PREFACE.

TreE Annual Abstract of the Surveys and of other geographical
operations in India during the year 1872-73 is arranged on the plan
of the “ Memoir on the Indian Surveys,” and of the Abstracts for
1869-70, 1870-71, and 1871-72, which give a history of thesc
operations up to March 1872. The intention of these Annual
Abstracts is to indicate the more important and interesting opera-
tions of the year, previous to an cxamination of the dctailed reports,
with their valuable appendices. They are also designed to be useful
for future reference. It is hoped that the abstracts attain these
objects.

Foot notes are given, referring the reader to passages in the
Memoir, or in the Abstracts for 1869-70, 1870-71, and 1871-72,
in which the previous history of cach operation is deseribed, and
the previous services of officers that are mentioned is given.

The Memoir appeared in 1870, and Annual Abstracts have been
published in the four succecding years. In 1875, the fifth year, a
sccond edition of the Memoir will be published, embodying all the
contents of the four Abstracts and the work of 1874 under the
respective heads, and containing many corrections and additions.
In the new edition the Memoir will be differently arranged, and
‘pains will be taken to eliminate all the errors of the first edition
and to makc up for all former omissions and shortcomings. With
this end, communications and suggestions will be gratefully reccived
from anyonc who may kindly transmit them.
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INDIAN MARINE SURVEYS, 1873.

The increasing nceessity for making due provision for the surveys
of the Indian coasts and harbours, and for the supply of accurate
charts, has been fully recogniscd during the past year, when the
enclosures to the Secretary of State’s despatch, dated March 30th,
(No. 7) 1871,! received careful consideration. In a reply, dated
June 80th, (No. 26) 1873, the Government of India requested that
Captain A. D. Taylor of the Indian Navy, might be deputed to Cal-
cutta, to assist them in devising suitable means for rcstoring to
efficicncy the Marine Surveying Department, which had ceased to
cxist in any form since 1861. Captain Taylor arrived in Calcutta
on the 22d of Deccember 1873, and has since prepared, under
instructions from the Government, a review of all existing charts
and material for charts of the coasts and islands of British India ;
and a scheme to supplement and perfect cxisting charts both by
working up materials not yet utilised, and by fresh surveys, fully
detailing for each project the agency by which he would propose to
carry it out, the time it would probably occupy, and its probable
cost.

Captain Taylor’s exhaustive report reviews cach chart and plan,
pointing out their deficiencies and estimating their intrinsic and
relative value; so that a most complete ]\DOWlCd"‘O is thus obt‘uncd
of existing requircments.

Commcncmg at Chittagong the old plan of Captain Lloyd is
found to be very incomplete. Next comes the chart from Chitta-
gong, across the sea face of the Sunderbuns, to Cuttack (Bay of
Beﬂgal Sheet 5).2 1t is a most useful chart for navigation, but the
increase of the banks and the altcrations of the ch‘lnnels at the
Megna mouths of the Ganges, during 40 ycars, call for a revised
survey of the approaches. Then follows a complete blank in the

1 Sce Abstract for 1869-70, p. 11, % Sce Memoir, p. 25.



2 NEW SURVEYS REQUIRED..

scries of charts embracing the Bay of Bengal. From False Point
in Cuttack to the Santapilly rocks, a distance of 250 miles, the
coast of India is unsurveyed. Here the mouths of the Mahanadi
are continually changing, and the wreck charts exhibit many
casualties. The four-sheet chart of the Coromandel Coast, by Fell
and Sweny, is good ;! but it requires more deep-sca soundings,
especially off Cocanada ; and the bay there, a most important port,
ought to be re-surveyed, owing to the great changes wrought by
the river Godavari. The surveys of Palk Strait and the Gulf of
Manaar were never completed, and the central parts of the
channels have not been sounded. As these are the approaches to
the Paumben channel, and to deeper cuttings that hereafter may
be undertaken, this work is very urgent.

The west coast of India was surveyed by officers of the Indian
Navy, a large section by Captain Taylor himself,® and the charts
arc published in three sheets, about 5 inches to a degree, a very
good scale for navigation; and also on the large scale of half an
inch to a mile, in 13 sheets, together with several plans of ports on
larger scales. But gaps occur at the junctions of five of the surveys
along this coast, a fact which shows that a Survey Department
without cfficient supervision necessarily leads to mistakes cntailing
futurc disaster and loss. The first gap is off Calicut and Beypur,
another off Boria Pagoda, and others at the mouth of the gulf of
Kach, and off Aripo in the gulf of Manaar. But thc most
dangerous blank is off Danu in the north Konkan, wherc rccfs
extend five miles off shorec. Here the steamer “TFeroze™ struck
heavily during the last 8. W. monsoon. The plans of Cochin and
Alepi neced correction, as both the Cochin bar and the Alepi mud
bank have changed ; and more accurate soundings arc necded oft
Calicut and Beypur. Colachull, the coffee port of Travancor, has
never been surveyed at all, and Narakal is in the samc position,
while Enciam Islet and the deep water between it and the main
and Mangalore requirc examination. The plans of the ports of
Ratnagiri, Rajapur bay, Viziadrug, and Deogurh, are all incomplete
and require re-cxamination. The gulf of Kambay now requires
re-sounding, as the banks have materially changed in the 37 years
since the last survey of Licut. Etherscy.” Constable’s survey of
the Kattiwar coast on a scale of an inch to a mile, and Selby’s

1 Soe Memoir, pp. 26 and 27. 2 See Memoir, p. 31 3 See Moemaoir, p. 18,



MARINE SURVEY DEPARTMENT. 3

large survey of Mandavi roads are both lying useless and unpub-
lished at the Admiralty. These arc the most important out of
the long list of desiderata, as regards the Indian coast; but the
surrounding islands also require, attention. The southern half of
the Laccadives, including Minicoy, need survey and to have their
geographical positions tested by astronomical observations with
good chronometers. The Andamans also requirc morc thorough
examination and careful survey, and the channel hetween them
and the Nicobars needs to be hetter known.

The scope of the annual surveying operations will be limited by
financial considerations, and by the number of surveyors that are
available. At Calcutta there are only three or four, and at
Bombay none. A surveying vessel, when on her ground, would
usually be anchored as a mark, whilst her Loats and tenders were
away sounding, and each of these should have a good surveyor
with the boat’s crew. Captain Taylor in his report, proposcs that
there should be a Superintendent of Marinc Surveys with a clerk
and two draftsmen, and a staff of a dozen qualified surveyors; and
it is also of great importance that each vessel should have a
medical officer of scientific attainments, who would have peculiar
advantages in making collections and pursuing investigations in
natural history. As for vessels, wooden pilot brigs and schooners
are recommended, each with a steam pinnacc; and a stcam tender.
The work to be done is thus calculated. Threc seasons of seven
months each will suffice to render the cxisting charts of the
Burmese coast sufficient for present requirements. The coast of
Chittagong and its river mouths, and the Megna mouths of the :
Ganges would occupy one brig with a tender, and two stcam pin-'
naces, onc whole season; whilst the survey of the sea face of the
Sunderbuns would be postponed until the land surveys in that.
direction arc complete. Onc brig would be employed, for a scason,
on deep-sca soundings in the Bay of Bengal; and another in
surveying the several ports along the Madras coast. The coasl
from Point Palmyras to the south-west for 270 miles, demands
immediate attention; and therc is the advantage, to the survcyors,:
of being able to connect their work with several stations of the
coast serics of the Great Trigonometrical scries. Two vessels, with
stcam pinnaces, might complete this work in nine months. A brig
and her tender might complete the examination of the unsurveyed
straits leading to thc Paumben channel in four or five months
But the Madras Presidency urgently needs a special small survey
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part.y of her own, with a steamer, to survey the port of Colachull,
Enciam Islet, and the deep water between it and the main, to
get. more sound_ing§ between Beypur and Calicut, and to make
periodical examinations of Cocanada, Alepi, Cochin, Narakal, and
Mangalore. On the Bombay coast the shifting mouth of the
Kauli-nadi (Karwar river) requires periodical examination, and
large scale surveys are mneeded of the ports of Honore, Vingorla,
Ratnagiri, Viziadrug, Jaighur, Chaul, Hubshi-J injerah, and others.
Lieut. Palmer, R.N., the commander of the iron-clad Miégdala, is
to make an eclaborate survey of the bottom, throughout certain
portions of Bombay harbour, with reference to a system of defence
by torpedoes. North of Bombay the coast was never minutely
cxamined ; and certain portions were absolutely neglected. The
foul ground off Danu requires immediate attention, and this dan-
gerous projecting part of the coast should have a light. Damaon
and Bulsar have never been fully surveyed, and the entrances
to the Surat, Broach, and Tankria rivers are known only to native
local pilots. The whole gulf of Cambay very urgently calls for
thorough re-examination ; and fortunately most accurate deli-
ncations of the shore lines can be obtained from the rceent work
of the Great Trigonometrical Survey in Kattiwar and Gujarat.

Caplain Taylor recommends that the first survey should be from
Point Palmyras to the south-west, and the second of the Great
Megna flats, or shoal water off the mouths of the Ganges and
Brahmaputra. He would then take up, in succession, the
Andaman and Nicobar Isles, the Sittang river, the gulf of Cambay,
and the Chittagong coast. Changes may be cxpected at the
mouths of all large Indian rivers, thce Indus, Narbada, Tapti,
Krishna, Mahanadi, Ganges and Brahmaputra, Irawadi, and Salwin ;
and also at the bars of minor rivers, especially at Mangalore,
Cochin, Negapatam, Chittagong, Basscin, and Rangoon. These,
and periodical changes in the form of banks, will demand the
continuous services of threc or four vesscls. The first year’s
cxpenses are estimated at 2,800/ for the superintendent and
his establishment, 1,3620. for outfit and repairs, 7,050l for the
survey from Point Palmyras and Bimlipatam, and. 8,7871. for the
survey of the Megna mouths of the Ganges, making a total cost
of 20,0007. .

The whole subject of this report was very fully conmdc.rf)d by
the Government of India, and they accept the 1'e:'iponsib1hty.of
completing and maintaining the coast of the Indian coas@ line
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from the Pakchan Estuary, at the southern extremity of Tenasserim,
to Sunmiyani Bay, on the western limit of Sind; but beyond these
limits all surveys must be undertaken by vessels and surveyors
of Her Majesty’s navy, at the expense of the Imperial Govern-
ment. They proposc, in order to undertake accuratc surveys of
localitics not yet surveyed, and to maintain the accuracy of the
charts, to organise a small survey flotilla. It is to consist of
onc steam tender, three brigs, two schooners, and five steam
pinnaces, with competent surveyors and efficiently manned. The
following vessels have been selected for this service :—The gunboat
¢« Clyde,” a steamer belonging to the Bombay Government, of 300
tons and 60 h.-p. (nominal), two old teak-built pilot brigs of 300
tons, the “Guide” and the ¢ Megna,” the “ Marie,” a teak-built
schooner, on board of which Captain Constable did his surveys in
Persian Gulf from 1858 to 1860, and a very small schooner called
the ““ Augusta.” Two of the steam pinnaces will be built at Calcutta
for 800L each. They will be 28 feet long by 7 feet, with engines
of 8 h.-p., and will hoist inboard. Two others are to be built in
this country. The whole annual cost, including a superintendent of
marine surveys, is not to excced 20,0007.  The vessels will be pro-
vided in India; and it is hoped to commence the first year’s surveys,
namely the coast betwecen Point Palmyras and Bimlipatam, and the
mouths of the Ganges, in the end of 1874. Captain Taylor, than
whom no man living has a more thorough knowledge of the
subjcet, both from long experience and natural love of the work,
is to be the first Superintendent.

Thus, after a dreary period of 12 years, during which the surveys
of the Indian coasts and the safcty of the great mercantile fleet
which frequents them, were entirely neglected, the marine survey
department is to be restored to efficiency. The office of marine
surveyor general was abolished on Captain Lloyd’s retirement in
1840, after which time the work was carried on at hap-hazard,
with no efficient superintendence, and in 1862 it ceased altogether.
ITts restoration to efficiency is an important measure which will
be the means of preventing much loss, and of securing the safety of
one of the largest mercantile fleets in the world, so far as accurate
charts and reliable sailing dircetions can effect that great object.

Licut. Stiffe (late I.N.), formerly employed for nine years on the
surveying service of the Indian navy, has compiled a new chart of
the Makrdn coast, which has lately acquired some importance owin
to the establishment of telegraphs along it since 1862. As this
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officer had served for many years on this coast, the Admiralty sug-
gested his employment to construct & new chart hased on his own
observations, and embodying all the information that he or other
officers had collected. '

It is now being engraved. It is a revise of that made by Brucks
and Haines in 1829, and a few particulars of the old survey will
cxplain the value of the present work.’

The former survey was commenced at Jashak by Brucks on the
22nd January 1829, and had progressed as far as Chahbar by the
8th February, on which date the surveyors sailed for Maskat, where
Brucks was invalided, and left for Bombay. Haines, who now took
command and continued the work, returned to Chahbir by the
20th February, and finished the survey to Karichi by the 10th
April. He thence returned to Gwddar to correct the chronometric
measurements between that place and Karichi, and left the coast
for Bombay on the 26th April.

Considering that the time occupied, after deducting twelve days
for the trip to Maskat, was only 67 days for the survey of 540 miles
of coast (without including the windings of the coast-line), it can
only have been by unremitting hard work that any chart could have
been produced, with the resourccs of one small and dull-sailing
vessel, E.I.C.S, ““ Benares.” The gencral correctness of the chart
reflects the highest credit on the authors, indeed, according to the
standard of hydrography of fifty years since, it was a high class work.

They had but four chronometers, all of which did not go well,
and as they carricd on the survey by a scries of chronomectric
measurements, made at cach day’s position, the only part triangulated
being the great bays, extreme accuracy could not be expected,
especially on that part west of Gwéadar, which was not checked by
a rcturn measurement. It does not appear that Brucks, on leaving,
made over any notc books to his successor ; and Licutenant Stiffe
has been unable to trace any memoir of his on the part of the coast
he surveyed. The information in * Horsburgh,” is from the original
cxplorers in 1774. Haines’ memoir, which refers to the coast be-
tween Chahbér and Karichi, appears never to have been published
until the present time. [Taylor’s Sailing Directory, 1874.]

The latitudes of the old chart are fairly correct, the crrors not
cxceeding 1 to 14 miles.

1 See Mcemoir, p. 10.
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Tn general, the part by Haines is obviously done in more detail
than that by Brucks. L

The new chart has been based upon a table of positions, the
authority for each of which is givem. A correction in the Persian
gulf longitude of Maskat and the Arabian coast of —30", and in that
of Jishak of —43”, has been adopted in consequence of additional
measurements.

TFor Sunmiyéni, and places to the eastward, the triangulation of
the Great Trigonomectrical Survey of India has been made use of.
The original observation book of Haines has been discussed, and the
trigonometrical data contained in it replotted. The longitudes of
thc charts are referred to Madras instead of Bombay, as Karacli,
the starting point, has been connected by the G. T. 8. with Madras
more recently, and is probably more correctly determined than
Bombay : thus,

© ’ 1

Longitude of Madras, accordmg to results of

Taylor's obscrvations - - - 80 14 19

Diff, Manora lighthouse and Madras by triangula-
tionof G. T. 8. - - - - - 1316 4
Longitude, Manora lighthouse - 66 58 15

The scale of the new chart is the same as the published Persian
Gulf chart.

The coast-line in the neighbourhood of the above astronomical
positions has heen re-surveyed as far as time would admit. Jéshak
bay, with the coast-line between Ras-al-Kdh and Rés-Jagin, is
altogether new work, as also is Gwéadar bay. Many landmarks
and hills have been fixed, and their heights measured by theodolite.
These heights, with the results of careful observations for varia-
tion, and some information as to the tides, arc given in the table of
positions. Many additional soundings have been taken, chiefly
during cable operations. The style of delineation of the coast-line
has becn much modified in accordance with the received hydro-
graphical symbols of the present day.

The names of places and their or thogmphy have been the subjcct
of much study, and the system is in conformity with the rules of
the Indian Government. With the sailing directions, now about
to be undertaken, will be forwarded for record a book showing the
authority for cach name, and reason for its adoption. Should it be
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o the person undertaking it.

The rest of the chart has been completed from the following
sources :— f

Coast of Arabia belqw Maskat, carefully reduced from the original
large scale ’M.S.’ of Grieve, and from Capt. Dayman’s soundings.

Coast .of Omadn, west of Maskat, and coast west of J dshak, from
the Persian Gulf chart.

From Jashak to Chahbar from Brucks’ survey.

From Chahbér to Sunmiyéni from Haines' survey.

From Sunmiyéni to Kardchi from Carless’ survey.

The deep soundings from Jishak to long. 66" from Chitty’s
soundings, and from long. 66° to 67° from the chart of the coast of
Sind by Grieve. ' ,

The details inland are taken from the routes of Governmen
political and telegraph officers.

