment, in two opposite directions, and these are divided .e.ach into two s.em.phases
according as it is towards or away from the normal position of the pa'rtncl?. The
wave length is the distance between two points where the wave-particle is at the

same extremity of its displacement at the same instant, these extremes corres-

ponding to the crests and trough of a gravitational wave. )
19. Elastic surface undulations—When waves of either of the last two

kinds after travelling through the interior of a body reach its surface, they. might
produce disturbances of form which would simulate the surface undulations of
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Bravitational waves, Apart from this there are, however, as has been shown by
Lord Rayleigh, true surface undulations, closely simulating gravitational waves
but propagated elastically. In these the path of the wave-particle is an ellipse
whose major axis is vertical and from one and a half to twicethe minor. The horis
xontal displacement extends but a short way into the mass, disappearing at from
one-eighth to one-fifth of the wave-length from the surface. Below this there is only
a vertical movement. It does not appear that the existence of waves of this nature
has ever been demonstrated, and they have certainly not as yet been separated
in the complicated disturbances of an earthquake, but the possibility of their
existence may be taken as demonstrated, and time and the collection of fuller
details will doubtless lead to their recognition.

20. It may be noted here that whether the surface undulations noticed in great
earthquakes are of the nature of Lord Rayleigh’s waves or not, there can be no
doubt of their existence. They have been observed too often for this to be doubted,
and ample proof of their reality will be found in the pages of the following report.
It must, however, also be noticed that there are apparently two distinct types.
Firstly, there is the long, low, quick travelling wave, which first begins to be dis-
tinctly noticed in the area where the earthquake has ceased to be destructive,
or where the destruction wrought has become much less than in the epicentral
tract. These waves cannot be seen; they are recognised only by a successive
tilting in one direction and then in the opposite, and their rate of travel, 100 to
120 miles a minute, is that of the earthquake shock. Secondly, there are the
much shorter and steeper sided waves which can be seen and recognised as such §
these may vary in length from 20 feet to 200 yards and in height from a few
inches to 2 or 3 feet, and travel at a rate of 3 to 8 miles an hour.

21. Whatever may be the nature of the laws which govern the movement of
the wave-particle in these surface undulations it is hardly possible that they can
be the same in the case of waves which differ so much in size and rate of move-
ment as the two forms of surface wa ve referred to in the preceding paragraph
This conclusion appears to be supported by the absence of any passage from
the one to the other, but on this point further observation is required.

22. Complication of waves.—If the earth were a perfectly homogeneous globe,
then, supposing elastic waves of oneof the three classes were set up by a dis-
turbance at any part of it, they would be propagated without change. If the
waves of all three classes were set up, they would separate as they travelled, the
waves of elastic compression, travelling at the greatest speed, would outrace the
others ; then at a gradually increasing distance behind would come the waves of
elastic distortion, while lagging more and more behind would come the elastic
surface waves, which not only travel slowest, but have to travel round the surface
of the globe, while the others can take a short cut through it.

23. In the case of the disturbances which are registered by sufficiently deli.
cate instruments at a long distance from the place they start from, and have
consequently travelled through the comparatively homogeneous central core of
the earth, something like this has been observed. In the case too of artificial
disturbances, such as are produced by explosion of gun-cottan, something of the
kind has heen observed where the disturbances have been measured at compara-
tively small distances and have travelled through fairly homogeneous material,
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34 In the case of earthquake waves in the region where the shock is severe
enough to be felt, nothing of the sort has been recognised and nothing of the sort
is to be exp=cted, seeing how heterogeneous are the materials of which the outer
crust of the earth is composed.

25. The rate at which elastic waves are transmitted dependsonly partly on
the elasticity, whether that measured by the bulk modulus, or the rigidity ; the
density of the materials is also a controlling factor. A wave may, consequently,
preserve the same rate of propagation, even when it passes from one medium t
another of different density and elasticity, provided that the changes are in exactly
such proportion that the new deusity combined with the new elasticity give the
same rate of propagation as before. Usually, however, there will be a change in
th e rate of propagation 3 and when a wave of either elastic compression or distor-
tion passes from one medium into another, in which it has a different rate of pro-
pagation, not only is its direction of travel changed, in other words, not only
does it undergo refraction, but it is also split up and partially converted into
elastic wave motion of the other kind.

26. Seeing how very heterogeneous are the materials of which the earth’s crust
is composed and how frequently waves travelling through it must pass from one
medium to another in which they have a different rate of travel, it is easy to see
that, even if the motion in an earthquake wave was simple to start with, it would
soon become extremely complicated.

1. —Definition of seismological terms.

Having treated of the various possible forms of wave motion, we are ready
to go on to a consideration of the observed facts of earthquake movements, but
before doing so it will be necessary to explain the meaning of certain special
terms which will te frequently used.

S -

Fig. v. Diagiam in explanation of scismological terms.

27. Whatever be the cause of an earthquake, the disturbance starts from some
place within .the crust of the earth. This may be so small that it can be consi-
dered as a point, or more usually have considerable extent. Whatever its size or
ft_xm, itis known-as the centrum or centre, or, if regarded from another point of
view, as t!)e JSocus of the earthquake. For convenience we will assume itto be a
peint, F, in fig. v, which represents, diagrammatically, a vertical section through the
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crust of the earth, S S being the surface. Then a straight line drawn vertically from
F to E is the sefsmic vertical, and the point E is the epicentre. Where the centre,
instead of being so small that it may be considered a point, is of considerable size,
then the epicentre increases in size to a corresponding extent, and we have an
epicentral or epifocal area or $ract.

28. From the centre F the earthquake waves radiate in every direction. To
the epicentre they travel straight upwards ; away from it they reach the surfaceat
a less and less angle as we get further away. Let F A represent one of these
wave paths : then theangle E F A is the angle of emergence.

29. The front of the disturbance travels at a definite rate, and if the rate of
propagation is equal in every direction it will at any given moment have reached
the same distance from the centre in every direction. The circles drawn in fig. v
may be taken to represent the wave front at successive equal intervals of time
and are known as komoseists. They are surfaces, which appear as lines where
they are cut by the ground level, and if we had a perfectly homogeneous earth
and a perfectly level ground,they would appear as circles. In practice neither
condition holds good and the homoseists or homoseismic limes are irregular in
form.

30. As the earthquake radiates from the centre it becomes less and less violent,
and it i8 possible to trace lines of equal violence of shock which are known as
tsoseists or iseseismic lines. If a condition of perfect hamogeneity prevailed in the
crust of the earth they would coincide with the homoseists; but as the violence
of the shock is much more influenced by the nature of the surface deposits than
therate of propagation, they are in practice found to pursue an even more
devious and irregular course.

31. The actual violence of the shock doubtless decreases outwards from the
epicentre, but its destructiveness does not necessarily do so. At the epicentre the
thrust, if we are dealing with a wave of elastic compression, is straight upwards ;
there is no sidelong push, and consequently no tendency to overturn walls. As
we recede from the gpicentre, and the angle of emergence decreases, the sidelong

- —

._motion_increases, and there is an increasing tendency to overhirn walls and

buildings; the violence of the earthquake is, however, diminishing, and thereis a
point where the increasing value of the one and the decreasing value of the other
lead to a maximum of destructive effect. The line along which this takes place
is the meisoseismic line or circle ; according to the view we take of the rate at
which the violence of an earthquake diminishes the angle of emergenge to wkich
the meizoseismic circle corresponds becomes 45° or 54” 44. Theoretically, then, the
depth of the focus from the surface should be equal to, or rather over, half the
diameter of the meizoseismic circle.

32. Within the meizoseismic circle the variation in destructiveness of the
earthquake is found to be much less than should be the case if the movement
were purely that of a wave of elastic compression. This is in accordance with
what has been said regarding the impossibility of one form of wave motion
reaching the surface unaccompanied by others. In practice it is generally found
that there is an area over which there are comparatively small variations in the
destructive force of the earthquake. This lies within the meizoseismic circle, which
is not always recognisable, while outside it there is a much more rapid decrease of
destruction. This inner area is known as the pleistoseismic area.
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33. The greater destruction in the pleistoseismic area, as well as the com-
paratively smaller variations in the amount of destruction, are probably due to
a radical difference in the nature of the motion of the ground. Above the focus it
is probable that the ground islifted bodily and that, besides the molecular motion
of the elastic waves, there is a certain amount of molar motion of the whole of the
rocks lying between the focus and the surface. This would not be confined to
the region vertically above the focus, but would extend outwards ; what the exact
limit may be is not known, but it is probable that an angle of 48° from the verti-
cal would include all that was so affected. For this mass of rock the term core
of the earthquake has been suggested, and it affordsa convenient, and apparently
true, distinction between the central core on the one hand, in which both molar and
molecular movement takes place, and the area or region of propagation on the
other, in which we have only elastic waves, set up by the earthquake and travelling|
outwards with a decreasing energy and violence.

34. The term sessmic area was applied by Mallet to the region over which the
earthquake was felt ; of late years, when the improvement of instruments for
recording earthquake movements has rendered it possible to detect the disturbance;
caused by a great earthquake at long distances, beyond the utmost limit at
which it can be recognised without the assistance of these instruments, the term
microseismic has been applied to these unfelt movements and the seismic area of
Mallet has sometimes been distinguished as macroseismic. The terms seem incon=
venient and hardly appropriate, for some of the waves in the area where the
disturbance would be described as microseismic are larger in size than any of
those in the macroseismic area. It seems consequently best to retain the terms
seismic ares in its original sense and to describe the movements that take place
outside it as arypigseismjc reserving microseismic for those minute earthquakes
which nowhere become sensible to unassisted observation,

35. Two more terms may be explained with advantage, though they are not
specially seismological, and these are the words resultant and component. 1f a body
is acted on simultaneously by two distinct forces, the final result will be the same
as if each force acted singly and suceessivelv. Where the two forces do not act in_
the same or opposite directions, this leads to the construction known as the parallelo-
gram of forces;; in fig. vi let O represent a body acted on by two forces in the

dicections A and B, andlet OA and OB
y, 2 respectively represent the magnitude
of the forces, that is, the’ distance‘
through each singly would displace
O in, say, one second of time ; com-
plete the parallelogram O A R B,
then R represents the position which
O will occupy at the end of a second,
. and O R will represent the direction
and distance that O will travel in that time. In other words O R represents
the direction and magnitude of a single force, called the reswlfant, which
will produce the same result as the two separate and simultaneous forces O A and
O B. Similarly, if we have a single force O R, it may be regarded as composed of
two separate forces O A and O B which arecalled the components. Moreover,as

v

Fig. vi.
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the distance to which a body, free to move, is displaced in a given time is a measure
of the force affecting it, the same words are appked in a similar way to motion,
which may be compounded into a single resultant, or resolved into one or mere
components.

The components are usually, but not necessarily, eonsidered to be at right
angles to each other, this being purely a matter of conveniénce or convention.

36. Though possibly self-explanatory it may be wefl to point out the sense in
which the words wave front and wave path are used. The wave front is the same
as a homoseist ; it is the limit to which, at a given moment, the wave motion has
reached. Ina perfectly homogeneous medium this is everywhere at the same
distance from the focus, but if the medium is like the material of which the earth
is composed, such that the wave motion is transmitted more rapidly m some
directions than in others, the distance of the wave front from the focus will vary
from placeto place. The waoe patk is a line along which the wave motion may be
supposed to travel. There are an infinite number of such lines radiating from
the focus, and each cuts the successive wave fronts always at right angles. From.
this it follows that if the wave motion is propagated with equal rapidity in every
direction the wave paths will be straight lines, but if the wave motion is propagated.
more rapidly in some directions than in others, the wave paths will bend round, so
that they shall always form a right angle with the varying direction of the wave:

front.

IIl.—Nature of earthquake motion.

From the earljest times the fact that there are distinct types of earthquake
motion has been recognised in Italy. Earthquakes are there divided into four
classes, orizzontale or horizontal, in which only a to and fro motion is felt ; onduloso.
or undulating, in which the ground appears to be thrown into waves and the
sensation is like that of a ship rocking on a gentle sea ; susswltorio or palpitating,
in which there is a distinct vertical or up and down motion ; and vor#icoso or vorti-
cose. The justification of this last distinction, which is based on the effect of the-
earthquake, has been questioned but it appears sound’; the subject is discussed at
Iength in Chapter XIV of the following report.

38. Though these distinctions, which are popular rather than scientific, have
long been recognised, it is only comparatively recently that instruments have been
devised by which the actual movement of the ground has been traced. Of the
exact nature of the movement within the core of a really destructive earthquake, or
even of that same earthquake outside the core so long as it retains a high degree
of destructive power, nothing detailed is yet known. In these circumstances the
instruments and their records are alike lost in the ruins of the building which
contained them.

39. Beyond this region of extreme destruction, but where the shock might still
be described-as destructive, records have been obtained. It is found that the
earthquake sets in with minute rapid preliminary ¢remors which increase in
amplitude and period till they suddenly give way to one or two very much
larger movements, and these again are succeeded by a series of waves of longer:

and longer period.
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d4o. Leaving, for the dioment, the consideration of the preliminary tremors
and of the long slow afterwaves, and confining attention to the central parts of
the disturbance, which constitutes the sensible shock, it seems necessary to dis-
tinguish the character of the movement in small and great shocks. In those
which nowhere reach a degree of violence sufficient to cause alarm, and much less
any actual damage, it is probable enough that the motion is largely due to
elastic vibration propagated directly from the focus to the surface through the
substance of the earth. In the case of severe earthquakes, this form of motion
is also present, but overpowered by waves of a different character, which are prob-
ably analogous to the elastic surface undulations of Lord Rayleigh, and originate
at the surface, within the epifocal area, whence they spread outwards in every
direction.

41. A peculiarity of this sensible earthquake motion is that, as the disturbance
radiates, its duration at first increases and then appears to diminish. This was
very noticeable in the case of the earthquake of 1897 ; within the epicentre the dura-
tion of the great shock did not exceed two minutes ; at Calcutta it was certainly
5 or 6, and the maximum duration seems to have been at about 500 miles from
the centre, reaching some seven minutes. From here the reported duration
diminishes till at the furthest limit, in Ahmedabad, it is reported to have been but
a second or two. This does not,however, mean that the disturbance of the
ground only lasted for that period, but that, except for a few seconds, the moves
ment was too slow and gentle to be felt.

42. In the area of propagation of an earthquake; this movement, which can be
felt, and to which the damage done is due, is quite superficial. It has been found
by experiment in Japan thatan excavation of only 20 feet in depth is enough to
reduce the wave motion of an earthquake to a very small fraction of what it is
at the surface. Another fact, pointing to the same conclusion, is the rarity
with which an earthquake is felt underground in mines; even where these are
shallow. In the rare cases where an earthquake has been felt underground, like
that referred to in Appendix H to the following report, it is probable that the
mine lay within the core of the earthquake, and that the motion felt was due to
those molar displacements of the ground which have been referred to in para. 33.
The 1897 earthquake was not felt underground in the mines of the Bengal
coalfields ; it was felt and caused some damage in the coal mines at Makum in
Upper Assam; but these mines are really over ground, being driven into the
side of a hill and not descending below the general surface level, the conditions
are, therefore, not strictly comparable to those of a mine sunk in open and
tolerably level country.

43. If the felt earthquake wave is of the nature of Lord Rayleigh’s elastic
surface undulations, the restriction of the shock to the surface is in accordance
with the theory, for at a short distance the range of motion would become too
small to be felt below the surface. It may also be explained, in the case of purely
elastic condensational or distortional waves, by the greater play which is possible
at the surface than in the body of the earth, While the wave is being transmitted
through the rocks which constitute the crust of the earth, the movement of
each wave-particle is restrained by the resistance of those in front, to which it
has to communicate its motion ; but when the wave reaches the surface there is
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nothing in front to restrain the movement of the wave-particle and it can cone
sequently range further out from its normal position. The effect of this greater
freedom and range of motion where the wave comes out to a free surface is very
marked, and will be referred to in the chapters dealing with earth fissures and
landslips.

44. To this greater freedom of motion at and near the surface of the ground we
must, at any rate, to a large extent, attribute the more noticeable and destructive
character of the shock at the surface of the ground. Of the nature of the move-
ment, all that can be said hereis that it is characterised by an extreme com-
plication and intricacy of the path of the wave-particle. At one and the same time
it is subjected to wave motion of varying amount and period, and of each of the
three distinct types described in paras. g to 21.

45+ In spite, however, of this complexity, a prevailing direction can often be
recognised, which may or may not change during the period for which the earth-
quake lasts, As a rule there is no relation between the direction of this movement
and the direction in which the epicentre lies, that is, from which the shock is
travelling. In the case of very severe earthquakes it may happen that many
-of the buildings and monuments overthrown point in a direction towards, or away
from, the epicentre. Where this is so they may be used for determining the
position of the focus, but the method, as referred to in Appendix D, requires both
-care and skill in its application.

46. So far reference has only been made to what can be cbserved without
instrumental aid. If the same disturbance is studied with the aid of seismographs
it is found that the duration is about double of what can be felt, and that it
follows the same law. That is tosay, it first increases as the epicentre is receded
from, and then decreases, only a smaller and smaller fraction of the whole
disturbance being of a character which can have any effect on the instrument.
What takes place may in fact be likened to the changes that take place in the band
.of ripples set up in a pond by astone falling into it. As they spread outward
the width, not only of each individual wave, but of the whole band, increases, and
then, if the pond is large enough, one wave after another may be seen to grow
so long and flat that it ceases to be discernible, and finally the pond resumes its
originally undisturbed condition.

47. This spreading out of the waves is very conspicuous in the records ob-
tained by the delicate instruments specially designed to detect the movement
which takes place at distances beyond where the earthquake ceases to be re-
corded by ordinary seismoscopes. In these the preliminary tremors which have a
duration to be measured in seconds withir. the seismic area, outrun the larger waves
by periods which may range up to half an hour. They are probably due to
elastic vibrations propagated through the body of the earth, and in the case of
the earthquake of 1897 it was possible to recognise that they present two phases
which may be interpreted as being due to the arrival of the condensational, and
of the slower travelling distortional, waves respectively.

48. Thisdivision of the preliminary tremorsinto two phases had not been
definitely recognised before 1897, but it seems probable that it may be found in
the records of other earthquakes when they come to be re-examined in the light
of the distinction recognised in the case of the 1897 earthquake. It lends such
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support to the hypothesis that the preliminary tremors are transmitted through
the earth, as almost amounts to proof. Were they transmitted through the super-
ficial crust of the earth, a separation of the two classes of waves would be im-
possible for the reasons given in para. 25, but, in the more homogeneous matter
constituting the central core of the globe, such a separation is what would inevit-
ably hap pen, through the more rapidly travelling condensational waves outracing
the slower travelling distortional., Moreover, it is only at great distances, where
the portion of the wave path which lies within the surface crust, or,say, the outermost
30 miles, of the earth, forms but a small fraction of the total wave path, that such
separation could take place. If, as seems probable, this hypothesis stands the
test of further experience, it is certain that in the majority of cases the preliminary
tremors of distant earthquakes, as recorded by the instruments in present use,
are those due to the distortional waves, those due to the condensational being
ordinarily too feeble to be recorded.

49. Following on these preliminary tremors come the great surface waves
so well shown in the diagram on Plate XLI. which have expanded from a length
of 2to 3 miles and a period of 2 or 3 seconds to a length of 30 miles and a period of
25 seconds, while their duration, instead of being a few minutes, ranged over half
an hour, or, if the slighter and less distinctly recorded waves are included, of
several hours. :

IV —The elements of earthquake motion which can be measured.

There are certain elements of the motion of an earthquake which can be
measured and expressed in figures. These are : (1)the rate of transmission or
velocity with which the wave motion travels from place to place, (3) the amplituds-
(3) the period, (4) the velocity of movement of the wave-particle, and (5) the acce-
leration of the wave-particle.

50. The rate of transmission is readily determined if we have accurate records
of the time of arrival of the earthquake at different places, whose distances apart
are known. Theoretically, if the time of arrival at three places is known, it should
be possible, provided the times are not simultaneous, to determine the rate and
direction of travel of the earthquake wave. In practice, however, it is not possible
to obtain records of sufficient accuracy, and this apart from any fault of
the obsecvations or records. The wave motion is not a simple one, and to
compare the times it would be necessary to be certain that_they referred to one
and the same phase of the movement. From what has been said of the constant
variation of the character of the wave motion from place to place, it will be seen
that this is impossible ; consequently, it is only possible, in practice, to obtain a fairly
accurate estimate by combining a large number of records from many different

s1. Another element of uncertainty in all determinations of the rate of trans-
mission of the earthquake waves lies in the fact that all we can obtain by direct
observation is the apparent rate of travel along the surface of the earth, which
may be very different from the ¢rue¢ rate of travel through the interior of the earth.
In fig. v, for instance, if the successive circles represent homoseists at intervals of
one second, then the ¢rue distance travelled by the wave in the first second after
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the earthquake reaches the surface is represented by A'A while the distance it
would appear to have travelled along the surface is represented by E A;
-similarly, B'B and A B represent the ¢{rue and apparent distances travelled in the
next second, and so on.

52. It will be seen from this that not only will the apparent rate of travel along
the surface be different from the frue rate of travel through the earth, but that it
will vary as the distance from the epicentre varies. This will be true of the waves
which are transmitted through the earth whether the wave paths be straight lines,
as represented in fig. v, or curved, as is more probable. In the case of those
great earthquakes which have been exhaustively examined, no such variation has
been recognised ; on the contrary, the rate of transmission seems to be practically
uniform, and it is this which has led to the conclusion that, in the case of great
earthquakes at least, the movement which can be felt is due to waves propa-
gated along the surface, and that in their case the apparent and true velocities
are identical. In the case of the preliminary tremors, on the other hand, the
apparent rate of transmission varies largely according to the distance from the
epicentre, and this leads to the conclusion that they are transmitted through the
earth, and that in their case the true and apparent velocities are not the same.

53. The amplitude of the wave has already been explained (paras. 6, 13, 18) ;
it is usually expressed in millimetres or in inches ; double the amplitude is the
range of motion of the wave-particle, or more correctly would be, if the motion
was a simple harmonic one. The error introduced in practice by assuming the
amplitude to be half the range of motion is, however, in all probability immaterial.

54. The period of the wave has also been explained, and need not be further
treated. It is usually expressed in secondsof time.

55. The wvelocity of movement of the wave-particle is a quantity which varies
from moment to moment. Each particle asit starts from a position of rest come
mences moving slowly, then moves more and more rapidly, till it attains its
maximum ovelocity, after which this decreases till the particle once more comes
to rest before commencing its return movement, in which the same succession of
a gradual increase of the rate of movement up to a maximum and a sub-
sequent gradual decrease takes place. The velocity of movement at any moment
is expressed in feet, inches, or millimetres per second, and does not mean that the
particle actually travels se many feet in one second, but that, if it wereto continue
moving at the same rate for a whole second, it would then have travelled the
given number of feet, inches, or millimetres.

56. As a rule, we are only concerned with the maximum velocity of the wave-
particle, that is to say, the most rapid rate of movement attained ; like all the lesser
velocities of wave-particle it is only momentarily attained, but is the only one to
which a numerical value can be given which is independent of time. The lesser
values vary from moment to movement and from zero to the maximnum; but it is
obvious that there can be but one maximum value, and that this value can be given,
and remains true, apart from any statement of the exact instant at which it was
attained. .

57. The acceleration, or rate of change of velocity, of the wave-particle is one
of the most important elements to be determined, for on this depends the violence
and destructiveness of the earthquake. As explained, in para. 55, the velocity
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of the wave-particle is never the same for two successive instants: it is constantly
changing, but the rate of change is not constant. Like the velocity, it is nothing
at one point of the path of the wave-particle, increases to a maximum, and
then decreases again, being zero when the wave-particle is at rest or at its maxi-
mum velocity, and attaining 2 maximum four times in each complete wave period,
at positions half way between the maximum and zero velocity, which are reached
twice only in each complete undulation.

58. As it is important that there should be a clear understanding of what is
meant by acceleration, a brief explanation may not be amiss. Suppose a body,
such as a railway train, is standing still, and that, by the action of an external
force, such as a locomotive, it is set in movement, and that at the end of the first
second it is moving at the rate of one foot per second, at the end of the next second
atthe rate of two feet per second, at the end of the third at the rate of three feet per
second ; then the acccleration of that train is one foot per second per second.
That is to say, at the end of each second its velocity is one foot per second greater
than at the beginning.

59. The instance taken is a very simple one, where the acceleration is supposed
to remain constant for at least three seconds ; in the case of a wave-particle, on the
other hand, it does not remain constant for two successive instants. Just, however,
asit is possible to define the welocity at any instant, so the acceleration at any
instant may be defined as being so many feet, inches or millimetres per second per
second ; by which itis not meant that the given rate of acceleration is maintained
for a whole second, or for any finite fraction of a second, but that, if the actual
rate of change of velocity at the given instant were maintained for a whole second,
the velocity would at the end of it be so many feet, inches or millimetres per second
greater than at the commencement.

60. 1t isimportant that the distinction between the wvelocity or rate of move.
ment, and the acceleration or rate of change of velocity, should be clearly under-
stood. It is possible to have a high velocity combined with a low acceleration, or
a low velocity with a high acceleration, the two being quite independent. It may
also be necessary to state that the word acceleration is, in this connection, equally
applied to what would ordinarily be regarded as retardation : a body which,
moving at the rate of 10 feet per second, slows down at the rate of 5 feet per
second per second is said to have that acceleration equally with one that increases
its speed at that rate. The word s in fact used as equivalent to rate of change
of velocity, and irrespective of whether the change is one of increase or decrease.

61. Asin the case of the velocity of wave-particle, it is only the maximum
acceleration whose determination is ordinarily necessary or attempted.

62. The sntensity of an earthquake.—Besides the elements above mentioned,
to which numerical values can be given, attempts have been made to define in a
similar manner a vague and uncertain quantity called the swfensity of an earthe
quake. The best known and most often used of these so-called scales of inten
sity is that known as the Rossi-Forel, which, because itis so frequently used and
because in the absence of anything better it may be better than nothing, is given
below. Of it, all that may be said at present is that, though to a certain extent
it may serve for the comparison of different earthquakes, each being taken at its
maximum intensity, it does not serve as a scale for the gradual dying out of a
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severe earthquake. For mstanoe, degree 1V specifies, as a part of its characters,
the disturbance of doors, etc.j in the case of the 1897 shock, this was recorded at
Sehore in Central India and at Bangalore, yet these places were beyond the
region where the earthquake could be distinctly felt, and would fall, at the outside,
in degree I of the Rossi-Forel Scale. Another objection is its limited range, The
area which, in 1897, was covered by the maximum degree, No. X, of the
Rossi-Forel Scale is as large as England, and within it there were variations of
violence, or, as ordinarily called, intensity, which would require the scale to be
extended for at least another 5 to 10 degrees?

63. The fact is that the word intensity as ordinarily used, and as it is attempted
to be defined in these scales—which were intended to serve in seismology the
purpose which Moh’s scale of hardness serves in mineralogy—is altogether too
vague and indefinite a term to be used in scientific description. Prof. Menden-
hall has pointed out that there are three distinct quantities which have been or may
be used as measures of the so-called intensity at a given locality. They are—

(1) the maximum velocity of wave-particle,

(2) the maximum acceleration of wave-particle,

(3) the energy of the earthquake, which may be measured by (a) the energy
contained in a unit volume of rock set in motion by the wave, () the
rate at which energy is transmitted across a unit area of the wave
front.

Of these, (3) in one of its forms is the most rational and scientific equivalent to
be represented by the word smstensity, and, of the two forms, () is that which Lord
Rayleigh has adopted in his “ Theory of Sound” as the measure of intensity of
radiation.

64. Unfortunately the intensity, in this sense, is mcapable of direct measurement,
and, so far, has not been satisfactorily determined in the case of any earthquake.
As ordinarily used, the word is applied to the greater or less impression produced
by the earthquake on the senses or the greater or less destruction wrought by it.

) The Rossi-Forel Scale of Intensity.—Translated by Dr. C. Davison.

1. Recorded by a single seismograph, or by some seismograpbs, of the same model, but
not by several seismographs of different kinds; the shock felt by an experienced
observer,

11. Recorded by seismographs of different kinds; felt by small number of persons at rest.
111, Felt by several persons at rest; strong enough for the duration er the direction to be
lppreulble.
IV. Felt by persons in motion; disturbance of moveable objects, door, windows, cracking
of ceilings.
V. Felt genesuy by every one ; disturbance of furniture and beds, ringing of some bells,
VI. General awakening of those asleep ; general ringing of bells, oscillation of chandeliers,
stopping of clocks; visible disturbaunce of trees and shrubs. Some startled penou
leave their dwellings,
VII. Overthrow of moveable objects, fall of plaster, ringing of cburch bells, general panic,
without damage to buildings.
Vi1, Fall of chimneys, cracks in the walls of buildings.
1X. Partial or total destruction of some buildings.

X. Great disasters, ruins, disturbance of strata, fissures in the easth’s crust, rock-falls

from mountains.
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This is now recognised to be due to variations in the rate of acceleration of the
wave-particle, and this might be used as a measure of what has been called
the intensity, but that the degrees of the scale depend to some extent on the
destructivensss or destruction produced by the earthquake, while the accelera~
tion is more properly a measure of what Mendenhall has called the destructivity
or power to destroy. The word proposed is, however, an awkward one, and the
simpler word violence seems more suitable ; of this the rate of acceleration of wave-
particle is a measure, and in proportion as this increases the earthquake
becomes more distinctly sensible and more and more destructive. Yet the
destruction actually caused must not be taken as a measure of the violence
without observing proper precautions, for it is determined both by the power of
the earthquake to destroy and the power of the object to resist destruction.
This is equally true whether we have to deal with buildings overthrown, landslips
from hills, or fissuring of the ground, and consequently, in attempting to compare
the violence of the earthquake at two different places, we must consider not only
the effects actually produced, but the particular local circumstances governing
their production.

65. Bearing these considerations in mind the word violemce may well be used
instead of acceleration in all those cases where thereis no possibility or desire of
giving it a precise numerical value. Theword will, in fact, be used in the follow-
ing report as substitute for sstensity, the latter word being reserved till the time
when, as the means of seismological observation ‘improve, it can be used in its
more proper sense,

V.—The means of measuring earthquakes.

66. The most satisfactory and trustworthy means of obtaining the values of
the elements of earthquake motion which are capable of measurement is that of
instruments specially designed for the purpose. These fall into three classes
according to their purpose ; sessmoscopes, which merely record the fact of an earth-
quake, of sufficient severity to affect the instrument, having occurred ; seise
mometsrs, which are intended to measure one or more of the elements of the
earthquake motion; and seismographs, which record in greater or less detail
the actual course of that motion from the commencement to the close of the
shock.

67. In principle the instruments may be cfassed according as they consist of
(1) a mass which is set in motion by the earthquake ; (3) 2 mass which is so
supported as to remain more or less steady, while the earth moves underneath it ;
and (3) an arrangement by which the actual tilting of the surfaceis measured.
Two or more of these may be combined in the same instrument, and on one or
more of these principles a vast number of instruments of varying design have
been constructed or proposed. To attempt a description of them here would
occupy too much space, and for an account of them and the capacities of the
various types reference should be made to Prof. Milne’s two books.