The sketches of the land are original (three by Captain Constable).

The correction of the longitude of Maskat of —80”, above referred
to, will involve the alteration of all the Persian gulf longitudes by
the same amount. It is founded on the new measurements made
by Lieutenant Stiffe to Karachi, Mr. Girdlestonc to Bombay, and
also on telegraphic determinations of Biishechr by Major St. John,
R.E. As it is possible that eventually a further correction of
15”"—20” may be found necessary, it may not be worth while for the
present to alter the existing Persian gulf chart so small an amount.

Thus, the chart hitherto used, which was made in 1829, and is no
longer adequate to the hydrographical requircments of the present
day, will be superseded by Licutenant Stiffc’s new chart of the
Makrén coast, containing much additional matter. The additions
consist of positions and heights of hills and soundings, while the
chart comprchends a more cxtensive area, including part of the
opposite coast of Arabia, which will be a convenience to the navi-
gator. Since the completion of the chart, Mr. Stiffe has been
engaged in the preparation of detailed sailing directions for the
coast, those in existence being very insufficient.

A wreck chart from Kardchi to Singapur, showing the positions
of wrecks during the year 1873, has been published, from which it
appears that the number of wrecks for that year was 20, besides the
same number of casualtics of other kinds. The Deputy Master
Attendant, in his review of the wrecks, calls attention to the great
increase of trade on the Coromandel coast, and thc opening of
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several new ports by the visi¥c of the British India Steam Naviga-
tion Company’s vessels. He urges the necessity for a survey from
Point Palmyras to Bimlipatam; and for large scale charts of all the
harbours, roadsteads, and rivers ‘on the Coromandel coast. He also
represents the importance of a ‘re-survey of the sea face of the
Sunderbunds, where the sands have extended, and there are several
rivers with good entrances requiring examination.

Captain Taylor, before he left England for Calcutta in the
autumn of 1873, complcted the new edition of the first part of
Horsburgh’s East India Directory.! This well-known work had
already gonc through eight editions since its original publication in
1809, under different editors, who added censiderably to its bulk,
without sufficiently curtailing the original matter. Captain Taylor’s
edition is in reality almost a new work. He has adopted the system
of brief paragraphs, dropped the marginal references, given abbre-
viations well understood by seamen, and introduced block-printing
of important names and words to catch the eye. The opening of
the Suez Canal necessitated a notice respecting the navigation of
the Mediterranean, and Captain Taylor of course gives terse and
succinet, but sufficiently complete, directions for the Red Sea. His
introduction treats of the trade winds, monsoons, currents, land and
sea breezes, storms and cyclones, variation and deviation of the
compass, and tides.

II.
GREAT TRIGONOMETRICAL SURVEY OF INDIA, 18%72-73.

During the year 1872-73, the work consisted ‘(ét 92 triangles,
covering an area of 11,068 square miles, with the gr.pt theodolites ;
and of 3,224 squarc miles closely covered with points for the
topographical surveys, with smaller theodolites, while in an
arca of 7,290 squarc miles of a portion of the Himalayas, inhabited
by independent tribes, several points have been fixed which will
be valuable for preliminary geographical requirements. An area
of 2,734 square miles has been topographically surveyed in the
Himalayas on a scale of one inch to the mile, and an arca of 3,878
squarc miles on the 2-inch scale, in the Bombay presidency, in
the course of which 2,734 linear miles of boundary and check
lines have been traversed.

1 See Memoir, p. 279,
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_’I‘.he southern section of the Bilaspit! series,? being a longitudinal
chain of triangles extending from Bombay to Vizagapatam, was
completed during the year 1871-72. The party, commanded by
Mr. W. C. Rossenrode, then commenced a triangulation on the
meridian of 82° from the Bidar series northwards, to meet the
triangulation on the same meridian which was brought down from
the Calcutta longitudinal series by Mr. Keelan. The country was
very hilly and without roads, but in three months Mr. Rossenrode
carried the operations northward a distance of 94 miles, where they
formed a junction with those of Mr. Keelan. The country in which
Mr. Rossenrode and his three assistants were labouring, is one of
the most malarious and deadly in India. It is the region in which
Colonel Everest commenced his career as a trigonometrical sur-
veyor in 1818, when he was stricken down by jungle fever,? and it
was here that in 1870 Mr. George Shelverton lost his life.® Mr.
Rossenrode and his whole party suffered more or less from fever.
Their way led them past Jaipur, the capital of a wild hill chief-
ship, and the hill of Sihoa, which is considered to be one source of
the Mahanadi river.

Meanwhile Mr. Keelan worked southwards on the same meridian
for a distance of 55 miles, and thus the scries was completed.
Mr. Keelan describes the country as the wildest tract it has cver
been his lot to work in, covered with forest, and presenting no
well defined points to fix.

The importance of the operations in the Assam valley lies in
the necessity for connecting the surveys of the Sibsagar and
Lakhimpur d%:ﬂ;ricts, which were commenced several years ago,
with the gen '.011 topographical survey. Progress has been slow,
owing to the .;,xtraordinary difficulties. The wholc surface of the
country is covered either with patches of forest, or with densc
jungles of hamboo and long grass, and the entire length of line
between continuous stations has to be cleared. A single linc
occupied a party of 25 cutters 36 days to clear. The country is
very thinly inhabited, so that supplies of labourers have to be
brought from a distance, while the most healthy time of the year

1 See Mcmoir, p. 115 : Abstract for 1869-70, p. 11; for 1870-71, p. 18, and for
1871-72, p. 11.

2 Sec Mcmoir, p. 55. 3 Sce Abstract for 1869-70, p. 12,

4 See Abstracts for 1869-70, p. 12; for 1870-71, p. 18; and for 1871-72, p. 11.
See Abstracts for 1870-71, p. 17, and for 1871-72, p. 12.
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for field work is the least favourable for observations of distant
points, The atmosphere is clearest just after the termination of
the rainy season when jungle fever is rife and the country is very
dcadly. In the dry season the jungle fires give rise to a canopy
of smoke which shuts out distant  objects from view. The Assam
serics was commenced in 1867 by Lieutenant Larmirie, near
Gowhatty. In 1870-71, the triangulation was advanced 86 miles
by Mr. W. C. Rossenrode, and in the following year Mr. W. G.
Beverley carried it 40 miles further, During the season of 1872-
73 Mr. Beverley did not advance the principal train of triangles
quite 20 miles, though several points were fixed on the hill ranges
to the north of the valley. The series is now approaching the
town of Sibsagar, while the sccondary triangulation has defined
the Duffla hills to the north, and will be useful in the operations
for fixing the British fronticr.

The Jodhpur series is onc of the two internal chains of triangles
which remain to complete the great north-west quadrilateral, the
exterior chains of which conncet the base line of Karachi, Sironj,
Dehra Dun, and Chach, near Attock. The Jodhpur mcridional
scries will be carried northwards, so as to close on the Sutlej
series. Licutenant Rogers, who is in charge, fixed 12 ncw stations
during the scason, extending over a direct distance of 95 milcs,
preliminary operations being advanced 52 miles further. The
country is very favourable, being sandy with isolated hills, the chicf
difficulty being the scanty supply of water. On the other hand
the Jodhpur Durbar rendered most cordial and effective assistance.

The Mangalore meridian series was carricd southward from
the Bombay longitudinal by Captain Haig and Lieutchant Trotter
between 1865 and 1867.! Operations were then sulpended, and
resumed by Major Branfill in 1872-73, and continucd south until
it joined tly: longitudinal serics which connccts Mangalore with
Madras. It was thus completed. The series passes for above a
hundred miles along the crest of the Western Ghauts, a tract of
hills and forests, clouds and mists, rivers and torrents, and one
of great beauty. It is the Maistr district of Naggar, and that
portion of it known as the Malnad or “rain district.” The valleys
arc 2,000 to 3,000 fect above the sca, with the rivers Bhadra,
Tunga, Choradi, Warda—all flowing to the north. But one of
them, the Sheravati, draining the Bednore (Bidarur) or Naggar

! See Memoir, p. 112.  Abstracts for 186970, p. 12, and for 1871-72, p. 12.
(10057.)
B
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basins, flows north-west for 40 mifes, and then by a single drop
of 800 feet, precipitates itself info the Garsappa ravine. This
was ground gone over in the eayly days of the survey by Colonel
Lambton, and several of his statioh marks were found.

During the previous seasons/ from 1870 to 1872, the work of
the Brahmaputra series,' on thef meridian of 90°, had been restricted
to preliminary operations. Tast season Captain Carter took the
field carly and made satisfactory progress. Much hindrance was
caused by the mists in te mornings, and the smoke of the
village fires towavds evening. The series was cxtended for a
direct distance of 56 miles, and will probably be completed during
the ensuing season. A series of secondary triangles was carried
castwards from the prineipal series, to fix the town of Mymensingh.

A great deal of work was completed during 1872-73 on the
Kattiwar topographical survey, 2,642 square miles having been
surveyed, and an area of 2,680 square miles triangulated in
advance for the work of next year. The operations lay chiefly
in the northern portions of Jhalawar, in a bare and sterile county
which is hordered on the north by the Rann of Kéch. The topo-
graphy of the eastern half of the province is now nearly completed,
and a survey of the town of Rajkote, the chief place in the
province, will be made on a scale of 12 inches to a mile. When
the operations of the survey reach the shores of the gulf “of
Kéch, cvery effort will be made to connect them with the survey
of that gulf by Captain Taylor, LN. The original maps of the
survey were lost, but Captain Taylor had fortunately retained
copies for his own use, which were lithographed through the
Geographica - Department of the India Office, and copies have
been sent vut to India. Captain Trotter had charge of the
Kattiwar survey until nearly the cnd of the scason, when he
joined Mz. Forsyth’s embassy to Yarkand, and was succeeded by
Captain Pullen. A peculiar feature of the part of Kattiwar that
was surveyed in 1872-73 is the number of large  baolis ™ or wells,
built some hundreds of years ago near what were then lzu"ge an‘d
populous towns. Some of them are very roomy and l?eautlful, the
covering and the ornamentation of the approaches being elaborate
and elegant. A broad flight of stairs, richly orx.lament'ed at the
sides, generally leads down to the water. There is nothing above

1 Sce Memoir, p. 114, Abstracts for 1869-70, p. 11; for 1870-71, p. 17; for 1871
=72, p. 11,
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ground to lead to the suppos)'\tion that there is anything unusual
underneath, a low stone wall peing all that is visible to the cye.
Captain Trotter also gives du interesting description of the
Rann of Kdch, and of the new and extensive government salt
works at Patri.! \

The Gujrat survey,® under Major Haig, was employed during
1872-73 upon the topography of somc portions of the Kaira
collectorate, the whole of the Pitlad Mahal in the territory of the
Gaikawar of Baroda, and nearly th\‘e whole of the territory of
Kambay. The area completed was 1,175 square miles. The first
attempts to incorporatc the Bombay Revenue Survey details with
the scientific Topographical Survey failed. It appears that while in
Bengal the periphery of a village is first measured, and all interior
details are then referred to it; in Bombaj' so called “base lines”
arc first measured in the interior of the village lands, and all subse-
quent measures are referred to these lines by offsets. The Bombay
method, thercfore, gives the greatest accuracy in the central
portions and least on the boundaries, while the converse is the
casc with the Bengal system. This is the reason why the revenue
operations in Bengal are so valuable for topographical purposes,
while in Bombay every attempt to construct general maps from
the revenuc materials has hitherto failed.® The marks selected
were almost invariably on the exterior boundaries where the work
is most inaccurate; whereas, for the above rcason, the interior
marks would have been best adapted for the purpose. When
Colonel Walker returned to India he determined to make another
more carefully devised attempt to utilise the Bombay revenue
details. e arranged that Major Haig should be supplied with
all the data of the rcvenuc survey measurcments, as given in
the original field books, in addition to the lithographed village
maps, which had hitherto been the only materials available for
the purpose, and that he should have thc assistancc of some of
the revenuc surveyors, especially as all the field books are written
in Gujrati. Major Haig was not joined by this revenue party
under Mr. Dalzell until February 1873 ; so that it is premature to
draw any positive conclusions as to the results of the experiment.

1 See Memoir, p. 118, nnd Abstracts for 1869-70, p. 13; for 1870-71, p. 19, and
for 1871-72, p. 12.

2 See Abstract for 1869~70, p. 13 ; for 1870-71, p. 18, and for 1871-72, p. 12,

3 See Abstract for 1870-71, p. 34.
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But Major Maig is already satisfied fhat great use may be made of
the revenue survey materials in ipnproving the accuracy of the
topogra.phmal maps, as soon as a /more cxtensive and systematic
connexion is made tetween the fixed points of the two surveys
:chan ha:s. yet been aitemp?ed. “The combination,” he thinks, ¢ will
* permit of the construction of tgpographical maps of all the British
“ portions of Gujrat on a scale of four inches to a mile, with an
 amount of additional detail' and accuracy, for which improve-
ment the public will be indébted to the Gujrat Revenue Survey.” !

The survey of Kamaun and Gurhwal has, for two years, been
under Lieut. J. Hill, R.E, In 1872-73 topographical operations
were carried on in the Ménha valley, in the lake country to the cast
of Naini Tdl, in the country round Lohur Ghat, in the portions of
the Gori and Ramganga valleys near Arkot, and in the Bhabar
parganahs, sub-Himalayan tracts betwecen Haldwdri and the
Sardah river. The region under survey has a range of over 25,000
feet in altitude, so that it presents every varicty of climate. During
the year, 2,734 miles were surveyed on a scale of one inch to the
mile, and 353 were triangulated in advance for future operations.
Much of this area was between 10,000 and 25,000 fect above
the sea.

Of late ycars advantage has been taken of the lincs of telegraph,
in Europe and America, to determine differences of longitude, and
thus to obtain astronomical arcs of amplitude between two places
situated on a common parallel of latitude, with reference to the
determination of the figurc of the earth. TFormerly such arcs had
been measured between points on the same meridian, beeause in
that casc it ,was only neccssary to dctermine latitudes at the
extreme points, which is onc of the simplest problems of practical
astronomy. But on arcs of parallel it is longitudes that are re-
quired, and their determination within the requisite degree of
precision was extremely difficult and laborious. When, however,
places arc connected telegraphically, their differences of longitude
can be determined with great precision. In 1872, some of the
instruments which were ordered in 1863, designed by Colonel
Strange, and constructed under his supcrintendence, arrived in
India. These were two transit instruments, by Messrs. Cooke and
Son, of York, two astronomical clocks by Frodsham, two cbron9-
graphs by MM. Scerctan and Hardy, of Paris, and eclectric

£

1 See page 23.
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appalatus Colonel Walker ‘determined to employ these instru-
ments, in the first instance, ol the arc of parallel which crosscs
the pemnsula of India in 1at1tudc 13° from Madras to Mangalore,
passing tluough Bangalore mldwhy This arc is of special 1ntc1cst
because it is s1tuated much nemc; to the equator than any similar
arc that has yet been measured 'in any part of the globe. Its
length is 864 miles. Captains Herschel and Campbell were
selected to carry out the operations, who first made a series of
most careful preliminary trials, ascertaining that no sensible in-
fluence, in one direction more than another, was exerted by earth
currents. The mean of all the determinations gives a velocity of
17,000 miles per second, which is materially greater than the
velocities deduced in the course of similar operations in Europe
and America. But as several relays were used on those lincs,
and none on these, such a difference is only what might have been
anticipated. The preliminary results are, that the difference of
longitude between Madras and Mangalore by the trigonometrical
measurement is Oh. 21m. 36'78s., and by telegraph Oh. 21m. 35'85s.
The difference is 0°93s., which is cquivalent to 13°95” seconds of
arc. The latitudes and longitudes of the stations of the Great
Trigonometrical Survey have, for the last 40 years, been computed
with the clements of the figure of the earth known as Everest’s
First Set of Constants, (equatorial semi-axis, 20,922,932 ft., ellipticity
souwe). Subsequent investigations have slightly modified these
dimensions of the mecan figure, and Captain Clarke gives the fol-
lowing clements in the appendix to his Oompm ison of the Standards
of Length (1866) ; equatorial semi-axis 20,926,062 ft., cllipticity
voyyw  Using Captain Clarke’s elements, instead of Colonel
Evcerest’s, the tup*onomctucml determination of the difference of
longitude between Madras and Bangalore would be diminished by
3'56”, and thus be brought into better accordance with the tele-
graphic difference, which is still 10°5s. less than the trigonometric
difference.  This fact is consistent with the result of Captain
Basevi’s pendulum opcmtlom which show that the density of the
strata. of the earth’s crust is greater under the depressed beds of
oceans than it is under lands clcthed above the sca level. Thus
the direction of the plumb line at Madras, on the cast coast, is
most probably dcflected to the east of the normal to the mean
figure, while at Mangalore the direction of the plumb line is
deflected to the west of the corresponding normal. The length
of the arc between the apparent zenith points is conscquently
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diminished, and must, therefore, bef/less than the length deduced
from trigonometrical observations. / The observations to determine
the astronomical latitudes of certfin stations of the Survey were
held in abeyance during 1872—73/ as Captains Herschel and Camp-
bell, by whom they are carried;/on, were both employed on the
longitude observations.

The pendulum experiments® shich have been carried on in India
since 18656 have lately been grought to a conclusion by a series
of observations made at the' Kew Observatory by Captain W. J.
Heayviside, R.E. ;

In 1864, Colonel Walker, R.E., the Superintendent of the Great
Trigonometrical Survey of India, applied to the Secretary of State
for India for sanction to undertake a series of pendulum experi-
ments in India in connexion with this Survey. His application was
strengthened by opinions from several of the most eminent Fellows
of the Royal Society in favour of the undertaking, more especially
as affording an independent check on the local variations in the
direction of the force of gravity, and on the disturbances duc to
the mountain masses north of India.

The necessary sanction having been obtained, the Royal Socicty
lent for the purpose of the experiments an astronomical clock by
Shelton and two invariable pendulums. The cquipment was sup-
plemented by a copper vacuum cylinder and an air pump. It was
decided to make the Kew Obsecrvatory the base station in this
country for the operations, and before the pendulums were sent to
India they werc swung there by Mr. Loewy. The apparatus arrived
in India in 1866, and the work was at once commenced by Captain
J. P. Basevi, R.E., who had been placcd in charge of the opcrations
in India. In the course of thc next five years Captain Bascvi
swung the pendulums at some 19 stations on the Indian arc from
Dchra Dhun to Cape Comorin, at two stations on the East Coast,
and at two on the West Coast of India, and he likewise swung thcm
at Minicoy, an island of the Laccadive group.

In 1870, two convertible pendulums were lent to Colonel Walker
by the Imperial Academy of Sciences at 8t. Petershurg. Thesc
p;:ndulums had been uscd on the Russian arc, and it was hoped
that by their means a connexion might be cstablished between the
Indian and Russian pendulum operations. An arrangcment for

1 See Memoir, p. 120,
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measuring the lengths of these pendulums forms part of the whole
apparatus, so that they are capable of giving not only relative
results, such as are obtained by the invariable pendulums, but also
absolute values of the length of the simple seconds pendulum.
Captain Basevi had at that timé but little opportunity of using
these pendulums, and in the spring of 1871 he started for the lofty
platcaux of Tibet, taking with him the invariable pendulums only.
On his way to Tibet he took obs'ifervations at Mian Meer, and
passing through Leh, crossed the Takatung pass 18,060 fect in
height, into the desolate region of Ruskshu. He there swung the
pendulums at a station he selected on the Moré plain, 15,600 fcet
above the sea level. From Moré he made his way back to the
Upper Indus, and, although suffering from a severe cold, he crosscd
the Marsimik pass and set up his tents and instruments on the
Lanak plains, upwards of 17,000 feet above the sea. There, pro-
tected only by a tent, in a climate where the thermometer rises to
70 or 80 in the afternoon and falls below zero at daybreak, his
illness increased. One morning, when gallantly striving to rise
from his bed and commence work, he died, and by his untimely
death the Survey lost the services of one of its ablest officers.

Captain Heaviside was subsequently appointed to complete the
operations. After some preliminary observations at Dchra and at
Mussooric he went to Kaliana, the base station in India for the
pendulum cxperiments. e there took observations with the in-
variable pendulums to determine whether they had undergone any
change since they were last swung there. He also swung and
measured at Kaliana the Russian convertible pendulums. He then
started for England, and on his way to this country he swung the
pendulums at Bombay, at Aden, and at Ismailia, in Egypt. At the
Kew Observatory he has swung the invariable pendulums, to deter-
minc whether they had undergone any alteration since 1865, and he
has also carried out there a complete series of experiments with the
Russian convertible pendulums for the determination of the length
of the simple scconds pendulum.

At the suggestion of General Sir E. Sabine a further series of
experiments is heing made with the convertible pendulum employed
in 1818 by Captain Kater. The bar of this pendulum, owing to
somc unknown cause, had become bent. The bar has been re-
straightened and the knife cdges re-ground and rebedded. In its
thus altered condition this pendulum has been swung at the Kew



18 COMPUTATION AND PUBLICATION OF MAPS.

Observatory by Captain Heaviside. / Lieut.-Colonel A. R. Clarke,
R.E.,, has undertaken to measure fhe distance between the knife
edges of the pendulum at Southampton. From the values thus
obtained, a second determination of the length of the simple seconds
pendulum at Kew will be madd. Captain Heaviside will shortly
return to India, when the final results of the whole series of
experiments from 1865 will Le computed out and arranged for
publication. ;

The operations of the computing office have consisted of a re-
adjustment of the secondary triangulation based on the several
principal series of the North-West Quadrilateral, and of passing
through the press the obscrvations, reductions, and final results of
the principal triangulation of the North-West Quadrilateral, which
is now completed, and will form volumes III, and IV. of the
“ Acecount of the Operations of the Great Trigonometrical Survey.”
As the whole contents of these volumes will not be nceded by
geographers, an abstract or synopsis is being prepared, which will
aive the descriptions and co-ordinates of the stations, and the sides
and angles of the triangles. This information will be published in
a separate volume for each of the principal series. The first of
thesc synopscs is now nearly rcady. It is dcvoted to the work ot
the great Indus series, and contains the positions of the whole of
the points that have been fixed beyond the British fronticr, on the
spurs of the Hindu Kish range, and on the Sofid Koh and Sulaimani
ranges and their spurs. During the year Coloncl Walker also
brought out the second edition of his map of Turkistan, of which
the first was published in 1868 in four sheets. It was accompanicd
by & memorar<dum giving an account of the various sources from
which it was compiled. Major Montgomeric also prepared a scries
of “Trans-Frontier Maps,” on a scale of 16 milcs to the inch, con-
taining all the most recent information of the region beyond the
British frontier. They show the positions of towns, villages, rivers,
and mountain passes, but omit the hills. Threc have now been
published, Nos. 4, 7, and 9. No. 4 comprises portions of Af-
ghanistan, Kafiristan, Badakshan, Bokhara, Karategin, Swat, and
Chitral. No. 7 includes Chilas, Gilgit, Yassin, Kunject, Sirikul,
the Pamir, Kashgar, Yarkand, and part of Tibet; and No. 9 com-
prises Nepal, Sikkim, Bhotan, and Great Tibet. Good progress has
been made with the series of level charts on which the results of
the series of levelling operations for canals and railways arc shown,
after having been connected with the main lines of level of the
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Great Trigonometrical Survey\_ and reduced to the same datum,
namely, the mean sea level at Karachi, Twenty prcliminary charts
of the triangulation in all parts ¢f India have also been published.

Y
\

I,

\
Tue ToPOGRAPIICAL SURVEYS OF INDIA AND WORK IN THE
OFFICE OF THE SURVEYOR -GENERAL, 1872-73.

Seven partics belonging to the Topographical Survey were in the
ficld during 1872-73, as in the previous year. The total amount of
work done was 25,327 square miles of final topography, of which
14,054 were on the scale of one mile to the inch, 670 square miles of
the Naga Hills on two miles to the inch, and 10,693 square miles in
Chittagong, Tipperah, Lushai, and the Munipur Hills on the scale
of four miles to the inch. Of this large area only 6,136 squarc
miles were in British territory, and 19,191 in native states. The
tracts thus cxplored were for the most part wild and unhcalthy, and
those in Bilaspur, Mandla of the Central Provinces, the Garo, Naga,
and northern Chittagong IIills were covered with forest, in parts
uninhabited, and never before entered by a European. '

No. 1 party, under Lieut. IToldich, was at work in Central India,
ncar the river Chumbul, partly in a wild country belonging to
Kota and Gwalior, and partly in the district of Chapra, a portion of
the Tonk territory, which is split up into six sections scattered over
the dominions of Jeypur, Bandi, Jhallawar, Kota, and Sindia and
Ilolkar. Chapra is bounded on the east by the river Parbati, and
has an arca of 320 squarc miles. It is well drained, and watered,
having hills 1,300 to 1,500 feet above the sea, whence flow streams
to an open and well-cultivated tract in the west and north. Mpy.
Scanlan furnishes an interesting historical and statistical account of
the district of Chapra.

The party No. 2, under Mr. Girdlestone, was at work in the
Narbada valley, in the territorics of IMolkar, Sindia, Dhar, and
the British district of Nemar. An area of 1,872 square miles
was topographically illustrated, and 2,013 square miles of triangu-
lation in advance. This is the second season during which Mr.
Girdlestone has been at work in this difficult l‘Cg‘i\—OD, and his
management has been marked by great energy and success. The
block of country surveyed in 1172-73 consisted of a series of un-
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‘dulating plateaux with threc distinet falls or ledges, between the
Satpuras and the Narbada, which £6rms the northern boundary of
the work. '

The survey of the Vizagapatam ftAgency was continued by Colonel
Saxton’s party (No. 3), working' southward from the parallel of
Vizianagram. The total amount of work was 1,636 square miles
of final topography, and 1,600 /of triangulation in advance. The
country was throughout wild-and inhospitable, and overrun with
jungle, though the soil is in ‘most parts good, and there is no want
of water. Colonel Saxton draws attention to afine tract of country
with an area of about eight by two miles, which is in every way
suited for a sanatarium, being easily accessible from the plains and
only 50 miles W.N.W. of Vizagapatam. The hills are here 5,000
feet above the sea, the scenery beautiful, and water abundant.

Party No. 4, under Major Depree, was at work in some of the
worst portions of the country along the south-west side of the
Sohagptr Taluk of the Rewah Native State, and the north-east
border of Mandla in the Central Provinces. There were 2,571%
square miles surveyed, including the ¢ Mekal pat,” or Amarkantak
plateau. Here, within only a few hundred yards of each other, rise
the Narbada, the Son, the Johilla, and the Hali, one of the prin-
cipal feeders of the Mahanadi. All this ground was very carcfully
mapped. The Narbada and Johilla both cut their way from off the
plateau by abrupt gorges and rocky chasms hundreds of feet in
perpendicular depth, and the plateau is inhabited only by aboriginal
tribes.

The fifth party was at work in the Malwa native states of
Bhopal, Narsingarh, Tonk, and Dewas, under Captain Riddell, over
an arca of 2,215 square miles; and a plan of the city and fort
of Bhopal was made on a scale of 12 inches to the mile. The
Vindhyan range of mountains crosses the scason’s work, at a point
where it is traversed by the Great Arc Meridional series.

The pressing demands of the Bengal Government for _thc eX-
ploration and completion of the surveys in the Northern Chittagong
hill tracts, the Tipperah, Lushai, and Cachar hills, the Garg and
Naga hills, and along the northern Munipur fronticr necessitated
special arrangements. Four several detachments of l.\Io. 6 pzu:ty
were obliged, to act independently of cach other. Major Godwm.-
Ansten took the Naga and Munipur hills; The Tipperah, Lushai,
and Cachar hills were assigned to Captain Badgley; Mr. Cook
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was in northern and eastern (\Dhittagong; and Lieut. Woodthorpe
in the Garo hills. The objects desired by the Bengal Government
were the demarcation and survey of the portion of the Naga hills
contiguous with the Munipur native state boundary, and the ex-
ploration of the extreme fronticr along the Patkoi range as far
eastward as could be reached ; theL complction of the survey com-
menced during the Lushai expedition, and a reconnaissance of the
unsurveyed portion of the Garo hilis. Altogether 11,273 square
miles were surveyed by these detachnuents Ma301 Godwin-Austen
was unable to exp101e the Patkoi range further east than longi-
tude 9418 E., owing to the oppos1tLon of the Munipur Raja,
which caused a diversion to the south, and led to the survey of a
large portion of the Munipur State, between its disputed northern
boundaly and the capital. Captain Badgley’s party were at work
in the interior of Hill Tipperah, the north- east corner of Chittagong,
and the Lushai country between Hill Tipperah and the finished
surveys of the previous season. This region is crossed by parallel
ridges running north and south, which increase in height from west
to east, gradually narrowing the valleys between them, with the
ridges so narrow at top as to be only knife-like rocks. The sides
are covered with forests which arec often impenetrable in the
ravines and valleys. Mr. Cook continued the surveys in the
Chittagong hill tracts south of Dewagiri, accompanicd by Captain
Lewin, the Deputy Commissioner, and a hundred men ; while
Licut. Woodthorpe completed the work in the Garo hills. The
narratives of these officers throw much light on previously uncx-
plored and unknown regions. They are extremely interesting, and
will well repay perusal.

The Rajputana party (No. 7) under Captain Strahan, delincated
topographically 2,760 squarc miles of ground in the States of
Meywar, Marwar, Shahpura, and in the southern portion of Mhar-
wara. Some of the ridges of the Aravalli hills, 4,000 fect above
the sca, were within the area, and were extremely difficult of
delincation. During the recess the party was employed on the
survey of Simla, on a scale of 24 inches to the mile. Six large
sheets of the Simla survey have already been published.

Great progress was made in the drawing and compiling branch
of the head-quarter office, under the energetic superintendence of
Mzr. J. O. N. James ; in reducing, compiling, and incorporating, the
latest survey results on the 01101113.1 shects of the Indian Atlas.
Nine new quarter-sheets have bcen taken up, and considerable ad-
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ditions have becn made to 11 of thef old full-sized sheets. A great
number of other maps have also bebn completed, or are in progress.
The new standard map of India oth o scale of 32 miles to an inch,
and the reduction on 64 miles to gn inch have been advanced. The
great obstacle to progress with/ these maps are the doubts and
uncertainty which still exist, owing to the perpetual changes in the
boundaries of districts and sublivisions, more especially in Bengal,
and to the various systems of/ spelling names. The standard map
of Bengal, Bahar, Orissa, and’ Assam, on o scale of 16 miles to an
inch will be published as sgon as the boundaries of internal juris-
diction are settled. Maps g{f Oudh and Sind, for the local gazetteers
are completed ; and a new district map of Darjiling on a scale of
four miles to an inch has/been compiled.

Excellent progress has been made in the engraving branch, but
the small European staff has been very unfortunately reduced, and
it is cxtremely difficult to supply the places of the men who have
retired. In the copper-plate printing branch 9,508 impressions
have been taken of Indian Atlas sheets and other maps. The staff
of native engravers and apprentices continues to make very good
progress, and two give hopes of turning out fair hill ctchers.
Mr. Coard continues to superintend this branch with skill and
cnergy, and is training a large number of native youths.

Captain Waterhouse continues the charge of the photographic
branch. During the year 1872-73 the number of maps that passed
through lis officc was 1,611, of which 105,753 copics were printed
from zinc, besides 2,010 silver prints, and about 3,000 photo-
collotypes. The process of steel facing the engraved copper plates
under the superintendence of Captain Waterhouse has !)cen worked
with fair success, but the steel surfaces have shown signs of inci-
pient rust in spite of cvery precaution, and impressions are now
taken from the stone. A mecthod of corrceting copper plates for
erasures or additions with the aid of the galvanic batt(:ry lms. been
successfully carried out by Captain Watcrhouse. It is a sunilz}r
process to the one employed in engraving depm*tm(':nt of th.c Depot
dc la Guerre at Paris, and the Military Geographical Institute i.Lt
Vienna ; and by it the old process of ‘.‘ knocking up” the copper is
entirely obviated. In the lithogmph}c hranch 481 new maps and
plans were produced, and 159,652 copics were taken. .Tllus no less
than 271,528 copies of maps have been struck oﬁ: during the ycar,
besides a vast amount of colouring and n.1ountmg. As many as
5,090 maps were forwarded to the Geographical Department of the
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India Office, 25,817 were issucl to Government officials in India,
and to local agents 5,384. 1

The total arca produced by'the Topographical and Revenue
Surveys in progress was 41,839 squarc miles, at a cost of 114,878¢,
at an average rate per squarc mileyof 2/. 14s., heing 17. 14s. for the
Topographical, and 4Z. 8s. for the revenuc work. The aggregate
result of Topographical and Revenite Surveys from 1847 to 1873 is
748,802 square miles at a cost of 2,002,833

Iv. v
5
REVENUE SURVEYS.

The Revenue Surveys under the Governgent of India arc divided
into the upper and lower circles. Of the former there werce eight
at work during 1872-73 in Muradabad, Muttra, Agra, Humirpur,
Dclhi, and Hissar, the North-west Frontier, and two in Bhawulpur.
In the latter there were seven parties, in Luchmipur, Midnapur,
Baitul, Bilaspur; and the Nasik and Ahmadnagar Collectorates in
Bombay.