68. Apart from special instruments, much information may be obtained from
observations made at the time of the earthquakes, or from the effect produced by
it; in the case of very violent shocks this is the principal source of information.
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69. The rate of transmission is obtained from observations of the time at which
it was felt, and it is necessary that these should be accurate at least within one
minute of time, even in the case of earthquakes which are felt over a large area.
In the case of lesser earthquakes an even greater degree of accuracy is required
if the results are to be of any value, yet even here, if the observations are
sufficiently numerous, a much greater degree of accuracy in the result can
be obtained than the errors of each individual observation would appear to
justify.

70. Another necessary precaution is to compare similar phases of the shocks,
and in practice the only phase which can be itentified, with even an approximate
degree of accuracy at different places, is the commencement. When a sufficient
number of trustworthy observations are available, they may be treated either by
means of the mathematical process known as the method of least squares, or in
the simpler method adopted in Chapter 111, which will usually give results as
accurate, though less precise, than those ohtained by the more elaborate method.

71. The replies to circulars issued after the earthquake of 1897 showed that the
stoppage of clocks is popularly supposed to be a particularly accurate method of
recording the time of an earthquake. This, however, is not the case; not only is
there no means of determining the particular phase of the shock to which the
stoppage was due, but in some cases the clock may not stop till some time after
the earthquake has ceased. One authentic case is on record—the earthquake of
24th June 1870 at Athens—where the pendulum of an astronomical clock was
observed to be knocked against the clock case by the earthquake, yet the clock
only stopped some five minutes after the earthquake had ceased.

72. The amplitude of the wave and the velocity and acceleration of the wave-
particle can be determined, in the case of earthquakes of sufficient violence to
cause damage, by observation of its effects. The methods and formule in use
are sufficiently explained in Chapter V and in Appendix C,

VI.—Earchquake effects.

73. Cracks in the walls of buildings are probably in large part due, and in
lesser degree fissures in the earth, to the bending of the surface, as it is thrown
into undulations by the passage of the earthquake wave. With this exception,
all the effects of an earthquake, whether they take the form of visible damage or of
the sensations produced at the time, are entirely due to inertia.

74. Everything tends to remain in the same condition of rest or motion in which
it is at any moment, and is only by the action of an external force that a change
can be produced. A pillar, standing upright, has no tendency to fall over,
but when its base is suddenly displaced, as by the motion of the ground in an
earthquake, the mass of the pillar tends to maintain its original position and a
strain is set up at the base. If this strain is great enough the pillar will be tilted
up onthe edge away from the direction in which the base was moved, and if the
movement be great enough the pillar will topple over.

75. If, from the form of the body affected, it is not free tofall or bend in
the direction from which the motion starts, the velocity of movement of the wave-
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particle will be communicated to it, and, when the next semiphase of wave motion
sets in, its smerésa, or, as commonly expressed, momentum, will tend to make it
continue to move with the direction and velocity which have been imparted to it.
A strain will consequently be set up, just as in the case considered in the last
paragraph, and in this way not only may pillars be overthrown but the ends of
walls may be shot off, or the soil resting on a hill side, or even the face of a cliff, be
dislodged, as described in Chapter VII.

76. The magnitude of the strain set up is governed, not by the velocity, but by
the acceleration of the wave-particle. This is easily illastrated experimentally.
Let a match-box, preferably full, be stood on end on a sheet of paper resting on a
table ; if one edge of the paper is taken hold of, the paper and match-box can be
moved over the table and, if the speed of movement be only gradually increased,
it will be found that the motion may become quite rapid without causing the
match.box to overturn ; if, on the other hand, the sheet of paper be put suddenly
in motion, the match-box will fall over backwards, or if after having been put in
rapid motion it is suddenly stopped, it will fall over forwards. Similarly, if a
train is started or stopped gently it is very difficult for a passenger to recognise
the moment of starting or stoppage, but if an unskilful, or careless, driver is in
charge of the engine, the stoppage, or starting, may be a jerk that is very notice-
able. In both these instances it is not the rate of movement, but the rapidity of
change of rate of movement, that is to say, the qcceleration, which produces the
effect. Similarly, in the case of an earthquake the sensation produced, or the
damage done, is due to the greater or less suddenness of the movement and not
to the actual velocity attained.

77- There is another way in which solid bodies may be affected by the earth-
quake wave, which depends, not on the acceleration, but on the velocity of the
wave-particle. If, instead of a tall pillar, we take the case of a flat stone lying on
the ground, it is ob vious that any overturning is impossible. The motion of the
wave-particle will be more or less completely imparted to the stone, and when the
next semiphase of the wave motion sets in, the inertia or momentum of the
stone will tend to make it continue moving with the direction and veloeity which
has been imparted to it. If the momentum imparted be more than sufficient to
overcome the resistance of the attachment of the stone to its support, it will be
projected through the air, and the distance to which it is projected is dependent on
the direction and velocity with which it started on its way. Yet, even here,
acceleration is not without its influence, for, where a body is projected upwards,
whether vertically or in a slanting direction, the acceleration of the wave-particle
maust at least exceed that due to the action of gravitation, or the attraction of the
earth on a free falling body near its surface.!

78. This statement may easily be illustrated by placing a small stone in the
upturned palm of an open hand. 1f the hand is raised and then lowered slowly
the stone will not leave it, but if the movement is made quicker and more quickly
a limit will be reached when the stone leaves the hand and rises in the air; this
means that the rate at which the stone increases its velocity of fall is less than

! This varies slightly from place to place, but may be taken as about 32 ft. per second per
sccond,
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that at which the hand increases its rate of downward movement. Once, however,
that this limit is passed the distance to which the stone travels through the air is
governed solely by its initial velocity and direction of movement, and if any two of
these three is known the other can be calculated.

79. Though a consideration of the methods of construction, which should be
adopted to prevent or lessen the damage caused by earthquakes, would be foreign
to the purpose of this introduction, it may be pointed out that the foregoing
paragraphs show that one of two principles should be used as a guiding one,
either great strength or great lightness. Seeing that the strains set up are
dependent on two factors, the inertia of the object affected and the acceleration
of the wave-particle, we must, as we cannot control the second, either diminish the
first, and so lessen the magnitude of the strains, or increase the strength of the
structure so that it shall be able to withstand the strains set up ; in other words,
and to use Prof. Milne's simile, the ideal should be either the wicker basket or the
steel safe,

VII.—The causes of earthquakes.

80. An earthquake may be produced by any cause, of the nature of a shock
or blow, by which an elastic wave or waves are set up in the earth. Thefall of a
mountain, or even a house, the explosion of a mine or magazine, or the work-
ing of a large steam hammer, may set up a disturbance which can be feltas a
earthquake within a certain distance of the origin. Excluding these disturbances,
which originate naturally or artificially at or above the surface of the ground,
and restricting the term to those natural disturbances which originate within the
earth, earthquakes have been recognised as being produced by causes which divide
them into three distinct classes, namely, (1) Rockfall, (3) Volcanic, (3) Tectonic.

81, The rockfall earthquakes are due to the falling in of the roofs and sides
of subterranean hollows or caves. They are feeble, of very small extent and may
often be only noticeable as sounds, and not as sensible shocks.

82. The volcanic earthquakes are those due to the activity of volcanoes, with
which may be included earthquakes due to the rending open of fissures by the

sudden development of steam under high pressure, This last cause has been_

inferred in the case of some earthquakes, but its reality has never been
proved ; volcanic aclivity is, however, well known to be associated with earth-
qoakes, and these may sometimes be of very great severity, though always local
in their extent. Within a very moderate distance of a town which has been laid
in ruins the shock may be quite insensible.

.83. To the class of tectonic earthquakes belongs by far the most preponderating
majority of earthquakes and all those which can be classed as really great, on
account of their violence or extent. They may be regarded as invariably due
to the sudden relief of strain, as opposed to the volcanic earthquakes properly
so called, which may be regarded as due to the sudden development of strain.

84. Leaving on one side all question of ultimate cause, the known facts of
geology show that the rocks of which the crust of the earth is composed have
been subjected to great deformations. In some places they have been tilted, bent
and compressed till they only occupy half their original horizontal extent; in

Rttt "
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others they have been broken through by fractures and one side raised by hun-
dreds and even thousands of feet with respect to the other. All these deformations
involve the exercise of great forces, which are opposed by the natural rigidity
and cohesion of the rocks; where this resistance is small the deformation may
go on gradually : where it is somewhat greater the strain will accumulate till
the resistance is suddenly overcome and an earthquake is the result. The
greater the power of resistance the greater will be the strain which accumulates
before the final relief takes place, and the greater the resulting earthquake.

85. Tectonic earthquakes have been further classified according to the form
of the disturbance to which they were due into fault, heave, overthrust and fold
earthquakes. Leaving the last out of the question as a very doubtful class, the
separation of the others appear to be of little use and to be rather fanciful than
philosophical. All alike are the result of the sudden relief of accumulated strain,
and the exact form of the fracture to which this is due appears to be an unessential
detail ; added to which the different forms of fracture accompanied by dis-
placement to which the terms fault, heave, and overthrust are applied pass into each
other without any defined line of demarcation. The term faul? is used when both
the fissure and the movement are more nearly vertical than horizontal ; in a° heave
the fissure is also nearer vertical than horizontal, but the movement is more side-
long than up and down ; while in an overthrust the plane of the fracture is nearly
horizontal and the horizontal displacement consequently greater than the vertical.

86. Itisimportant to note that the tectonic earthquakes are in no way cone
nected with volcanic action, and the fears so generally felt in Assam and Northern
Bengal that the earthquake of 1897 would be followed by the outburst of an active
volcano were not only ungrounded, but opposed to all that is known of the actnon
of the natural agencies by which earthquakes are produced.

VI1Il.~Secondary earthquakes.

87. All great earthquakes are accompanied by others which, as they are to a
certain extent the result of the principal one, may be called secondary earthquakes.
These are of two kinds, the first of which agrees more or less closely with the prin-
cipal shocks as regards the position of the focus, though succeeding it in point of
time, while the shocks of the other kind coincide with the principal one in point of
time, but start from a different focus. A third class might be made out of shocks
which to a certain extent combine the characteristics of the two first mentioned.

88. Aftershocks.—The shocks of the first sort are known as aftershocks;
they succeed the great earthquake, at first with great rapidity, but the intervals
gradually get longer and longer till the average number of earthquakes becomes
normal once more. The cause of the aftershocks is not difficult to understand.
Every great earthquake is accompanied by more pr less displacement in the
interior of the earth ; this gives rise- to a new distribution of strains, and the
gradual relief of these new strains causes a succession of earthquakes, each of
which again causes a redistribution of the strains, and the process goes on till
oquilibrium is more or less completely restored.

89. These aftershocks have been carefully studied in Japan, and it has besn
found that their decrease in frequency approximates to a definite law, such that. if



xxvi OLDHAM : GREAT EARTHQUAKE OF 1897.

two lines be drawn at right angles to each other, as in fig. vii, and divided
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Fig. vii Curve of frequency of aftershocks.

mto parts of equal length which shall represent equal numbets of earthquakes in
the one and equal periods of time in the other case, and a series of points is plott?d
such that their distances from the one line represent the number of shocks felt in
any given period of time~hour, day, week., etc.—and their distances from the
other, the number of such periods that have elapsed since the great shocks, the'n
theline joining these points will come close to a parabola which becomes asymptotic
with the two lines]at right angles to each other.

go. This will be better understood from an inspection of fig. vi, which represents
the curves of frequency of the aftershocks of two Japanese earthquakes, as deduced
by Prof. Omori. It will be seen that the frequency of the aftershocks is great
at first, but the decrease in frequency is alsogreat; as the absolute frequency
diminishes the rate of decrease also diminishes, till, when the excess over the
normal becomes small, the rate of decrease becomes also very small and the curve
becomes almost parallel to the line representing the interval of time.

o1. The actual course of the line representing the frequency of the after-
shocks does not, however, follow the curve exactly, for among the aftershocks
there will be some of greater severity than the average, and as .each of these
has its own series of aftershocks, superimposed on those of the main shock, there
will be temporary increases of frequency above, compensated by temporary
decreases of frequency below, the general average represented by the smooth
curve.

92. Sympathetic earthquakes.—The existence of seconda}ry earthquakes of the
second class has never been positively established, but is probable. They are

T
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independent shocks which originate from their own centres at or shortly after the
passage of the main shock, and, as the time of their occurence is determined by
that of the greater shock, they may be called sympathetic earthquakes.

93. It is conceivable that a portion of the earth’s crust may be in such a state
of strain that a very slight disturbance may be the determining factor in start-
ing an actual rupture. In these circumstances it is possible that the molecular
displacements due to the passage of an earthquake may be sufficient to deter-
mine the final fracture and so give rise to a sympathetic earthquake; that is
to say, to an earthquake which is unconnected with the primary one, so far as
the place and cause of origin are concerned, but is so far dependent on it that the
moment of its occurrence is decided by the passage of the earthwaves of the
greater shock.

04. There are many recorded cases of earthquakes which, occurring atthe
same time as greater ones, have been regarded as sympathetic, but it must be
confessed that the connection has in no case been proved. As a rule, the coinci-
dence in time is only approximate, and where it has been close enough to permit
the supposition of acausal connection, there always remains the possibility of
the coincidence being merely accidental. The existence of sympathetic. shocks,
though they are referred to and described in text books, must still be looked upon
as conjectural rather than established.

95. Sympathetic aftershocks—A third category might be made of shocks
which, though they start from a centre which is neither identical nor contiguous
with that of the great shock, yet follow it and are due to the alterations of strains
caused by the displacements which accompanied the principal shock. In the
case of the 1897 earthquake there were, during the autumn months of the year,
a number of small earthquakes in the Darjiling district of the Himalayas, which
evidently originated there, and did not spread into that district from a distant
centre. The Darjiling district lay well outside the epicentre of the principal
shock, yet these shocks, which originated there, and were much more frequent
than the normal number of shocks occurring in that district, must have been
indirectly due to the great shack; that is to say, the displacements of the earth’s
crust under the epicentre of the great shock caused a change and increase
of the strains in the Himalayas outside that tract, which resulted in an increased
number of earthquakes. These were not aftershocks in the ordinary sense
of the word, for they did not originate from the same focus or from an extension
of it, while they were equally not sympathetic earthquakes as defined above, for
they occurred at a very different time ; as they combine part of the characteristics
of these two classes of secondary earthquakes, they may be distinguished as
sympathetic aftershocks.
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CHAPTER [.—-INTRODUCTORY.

At about quarter past five in the afternoon of the 1ath June 1897,
there burst on the western portion of Assam an earthquake which,
for violence and extent, bas not been surpassed by any of
which we have historic record. Lasting about two and a half min-
utes, it had not ceased at Shillong before an area of 150,000 square
miles had been laid in ruins, all means of communication interrupted,
the hills rent and cast down in landslips, and the plains fissured and
riddled with vents, from which sand and water poured out in most
astounding quantities; and ten minutes had not elapsed from the
time when Shillong was laid in ruins before about one and three-
quarter millions of square miles had felt a shock which was every-
where recognised as one quite out of the common.

* The earthquake found the geological survey in a manner un-
prepared for it. Of the officers available for despatch into the
earthquake shaken tracks, there was but one who had paid amy
special attention to the subject of earthquakes, or had any knewledge
of the nature of the observations required, beyond such as might be
obtained from the ordinary curriculum of a geological student. The

B ’ (1)
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area affected was, however, too large for any one man to examine
single handed, and the advent of the rainy season rendered it
necessary that the work of examination should be undertaken at
once. The four officers at headquarters, Messrs. T. D. LaTouche,
H. H. Hayden, E. Vredenburg and G. E. Grimes, were accordingly
despatched, with instructions to collect what information they could.
Mr. LaTouche was entrusted with the examination of the Assam
valley, and was subsequently instructed to visit and make observations
at Shillong, Cherrapunji and Sylhet; Mr. Hayden examined the line
of railway running north from Calcutta to Darjiling, and several of
the more important towns in Northern Bengal ; Mr, Vredenburg
undertook the examination of the country to the west of this; and
Mr. Grimes made a tour through Eastern Bengal and the Cachar
valley., These investigations were confined to those districts wherea
considerable amount of damage was known to have beea done,
Mr. P. N. Bose was afterwards despatched to the eastern deltaic
districts, from which the accounts, received at first, were meagre, and
indicated a much less degree of violence than was at the time
intelligible. The reports submitted by these officers, so far as they
have not been incorporated in the text, will be found in Appendix A.
Every attempt was also made to obtain informatien by means of
letters and circulars; a large mumber of volunteer observers were
interested in maintaiﬁing a record of the aftershocks ; while the
Local Governments and the Imperial Telegraph Department had
been instructed by the Government of India to render all informa-
tion and assistance in their power.

It is on the information obtained by these means, supplemented
by a tour through the epicentral tract, which was made by the wuter
during the cold weather of 1897-98, that the following report is
based. In accordance with the orders of the Government of India,
it deals with the earthquake from a scientific point of view alone,
and, except incidentally, the buman aspect of the occurrence is not
dealt with. No tales of hairbreadth escapes, of deaths, or rescues
from death are recorded, nor is any reference to the manner in
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which the disaster was met and the complete interruption of come
munications remedied. These matters are dealt with in the official
reports of the Governments of Assam and Bengal, in the Adminis.
tration Reports of those Governments, and in the annual reports
of the Imperial and Provincial Departments which were affected.
Besides these an excellent summary of this aspect of the earthquake
bas been given, in an easily accessible form,! by Mr. H. Luttman-
Johnson, formerly Commissioner of the Assam Valley Districts,

In the notices of the earthquake which have been published
previous to this, it has been described as the Calcutta, the Assam,
the Indian, or merely the, earthquake of 12th June 1897. The first of
these titles is obviously inappropriate, for Calcutta was nowhere near
the focus, nor was the earthquake so severe there as at many other
places. The second title, though better, seems still too limited, for
the province of Assam covers but a small proportion of the area
affected by the earthquake, nor did the focus lie entirely beneath the
area covered by the province of Assam. The term Indian is better,
for, not only was it felt over a large part of India, but the greater
part of the whole area over which it was felt, falls within the limits
of the Indian Empire. Even this name is not, however, altogether
unexceptionable, for more than a quarter of the area over which
it was felt lies outside the limits of the Indian Empire, while not
more than about a third can be said to lie within the limits of India
proper.

In fact, it is not possible to adopt any geographical name which
is altogether satisfactory, nor does this seem necessary in the case
of the greatest earthquake of which we have any historic record.
On the title page of this report I have referred to it simply as the
Great Earthquake of 1ath June 1897, and this appears to be sufficient
to distinguish it from other, and lesser, earthquakes.

In dealing with the earthquake, [ shall first give a selection from
the numerous accounts received by me, which will indicate the

1 The Earthquake in Assam. Jeurnal of the Society of Arts, XLVI, 473-493 (1898),

( 3)
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4 OLDHAM: GREAT EARTHQUAKE OF 1897.

nature of the shock at different places, and to some degree its extent,
and shall then devote a series of chapters to considering the special
aspects of the data that have been collected. The course of the
investigation is sufficiently indicated by the headingsof the successive
chapters, but before proceeding to its description I must take this
opportunity of expressing my obligation to the numerous correspond-
ents whose names are mentioned in the succeeding pages,and to
those many others whom it has not been possible to name indivie
dually, The information that each could give naturally varied much
in value and importance, but, such as it was, it was willingly given,
and what is more, subsequent correspondence and questions were
freely answered in some cases,] fear, not without considerable
trouble. But for this assistance readily rendered the information

regarding the earthquake would necessarily have been very
incomplete.

CHAPTER II.—NARRATIVE ACCOUNTS OF THE NATURE
OF THE SHOCK.

In accordance with the general scheme of description proposed
iu the last chapter, we commence with the descriptions of the earth-

.quake at Shillong, and of these I will first reproduce that of Mr.

F. H. Smith, of the Geological Survey of India, who writes:

“Some tremors are said to have been noticed for a few days previously by
sensitive persons ; but if actually perceived they must have been very slight
indeed. On June 13th the severe shock commenced without any warning what-
soever (some people say they noticed a rumbling sound for 10 or 15 seconds before
the shock).

“1 was out for a walk at the time, and was standing on the road which passes

the foot of the filtering tank of the Shillong

Personal experience,  waterworks, near the school. At 5-15 (according to the

ordinary Shillong time, but it is not known how this
compares with absolute Calcutta or Madras time) a deep rumbling sound, Kke
near thunder, commenced, apparently coming from the south or south-west,
followed immediately by the shock. The rumbling preceded the shock by about
two seconds where I stood, and the shock reached its maximum violence almost
at once, in the course of the first two or three seconds. The ground began to
rock violently, and in a few seconds it was impossible to stand upright, and I had

( 4)
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to sit down suddenly on the road. The shock was of considerable duration,
and maintained roughly the same amount of violence from the beginning to
the end. It produced a very distinct sensation of sea-sickness, The earth move-
ment was exceedingly sudden and violent. The feeling was asif the ground
was being violently jerked backwards and forwards very rapidly, every third or
fourth jerk being of greater scope than the intermediate ones.

“ The surface of the ground vibrated visibly in every direction, as if it was
made of soft jelly 5 and long cracks appeared at once along the road. The sloping
earth-bank round the water tank, which was some 10 feet high, began to shake
down, and at one point cracked and opened out bodily. The road is bounded here
and there by low banks of earth, about 3 feet high, and these were all shaken
down quite flat. The school building, Which was in sight, began to shake at the
first shock, and large slabs of plaster fell from the walls at once. A few moments
afterwards the whole building was lying flat, the walls collapsed and the corru-
gated iron roof lying bent and broken on the ground.

* A pink cloud of plaster and dust was seen hanging over every house in
Shillong at the end of the shock.

“My impression at the end of the shock was that its duration was certainly undef
1 minute, and that it had travelled from south to north. Several other observers
agree with me in limiting the first and great shock to 40 or 50 seconds. I have
heard sinee that its duration was timed roughly in Shillong and Gauhati, and put
down at 2} minutes ; but I feel convinced that this includes subsequent tremors,
which lasted some time. The violence of the shock may be imagined when it is
stated that the whole of the damage done was completed in the first 10 or 15
seconds of the shock, ’

* The buildings of Shillang might, before the earthquake, have been grouped

into 3 classes, which correspond now tQ3 degrees of ruin :
Damags done. “ 1. Stome Buildings.—It is not too much to say thax -
every bit of solid stone work in the neighbourhood of
Shillong, including most of the bridges, is absolutely levelled to the ground. The
stone houses, and conspicuously the church, are now reduced to flat heaps of
single loose stones, covered with torn and burst sheets of corrugated iron—the
remains of the roofs. )

“ The walls do not show the slightest partiality in their direction of falling.
The stones have in every case been shaken loose, and have collapsed equally on
both sides of the line of the wall.

* Heaps of stones along the roads, broken for mending purposes, which stood
1 foot high before the shock, are now flat, roughly circular patches 3 or 4 inches
in thickness.

* Two tall monuments of excellent cut stone work, about 20 or 30 feet in
height, are in ruins ; though in each case some feet of the masonry at the base
still retain an upright position—the individual stones being shaken from each other,
The ruins are scattered most impartially on all sides in a rough circle. The
pinnacle of the larger (Quinton) monument has been thrown down bodily, and
lies some feet from the centre of the stone work pointing N.-N.-E.

“ 2, Ekra-buslt Busldings.—~A wooden frame work, with walls of sanx grass

(5



6 OLDHAM : GREAT EARTHQUAKE OF 1897.

covered with plaster. About half the buildings of this description are ruined in the
same way as the stone buildings. All thelarge ekra buildings are utterly ruined
inside, the chimneys in all cases being of stone work, the whole of which has fallen
with the plaster from the walls, and in many cases the roofs also.

“ Small outhouses and villages of ekra-work have in some cases escaped with
the loss of the plaster. Some of the new larger buildings would also have escaped,
but for the stone chimneys, which have in every case wrecked the house.

3. Plank Buildings.~Built on the *“log hut ” principle, a wooden frame
work covered with planks, resting unattached on the ground. The only buildings
of this description were stables or outhouses. In every case they have escaped
untouched, except where the supporting stone work has been shaken away, when
they have been slightly displaced.

“ Trees in Shillong have not suffered much, two only were brought down by

the shock, and as they were leaning over to begin with, their direction of falling
does not give any evidence.

‘ In Shillong itself the roads and hillsides are cracked in all directions, but the
Co cracks merely show the lines of weakness in the ground,

untry round. which has been simply shaken down by the violent
vibration, which has apparently acted in every direction.

“ Small banks of earth have been flattened everywhere, and the band of
the artificial lake—a bank some 150 yards long and 30 or 4o feet high, made
mostly of earth, gave way almost at once when the great shock began. The centre
half of it has been carried bodily away down the valley below by the rush of
water.

 On the hills round Shillong four or five considerable landslips can be seen.
Patches of hillside debris have fallen from steep nala banks, carrying trees and
undergrowth with them, and marked now as patches of red soil on the hill—the
largest is about 300 feet in width and the same in height.”

Another account which may be reproduced is that of the Assis-
tant Superintendent of Telegraphs, Shillong Division, contained in his
official letter No. 1473, dated 12th July 1897, Shillong, and addressed
to the Director General of Telegraphs. According to this,—

“ The shock which levelled Shillong was immediately preceded by a milder
shock which did no damage, this was of a greater severity than the shocks usually
experienced in Shillong. This milder shock seemed to die away, but without
absolutely ceasing, it suddenly developed into a most destructive earthquake, which
no building or structure withstood for more than a couple of seconds. The
rumbling which accompanied the first shock increased in vclume as the shock
increased in severity. By that time I was outside, between my own bungalow
and another one not 30 yards from it. The noise of the earthquake was so great
that I could not hear the falling of the stone chimneys in either of the two
bungalows, nor the noise of the fall of part of my bungalow. As soon as the
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shaking was over, I looked at my watch, and allowing for the error of my watch
by that day’s time, found the time was 5-16 p.m.
I estimate the duration of the whole earthquake to be about 1} minutes.
Duration and direction The first shock lasted about 10 to 15 seconds, so that
of shock. the destructive shock lasted from 75 to 8o seconds.

The direction is more difficult to determine. Judging from the rumbling
sounds, they appeared to come from the south. During the shock there were
no undulating waves; there appeared te me to be no vertical motion. The Hhill:
I was on at the time simply felt as if it was being rapidly moved in a horizontal
plane backwards and forward. This motion was so violent that I was unable to
stand, but had to crawl on my hands and knees and hold on to a tree for
support.

I examined several stone structures, the Church, Telegraph Office,
Divisional Superintendent’s and Sub-Divisional officer’s offices, and found
they had simply collapsed, owing to the stones being shaken out of their position,
the debris remaining all round the site, with a slightly greater accumulation on
the north side. The roof in all these cases has simply fallen almost exactly over
the place where the supporting walls were. The Quinton Memorial, which was
a stone spire, has collapsed, and the stones it was built of are simply lying piled
round the base. The stoneware column which was at thetop was lying southe
south-west and north-north-east. This I take to be the true direction of the
destructive shock. >

One more extract, from an account given by the correspondent
of the Psoneer newspaper in its issue of 3rd July 1897:

“ As regards the movements of the earth’s surface, I can furnish only the
personal impressions of one who has had little, if any, scientific training. The
movements seemed to me to be distinctly horizontal and undulating, the surface
of the earth presenting the aspect of a storm.tossed sea, with this difference that
the undulations were infinitely more rapid than anyseen at sea. The depth of
each wave seemed to me to vary from one to three feet, but this is the estimate
of an unscientific individual who had never observed any similar phenomenon,
and your readers must take it for what it is worth. 1 should also add that the
earth’s surface seemed to me to have a gyratory motion, as thcugh each little area
were moving in a whirl. It may be that the horizontal and gyratory movements
cannot take place at the same time, and that the latter was apparent only, the im-
pression formed in my mind being due to the rapid undulatory movements,”

I have also received a number of accounts, both written and
verbal, all of which agree in asserting that there was a very marked
undulation of the surface of the ground. Different accounts place
the length of these undulations at from 8 feet to 16 yards and their
height at from 1 to 3 feet. It is probable that the highest of the
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former and the lowest of the latter values are nearest the truth, and
we may take it that the waves were about 30 feet long and 1 foot
high on the average, but that many may have been both shorter and
higher. All the accounts also agree in showing that there was a very
considerable vertical component in the shock, loose stones lying on
the surface of the roads being tossed in the air “like peas on a
drum,” this vertical movement being accompanied by a more marked
backward and forward movement of the ground, the sensa-
tion produced being generally expressed as being * shaken like a rat
by a terrier.”” As willbe seen in Chapter V, the range of this
motion must have been at least 8 or g inches. As to the period, or
rate of repetition, I was unable to obtain any really satisfactory
evidence ; in the face of so great and so unexpected a catastrophe, it
could not be expected that attention would be paid to a matter which
would not be regarded as important, but, by asking people to try and
recollect their sensations at the time and to indicate the rate and
extent of the movement, I found that there was a very substantial
agreement as to the first, and that the rate must have been approxi-
mately one second for the double movement forwards and back-
wards. It may have been a little more rapid, but I do not think it
would possibly have exceeded 1} second,

All the accounts from the station of Shillong agree in stat-
ing that the first indication that was noticed was a rumbling
sound, like that of a rapidly moving cart; but Mr. R. S, Strachey,
who was riding at the time on the Peak, some 1,400 feet above
Shillong, states that his attention was first attracted by the rustling
of the leaves on the trees, and that the tremulous movement which
caused this lasted for several seconds before he heard any other
sound.

Passing westwards, we have the very interesting report by Captain
A. A. Howell, Deputy Commissioner of the Garo Hills, of the earth-
quake as felt at Tura, of its effects, and also of the manner in which
the administration of the district was carried on after the shock.

(8)
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PART I—-TURAL—

% 1, To make this part of the report clearer, I have begun with a short des.
cription of Tura station, of which, too, a map (not printed) is herewith sent. In
this map, only the portion south of the Ronkon stream has been accurately
drawn. The contours are at § feet intervals. The rest was surveyed with a
chain and compass, the contours being roughly put in, merely to show the
general formation of the ground.

“ 2. On referring to this map, it will be seen that the station is a very small

one, and built mainly on three spurs running from east
hs;?“ description of to west. The station has an elevation of about 1,300 feet

above sea level. It is situated at the foot of the western
end of the main range of the hills in this district, which rises immediately and
steeply above it to a height of some 4,000 feet above the sea, and thence continues
almost due east to the ranges of the Khasi Hills. The conformation of the spurs
consistsof a backbone of sandstone covered more or less deeply with a loose,

reddish sandy soil, plentifully mixed with boulders of (what I am told is) gnejss.?.

The crests of the spurs are broad and fairly level, but the sides are steep and
occasionally precipitous. At the bottom of each ravine isa small (hill) stream
flowing over a rocky bed.
“ 3. The week preceding the earthquake began with fine weather, a clear atmos-
phere, and not much rain. On the 10th - there was a
ﬁm";: '&%ﬁ?& change. Heavy masses of cloud gathered round the
top of Tura pahar (i.e., the high hill above the station),
and the air had a feeling of thunder in it, though there was no rain until noon
of 12th, when a smart'shower fell. This cleared off about 2 P.M., but was follow-
ed, after & vivid sunset, by heavy downpours lasting until the morning of the
13th.
“ 4. There being no telegraph wire to Tura, there is no means of checking
. our local time. We depend chiefly on a sun dial, but as
“R':.m of the earth- ;4 yag inaccurately put up, the result is unreliable. The
guard-room clock stopped at 5-5 P.M., and this was the
time of the first shock by my watch.
“ 5. The exact time the earthquake lasted was not noted by anybody in Tura.
. The consensus of opinion fixes it at five minutes or
,‘mn";"‘m' of the ) nger. Theshock began with a sharp vibration, in-
creasing in about 20 seconds to a violent rocking and
heaving motion of the earth, which lasted about three minutes; in about two
minutes more it gradually subsided to a gentle but distinct tremor. A few
persons assert that the shock was preceded by a loud rumbling noise, but this is

1 Reprinted, with a few trifling omissions, from the official report of the Assam Govern-
ment, published in the dssam Gasette and also separately.
8 The hills are composed of gneiss and other crystalline rocks, on which in places are
patches of tertiary sandstone and shales,— R. D. O,
(9)
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10 OLDHAM: GREAT EARTHQUAKE OF 1897.

doubtful (personally I did not hear it). Everybody, however, agrees that such
a sound was audible during the-shock. .

« This tremor of the earth continued almost without intermission through the
night of the 12th June, increasing at irregular intervals
of some minutes to a strong and jerky shake of sufficient
force to make houses rattle and trees quiver. These shocks were, and still are,
almost invariably announced by a distinct rolling sound as of far-off thunder.

« Nobody has kept any record of their number, but from several hundreds
in the twenty-four hours, they have decreased to ten or twelve a day; even now
some are nearly as strong as those immediately following the first and severest
shock.

«6. The effects of the earthquake, as seen on the ground, are (1) landslips
Effects of the earthe (2) cracks and fissures; (3) ridges and furrows; (4)
quake on the ground. depressions of the surface.

(1) Landslips.—Landslips are now visible from the station in every direction,
but are fewest to the north. They have occurred wherever the ground was steep
and not formed of solid rock. In the station itself the southern spur has suffered
most, and more on the south side than on the north. There is a large slip at the
head of the nulla to the south of the Deputy Commissioner’s bungalow. From
this point, as far as the parade ground (on the western extremity of the spur, not
shown in the map), the whole hillside has slipped more or less; on the northern
face the landslips are both fewer and smaller. The small spur on which the
inspection bungalow and charitable dispensary stand displays similar effects. On
the south side, half the knoll on which the clerks’ houses were built has come
down, and there is a smaller slip within a few feet of the charitable dispensary.
On the northern face, only a few rocks have fallen.

« The large spur on which the cemetery and Porest Officer’s bungalow are
situated has small landslips on both sides. The spur on which the mission com-
pound lies has suffered least of all, there being only one small slip on its southern.
face. On the other hand, the high hill immediately behind it is scarred all over.
(2) Cracks and fissures.~Cracks in the ground are to be seen everywhere, but
chiefly in the vicinity of landslips and along the upper edges of sloping ground.
Their direction follows the line of the hills. Besides them, however, there area
good many on the level crests of the spurs far from any sloping ground and
running in various directions. In some, a walking stick can be pushed down to
a depth of 20r 3 feet.”

«(3) Ridges and furrows.—In the western portion of the southern spur and
all round the Civil Surgeon’s quarters to the distance of a mile down the Man-

Subsequent shocks.

kachar road, where the soil is

sandy and the surface fairly
‘ = ! level, the ground looks as if a
e == steam plough had passed over

— === it, tearing up the turf and throw-

——— ing the clods in every direction,
Fig 1. some up hill and some down, and

g the sods completely over, so that only the roots of the grass

in many cases turnin
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are visible. In other places, the earth seems to have first opened and then closed
again with great pressure, forcing up the turf along the line of cleavage into
ridges, thus (Fig. 1).

* [n other places, again, large pieces of turf are found lying on the grass with
no mark or sign to show the place from which they had been torn,

“(4) Depressians of the surface.—Depressions of the surface of the earth are
only a few inches deep and apparently of small area. Their edges at first were
clearly defined, but now have become worn down by the weather and by the feet
of men and animals. Those near sloping ground are due, no doubt, to the
slipping of the earth or displacement of some large boulder below, but others
occur in the centre of the most level places, and indicate perhaps an actual
subsidence of some substratum of the spur itself.

¢ Trees have not, as a rule, been damaged, except on steep hill sides and in sandy
soil, where in many cases the earth seems to have been shaken away from the roots.

* A stone onthe parade ground, about 20 inches in diameter and 10 inches
thick, partly imbedded in the ground, was thrown to a distance of about 3 feet,
and turned upside down. A cylindrical metal rain-gauge on the Deputy Com.
missioner’s lawn was also similarly displaced.

“ 7. All buildings in Tura, both Government and private, may be divided into
four classes :— First.—Those built on wooden piles from
10 to 20 inches in diameter, driven several feet into the
ground and reaching up to the roof. These have a raised board floor, mud and .
reed walls supported by timber battens, and a roof of thatch or corrugated iron.
Of this class are the houses of the Deputy Commissioner, District Superinten-
dent of Police, Forest Officer, and Sub-Engineer, the inspection bungalow, cut-
cherry, and the houses of the American Baptist Mission.

“ The bouses of the Deputy Commissioner, District Superintendent of Police,
Forest Officer, and Sub-Engineer are damaged more or less severely inthe same
fashion. Several posts have sunk from a few inches to a foot deeper into the
earth, causing the floor to buckle and the roof to sag. Many, too, are out of the

] perpendicular. At the point
each post enters the ground, a
cup-shaped depression, from
one to six inches in depth and
diameter, has been worn round
it thus (rig. 2) as though the
post hud been given a circular
movement :

« Many of the timber bat-
tens supporting the walls have
been wrenched loose, most of
the plaster has fallen, and, where old and rotten, the reeds have come down
with it. The bungalows of the Deputy Commissioner and District Super-

(1)
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Fig. 2.
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intendent of Police have suffered most. The former was built in 1872+73, the
latter in §875. The Forest Officer’s bungalow was built about twelve years ago.
Its walls have been badly damaged, and to a smaller extent, also the posts, floor,
and roof.

% The Sub-Engineer’s house was built in 1883-84; it has suffered in the same
degree as the Forest Officer’s,

“ The inspection bungalows and cutcherry were erected in 1889 and 1889-go,
tespectively. They are both in fair condition as regards posts, floor and roof,
but the walls have been almost destroved.

“ While Government buildings have fared so badly, it i s curious to note that
the houses of the American Baptist Mission have withstood the shocks with com-
parative immunity, The reason perhaps is that the posts, instead of being driven
deep into the ground, mostly rest on stones almost flush with the earth, or flat om
the earth itsetf. Their walls, too, on the sides exposed to the weather are protected
with stout planks, which no doubt increase the strength of the structure.

¢ The second class of buildings differ only from the first in that they have a
stone and cement plinth, instead of a raised board floor. In this class are the
Civil Surgeon’s house, the charitable dispensary, the post office, the treasury,
and some shops in the bazaar. The most remarkable point about them is the
manner in which the plinths have cracked and broken up. It is most noticeable
in the treasury. This building stood on a gentle slope a few feet from the top of
a steep hill-side. It had a strong frame of timber, walls and roof of corrugated
iron, and a massive plinth of cement and large stones. The plinth was 70 feet
long, and 32 feet 6 inches wide with a maximum and minimum height of 8 feet and
1 foot 6 inches, respectively. The floor was of concrete and cement to a depth of 9
inches. Solid as it was, it crumbled away like a pile of sand before the first
shock had stopped. T he stones rolled out on all sides, and the floor was broken
into little pieces. The whole building tilted over towards the khud, wrenching
the main posts in every direction, and uprooting or breaking the smaller ones
which supported the verandah. The plinths of the other buildings also cracked
up, and the sides fell away, leaving gaps under the walls, but they do not show
signs of such violent action as the treasury. The frame and roofs are almost all
sound ; in the Civil Surgeon's house only, the thatch has parted along the ridges
of the roof and slipped to the ground. The walls have been denuded of plaster
and the battens have in some places been loosened. These buildings were erected
as noted below :

Civil Surgeon’s quarters built in 1897. Post office built in 1887-88.
Charitable dispensary » » 1890-91. Treasury ,, , 1887-88.

* The third class consists of buildings with the ground for the floor, timber
or bamboo frames, walls of mat or reeds lightly plastered over, and roofs of
thatch or corrugated iron. The out-offices of the different bungalows belong to
this class. Being old and badly built for the most part, they have been reduced
to ruins. Other buildings of this class, consisting of the police barracks, clerks’
quarters, and the majority of the houses in the bazaar have stood well. Some
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have collapsed, owing either to their original ricketty condition, or to the ground
having fallen away under them.

“The fourth class consists of the Garo’s houses with a raised floor and built
entirely of wood, bamboo, cane, and thatch, .

“ These houses, when on level grourd and in fairly good repair, have not been
at all affected by the shaking. Unfurtunately, many of them were built (in a hilly
district like this) on steep hill-sides, or ¢t the base of cliffs, and numbers of them
have been destroyed by landslips, In all the houses in the station, furniture was
thrown about in great confusion, pictures fell, the pendulums of clocks were
shaken off, chairs and tables shifted atout like grains of rice in a winnowing
basket. Almirahs and book cases were overturned; in short, no moveable
article, however big and heavy, was left in its original place.

“ 8. The station roads and bridges had been badly damaged ; that part of the

. . road running past the District Superintendent of
Station roads and bridges. Police’s house, marked A B C in the map, has slipped
away altogether, and the path from the jail to the point marked D is covered
by a landslip, The stone abutments of the bridges over the Ronkon and the
Mafilkol have been shaken down, but the bridge over the Rengri has escapes
untouched.

“To sum up. The damage done by the earthquake has been greater on the
southern than on the northern sides of the spurs, while it is also most noticeable
on the southern spurs, decreasing gradually towards the north. The small collec-
tion of houses near the mission compound, marked Chandmari in the map, shows
no signs of any disturbance, nor do the bridle-paths to Rongrenggiri aad
Salmara for the first 3 miles from Tura. On the other hand, the cart-roads to

Dalu and Mankachar are tlocked with landslips right up to the station.

PART I1.—THE DISTRICT.

% g, Owing to the difficulties and the deficiencies in the means of comnunica.
tion in this district, full reports of the damage done have not yet been received
from all sides.

& In the plains portions of the district deep cracks and crater-like pits appeared

in the ground ; one of the cracksis as much as a mile

Damage in the plains.  long, 3 or 3 feet wide, and 16 feet deep. The pits

average abovt 6 feet in diameter, though one is said to

be as much as 40 feet &cross. Through these fissures, jets of sand and

water were thrown up to a height of 6 or 7 feet,ina few cases accompanied by

pieces of coal, peat, resin, masses of semipetrified timber, and a black earth

hitherto unknown in thcse localities. The bed of the Ganal was upheaved 20 feet,

and 5o was the bed of the Jinjiram, but not so much., Both have since settied
down again, though not to their normal level.

“ Many houses sank into the greund bodily, the roof alone being visible, but
no loss of life has yet been reported. Several villages were, and still are, partly
submerged, and some thousands of dighas of cultivated land have been made
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useless. Of the crops, jute has suffered most ; in some fields plants as high as a
man have been completely buried in sand. The ashu crop has suffered a great
deal less, and, where not destroyed, promises to be up to the average. Several
bhils have silted up, and the newly-formed land is pow being ploughed for sals;
as the soil is excellent, good results are expected. The earthquake caused a
regular panic amongst the plains people. Whole villages were deserted for days,
while the inhabitants took refuge in the hills, A few Garos took advantage of
this to loot their granaries. Considering, however, the extraordinary facilities for
thieving aflorded, very little crime was committed.

« go. In the hills, landslips have caused a great deal of damage, ‘granaries

. ] have been wrecked, and much grain lost. The cultivated

Damage io thebills. gy ;505 of the hills have cracked so as to injure the crop,
and in some places the earth has been so severely shaken as to destroy it.

“ It is generally stated that some hills have sunk bodily many feet while others
have risen. In the case of two hills between Tura and Rowmari, this as-
sertion is corroborated by the signallers of the Military Police, who have been
constantly practising with the heliograph from these two places.

« 11. I regret to say there have been more lives lost than was at first supposed,

Up to date the number is 27, but as the reports arrive

Mortality. from the more inaccessible parts ot the district, this

number will, 1 fear, be considerably exceeded. The

greatest loss has occurred in the.lower part of the Someswari Valley in the circles

of Bong and Damjing Lashkars ; the latter with his whole family was buried in
his house by the fall of the hill above it.

« 13, The Garos generally were thrown into a state of stolid bewilderment by

the earthquake. They left their fields, and retired
Attitude of the people. into their village houses to await further catastrophes.
The Garo belief is that the world is a square flat body
hung up by a string at each corner. There is a squirrel always trying to gnaw
thesestrings, but to prevent it a demon was appointed. This demon, however,
neglected his duty, and in order that his attention might not in the future be di-
verted from his work, he was struck blind. Now that he can’t see, the squirrel
of course has the best of it, and it is feared that when one or two of the strings are
gnawed, the earth will be turned upside down.! Another storyis that Her Most
Gracious Majesty, not content with the last earthquake, has ordered another and
more vigorous one to be followed by acyclone. That it isin the power of the
Mahayani to do so is never doubted. One man asked for a parwana to forbid
the hill behind his house from slipping down on to him. Had the houses of the
European officials in Tura not been wrecked, the Garos would have made up
their minds without doubt that the recent catastrophe was the work of the Sakibs,
and excited by the wild stories in common circulation they might have given
some trouble.

1 | was informed that a number of Garo children, who were atteading the mission school,
convinced that this had come to pase, rushed underneath the platforms, raised above the
ground, which formed the floors of the mission houses, so that, when everything was reversed,
they might still have a solid floor to stand on.—R. D. O.
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#13. The district roads have all been badly damaged ; the cart.roads to Dalu

and Mankachar were impassable for weeks, except

Roads. by foot passengers. In the hills, they were blocked

by landslips, in the plains embankments sank 2 or 3

feet for long distances, breaches were frequent, and bridges had nearly all sub-

sided more orless. At the 22nd mile of the Mankachar road, a timber bridge,
80 feet long, was heaved up to a height of 8 feet above its proper level.’,

To the north, in the alluvial plain at foot of the Garo hills, but
still, as it would seem, within the area of the seismic vertical, we
bave the account of Surgeon-Major E. F. H. Dobson, Civil Surgeon
of Dhubri, contained in a demi-official letter addressed to Mr. H. J.
Cotton, C.S.I,, Chief Commissioner of Assam,?

“On the 12th, I sent you a demi-official, and about four hours later, that is
8t 3 p. m,, left the station by the ferry steamer, which landed me on the -opposite
bank at 4-15, and from there 1 drove to Jemadarhat, where I met my camp.
There was a stormy sky ahead and a strongish breeze blowing whilst I was cross-
ing the river ; on reaching the opposite bank, had a few drops of rain, and, on
the whole, had a cool and pleasant drive till I reached Jemadarhat, which is 3¢
miles from the opposite bank of the river. The resthouse .at Jemadarhat was
burnt down some months ago, and my servants rigged up a small godown about
16' x 8' for me to stay in during the night.

“ At 5 p.M. came this terrible earthquake. I invariably sit out an earthquake,
as | have always thought the worst is over before one has time to get outside a
house, but though I was safe enough in the light shanty I was in, I had to rise, as
the shock seemed never ending and a roar of water flowing near and the hum of
voices compelled my geting up. The villagers were panic-stricken and fleeing
from their houses to the Trunk Road. The ground I at once saw was everywhere
cracked up, sunk, etc. Behind the old rest-house is the termination of a very long
bheel. It was a wonderful sight, this bkeel. The water rose steadily in it, and
in two minutes must have risen at least twelve feet and then overflowed, and with
this overflow, the whole. country, as far as the eye could see on each side of the
Trunk Road, was one sheet of water. The fact being that from all the innumera-
ble cracks water had gone on spouting, and that, coincidentally with the overflow
of this bheel, the water level had risen to the same height all over the surrounding
country,

“ In addition to the cracks from which the water welled up carrying the sand
with it, innumerable jets of water, like fountains playing, spouted up to heights
varying from 18 inches to quite 3¢ or 4 feet. Wherever this had occurred, the
land was afterwards seen to occupy a sandy circle with a depression in its centre.
These circles ranged from 2 to 6 and 8 feet in diameter, and were to be seen all
over the country. In some places, several were quite close togetber; in others
they were at a distance of several yards apart. They had the appearance of

2, Assam Government report, Appendix V,
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small craters. I have heard it said that the water from the cracks and these so»
called fountains was warm, almost hot, but this must be due to some one’s imagine
ation: I had to wade through a good deal of water whilst the water level was
rising, and had the temperature of the water been abnormal, it must have made
itself felt to me. It must not be overlooked that the country had been water-
logged days before the earthquake came, and that it must have been this water
which was driven up with the subsidence of the land, as I believe the quake was
due to a subsidence,

“In front of Jemadarhat resthouse the Garo Hills are within § miles, and
behind it is the Brahmaputra at a distance of not more than 2 miles. The Trunk
Road remained above water, but in certain portions, where it had subsided from
1 to 2 feet, the water Rowed across it, and at these places where the panic-stricken
villagers tried to run towards the direction of Lakhipur, which is 12 miles off in the
Gauhati direction, the poor creatures got more alarmed than ever, for they found
themselves sprawling about in the water, unable to realise what had barred their
progress, and not knowing if they were goling to get out of it again. At all these
gaps or places, where the earth had subsided, or where fissures and cracks had
formed, the rush of water from them all carried with it an immense quantity of
sand, and this was what barred the progress of these panic-stricken villagers.
This sand had a particularly quicksandish feel about it, but fortunately, as a rule,
was not deep on the portions of the road that had subsided near the resthouse.

¢ The main shock seemed to me to have lasted nearly six minutes but perhaps
in this I am wrong and perhaps | may have missed a cessation and taken two or
more shocks as one, for certainly I noticed no cessation. It seemed as though
death from drowning must have been the end of every one near me. Although
the shocks went on being repeated incessantly at intervals of a few minutes, the
rise in the water ceased after half an hour, and then the idea present to one’s eye
was that the country on either side of the road was nothing more than inrumerable
sandechurs' of different sizes, such asare met with in the Brahmaputra. This
meant, of course, that crops were considerably covered by this sand. Most of the
excavations made by the earth-cutters annually on each side of the Trunk Road
to enable them to throw fresh earth onto it have been filled in by this sand, and
the Public Works Department will not have quite such heavy rates to pay for
earth-cutting, as the leads will be comparatively short when they begin work
again ; but for this, which is really no advantage to speak of, the loss to the pro-
vince must be enormous.

« All the panic subsided by about 9 o’clock; the hut I was originally in was
now under water, and | could not get back toit. Many of the villagers’ houses
and those of the Kayas had sunk a good deal, whilst others filled with two or
more feet of sand through the doorways. My horse broke away towards the end
of the first shocks, and made for home, the syce after her as hard as he could go,
but on reaching a good strong wooden bridge, she was stopped by the bridge
subsiding on the Dhubri side. Cattle seemed to find great trouble in extricating

1 4.0, Sand-banks.
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themselves from the sand and water, which but a few minutes before was their -
grazing ground. Villages were wholly vacated and refuge taken wherever
high land was available. Almost everything is said to have its ludicrous side,
and in the midst of confusion and the marked panic of the villagers, it was
amusing to find my cook busy at work preparing dinner within half an hour of the’
occurrence. There he was, as though nothing had occurred, on the plinth ofa
burnt down hut only just above water and surrounded on all sides by it. I was
very grateful to hint later on for not having parted with his wits. )

“ As the rush of water ceased and order was to some small extent renewed,
those who were able to do so scrambled to theirhuts, and brought out boxes and
bedding, etc., etc., and, with their belongings, encamped on the road for the night.
At about 10 it struck me I might have aroof over my head if I gat near the
ferry ghit, as there was a tumble-down serai there. [ had gone-half a mile when
two men assured me it was impossible for me to [progress, owing to a gap of
several feet in the road through which water lowed, and across which they had
just swum. On hearing this, I returned, and with my bed on the road, attempted
to get at somerest. This was impossible, with the continuous and oft-repeated
seismic shocks at short intervals, which, whenever the least bit strong, were
followed by a wail of human voices. Cattle, goats, and dogs formed a goodly
addition to those resting on the road for the night. At 2 .M., a sharp drizzle came
down, and with my umbrella over my face and a rug over my body, 1 weathered
it out till 3 .M. when my rug had got wet through. Close by was the resthouse
well. 1 now transferred my head-quarters to it, by wading across 2 feet of water
for about 15 yards, and then spread a dryish rug on the masonry platform of
this well. The well and its platform had both been badly cracked at 5 p.m.,
and the water had risen to within' 18 inches of the surface. It had a thatched
covering over it, and this sheltered me during two hours of heavy rain.

“At 5 a.m. 1 rose finally, having had a fair night’s rest under most extraor-
dinary circumstances. Having had Chota Hasree at 6, | started to walk back to
the ghat, having learnt that the road was impassable towards Lakhipur. As the
road was heavy and my syce had developed strong fever, I left him the trap-to
drive in slowly. The whole Trunk Road from Jemadarhat to ferry ghat, which
1 had seen, had eracks running along it, which were in some instanges over
100 feet long; in others the earth had subsided for a similar distance, and
then, again, transverse cracks, depressions, etc., existed all along the road
at distances of a few feet for miles; the same thing seemed to have occurred
off the road side. The villagers stated that they had lost the grain they had
stored in their houses. On arrival at the ght, it is scarcely necessary to say it
was much changed, the river having risen considerably since 4 p.u. However,
after getting almest knee-deep in many places in very disagreeable soft sand,
about which | was hopping fer quite half an hour, I got safe on to the ferry, and
returned to Dhubri at g o.m. Shortly before reaching the ferry ghat, my syce had
sent word that my horse was drowned, and desired me to return. At the ghit
another messenger brought me word saying the animal was well stuck in soft sand.
So I sent back coolies, and much to my surprise, found her none the worse, and:at
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18 OLDHAM ; GREAT EARTHQUAKE OF 1897.

. Dhubriby 5 p.M. Itseems she had got into the sand at about 7 a.M., and
remained in it till 1 p.M. There were several gapsin the road between Jemadarhat
~and the ferry ghét, but none over 2 feet wide, and the syce instead of exercising a
little care when having to go off the road, took the shortest cut possible, with the
result noted by me. The huge gap I was told of the night before turned out to be

a myth,

“On returning to Dhubri, everything was as I had pictured it at 5 ».m. the
previous night. The town is in ruins. It has sunk everywhere, and for hundreds
of feet in a stretch it is cracked and fissured. The dispensary (main building)
stands, but has suffered much. It is built on iron pillars, and its brick walls are
only about 12 feet high and 3 feet thick; above, its walls are lath and plaster.
Hence the reason it has stood. The cutcherry, the forest house, Local Board

. bungalow, circuit-house, the club, telegraph office and telegraph signallers’
quarters, and the Gauripur zamindars’ house stand, also Leslie’s and Maher’s,
because they are built on piles. Of course the plaster and lath are all gone.
The treasury, Jewett’s house, Jolly’s house, the dik bungalow, the Bijni Hall, two
large houses at the immigration depdts, the liquor shop in the bazaar, and the
Muhammadan musfid and my house still stand, but are dangerous to enter and
must all be dismantled. The post office, Hallifax’s, Bogribari zamindar’s house,
the high school, the church, the Sikh temple, the new jail, the newly built magazine,
the seven newly built houses in the dispensary ground, and all the outhouses of
every single brick-built house are down flat. So far, only one fatal case has been
reported, and this a native child about 5 years of age. The natives are all
panic-stricken, are living on the roads, in boats, and in steamer flats, and seem most
helpless ; the better classes encamp out on the roads during the night, although
several of their houses are safe. Several of them have, however, suffered cansider«
ably ; houses, especially those built on new reclaimed land near the Dhubri back-.
water, have subsided a good deal towards the back.

¢ Just beyond the front of the old jail and extending for nearly a quarter of a
mile below it and in the direction of the old bazaar, the land has subsided quite 5
feet, but this subsidence is not so great as we get further away from the jail ; in
fact it is as little as 2 feet. Unfortunately for the station this subsidence near the
jail is all but communicating with the river, and runs parallel to it behind a row of
houses situated in the old bazaar on the river bank. As soon as the river rises, it is
certain to flow into this subsidence (which already has water in it), and then there
will be one steady flow from the river right on into the recently-excavated tank in
connection with the new drainage scheme of the town. Shortly after this
takes place we shall, I think, find the narrow strip of land between this
tank and the main bank of the river will be #on es?, and that the river will be
flowing through what was once the tank and continuing its onward course carrying
all before it and skirting uncomfortably near the new bazaar.

‘ The station drains are kutcha, and almost every drainis choked up with
sand carried up from the cracks up to or very nearly on a level with the roads.
‘Lhe station tanks have risen considerably and some overflowed. In several of
them islands of sand are visible, clearly showing that, though the tanks are full,
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the actual depth of water is not very much. This I have verified in some instances,
and it is further proved by the condition cof the public wells in the station. Almost
all the pits have been levelled up by the sand from the cracks. The new bazaar,
which was very low ground, has benefited considerably by being raised with this
overflow of sand. It is at present also more or less flooded. This sandy overflow
was restricted tolow lands, more especially as bundsd roads showed no sand or
water on them, till after they had subsided to a certain depth. The two dunded
roads in the station, eis., the Bidyapara and Gauripur roads, and the two or three
branch roads from them, as also the 3} miles of road on the opposite bank of the
river over which I had travelled on 13th, have all subsided a good deal in plates,
and I think it not a bad comparison to make when I say they are not at present
very unlike switch-back railway roads on a small scale.

“ The station is terribly cracked up and has subsided in places, but this is not
to be wondered at, more especially when we recollect that during the rains it is
almost an island, and a very narrow one with rivers on three sides of it, and these
rivers forming three large expanses of water tearing along. The front of this
station is, as you know, very high land, a sort of hill, and on rock. This portion
was not cracked up, but as soon aswe reach the first road behind the front or
river side road, which is low land, we notice terrible cracks in the ground both in
numbers and extent, and this road is not more than 300 yards at the back of the
river side or front road. It is in this high portion of the station that natives of all
classes seek refuge, especially as the evenings begin to closein. Iam told the
Brahmaputra rose several feet at the time of the earthquake. Next morning
when 1 crossed it, it seemed a very different river : a huge'sand-chur in front of
the station had disappeared ; it seemed in fult flood, drift wood was plentiful, and
I noticed two small boats (empty) being carried along. Bilasipara and Lakhipur
zamindars’ country residences are down in a heap. Gauripur, Rupsi, and Bogri-
bari are said to be badly damaged. The Joldeba or Gara bridge and the Krish-
nai bridge, our two chief iron bridges, are reported broken. A hill between
Goalpara and Agia is said to have slid forward towards the road. The s4l wood
railing of the bridge near Jemadarhat is quite 8” X 8%, and it was split right across
on one side. On 13th night we had heavy rain. It had been fairly ceol till
yesterday, and up to the present it is hot again. It has just rained for five minutes
at 2 p.M., and is threatening to do so again. But what about these continuous
seismic shocks, which are really strong at intervals of every half or one hour? A
severe one again at 2-40 P.M., and s0 on all day and night. We seem to have had
such a severe beginning and so much of it since that we are quite accustomed to
shocks that at any other time would have been referred to as very serious.

“ There seems to be almost one continuous tremor of the earth going on. 1
attach a tabulated statement regarding the wells in the station, which, I think,
will be of great interest. It will reveal how they have filled with sand, and also
that those which had not filled entirely with sand filled almost to overflowing with
water. In some, both sand and water had overflowed. I am afraid this silting
up of sand in wells, tanks, bkheels or jheels, and 1 presume in rivers, will mean
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great misery for the villagers and their cattle when the dry season sets in, and
especially if we have a long drought.”

Though not within the area of the seismic vertical, the northern
part of the Maimansingh district lies very close to its limits, and
from here we have an account by the late Mr, F, Mercer, Superin-
tendent of Telegraphs, who writes as follows, in a report addressed
to the Director General of Telegraphs :—

“On the 12th June, I was at Attrabari in the Mymensing district, with
Mr. Parrott, Sub-Assistant Superintendent. We were stopping in a timber and
mat building belonging to the zemindar. Shortly after 5 p.M., Calcutta time, the
building began to sway and creak, at first thinking it only an ordinary slight
earthquake we did not move; but as the motion increased we went out into the
garden; we had gone about five paces from the house when the ground rocked
violently and we were both thrown down, as we got up I looked at my watch and
noted the time 5 hours 6-7 minutes p.m., Calcutta time. The shock appeared
to come from the south-west, and on looking in the direction we saw a series of
earth waves approaching over the surface of the ground exactly like rollers on the
sea coast, as these passed us we had some difficulty in standing, but none of these
waves reached the intensity of the first, which had overthrown us. It was raining
at the time and 1 had no compass but by marking a clump of trees which
appeared to be directly in the line of the waves with the place where we were
standing, and checking it next morning at sunrise; 1 estimated thatthe shocks
were from almost south-south-west to north-north-east. As the waves above
referred to subsided the ground began to crack at our feet, a long crack appearing
at right angles to the general direction of the waves ; not knowing what further
surprises might be in store for us we left the garden and went out on to the main
road, as we reached it we saw a series of “ geysers >’ springing up in some waste
ground on the far side of the road, pouring out sand and water, the highest of
these reached, I should say, about 4 feet; on seeing these I ran back into the
house to get my camera, in the hopes of getting a photograph of one, although
as it was raining slightly I had not much expectation of getting a good result. 1
had some difficulty in taking a photograph as just as I focussed the camera on
the largest, a new one sprang up at my feet making it necessary to shift rapidly,
moreover these geysers varied in intensity considerably, one would spring up two
or three feet and then suddenly die down and another rise on a different spot. The
water | noted was not hot.

» ) . * [ ] ) .

“On my way to Isvarganj and Ramgopalpur I noticed literally hundreds of
miniature craters where these mud and water geysers had sprung up, in: one span
of 100 yards I counted 52 between the two posts in a strip of ground about 20 feet
wide, the largest had a dimension at the bottom of about 4 feet and was above
1 foot high.
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% At Isvarganj office I found that a large crack had opened in the ground
through the office, this was about five feet wide, and as far as I could judge
about 15 feet deep ; portion of the office had fallen into it. At Ramgopalpur I
found the office, which is in the lower floor of the gate house of the zamindar’s
house, was merely a heap of bricks and plaster.

¢ All along the road into Mymensing whete numbers of cracks and crevices,
some five and six feet wide, rendering the road impassable for wheel traffic, some
of these had opened on the site of a telegraph post, and the whole socket and
subplate could be seen, the post leaning up against the side of the crevice having
slipped down as far as the subplate would permit it to go.”

From the same district I have also a copy of a letter addressed
by Babu Hiranmoy Mukerji, of Muktagachha, to the Chief Secretary
to the Government of Bengal, which I reproduce as a clear and
simple account of the earthquake, besides expressing the views of
an important section of our fellow subjects on the cause and cure
of such catastrophes of nature,

%I have the honour to submit the following report on the effects of earthquake
in the District of Mymensingh, so far as 1 have been able to ascertain, for the
information of Government ; and to suggest certain measures for palliation of the
mischief done by the earthquake, for such notice as the Government will be pleased
to take of them.