There are now four cadastral surveys at work in the North-West
Provinces, in Muradabad, Muttra, Agra, and Humirpur, The size
of the fields is very small, averaging 0'94 of an acre; and the
cnormous number of 1,269,882 fields were surveyed and computed
in area by the four parties during the ycar. Colonel Gastrell has
introduced several processes by which the labour of mapping will
be reduced to a minimum, and Government will be supplied with
copies of the cadastral field maps for from 3} to 4% annas per
imperial sheet, containing 1,250 acres. The cost per acre, which
averaged five annas in 1871-72, has been brought down to three
annas 11 pies. Another season’s experience will place the working
of the cadastral system on a thoroughly durable and satisfactory
basis. But the immense advantage of accurate cadastral surveys is
not confined to the questions relating to the scttlement of the land
revenue. They are also useful for railway purposes. The officers
in charge of the cadastral surveys of Muradabad and Muttra have
supplicd working ground plans for the extension of the Rohilkand
railways towards Rani Khet and Naini Tal. This is a great saving
in time and cxpense of special survey, enabling the engineers to
mark out their lincs at once, and the civil officers to scttle com-
pensation duc to proprictors for land to be taken up for the
railways.
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The cadastral swrvey of Murada’;gad under Major Vanrenen wa
commenced in November 1872, amf’ continued until May 1873 thfss
area comprising 731 villages, 876,191 acres, and 348,523 ﬁelds, It
will be continued in 1873-74, andl the amount of woi'k done is .ver
satisfactory. The field survey of ‘every village was carefully checkeg
by lines run across each, and a certain per-centage of villages was
further tested by the Deputy Suiperintendent himself. The work is
connected with the stations of the Great Trigonometrical Survey
The Muttra Cadastral Surv’fy is under Colonel Anderson \V]lOSf;
party measured 621,367 fitflds, the average size of which’was 06
of an acre. The work in/the Agra district consisted of 167,115
fields, covering an area (}ff 307 square miles; and in Humirpl,n* it
was commenced in J am"ary 1875. The number of fields meoasured
during the season was %82,877. All triple junction stations are to
be permanently marked.

The Delhi and Hissar revenue survey party, after completing
the Kurnal district; commenced work upon that of Delhi, which
contains 821 villages in three Tahsils. This survey is on the old
plan, and is not ; cing conducted as the previous four cadastral
surveys. About half the Delhi district was completed in the year.
The Derajat suryey under Colonel Johnstone, was extended from
Dera Ghazi Khan into Dera Ismail Khan, including the Indus on the
eastern horders.’ The city of Dera Ghazi Khan has becn surveyed
on a scale of 12 inches to the mile. The two parties in Bhawalpur
completed areas of 1,769 and 8,916 square miles respectively, and
the boundary' along Bikanir has becn marked throughout by
masonry pillars. All these operations have been connected with
points of the Great Trigonometrical Survey.

In the Lower Circle the work of the revenuc surveys amounted
to 2,875 square miles. There were two partics at work in Assam,
in the districts of Dwrung and Lackimpur. In Duwrrung the
arca was surveyced on a scale of 4 inches to a mile, except the
lakhiraj or rent-frec tenures, which are donc on the 8 inch scale.
About 48 square miles of hill sketching were brought in, of which
40 were in Bhutan. The Lackimpur party had to enter on the
topographical survey of the vast tract stretching between the
cultivated or revenue-paying area already donc, and the watershed
or natural boundary north and cast covering some thousands of
square miles. Only 384 square miles wero completed, owing to the
diffioulty in obtaining carriages.
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During the working season bf 1872-73 a party was cmployed in
surveying 908 square miles in the districts of Hugli and Midnapur,
and another in the Bilaspur distvict.

In the Bombay Presidency two parties have been at work in
Nasik and Ahmadnagar. The object of thus detaching two Bengal
parties to Bombay was, not that the present Bombay local system
should be abandoned, but that, il connexion with if, a plan of
operation might be devised, which should secure maps available for
geographical and general purposes.® The plan, as now adopted,
consists of a four-inch scale Mouzahwar survey, and a two-inch
topographical survey of the hilly and jungly tracts. The surveyors
arc to make a complcte skeleton survey of the whole of the
champaign country, with sufficient closencss to admit of the incor-
poration of every village boundary from the Bombay revenue survey
plans, the triple boundary points of the villages being laid down
as a basis for connexion by the Bombay revenue survey authorities.
The internal drainage and topography are to be surveyed thoroughly
by the Bengal parties, the village boundaries being taken from the
scttlement maps. By thesc arrangements all the Bombay districts
will be laid down on one uniform scale, while the revenue survey
“fields”” will proceed intact, and be free from all clashing. It is
believed that the Bombay field survey might lay down all details in
the champaign country fit for incorporation on the general maps.
Hereafter, when the Bombay survey maps arc more advanced, and
the topography is laid down on a better system than at present,
it is hoped that congrcgated sheet village maps may be made on
the four-inch scale, according to the Bengal practice, instead of on
the two-inch scale, and that the Bombay revenue survey materials
may be then utilised for the purpose. These are the views and
recommendations of the conference held at Calcutta on February
244h, 1873, consisting of Colonel Thuillier the Surveyor-Gencral,
Colonel Vanrenen, Deputy-Supcrintendent of Bengal revenuc
surveys, Colonel Francis, the Bombay survey and settlement com-
missioner, and Captains Coddington and Tanner, who have charge
of the Nasik and Ahmadnagar surveys respectively.!

Colonel Laughton has now completed the survey of the town and
island of Bombay. It was commenced on the 1st of October 1865,
and completed on the 23rd of November 1872; at a cost of 31,3061.
towards which the municipality contributed 5,00017.; but, allowing,

—f
! See page 13. ,mely
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for the sale of maps, the actual outhay will only be 20,0007, The
area surveyed is 22 square miles, 14) acres.

The first regular survey of Bonubay, for defining not only the
boundaries of the Company’s property, but also those of the holdings
of the inhabitants and for specifying the nature of the tenures, was
undertaken in 1811, and completed in 1827, under Captains Tate and
Dickinson. The fort and old tewn were on a scale of 40 feet to an
inch, and the remainder of th¢ island partly on 100 and partly on
300 feet to an inch. The cost was 16,800l The great changes in
the features of landed propexty since 1827, and the additions to the
area of the island by reclamations of foreshores, necessitated new
maps; and another survey of the island, in much greater detail,
was consequently found to be urgently required. The scales sanc-
tioned were 100 feet to am inch for the fields and open country, and
40 feet to an inch for the fort and native town. Captain Nusmyth,
of the great Trigonometrical Survey of India, triangulated the island,
and fixed a series of points as a basis for chain measurements; and
Colonel Laughton undertook the detailed work of surveying each
separate property. The corners of properties were fixed by cast-
iron marks. The outlines of high-water mark at spring tides and
high-water mark at ordinary or neap tides have been carefully laid
down all round the island. Levels have been taken at cvery 300
feet along the principal roads, and all the hills have been carefully
and accurately contoured to every 10 feet. All the 172 sheets are
of one universal size (3 feet by 2 feet), and everything is plotted up
to the marginal lines, which are accurately projected parallcl to the
lincs of meridian and latitude. DBesides these sheets, which arc on
a very large scale, there is a reduced map of the island in two sheets,
which are extremely useful. It is on a scale of 400 fect to an inch,
and the shects are 61 feet long by 6 feet broad.

The Government of Bombay have ordered measures to be taken
for the maintenance of the boundary marks, and a law will be
enacted to cnsure a recognition of the record that has been mado of
the several properties. Much credit is due to Colontl Laughton
for the accuracy and skill with which this difficult and important
survey has been executed.

The Survey Department in the Madras Presidency was organised
in 1858, but only brought to its present strength in 1865-66. ‘It is
composed of 3,377 persons, made up of 24 officers, half military,
“alf civilians, 30 upper subordinates, 1,805 surveyors, clerks, and

-ohtsmen, and 1,618 servants (i. ¢. chain and offsetmen, &c. &c.).
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It is under the direction of a 1pilitary officer of the rank of colenel,
and combines the operations of' a revenue or cadastral survey, with
those of a perfect topographical survey on & trigonometrical basis.
The former, with few cxceptions; is confined to land paylnfr land
tax to Government on the ryotwayi system, and is plotted in village
maps on the scale of 5 chains = 1'inch, exhibiting all topographical
details and the limits of every fic'd not smaller than two acres,
recording its content both by survey\and by the old native accounts,
nature of tenure and cultivation, source of irrigation, if watered,
present assessment, and name of ryot or tenant. Lands held on
tenure other than ryotwari, such as zcraindari, shrotriem, or inam,
ranges of hills and tracts of waste land or forest of inferior valuc,
arc excluded from the minute detailed ficld survey. They are,
Lowever, topographically surveyed on a scale of 4 inches = 1 mile
(unless of a rugged and unhealthy nature when a reduced scale is
adopted) and from thesc topographical, revenue and purely topo-
graphical surveys combined, Talook maps are constructed on the
scale of 1 inch=1 mile. These arc again reduced one half to

form district maps.
Up to the end of 1873-74 the Revenue survey of * cight districts
Liad been completed and the survey of tcight

’illl:l‘l?::;llll'h i‘é ‘11111_31';1. was in progress. The completed arca amounts
Salem. Kistna, to squarc miles 38,290 surveyed and plotted
Chingalpat.  Godavari. in ficlds on the scale of 5 chains = 1 inch.
t Madura.  North Arcot. Lhe extent completed in the districts under
Coimbator. Cuddapal. sarvey is squarc miles 8,818. Therc are
Nilgiris. Bellari.

also squarc miles 4,296 of partly completed
work in these eight districts. 2The cxtent of
country topographically surveyed and mapped reachies square miles
51,996.

Deducting 360 squarc miles of special surveys, the cost of the
51,636 square miles of completed work, including

Malabar. Ganjam,

Nilgiri Hills. : ’

:‘llel‘vcgoy do. the items only on which the original estimate was
/ynaad., : _—

Teak plantation in the based, is Tts. 5,324,406 or (032’44(”' 123') or 3%d-

Nellambar Valley.  peracre. Including the various items which have
Madras Town. from time to time been debited to survey by
changes in the mode of preparing accounts, the cost comes to
Rs. 6,486,120 (648,6121.), or 44d. per acre.

The cxcess of assessable arca ln ought to light by the survey ranges
from 2 to 23 per cent., the average being about 12 per cent. Of

the 38,200 squarc mllce, dcductmfr 25 per cent. (an cxtremely
(10057.)
c
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liberal m:.Lrgin) f_or waste and unprofithble land, there remain 28,700
square miles which have been hitheyto counted as only 25,600 for
assessment purposes. Taking the afverage assessment of the Presi-
dency at Rs. 1-14-0 or 3s. 9d. per acre, the addition of square miles
3,100 or ?%,984_«,000 acres to the faxable area would represent an
annufml gain to the State of Rs. 87,20,000 or 872,0001., supposing
that it were taxed at the existing average rate.

The average size of survey/,/ﬁelds is about two acres, and the
approximate number measured and plotted in the eight completed
districts is 7,000,000, /

17,941 manuscript village and estate maps have been drawn ; of
these 15,607 have been réproduced by lithography. The topogra-
phical maps of 79 talooks have been completed, representing 44,166
square miles, 56 having been lithographed. As yet only two dis-
trict maps have been compiled, two arc under compilation, and
materials for two more arc being prepared.

Since the commencement of operations the Madras survey has
been connected with 264 Great Trigonometrical Survey stations.
The average error per mile shown by the test of comparing the
distance obtained by the Madras survey of a side of the G.T. S.
Triangulation with the G. T. 8. records is 761 feet.

Photo-lithography has been employed for reduction and repro-
duction of maps since the beginning of 1873, and during the last
year the manipulation has been much improved.

After trying several methods of reducing maps, the following
mechanical system of reduction is now employed, and is thought to
be the best svited to the Madras survey. Lithographed impressions
in blue of tE? village maps on the scale of 16 inches to the mile
(the largest scale in gencral use) are combined in squares of a con-
venient size (40,000 feet), and the details requircd for the Taluq
map on the 1 inch scale arc slightly exaggerated on them in black
ink. Each squarc is photographed separately, and the rcduction
from the scale of 1 inch =1 mile 16 inches = 1 mile to that is
obtained by onc negative. The carbon prints (transfers) of each
square are picced together carefully on a sheet of paper, on which
the same squares have been mathematically projected on the smaller
scale. The whole is then transferred to stone. The district maps
arc compiled in the same manner, with the additional accurate cheek
of having the G. T. stations with lincs of latitude and longitude
projected on the shect of paper on which the transfors are pieced
together. An adjustment of the squarcs is also made by which the
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convergency of the meridians i'\‘ provided for, and by these means
correct geographical position is giiven to the district maps.

Photo-zincography has not beexn fairly started yet on account of
there being a large stock of lithagraphic stones on hand, a large
number of which must be first udpd, and also because the few zine
plates in this officc are not of a vevy good kind. A ncw supply of
zine plates is expected from Englaud, and in the coursc of a fow
months photo-zincography will ‘nad‘qally begin to replace photo-
lithography.

Engraving on copper has also been st glted in the Central Survey
Olﬁcc A map of the city and suburbs of\ Madras has been engraved,
and it is proposed to issuc cngraved maps of other imp'ortant towns
and cantonments ; arrangements are being perfected for the re-
production by clectrotypy of the engraved plates, which will permit

of the original heing kept in storc and revised when necessary.
[}

Y.
Tue GEOLOGICAL SURVEY OF INDIA, 1873.

Dr. Oldham, who may be said to have founded the Geological
Survey, took sick leave for Europe early in April 1873, for the first
time during twenty-two years; and this is the first annual report
that has not been drawn up by him. It was written by his
accomplished colleaguc Mr. H. B. Medlicott. TFor the last half of
the year, six out of the small staff of geologists, were absent from
India. Mr. Blanford has been busily engaged in England, working
out the zoological collections lhie brought home from Persia ; Dr.
Stoliczka accompanied the embassy of Mr. Forsyth to Kashgar ;!
Mr. Fedden and Dr. Waagen have been obliged to leave India on
sick leave; and Mr. Willson has left the Geological Survey for an
appointment in the Educational Department. His is a permanent
loss; for the Government has decided that the pay of his appoint-
ment shall be devoted to the cxperimental training of native
apprentices.

Commencing with the formations to which the Indian coal
mcasures belong, Mr. King accomplished a very satisfactory scason
in the region of the lower Godavari. He revisited the Singareni
coal ficld, Whlch he had discovered and described in the precedmw

! The news of the melancholy death of Dr. Stoliczka on his way back from Kashgar,
has lately been received.

c 2
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scason. Numerous trial borings hal meanwhile been put down by
the Nizam’s officers, and a consic}ferablc amount of coal proved,
although the seam was not found to be continuous throughout.
The Beddadanole coal field was also examined, and the Madras
Government has given orders foi prosecuting the search there, by
borings. In this region only thrée members of the great rock series
had hitherto been discriminated/ namely, the Talchirs, the Barakars,
and the Kamthi sandstones, which Mr. Blanford had followed down
the Godavari from Chanda, where he had, from the evidence of the
fossil plants, ranked them with the Damuda horizon. But, from
fossils found in the upper gandstone serics of the Godavari basin, it
is considered that, in part at least, it represents formations younger
than the reputed age of the Damudas. The obscurity regarding the
correlation of this whole series of rocks with established formations
has been owing to the failure hitherto to link any important por-
tion of it with beds co‘ntaining a distinctive marine fauna. Such a
connexion was made with the Rajmahal group, through the Kach
deposits, but the connexion of the Rajmahal group itself with the
main rock series is very uncertain. Mr. King has at last hit upon
what may yield a clue to the puzzle, namely, a fossiliferous zone of
marine beds at Ragavapuram, 30 miles due west of Rajamandri, well
intercalated with the upper sandstones continuous with those over-
lying thc Beddadanole coal measures. He has also found fossils
in the same region, 30 miles N.N.E. of Cocanada, in some detached
sandstone beds along the northern margin of the Godavari delta.
Dr. Stoliczka has recognised them as on the horizon of the upper-
most Jurassic zone, in the Kach scries, which had long been
assimilated to the Rajmahal group. Above these rocks, and under-
lying the trap, Mr. King discriminates a belt of sands with a thin
limestone, which he conjectures to be cretaccous. The working out
of all these suggestive discoverics is of the greatest importance to
the geological history of India. ,

The Warda coal fields, in the northern part of the Godavari
basin, engaged the attention of Mr. Hughes during the whole
scason. Two pits have been sunk to the coal, onc at Warora and
one at Pisgaon. Mr. Medlicott took up work in Satpura, with the
intention of carrying out the examination of formations closely
connected with the coal mcasures there, and by which they were
concealed ; and at the same time he was to afford geological
guidance for the borings he had rccommended in thc Narbada
valley. These trials werc undertaken upon the probability that the
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Satpura coal measures might h\\@re extend from the Sitarva ficld,
beneath the alluvial plain. No \depth could be assigned for the
covering deposits, but from 200 tﬁ( 500 fect was given as the pro-
bable range. Borings are in progress, but the upper deposits have
proved to be of great thickness. In'the Damuda basins Mr. Willson
spent the season in retracing the lin®s of the Karapuna coal ficlds
on the newly issued maps of the Hazaribagh district. Mr. Hacket
traced the boundarics of the Vindhyai{ and older rocks on the new
maps, along the northern side of the Narbada valley, filling in a
large arca. Mr. Mallet took up an imi)ortant section of the crys-
talline and mctamorphic rocks in South Bahar, with the advantage
of the new large scale maps of Hazaribagh. Far to the south-west
Mr. Foote was at work in the southern Mahratta country. So
much of the gross area was gonc over as was necessary to close in
the north-east quarter of Atlas Sheet 41, and work was carried on
in the quartzite area around Toragul and Ramdrug.