* 3. The shocks were felt at 5-6 in the afternoon of the 12th June 1897, and
their duration was about five minutes. The shocks were preceded by a very grave
sound like that of a distant thunder, and were so violent in nature that the earth
swayed like a cradle with all the contents upon it. The waving of the house-tops
above and the rending of the earth below were something very awful to look at.
And so long as the shccks continued, nobody could stand on his legs, but had to
stoop down and cling to the earth as fast as he could with both the hands and
feet, expecting nothing but death at every moment. After the first quake was over
there was a temporary rest. Again, from the evening, the shocks were felt at
quick intervals during the whole of the night and the whole of the next day. And
even though the force was much abated, yet it was sufficient to create a good deal
of uneasiness amongst men for the safety of their lives. From the second day
the shocks continued with gradually less and less force, lasting for a minute or
less, rocking the houses and things, and either meking the smaller cracks in the
buildings wider and wider, or causing those collapse in which wider cracks were
made by the first shock. The shocks continued up to 20th July 1897, though of
course their number and force lessened every day.

*3. As the effects of the earthquake are generally the same everywhere in
the district, I think it is unnecessary to describe what took place in every village
and town. It would be sufficient, I think, to give a general summary of the
whole.
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“ 4. Firstly, as to thesurface of the land. The ground was rent into two by the
violence of the shock. Inmany places, especially in those on the eastern side of
the river Brahmaputra, large gaps were made from 4 to 10 feet wide, running to
a considerable length, and resembling a canal, from which oozed out sands and
water with or without a considerable force. Within a short time, the canals so
made were full of water and were not fordable in many places. In some places
the gaps were from 1 to 3 feet wide, and their depth was from 10 to 12 feet or more.
Water appeared in these gaps a foot or less below the surface. In one and the
same place there were several gaps or fissures running crosswise, causing the
ground heave up in one place and sink in another. These ‘gaps sometimes
passed through houses and buildings! causing the former to sink down with
posts and fencing, and leaving the thatches only above the ground, and the
latter entirely collapse. In some places, however, the houses and the buildings
were only partially buried. The roads in some places sank down to the depth of
several feet and in others heaved up. They were for some time almost impassable,
and up to this day very many nearly remain the same. In some of the corn-fields,
these gaps took the form of little rivulets, which ran sometimes to a considerable
length, while in others, sands were deposited to such a height that the jute and
the early rice crops, which stood over them, were buried together with the hopes
of the cultivators, which were fastened upon them. In one place, a large tree sank
so deep that only its branches remained above the surface of the ground.

“ 5, Theshock of the earthquake was very severe inthat part of the country
which lay on the eastern bank of the river Brahmaputra. It may be noticed
here that that part of the country has got an infamy marked upon it because of the
Pandavas not having set their foot upon it. There as well as in few places on
the northern bank of that river, some shallow rivers, named in the margin were

dried up and sands were deposited on their beds, making

Kharia. them' appear like roads newly made. Many tanks
g:::‘l:‘::il;a similarly dried up and sands filled up the hollow. This
Rangsha. will again cause the scarcity of drinking water in those
lxx(hh‘;n:;tyel;hal. places. These gaps, fissures and the deposit of sands
sﬁm,,“.-, etc., etc. in some of the corn-fields have been so great that it

would be impossible for long time to come to bring these
fields under cultivation again, or perhaps never at all. [n some places an entire
village has sunk, and water come upon the surface to the depth of the knee or
the loins. The people of such villages had to pass one or two days on crafts
made of plantain barks. The water there subsided gradually.-

“ 6. But there is no good unmixed with evil or no evil unmixed with good.
Although the earthquake has destroyed and damaged corn-fields either by
depositing sands over them or causing them to sink down with yawning gaps
made through them, yet it has rendered some compensation by causing some
very old bheels to be dried up, which in the ordinary course would have never
come under cultivation within the quarter of a century. These bheels are being
ploughed up and cultivated this very year, and are about to prove an apple of
discord to the neighbouring zemindars.

1 That is thatched bambeo huts and brick built buildings—R. D, O.
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%2, In some places, both on the northern as well as on the eastern banks of
the river Brahmaputra, coal, burnt sands and other substances came out of the
earth along with sands and water. The samples which I have collected are sent
herewith in a separate box.

‘8. Several persons reported to me that they have seen smoke come out of
the ground in a ¢ertain locality on the eastern bank of the river Brahmaputra
opposite Begoonbary, which is on the northern bank, and that the place from
which the smoke came out appeared to be vety hot.

Fulpur, Gaira Hat- “9. The names of some of the places, where the
P ﬁ,‘m‘g‘:& BMh:E: changes described above took place are noted in the

dyn'uza. Shirtha, Dhamna, Mmargin,
etc., etc.

Houses anp BuiLpinas.

“T1o. Houses were buried, but were seldom levelled to the ground. The
buildings in most places were demolished, causing immense loss to the owners.
In the town of Mymensingh all the best two-storied buildings were destroyed and
als? many of one story. There were not, however, so much fissures in the town
u.m other places. The town next in importance to Mymensingh is Muktagacha.
Itisin complete ruin. Nearly all the buildings have been demolished, and the few
that have not been levelled to the ground have besen so badly cracked, both
i.n the foundation and the walls, that they are no longer fit for habitation and are
likely to come down any day. The fateof Muktagacha was also shared by the
villages called Ramgopalpur, Gouripur, Kalipur, Durgapur, Atarabari and some
others which are the seats of the zemindars of this district. These haveliterally
been rendered houseless and have been dwelling in wretched huts temporarily
made for the purpose. Many there are who havebeen literally ruined owing to
all their valuables having been smashed, damaged, or destroyed by the fall of the
buildings. There are also some who will never be able to build any more. The
losses of the zemindars have been very great.

“ 11. Although the earthquake has not been happily attended with much loss
of life owing to its having taken place during the day, which is certainly a mani=
festation of Divine favour to mankind, yet it has caused much suffering amongst
all classes. The upper classes I may say have suffered the most, and the lower
classes the least.

“ 12. This partial wreck of nature was for some time very awful tolook at and
distressing to ponder upon. Such an earthquake with such dire results is not
within the recollection of the- oldest man living. There was an earthquake in
this district in 1292 B.S,,' some old buildings fell down and some were cracked,
but there was no change on the surface of the ground. There was also another
earthquake in this district so far back as 1254 B.SJ2 Its effect was chiefly felt in
the village named Poyari, where there were several fissures of small dimensions.

“13. According to Hindu sastras, such unnatural visitations will frequently

1 A, D. 188s, 8 A, D. 1846.
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appear in this latter end of the Kaliyuga or Iron age. What have alresdy ap-
peared are mere preludes. The real ones are yet in store.

“ 14. The earthquake is commonly calculated by the Hindus according to a
formula quoted below :—

“ If you get famine, drought and plague in one and the same year,
you get the earthquake that year.

This calculation has indeed been verified. .

*15. Apart from the physical causes which make the geological changes in
the earth, the Hindus believe in a supernatural agency, which excites the physical
causes that make the change. That supernatural agency is, again, put to action
by the vice or virtue of mankind. Changes causing woe and calamity are the
result of the former, while those causing happiness are the result of the latter.
This is what the venerable Garga says about the causes which produce un-
natural changes in the earth, the middle and the upper sky :—

“ Unnaiural visitations of nature are caused by too much cove-
tousness, untruthfulness in conduct and action, atheism,
impiety and impurity in thought and action. Where there is
constant repetition of the above, the gods turn their back to
mankind and cause unnatural changes in the earth, in the
middle sky, or the region of clouds and lightning, and in the
upper sky, or the region of the sun or the solar system, for
their destruction.

“ We Hindus fully believe in this that the sin of mankind has been causing all
these woeful changes, and that unless there is an advance made towards beatitude
there will be no end of these.

“ 16. As remedial measures for the mischief done by the earthquake, 1 beg to
suggest that the local bodies, vis., the District Boards and the Municipalities, may
be directedito co-operate with the people in opening up the rivulets or canals which
have been silted up, in re-digging the tanks that have been dried up and filled in
with sands, in removing the deposits of sands from the corn-fields, in filling up the
gaps and hollows which have been made in them, and in repairing the roads
which have been rendered impassable. It will be a matter of consideration for
the District and Local Boards whether the new canals opened up by the earth-
quake should be closed or continued to any natural stream which may be close
by. 1should prefer the latter course, as they will, if continued, water a large
tract of the country and supply drinking water to men and cattle. Astothe
measures to oe adopted to guard against the recurrence of such unnatural changes
in future, I should only repeat what I have said in some cf my previous reports
to Government, vss., firstly, that Government should see that every man in every
community should follow the dictum of the religion which has been accepted by
that community and act accordingly.

“17. I am humbly of opinion that the present system of religious toleration
is not suited to India. Any man in any community should not be allowed to
violate with impunity the ordinances of the religion which has been accepted by
that community. If any man wishes to renounce his old faith and to embrace a
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vew one, he may do so. But then he must act according to the rules of the re-
ligion which he has newly embraced. It would, I think, be an abuse of toleration
if any man in any community were allowed to exercise his free will in acting or
not according to the religious tenets of the community to which he belongs. This
state of things brings on anomally in society and impurity in action.

« 18, And secondly, Fagna should be made according to the rule of tte Vedas.
And in order to enable one to celebrate the Fagna it is necessary that the State
should make some assignment in land to the learned and pious Brahmans in
selected localities, who will perform the Fagna as often as the assets of the land so
assigned will allow them to do. As Hindus, we firmly believe that the calamities
which have been threatening India will be completely warded off by this means.

¢ 19. I earnestly solicit that our good and kind Government will be pleased to
give such consideration to my suggestions as it may think proper.”

The town of Kuch Bihar was within the area where the earth.
quake reached its greatest destructive power and probably not far
removed from the region of the seismic vertical. From this place
we have the account, written by Mr. D. R. Lyall, C.S.I., Superintend-
ent of the State, to the Chief Secretary to the Government of Bengal,

on 28th June 1897:—

¢« 3. In a matter like this, personal experience is generally more valuable than
generalities, so I record my personal experience of the earthquake itself. I had
gone to the Palace and had lovked on at the crowd and seen that all was going
on smoothly and then left at about a quarter to five, going out by the northern
gate, the main or eastern gate being closed for that day for carriages. I drove
round by the outside of the Palace and turned eastward in front of the main
entrance to go to my house, when, after going about 200 yards, I became aware
of a great noise in the corrugated iron sheds at the side of the road ahd almost
at the same timesaw a large two-storied house about 50 yards ahead of me
subside and crumble away. I pulled up and now became for the first time aware
of the shaking of the earth. 1 had not felt it while driving, and I see from the
papers others have had the same experience. As 1 pulled up a large fissure
opened in the road just in front of my horse, a second under my buggy and a third
close behind me, and others were visible at further distances. The road between
where 1 was and the Palace main gate had been nearly clear of people but at
once the crowd poured out, shouting that the Palace was falling, and I accordingly
turned back and found the Palace more or less in ruins, but the Maharajah and
his family and household were all safe with one exception. This man was struck
badly by the falling bricks and was taken to the Military Hospital where he died.
Several more sepoys and servants were slightly injured, but there was only this one
fatal case in the Palace. Upto this time I had heard no sound of the earthquake,
but as 1 took leave of the. Maharajah to go and see how my own house and
family had fared, there was a rumbling noise from the earth, and sand and water
rose up from many of the fissures, In one place I saw it certainly rising two feet.
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This was after the shocks had ceased, but in other places notably all round my
house, the sand and water appear to have come out with the first shock. It certainly
did not do so in the Palace compound. I then drove to my house, nearly two
miles off and found the road full of flssures and cracks and every pucka house 1
passed more or less injured. The worst collapse was the * Chottakuti,” the fall
of which [ have already described, This house being on the line of road taken by
the “ Tazzias,” a number of people were in it looking at the Zamasha, and five
persons were killed by its fall. The whole loss of life was eight persons, one
patient in the hospital being killed by the fall of the roof and the firewatchman
on the Jubilee tower having fallen withit. This man lived for twodays in spite
of the height from which hefell. These two with the five in the “Chottakuti,”
and the one in the Palace, were the only fatal cases, and wonderfully few persons
were injured. This is due to the offices all being closed and to the population
being to so large an extent out in the open air, [ arrived at my own house to find
it absolutely in ruins and all round it water and sand which had been vomited
from the ground, The fissures here were much larger than near the Palace.”

Outside the area of the seismic vertical the accounts of the earths
quake all agree in representing the motion as largely an undulatory
one, and in many cases the presence of visible earth-waves is re-
corded. Beginning with the Assam Valley I may quote the account of
Mr. A, E. Shuttleworth, District Superintendent of Police, who was
in camp in the Mangaldai Subdivision at the time. He writes, under
date 16th August, in an official report to the Deputy Commissioner
of Darrang as follows : ==

“ On the 12th June 1897 my wife and I were sjtting on the verandah of the
Chatgari resthouse waiting for a slight shower of rain to stop. At 5-13 r.M.
we were suddenly startled by a very vivid flash of lightning followed by a
tremendous crack of thunder. At the same time the bungalow began to trembte
slightly. This I at first put down to the thunder, but as the trembling motion
began to increase I cried out that it was an earthquake. The motion began
getting more and more violent, and as the timbers all began to crack and the
verandah floor to split under our feet I hurried my wife outside into the
rain, which was coming down in torrents. It was as much as I could do to hold
my wife up. We then saw the earth all round heaving in a most frightful man.
ner. The earth resembled waves coming from opposite directions and meeting
in a great heap and then falling back ; each time the waves seemed to fall back
the ground opened slightly, and each time they met, water and sand were thrown
up to a height of about 18inchesorso. This shock lasted for about three minutes
I should think. There was no rumble with it. The shock was strong enough to
knock over a couple of elephants 1 had in camp with me. My horse too in the
stable was knocked off his legs and my dogs could not stand up in the verandah
of the bungalow. On re-entering the bungalow we found the verandah floor
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was one mass of cracks, the roof beganto leak badly all over, and the whole
bungalow had settled down, sothat we could not shat any of the doors that were
opened nor open the doors that were shut.”

Captain P. R, T. Gurdon, Deputy Commissioner of Kamrup, who
was in camp at Nalbari—a place which may have been within the
area of the seismic vertical, and was certainly close to it,—reports
that earth-waves were distinctly visible from the rest house compound,
which is situated close to a large pathar or series of rice-fields. The
waves could be seen following one another at intervals, the aku rice
falling and rising as the waves progressed. On subsequent enquiry
Captain Gurdon stated that he could not recollect the length of these
waves, but that their rate of travel, though decidedly faster than a
man could walk, was not so fast as he could run. We may take it that
the rate must have been between two and four feet per second.

From Kohima, in the Angami Naga Hills, an account by a corre-
spondent to the Englishman Newspaper, may be reprinted :—

“Notwithstanding a delay which was inevitable, an account of the earthquake
in this part of Upper Assam may prove not uninteresting. First, as to Kohima,
which is a little known Civil and Military station 4,080 feet above sea-level,
standing in the midst of the wild Naga range on the Eastern Frontier of Upper
Assam, distant 92 miles north from Manipur and 123 miles south from Nigriting
(or Shikarighat) steamer ghat, on the Brahmaputra. It is in the same latitude
with, and some 200 miles east of, Shillong.

“On the 12th instant at about 5-20 P.M., local time, we felt the first shock of
the earthquake, whose violence made us somehow feel snxious in particular for
Shillong and Calcutta, where we knew the numerous masonry buildings would
have but little chance if the earth-waves were even half as severe as we had
experienced. 1 was sitting in my garden, facing east, just outside my bungalow
examining a flower-bed, when I suddenly began to feel dizzy from an apparent, at
first gentle, fore and aft movement. Not having been well, I naturally conceived
I was going off into a faint and instinctively pressed my forehead and eyes with my
hands ; but the peculiarity of the motion and vibration of the ground, both of which
became more violent, immediately acquainted me with the fact that it must be an
earthquake, and this was at once confirmed by hearing the creaking of the wood
and iron work of my bungalow behind and observing the consternation and
alarm of my sister who then rushed out of the verandah, and of all the servants
who also very speedily vacated the house. On rising and looking around I dis-
covered the whole house bodily rocking—1I should say at least six inches each way
from the perpendicular at the highest point (35 feet)—distinctly east and west (not
‘to be too particular), the exact situation width-wise of the house being south-east
and north-west, and my sister staggering about trying to maintain her equili-
brium, almost believing that the world was coming to an end ; while the cook in
horrified alarm rushed forth from his kitchen repeating aloud the Kulma and
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calling out that there was something wrong with the bungalow roof. [ doubt
if he felt re-assured when I told him it was not the roof but the world that was
shaking. The other servants could not keep their feet but fell Aat to the ground,
while our puppy kept running about, watching the house and barking furiously.

¢ I suddenly recollected that certain valuable ornaments on the drawing-room
mantelpiece would be inevitably destroyed, and tried to make a rush to save them
but was taken aback to discover | could not at first move, and staggered violently
east and west as if on board a boat in a heavy swell. Eventually as the height
of the wave diminished | forced my way into the house, dodging the orchids
hanging in the verandah which were plunging violently to and fro (east and
west) in a most extraordinary manner about two feet from the perpendicular
each way. Fortunately not a single ornament had as yet suffered, and 1 had time
toremove them all to the ground. The two mantelpieces of the house faced back to
back, north-west and south-east, that is, in the direction opposite to the wave, as
did most of the shelves and brackets, and consequently, with the exception of one
small vaselaid prostrate, not a single article was thrown down during the whole
period of the wave. | afterwards discovered slight cracks extending upwards in
both chimneys, and the clock on one of them, whose pendulums swung northe
east and south-west, stopped short at 5-20 p.M., local time. There were no rum-
blings or explosion sounds. The appreciable part of the quake lasted some five
minutes as ascertained afterwards from the Telegraph Master, who, working
before his clock, had at once noted the hour, viz,, from 5-24 to 5-29 P.M., local
time, or 16-24 to 16-30 (f.¢,, 4-24 to 4-30 P.M.) Madras time, which is 57 minutes
behind Kohima time.

“ After the shock had passed we had time to re-enter the verandah (which I
had again vacated) and sit down and pass some remarks about the visitation,
when, some four or five minutes later I guess, we heard several loud explosions
like guns in the direction of the fort three-quarter of a mile north-west which I
remarked must be either the mountain battery practising or bombs going oft in
honour of the Mohurrum.”

Southwards of Kohima, Major H. O’'Donnell, D,5.0., writes from
Kunjukphul in Manipur :—'

“ The earthquake gave no warning of its coming. It began suddenly and
severely, and lasted I skould say some four minutes. At first the motion wasan
up and down one, and one I had never before experienced. This by degrees gave
way to the ordinary side to side kind of motion, which was at first a long and
slow motion, gradually becoming shorter and quicker till it suddenly ceased. The
hill immediately behind I could distinctly see moving, and appeared to move, turn
and turn about with the knoll we were on. At the first shock we ran all outside,
and for most of the time it lasted it was difficult to stand. 1 saw the others in
motion as you see a person on deck in rough weather.”

From Manipur itself Captain H. W. G. Cole, Political Agent,
writes :—!
! Assam Government Official Report, Appendix XI.
( 28 )




NARRATIVE ACCOUNTS. 29

“ The first tremor was brought to my notice by a servant, but after he had
pointed it out it was some seconds before I noticed any motion. The motion
then became rapidly more severe, and 1 went out on the lawn. By the time that
I reached it the motion was sufficiently severe to render standing very difficult, if
not impossible. The ground seemed to undulate from south to north. I momen-
tarily expected the cracking of the straining timbers to be followed by a crash of
their breaking, but just as severe damage seemed inevitable the undulating
motions decreased in severity, and were succeeded by what seemed to me a tilting

motion from north to south.”
»

Turning now to the south, the earthquake was observed at Silchar
by Revd. O. O, Williams, D.D., who had just arrived from Karimganj,
and was at the time in the mission bungalow. He writes :—

“ The first thing I noticed was a wave-like motion passing under my feet, some-
thing like the swing of a suspension bridge. Two or three waves of this kind
were felt, there was a perceptible interval between the crest of one wave and that
of the next, and I just felt the rising and falling of the ground, an earthquake
being far away from my thoughts. Direction from north to south. The second
thing I noticed was that the canvas ceiling was thrown into undulations, the waves
travelling from north to south, the house being situated exactly facing the four
points of the compass. The progress of the waves from one end of the room to
the other could be followed by the eye, and my impression is that the length of the
ceiling was thrown into about five or six waves.

“Although more than surprised at this phenomenon my thoughts were with
the rats, which I believed were then running about distractedly on the moving
ceiling. 1 confess I was wondering how the rats could cause such waves, and
was coming to the conclusion that some much bigger animal was required, when,
in the third place, the walls claimed my attention. A peculiar shaking and sound
of knocking began, when the shaking and knocking suddenly increased in violence
and I saw the north end of the room, where I had located the knocking sound,
give one great bulge, the convexity being to the south. ¢Earthquake ’ now flashed
intomymind * *, I backed promptly intojthe verandah and got * ® a few
yards from the house when the wave motion made it very difficult to stand.
My impression at this moment was very far from the simple one at the beginning.
It was the feeling of a boat tossed in a choppy sea, i.e., a crossing of great waves.
These waves were certainly not from north to south, it is quite possible that the
most pronounced were from the north-west.”

Dr. Williams describes his movements and impressions during
the earthquake and continues :—

“1 have mentioned the above details that you may form a conception how long
it lasted. [t seemed five or six minutes ; but half an hour or so after the shock
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when the place was cleared out a little and we were able to sit down and talk over
things, I took out my watch, went over my observations and thoughts leisurely,
allowing sufficient time for everything, and had finished the recital in 24 minutes.
I do not believe that from beginning to end the earthquake could have exceeded
three minutes by any possibility.

“I have only to add that during the great earthquake I had only the sensation
of undulating, not of shock.”

No noise was heard by Dr. Williams himself, but others in Silchar
noticed a sound, like that of a traction engine, just before the shock,
and one person, who was seated in a chair at the time, noticed the
birds rising suddenly from the trees before he himself felt anything.
This was probably due to their greater sensibility to the small preli-
minary tremors not felt by human beings.

In the accounts from Chittagong, besides clear evidence of an
undulatory movement of the ground, we find a feature repeated in
the accounts from many other places. The shock was divided into two
distinct phases, and the direction of the movement was different in
the two. Mr, J. W, Thurlow, Sub-Assistant Superintendent of Tele-
graphs, writes :=—

“ When the first shock was felt 1 was seated facing east, and suspected the
shock came from my left. On hurrying out 1 faced the north and felt a
tendency to fall forward. The motion was slight but very regular from
north to south for one-and-a-half minutes, when suddenly a peculiar quiver
was felt which made me think the direction had changed. Acting on this sup-
position I faced the west, when I found 1 could scarcely keep my equilibrium,
having a tendency to fall forward. The shocks now came from west to east, and
were far greater in intensity than those from north to south. They were regular,
but few were more severe again. The severity of the shocks did not end gradually
but abruptly.””

In Calcutta, much the same was noticed in’several accounts, from
- among which I may select the following, communicated to the daily
papers by the Revd. Father Lafont, S.J.:—

* The first intimation that [ got of the earthquake was akind of twisting sen-
sation and a rumbling noise. A few seconds soon convinced me that it was an
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earthquake, and I ran out on the terrace overlooking the portico of our College :
time about 5 p.M. Everything around was in motion, but my attention was
chiefly attracted to the energetic oscillations of a heavy stone cross, capping the
front of the College. It was clearly moving, and the whole portico as well, almost
due north and south ; a little statue in my room, placed on a bracket attached on
the north wall, fell and rested slanting against the wall. These two facts point
evidently to a first and strong oscillation north and south coming apparently from
the south.

“ Finding the terrace on which we stood unsafe I went down a spiral staircase,
and had to prop myself in doing so for fear of losing my balance. Once down-
stairs in the open I looked again at the cross, but it was then still, the oscillation
had been twisted to the east : I found in my laboratory afterwards two clear indica-
tions of that twist in two or three heavy objects which had pivoted from south to
east. In my opinion the strongest and most lasting vibration was that from east
to west, as evidenced by a tall book-case placed against the east wall in my room,
being found to have fallen direct towards the west, when I returned to my room.
Besides, all the cracks in the College buildings, in St. Thomas’ Church, and the
Loretto Convent show unntistakable signs of being the result of an east-westerly
vibration.

“1 have a conclusive proof that the last vibration was in that direction, in a
maxim barometer suspended on gimbals, found to be oscillating due east and
west, as was alsoa heavy pendulum inone of my glass cases, Several heavy
objects had also been thrown down in the same direction. Thetime this unex-
ampled earthquake lasted is variously estimated from 4 to 6 or over 7 minutes. It
may beinteresting to know that a slight but distinct shock was felt yesterday night
at about 9-30 and another one at about 8-30 .M. this morning. The barometric
curve of yesterday is almost a straight line, showing an almost stationary state of
the atmosphere.” .

M. Paul de Bure, Assistant Agent of the Messageries Mari-
times, writes that he was wakened by a succession of very rapid
vibrations which were vertical as it seemed to him; then came some
slight oscillations from north to south, and it was only then that a
noise as of a heavily laden cart was heard. These oscillations in-
creased till pieces of plaster and masonry began falling down, and he
went outside the house. From here he saw that the house was
oscillating in a south-east to north-west direction, and the oscillations
were unequal as it always seemed as if the house would fall to the
west rather than to the east. A lightning conductor rod was set in
motion and swung some 20° on either side of the perpendicular, in a
direction parallel to Park Street,
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From an account of the earthquake received from Dr, Pyari Lal
Mukhopadhyaya, I extract the following passage, which, it will be
seen, agrees with the Revd. Father Lafont’s account in discriminat-
ing two distinct phases of the shock :—

“The first shocks or vibratory motions were indiscriminate or all sided. No
particular direction could be marked. They were rapid, say some seven or eight
per second. Then followed the undulatory motions as the rolling of a mighty
ship. They were regular, keeping even time like the movement of a pendulum,
telling the second asexactly. The motions first were from north to south as we
ordinarily call it ; but the exact direction was from north-east to south-west of the
compass. I could make it out by a hanging lantern and a cageof a canary
bird. Both of them began to swing from north-east to south-west. The rope to
which the lantern was hung measures 8 feet 5 inches. When the shocks were:
severe it swung about 3} feet on either side, that is described an arc of about 7 feet.
As these shocks seemed about to subside, some rude and fearful jerks were felt, the
lantern and the cage moving from north-west to south-east, so the direction of
those jerks must have been from due west to east, or the lantern and the cage
could not have moved in the direction (north-west to south-east) that they did. ”

As an instance of how difficult itis to tell the direction of move-
ment of the wave particle from mere sensations or the movements
impressed on objects of such composite character as houses, | may
quote from Mr. Hayden’s note :—

¢ The cracks may be divided into two sets, those running north and south and’
those running east and west ; the former would be due to the fact that the structures
vibrated east and west, and the latter to vibrations at right angles to that direction;
and during the earthquake, the existence of these vibrations wasclearly seen. A
good example is found in No. 13 Theatre Road, which house I was carefully
watching throughout almost the whole duration of the earthquake. When I reached
the compound, a few seconds after the first tremor, I found that the house was
violently vibrating east-west, and soon a crack opened through the house from
north to south, and the western third of the house could be seen vibrating outwards
the large crack opening as much as 4 inches and then closing again. This was
observed from the southern side of the house. Suddenly, however, the motion
appeared to change, the crack in the south wall ceased to open, and on passing
round to the western end of the house, the building appeared now to be swinging
north to south, and vertical cracks began to open over windows and along lines
of weakness in the west wall, but they did not gape to nearly the same extent as.
the large crack in the south wall, "

It will be seen that this account places the relative order of the
north-south .and the east-west vibrations exactly the reverse of the
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other accounts. The fact is that buildings constructed like those of
Calcutta can only swingin two directions, and the local varia.
tions in the nature of the earthquake motion, which are now suffi-
ciently well established, combined with small variations in the orientae
tion of different houses, would be sufficient to account for either of
these taking precedence of the other in different localities,

The nature of the motion at Calcutta appears to have been ex-
clusively undulatory with a period of between one and two seconds.
Though destructive to buildings and distinctly felt by persons walk-
ing or standing on the ground, it was quite unnoticed by those who
were driving at the time, their first intimation of anything unusual
being the sight of cracking buildings and of people rushing from their
houses, unmindful of their attire in their anxiety to reach a place of
safety, The undulation of the ground, though apparently unnoticed
by horses in motion, was very diétinctly noticed by bicyclists, who
were unable to preserve their balance and found themselves com-
pelled to dismount from their machines.

At Saugor Island, the experience was similar to that at Calcutta,
According to Mr. R. Gilbert, Telegraph Master, an unusual disturb-
ance of the sea preceded the first vibration, the direction of which
was from south-south-west to north-north-east, for about 1 minute
and 30 seconds ; this was followed by a stillness for about 5 seconds,
after which a reaction set in from south-east to north-west, lasting
with extreme severity for 4 minutes, and diminishiug in force gra.
dually till it stopped 55 seconds later.

The swaying of the lighthouse from zenith to north-west was
noticed to be greater than in the opposite direction.

From the neighbourhood of Panchkura, in the Midnapur District,
I have received an important account by Mr, S. M. I. Williams
Assistant Engineer on the Midnapur-Calcutta Railway, which is
interesting as giving some idea of the extent of the undula.
tion of the ground, and of the way in which these surface waves
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had lengthened out from the comparatively short aand conspicuous

waves of the region within and near the seismic vertical : —

‘1 was taking levels on the railway bank about a mile south of the village
of Panchkura, and was about to take a reading when I noticed the bubble
oscillating, and I at first thought some one had touched the legs. In 5 or 10
seconds I could feel the bank shaking to and fro in a direction which gave me
the impression of being from south-south<east to north-north-west. Unfortunate-
1y I had no watch withrme. 1 tried to get the eract direction of the waves by
turning the level round on its axis, but the legs were not in the right position.
Stacks of bricks near me, about 3 feet high, were shaking, but did not fall.
The shock appeared to last 3 or 4 minutes, but, for at least § minutes after all
shaking had apparently ceased, my level indicated that the vibrations were stilf
continuing, and at this point I put away the level. Towards the cluse of the
worst part of the shock, I turned the telescope to the staff being held about 150
feet due east of it, and although the bubble was oscillating most erratically, the
level and the staff were perfectly motionless relatively to each other. When
1 got baok, it was 4-44 P.M. by Madras time, and I estimated it was about 15 or
20 minutes after the earthquake. I also set up the level to test roughly at what
angle it had been tilted, and found that the maximum angle daring the great
shock was 0° 48’ and during the lesser oscillation afterwards o° 1'; the former
angle is probably inaecurate.”

From Midnapur, Mr. Davies, Telegraph Master, reports that
the shock commenced with a rumbling, and the cot on which he
was lying rattled to the speed of it, an up and down roll such as
could be made with a signalling key, equalling a ten or twelve word
per minute pace. This roll lasted about 2 minutes, and asit passed
eastwards the doors rattled to the kic# of it and the motion changed
to an undulating south-north one. He tried torush from the house
but had to hold on to a pillar and felt distinctly sea-sickish; the
ground was distinctly billowy, and it seemed that  these were waves
of motion going forward north but receding south on the forward
movement, such as a water wave at the time of tide does.” The
total duration was 4§ minutes.