In the extremc north-west Mr. Wynne was engaged in working
out the ground to the north of the salt range, where the tertiary
scries occupics a large area and forms the outer ridges of the
mountain rcgion. The top and bottom horizons are identifiable
with the Sivalik and Subathu groups of the sections far to the
cast, but the same marked divisions of the series are not cxpressed
in the west. A long streteh of intervening mountains between
the Jhilum and Ravi remain to be examined.

The survey of Pegu was completed by Mr. Theobald in 1872-73.
This work was commenced in the end of 1861 by Mr. Blanford,
assisted by Mr. Fedden, and Mr. Theobald took Mr. Blanford’s
place in 1864. All the formations have a north and south strike,
and arc thus absolutcly cut off along the frontier, but on the
cast the boundary is very regular and natural. The difficulty of
observing rocks in a wild tropical region like that of Pegu is,
however, very formidable. Rank vegetation produces deep soil;
and it may be days Defore, in marching through a hill country,
the geologist gets a fair section of rock in place. Tossils, too, are
very scarcc in Pegu. Enough only have been discovered to
establish the existence of triassie, cretaccous, and nummulitic
strata, forming the Arakan Yomah, beneath the general mass of
younger tertiary deposits on the cast, forming the Pegu Yomah.
The south-castern districts of the provinee form a distinet geolo-
gical field from that now completed by Mr. Theobald. They are
entirely formed of erystalline and sub-metamorphic rocks, in
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which there is much PI'OIDi?e_ of imetalliferous deposits. On this
accoupt Mr. Fryar, the mining /geologist, has been deputed to
examine them. /

Mr. Bauerman, a metallurgisf, was employed during 1872-73,
to examine .and 1'61.301*1: upon thel iron ores of India, with a view to
the promotion of iron manufagture. His conclusion is the same
as that which has long been /expressed by the Geological Survey,
1.1amely, that under existing g¢ircumstances the Raniganj coal field
is the most promising place’for a trial, the principal defect thero
being the flux, and further search has been diligently made by
Mr. Hughes, of the Geological Survey, for means of surmounting
the known deficiencies. /As regards the requisites for iron manu-
facture at Raniganj, there is, in the first place, an enormous amount
of coal. Mr. Hughes says that there is perhaps no area of similar
size in the whole world which can compare with the Raniganj
field for actual thickness of the seams. The weak point of Indian
coal is the amount of ash, but better may be discovered as the
field becomes progressively developed. The average per-centage
of ash is 156, but quite lately specimens have been found with
only 8-9 and 87 per cent. of ash respectively. The deposits of
Raniganj iron ore are of two distinct geological ages, the older
associated with the coal measures, while the more recent arc
connected with the rock known as laterite. Latcrite as a rule is
not rich in iron, but the ironstones of the coal mecasurcs, which
arc valuable ores, occur over an area of several squarc miles in
thin beds, varying in thickness from two to cight inches, about
6,400,000 tons per square mile. The main dependence of any
iron works must, thereforc, bc upon the iron orcs of the coal
measures. As regards a flux, there is an unlimited supply of
kunkur, containing 70 per cent. of carbonate of lime.

The Government have determined to make an attempt to train
native geologists. Unfortunately, the expense of this experiment
is to be met by curtailing the effective staff of the Survey, while
the native students will be a direct incumbrance. There arc to
be four native apprentices. One joined in March 1873. The
rest will follow. They are all from thc Lahore College, and
their qualifications consist of a moderate knowledge of English
and of clementary mathematics. They are first to attend courses
of physical science lectures at the Presidency College, and they
may hereafter be utilised as fossil collectors.

The REcorps have hecn published regularly every quarter, and
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of the geology of the North-West\Provinces ; a map and description
of the Bisrampur coal field ; notes,on the crystalline rocks of south
Mirzapur by Mr. Mallet ; a discussion on the geological age of old
river valley deposits, in which (in fh‘le Narbada valley) Mr. Hacket
had found a most symmetrically forned stone implement ; a notice
of the Beddanadole coal field by Mr. King ; a sketch of the geology
of the Rawal Pindi region by Mr. King, and a description of the
brine springs in Pegu by Mr. Theob‘.s_,ld. Of the MEMoimrs the
first part of volume X. was issued. My Bruce Foote describes a
large tract of country close to Madras, comprised in Atlas Sheet
No. 78, which is geologically coloured. Part II. of volumc X.
contains Mr. Theobald’s description of the geology of Pegu. The
issuc of the PaLEoNTOLOGIA INDICA contains the final illustrations
of the cretaceous fauna of southern India, by Dr. Stoliczka.

The first of the systcmatic publication of the geological maps on
the scale of one inch to the mile was made in 1873, by the issuc of
the twelve sheets of the district of Duinoh. The rest will, as a rule,
be issued on a smaller scale. Of the Indian Atlas Sheets, the
quarter shect 78 W. was published during the year, and scveral of
the adjoining sheets are ready for the engraver. '

-
contain numecrous interesting pz%cfrs. Among these arc a sketch

VI.
THE ARCHEOLOGICAL SURVEY OF INDIA, 1873.

The third and fourth volumes of the Archaological Survey of
India,* containing the reports for the year 1871-72, were published
at Calcutta in 1873 and 1874. The introduction to the third
volume contains a detailed account of General Cunningham’s plan
for carrying out the survey, with the memorandum of instructions
to his assistants. The body of the work includes a rcport of re-
scarches at various places in the Gangetic valley, from Mathura to
Lakhisarai, by Major-Gencral Cunningham in 1871-72, illustrated
by 47 plates. The fourth volume contains the reports on Delhi by
Mr. Beglar, and on Agra by Mr. Carlleyle. The illustrations consist

of inscriptions, copies of sculptures and other architcctural details,
and maps. '

_1 Archxological Survey of India.  Report for the year 1871-72, by Alegander Cun-
nlmglmm, C.S.I., Major-General (Royal Engineers), Director-General of the Archxolo-
gical Survey of India, Volume III. (Caleutta, 1873); Volume IV, (Calcutta, 1874).
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General Cunningham, and his Assistant Mr. Beglar, cxplored the
greater part of the Central Provinces during the year under review ;!
the General taking the western, and Mr. Beglar the eastern ha]’f.
At J abalpur they examined together the old temple at Bhera Ghat,
oYerhangmg the marble rocks. General Cunningham says that the
circular colonnade which swrrounds the temple, with its long line
of female statues, all of life size, is one of the most curious and
perfect specimens of Ilindu architecture he has yet met with., The
temple is dedicated to Siwi, but the discovery of a small statue,
with the Buddhist creednscribed on the pedestal, leads to the
conclusion that this circular colonnade once enclosed a Buddhist
stupa. General Cunningham assigns the establishment of the Siva
temple, on the ruins of Buddhism, to the 9th or 10th century.

To the north of Jabalpur several temples were explored, and
good copics were obtained of the Asoka inscription on the rock at
Rupnath. To the west of Jabalpur the decayed city of Burhanpur
was cxamined, and plans made of the Jami and Bibi Masjids, the
former being one of the finest Mubhammadan buildings in India.
1t contains a record of Akbar, mentioning his conquest of Khandcs
and the Dakhin (Deccan). From Asighar a second similar record
of Akbar was obtained, with an inscription of his son Diniyél, and
others of Shah Jahan and Aurangzib. To the south the Buddhist
caves and DBrahmanical temples at Bhandak were explored, and
the colossal sculptures at Lilpet, outside the walls of Chanda were
visited. Thence General Cunningham proceeded to the famous
group of temples at Markanda, on the Wen-gangd river. On the
northern frontier of the Central Provinces he visited an old temple
dedicated to Saraswati, in the small state of Myhere. It is on the
top of a lofty conical hill.

But the most interesting remaius are at Bharahut, six miles to
the north-east of Uchahara, nine miles to the south-east of the Sutna
railway station, and 120 miles to the south-west of Allahabad. In
our maps the place is called Bharaod, -and General Cunningham
belicves that it may be identified with the Bardaotis of Ptolemy.
Tt is the sitc of an old city, which only GO ycars ago was covercd
with a dense jungle. In the midst of this jungle stood a large
brick stupa, 68 feet in diameter, surrounded by a stone railing, 88
feet in diameter and 9 feet in height. The whole of the stupa has
been carried away to build thc houses of the present village; but

1 Sec Alwstract for 1871-72, p. 20.
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rather more than half of the stope railing still remains, although it
has been prostrated by the weight of the rubbish thrown against
it when the stupa was cxcavated. When Gencral Cunningham
first saw the place only three of the railing pillars near the eastern
gate were visible above the ground, but a shallow cxcavation soon
broutrht to light some pillars of the south gate, from which hLe
obtamed the meflsulemﬂnt of one q‘uadmnt of the circle. Ilc was
thus able to determine the diameter. of the enclosure, the whole of
which was afterwards excavated parfly by himself and partly by
his assistant, Mr. Beglar. In many ‘places the accumulation of
rubbish rosc to 8 feet in height, and as the stone pillars were lying
(lat undernecath this heap, the amount of excavation was necessarily
rather great; but the whole work did not occupy more than six
weeks, and all that now cxists of this fine railing is now exposed to
view.

This colonnade of the Bharahut stupa is of thc same age and
style as that of the great Sinchi stupa near Bhilsa. But the Sinchi
railing is quite plain, while the Bharahut railing is profusely
sculpturcd—cvery pillar and every rail as well as the whole coping
being sculptured on both faces, with an inscription on nearly every
stonc. From the characters of thesc inscriptions, as in the similar
casec of the Sinchi stupa, the crection of the railing must be
assigned to the age of Asoka, or about B.c. 250.

The inscriptions are mostly records of the gifts of pillars and rails
like those of the Sinchi and other stupas. But there is also a
considerable number of descriptive records or placards, placed cither
above or below many of the sculptures. These last-are extremcly
valuable, as they will enable archaologists to identify necarly all the
principal figures and scenes that arc represented in these ancient
bas-relicfs.

Amongst the numecrous sculpturcs at Bharahut there are no
naked ﬁ"‘ule as at Sanchi and at Mathura, but are all well clad,
and cspecially the women, whose hcads arc generally covered with
richly figured cloths, which may be cither muslins, or perhaps
hrocades or shawls.  Most of the figures, both male and female, arc
also profusely adorned with gold and jewelled ornaments, in many
of which onc of the most significant Buddhist qymbols plays a
prominent part. The carrings arc mostly of one curious massive
pattern, which is common to hoth men and women. The anrkids, or
clephant goad, was also a favouritc ornament, which is placed at
intervals in the 10110* necklaces of ladies.
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1At eafzh of' the four entrances the/ corner pillars bore statues, each
45 fect in height of Yakshas and Yakshinis and of Ndga Lajas, to
whom the guardianship of the gdtes was entrusted. Thus at the
northern gate there are two male figures and one female, which
are respectively labelled Ajakdlaka Yakho, Kupiro Yakho, and
Chadd Yalkhi, that is, the Yag{has named Adjakdlake and Kupira
and the Yakshini Chandd. Other Yakshas are named Szwz‘loma’
Virudake, and Gangito, and a ‘second Yakshini is labelled Yalcln’n;
Sudasana. On two other pillars there are male ﬁgm‘és, each with
a hood canopy of five sna}ﬂs’ head, and -each labelled Ndga Raja.
These have their arms crossed upon their breasts ih an attitude of
devotion appropriate to their appearance on a Buddhist building.
On two middle pillars there are two female statues, respectively
labelled Chukaloka Devatd and Sairimd Devatd, whom General
Cunningham takes to be goddesses.

Amongst the scenes represented there are upwards of a dozen of
the Buddhist legends called Jdtakas, all of which relatc to the
former births of Buddha. Luckily these also have their appropriate
inscriptions, or descriptive labels, without which their identification
would hardly have been possible. Amongst these Jdtakas are the
following :—

(1.) Hanse Jdtaka, or * Goose-birth,” of which the only portion
now remaining below the inscription is the cxpanded tail of a
peacock, which must thereforc have played some part in the
story.

(2.) Kinara Jdtake.—The Kinaras were a kind of demi-gods.
Here two of them, male and female, arc represented, with human
heads and clad in leaves, standing beforc some human personage
who is seated. The assignment of horses’ heads to the Kinaras
must therefore belong to a later date.

(8.) Mige Jdtaka, or the well-known legend of the “ Deer,” in
Sanskrit Mriga. General Cunningham calls it a deer and not an
antelope, as is gencrally understood, becausc all the animals in this
bas-rclief are represented with antlers. The King of Kisi is scen
aiming an arrow at the King of the Deer (Buddha).

(4.) Magha Deviya Jdtakam, or “Magha Devi-birth.” General
Cunningham knows nothing of this story.

(5.) Yava Majhakiyam Jdtakam.—This title means literally the
“ mean or average amount of food,” which was attained by daily
increasing the quantity with the waxing moon and dcereasing it
with the waning moon. The bas-relief shows a king scated with



BUDDHIST REIMAINS AT BHARAHUT. 37

baskets of grain (?) before him, ‘pach bearing a stamp or medallion
of 2 human head. To the left some men are bringing other baskets.
Barley (yave) would appear to haye been the prineipal food in those
days. ! :

(6.) Bhisaharaniya Jitaka.—A wishi (or sage) is seated in front
of his hut, with a man and Womafkn standing before him, and a
monkey seated on the ground, whotis energetically addressing the
sage, i
(7.) Latuwa-Jdtakam.—The ¢ Lalwa-bird-birth.,” —This legend
apparently refers to some story of a bird, and an clephant, of which
General Cunningham heard a curious version in Kashmir in.1839.
In the bas-relief there is a bee stinging the eye, and a bird pecking
the head of an elephant, with a frog croaking close by, while the
clephant is treading on a nest of young birds. To the right the
same (or a similar) bird is sitting on the branch of a tree over an
clephant who is running away with his tail between his legs. Near
the top the hind half of an elephant is seen rushing down some
rocks. In the Kashmiri version an clephant while feeding throws
down a nest of young birds into a stream, where they are all’
drowned. The parent bird sceks the aid of the bees and mosquitoes,
who attack the elephant with their stings, and hayving half blinded
him he rushes off towards the stream, and plunging headlong down
the rocks is drowned. The fable scems intended to show the power
of combination. There can be no doubt that the two legends arc
substantially the same: and it secms probable that other Buddhist
Jdtakas, still preserved in modern legends after the lapse of more
than 2000 years may be found. Perhaps this particular legend may
be found in the Pancha Tantra. -

(8.) Vitura punckaye Jdtakaem. Viturae may prhaps be a
mistake for Vithura, ¢ a thief.” :

Of illustrations of the lifc of Buddha during his last appearance
there arc some good examples. The carliest of thesc is a medallion
containing Mdiy#'s drcam of the white clephant, which is superscribed
Bhagavato Ukdanti. A sccond scene belongs to the reign of Ajdta
Satru, King of Magadha, in the cighth year of whose rcign Buddha
attained Nirvdna. This is labelled.

Ajdtasata Blhagavato vandate.—Some of tho well-known assem-
blies of thc Buddhists would also appear to be represented, of which
onc is called the Jatila Sabha. A second probably belongs to a
later period of Buddhist history, about midway between thcb death
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of Buddha and the reign of Asoka. This sculpture represents a
large assembly and is duly labelle .

Sudhamma Reva Sabha Bhagavato Chudd Mahd.—The words
Lleva Sabla probably mean the ,assembly or synod which was pre-
sided over by the famous Buddl}’ist pricst Revato just 100 years after
the death of Buddha, orin B.c./378.

But the Bharahut sculptured are not confined to the legends and
events connected with the caréer of Buddha, as there is at least one
bas-relief which illustrates a famous scene in the life of Réma. In
this sculpture there are only threc figures, of which one seated to
the left is holding out an arrow towards a male and female who
stand Dbefore him—the latter being behind the other. These
figures are labelled respectively Rdmea (the rest lost, but most
probably Chandra), Janake Rdje and Sitale Devi. General
Cunningham believes that this is by far the carliest notice that we
possess of the great solar hero Rama and his wife.

General Cunningham looks upon the discovery of these curious
sculptures as one of the most valuable acquisitions that has yet
been made to our knowledge of ancient India. Trom them can be
learnt what was the dress of all classes of the people of India during
the reign of Asoka, or about threc-quarters of a century after the
death of Alexander the Great. We can sce the Queen of India
decked out in all her finery, with a flowered shawl or muslin shect
over her head, with massive carrings and claborate necklaces, and a
petticoat reaching to the midleg, which is secured round the waist
by a zonc of seven strings, as well as by a broad and highly orna-
mented belt.