From Balasor the Telegraph Master reports that at the first
signs of the shock, after noting the time, he went to the battery
cells and found the liquid in them undulating from east to west;
this motion lasted for about go seconds, when the movement changed

o north to south for-about the same time.
(34)
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At the same place, Conductor J. W. Turner reports that he timed
the earthquake as lasting four minutes, The motion was a long rolling
one, such as would be felt if on the deck of a ship in a fairly Heavy
sea. The circuit bungalow was cracked, and a piece of the parapet
which runs east and west, was observed to swing southwatds along
a crack to the extent of about 9 inches. The southerly movement
is said to have taken b or 10 seconds, and the closing again more
rapidly, perhaps 5 or 6 seconds. This was repeated some seven or -
eight times:

This slow opening and closing of the crack corresponds with the
information I have reteived elsewhere, but it must not be regarded
as the period of the earthquake wave ; it more probably represents
the natural period of swing of the moving portion of the building.

These two last-mentioned places, it will be seen, experienced an
undulation whose direction was about east-west in the first place
and subsequently in a north-south direction, whereas at Calcutta
and Saugor Island the reverse is said to hive been the case.

Passing southwards down the coast, the undulatory nature of the
movement was noticed everywhere. Almost every account notices
the gentle nature of the movement, which was generally likened to
the easy moveinent of a ship in a gentle sea, and this movement
everywhere produced a sensation of nausea i}'! all who are liable to
that affliction in the circumstances to which the earthquake motion
was likened,

At Bezwada, Mr. C. Napier, who describes the earthquake as giv-
ing rise to a smooth, slight rocking sensation, with slight giddiness
and the faintest sensation of nausea, noticed that certain files of
papers hanging from the edge of a table oscillated slowly from north
to south for about two minutes. The rate of oscillation is said
to have been slow, the period being about once in two seconds,
certainly hot so quick as once a second.

Returning to the north, we find the same undulatory movement
D2 (35)
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recorded throughout the Gangetic alluvial plain and the northern
part of the peninsular rock area. From Giridih, Dr. J. A. Dyer
writes :

“On turning to look at the house I found extraordinary movements taking
place in the verandah roof supported by pillars, which movements I could not
detect at the east and west ends, where there are rooms with outsids walls. ‘They
(movements) appeared to be of a wavy kind, from north to south or south to rorth
and moved a few tiles from out their places up near the top of the rows and shot
them downwards, by what looked like small repeated shoves, to the distance of

" 5 tiles length in two cases, and 6 tiles in one case.

“1 could see most distinctly the heaving motion, and compared it in my mind
to what might have been produced by an elephant under such a roof, if he had
rubbed his back against it from north to south. 1 ought to state that my bungalow
stands east and west, and has a pucca roof over four centre rooms running east
and west and a sloping thatched roof with country tiles over the thatch, all round
the four sides, which tiled roof is supported partly on side dressing and bathroom
walls, and front and back on strong double pillars, with beams on them, to
support the rafters. It was only over the pillars and beams that the movements
could te detected by me. I carefully looked tothe parts supported by the walls
of the rooms on the north side (I was on that side only during the earthqake),
but was unable to observe movements there, We stood solong in the sunshine,
that I dreaded a sunstroke, and ran for shelter and shade to a small house from
which | observed the continued movements, and 1 also observed the roof of a
godown, near at hand, vibrating spwards and downwards only.”’

At Lucknow, the earthquake is said to have commenced with a
series of rapid waves like a choppy sea, which gave way to longer
ones resembling a heavy swell. The former are said to have lasted
two minutes, the longer waves for one minute. The tall column of
the Martinidre swayed backwards and forwards on either side quite
three feet,

From Allahabad, I am indebted to Mr. R. Warneford for some
interesting particulars. The earthquake here was of sufficient vio-
lence to displace crockery, etc., standing on tables and caused some
cracks to form in one or two buildings, apparently old and not of
sound construction. At Mr. Warneford’s house he noticed that
hanging lamps and saddles suspendcd from the ceiling were set
oscillating in an east-south-east to west-north-west direction ; water
in tubs was oscillating backwards and forwards in the same direc-
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tion, rising about 1 inch on each side of the tub, about 2 feet
6 inches in diameter. Quarter of a mile away Mr. Aslett, also an
Engineer in the employ of the East India Railway Company, noticed
a series of easily distinguishable waves crossing his compound from
south south-west to north north-east. The crests were about 30 te
50 feet apart.

Further west, the reperts from mere than one place mention
that no shock was felt, but that an agitation of the water in wells and
tanks was observed.

From Sehor in Bhopal, I have an account By Mr. H. de St.
Dalmas, of the Friends Mission, who writes :—

“ We were not censcious of the shock By any personal sensation, and the only
thing observable was the violent shaking of a door in the north wall of the bunga.
luw at the north-east corner, noticed by myself, and a similar vibration of a heavy
abmirah in the adjoining room, noticed by my wife. We simultaneously called to
one another to notice the phenomenon, which we could attritute to nothing else
but an earthquake. The vibration continued probably for about two minutes.
1 may remark that the door, which was closed, and the almirah were both in the
same line and in the north-east part of the house, the door facing north,

Further west, the shock was.felt'by the Thakur of Piploda (12 miles
west of Jaora Railway Station) in the upper story of his house. He
was sitting at the time, and his body oscillated from side to side, while
chandeliers hanging from the ceiling swung in the same direction.

At Khandwa, the shock does not seem to have been.actually felt
by any one, but a hanging lamp was observed to oscillate.

Something similar appears to have been noticed in Bangalore by
the Dewan of Mysore, who has communicated. his account through
Dr. J. Evans; from thisit appears that at the time the Dewan was
engaged ina private interview on matters of State, and that he
noticed the door moving backwards and forwards as far as the latch
would permit, just as if some person were at the door. He went
to the door and opened it, but found no one near. The exact time
was unfortunately not noticed, but it was about that of the earth.
quake, and it is reasonable to attribute the unusual and otherwise
unaccountable movement of the door to this.

At Bombay, also well outside the area within which the earth-
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quake could be felt, Mr. Moos, Director of the Government Observ-
atory, Bombay, was fortunately engaged on the diurnal readings of
the magnetic instruments, and observed the declination needle to
swing slowly to and fro. No special estimate was made at the time
of the extent or rate, but Mr. Moos considers that the lateral
movement cannot have been far from {% of an inch. As the length
of the suspension is about 12 inches, this gives an angular oscil-
lation of about 30’ of arc, an estimate which is doubtless a maximum
value.

On the north we have the account of Colonel Wylie, C.S.I,
Resident in Nepal, who writes :—

“ The shock was felt distinctly at Katmandu at about 4-35 p.M. It lasted
some five minutes, and was of a double nature, {.¢., the first portion of the shock
was apparently from narth to south. There was then a pause of a few seconds,
and the next motion seemed to be from east to west. It was sufficiently violent
to cause a feeling of nausea and faintness, making men sit down on the ground,
and to induce nearly every one to quit their houses. In the Residency grounds
are many tall pine trees, and these oscillated violently as if they were reeds; 1
have never seen anything of the kind before. At the same time, I could dis-
tinctly hear the roar of terror rising from the city, which is about a mile off. ”

The Nepalese Representative at Lhassa reported to his durbar
that a severe shock of earthquake was felt there at 5-25 P.M. on the
12th June, that it came from the south and lasted about 8 minutes.
In this report no mention is made of any damage to buildings, but
Mr. H, G. Hobsan, Commissioner of Customs at Yatung, specially
mentions that no damage was done at Lhassa.

Yatung itself seems ta have felt the shock pretty severely, as
may be judged from Mr. Hobson’s report,

* Little damage was done at Yatung, where the few houses are of wood, with
end walls of rough stone cemented together with mud. Two of these end walls
fell outward, s.e., to the N. and E., others were cracked.

“ Indoors, articles such as bottles, lamps, etc., standing on shelves, fell over ta

the N.-E. A pendulum clock, on a.bracket facing about N.-N.-E..and S.-S.-W.
did not stop. .

*“ A flag pole was noticed to oscillate violently in an almost N.-E. to S.-W.
direction.
‘“ There were minor shocks during the night of the 1ath and on several days
following, but they caused no damage.
“ Damage sustained in the neighbourhood : —
o ;(. Ast Langrang, situated halfway between this and the top of the Jalep
38) '
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pass, the Dak bungalow, a stone structurs with roof of wood shingles, collapsed
entirely, most of the débris falling to the eastward.

“32. Below Yatung, the barrier wall built of stone and roofed over the parapet
with woud shingles, was thrown down in part and otherwise shattered, the eastern
end coming to most grief.

« 3, Over a mile below, the Ka Govi monastery, situated on a spur over-
looking the vale of the Mo Chhu, was wrecked. The main buildings fell, the
high compound walls, of concrete were cracked from top to bottom, whilst those
at the back fell to the N. and E.

“ A small fort just below hadits parapetsthrown down, the wreckage falling
both inwards and outwards, say to the N.-E. and S -W.

¢ 4. In the Chumbi valley all official residences, oarracks and private dwell-
ings were badly damaged. Compound and other walls fell mostly to the E. and
S.-E. From Ki Bim Kato Gopa Jong in the upper Tomo district. some 70
houses were destroyed, a child being killed and four adults seriously injured by
falling walls.

“ From To Mi to Du Chaka in the lower Tomo region,two houses were wrecked
and others badly cracked. ’

“The earthquake would appear to have pretty well expended itself in this
direction at the base of the high range of mountains to the north and east,
at the foot of which the Mo Chhu runs eastward towards Bhutan.”

“Little damage is reported from Phuri to the N. of this, and none from
Shigatze or Lhasa. In recent letters from the latter places it is mentioned that
an earthquake had been felt, but no alarm had been caused thereby.”

In Burma the motion was of the same character, 4. e., in the
main undulatory. The accounts are proportionately less numerous
and less full than from Upper India, but two may be selected for
quotation. The first of these is that of Mr, A. E. English, Assistant
Commissioner, who was at the time in camp on the banks of the
Theingale, some 7 miles south-west of Kyauko village and about
19 miles east of Tagaung. Between 5 and 6 p.M., he

* Noticed the water in the tank, which was an old river course, containing
about 300 yards of shallow water, tapping up against the bank below my tent.
My hunters said it must be elephants bathing, but on looking there were none at
the other end. Some one then pointed to the trees shaking, and we knew it must
be an earthquake,» & o . The shocks were not felt, and, except for the lapping
of the water, would not have been notieed.”

A somewhat similar account was received from Thayetmyo, where
Mr. E. Gabbett, Executive Engineer, writes that—

“l, Lieutenant Marsden, X111 Madras Infantry, and Lieutenant Sharpe, 1st
East Lancashire Regiment, were fishing in a small tank, 40 yards square (very
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approximately), on that evening. About 5-30 o'clock (this is only a guess, as no
one looked at their watches) the water in the tank started going backwards and
forwards just as if the water in a basin fiad been tilted backwards and forwards ;
the maximum rise of the water on the east end of the tank was 18 inches. This
movement lasted about 3 minutes. The movement appeared to be from west to
east as near as we could judge. People standing on the bank could feel nothing.
No cracks, that 1 am aware of, occurred in any buildings or bridges.”

Some other accounts from Burma make specific mention of the
same undulatory motion. Mr. C. F. Gilbert, Executive Engineer,
Bhamo, in the course of his account of the earthquake as felt at
Nahakaung, the junction of the Katha branch of the Mu Valley line,
writes :—“ I have experienced considerably more severe earthquakes
in the Himalayas, but the sensation of sea-sickness which accom-
panied this one, and which seems to have been noticed by everyone
almost, is quite a new feature.”” At Bhamo Mr. P, D, C. Pereira,
Enspector of Police, reports that the shock was not the usual short
jerks, but resembled more a gently rocking motion. It caused a
sensation of nausea in several people. '

These two accounts are valuable as being comparative and show-
ing the difference between the nature of the disturbance produced
by a very severe earthquake at a distance from its centre, and the
possibly more severe, disturbance of a slighter earthquake at a short
distance from its centre.

Such are the accounts of the nature of the shock. Besides
those printed, many more have been received, but they do not add
anything of importance, From them it may be gathered that there
was everywhere a marked undulatory movement of the surface of
the ground, the waves being shorter in the central area and length-
ening out as they progressed. In the central area, and wherever
they were small enough to be seen as wave-like undulations of the
surface, it is certain that they can have only been locally produced
waves, the result of the earthquake, but not spreading far, or travel-
ling at anything like the speed of the real earthquake wave, this
being of too great a length and travelling too rapidly to be seen. At
greater distances, where the shock was only slightly felt or not felt
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at all, and only rendered itself noticeable by disturbances of level of
pools of water, it is probable that what passed was a real wave of
translation, and was in fact the earthquake wave.

In the central area the horizontal to and fro movement was
large, and abrupt and very sensible, but as the wave travelled, this
became a simple undulatory movement, very different, according to
the accounts, from the more common short and quick to and fro
movement experienced in the case of less severe earthquakes which
do not spread far from their origin.

Though somewhat apart from the scope of this chapter, the effect
of the earthquake on the mud volcanoes of Kyauk Pyu may be no-
ticed. It is contained in a letter from the Deputy Commissioner,
Kyauk Pyu, to the Commissioner of Arakan, No, ‘-2-'37 , dated Kyauk
‘Pyu, the 25th August 1897 :

“ The mud volcano in this island is well known to all people, and is occasionally
active. .

“ On this occasion loud reports were heard coming from this volcano followed
by a flow of mud, which continued for an hour and a half.

“ About 11 o’clock that night loud reports were again heard, and a new volcano
opened out 3,500 feet to the south of the old volcano. There was a very large flow
of mud from this new crater, so large in fact that it spread out over the land near,
destroying acre 1°05 of paddy land belonging to a cultivator named Na-Ban-
San. The flow continued until about midday on the 13th June. The reports

made by the opening of the n ew crater were followed by a very brilliant meteor
which appeared to travel from the south to the north.

“On the 23rd June about 7 P.M.,a slight shock of earthquake was felt and
another meteor was seen, and three sounds as of the distant booming of a gun
were heard.”

“This is ascertained by Maung Po from personal enquiry. The latter part is
vouched for by him as he himself saw and heard all,”

The only other reports which mention any effect on hot springs
are those of the Collectors of Chittagong and Patna. The former
reported that the burning springs of Sitakund were unusually lively
after the earthquake, while the latter reported that the hot springs
at Rajgir (Rajagriha) were said to have discharged discoloured water
for three days.
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CHAPTER 1I.—THE ISOSEISMIC LINES AND AREA OVER
WHICH THE SHOCK WAS FELT.
The determination of the isoseismic lines, that is to say, lines of

equal violence of shock, is the necessary preliminary to determining
the varying rate of diminution of seismic energy in different
directions, Strictly speaking there should be little difficulty in deter-
mining these lines, as the violence of the shock may be regarded as
a function of the amplitude and period of the wave, or more simply,
of the maximum rate of acceleration of the wave particle. All
these elements are capable of ‘determination from the records of a
complete seismograph, and, in the absence of these instruments, a
tolerably complete substitute may be found, at any rate when an
earthquake is severe, in the overturning of simple objects, such as
pillars, in countries where they are sufficiently numerous.

In the present case, however, objects suitable for giving scis<
mometric results of any degree of accuracy are rare, and, owing to the
extent of the country over which the earthquake was more or less
destructive, they have not all been examined by competent obser-
vers. It has consequently been necessary to fall back on the general
accounts of the earthquake and its effects, and to draw the isoseis~
mic lines on the basis of the effects of the earthquake on masonry
buildings and on human sensations.

In the account of the Charleston Earthquake, Captain Dutton
made use of the Rossi-Forel scale of intensities and drew
isoseismic lines, or isoseists, representing ten different degrees of
intensity. In a closely populated and civilised country, where most
of the buildings are of brick or stone, this was possible, but the area
over which this earthquake was felt is largely a wild, thinly populated
country, and even in the thickly populated parts brick and stone build«
ings are rare and widely scattered. As a result it has been found
impossible to attempt to define more than seven degrees of intensity
lying within their isoseists, which may be defined as follows :—

1. The first isoseist includes all places where the destruction of
brick and stone /buildings was practically universal.
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8. The second, those places where damage to masonry or brick
buildings was universal, often serious, amounting in some cases to

" destruction. .

3. The third, those places where the earthquake was violent
enough to damage all or nearly all brick buildings.

4 The fourth, those places where the earthquake was universally
felt, severe enough to disturb furniture and loose objects, but not
severe enough to cause damage, except in a few instances, to brick
buildings.

5. The fifth, those places where the earthquake was smart
enongh to be generally noticed, but not severe enough to cause any
damage,

6. The sixth, all those places where the earthquake was only
noticed by a small proportion of people who happened to be sensi-
tive, and being seated or lying down were favourably situated for
pbserving it.

This scale does not pretend to scientific accuracy, nor are the
differences between the successive isoseists by any means uniform;
all that can be said in its fayour is that it is the best which the
materials available allow of being used. As compared with the
Rossi-Forel scale it may be said that, roughly speaking, the isoseist

pumber
No. 1 includes degree 10  of the Rossi-Forel scale

» 2 » ”» 9 ”» ”
n 3 » » 8 ” ”»
» 4 » »6and 7 » ”»
» S » n4ands ™ o
n 0O » » 3t03 ” ”

To those who were in the area affected by the earthquake a
better idea of the scale may be given by the quotation of specific
instances of each degree. The first isoseist includes all such
places as Shillong and Goalpara, where destruction was univerSal ;
the isoseist runs near Rangpur and Kuch Bihar. No. 3 would
include Murshidabad, Malda, Darjiling ; No. 3, Bhagalpur, Krish-
pagar and Calcutta. Beyond this, No. 4 would iaclude western
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Bihar and the eastern half of the North-West Provinces. About
Allahabad comes the isoseist No. 4 and about Agra No. 5.

It will probably surprise many who were in Calcutta at the time
to see it stand so low in the scale as I have indicated above, and
shown on the map No. 1, and when they recollect the alarm
caused at the time and the ruined aspect of the city shortly after
the earthquake the surprise is not unnatural. There are, however,
special causes in the mode of construction of the Calcutta houses
which account for the great destruction resulting from the earth-
quake.

Figure 3 represents the transverse section of a typical Calcutta
house. There is a central portion built with thick walls, with flat
cemented roof and cemented or marble floors to each story; on the
south is a broad verandah, where the roof and floors are carried by

Fig. 3. Typical Section of a Calcutta House.

tall brick pillars, the upper half of the openings being filled by
wooden venetian blinds; on the north is a large porch, often with a
room built over it, as shown in the figure, but sometimes without
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this. The two storied houses are built in the same manner, with the
omission of the top story.

From this description it will be seen that the house is divided by
two vertical planes into three very distinct portions of very different
weights and proportions, Consequently when the house is set rocfk-
ing each portion will try to swing as an inverted pendulum, with
its own proper period of oscillation. As this will be different in each
case, and as the difference is greatest in the case of the main body
of the building and the south verandah, the different portions, unless
strongly tied together, will alternately separate and press upon each
other, .

This separation of the verandah from the main body of the
building was observed by more than one person, and the rate
at which the separation and return took place, estimated at from
7 to 20 seconds by different observers, shows that it was not
directly due to the bending of the house on the top of the earth wave,
whose period was much quicker, but to a swing communicated to the
building, and the elastic oscillation of its different parts. Tall
factory chimneys are known to sway several feet in a high wind,
and bricks and mortar have sufficient elasticity to allow of a separa-
tion of several inches between two parts of a tall house swinging
in oppesite directions. :

After the earthquake it was found that by far the greater amount
of the serious damage done was of the character described, and few
were the houses, even those otherwise little injured, where two
cracks did not open as shown in fig. 3. Moreover, it was found
that where the main beams supporting the roof and floors ran
north and south, in the same direction as those of the verandah, and
hence acted in some degree as ties, the damage was much less than
when the beams in the main building ran east and west and those
in the verandah north and south.

Another cause of the damage in Calcutta was the heavy and weak
balustrades and cornices found on most of the older houses. These
will be noticed in the views reproduced on Plates XXIII and XXIV,
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and are reptesented in section on figures 4 and 5, for which [ amt
indebted to the courtesy of Messrs. Macintosh, Burn and Co. Figure 4
represents in section the roof, cornice and balustrade of an ordinary
private house ; fig. 5, that of the Calcutta Town Hall, which may be
regarded as an extteme case of this type of construction. The balus-
trade, whose general appearance can be seen on Plates XXIH and

Fig. 4. Section of roof, cornice, and para- Fig. F. Section of roof ; cornice, and
pet of a private house, Calcutta. parapet of Calcutta Town Hall.
Scdle ¢ inch = 1 foot.

XXIV has a heavy upper rail, made of brick and mortar, heavily plas-
tered over, and supported on a row of thin earthenware hollow sup.
ports, sometimes filled with mortar, but more often left empty. These
earthenware supports are generally plastered over to match the rest
of the building, but the plastering adds little to their strength, and
when the earthquake came they were in very many cases unable to
support the strain thrown on them by the inertia of the heavy upper
rail, broke across their narrowest part, and allowed the rail to be
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precipitated to the ground, carrying with it any projections that
stood in its way (PL XXIII, fig. 1).

Little less dangerous were the heavy cornices which adorn not only
the outside of these hou ses, but are often repeated in the interior.
They project two feet or more (in the case of the Town Hall over five
feet) and, being constructed of ordinary brick and mortar covered with
stucco, have little transverse strength at their junction with the
main wall. In the interior of the house they do not project so far,
but are often a foot or more wide and made principally of plaster.
These heavy cornices proved especially liable to damage,; long
lengths of them were broken off, and in their fall caused wreckage
and damage.

Yet another reason for the great apparent damage done was the
almost universal practice of coating the brickwork with a thick coat
of stucco. This is done for climatic reasons, a house so treated
being much cooler than one in which bricks are left bare, but the
plaster is easily detached when the whole house is caused to rock,
as was the case in the earthquake, and an appearance of great
damage was produced where, but for the stucco coating, the house
would have been almost uninjured. Plate XXIlI, fig, 2, isa view which
may be taken as typical of a large number of houses after the earth-
quake, where it will be seen that, apart from the detachment of
plaster and the damage done by its fall, the house is practically
uninjured.

After making allowance for these special considerations, and for
the fact that brick-built houses are far more numerous than any-
where else in Bengal, and that, consequently, the number seriously
injured would naturally be greater, it will be found that the destruc-
tiveness of the earthquake was, proportionately, much less than
throughout the north-eastern portion of Bengal; a conclusion which
is borne out by the comparatively small amount of damage done in
the native quarters of the town, where a different mode of construc-
tion is adopted and brick buildings are, as a rule, smaller and more
homogeneous than those in the European quarters, Another source
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of strength is to be found in the buildings being, asarule, not detach.
ed but built in rows, and where this was the case it was seldom that
any but the end houses suffered, except in the case of those which
were old and badly built,

In accounts of great earthquakes, at any rate those written in
modern times, it is usual to attempt a detailed delineation of a
greater or less number of isoseismal lines, and much information can
doubtless be derived from the evidence their irregularities gives of
the irregular distribution of the energy of the earthquake. In no
case do the isoseists have that regular circular or elliptical form
which would be found if the wave was propagated through a homog-
eneous medium, but in the case of the present earthquake it has been
found impossible to draw these irregularities with any degree of
accuracy, and the isoseists actually drawn on map No. 1 are
purely diagramatic and represent their probable course if we
could suppose local conditions everywhere uniform, and the diminu-
tion of the violence of the shock comparable to that which can be
recognised in a westerly direction along the plains of Upper India.

It will be noticed that these curves come closer together on the
east and south-east thanm on the west and south-west, and I believe
that this closing in is, at least partly, real, and not due to imperfect
information. On the north nothing is known of the course of the
isoseists, and it is not impossible that the closing in of the inner
isoseismic lines on this side is incorrect. I have drawn them in
accordance with what little is known and with what might reason-
ably be expected, but no value can be attached to this portion of
the curves.

So sketchy a delineation of the isoseismic lines may be regarded
as unsatisfactory, and it certainly compares unfavourably with the
elaborate delineation of the actual courses of a much larger number
of lines given by Captain Dutton in his account of the Charles-
ton Earthquake of 1886, The difference is largely inevitable
but partly deliberate. At a very early stage of the investigation of

(48)



ISOSEISTS AND SEISMIC AREA.

this earthquake it was seen that quite one-thir
which it was sensible lay in regions from which
attempt to obtain any information, while more t
maining area was sparsely inhabited by ign orant
with but few and widely separated centres from -
account could be hoped for. In these circumsta
been impossible to obtain such detailed informati
have allowed of the delineation of the actual cou
lines. Moreover, any attempt to have obtained thi
undoubtedly have occupied much time, besides
doomed to failure, so the attempt was delibe
order that attention might be given to those poi
which this earthquake seemed likely to add to ou:

This being so, I shall not enter on a dets
accounts from various places (sufficient will be fo
of this report,) and will merely notice certa
the distribution of the energy of the shock which
the accounts.

Two partial exceptions may also be made to t
bility of drawing the isoseismic lines, The first i
area over which serious damage to brick-built ho
This corresponds to the isoseist between degrees
on p. 43 or between 7 and 8 of the Rossi-Forel
is the outer limit of the sensible shock, and may b
between degrees 1 and 2 of the Rossi-Forel scale.
in these two lines are indicated on Map No. 1]
lighter tint, respectively.

The irregularities in the course of the inner li
ment; they are closely connected with the geologi
country, and are largely, if not entirely, due to ti
that earthquakes are more destructive in alluvial g
at an equal distance from the centre.

At the outer limit there are some peculiarities
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detailed notice and the most prominent of these is the detached area
about Baroda and Ahmadabad. The Collector of Ahmadabad reports
that he did not experience the shock himself, and that though it was
reported to have been felt, he does.not think that one person in
a thousand noticed anything. Even this small proportion is, how-
ever, probably larger than that which noticed the shock over a large
area to the east, and the number of separate accounts which mention
the shock as having been felt in the Ahmadabad district and Baroda
territory, though accompanied by a larger number which report that
nothing was felt, leave no doubt that the shock was just sensible on
the alluvial tract bordering the western edge of the peninsular rock
area.

Further east we find the same thing. In the alluvial area of the
Narbada Valley the shock seems to have been pretty generally
felt, though only by a portion of the inhabitants, and at the western
end it seems to have been noticeably more feeble than at the eastern.
North of the Narbada alluvium the shock was much less noticeable.
The accounts received from Sehore in Bhopal and from Piploda have
been given on page 37. At Nimach the shock was not felt by anyone
in cantonments, but the Subah, wbose house is situated on high
ground overlooking the city, some 4 miles from cantonments, reports
that the shock was felt by him and caused the door-chains to clank
and the tiles to rattle on the roof. The Station Master at Raoti, 17
miles west of Ratlam, reports that the shock was felt there, but all
other places, to the west of those just mentioned, report that it was
not felt; the only exception being Mount Abu where the shock
appears to have been felt by one or two persons.

One more instance of the local appearance of the earthquake as a
sensible shock must be noticed inthis western region. I have a
complete series of reports from the the Station Masters on the line
from Jabalpur to Bombay. From Jabalpur to Seoni they all, with a few
exceptions, report the shock as having been felt; from Seoni, which is
still on the Narbada alluvium, to Bombay, every Station Master reports

( 50 )



ISOSEISTS AND SEISMIC AREA. 51

that the shock was not felt, with the single exception of Burhanpur
where it is reported to have been felt. It is possible that this excep-
tion may be due to a greater sensitiveness or keenness of observation
on the part of the Station Master, but it is noteworthy that Burhanpur
is on the northern edge of the Tapti alluvium, but close to the boun-
dary between it and the great spread of Deccan trap.

Before leaving the western area it may be of interest to note that
in Lalitpur in Bhandelkhand, far beyond the region where any serious
injury to masonry buildings is reported, the Birdha inspection-house on
the Cawnpur-Jhansi road is reported to have suffered serious
damage. The building was of stone, with the roof supported on
stone slates carried by stone beams. A few cracks were opened in the
roof of the main building, parallel to the stone beams supporting it,
- and the walls and roof of an outhouse fell down. From the account
submitted to me it does not appear whether there was any local cause
to explain this damage which, though slight, was much greater than
any other in the North-West Provinces or Oudh, or whether it was
entirely due to age or defective construction of the buildings.

Turning to the eastern limit of the known area, the shock is said
to have been severe on the northern frontier of Burma, and to have
thrown down trees in the Hukong Valley and at Sampawn but at
Myitkhina it is said to have been so slight as not to have been gene-
rally noticed at the time. In the North Shan Hills it was felt more or
less over the whole charge, except at the Tawmo outpost east of th e
Salwin,

ln Southern Burma the shock appears to have been very noticeable
all down the Irawadi Valley, as all stations report that it was
felt, even as far south as Diamond Island, but it was not felt at the
Alguada reef lighthouse. To the east of the Pegu Yoma the shock
appears to have been very much less felt, and the difference cannot
be attributed to a greater distance trom the centre. At Toungoo it is
reported to have been very slight, and a few only of the Sta.ion
Masters on the Rangoon- Mandalay Railway felt it. It was felt in
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Western Karenni, and seems to have been felt in parts of Myelat,
though there is an uncertainty about the date, but was not felt
elsewhere in the Southern Shan Hills

These records give an approximation to the eastern limit of the
area over which the shock was felt, but east of Bhamo we have no
records. An enquiry instituted through Her Britannic Majesty’s
Envoy Extraordinary and Minister Plenipotentiary at the Court of
China failed to elicit any information as to the earthquake having
been feltin China ; but as the region where it could have been felt is
one of the most remote from the capital, largely inhabited by primitive
tribes, and as the earthquake must have been too feeble to attract
general attention, no great value can be attached to the negative
result of the enquiry.

On the north the only information available is that contained in the
reports of Colonel Wylie and Mr, Hobson quoted in the last chapter.

Summarising the results reviewed above we find that the area over
which the shock is known to have been felt amounted to not Iess than
4,200,000 square miles (statute), or 3,120,000 square kilom&ters and
this does not include the detached area near Ahmedabad or any part
of the Bay of Bengal, nor does it include the large area in Thibet or
Western China, over which the shock was certainly sensible, though
we have received no reports. If we round off the area by including
these tracts we get a total area over which the shock was sensible
as about 1,750,000 square miles, (4,550,000 8q. km.) while the area
over which it is known to have done serious damage to masonry
buildings is not less than 145,000 square miles, (377,000 8q. km.,)
or, if we include the area from which no reports are procurable, about
160,000 square miles (416,000 sq. km.).

These estimates, it must clearly be understood, large as the figures
may seem, are not sensational ones. That is to say, the extremest
possible dimensions have not been taken in order to attain a large
result, but so far as possible the actual areas calculated, and if the
figures are in error at allitis in defect and not in excess,
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CHAPTER IV.—THE RATE OF PROPAGATION, AND TIME
OF THE COMMENCEMENT OF THE SHOCK.

Of all the data required in seismological investigations none are
so important and none so difficult to obtain as the exact times at
which the various phases of an eathquake were felt. This is partly
due to habitual inaccuracy in timekeeping, accuracy to a second
or even to a minute of time being seldom required in ordinary life,
but also to the nature of the eathquake wave or series of waves.
They do not commence abruptly and cease absolutely at determin=
able moments, but the sensible shock is preceded by minute tremors
and followed by longer and slower undulations, both of which are
insensible, but in different degrees to different people. The time, for
which the preliminary and terminal stages of the disturbance last,
increases with the distance from the centre, and it would be possible
for two careful observers, side by side, to record materially different
observations of the time of commencement and cessation of the
shock, as the movements felt by one might be quite insensible to the
other.

In the case of this earthquake I have received a large number
of time records from various sources, which may be classified as
follows »— _

(1) The automatic records at Calcutta and Bombay.
(2) Reports from the Telegraph Department.

(3) Reports from Station Masters..

(4) Accounts of private individuals.

The second of these categories comprises the reports which all
telegraph offices in India and Burma were ordered to submit. It
might be supposed that the time records from these would show a
high degree of accuracy, seeing that a time signal is transmitted
daily to every office. The result has not, however, fulfilled this
anticipation. It is not in human nature to take more trouble than:-
is necessary to attain the purpose desired, and in small offices where
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telegrams are seldom received or despatched! no great trouble is
taken to keep accurate time. In many of these small offices it is
evident that no note was made at the time when the earthquake was
felt, and the conjunction of these two causes of error has vitiated
nearly all the returns. In a few cases the time reported is obviously
in error to the extent of several hours,

From the larger and busier offices, where a careful record of time
is essential to the proper conduct of the business, the returns are of
greater accuracy and value. In these the signallers have to keep a
log-book in which the times of receipt and despatch of messages and
the alteration of the electric circuits are recorded; and where the
work is sufficient to keep the office continuously employed, it is
obvious that a considerable degree of accuracy in timekeeping is
necessary, But a high degree of accuracy, according to the standard
of ordinary life, may be a high degree of inaccuracy where even
fractions of a second should be taken into consideration, and it is
obvious from the returns that, even where accuracy is most to be
expected, the time is often in error by several minutes.

On the railway the same considerations affect the accuracy of the
returns, but here the constant traverse of trains, each of which has
to keep its running sheet in agreement with the times kept by the
Station Masters, introduces a certain check on the time kept at road-
side stations. Yet it is evident from the returns that the times re-
corded at large and busy stations, where many trains stop, are, on the
whole, more accurate than at the roadside stations where only a few
trains stop. It is also noticeable that on the main lines a more accu-
rate record of time is kept than on the branch lines, or on lines which
do not carry much through traffic. On the East Indian Railway, the
busiest, and by common consent best managed, line in India, it has
been possible to adopt a method of treatment of the records which
gives a more accurate result than could be obtained by using the

11 have myself had occasion to despatch a telegram from an office where [ was
informed that mine was the first message received or despatched for two months; but
this is an extreme case.
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recorded times from individual stations. The records obtained from
the main line stations between Calcutta and Delhi were plotted and
a curve drawn (see Plate XXXIX) in which the abscisse represent
the distance of the stations, the ordinates the times; the curve so
obtained is irregular, but by smoothing it a curve was obtained which
gives the probable time of commencement of the shock at each
station with greater accuracy than the actuvally recorded times.

The same method was attempted in the case of the Eastern Bengal
State Railway line ‘from Calcutta to Darjiling, but in this case the
individual variations in time between neighbouring stations, and the
very large proportion which gave what was evidently merely the
nearest five minute interval renders the method inapplicable, In this
case, as in that of all the other lines from which returns have been
obtained, it has been necessary to adopt the less satisfactory
method of selecting those.of the returns which appear on the face of
them to be most trustworthy.

The fourth category, voluntary reports from private individuals,
varies most largely in value. In a certain number of cases every
care seems to have been taken to ensure accuracy, and it is expressly
stated that the watch or clock, by which the time was taken, had
been or was subsequently compared with the timepiece of the near-
est station or telegraph office, or with the daily gun. All these stan-
dards are, however, liable to errors whigh may—for the present
purpose—wholly vitiate the result.

A fruitful source of error, and one that it is often impossible to
eliminate, is the different times that are kept and used. I do not refer
to isolated localities where there is neither railway station nor tele-
graph office, and where the local time is determined by the gastric
sensations of the individual in charge of the station time-gong, or
the indications of a sundial, more often than not constructed for a
different latitude to that in which it is set up, and probably adjusted to
the meridian with no more accurate instrument than a cheap pocket
compass; but to those places where the presence of telegraphic
communication should enable accurate time to be kept.
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The official standard time, used by the telegraph department and
by all railways in India, is that of the Madras Observatory, 5 hours,
20 minutes, 59'2 seconds!, east of Greenwich. But the Indian
telegraph system ranges over nearly two and a quarter hours of longi-
tude,® and, as the hour-zone system has not yet been adopted, the use
of Madras time would be inconvenient in many cases. A system has
consequently sprung up of using local time, this being obtained by a
correction of an integral number of minutes, the number to be added
or subtracted being printed in the official telegraph guide.

This, in itself, would introduce no element of confusion if the
system was uniformly adopted, but it is not. Throughout the Madras
Presidency, Madras time is used, except at Vizagapatam, where local
time is used. Elsewhere local time is that in general use, but where
the difference is not great, railway time—as that of the Madras
meridian is usually called—is used in some places, local time in
others. Yet another source of confusion is to be found in the practice
of using a local time which is not that of the locality, but that of the
nearest [arge city ; for instance, at many places in Bengal, the time
conventionally used is that of Calcutta, not that of the meridian of
the place or standard time.

As a consequence of this divergence of time-systems in use it is
necessary to be certain, even after an observation has been accepted
as on the face of it good, which system has been used. As a rule,
there is no difficulty, for the difference between them is great, the only

_possibility of confusion is at places near the meridian of Madras,
and in Bengal, when the local time may not be that of the locality,
but of Calcutta.

In the reports on great earthquakes it has been usual to print at
length the time records obtained. In the present case to do so
would take up a large amount of space and serve no useful purpose.

1 According to the most recent determination; the old value was 5hours 20 minutes
59°4 seconds.

? According to the Indian Telegraph guide the most westerly open station is
Chaman, §5 minutes slow, and the most easterly Keng Tung, 75 minutes fast, of Madras,
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It is only necessary to refer to the reports on the Charleston ? Earth-
quake, or those of Agram % (1880) and Laibach 3 (18g5), to see how
largely even what may be regarded as careful records can vary, and
those of the great earthquake of 1897 exhibit an even greater diver-
gence. [ shall consequently confine myself to notlcmg those records
which appear to be most accurate.

In making such a selection great care should be, and bas been,
taken to exclude, as far as possible, any bias to select those records
'which give a result most concordant with the anticipated rate of
transmission. Were the inherent probability of the recorded times
solely taken into consideration, or ‘even largely so, it would be possible
to obtain ample evidence for almost any assumed rate of propagation.
The proper course is to look only to the inherent probability of the
record being correct, as judged from the circumstances of the report-
er's occupation, or the details of the precautions taken to ensure accu-
racy. In some cases records which on the face of them carry a
presumption of accuracy, are so discordant with the others of the
same class, that they must be rejected on this ground alone, but
no good can result from accepting a large number of records whose
only claim to credit is a consistency with other records, this con-
sistency being perhaps due to accident or a combination of errors
which happen to compensate each other.

Turning now to the detailed consideration of the records, we
may begin with those from Calcutta and Bombay, where they
attain a greater degree of accuracy and trustworthiness than at
any other places.

At Calcutta a tide-gauge is permanently established. The time
is checked every day at 4 P. M. and 6 P. M. and the times of the
disturbances recorded on the afternoon of 13ath June can consequently

1 Captain E. Dutto. The Charleston Earthquake of 31st August 1886, Ninth
* Ann. Rep. U. S. Geol. Survey (1889).

$ F. Wahoer, Das Erdbeben von Agram am 9th November 1880, Sitz, ber. d.
Math. naturw. Cl, k. Akad. Wiss., Wien. LX XXVIII, pt. I, 1884.

8 F. E. Suess, Das Erdbeben von Laibach am 14th April 1895. Jahrb. k. k.
Geol. Reichsanstalt. XL VI (1897)
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be depended on within the limits of the accuracy of measurement of
the diagram. The results of the measurement, as communicated by
Major S. G. Burrard, R.E., in charge of Tidal and Levelling operations
are as follows :—

The first effect of the earthquake was to cause the ‘level of the water to fall
1 inch, between 4-53 .M. and 4-55 P.M., June 12th.

At 4-55 p.M. the water rose suddenly ¢ inch, after that the change in the water-
level was normal till 5 P.M., when it rose and fell 3inches in rapid succession many
times for a period of 3 minutes. After that a just perceptible alternate rise and fall

of at most 1 inch continued till 5-21, when the change in the water-level again
became normal ; at 5-54 this slight agitation recommenced ani lasted till 5-56.

The first small disturbance between 4-53 and 4-55 P.M. was
doubtless seismic, and is the only indication we have of any pre-
monitory tremor. [t was not, however, a sensible disturbance, at any
rate there is no record of its having been felt by any one, and it
may be neglected for purposes of comparison. The main disturbance
commenced somewhat suddenly immediately after sh. om. P. M.

Another instrumental record was obtained at the Alipur Observa-
tory in the disturbance of the barograph trace, a reproduction of
which is given in fig. 6. This would have been a valuable record

Fig. 6. Portion of trace of the barograph at Alipur on 12th June 1897- showing
the effect of the earthquake.
( s8)
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if the time could be depended on, but I am informed by Mr. C.
Little, Meteorological Reporter to the Government of Bengal, that’
no special care is taken to keep the time strictly accurate, as an
error of one or two minutes is not material, and the time recorded
on this diagram is not to be depended on for a greater accuracy
than this. The time of the maximum disturbance is about sb. 3m,,
which shows that error of the clock must have been well witbin the
limits mentioned.? ’

The ohly detailed time observation, other than instrumental, which
has been communicated to me, is that of Babu Pyari La.l Mukho-
padyaya, of 71-1 Bencatola Street, who writes:—

“I am a medicalpractitioner residing in the native quarter of the town,
Having prepared myself for my usual evening round at about two minutes short
of five in the evening of the 12th instant, my Garrhy ready at the door, I had
a short chat with a gentleman waiting for me. Just as I was stepping in, [ felt
somewhat giddy and questioned myself as to what ailed me. I thought something
wrong in the head and waited a moment. When lo! everything began to swing,
and I found my mistake out. The shocks then were slight but rapid, resembling a
sort of general tremor, and the directions could not be apparently marked. 1
immediately took out my watch, which was correct to the minute. It was sh. 1m.
23s. The watch had been compared with the gunfire the very same afternoon.
In order to make assurance doubly sure, I compared it with the gun-fire the next
afternoon, and found it as accurate as | expected Some 15 or 20 scconds must
have passed befcre I could collect myself, and, making allowance for the distance
from which I heard the booming of the gun, say some 12 seconds it takes the
svound to travel that distance, the exact time of the earthquake must have been at
about sh. om. §1s.”

1 The record is a photographic one, a ray of light falling through a narrow slit on a slowly
travelling band of seasitised paper. The mercury column stands in front of this slit ; and, as
it rises and falls, protects a varying amount of the paper from the action of the light. The
downward point of the curve during the earthquake is consequently due, not to an actual fall
of the burometer, but to a disturbance of the mercury column by which its upper surface was
caused to oscillate and admit light to a level below the mean height of the barometer, That
such movement of the mercury column did take place is shown by the report of the Meteorclo-
gical Observer at Cbandbali, to the Meteorological Reporter to the Governinent of Bengal,
in which he says “as soon as possible I looked at the barometer, but the mercury was
agitated to such an extent (pumping) that the nearest mean reading I could get was 29°650.
At 4 P.M. it showed 29674, Ther. 83° nearly motionless; and at 5-30 P.M. 29'700, Ther. 83°,
pumping slightly.”

From the construction of the instrument, no tilting of it as a whole could affect the
record, as the change in height of the barometer, due to such inclination as could have
been given to it, would be inappreciable.
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From Budge-Budge, to the south of the town of Calcutta, Mr.
Thomas Harris, Deputy Wharf Supervisor, Customs Department,
writes :(—

“On Saturday, 12th ‘instant, I left my office a few minutes to 5 o’clock and
proceeded to the petroleum depdt to supervise the landing of kerosine oil cuses
from the S. S. Nedjed, st No. 3, Port Commissioner’s pontoon, and exactly at
§ o’clock by my watch (this time is daily compared with the telegraph office
clock), which keeps excellent time, I felt the ground beneath me quake, followed
by a rumbling sound. ”

At the Government Central Telegraph Office the time of the
commencement of the shock was noted by Mr, Sub-Assistant Superin-
tendent Stow as § minute after s.

I bave also received information, both verbal and written, from
many individuals, all of whom claimed to have noticed the time of

“the commencement of the shock and determined it by watches which
had been checked by the daily time-gun at one o’clock. The times
given vary from 1 to 3 minutes past five, a very few being beyond
that limit.!

The times recorded agree very closely; that of the tide gauge,
which gives the commencement at sh., of Babu Pyari Lal Mukho-
padyaya who makes it 51 seconds after 5, of Mr. Harris who makes
it immediately after 5 o’clock, and of Mr, Stow, who made it
4 minute after 5. All are in very fair agreement with other careful
observations, and the true time may be assumed as about §h. 1m.
P.M. by local time.

At Howrah Railway station, the terminus of the East Indian Rail-
way, the time, according to the Station Master, was 16h. 28m., Madras
time. The Fairlie Place, Chitpore and Armenian Ghat offices of the
same company give 16h. 27m. Other stations gave returns which
are evidently only approximate.

' Many clocks were stopped, two of these being the astronomical clocks st the Alipur
Observatory. One, whose pendulura swung cast-west, stopped at sh. 3m. 5'31s P.M. local
time ; the other, whose pendulum swings north and south, at sh, 4m. 11°71s. It is well known
that no dependence can be placed on the time of stoppage of clocks, as it never ciincides with

any definite phase of the shock; moreover, a pendu'um may go staggering on for som®
minutes after_it;has received the impulse; which ultimately leads to the stoppage cf the clock.
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The Station Master of Sealdah, the terminus of the Eastern Bengal
Railway, gives the time of commencement as 16h. 27m.

A mean of these returns would give the time as about 16h, 27°sm.
and the time as obtained by plotting the returns from the stations on
the East Indian Railway and smoothing the curve as described above,
gives about 16h. 27m. 40s. as the time of commencement at Calcutta.

Calcutta local time is conventionally, in accordance with the
official Telegraph Guide, 33 minutes in advance of Madras or Railway
time, but the local time actually used is that of the daily time
signal controlled by the Alipur Observatory, which is 32m. 20s. in
advance of Madras, and this is consequently the correction to
be used. In the case of Mr. Harris’ record from Budge-Budge,
as the time was obtained from the Telegraph office, the correction of
33 minutes would have to be applied. Reducing the observations to
Madras or standard time, we have—

Tide-gauge . . . . « 16h. a7m. 4o0s.
P. L. Mukhopadyaya . . . « 16h. 2%m. 37s.
Telegraph Central Office . . « 16h. 28m. 10s.
T, Harris . . . . . « 16h. 27m. os.
Railway stations, mean . . . 16h. 27m. 30s.

Do. Smoothed curve . . . 16h. 27m. 40s.

All these times are liable to an error of 30s. and cannot be regard.
ed as accurate within that limit; an arithmetical mean gives 16h.
27m. 49s., which is probably as close an approximation as circum-
stances permit, With observations so few, and with so large a probable
error in each case, more refined mathematical treatment seems out of
place and would only lead to an appearance of accuracy which has
no foundation in fact. The time deduced may be taken as accurate
within a quater of a minute, and the local time of commencement of
the shock was between sh. and sh, om. 30s. P.M. of local time.

At Bombay, which was beyond the limits over which the shock
could be felt, we have the records of the magnetic instruments
detailed in chapter XI, and also the barograph trace which exhibits
a disturbance precisely similar to that of the Alipur barograph.
Mr. Moos, the Director of the Observatory, tells me that the clock of
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this is regulated with the same accuracy as those of the magnetic
instruments, and that the time derived from it may be regarded as
accurate within one minute at the outside.

Abstracting the results, we have the following times of com-
mencement and cessation of movement as derived from the records
of the different instruments:—

Commencement. Close.
Declination . . o . . . 16h. sm. 16h. 34m.
Horisontal force . . . . . 16h. 2.5m, 16h, 36m.
Vertical force . . . . . 16h. 6.5m, 16h, 14m.
Barograph . . . . . » 16h. §.5m. 16h. 12°'5m.

It will be seen that the disturbance of the horizontal force
instrument commences 24 minutes before that of the declination,
while the vertical force shows no disturbance till 1} minutes
later. The disturbance of the barograph must necessarily be purely
mechanical, and the early commencement of the disturbance of the
horizontal force instrument is probably the same, but it is doubtful
which of these we should compare with the commencement of the
sensible earthquake at other places. The movements which affected
the horizontal force instrument are very likely due to the small
unfelt tremors which run in advance of the main earthquake wave
and gain on it as they travel from the origin. This being so, it is the
barograph and the vertical force instrument that more closely re-
corded the advent of the phase of the disturbance which corresponds
to the commencement of the felt earthquake at places further east.

How far the difference in the recorded times, 16h, 5 §m. and
16h, 6'sm, is due to a difference in the sensitiveness of the two
instruments, and how far to errors of the timepiece, or of reading
the traces, it is not possible to say, Probably the best result would
be obtained by taking a mean of the two, or 16h. 6m. local time.
As the difference in longitude between the Madras and Bombay
Observatories is 2g9m. 43°ss., this makes the Madras time 16h. 35m.
43°58., or say 16h. 35°75m, If the time of commencement is taken from
the horizontal force instrument this would be 16h, 33'25m. or 3'5m.
earlier.
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At Rangoon the tide-gauge shows a disturbance of the curve
commencing at about 5h. 36m. P.M. local time, and lasting till 6 p.M.
As there is no Observatory at Rangoon the time is presumably taken
from the Telegraph office and subject to the correction of 64 minutes
given in the Telegraph Guide. This would make the Madras time of
commencement 16h. 32m. This record is, however, not of the value
that could be wished for, and the time of commencement of the !dis-
turbance of the curve cannot be determined within two or three
minutes. It begins gradually, instead of abruptly, as in Calcutta, and
the inking in of the pencil trace having been done somewhat clum-
sily has added an uncertainty to that which would, in any case, have
attached to the determination of the exact commencement of a dis.
turbance which began gradually. '

The other time observations, or such of them as have been
selected as being, primd facie, probably more accurate than the rest,
may now be recorded. When a place is mentioned as a railway
station and no further authority is given, the time is on the
authority of the Station Master; in all other cases the authority
for the time recorded is given.

Siliguri.—Eastern Bengal State Railway, terminus, and junction
with Darjeeling and Himalayan railway : commenced 16-26,ended 16-30.

Goalundo.—Eastern Bengal State Railway, terminus : commenced
16-27, ended 16-32, .

Sonada (Darjiling). Mr. M. Livermore, manager of the Turzum
Tea estate, Nagri spur, writes—“1 have an excellent timekeeper
which I frequently compare with the local telegraph office. The earth-
quake commenced at 4-58 P.M.”” This corresponds to 16h. 26m.
Madras time,

Darjiling.—Darjeeling and Himalayan railway, a terminal station:
commenced 16-26, ended 16-29.

Hugli.—East Indian Railway, a junction : commenced 16-37, ended
16-32,
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Naihati,—Eastern Bengal State Railway, a junction: commenced
16-28, ended 16-31.

Chittagong.—From this place | have received two reports through
the Telegraph Department which approximately fix the time at
which the earthquake reached that place. In the first of these the

Telegraph Master writes ;:—

“ An entry by Sign. F. S. DeSouza in the Log Book of the Ca 34 instrument
reads as follows : “16-27 severe shock of earthquake.’ Sign. DeSouza says he
made this entry at the moment the shock occurred and then ran out.”

The second is the account of Mr. J. W. Thurlow. Sub-Assistant
Superintendent of Telegraphs ;—

We all experienced a shock. This being immediately followed by a second.
I drew my watch and noted the time, vis., Sh. 13m. 45, ¢  these shocks did not
end gradually but abruptly, at sh. 16m. 25s. » « I hurried into the office »
and at the same time compared my watch with the office clock, allowing 46 mts. as
difference between Madras and local time. I found I was 1 mte. slow, so that
the actual time of occurrence of the earthquake at Chittagong was sh. 14m. I
allowed the 4 seconds for not at once taking out my watch on the first shock, but
I really do not think I was later than 4 seconds.

Chittagong local time is 46 mirutes in advance of Madras,
according to the Telegraph Guide; sh. 14m. P. M, corresponds, there-
fore, to 16h. 28m. Madras time. A mean of these two observations
gives 16h. 274m. as the probable time.

Khana.—East Indian Railway, a junction: commenced 16-26,
ended 16-33,
On the westerly line we have—

Saraghat.—Eastern Bengal State Railway, terminus of metre-
gauge: commenced 16-28, ended 16-38}.

Damukdea.—Eastern Bengal State Railway terminus of broad-
gauge : commenced 16-37, ended 16-32.

Luckeeserai.— East Indian Railway, a junction : commenced 16-29,
ended 16-34.

Giridih,— A terminal station : commenced 16-28, ended 16-32.

Gaya.—East Indian Railway, a terminus : commenced 16-29, ended
16-33.
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Chapra (Saran).—The telegraph master reports the shock as
commenced 16-294 and lasting 4 minutes.

Buxar.—East Indian Railway : commenced 16-30, ended 16-34.

Benares—Oudh and Rohilkund Railway : commenced 16-30.
ended 16-31§. The Goavernment Telegraph Master reports: com-
menced 16-29}, lasted 3} minutes.

Mirzapur.—East Indian Railway. : commenced 16-31, ended 16-35.

Faizabad.—Oudh and Rohilkund Railway, a junction: com-
menced 16-30, ended 16-33,

Nainj.—East Indian Railway, a junction : commenced 16-30, ended
16-344.

Allahabad.—East Indian Railway, an important station: com-
menced 16-30, ended 16-34., This time is said to be correct within
one minute

The Telegraph Master reports :—Commenced 16-30, lasted 3
minutes. From the Kuttra telegraph office in Allahabad the
teturn was commenced 16-33, lasted am. 33s. '

Mr. R. Warneford writes that the mean of the times of 4
watches, which were observed at once, gave the commencement as
3t} minutes past 4 P.M., the greatest difference being 2 minutes,

Cawnpur.—East Indian Railway, an important junction : com-
menced 16-30, ended 16-32. The Government Telegraph Master-
gives: commenced 16-30.

Mr. C. Curtis, Traffic Superintendent, Cawnpore and Achnéra Rail-
way, writes :—

“ I was the only one writing at the time and first noticed the earthquake owing
to the table shaking and asked the others not to shake it. They replied they were
not doing so, and [ saw that they were sitting away from the table (not touching
it). I then.looked under the table thinking it might be a dog, scratching himself,
but seeing nothing there, and the table still shaking, I said * It is an earthquake,”

the station master immediately looked up at the clock in the telegraph office right
in front of him, and said ‘16-30.’ ”’

Utripura.—27 miles from Cawnpur ; the Station Master reports it as
“felt just at 16.31,when No. 7 up whistled, who is arriving here at16-33. .
Lucknow.—Oudh and Rohilkund Railway, an important junction;

Gommenced 16-30, ended 16-35. The Superintendent of Telegraphs
F (65)
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reports that he noted the time of commencement of the shock as
nearly as possible 16h. 3om., the same time being noted in
the Lucknow telegraph office and in the Dilkusha office. The town-
clock in the People’s Park stopped at 16-30.

Bareilly.—~Oudh and Rohilkund Railway, a junction station:
commenced 1€-30, ended 16-33. This is evidently a mere approxima-
tion, Mr. A, L. Bickers told me that he observed it, commenced 16-32,
ended 16-35. The Telegraph department return gives the time of
commencement as 16-33.

Hoshangabad.—Mr. G.G. White, Executive Engineer, gives
the time of commencement, which was nated on the spot, as 4-35 p. M.,
railway time.

Gwalior.—The Telegraph Master reports commenced 16-32, ended
16-34 ; the times were noted in the log-book,

Ghaziabad.—East Indian Railway, a junction station : commenced
16-32 ended 16-35. This time is said by the Station Master to be
‘correct to a second, the times were tested by the office clock imme-
diately the twa shocks were felt.’

Delhi.—East Indian Railway, an important station: commenced
16-30, ended 16-33 ; the Telegraph Master reports commenced 16-30.

These are evidently approximations, being the nearest half-hour,

Kotah.—Captain W. Stratton, Political Agent, reports that the
shock was felt at 4-29 P.M., railway time, which is telegraphed daily
to Kotah, and was carefully taken. Itis evident, however, that this
time is some minutes too soon.

Jaipur (Rajputana).—Mr. J. R, Irwin, Resident, writes : “ By my
watch, which I believe was at least approximately right by Railway
time, the earthquake was felt about 4-34 P. M.’ The Meteorological
Observer noted the time as 16-38 by his clock, which is compared
weekly with the Railway station clock.

Anand.—Bombay, Baroda and Central India Railway : commenced
16-35, ended 16-36.

Dabhoda.—Ahmedabad and Parantij Railway : commenced 16-34,

ended 16-34 13s,
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Dehegam.—Ahmedabad and Parantij Railway : commenced 16-34}’
ended 16-34}.

Bilimora. —Bombay, Baroda and Central India Railway: com-
menced 16-35, ended 16-354.

These four stations are the only ones in Western India from which
the returns have any pretension to accuracy. They are interesting
for comparison with the Bombay records.

To the south there are two isolated stations whose records could
not be advantageously combined with tke above,

Kharagpur—j53 miles from, on Sini-Midnapur Railway. Mr. C. R.
Duggan, Engineer in charge of this district, writes:—

“‘The vibrations were distinctly felt for the first time at 16-29, Madras time, the
time being taken by my watch, which could not be more than a minute wrong, as
it is frequently checked by the Railway clock in the Telegraph office. The
movements ceased at 16 hours 31 minutes 15 seconds,” '

Bezwada.—East Coast Railway : commenced 16-29, ended 1631.

The time records received from Burma are extremely imperfect.
The returns from the Station Masters not only exhibit the same
irregularity that is observable in those from the branch and smaller
lines in India, but there is besides a constant errar, running through
the whole of them, which can only be explained by supposing that
there was an error, apart from that referred to below, in the time
used by the Railway administration and supposed by them to
represent Madras time.

From the returns by Telegraph Masters I select the following as

apparently good :— :
Kindat . . 16h. 31m , Madras time,

Kalewa . . 16h. 3om. 5s., ,,

Akyab . . 16h. 30m, »

Ru . . 16h. 26m, »

*“Thayet-myo , « 5-32 P.M.=16h, 31m, ”

Allan-myo . . 533 , =16h.32m, "

Henzada . . 534 , =16h. 34m, »

Le-myet-hna . . 16h. 32m. ”

Yandoon . . 16h. 28m. ”
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All the other returns received are evidently approximations and
in many cases palpably inaccurate.

Though these times are given here as appantly good records,
it has not been possible to make any use of them, as it was found
that they were too discordant, There is, besides, a constant error
of some two or three minutes of time in the majority of them, which
is easily explicable. The daily time signal originates from Madras,
but before it reaches the Burma stations it requires to be repeated
so often by relays that a considerable retardation occurs. I have
been informed that when, some years ago, the longitude of Man-
dalay was determined telegraphically, it was found that the ordinary
daily time signal was between two and three minutes late in arriving
there. This error, if applied to the time records from Burma, would
bring most of them into very fair accordance with those from Northern
India, but as the error exists, and as its amount is unknown, it has
not been possible to harmonise these time records, and no further
use will be made of them.

Turning now to the discussion of these records, we have those
from Calcutta and Bombay forming a class by themselves as regards
accuracy and authoritativeness. The others, comprising those alone
which seem on the face of them good observations, fall into three
geographical groups. The first of these comprises a series of stations
running north and south, between Calcutta and Darjiling, and those
lying within a hundred miles or so on either hand of this line.
The second forms a long series stretching approximately west.
ward across Northern India, and the third another long series,
stretching approximately south-south-east to south-east through
Burma,

In making use of these time observations to deduce the rate at
which the earthquake travelled, it is necessary to know the centre
from which it started, and hence it might be considered more appro-

priate to defer this chapter till after the discussion of the position
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and extent of the seismic vertical in Chapter X. But the time
observations themselves have to be taken into consideration in this
discussion, and for this reason their description, and the investi-
gation of the rate of travel of the earthquake, are undertaken here,
although this course invalves a certain assumption of what is only
established in subsequent chapters,

In calculating the distances of the stations at which we have
time reoords from the epicentre, it is necessary to assume this as a
point; but, as will be seen later on, this was a large area, and it
is consequently pecessary to determine what point to accept as
that of departure of the earthquake wave. Two courses are open,
either to take a central point in the focal area or, as all our stations
lie to the west, one near its western limit. In either case, certain
errors are possible.

Supposing the earthquake to have been due, as suggested in
Chapter X, to the formation of ‘a great thrust-plane, the movement
probably commenced near the centre and spread outwards. Now the
Tate at which the fissure spread may have been the same as, greater,
or less than, that at which the earthquake waves travelled. In the
latter case, if we assume a starting point at the western limit of the
focal area, it is evident that all the calculated distances will be less
than the true distances which the earthquake wave had travelled,
for the wave would have reached the assumed centre before the
disturbance starting from that point was originated. If, on the other
hand, the formation of the fissure started at more points than
one, or, if it spread at a greater rate than that of travel of the
earthquake wave, then all distances calculated from the centre of
the focal area would be greater than the true distance travelled
by the earthquake wave. The probability is that the rate of
spread of the fissure, and of the travel of the earthquake wave, were
practically the same; and in this case we may reckon from a
point near the western end of the focal area when deducing
the rate of travel of the disturbance. An assumed centre in
Lat. 25° 45" N, Long. 9o° 15’ E,, has accordingly been used
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in all the following calculations ; this being more or less of a com-
promisel. '

Taking this as the starting point, we find the distances, mea~
sured along the surface?, to Bombay and Calcutta are 1208'3 and 255°5
statute miles, respectively, while the time interval was 8 minutes.
From this we find the average rate of travel of the earthquake wave,
as between these distances, was probably 119.1 miles per minute, or
3 kilometres per second. The time interval cannot be depended on
for absolute accuracy; it might possibly be as much as one minute in
error, but, seeing the nature of the records by which it was obtained,
it is probably not more than half a minute out in excess or defect.
Assuming this as a probable error, we get the values of the rate of
propagation as —

Per Minute. Per Second.
Miles. tles. cet. tlometres,
Maximum 126°5 210 11,135 32
Minimum 17 1°86 9,735 8
Probable mean 119°1 1°98 10,40 30

Making all allowances for possible inaccuracies, there remains
the fact that the mean rate of travel of the earthquake wave at the
surface of the earth was about 120 miles a minute, or 3 kilometres
a second, as between Calcutta and Bombay.

The remaining observations are not sufficiently accurate, or
sufficiently concordant to permit of their being advantageously
treated by direct calculation, and a more satisfactory result is
to be obtained by the graphic treatmert adopted in the hodo.
graph on Plate XXXIX. Here the two lines at right angles to
each other represent, respectively, a scale of distances and time,

1 It may be pointed out that, as the stations from which we have time observations are
in an approximately east and west line, an easterly or westerly shifting of the assumed focus
would make little or no alteration in the difference of distance of any two stations from it.
The only exception to this is in the case of staticns like Calcutta, which lie far scuth of the
general E, W. line; and even here, when compared with distant stations, such as Bombay,
the difference is not such as to appreciaoly vitiate the results obtained.