Here we can see the soldier with short curly hair, clad in a long
jacket, or tvnic, which is tied at the waist, and a dhoti reaching
below the knces, with long boots, ornamented with a tassel in front,
just like TTessians, and aymed with a straight broad sword, of which
the scabbard is threc inches wide.

Tlere also we may sec the standard-hearer on horschback, with a
human-headed bird surmounting the pole. Ilere, toe, we can sce
the king mounted on an clephant, escorting a casket of relies.  The
curious horse-trappings and elephant-housings of the time arc given
with full and claboratc detail.

Everywhere we may sec the peeuliar Buddhist symbol which
crowns the great stupa at Sinchi used as a favouritc ornament.
It forms the drop of an carring, the clasp of a necklace, the support
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of a lamp, the crest of the royal ytandard, and the dccoration of the
lady’s broad belt and of the soldic\%"s scabbard.

There are also houses of many kinds, and several templcs, one of
which is labelled Pijayata pdsddé, or the “Temple of Victory.”
There are animals of several kinds, ‘as elephants, horscs, deer, cows,
and monkeys, and a single specimen of a veal tapir. There arc
numerous crocodiles and fishes, and in one sculpture there is a very
large fish, which is represented swallowing two boat-loads of men.
There is also a great varicty of flowers, and scveral kinds of fruits,
amongst which the mangoc is very happily treated.

But perhaps the most curious of the Bharahut sculptures arc a
fow scencs of broad humour, with elephants and monkeys as the
only characters. In two of thesc an elephant has been captured by
a band of monkeys, who have fastened a billet of wood along the
inside of his trunk so as to prevent him from moving it. Ropcs arc
fastened to his neck and body, the ends of which are pulled by
monkeys, who are walking and dancing in triumphal procession to
the sound of shells and cymbals played by other monkeys. The
spirit of thesc scencs is very droll. A third scenc represents the
monkeys holding a giant by the nose with a pair of pincers, to
which is fastened a rope dragged by an clephant. The action and
attitudes of the monkeys are =y good. 'The intention of all these
designs is exccedingly spirited, but the exceution is coarse and wealk.

In the short inscriptions on the railing of the Bhe~yjahut stupa,
General Cunningham found the names of the follgly »g places:—
Sugana, or Srughna; Vedisa, or Bhilsa; Pdta 4, yo, or Patna;
Kosdmbi, or Kosam ; Nandinagarika, or Nanl¢ qupyd Ndsika, or
Nasik ; besides a number of unknown placemmadan L ofajr7esé is
most probably some town on the river Tmnaﬁng of the timle Tons
of our maps.

From these inscriptions also General C MAlaprablias learned
the names of several parts of the Buddhist o gone ad railings,
onc of which is a new word, or at least a new ing ¢, b;r)rd, not to
be found in the dictionarics. rodvara .

On the top of LdlPakdr, or the “ Red TMill,” Wawqyoyerhangs
Bharahut, he obtained a rock inseription of one of the g, ot Kalz.
cluri Rajas, Nara Sinha Decva, dated in Samvat (‘Sdhc) 909.
Altogether General Cunningham and Mr. Beglar have collected
about 20 inscriptions of the Kealachuris, who took the titles of
Chedindra and Chedinarendra, or  Lord of Chedi,” and called the
cra which they used the Chedi Sumvat and the Kalachuri Swmvat.
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'.I‘hey have also got an inscription of the great Chalukya Raja
Tribhuvana Malla, who began to reign in A.D. 1076, and reigned
fifty-one years. The inscription/ris dated in Sake 1008, or A.D.
1086, and the place of its discovery, Sitabala confirms the account
of his having conducted an expedition across the Narbada.

In order to carry into effect the proposals made by the Secrctary
of State for India in a despateli of the 11th October 1871, with a view
to the production of a complete survey of the Rock Cut Temples of
Western India, the Government of Bombay, in July 1873, submitted
a scheme for the survey of the archaeological remains in Western
India, suggesting the em}z.'loyment of Mr. J. Burgess to conduct the
survey. The Government of India in sanctioning this scheme, how-
ever, introduced a clause limiting the arca of rcsearch to the Bombay
Presidency, and restricting the expenditurc to such an amount as
to allow only Rs. 3,000 for establishment, photography, scaffolding,
&c. per annum. Mr. Burgess returned to Bombay in January
1874, and, with one School of Art student and an assistant, he started
on the 24th January for Vingorla en route for Belgam, where he
began work on 2nd February.

In the Fort at Belgam are threc old Jaina temples, built about
the year 1200, A.D. One of them has been repaired, and, with
additions built around it, is now uswa as quarters for the families of
married soldiers. A portion of a second has been pulled down to
make way fcv» road ; and the third is enclosed in the commissariat
premises. T18 *must have been other temples also about the place,
for many of ¥ Slrateposts to compounds both inside the fort and
outside, arc p1 ®- Ald temples. Sculptured stones arc also
occasior@ Ciubsee the solich - scem deserving of preservation in a
local m tvnic, which “yep e provided. The district around is
sufficienftnees, with 10Leyntures, inseriptions, &c. to stock a small
muscum iu ans, and arm \

Plans of 18 three inck o temples, drawings of columns and details,
and photo W€ M2¥ &ws and photographs of the inner door and of
the finclyled bl}'dporphyry dome of the larger temple were obtained.
An inseri®ntremoved from one of these temples many years ago,
and now”S¢ the Bombay Asiatic Society’s Muscum, says it was built
by Lakshmi-Bhupati, the son of Kértavirya, the son of Sena Raja
of Venigrama (Belgam), and dedicated to Sintindth, the 16th
Tirthankara or Jaina pontiff in 8'aka 1127.(A.D. 1205).

In the fort arc scveral Persian inscriptiohs,” onc of them to the
north of the main gate is translated :— "‘
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“Ya'qub Ali Khin, who 1s\a joy to the heart, and by whose
“ benevolence the world is pros {PCrous, built the wall of the fort
¢« which has a strong foundation, tike the wall of Alexander.” The
date in the chronogram.is A.IL 037, or A.D.1530. Another in
the south-east of thc fort has beed forwarded to Professor Bloch-
mann, of Calcutta, who thus translajes it :—

« (O Opener! The fort having becn destroyed by the rains, it was
“ again made strong and firm. It'was entirely renovated in the
“ time of Abdul ]Iusmn, the powcﬁ'ul A reckoning, according
“ to the date of the Hijrah, was wutth down ; know it to be the
“ year 1043 (A.D. 1633-834). Written by Abdul Azdz.”

Copics of other two werc also takeni but have not yet been
deciphered.

On 7th February the work at Belgam wais closed, and on Monday,
the 9th, Mr. Burgess visited Aukalfrl Monastery, and procecded
thence by Gokak to Konur. Time did not admit of copies being
made of the inseriptions there, but a photograph was taken of a
fragment of an old temple, and others of the best of the remaining
dolmens in the neighbourhood of the village—great numbers of
which have been destroyed by *wadiris,” or wandering stone-
cutters. The finc old temple at the Falls was also surveyed and
photographed. In this temple is an inscription in very old cha-
racters, but partly illegible ; this was also photographed.

Some very old 1'uins also exist here on the north bank of the
Ghéiprabhd, but they are so overgrown with prickly pear that, to
permit a carcful examination they would require to be clearcd, for
whicl - ere was no funds at the command of the survey:

DOMO’Mh was next visited, but the Muhammadan remains there
Y dig LQOJ seem of such interest as to be deserving of the time neces-
170 %o plan and photograph them.

s (’ctulnmo’ by Belgam, Kadaroli on the Mélaprabhd, was next

o, 1tcd thlc arc two or morc inseriptions on stone slabs. The

5t of thesc was photographed, and proves to Dbe a grant
-+ of §'ri- Prithvivallabha Maharajddhirdja - paramesvara - parama-
¢ bhaftiraka-srimad Bhuvanaika Malladeva, the ornament of the
: “ race of Satydéraya.” ¢ Dated on a full moon day at the summer-
[ “ soltice in S'aka 997 (A.D. 1075), the year Rakshasa, on a Sunday
“‘ in thec month Pushya.” The language is Canarese. At this
v1llan‘c, in the bed of the river, is a curious group of old shrines, of
which a plan and photograph were taken. ’

On 23rd February a photograph, plan, and rubbing of inscription,

-
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F[‘hey have also got an inscription of the great Chalukya Raja
Tribhuvana Malla, who began to rcign in A.D. 1076, and reigned
fifty-onc yecars. The inscription/is dated in Sake 1008, or A.D.
1086, and the place of its discovery, Sitabala confirms the account
of his having conducted an expedition across the Narbada.

In order to carry into effect ('thc proposals made by the Secrctary
of State for India in a despatch of the 11th October 1871, with a view
to the production of a complete survey of the Rock Cut Temples of
Western India, the Government of Bombay, in July 1873, submitted
a scheme for the survey of the archmological remains in Western
India, suggesting the empjoyment of Mr. J. Burgess to conduct the
sarvey. The Government of India in sanctioning this scheme, how-
cver, introduced a clause limiting the area of research to the Bombay
Presidency, and restricting the expenditurc to such an amount as
to allow only Rs. 3,000 for establishment, photography, scaffolding,
&c. per annum. Mr. Burgess returned to Bombay in January
1874, and, with one School of Art student and an assistant, he started
on the 24th January for Vingorla en route for Belgam, wherc he
began work on 2nd February.

In the Fort at Belgam are three old Jaina temples, built about
the ycar 1200, A.D. One of them has been repaired, and, with
additions built around it, is now uswa as quarters for the families of
married soldiers. A portion of a second has been pulled down to
make way fopn road ; and the third is enclosed in the commissariat
premises. Theramust have been other temples also about the place,
for many of the Fateposts to compounds both inside the fort and
outside, arc pillars " ~Id temples. Sculptured stoncs arc also
occasior W€ éipaq h“f Which seem deserving of preservation in a
local mor v, oou1q "such be provided. The district around is
suﬁlcienﬂ.@__l}jch in old sculptures, inscriptions, &c. to stock a small
muscum iu g short time.

Plans of hoth the yusnel temples, drawings of columns and details,
and photogmphic yicws, and photographs of the inner door and of
the finely carved porphyry dome of the larger temple were obtained.
An inscﬁption removed from one of these temples many yecars ago,
and now j= the Bombay Asiatic Socicty’s Muscum, says it was built
by Laksnmi-Bhupati, the son of Kértavirya, the son of Sena Raja
of Venigrama (Belgam), and dedicated to Sintinith, the 16th
Tirthankara or Jaina pontiff in S'aka 1127 (A.D. 1205).

In the fort arc several Persian inseriptioks, one of them fo the
north of the main gatc is translated :—
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“Ya'qub Ali Khin, who is g joy to the heart, and by whose
“ benevolence the world is prosperous, built the wall of the fort
« which has a strong foundation, \ike the wall of Alexander.” The
datc in the chronogram.is A.II. €§37, or A.D. 1530. Another in
the south-east of the fort has beedy forwarded to Professor Bloch-
mann, of Calcutta, who thus translajes it:—

“Q Opener! The fort having been destroyed by the rains, it was
« again made strong and firm. It\was cntirely renovated in the
¢ time of Abdul Husain, the powcrf{gl. A reckoning, according
¢ to the date of the Hijrah, was writﬁgn down ; know it to be the
“ year 1043 (A.D. 1633-34). Written by ‘Abdul Azdz.”

Copics of other two werc also takeni but have not yet been
deciphered. '

On 7th February the work at Belgam was closed, and on Monday,
the 9th, Mr. Burgess visited Ankalgi Monastery, and procecded
thence by Gokak to Konur. Time did not admit of copies being
made of the inscriptions there, but a photograph was taken of a
fragment of an old temple, and others of the best of the remaining
dolmens in the necighbourhood of the village—great numbers of
which have been destroyed by “waddris,” or wandering stone-
cutters. The finc old temple at the Falls was also surveyed and
photographed. In this temple is an inscription in very old cha-
racters, but partly illegible ; this was also photographed.

Some very old ruins also exist here on the north bank of the
Ghatprabhi, but they arc so overgrown with prickly pear that, to
permit a careful examination they would require to be cleared, for
which there was no funds at the command of the survey:

Hukeri was next visited, but the Muhammadan remains therc
did not seem of such interest as to be descrving of the time neces-
sary to plan and photograph them.

Returning by Belgam, Kidaroli on the Malaprablty was next
visited, wherc arc two or morc inscriptions on stone slabs. The
best of thesc was photographed, and proves to be a grant
“ of §'ri- Prithvivallabha Mahirajddhirdja - paramesvara - parama-
¢ bhattdraka-Srimad Bhuvanaika Melladeve, the ornament of the
‘ race of Satyiéraya.” “Dated on a full moon day at the summey-
¢ solticc in S'aka 997 (A.D. 107b), the year Rikshasa, on a Sunday
“ in thc month Pushya.” The language is Canarese. At this
village, in the bed of the river, is a curious group of old shrines, of
which a plan and photograph were taken. ’

On 23rd February a photograph, plan, and rubbing of inscription,
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were taken of the pretty mosque, at Sampgim. The mscrlptmn,
however, proved to be only three verses from the Qoran, viz., stral
L.XT. 13, X1I. 64, and VI. 161. Next day the old temple, plOb’lbly
a S'aiva onc, at Bail Hangal, was surveyed and photographed, but
time did not admit of the two loag inseriptions here being copied.

Saundati was next visited, alé}d one of the two inscriptions herc
was photographed, but has not/ yet been read. The same cvening
the party started for Yellam4, a shrine built in the rocky bed of the
Sarasvati, a small stream ﬂowmfr castwards among the hills cast of
Saundati. The temple has Been rebuilt and 1ep'med in recent
times, and is onc of the most famous places of pilgrimage in the
Canarese country.

Another march brought the party to Huli, where are numerous
remains of old temples, dating probably from the 10th to the 13th
century. Therc are also several inscriptions, but the expedition had
not the time to spare to copy them, and the want of a qualified
pandit prevented the possibility of making a sclection of the oldest
or most interesting. The great temple of Panchalinga now used by
the Lingayats was found to have been originally a Jaina Basti,—thc
Jinas having been hewn off the lintels of all the doors except that
to the shrinc in the south end of the inncr hall. This temple is
supposed by Mr. Burgess to date from about the year 1100, A.D.
A plan and photographs of it were taken, as also of some others close
by. But some expenditure to clear away the prickly pear and
make some slight cxcavations was necessary to make a satisfactory
cxamination of the more promising remains here, and for this there
was no provision.

On 2nd March the temples of Panchalinga Deva at Manauli were
examined, but the villagers objected to the oldest temple being
cntered.  Three phOtO"‘l&PhS, onc of them of an inseription, were
taken here.

From Manauli two marches were made to Badimi in the Kaladgi
Zilla. On the south of the town is a rocky hill, facing the fort,
which is north of it, and in its north-west face arc four caves, three
of them Brahmanical and one Jaina. These caves had heen often
incidentally noticed, and Dr. J. Bird, who had visited them, de-
voted a section in his Historical Researches to their description,
and tried to prove that they belonged to the 10th century, A.D., but
cven from his account it is impossible to make out whether they were
S'aiva or Vaishnava,—the Jaina cave scems to have entirely escaped
his notice. To examine these caves more thoroughly, and if possible
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fix their age, was a principal olyject of this towr. They stand, as
to arrangement of parts, betweer the Buddhist Vihdras and the
later Bmhmanlcal caves at Elora, Elephanta, and Jogedvara in
Salsette, and, hence, must be placed hefore the 8th centuly Cave I.
contains the linga in the shrine, and §n various parts of the cave are
figures of S’iva, Ganpati, Kartikeya; Mahisf$uri, Arddhanéri, and
Harihara, with S'esha and other figul'es specially 8’aiva; hence it
may with safety be relegated to that sect. The style of the cave,
too, would indicate that it is probably the oldest here, and may be
attributed to the end of the 5th century.

In Cave II., though there is also a cen with the chavaranga or
altar for the linga, the sculptures are so distinctively Vaishnava as
to show that it originally belonged to that sect. Though rich in
sculpture, much of it well deserving of be}‘lg moulded, ncither of
these caves have any inscription. The second is probably the later
of the two, but not by more than half a century.

The third cave is by far the largest and finest of the series, and in
some respeets one of the most intercsting Brahmanical remains in
India. Tt mcasures about 70 feet by 48, and is approached through
a large squarc court in front of it, which is cntered by a door on
the west side.  On the wall to the right of this door is an inscrip-
tion in characters of about the G6th century, and there are other
inscriptions, mostly very short oncs, on the rock near the cave.
At cach end of the front of the cave is a gigantic figure, that on the
cast Vishnu armed, but at rest, the other the same deve in conflict
with an enemy. At the cnds of the Veranda are gigantic forms, 11
feet high, of Vishnu on Ananta or S’esha and Narisinha, and on the
back wall of the verandah are equally large figures of Variha and
Harihara. The roof of the verandah is also elaborately carved, and
has all been painted. The six columns of the verandah have cach
brackets on the sides and inwards to the ceiling, carved . with pairs
of fizures or with a single female and attendant dwarf.

On a pilaster beside the figure of Variba is an inscription in 24
lincs,—letters of it scarcely legible,—which was copicd with much
difficulty, by means of cstampages; and from these Professor Egae-
ling has been able to read it. It rccords that 8'ri Mangalisvara,—
¢« of the Chalkya (for Chalukya) race, worshippers of Vishnu, of the
¢ Minavyagotra, sons of Hariti,—in the 12th year of (his ?) reign, in
“ the year 8'aka 500 (i.e. 578 A.D.), built a house of the great Vishnu,
“ surpassing all things divinc and human, constructed by wonderful

“ labour, and beautiful with its enclosing boundaries, and granted the
(10057.)
D
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“ revenues of a village for making daily offerings to Nariyana and
“ for giving chautablc relief to 16 Brahmans and to mendicants.”
This grant, he adds, ““is made to /1ncre=zsc the rehfnous merit of my
¢ eldest brother Kirttivarman. z

This remarkable inscription, besides settling the date of the cave
at three and a half centuries ¢ ,ldel than Dr. Bird would have led us
to helieve, helps greatly to clear up what had alrcady been inferred
from other inscriptions, that Mangalisa practically ruled the country
in the name of his elder brother Kirttivarman. The style of thesc
caves too is so closely connected with that of several old temples at
Bad4mi and many more 4t Pattadkal and Aiwalli, that even in the
absence of inscriptions we can be at little loss to assign them
approximately to the a=:in which they were built. But inscriptions
arc always of the high,st importance as confirmative or corrective
of dates theoretically assigned.

There are inscriptiofs in a much more modern character on two
pillars in the cave, from onc of which Dr. Bird rcad, “ Ndkule hala
“ navekdle mritana ghaya, 1470,”—(the figures are 1436), which he
made out to mean “the new datc of Hala Hala or Buddha,” and
to date from B.C. 543! Good ““estampages '’ of these inscriptions
have heen brought home. A complete delineation of the Badimi
Caves, with a few casts would form a valuable illustration of Hindu
art and Vaishnava mythology, only to be rivalled by what Ajantd
affords of Buddhism.

Cave IV. is a Jaina Cave, dedicated to Mahivira, and with a large
ficure of Pardvanéith in the onc end of the verandah, and another

jHl(&, pmh'lpq Malhévira, both nude, in the other. Scorcs of figures
of jinas arc also carved in different parts of the cave. It perhaps
belongs to the 7th or 8th century, A.D.

On the pnorth side of the faleo or lake at Badimi, and on the fort
rock are scveral old temples, built with very massive square pillars,
and belorg to about the samc age as the caves. There arc also
others of more modern date.

Binadankari and Alaitirtha were both visited, but there was not
time for any very detailed examination, and the season being now
well advanced and the heat very intense, the party moved on to
Pattadkal on the MAlaprabhi. The number of old temples still
remaining here, and still morc the number that must have been
pulled down over an area extending considerably to the north of
the village, are evidences that in ancient times Pattadkal must have
been a place of no small repute. Only the great temple is now used
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for worship, all the others, i_ncl\t;ding the curious old temple of
Papnith,—with scenes from the Rdmdyana on the outsides of its
walls, all labelled, like the sculptures on the Bharahut tope,—arc
occupied by the villagers as sheds- for their cattle, to cook in, &c.,
and some have been used as quarries from which to obtain building
materials. Plans and other drawing were made of the morc im-
portant; several inscriptions were also copied, but have not yet
been deciphercd. The temples may be' approximately ranged” from
the 5th to the 10th century, those of the northern or Bengal style
being the morc recent, for it is curious thit here, as at BhavAnesvar,
the Bengal and Dravidian styles are foundiside by side.

On 13th April, the examination of the remains at Aiwalli was
begun. Here is a Jaina cave, hitherto undesecribed, but cvidently
of the same age as that at Bad4mi, and like it of the Digambara, or
naked scet, worshippers of Mahfvira Svami. ParSvanitha, with the
seven-headed snake overshadowing him, figures at onc end of the
verandah, and Mahivira (?) at the other, whilst a chapel has three
of its sides filled with figures, of which the last #rfhankar is the
centre.  This is quite a counterpart of a similar chamber in a
Brahmanical cave not far from this one,—also hitherto unnoticed—
in which S‘iva forms the central figure. This second cave at
Aiwalli apparently belongs to about the same age as Cave I.at
Baddmi; the sculptures are much the same, but the arrangements
arc very different.

On the hill above the Jaina Cave are numerous dolmens of large
size, most of them wanting the stone at the end with a round hole
in it, which seems to have scrved as the entrance.

The temple on the north-east wall of the village, locally known
as the Durga, and hitherto described by the few persons who had
scen it as a S'aiva temple, was intended to be a subject of special
cxamination. It was supposed to be the locale of an inscription,
'sdatcd 584 A.D.; and from its terminating in an apse at the back,
gnd its general plan, so far as that could be made out from photo-
_raphs, it was expected that its interior arrangements would throw
so much light on the subject of cave architecture, that few temples
in India would more fully repay a carcful survey and detailed illus-
ration.  Unfortunately the heat was intense at Aiwalli in April,
qind the frequent heavy thunderstorms that occur at that season in
S Canarcse districts put a sudden stop to the work. A plan,
westever, was made of the temple; the inscription of Pulakési II.

D2
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(A.D. 584) was not found to belohg to it; but another inseription
was found beginning, Svasti, Vikramdditya Satyds'raya, §e. Now as
Vikramiditya died in A.D. 680; this gives us the date of its con-
struction within a very few jyears, and confirms the date which
theoretical considerations woyﬂd lead us to attribute it to. The
tcmple, moreover, has not béen built for S’aiva worship, but for
Vaishnava, to which the early Chalukya princes of the Dekhan
were attached, the plan is unique and almost suggests a copy from
a Buddhist Chaitya cave. The Marithas of a century or two ago
piled up a ramp of loose stones on the roof and round the spire, and
the roof has fallen in filling the interior with débris; if this werc
cleared out, the temple might be used as a place in which to store
inscriptions and sculptures, which arc very numerous here.

In the village a considerable number of fine old temples have
becn appropriated as dwellings, cowsheds, &c., and very many others
of great age have been destroyed or ruined for sake of the large
stones they yield for building purposes. To the south-west of the
village, and at somz distance from it, is a large collection of ruined
or deserted temples, mostly small, which it would take a volume to
illustrate fully. It was impossible, however, to remain longer out,
and Mr. Burgess’s party left Aiwalli on the 17th April, and reached
Bombay on the 27th, bringing 54 photographs, between 25 and 30
inscriptions, about 40 ground plans, scctions, drawings of columns,
&c., and 40 sketches of sculptures. A portion of these will be
preparcd for publication and submitted to Government, with a report
of the season’s operations.

VII.
METEOROLOGICAL AND TIDAL OBSERVATIONS IN INDIA, 1873.

The question of the organisation of a Metcorological Department
in India is still under considcration; the despatch from the
Scerctary of State on the subject, dated the 18th of May 1871, an:"
enclosing the report of the committee of the Royal Society, nc
having yet been answered. They have, however, together with
some further correspondence, been presented to Parliament on the
motion of Mr. Egerton Hubbard.

In Bengal the same system of meteorological registration as hz[x
been described in previous abstracts, was carricd on during 187!

.

and Mr. Blanford received the monthly abstracts of results fgcg
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the North-West and Central Prow\'inces, but not from other parts
of India. Such obstacles to work must always be expected so
long as there is an independent system of registration in cach pro-
vince. This absence of central contr‘ol is noticed and deplored, not
only in India and in England, but in other countries; and it has
been especially the subject of remark i\{l the Zeitschrift of the Mcte-
orological Society of Vienna. In the North-West Provinces there
were 14 meteorological stations, under the dircction of Dr. Murray
Thomson, who prepared the annual réport; and twelve in the
Punjab. In Bombay thc Kolaba observatory is most cfficiently
divected with valuable results by Mr. Chambers; and there arc
four other meteorological stations the observations taken at which
arc sent to England, where no particular use has hitherto been
made of them. The system in the Madras- Presidency has been
described in a former abstract. It is under Mr. Pogson, the
astronomer. There is one excellent private observatory at Viza-
gaptam in Daba gardens, belonging to Mr. G. V. Juggarow; which
is superintended by Mr. A. V. Nursingrow. 7The monthly results
are published annually, and Mr. Blanford speaks highly of them.

It is impossible to exaggerate the importance of placing Indian
meteorology on an cfficient footing, when it is considered how
absolutely the crops and with them the very existence of the people
depend upon the regularity or otherwise of the winds and rains,
and on an intelligent comprehension, based on long scries of obscr-
vations taken over a vast area, of the laws which govern them.
There is no hope, however, that any advance can be made until a
central office has been established to receive, reduce, and draw
conclusions from careful observations taken over the wlwle arca of
India.

Mcanwhile the most valuable meteorological work of the year has
been My, Blanford’s paper on the winds of Northern India in
rclation to the temperaturc and vapour-constituent of the atmo-
sphere.  Its object is to describe the normal wind currents of
Northern India and their annual variation, and to tracc out their
origin and causes so far as thesc can be discovered in the loeal
physical changes of the atmosphere.  Mr. Blanford describes the
winds of the principal geographical regions of North India in detail,
commencing with the Punjab. In this part of the arvea under
discussion the currents from the westward predominate as a rule
throughout; the year. 'In the most northern part of the Punjab
westerly winds prevail in the cold and hot dry months, easterly in
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the rainy months. In the central districts northerly winds pre-
dominate over southerly, having in the cold months a westerly
tendency, but drawing round ta the north-east as the hot weather
comes on, while as the rainy season sets in the winds tend to cast
and south-cast, returning to west after the rain ceases in September,
In the southern part of the Punjab and Sind easterly winds never
prevail, and southerly, sout}]-westerly, and north-westerly winds
predominate-—the two formér in the rainy months, the last in the
cold and hot dry season. /In the coldest months the winds veer
towards the north. The Gangetic plain, sloping from an elevation
above the sea of 900 feet eastward to 150, is skirted on its northern
cdge by the chain of the Himalaya, which determines in 2 great
measure the direction of its prevailing winds. Those from the
north-west and south-east much exceed those from other quarters.
The change from the westerly to the easterly direction accompanics
the change from the hot and dry season to the rains, and from
easterly to westerly that from the rains to the cold season. The
plateaun of Rajputana is somewhat elevated above the Gangetic
plain, varying from 800 to 1,800 feet above the sea level. Winds
from west and south-west greatly exceed thosc from other quarters
in the southern districts, commencing as early as February and
continuing till November, when they arc replaced by northerly and
north-easterly winds. There is a similarity to the winds of the
southern Punjab. The Central India region is considerably hroken
up into valley and mountain, so that the winds are more influcnced
by merely local conditions than in the more northern arcas.
Westerly winds on the whole prevail. Central India participates
in the characteristics both of the plains of Northern India and of
the Peninsula, which last is under the influence of the truc south-
west and north-east monsoons. In the Gangetic Delta the winter
monsoon beecomes well established in November, blowing from the
north. As the scason advances the wind draws round towards the
west, and eventually backs by south-west to south and south-cast,
in which direction it blows during the rainy scason and till Sep-
tember. In October the winds are chicfly easterly, but unstcady
and inclined to be stormy. The local configuration of the Assam
valley, forming an open passage for the monsoons to pass to and
from the region north of the Himalaya, affccts its winds. On the
whole the characteristic of Assam is the prevalence of casterly
winds, which is here as conspicuous as that of the westerly winds
over the Gangetic plain and Punjab.



WINDS OF NORTHERN INDIA. 49

It will be seen that the winds of Northern India are very different
from those of the adjacent seas. stead of two monsoons from the
north-cast and south-west alternately prevailing during about cqual
periods of the year, there ave three distinet seasons in which special
winds prevail, the directions of whichi mainly depend on the relative
positions and directions of the mountain ranges and plains. During
the cold weather months, November to January, light westerly and
northerly winds blow from the plains of Upper India down the
valleys of the Ganges and Indus, and across the table-land of
Central India, and join into the north-cast monsoon of the Punjab.
The casterly winds of the Assam valley add to this current. In
April and May, as the hot weather comes on, the winds of Northcin
India become more westerly and powerful, and take the form of the
hot winds, blowing till sunset, and then being followed by calms.
At the same time southerly winds are commencing on the coast, and
are felt from Sind across to Bengal, but only at intervals and fecbly,
cxcept near the sea. In June the south-west monsoon, being
cstablished in the equatorial ocean, sets in round both coasts of
the peninsula, penetrates up the valleys of the Indus, Narbada, and
Tapti, carrying a west or south-west currcnt over Central India, and
from the bay of Bengal pouring up the funncl-shaped openings
occupied by the Ganges delta, whence, turning westward, it passcs
up the Gangetic valley towards the Punjab, which secms to be the
limit of the south-easterly winds. This is the period of the rainy
season in Northern India. In Octoler, as the south-cast monsoon
ceases, the southerly current is recurved towards the heated region
along the Coromandel coast, and blowing as a south-cast wind,
causes the autumn rains, which some writers have erroncously
attributed to the north-east monsoon.

The seasons of Northern India present threc distinet phases: the
cold season, from the end of the rains in Scptember to March ; the
hot scason, characteriscd by a dry atmospherc and great diurnal
range of temperature; and the rainy season, in which the tempera-
turc is moderately high and equable, and the air humid. At the
closc of the rains, in the end of September, the temperature of
Northern India, from the Punjab to the sea, is nearly uniform, at
about 81° or 82°; But evaporation and radiation to a cloudless sky
soon reduce the temperature of the interior lLelow that of the
maritime regions, and in January thc Punjab is about 11° colder
than Bengal, the plains of the North-West Provinces being about
midway in temperature between the two. In March the advance
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of temperature in Central India bas brought out two thermal foci,
one on the west in Rajputana,lﬁnd the other on the east, in the
hilly tracts of Western Bengal. In April the Central Indian
thermal focus is well developed. In May the thermal focus has
gone further to the north-west, and lies in the northern part of the
Rajputana plateau. In June it has reached the Punjab, the tempe-
rature there rising to 95° and fnore, while that of the south of India
begins to fall, consequent on the rains. In July the Punjab ranges
above 90°, while the greater part of Central India is below 85°
After July the temperature again falls, so that by the end of
September it is nearly equalised all over Northern India.

Thus in the cold weather there are two foci of minimum tempera-
ture, one in the Punjab, and the other in Assara, and the isotherms
nearly conform to the parallels of latitude. In the hot months a
focus of Lcat is formed in Central India, round which the isotherms
are bent, the temperature on the coasts and in the northern plains
being considerably lower than that in the interior. TFinally, during
the rainy season the seat of highest temperature is in the Punjab,
the coolest regions then being those of the maximum rainfall,
consisting of two tracts extending from the coasts of Bombay and
Bengal along the course of the monsoon currents.

The available data for discussing the atmospheric pressure are
imperfect, but, subject to this explanation, the mean pressurc
reduced to sca level, in October, is nearly uniform over Bengal, in
the Central Provinces, and the Ganges valley. In the following
months the pressure rises over the wholc arca but most in the
North-West Provinces and western Bengal, and in December an axis
of maximum pressurc lies in a line down from Cuttack to the
North-West Provinces in a north-west and south-cast direction.
The distribution of pressure remains much the same until February.
In March a rapid fall takes place in Northern India, but the line
of higher pressure still remains, extending now from north-western
India across to the coast of Arabia, round the delta of the Ganges.
In April, with a continued rapid fall, a trough of low pressure
becomes apparent, which cxtends from the head of the delta of the
Ganges into Central India. In May, this area of low pressure
occupies line from western Bengal to Nagpur and in June the con-
ditions are gencrally similar, but with much reduced pressure in the
Punjab, in the north-west of which province, the absolute minimum
is probably to be found. In July the minimum of pressure is
rcached without important relative change. In August a risc
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begins, greater over Northern India, which continues during Sep-
tember and October, when the uriformity of pressurc is once more
approx/ aately restored. The “tpistribution of pressure follows
within certain limits, that of temperature in an inverse ratio of
intensity. ~ Mr. Blanford’s conclusion is that these changes of
pressurc are influenced by the propilition of aqueous vapour in the
air, by carrying heat from the lowd0 to the upper strata, and by
arresting solar and terrestrial radiation, thus equalising the tem-
perature of the air column. In general terms he concludes that
the changes of temperature are the principal causes of the variations
of pressure.