2 These distances, and all others in this memoir, are calculated to a mean radius of 3,956
miles and a spherical globe. The errors so introduced are trivial in comparison with the
jnevitable errors of the time observations.
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all the time observations referred to above, except those frem
Burma, are plotted, the series of stations lying nearly west of the
origin being distinguished by having their names printed below,
while those which lie to the south or north-west, off the general
westerly line, have their names printed above.

Taking the westerly group we have, in order of their distance,
from the origin :—

Name of place. Distance. Time.
Sara Ghat . o . o . . . . 138 16h,  28m.
Damukdea . . . . . . . . 140 16h. 27m.
Luckeeserai . . . . . . . « 260 16h, 2gm.
Giridib . . . . . . . . . . 270 16h, 28m.
Gaya . . . « e . e« o o 336 16h. 29m,
Chapra . . . . . . . e o+ 349 16h.  29}m,
Buxar . . o« . « o e 301 16h. 3om.
Benares . . . . . . . . . 4“8 16h, 294m,,
som.
Mirzapur e o & & e e o« e« 46 16h. 3im,
F‘w. . . . . . . . . m ‘6“- 30!'0. ¢
Naini . - . . . . . . . sls 16h, 3om.
Allahabad . . . . . . . . 522 16h. 3om,,
33m.,
. 314m,
Cl'ﬂpl!fc . . . . . . . . 6'3 16h. 3om.
Utripura . . . . . . . . « 630 16h. 3im.
Lucknow . . . . . . . . 632 16h. 3om,
M“, 0 . . . . . . . . 688 16h. 32m,,
33m.
Hoshangabad . . . . . . . . 735 16h.  3sm.
Gwalior . . . . . . . . . 755 16h. 32m,
Ghaziabad . . . . . . . . 812 16h. 32m.
Delhi . . . . . . . . . 80 16h, som.
Jaipur . . . . . . . e« o+ 905 16h. 34m.
Anand . . e o o e e o s oz 16h, 35m,
lehod‘ . . . . . . . . 1,100 16h. 34m.
Dehegam . . . . o . o Lin 16h.  34im.
Bilimora. . . . . . . . . nLnuz 16h, 3sm,
The second group is less numerous and comprises—
Parbatipur . . . . . . . . 7 16h. a2sm.
Siliguri . . . . . . . . . 112 16h. 26m,
Goalundo . . . . o . . 131 16h. 27m.
Sonada . . . . . . . . . 160 t6h.  26m,
Darjiling . . . . . . . . . 167 16h, 26m,
Hugli . . . . . . . o . 3221 16h. 27m.
Naihati, . . o« . . . . « 323 16h. 28m,
Khana . . . . B . . . . 237 16h, 26m,
Chittlgong . . . . . * . . 237 16h, 37m.,
28m.
. « 340 16h, a29m

Gdai . . . . e .
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The third group of observations, those from Burma, have not been
utilised for reasons given on page 68.

Turning to Plate XXXIX, we see that the observations show a
fairly regular relation between the time of commencement and dis-
tance from the epicentre. These records fall so well together that it
is possible to draw a line through them, which represents the rate
of progression of the earthquake, and from which we can deduce the
rate of travel at any point with greater accuracy than is possible
by direct calculation from the times recorded.

Two such lines are in fact drawn on the plate. Of these the one
drawn firm is that which most closely passes through the centre of
the constellation of time observations, and represents the probable
true curve of the times of arrival of the shock at different places ;
the other, drawn as a dotted line, is that which, for reasons that will
appear in the sequel, is theoretically more probably correct, though
not so closely in accordance with the recorded observations. In either
case the meaning of the line is that, taking any point on the
line, a place at the distance from the origin indicated by the scale of
miles at the bottom would have felt the earthquake commence at
the time indicated by the scale of minutes at the right hand end
of the diagram. Taking first the gently curved firm line, and tabu-
lating the results obtained from this we find that, taking 16h, 26m-
as the time at which the earthquake wave first reached the surface
and started on its outward course, the distance travelled in—

1 minute was . o e . . . . . . 170 miles.
2 minutes ,, . P . . . . o . . 280 ,,
3 » ”» . . . . . . . . 350 ”»
4 » » . . . . . . . 460
L3 ” ”» . . . . . . . . . 580 T
] ”» ”» . . . . . . . 700 ”»
7 ” ” . . . . . . . . 840 ,,
8 » » . . . . . . . . 900 »
° » ” . ) . . . . . . . 1,150 ,,
Or, in other words, the distance travelled in the—
15t minute was . . . . . 170 miles,

snd ,, , . . o
3d » . . . . o .
4th ”» . . . .
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sth minute was . . . B . . . 120 miles.
6th ” ”» . . . . . . 120
7th » . . . . . . . 140

« * o o o

8th 9 ”» . . . . . . 150
oth ,, » - . . T . . 160

From these tables it will be seen that the slowest rate of travel
seems to have been in the third minute and the third hundred miles,
On either side of this limit, as we approach the centre or recede from
it, there is seen to be a steady and regular increase in the rate of
travel. This is evident from the diagram if it is borne in mind that,
from the manner in which it was constructed, the rate of travel is
indicated by the slope of the line drawn, the more nearly horizontal
this is the greater the velocity indicated, and the more inclined the
slower the rate of travel. If the diagram is examined, it will be
seen that the line can be divided into two parts, one near the origin
which is concave upwards—indicating that the rate of travel is
diminishing—and the other away from the origin, which is convex
upwards, indicating a progressive increase in the rate of travel,
The point of junction of these two parts of the hodograph is that
where the rate of travel was least and lies at about 280 miles
from the origin,

The form of the hodograph drawn on Plate XXXIX resembles
that of Schmidt’s hodograph!, based on the assumption of a higher
rate of transmission of the earthquake wave in the deeper seated than .
in the more superficial portions of the earth’s crust, and also the form
of the same author’s modification of Seebach’s hyperbola,* when the
curvature of the earth’s surface is taken inta consideration, and this
might, at first sight, seem to favour its acceptance as the true one.
On closer examination, however, it is found that the acceleration at a
distance from the epicentre is too small to be accounted for by either
of the hypotheses taken separately, and still more so by the combin.
ed effects of the two causes, z.e, of the known curvature of the

' Jahresheft Ver. f. vater], Naturkunde in Wurttembe; 8
2 /bid, 1890, p. 227. e 1988 - 35
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surface of the earth, and of the assumed increase of velocity of pro-
pagation with the increase of depth of the wave-path,

Rejecting Schmidt’s hypotheses as, in this case, requiring a
greater variation in the curvature of the hodograph than is indicated
by the recorded observations, we must fall back on Professor Milne’s
suggestion that the shock which was felt was not the direct result
of waves propagated from the centre through the earth, but of
waves of an undulatory nature, originated at the surface in the
epicentral tract, and propagated outwards along the surface, at a
uniform rate of travel.

If this is so, the apparent variations in the rate of travel do not
exist, and the hodograph would be a straight line which may be
drawn through the Bombay and Calcutta times, continued to 50 miles
from the assumed centre, and thence carried horizontally to the
origin. This, which is shown by the broken line on Plate XXXIX,
would agree with the recorded observations almost, if not quite, as
well as the cuved line, and would give a uniform rate of propagation
of about 119 miles per minute outside the epicentral tract.

So far as the time observations go, there is nothing to enable us
to decide between the two, for, though the curved line more closely
represents the mean of the observations plotted, yet the straight line
does not anywhere depart from it by more than about half a minute of
time, while, if we exclude the very discordant records such as those
from Allahabad and Bareilly, and give less weight to those which
give times of 30 or 35 minutes past 4 o’clock, and are consequently
merely approximate in their intention, it will be seen that the
straight line represents the mean as closely as does the curved line,
when all the observations are taken into consideration and given
approximately equal values. When, however, the records of the
unfelt earthquake at distant observatories come to be considered in
Chapter XV, we will see that the second explanation, that represent.
ed by the dotted line in Plate XXXIX, is the more probable one of
the two, and we may take it that the earthquake wave travelled
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along the surface, at a tolerable uniform rate of about 120 miles
an hour.

A point of some importance to determine is the exact time of
origin of the shock or rather that at which it first reached the sur-
face. In doing this, we may take the records of places within the
central area, such as Shillong, and deduce the time directly ; or obtain
it by calculating back from the observations at places outside that
area. Of these two methods the latter gives the best results, at any
rate in this case, but before discussing the result so obtained,
the few observations that were made in the ceutral area may be
noticed,

At Shillong the exact time of the commencement. of the shock
is given by Mr. J. C. Arbuthnott, C.1.E, Deputy Commissioner, as
5-I11 or 5-12 P.M.; the Assistant Superintendent of Telegraphs,
Shillong division, in his official report says—‘* As soon as the shaking
was over, I looked at my watch, and allowing for the error of
my -watch by that day’s time, found the time was5-16 P.M. [ esti-
mated the duration of the whole earthquake to be about 1} minutes.”
This would place the commencement at from 5-14 to §-14} P.M.
Babu Nishi Kumar Ghose, Agent of the Oriental Life Office, writes
that his time-piece, which was regulated with the gun at 1 P.M., was
stopped by the earthquake at 5-13 P.M. Other clocks dug out of
the ruins are said to have shown times varying from 10 to 1§ minutes
past 5. Taking 5-13 P.M. local time as a probable mean, and de-
ducting 47m., the correction given in the Telegraph Guide, we obtain
16h, 27m. as the probable Madras time of origin, with a possible varia.
tion between 16h. 25m. and 16h. 3gm.

This estimate can be checked by the returns from other places
situated within the central area, or close to its borders. The Tele-
graph Master of Goalpara reports the commencement as sh. gm.
P.M., or 16h. 27m., Madras. From other telegraph offices there are
either no returns or the times given are evidently mere approxima.
tions. At Kuch Bihar, which, as will be seen in chapter X, was
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close to the central area, if not within it, I have a report from Babu
Kedarnath Mozumdar, Superintendent of Works, Kuch Bihar State,
who was looking at the clock in the Lansdowne Hall at the time
and noticed that it was 2 minutes past § (16h. 25m., Madras time).
The Station Master of Siliguri gives the time as 16h. 26m.; of
Parbatipur as 16h. 25m.; and the same time is given by a number
of neighbouring stations on the line, being probably the nearest
even 5 minutes. All these tend to confirm the Shillong time, and
we may take it provisionally that the time of origin was not later
than about 16h, 26m, or 16h. 27m., Madras time.

This time can, however, also be obtained, with a greater degree
of accuracy, from the hodograph, It will be seen that none of the
time records from the central area, just referred to, bave been incor-
porated on Plate XXXIX, the reason being, partly their divergence
and the absence of any indications that any one of them could be
regarded as of greater accuracy than the others, and partly the fact
that any error in the position of the assumed centre would introe
duce a proportionally very large error in the deduced distance, an
error which becomes practically negligible in the case of the more
distant stations. This being so, the curve of the hodograph, for its
first 150 miles, has been filled in by inference, and drawa so as to
harmonise with the rest of the curve and with the results which have
been obtained from other earthquakes. Consequently the point at
which it cuts the ceatral line is subject to all the risks inherent to
the method of extrapolation. The time obtained, 16h, 36m., Madras
time, may be out more or less, but I do not think that the error can
be more than one-half minute of time either way, while the error is
probably not more than 15s., and more probably of defect than excess.
The time at which the earthquake first made itself sensible at the
surface may be said to have been between 16h. 25m. 45s. and 16h.
26m. 30s., Madras time, or between 11h. 4m. 45s. and 11h, 5m. 308,
Greenwich mean time (civil), of the 1zth June 1898, a result which
shows as close an accordance with the time directly obtained as
could be expected.
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Before leaving this subject it may be well to devote a few words
to the consideration of the degree of accuracy of the results obtained,
This I regard as much greater than might reasonably have been ex-
pected, or than 1 myself expected, from the data available. It is
true that the hodograph is a one-sided one, as no observations of
any value were obtained except to the westwards, and to this extent
its value is discounted, as the more distant observations could not
be checked by corresponding ones lying in a different direction from
the centre, On the other hand, the observations in that one direc-
tion show a surprisingly close agreement among themselves, an
agreement which is in no way the result of the selection of observa-
tions on account of their concordance. All the observations, which
are given in this chapter, were selected in the first instance on the
grounds stated above (pages 63 to 67), because, from internal evi-
dence of care or other reasons, they appeared intrinsically more trust-
worthy than those which did not, on the face of them, appear to
possesé that value which would alone make it worth while consider-
ing them. The selection was made before the distances were cal-
culated, and was moreover originally made at a time when it was still
believed that the earthquake originated in a very different
situation to what afterwards turned out to be the case, a difference
which would have introduced a very appreciable modification in the
relative distances of all the places lying within 300 or even more
miles of the centre finally accepted.

No subsequent additions were made to the selected list, though
there are a large number of observations which show a close agree-
ment with the times deduced from the hodograph, nor were any sub-
sequently rejected, except those mentioned in this chapter. But
briefly, it may be said every care was taken to prevent the results
being affected by any bias, conscious or unconscious, and they may, |
consider, be accepted as accurate at any rate, within an error of less
than five per cent.
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Cuaprer V.—THE RATE AND RANGE OF MOTION OF
THE WAVE PARTICLE. '

In determining, or more correctly speaking giving a numerical
value to, the violence of an earthquake, there are two quantities
that have been used ; one the greatest velocity or rate of movement of
the wave particle and the other the greatest acceleration or change
in the rate of movement. In the absence of self-recording
seismographs these may be approximately determined by the size
and dimensions of objects overthrown and by the distance to
which objects have been projected by the earthquake.

In the case of this earthquake the data are not so abundant
as could be wished for, owing to the paucity of objects suitable for
seismometry, and as the details of the results of the calculations
are given in Appendix C, together with a short discussion of the vali-
dity of the formule in use, they will not be repeated here. It will be
shown there that the results obtained from the formule which
give the values of the two elements, velocity and acceleration of
wave particle, are not in accordance with each other, and the explana-
tion of this want of accordance discussed. Here it will suffice
to say that, even if we cannot compare the values obtained by two
different formule at two different places, or even at one and the
same place, we may still compare the results obtained by the same
formula from similar data and so see whether there is any differ-
ence noticeable in the deduced violence of the shock.

Taking the maximum rate of acceleration first, we have the
following probable average values :—

Dhubd . « 2,700 mm. of g ft.persec. por sec.

Goalpara o 4,200 ”» » 14 5 » 2»
Gauhbati « 3,600 ”» » 12, » »
Shillong . . 3600 » 12 ,, » .
Chenapunji * 3,000 ” » 10, » »
Sylhet . . 3,600 » » 12 ” ”»
Silchar . « 1,200 ” » 4 » » ”»
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In each case higher and lower accelerations have been obtained, some of
which have been rejected for reasons given in Appendix C. Others
represent real but local variations in the rate of acceleration, which
is known to vary within wide limits even in closely adjacent spots.
The values given are what appear to be fair average ones for the
whole station.

Comparing these results it will be seen that the violence of the
shock was practically the same at Shillong, Gauhati and Sylhet,!
somewhat more at Goalpara and less at Dhubri, while at Silchar, it
was decidedly less, It is to be regretted that no numerical value
can be given for the violence of the shock at Rangpur or Kuch
Bihar. :

At Cherrapunji the shock would appear from the figures to have
been slightly less violent than at Shillong, but it was quite as de-
structive, the lesser acceleration being apparently made up for by
the greater range of movement.

In the foregoing passage reference has only been made to the
acceleration in a horizontal direction, as deduced from the formula
in common use. This has been: employed as it is the only one
available, though it seems certain that no great value can be attached
to the results where, as in the present case, there was a large vertical
component in the motion. At Shillong, Gauhati, and throughout the
epicentral tract, stones have been projected upwards, as described in
Chapter IX, and this fact shows that the acceleration in an upward
direction must have been greater than that of gravity, that is to say
more than 32 feet per second per second. How much greater it is
impossible to say but in places it may have been four or five
times as great.

Put into simple language this means that the measured violence

1 It must be noticed that the violence, or power of destruction, is not the same as the
destructiveness, or destruction actually caused, and this is especially true where, as is generally

the case, the terms are used solely with regard to the effects produced on buildings, Here many
other considerations come into consideratior besides the violence of the shock,
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of the shock was equal to that of a sudden arrest after a fall of about
8 feet. That the effect produced on human beings and animals was
not the same as that of such a fall is not difficult to explain; it
is due both to the smallness of the range of motion, and to the fact
that its direction was oblique and not directly upwards, thus allowing
the muscles and joints to yield and so diminish the violence of the
shock.

Fishes were differently situated; attacked on all sides and over
the whole surface of their body by a blow of greater violence than this,
they were killed in myriads, as by the explosion of a dynamite cart-
ridge. In the Garo Hills, even where the rivers had been unaffected
by landslips, the fine fishing pools of the Sumesari river were found
devoid of fish ; I was informed too by the Garos that the number of
fish caught in their traps was phenomenally small in 1897, and
that for days after the earthquake the Sameswari river was choked
with thousands of dead fish floating down from the upper
reaches, In the Borpeta subdivision of the Kamrup district the fish
were killed in the same manner, and I was informed by Captain

-Gurdon that on his way in from Nalbari to Gauhati he saw two float-
ing carcases of Gangetic dolphins which had been killed by the-
shock.

At Dilma, in the Garo Hills, I got some evidence to show that the-
shock was locally of sufficient violence to disable men. I was.
informed that two Garos were drowned in one of the lakelets, formed.
by the Chedrang fault, through which a village path used to run.
The lakelet is due to the damming up of a small drainage valley by the
fault, which has here a throw of about 25 feet; the stream is a very.
small one and the valley open, so that it is improbable that the water
would accumulate sufficiently to drown men in full possession of their
faculties and able to escape, but if we suppose that the violence of
the earthquake was sufficient to stun them it is easy to understand

how they might be drowned by the collecting waters before they
recovered consciousness, '
( 8 )
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The way in which forest trees have been snapped across in the
neighbourhood of these faults, as described in Chapter IX, shows that
the violence of the shock must have been very great, probably four
or five times as great as at Shillong or Gauhati. If we assume that
it was only twice as great, or the acceleration at least 64 feet
per sec,, it would be equivalent to the shock of sudden arrest after
a fall of 64 feet; if three times, then the corresponding fall would be
144 feet, and so0 on, and as the men must have been close to thé¢ line
of fault, where the focus came up to the surface, it is difficult to put
a limit to the possible violence of the shock.

This, however, is conjecture, incapable of support by numeri-
cal estimates or calculation. All that can be regarded as certain is
that violent and destructive as the shock was at such places as
Shillong, Gauhati, Goalpara, it was still more violent at other places
Within the epicentral tract, where fortunately there were no towns
or poptlous settlements to feel the full power of the earthquake to

destroy.

For the maximum velocity of movement, I propose to take only
the values obtained from bodies projected by the shock. These give
for—

Goalpara 8,300 mm. or 11 ft. per sec.

Gavuhati . . 2,400 » » 8n » o
Rembrai - . 4,200 » » s » »
Silcbar . ¢ e 450 ", » VS5 »

These figures do not come near those of some other earthquakes.
For instance, if Von Humboldt’s statements are accepted, the maximum
velocity of movement of the wave particle must have been 8o feet
per sec. in the Riobamba earthquake of 4th February 1797,' as
egainst 14 feet per sec., the highest recorded here,

Seeing that the mazimum velocity, maximum acceleration

+ R, Mallet, Neapolitan Earthquake of 1857, Vol 11, p 340. ( 8 )
1
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amplitude, and period of an elastic wave, are so related to each other
that, given any two, the others can be determined, it might be thought
that from the data available we could deduce both amplitude and
period of the earthquake wave; and from the data so obtained to
form some idea of the violence which accompanied the high velocity
obtained at Rembrai. When this is attempted, however, it is found
that the results are absurd, and the only possible conclusion that can
be come to is that the high velocities of movement required to ac-
count for the way in which stones were shot through the air,
to a distance of as much as 8} feet, were not those of the earthquake
wave, but due to bodily displacements of the ground; movements
which left the hills permanently higher than they had been before
the earthquake.!

As this means that the motion of the ground due to the earth-
quake waves was complicated by movements of a much larger scale
of a very different character, it is evident that we cannot employ the
high velocities obtained-at Rembrai to form any sort of estimate of
the acceleration, or violence, of the earthquake at that place. We
are thus deprived of the only means of attaining even an approximate
estimate of the extreme violence attained by the earthquake,

and must remain content with such vague guesses as have been
attempted.

The only direct measure of the amplitude of the wave, or of the
greatest backward and forward movement of the wave particle, was
at Cherrapunji. Two oblong masonry tombs, standing close together
and oriented with their longer axes north and south, have been
partially destroyed on the inner sides, the space between them being
filled with debris. On the outer sides, they are almost intact, but the
tombs have been driven bodily down into the ground, and en either
side, to east and west, there is a depression with a vertical side
parallel to the outer surface of the tomb and a smooth flat bcttom

' See Appendix C,
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over wlich the base of the tomb has slid. The pair of tombs and
the depressions are shown in section in fig. 7.

\\'4

Fig. 7. Section of tombs in the cemetery at Cherrapunji,

The edge of the western depression has the grass growing undis-
turbed up to the edge of it, and along the edge small fragments of lime
and plaster show that this was originally in contact with the edge of
the tomb, which has now moved away to a distance of 18 inches. On
the east the edge of the depression is raised and the grass and earth
forced upwards by the thrust of the tomb against it; the breadth ot

this depression is 10 inches,
These depressions are evidently due to the backward and forward

movement of the tombs in the ground, or rather the backward and
forward movement of the ground against the tombs, which remained
comparatively stationary in consequence of their inertia. If we
assume that the two tombs behaved as a single mass, but that after the
shock they were left in a position slightly different from their original
one, the range of motion of the earth would be the mean of the
widths of the two depressions, that is 14 inches. But the earth on the
east has obviously been forced up, while that on the west has not ; the
movement on the east side has consequently received a check which
that on the other has not, and we may take the wider depression, 18
inches, as representing the range of movement. A third supposition
is that the two tombs have not exactly retained their original relative
position, but have been pressed closer together : if this was due to an
easterly movement of the western tomb, then 18 inches would repre-

sent the range of movement added to the displacement of the
T G2 (83)
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tomb, while 10 inches would represent the range of movement, less

any easterly shifting of the eastern tomb which may .have taken
place.

Whatever the interpretation may be in detail, it is clear that the
extreme range of motion cannot have been less than 10 inches, may
have been as much as 18 inches, and was probably about 14 inches;
the amplitude, or range of wave particle on either side of its original
position, being half these amounts,

Large as the amplitude appears there can be no reom for doubting
its correctness, but this probably does not represent the normal amplis
tude. The cemetery at Cherrapunji is situated near the edge of a
high sandstone scérp, and the presence of this free -surface would
lead toa locally greater amplitude than what prevailed in these hills
generally. In a somewhat similar position, on the B4lpakrdm plateau
in the Garo Hills district, I found vacancies separating the soil from
the larger rocks, against which it lay, that indicated quite as large
a range of motion.

" At Tura I obtained some direct evidence indicating the range
of motion. The house occupied by Mr. Dring, of the American
Baptist Mission, is a wooden frame house resting on wooden posts,
which are not continued into the frame of the house. After the
earthquake, Mr, Dring noticed that some of the posts had rocked
in the ground with the movement of the house, but others had siood
firm and the framework of the house had slid over their top. The
extent of this movement, as shown by the marks on the under side
of the frame, was 5 inches away from the post, or a total range of
10 inches, Another wooden house, also belonging to the Mission
but built with posts sunk into the ground, had a wooden flight of steps
leading down to the ground; after the earthquake it was noticed that
their lower end had been thrust out about 5inches from its original and
final position, Assuming, as is fair to do, that there had been an equal
displacement in the opposite direction, where its traces could not be

(84)



FISSURES AND VENTS. 85

geen, we may conclude that the house moved 1o inches relatively to
the ground. In either case the relative movement was probably less
than the actual, for the houses would, to some extent, be dragged
along by their attachment, and it may be taken that the amplitude of
the wave at Tura was not less than 6 inches, or the total backward
and forward travel of the wave particle 12 inches,

I was also informed by Mr. Dring that after the great shock was
over, he went across to a neighbouring house, which had been wrecked,
and on the road he saw a fissure, the opposite sides of which were
moving up and down to the extent of a couple of inches, Besides
these measurements of the range of motion I noticed throughout
the Khasi hills, that vacant spaces by the side of large boulders
were common and frequently four or five inches across, even when
Isaw them, about six months after the shock; originally they must
have been larger, and it may, I think, be taken that throughout
the whole tract lying west of Shillong and Gauhati, as far as the hills
extend, and probably over a large area of the phins besides, the
amplitude of the wave motion was nowhere less than 3 inches,
while in many places it was over 6 inches, the extreme range of
motion of the wave particle being twice these amounts.

CuapTER VI.—- EARTH FISSURES, SAND VENTS, AND ALLIED
PHENOMENA, -

Fissures in the ground, and the formation of vents from which
sand, water and mud have been poured out, are phenomena which have
been known to accompany almost every really great earthquake,
and even moderate ones, where favourable conditions have existed,
but in no case, of which there is historic record, have they been so
widespread or so numerous as in the great earthquake of 1897.

The theory of their formation was first clearly understood in the
case of the Cachar earthquake of 1869,! and the explanation has been

'R. Mnllet. andT. Oldham : Notice of Some Secondary Effects of the Earthquake of 1oth
January, 1869, in Cachar: Quart. Jour. Geol. Soc., XXVIII, 255-270 (1873). See also Mem.
Geol. Surv. Ind., XIX, 46-60. (1882),
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so generally accepted and repeated in subsequent memoirs and
textbooks that it might seem unnecessary to reproduce it here.
This will, however, be dene briefly, in order that the additions to our
knowledge, consequent on the effects of the last earthquake, may be
more clearly understood, and the repetition will besides enable me
to bring out more clearly the fact that the fissures, which are formed
by, or at any rate are observed after, a great earthquake, belong to
two distinct types, a distinction which does not seem to have been
generally recognised and sufficiently emphasised before now.

One class of fissures comprises those superficial ones caused by
the disturbance of the surface soil, or occasionally of solid rock. These
fissures probably start at the surface and penetrate down to the
depth, whatever it may be, that they reach, They are a result, more
or less indirect, of the wave motion, which has been set up elsewhere
and travelled to the place where the fissures are formed. The
other class is of deep seated origin, and when a fissure of this class,
which I propose to distinguish by the name of fracture, appears at
the surface, it may be taken to have been propagated upwards from
below. So far from being a result of the wave motion, fissures of
this class must be regarded as a cause, and as surface manifestations
of the deeper seated fracture by whose formation the wave motion
was originated. In their immediate vicinity there will usually be
found indications of an abnormal violence of shock, which falls off
rapidly on either side, while in the case of fissures of the first class no
such local excess of violence will be noticed. Only those fissures
which fall into the first class will be noticed here, a discussivn

of those belonging to the second will be found in Chapter IX.!

! As an instance of what I believe to be a confusion of these two types of fissures, 1 may
quote Dr. J. F. Julius Schmidt’s account of the Vostizzia earthquake of 26th December’’1861.
(Studien aber Erdbeben, 2nd ed., Leipzig, 1879, p. 68.) In the description and map (plate 1V),
a great fissure is shown running along the foot of the hills for about three miles, and is said
to have been marked by a change of level of the opposite sides to the extent of 6 feet or more.
Besides this number of smaller and more irregular fissures, accompanied by sand vents are
described a¢ occurring in the alluvium near the sea shore. Dr. Schmidt attributes all to the
same cavse s displacement of the alluvial deposits, but after a careful study of his description,
1 find it difficult to resist the conclusion that the great fissure represents part of the focus
of the earthquake, and is in fact a fault, while the others are secondary effects ot the earth-
qrake similar to those treated in this chapter.
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The mode in which the fissures, with which we are at present con-
cerned, are formed is fully dealt with in Vol, XXVIII of the Quarterly
Journal of the Geological Society of London, and at page 52 of
Volume XIX of these Memoirs. It will consequently be unnecessary
to go over the same ground in detail, but an explanation of the
process involved may be given in as few words as seem compatible

Fig. 8. Diagram to fllustrate the formation of earth fissures,

with clearness. In fig. 8 let g g represent an upper stratum of the
alluvium, cut by a river channel, and 0 ¢ a sandy or muddy bed of less
cohesion, along which the upper stratam g can slide over the lower s s,
When g ¢ is thrown into movement by the earthquake wave there will
occur a time when all the particles between the lines g and 4 will be
moving towards the river, and all to the left will be moving in the
opposite direction. In these circumstances the momentum of the
mass @ b, which is partially free to move over the layer o o,
sets up a strain which tends to part the surface layer at g, the
plane of separation between the portions of the surface layer
which are moving in opposite directions, that is to say, in opposite
semiphases of the wave ; if this strain is sufficiently great, a fissure
will be formed and the piece 4 4 will move forward towards the
river channel, and this movement may well give rise to fresh fissures by
the strains set up in the moving mass,

I have spoken of the fissures as entirely due to the horizontal
movement of the wave particle, and this horizontal movement would
of itself be sufficient to account for, and is probably the main factor in
their formation, but for the ejection of sand and water a certain amount
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of vertical movement is necessary. In fig. g suppese the wave to be

Fig. 9. Diagram to illustrate the formation of sand vents.

emerging in the direction of the parallel lines in ss. The upper sur-
face of this layer will move upwards against the stratum o o, of loose
sand or mud and water, and the wave motion will be transmitted
through it to the upper layer g g. But the inertia of this will cause 0 ¢
to be strongly compressed, and if there is an opening through to the
surface, whether pre-existent or a fissure formed by the earthquake,
this pressure may be sufficient to force sand and water to the surface.
By the repetition of the pressure a succession of spurts may be forced
up; but a large body of semiliquid matter, once set in motion, does
not come to rest at once, and so, by the momentum of the moving
water, its flow would be made more or less continuous, and the
spurting, which has been described as taking place, is to be
attributed to a closing in of the sides of the fissure, and consequent
forcing out of the water between its walls, rather than to the direct
action of the earthquake wave on the underlying stratum.

After the passage of the earthquake the pressure on the soft
water bearing stratum will be relieved, and the water which had been
forced out may be sucked back with sufficient force to wash down

the upper edges of the fissure and form a crateriform hollow with
deeply scored sides.

Turning now to a consideration of the special facts revealed by this
earthquake, which lead to a modification or addition to the explanation
given above, there is one which stands out prominently, that the

existence of a free surface, such as that formed by the river channel
(88)
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in fig. 8, is not essential to the formation of fissures in a compressible
material, such as forms on alluvial plain. Throughout the region where
fissuring was common the fissures are certainly more mumerous and
conspicuous near the edges of river channels, or of the artificial
reservoirs known in India as tanks, but they are not confined to such
positions and may be met with in positions where they cannot be
accounted for by the movement of a portion of the alluvium bodily
towards an excavation, whether natural or artificial,

The possibility of the formation of such fissures is a direct conse-
quence of the soft and unconsolidated nature of the soil, but the
mechanism is not so clear. It seems improbable that the inertia
of the stretches of alluvium thrown into movement in opposite di-
rections could cause this compression and subsequent separation
along the lines of fissure; the late Mr. R. Mallet showed that they
could not be the direct result of a wave of elastic compression! ; and
the most probable explanation is that their formation was in some way
connected with the visible undulations of the ground, induced by the
earthquake, which travelled as independent quasielastic or purely
gravitational waves, Such waves traversing the alluvium would
throw each part into alternate compression and extension as the
surface was bent into a concave or convex curve, and in a compres-
sible material, decidedly lacking in elasticity, this might easily lead
to the formation of fissures. ’

A very noteworthy point about these fissures, formed away from
and independent of, the river courses, is the manner in which they
usually run parallel to, and along either side of, any road or embank-
ment. It is a well known mechanical principle that where there is
a sudden change in section, in other words a sudden change in
strength, the point of junction is a point of weakness, and
the strength at that point is less than it would have been if one
part had not been stronger than the other. For instance, in a
screw bolt, as ordinarily made, the portion on which the screw thread

' Brit. Ass. Rep., 1850, p. 53.
. (89)



9o OLDHAM : GREAT EARTHQUAKE OF 1897.

is cut is weaker than the shank; if the screw thread ends
abruptly the bolt will always give way at the junction of the two
parts, this being a point which is weaker than any other in the bolt,
and, paradoxical as it may seem, that bolt may actually be made
stronger by weakening the stronger part till the strength of the bolt
is equal at every point of its length.

This principle is of universal application, and from it we see
how the heaping up of an embankment on the surface of the
alluvium produces a line of weakness along its base on either side,
Besides this cause of weakness, we have the fact that the material
for the embankment is usually derived from a row of borrow-pits
on either side of the bank. These two causes acting together give
rise to a special aptitude for fracture, and we find nearly every-
. where throughout northern Bengal and lower Assam that the
roads and railway lines were bounded on either side by a set of
fissures running parallel to the road in all such places where
fractures have not, for other reasons, been formed across the road.

There was a very noticeable tendency for fissures, of the nature
now being considered, to range themselves parallel to each other,
and at first the direction was not unnaturally presumed to be at
right angles to the direction of propagation of the earthquake wave.
This assumption was, however, found to be untenable and no such
general rule applicable. Whether any connection might have held
good between the direction of the fissures and fhat of the visible
surface waves cannot be decided, as the observations are too scanty-
It is certain that these undulations did not necessarily travel in the
same direction as the earthquake wave,! and it is possible that where
the movement was sufficient to cause fissures to be formed, they
followed the direction of the crests and hollows of the surface
waves. Even if we suppose, what is probable enough, that the
direction of propagation of these waves is largely governed by local
peculiarities of the constitution of the surface layer of the alluvium,

¥ See Chap. 11, pp. 20, 26, 36, 40.
L
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these same peculiarities would encourage the formation of fissures
in the same direction as the crest of the waves, or at right angles
to it, rather than in any other direction.

In his official report on the earthquake in Kuch Bihar, Mr.
D. R. Lyall, C. S. I, Superintendent of State, remarks that where the
soil is sandy the usual form of fissure was a simple opening of the
soil, but in the racecourse at Kuch Bihar, where the soil is more
clayey, there was generally a double fissure, the soil between which
sank from a foot to eighteen inches, and, as a rule, no sand issued.
Near ‘Maimansingh Mr. Grimes noticed the same feature, where
fissures ran on either side of the road, and throughout the area
affected by fissuring, it is common to find two parallel fissures bound-
ing a strip of sunken land.

Where the fissures penetrate down to a bed of sand or slime,
part of which has been forced out through the fissures, it is
easy enough to account for this subsidence, but it may also
take place where no material has been forced out from below.
Suppose two parallel, or nearly parallel fissures starting from the
surface and gradually approaching each other underground so as to
cut off a wedge shaped piece of alluvium as shown in fig. 10, then,
as the wave reaches such a position that we have opposite semi-
phases of the wave on either side of this pair of fissures and the
movement of the wave particles away from the fissures, as indicated
by the lower pair of arrows in fig. 10, there will be an opening of the

Fig. 10, Diagram to illustrate the formation of fissures in alluvium.
fissures and the wedge will drop down. As the wave passes on the
action is reversed, the motion of wave particles in both semi-
phases will be inwards and the wedge will be compresssed, as indicated
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by the upper pair of arrows. The waves pasé on, the first condi-
tion is resumed, the wedge drops a little further, to be com-
pressed once more, and the process is repeated and the subsidence of
the wedge continues till the alluvium has attained its maximum
possible compression or the earthquake motion ceases, whichever
occurs first.

Another form of fissure, which is much akin to that just treated,
in as much asit is due to compression of the alluvium and not to
bodily movement at a free surface, is the fissure which so constantly
runs along the junction of hill and plain and is accompanied by a
settlement of the alluvium.

All along the foot of the Khasi and Garo hills, wherever the
alluvium of the plains extends up to foot of the hills, and is not
separated by the fan of a local stream, the alluvium has separated
from the hill, and a sudden drop of from 1 tog feet is found. This
scarped face of separation is very marked where the road from Tura
issues on to the plain of the Brahmaputra, and has been referred to
in official reports as a proof of subsidence. The vertical face of
separation is about 5 feet high and at first sight has much the
appearance of a true fault, but on closer examination is found to
follow the windings and irregularities of the foot of the hills in a
manner which makes this explanation impossible.

The separation along the foot of the hills is not confined to the
alluvial plain of the Brahmaputra but is also noticeable in the case
of the small patches of peaty alluvial soil found in the valleys on
the plateau of the Khasi hills. These alluvial bottoms are carefully
terraced for rice cultivation, up to their very edge, and as the Khasias
had commenced to irrigate them when I marched through the hills
in March, | was able to see at a glance, by the varying depth of water
lying on the land, what changes of level had taken place.

In many places I noticed that the original curve of the horizontal
alluvial surface into the hill slope was abruptly cut off by a per-
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pendicular drop, as at b, fig. 1. From b outwards frcm the hill was

Fig. 11, Diagram to illustrate the displacement of alluvium alung the foot ot a hitl.

a depressed area of from 10 to 30 feet broad in which the water had
accumulated and completely flooded the fields ; immediately outside
this was a strip, , which had evidently been raised above its original
level, for the water could no longer be led onto it,and beyond this
came the alluvium, preserving its original level and apparently
undisturbed, except where it has been cut by fissures.

These features clearly reveal what has taken place. The thrust
of the hill and plain against one another has caused the alluvium to
be thrust forward and raised into the low ridge or roll at 4, while on
the return a space was left which could not be filled up by the
alluvial soil without its surface being lowered. As in the case of the
depression of a wedge of alluvium referred to above, the action was
doubtless not completed by a single movement, but was the cumula-
tive result of a succession of waves of compression.

On the borders of the alluvial plain of the Brahmaputra cul-
tivation does not extend right up to the edge of the hills, and we
losg the datum level afforded by the ricefields, but the same action
took place there also,and produced the same result. In'no case was
the subsidence other than local and confined to a very narrow strip
of land immediately bordering the plane of separation; in some
places, as on the road from Tura, the amount of subsidence is in-
creased by the large quantities of sand extravasated, and the impres-
sion of a general subsidence was favoured by the exceptionally high
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floods wbich rose right up to the foot of the hills, over land they
never covered before. As will be seen in Chapter IX these may be
accounted for without invoking any change of level, and, though it is
not impossible that there may have been some permanent change of
level it certainly did not take the form of a differential change
just at the foot of the hills, nor is it reasonable to invoke an ex-
planation of, which could not be applied to the precisely similar
appearances observed elsewhere,

In the foregoing passages the opening of fissures, where they
cannot be explained directly by a movement of the superficial
portion of the alluvium towards an excavation, whether natural or
artificial, has been attributed to a direct compression of the alluvium
consequent on the momentum imparted to it in each semiphase of the
wave, or to the effect of hard rock in contact with the softer alluvium.
This has been done as the explanation seemed the most natural and
simplest, but it must be pointed out that this same compressibility
of the soft alluvium may permit of a general movement of the
alluvium on a larger scale than that indicated; and several in-
stances of this have been reported.

When the interrupted telegraphic communications were being
restored, the repairing parties found that in many places the tele«
graph poles, which had originally been set up in a straight line, were
displaced to the extent of ten or fifteen feet, and it was not always
possible to trace any connection between this displacement and
the neighbourhood of river or stream channels. The most conspicu-
ous and best established instance which has been reported is on the
Assam-Bengal Railway, Mr, Grimes’ account of this will be found
in Appendix A and it is also referred to in the Inspection report of
Mr. J. E. Dallas, Offg, Senior Government Inspector of Railways,
Assam, in the following words :—

“The worst case of the lateral shifting of banks occurs at mile 1633 The
centre line in this case was shifted to a maximum of 6 feet g inches; the length
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affected is several hundred feeta 1 am not here describing the shifting ‘of the
permanent way on the bank, or of the bank on the ground. On examining the
relative position of embankment, berm, borrow pits and trees, it is evident that
the lateral shifting is due to the displacement of the ground and not of the bank
only : there is no fissure at the foot of the bank, no wrenching of one part from
the other. At the points where the displacement begins and ends the bank was
much disturbed, practically wrecked, but there was no clean shearing anywhere.”

From Mr. Grimes’ account, it seems that this cannot be accounted
for by a movement of the alluvium towards a river course, for the
movement is parallel to the only river course in the neighbourhood ;
it is more probably attributable to the local presence of some
yielding bed underground, along whose upper surface the superficial
layers were able to move, the movement being taken up at the.
margins of the displaced tract by a gradual compression, extension,
or distortion of the alluvium in a-manner that would not have been
recognisable but for the accident of the railway line crossing this
disturbed tract.

Another effect of this shifting of the alluvium, due to its power of
yielding to compression, was to be seen throughout large areas of
Northern Bengal, Lower Assam and Maimansingh. Here the rice-
fields, which are most carefully levelled to allow them to be flooded
to a shallow and uniform depth, were found, after the earthquake,
to be thrown into gentle undulations with a difference of level of
occasionally as much as two or three feet between crest and hollow,
and this apart from any changes of level directly due to the opening
of fissures or sand vents,?

The displacement of the piers of bridges might be attributed to
a similar cause. [ do not refer at present to the displacement of the
abutments of the bridges, or the shortening of their span, which is
everywhere noticeable in the fissured tracts, but to the lateral

Vin reply to an enquiry, the Chief Engineer of the line stated this to have been
2,400 feet.

2 The disturbance, which even comparatively deep-seated beds in the alluvium were
subjected to, is evidenced by the fact, recorded in Mr. D. R. Lyall’s official report to the
President of the State Council, Kuch Bihar, that eleven bends were found in a single length
of pipe in a Norton’s tube well.when it was taken out after the earthquake.
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displacement of the piers whose foundations are sunk in the beds of
the rivers and could not consequently move laterally in the manner
indicated in fig. 8, Instances of such shifting are mentioned in
Mr. Hayden's report (Appendix A), and the effects in one instance
are represented in Plate VII, where it will be seen that the piers
have been shifted in an up and down stream direction, and also
along the length of the bridge in such manner as to deprive the ends
of the girders of their proper support. Another instance is shown in
Plate XXV], fig. 3, where the narrowing of the space between the
abutments is made very conspicuous by the bending of the hand rails
and the projection of the girder over the abutments, beyond its
original bearings.

Though this movement of the piers might be attributed toa
general movement of the alluvium, such as that recorded on the
Assam-Bengal Railway, it is more reasonably attributable to the dis-
turbing effect of the forward thrust of the banks, which has disturbed
the equilibrium of the alluvium under the river bed and caused its dis-
placement, even to the depth of.the foundations of the bridge piers.

The pushing forward of the abutments of bridges was universal
throughout the fissured tracts and is referred to in Mr. Hayden's
report and that of Mr. La Touche, and the narrowing of the river
channels seems to have been still more conspicuous in places where
there were no massively built bridges to assist in supporting the
banks. In all cases it is due to the throwing off of the unsupported
river banks and accompanied by the formation of fissures. As it
was important to determine whether this narrowing of the river
channels was in any way connected with a general compression of
the country, enquiries were specially instituted with this object, bat
the replies received from the engineers in charge of the railway lines
were unanimous in saying that the narrowing of the river channels
had always been accompanied by breaks in the line on either side of
an equivalent amount.
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K very striking result of the displacement of the alluvium; whether
by throwing off at the free surfaces of river channels or tanks
or otherwise, was the bending of rails. This has been reported and
illustrated before; especially in the case of the Charleston: earthquake
of 1886, and the great Japanese earthquake of 1891, but never has it
been exhibited on so large a scale, or over so large an.area as in the
carthquake of 1897. The splendid series of photographs taken by
Messrs. Kapp & Co., of the effects of. the earthquake on the Assam.
Bengal and Eastern: Bengal Railways, show many instances of this,
but none so striking as that on the Tezpore-Balipara tramway
reproduced on Plate VI from a photograph for which I. am indebted’
to Mr. Kemlo. ‘

This bending of the rails is uncontestible proof of compression;
as it means that the two ends of the rail are closer together than
they were before the earthquake, and here again there was an
epportunity of determining whether there had been. any general
compression of the country or-not. If the: compression of the rails
was only a local manifestation of a general compression it would be
wnaccompanied by a corresponding. expansion, whereas. if the com-
pression were only local and due to displacements of the alluvium-
by, the action of the earthquake wave there should be, for each case
of compression, a corresponding stretching of the line elsewhere in.
the neighbourhood.

With the object of ascertaining. whether this. was.the case or not
special enquiries were instituted, of the managers of the Easterm
Bengal Railway and of the Tezpore-Balipara tramway, as to whether.
each case of compression was accompanied by a. corresponding
extension of the line near by, or whether any general shortening was
noticed. Unfortunately repairs had already been carried out and
detailed measurements could no longer be made, but the replies
distinctly point to each case of compression being accompanied by
breaks in the line indicating an expansion which was, at any rate

approximately, equal in amount.
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Mr. J. W. de Tivoli, agent and manager of the Tezpore-Balipara
tramway, writes :—

“No measurements were taken at the time, excepting of the biggest gap
between the ends of rails where the line was torn apart. This distance was § feet
6 inches between the end of one rail and the ather rail which had been fished
to it. This break oceurred 73 yards (measured by pacing) from the bend in the
rails nearest the camera in the photograph (Plate VI) showing the two bends.
There were eight other breaks between Sessa and Rangapara (44 miles), the
break being in all cases from 200 to Goo feet from the places where the line was
bent out. In every case of a gap there was a corresponding bend or bulge within
a few hundred feet as above stated. All the damage done to the line occurred
where the subsoil was sand, saturated with water. Where the subsoil was compact
red clay there was no damage whatsoever.”

From the authorities of the Eastern Bengal State Railway the
information received was of the same general tenour, Mr. ], A.
Anderson, Engineer in Chief, wrote :—

“ From two sketches I took on the ground, with measurements, 1 can state
that in one case two rails closed up 1’8" in 48’, and in another 3 rails closed up
1' 4' in a distance of 72’ ; in each case, besides alarge amount of pulling out ‘of
joints, there were sheared fishbolts and gaps of 5" to 8” at each side of the com-
pressed portion.

There were several lesser contortions in each case and I would guess the total
shortening of rails, including closing up of joints to be about 2' 6” in 240’ this
shortening being equated by the pulling out of some 30 to 40 joints on each side
and the gaps above mentioned of 5" to 8",

In ordinary line the 1omts could close up a little less than }” ach, and could
open out a little more than 3”.””

Mr. G. Moyle, Superintendent of Works, wrote :—

“ Platelayers had to cut out such a large number of bent rails and close up so
many joints that I am almost certain they kept no record that I can supply,
with as near an approach to accuracy as possible, the general effect of the earth-
quake on the permanent way.

- Cranking of rails and tearing of fished joints was frequent at miles 132-133
(Nilphamari), miles 157} to 165 (Haldibari) ; still more frequent between Rangpur
and Kaunia, miles 136-145; very frequent throughout the trans-Teesta 2’ 6”
gauge lines, on account of light rails and small gauge. There were only two
cdses of sobb rails cranking—the rails adjacent to Nilphamari up points and
just beyond Nilphamari down.signal—and no instance of tearing. 1 only saw
one instance of the line buckling in one place withaut tearing open_at -another
within a few hundred yards, and that was at Raninagar, where the main line was .
shortened about 1§,
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In all other cases cranking at one place was always accompanied by tearing
at one or othet, or on both, sides of the cranked rails, sometimes about 80 yards
away, but usually much further, and in a few cases upwards of a quarter of a mile
away. As a rule, rail joints, when torn, only opened about 3* but in some cases
they opened out considerably more, and in a few instances as much as 10? or 11'.
I do not remember any case of the rails being torn asunder without cranking
occurring in the vicinity.”

From these statements it is obvious that the shortening of the
rails does not necessarily indicate any general compression, and that
it is rather to be attributed to local displacements of the alluvium,
whereby a compression in one place is compensated by an expansion
elsewhere, and generally at about 300 yards away.

So far | have considered only the effects of the horizontal com-
ponent of the wave motion, or at any rate, the effects which might
have been produced had there been no vertical component of the wave
motion. We now come to the consideration of those effects which cart
only be explained by supposing that the wave motion had a vertical
component, in other words, that the movement of the wave particle
was to a certain extent up and down as well as from side to side.

First of these come the sand vents, and the first thing to be
noticed is that in some cases they were not formed till after the
earthquake shock had passed away. On this point the evidence of
Mr. D. R, Lyall’s account is decisive in itself!, and a similar statement,
to be found in the reports of Captain Gurdon and of the Magistrate
of Bogra, who records that the d4orkas or sand craters appeared after
the earthquake bad ceased?.

This appearance of sand vents, after the actual movement of the
w'thquake wave had passed away, is easily explicable, as the result
of the momentum imparted to the water bearing stratum, a mementure
which could not be immediately absorbed, and was in some cases
sufficient to force the sand and water through the overlying beds
weakened, as they doubtless were in places, by the earthquake which
bad passed away,

t See p. 26. * See Appendix B
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Less obvious of explanation is the fact, which appears well
authenticated, that the issue of sand and water went on in some places
for several hours after the earthquake was over, In the case of the
earthquake of Vostizzia, on 26th December 1861, Dr. J. F. J. Schmidt
observed that some of the vents then formed continued active for
two hours after the shock had passed, but the activity was in this case,
due, to the issue of gas, smelling strongly of sulphuretted hydrogen,
the product of decaying organic matter. In the case of the present
earthquake, too, some of the reported cases of continued activity of
the sand vents were due to the deceptive appearance produced by
the rising of gas bubbles through the water which filled the depres-
sions in the craters, but there is still a sufficient residuum of credible
accounts which point to a real outflow of water from the vents for
some hours after the earthquake, in some cases said to be for 24
hours.

In Captain Gurdon’s account he distinctly says that, the ‘sand
geysers were subsequent to the great shock and continued for quite
half an hour.! Inthe Assam Government’s official report on the
earthquake, it is ‘said that at Gauhati the bubbling lasted for 24
hours ; other accounts from different parts of Bengal, which it is
needless to quote in detaill, mention the discharge as continuing for
13 or 24 hours, periods which evidently do not represent accurate
periods of time, but may be interpreted as some or several hours.

Captain Gurdon’s more moderate statement is, however, sufficient
to show that there are cases in which the issue of sand and water
may continue for a longer period of time than is explicable by the
momentum imparted to the sand and water, or the overlying imper-
vious layer, by the earthquake wave. This may most probably be
explained as follows. When a layer of clay or clayey silt begins to
form over loose sand, it at first exercises but little pressure, but as
the thickness increases by successive additions of silt, the pressure
on the underlying water logged sand increases. The specific
gravity of this compact silt is greater than that of the quicksand

( 100 ) 1 See p p, 16, 20, 35, and Appendix B,
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-bélow and, were there a free outlet, it wotld sink into or on to the
sandy layer till this had been compressed as far as the superin-
cumbent weight could compress it. In the normal condition of
-affairs, however, the continuity of the surface layer allows of no
free outlet of sand or water. The earthquake not only opened
such outlets but, by the disturbance of the sand below, doubtless
loosened it and made it more mobile, and as the specific gravity of
the surface layers was greater than that of the water mixed with
sand which issued from the fissures, the blocks, into which the former
was broken up, settled gradually down on to and into the underlying
quicksand, forcing up the superfluous water, which carried with it a
certain amount of sand.

It is probably to this settlement of the sutface layers that, in
many parts, there was'a conspicuous absence of the deep crateriform
-hollows due to the washing down of material by the indraft of the
water returning after the passage of the shock.” The absence of the
scoring of the sides of the craters, so well shown in the photographs
taken after the Cachar earthquake of 1869 was due, doubtless, to
their obliteration by the heavy rains which fell immediately after the
shock, but the crateriform hollows, shown so conspicuously in Plates
X and Xl are in many places wanting, and all that could be seen
"were low rings of sand with a shallow hollow in the centre.

The force with which the sand and water issued from the vents
was evidently considerable. In many accounts it is vaguely stated
that the fountain rose to as much as 10 or 15 cubits, but these
may be rejected, unless the phrase is meant to apply merely to stray
splashes, which may easily have risen to that height. In the Charles-
ton earthquake of 1886, it was found that the branches and leaves of
trees standing over some of the vents bore splashes of mud up to
a’ height of 13 feet above the gro(md,l and, considering the much
greater scale of this earthquake, it is easy to suppose that stray
splashes may have risen to even greater heights. The main body

1 U. S. Geol, Surv,, gth Annual Report, p. 289 (1389).

(101)




102 OLDHAM : GREAT EARTHQUAKE OF 1897.

of the water and sand, however, did not rise to anything 7like this
height, though there is ample evidence that in many cases it_rose in
a solid column to a height of 2 to 4 feet or more.

Mr. R. R. Morgan, Superintendent of Pilots on the Brahmaputra
river informed me that he was, at the time of the earthquake, proceed-
ing up the river and was an hour’s run from Dhubri, The first sensa-
tion felt made him think the steamer had run aground, and on going
on deck he saw two spouts rising one on the north, and the other on
the south, whose height he estimated at 12 feet,

Other credible accounts do mot place the height at so high
a figure, though this need not impugn the statement of Mr, Morgan,
as it is probable that locally and for a short time the water was
forced to a greater height than the average.

A few of these accounts may be noticed. At Nalbari, in the
northern part of the Kamrup district, Captain Gurdon observed the
water rising to a height of from 3 feet to 4 feet ; Rai Bahadur Madhub
Chandra Bardolai, Subdivisional Officer of Barpeta, reports that the
sand and water rose to heights varying from 2 to 12 ft.; in a report
by Devendra Bijoy Sur, Munsif of Isvarganj in Maimansingh, he
states that he saw several vents being formed and estimated the
height to which the water rose at 10 feet ; at Rangpur the vents were
seen in action by Mr. J, Elison, who observed them to rise in a solid
column of sand and water to a height of about 1 feet 6 inches
to 2 feet. In chapter II, there will be found accounts of eye-
witnesses who estimate that the sand and water rose to heights
varying between 2 and 4 feet!

From these accounts we see that, omitting stray splashes or
exceptional spurts, the bulk of the sand and water was forced not
only to the surface but in a solid stream to heights of 2 to 4 feet above
it. The force with which the water issued from these vents is also
exemplified by the solid substances brought up with the sand. From
almost every district where sand vents were formed to any great

1 pp. 15, 20, 25, 36 ; see also Appendix B,
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extent, it is reported that trunks of trees were thrown aut, and from
places near the foot of the Garo Hills the presence of lumps of coal
and fossil resin is recorded. The specific gravities of these sube
stances is, however, low, and they might be raised, even in pieces of
considerable size, by no more rapid a current than was necessary to
raise the sand.

This explanation will not, however, apply to two recorded cases
of heavy substances being ejected. In the north of the Tezpur
district, near the Bhoreli river, waterworn pebbles of hard rock were
thrown!out with the sand, and at Haldibari, in Northern Bengal,

lumps of “lava” weighing as much as half a pound were thrown out
" with the sand. On examination this proved to be what is known
in India as jhama, the overburnt bricks from the lining of the fire-
chambers in brick clumps; it had undergone a marked decomposition
and the fragments had acquired a whitish coating; they were
evidently the remains of an old brick kiln, which had long been buried
and were washed up with the sand and water as it issued from the
ground.

In the inspection notes of Lieutenant Colonel H. St. P. Maxwell,
C.S.1, Officiating Commissioner of the Assam Valley districtsl, two
instances are mentioned which, if accepted as they stand, would lead
to a very exaggerated idea of the force with which the sand and water
issued, and for that reason must be noticed here. The first of these
is at Nowgong, where it is said that the ejection of the sand had
such force that covers of wells, imbedded in mortar, were hurled aside,
The second is at Goalpara, where it is said that a well was altogether
flled with sand and a portion of the wooden cover was hurled 30
feet distant where it lies half buried.

The first mentioned instance I was not able to examine person-
ally, but the statement that the force of the issuing sand and water
was sufficient to detach the wooden well covers may be accepted
as correct ; the other statement, regarding the well at Goalpara,

? Printed in the appendix to the official report of the Government of Assam.
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is also correct if taken literally, but not in the interpretation
which would naturally be put on it that the well cover was hurled
through the air to its present position; while the true facts are, in a
way, even more remarkable than Colonel MaxwelPs description
would indicate,

The well in question was a brick well surrounded by four brick
pillars 5 feet high by 1 feet 3 inches square,which supported a wooden
framework carrying pulleys for convenience in drawing water. Of
these three remain standing, though cracked, while the fourth is
missing. The well stands just on the line of one of the fissures
which opened in the Goalpara bazar, and from which large quantities
of sand were poured forth. This issue of sand was naturally espe-
cially abundant at the well, and the flood of sand and water picked
up the broken pillar and floated it 65 feet to N. 50°E., from its
original position to the spot where it now lies. The wooden well-
cover I did not see, as it had probably been removed before my
visit,

It will be seen from this that we have not to do with an actual
projection of the masonry, and probably not of the wooden well-
cover either, but still the force of the rush of sand and water must
have been great to enable it to pick up a mass of brick-work of about
6 cubic feet in volume and carry it 65 feet from its original position.

Closely connected with the formation of sand vents was the
filling up of river channels, tanks, wells, and all other depressions or
excavations, over a large area. In part this was due to an actual
outpouring of sand, but to a far greater extent to the forcing up
of the bottoms of the excavations, That this is the true explanation
especially in the case of light, bamboo structures, is clearly shown
by many bridges crossing small streams or canals, these have in
innumerable instances been forced up in the centre (see Plate XX VI)
and the roadway, which was once horizontal or nearly 8o, rose after
the earthquake in a more or less steep slope from either side. This
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Forcing up of the central piers of the bridges shows that the filling
up of the channels was due to an actual raising of their beds, and
not to the outpouring of sind through vents and fissures.

The mechanism of this effect is easy to understand. If, instead
of the continuous stratum represented in figs. 8 and 9, we suppose it
partially cut through, as in fig. 12, by the tank T, the well W or

LA

g —

o :
Fig. 132. Diagram to illustrate the filling up of stream channals and excavations,

the stream bed R, it is obvious that these introduce areas of special
weakness and that when pressure is brought to bear on the bed of
loose sand it is at these spots that the overlying layefs of alluvium will
most readily yield. Owing, however, to the area over which yielding
takes place, it will often happen that pressure is completely
relieved without any actual outpouring at the surface, and as the
same amount of relief can be given by a lesser actual rise where the
area is large than where it is small, the raising of the floors of
depressions will, czferis paribus, be inversely proportional tn the
area. This is in accordance with experience; the greatest raising
is usually observed in wells, and these have often been affected when
there has been no noticeable change in tanks or watercourses.
Next to wells narrow watercourses have been most affected, while
in large tanks and natural pools the raising of the bottom has been
less than in water channels of equal depth but smaller width in the
neighbourhood.

This filling up of river channels took place over a large area, but
probably nowhere so conspicuously as in the tract of lowland which
lies between the foot of the Garo Hills and the Brahmaputra. This
tract is intersected by numerous channels, which carry a limited
drainage in the dry weather, but, when the Brahmaputra is in floods

( 105)




166 OLDHMAM : GREAT EARTHQUAKE OF 1897.

help to carry off the surplus waters that would otherwise submerge
the country they drain, Before the earthquake these channels were
from 15 to 20 feet deep, and in the dry weather the country was inters
sected by steepssided depressions of this depth, at the bottom of which
Aowed a shallow stream. During the earthquake the bottoms of all
these channels were forced up till level with the banks on either
side, and duting the ensuing dry weather the drainage of this tract,
instead of flowing in deeply sunken channels flowed nearly level with
the general surface of the land in shallow sandy channels.

This blocking of the drainage channels prevented them from
serving their natural putpose when the rivers rose in flood, and large
volumes of water which would otherwise have escaped were forced to
spread over the surface of the land, thus giving rise to the exceptional
floods of 1897. This matter, being dealt with elsewhere!, will
not be further sreferred to, but a direct result of the upheaval of
the river channels may be noticed. As this upheaval was not due to
an eruption of material from a great depth, but to a redistribution
of comparatively superficial material, the rise of the river beds had to
be compensated by a corresponding subsidence elsewhere, in general
immediately contiguous to the river banks. It is obvious, that in a
material which offers so great internal frictional resistance to deforma-
tion as the alluvium, the movement by which the deformation took
place would ordinarily be transmitted to the shortest distance com-
patible with the effect to be produced; hence for this reason alone
the subsidence of the banks would probably be greater than that of
the alluvium further back.

Added to this there are two facts to be considered: firstly that,
as the alluvium near the river banks was most broken up by fissures,
the separate blocks would subside more readily than alarge continu-
ous sheet, and secondly that, as is the case with all deltaic rivers, the
river banks were higher than the land behind them, and the pressure
on the subjacent yielding layers greater than elsewhere,

1 Chap, IX.
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All these causes combined would cause the land immediately on
either side of the river channels to subside more than elsewhere, and
so the relative greater elevation of the river banks would disappear.
In fact, the general effect of the earthquake throughout the districts
where vents and fissures were formed, may be described as tending
to reduce inequalities of level by causing a depression of the high
ground and an elevation of the low,

A very remarkable result of the earthquake was the sudden rise
of the rivers which accompanied it over a large area, I do not here
refer to the extensive floods which were experienced later on and
were indirectly the result of the earthquake, but te a sudden
and immediate rise, varying from two to ten feet, which was observed
immediately after the earthquake and passed off in the course of the
next day or two.

At Gauhati the river gauge, which is fixed on a hill of gneiss,
showed a height of 167°41 ft. above sea level at 7 A.M. on the morning
of the 13th June; at 6 P.M,, about three quarters of an hour after the
earthquake, the water stood at 17500, showing a rise of 7'59 ft; the
next morning it had sunk to 173°11,at 7 A.M. on 14th to 169°96 and at
7 AM. on 15th to 167'91, having thus recovered its normal level in

two and a half days,

. At Goalpara the Brahmaputra river is said to have invaded the
station in the form of a wave 10 feet high and remained at 8 feet
above its previous level after the earthquake had passed ; at Kaunia,
the_Dharla river is reported to have risen 3 feet immediately after
the earthquake. At Maimansingh the Brahmaputra river rose 4 feet
and at Jamalpur 5 to 6 feet, In the Bogra district it is reported that
the rivers all rose from 1 to 4 feet and that they all fell again within
the course of the next three or four days; and so on. Many more
reports could be quoted, but sufficient has been done to show that
the phenomenon was a general, not an isolated, one,

In part this rise of the rivers may be attributed to the large
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volumes of water poured out from the sand vents. Surgeon Major
Dobson’s account! shows clearly how this might affect the amount of
water in the drainage channels, and other ac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>