There is evidence that anti-monsoon currents blow in the upper
strata of the atmosphere, at the various seasons of the year, and at
varying clevations, causing corresponding modifications in the
general temperature; and Mr. Blanford is inclined to attribute
the rains of the cold season to the descent of the anti-monsoon
current from the south. This valuable paper indicates the direction
which futurc investigations must take; and the practical importance
of the conclusions to which they will lead. The barometric pressure
has a direct influence on the winds, and the winds on the rainfall,
and when these clements are thoroughly understood, it is probable
that the normal or abnormal character of a year’s meteorology may
be known as carly as April.

Mr. Blanford’s Meteorological Report for the year 1873 is the
seventh that has been submitted since the Department was established
in 1867. It is the first which has to treat of a ycar of disastrous
drought and serious failure of crops, leading to a threatencd famine
in the lower provinces.

India is pre-emincntly a country in which the systematic study
of meteorology promises to be attended with the greatest and most
speedy results.  The peculiarities which have already been observed,
justify the expectation that, when a more complete knowledge has
heen obtained, a forccast may be made of the scasons, so that
their probable character may be known for some monthsin advance.
The most important question is that of the causes which determine
the distribution of rainfall and its ivregularities ; and Mr. Blanford
says, in his report for 1873, < that it is within the power of science
“ 10 solve this problem, I sce no rcason to doubt.”

That any progress has alrcady been made is, however, still duc to
the voluntary association of the meteorological officers of Beneal
the North-west and Central Provinees, and Berar, with a view to %he,
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free. interchange of results, and their unification. But the Punjab
registers arc untrustworthy and ‘not comparable, and nothing is
received from Bombay, Madras, % Burma. Tt is now possible to
frame a conception of the general distribution of pressure and tem-
perature over about half India and its seas. It will not, however,
be possible to gain a satisfactc®y understanding of the meteorology
of any part of India, and ther( Sre to derive from the meteorological
system the really valuable irformation which a sound methodical
system is capable of affording, until the whole of India and Burma is
brought into one nezus, so that the records of all can be studied as 2
whole. Ceylon and Singapore have long been associated with Bengal.

In 1873 there were 18 first-class stations in Bengal, at which the
following meteorological elements were observed :—Atmospheric
pressure, temperature of the air, extreme temperatures, temperature
of solar evaporation, temperature of grass, nocturnal evaporation,
vapour tension, relative humidity, serenity, rainfall, number of days
of rainfall, wind, and mcan diwrnal movement of wind. There arc
10 second-class stations, and will shortly be 12, including one at
Nancowry in the Nicobar Islands, and 145 third-class stations for
observing rainfall. There is at length to be a meteorological obser-
vatory at Calcutta, Sir George Campbell having secured a suitable
piece of ground at Alipore, and provision having been made in the
budget for the building and for the self-registering instruments now
being constructed in England.”> Self-registering anemometers, giving
a simultaneous record of the direction and velocity of the wind, are
much needed, to obtain a knowledge of the real movements of the
air. The first has lately been set up over the Calcutta Metco-
rological Office. The whole cost of the Bengal Meteorological
Department is 1,936/

The chief meteorological characteristics of 1873 werc excessively
high temperature, especially in Oudh and the North-west Province,
unusually low pressurc in the same region, abnormally high pressure
in East Bengal, great unsteadincss in the winds, and a general defi-
ciency of moisture in the atmosphere. The monsoon current was,
as a whole, either unusually weak or unusually dry, but that portion
from the Bay of Bengal failed to a greater extent than that from
the Arabian sea. The deficiency in Lower Bengal was as much as

! See pnge 38.
2 Since this was in press the allowance of Rupces 25,000 for the Observatory has
been struck out of the Budget for 1874-5.
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40 per.cent. The dryness was iorobably due to a persistent baro-
metric pressurc in the south-cast \part of the Bay of Bengal, and to
the irregular depression in the ipper part of the Gangetic Valley,
together with the high pressure in' East Bengal. Other causes were,
no doubt, in operation, of which we are ignorant.

These persistent barometric irregularities exercisc a very important
influence on the winds. Mr. Blanford divides the fluctuations of
atmospheric pressurc under five heads, two regular and periodical,
and three irregular. The first is the semi-diurnal tides of pressure.!
The second is the great annual variation which, in the plains, has
one maximum in December and onc minimum in June or July, the
amount of rise or fall varying according 'to the locality. The third
is the local and temporary variations of short duration, such as
accompany local storms. The fourth is general and temporary fluc-
tuations affecting a large area simultaneously, as a rule, thec more
intense the higher the latitude. The fifth is the local and persistent
variations, which are the most important in relation to irregularities
in the monsoon rainfall.

What has been brought to light by Mr. Blanford’s systematic
observations is that the adnormal features of each monsoon are
almost as persistent as its normal characteristics. The persistent
irregularitics in the relative distribution of pressurc first hecame
apparent in comparing the distribution of atmospheric pressure of
the two rainy seasons of 1868 and 1869, and attention was drawn to
the subject in 18702 In 1868 there was unduly low pressure at
Sagor and False Point, in the north-east corner of the Bay of
Bengal, affecting the winds and obstructing their passage up coun-
try, while causing unusually heavy fall of rain in the south-west
corncr of the Gangetic Delta, with drought in the region to the
north-west. Each subsequent year has confirmed the general truth
of the law by which abnormal meteorological conditions have a
tendency to be persistent in India. If, thercfore, the connexion of
these irregularities with those of the rainfall can be once clearly
ascertained, it may be possible, even at an early period of the
scason, in April, to obtain a clue to its probable peculiarities.
During the year 1873 the distribution of atmospheric pressure
differed more widely from that of average ycars than was the case
in 1868. The cffect was to weaken the current of wind which

1 Sce Memoir, p. 214,
* Journal of the Asiatic Society of Bengal, Volume XXXIX,, page 123,
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blows from the Bay of Bengal, and therefore to affect prejudicially
the rainfall of the Lower province~.

The winds of the monsoon bibw from the Arabian Sea and the
Bay of Bengal towards a line south of the Ganges, where a baro-
metric depression begins in April, and is well established by the
time the rains set in in June. The pressure decreases along this
line from east to west, where the trough, as it may be t&*med,
merges into the great barometric depression of the Desert and the
Punjab. To the south of this trough of barometric depression, the
winds from the Arabian Sea blow across the central provinces from
the westward. To the north of it, those from the Bay of Bengal,,
turning with the Gangetic Valley, blow in the oppositec direction,
their line of meeting being along the trough.

In 1878 this trough did not exist. The pressure declined thence
to the north, so that the place of lowest barometer lay far to the
north-west, in Oude and Rohilkhand, immediately under the Hima-
layas. Differences of barometric pressure arc the causes of winds.
A current of air coming from the Bay of Bengal could only reach
this barometric depression along its northern margin, and here lay a
great physical obstruction in the shape of the Himalaya mountains.

Any weakening of the monsoon current implies a deficiency of
rain, for all the vapour that is condensed as rain on the uplands
and hills of India is brought by this current from the ocean. The
persistent barometric depression in Oudh, instcad of that which
usually appears in summer and autumn as the trough to the south
of the Ganges, secms to be intimately connected with the failure of
rainfall in Bengal. But whether these ascertained conditions were
the principal agents operating to cause the drought of 1873 cannot
be known without some knowledge of the state of things pre-
vailing in the Punjab, Bombay, and Madras. This Mr. Blanford
points out is but onc of a vast number of most important inquirics
which present themselves for solution at the hands of the Indian
meteorologist.

TipAL OBSERVATIONS IN INDIA.

In the abstract for 1870-71 an account was given of Coloncl
Walker’s measures, while in England, for organising a plan for the
investigation of the law of tides of the Indian Occan, and of Licu-
tenant Baird’s work in drawing up an account of the method of
reducing tidal observations by a harmonic analysis, as conducted
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by the British Association. TLa steps were also described, which
Colonel Walker took to procure fhe necessary instruments.! Licu-
tenant Baird made an experimentyl trial of the performances of the
tide gauge at Chatham, the results of which were very satisfactory.

On his return to India Colonel Walker deputed Lieutenant Baird
to make a reconnaissance of the coasts of the Gulf of Kach, with a
view to selecting tidal stations, and more particularly to ascertain
in what manner a station could be established at a point as far into
the Rann of Kach as possible to which the tide has free access.
Licutenant Baird fitted up a large country boat at Juria Bandar to
be used in navigating the creeks and channels of the gulf, and
sccured the services of a good pilot. IIe 1jen embarked and crossed
to Nowanir Point on the Kach coast, wheve he found a spot which
is well adapted for tidal observations, having a minimum depth of
19 fect of water within 336 fcet of a site for a station. He then
proceeded eastwards towards the head of the gulf, and discovered
a position near Hanstil Point, which is well adapted for a tidal
station, having a minimum depth of 72 feet of water within 160
foct of the site of an observatory. Turning westwards along the
Kattiwar coast, he finally selected a third station at the entrance
of the gulf at Okha Point, where he met with a rocky foreshore
having a minimum depth of 23 feet of water within 220 fect of a
site for a tidal station. Lieutenant Baird dervived much assistance
in his cxplorations from the admirable charts which were con-
structed by Captain A. D. Taylor, I.N,, in 1851, copies of which
on the full scale of the original survey, had been lithographed for
Colonel Walker, through the Geographical Department of the India
Office.

It was decided to construct the stations on shore at the line of
high water. Masonry wells of a diameter of about three feet will
be sunk at the stations to a depth of scveral feet below the lowest
tides. In these wells iron cylinders of a diameter slightly exceeding
that of the float of the tide gauge will be set up vertically, and
cventually conneeted with the sea by an iron piping carried along
the shore down to the low water line, where a flexible piping will
be attached and carried into deep water. The cylinders will be
closed below by an iron plate, to prevent the entrance of the water
which may be expected to percolate through the sides of the well

1 Abstract for 1870-71, p. 49.



b6 TIDAL OBSERVATIONS.

whenever the tide is falling. Thy flexible piping will terminate in
a rose suspended a few feet above the bed of the sea, in order to
prevent the entrance of silt as tauch as possible, and it will be
attached to the iron piping in such a manner as that it may be
readily removed and cleared whenever necessary. The interior
diameter of the piping will be two inches, which has been computed
to be sufficient to permit of the transmission of the tidal wave from
the sea to the cylinder in the well without sensible retardation, so
that the height of the water in the cylinder may be expected to be
always the same as that of the surface of the sea. The tide gauges
will be set up over the eylinders, and their iron bed plates will
indicate the places to whith the tidal measurcments will be referred,
and they will be connédcted by levelling with permanent bench
marks fixed in the ground in the vicinity of the stations.

Licutenant Baird was employed during several months at Bombay
in making the requisite arrangements. He then procecded to con-
struct the stations on the coasts of the Gulf of Kach. Colonel
‘Walker reports that he has worked with great assiduity and skill,
and with a hearty interest in the. success of thesc important tidal
investigation.

VIII.
TaE MADRAS OBSERVATORY, 1872-78.

My. Pogson, the astronomer in charge of the observatory at
Madras, has submitted a report upon the proceedings of that csta-
blishment up to the cnd of 1873. Beyond announcements of dis-
coverics, and the observations nccessary to substantiate them, com-
municated to the Royal Astronomical Socicty and the Astronomische
Nachrichten, nothing has been published during Mr. Pogson’s term
of office, which commenced in 1860." Hec undertook to work on a
programme of operations which he now considers to have bcen
unreasonably extensive without assistance; but he persevered in it,
leaving publication to the futurc, in the full expectation that he
would be provided with an cfficient European assistant. At last,
in August 1870, Mr. Pogson’s son was appointed as his assistant,
but the sanguine hopes then raiscd of being enabled to bring out
the results so long awaiting publication werc disappointed, owing
to the illness and untimely death of young Mr. Pogson in July 1873.

1 Sce Memoir, p. 241.
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As the heaviest work on hand, namely, the catalogue of stars made
with the new meridian circle, is now nearly completed, it is con-
sidered that, for a time, observations may be almost suspended, and
the whole available force of the establishment concentrated on the
reduction and publication of the arrears. By adopting this course
from the commencement of 1875 the volumes may be brought out
in pretty rapid succession, and all arrears cleared off heforec any
fresh undertaking is commenced.

When Mr. Pogson took charge of the observatory in February
1861 there was a cataloguc of about 2,200 stars, chiefly selected
from Taylor’s Madras catalogue, and that of the British Association,
obscrved between 1853 and 1858, awaiting completion. The ob-
servations to be incorporated in this catalogue will be little under
10,000, and much has already been done towards preparing it for
the press. There are 1,331 observations of the sun, 345 of the moon,
1,680 of the principal planets, 333 of the minor planets, and 25 of
Donati’s comet of 1868; besides the mean places of the 144 Nau-
tical Almanack stars from 1853 to 1858 ; obscrvations of Mars at
the oppositions of 1854 and 1856; of moon culminations for deter-
mination of longitude; and a long list of occultations of planets
and fixed stars, and of the phenomena of Jupiter’s satellites. These
form the arrcars, and most of them are reduced and ready for the
press. They are well worthy of publication, and prove that the
predecessor of Mr. Pogson conscientiously exerted himself for the
attainment of such results as werc within his very limited instru-
mental means. The hourly meteorological observations from 1851
to 1860 * are still unpublished. Those from 1851 to 1855 are printed
and ncarly ready for issue. Of the hourly magnetic observations,
only the results from 1846 to 1850 have yet been published. Thosc
from 1850 to 1855 arc printed and will shortly be distributed.

Since Mr. Pogson assumed charge in 1861 he has had scveral
works in progress. A catalogue of about 3,000 stars, observed with
the meridian circle, towards which 23,506 observations have already
been made, is to be closed with the year 1874, The catalogue con-
tains a number of southern stars not previously observed elsewhere,
chicfly between 110° and 160° of North Polar distance. Meridional
obscrvations have at the same time beecn made of the moon from
1862 to 1872 ; and of Mars and some of the minor planets. An

1 See Memoir, p. 208.



58 MADRAS OBSE}.VATORY.

atlas of telescopic variable stars consisting of over 120 maps, includ-
ing all stars down to the twelfth magnitude in the vicinity of cach
of thesc intcresting objects, is abgut two-thirds finished. Discoverics
of new planets and variable stars have chiefly resulted from a search
regularly maintained over cerfain very perfect manuseript charts
constructed by Mr. Pogson. '

‘When Mr. Pogson arrived at Madras in February 1861 he found
the observatory in a most distressingly hopcless state of inanition.
Nothing had been done during the two previous years, and the only
instruments available for work were the cquatoreal by Messrs. Lere-
bours and Secretan, and a small portable transit used for finding the
local time. During 1861 Mr. Pogson was engaged in setting up
the new transit circle; and in observations with the equatoreal.
The new planet ¢ Asia,” so named in consequence of its being the
first discovery made in that quarter of the globe, was found early
in April 1861, and the observations of it were printed in the monthly
notices of the Royal Astronomical Society. The solar eclipse of
July 7th, 1861, the transit of Mercury on November 11th, and
many other observations, werc also duly attended to; and the
meteorological and magnetical registers, and the local time signals
by the telegraphic dropping of a time ball daily at 1 p.m., were
carried on throughout the year. The mounting of the new transit
circle was completed, and the instrument brought into usc on May
31st, 1862. A monthly record of observations made with it, has
since been kept. Much work was also done with the equatorcal.
But 1864 was the best year as regards the general work of the
observatory. The maximum number of observations was’ attained
with the transit circle. With the equatorcal the ncw planct
“ Freia” was independently discovered on the 2nd of February,
1864 ; but it proved to be one detected by Professor D’Arrest at
Copenhagen in 1861, which had since been lost owing to the in-
sufficiency of the observations made at its discovery. Another new
planet, called ““ Sappho,” was discovercd on the 3rd of May 18Gd.
A sccond series of differential right ascensions of Mars was also
observed, for the investigation of the solar parallax.

In 1865 the meridian circle work continued to be all that could
be desired. The new large equatorcal, by Messrs. Troughton and
Simms, had been received carly in 1864, and a suitable structure was
crected for it. TFrom 1866 a morc complete form of tabular reports
was introduced. The great cvents of 1866 were the mounting of
the new 81-inch equatorcal, and the discovery of the new planet
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« §ylvia.” In 1867 the finding o _ the variable star R. Reticuli, by
C. Ragoonatha Charry in J anuaryg,_‘is memorable as the first astro-
nomical discovery achieved by = \PT've of India.

In 1868 the total eclipse of sible tin on the 18th of August was
observed. Actual micrometrical® ‘?surements of the positions of
bright lines in the solar corona Wef@‘i Mained with the spectroscope
at Masulipatam, and the visibility of the red prominences after the
sun’s reappearancc was confirmed by measures taken half a minute
after the end of totality. The polarization of the light of the
corona was satisfactorily proved by Mr. G. K. Winter, and the
observations of the ordinary phenomena of the eclipse were recorded
by the late Mr. C. G. Walker, C. 8. On the 19th of November
1868, another new planet was discovered, called “ Camilla.”

A third series of measurements of Mars, for investigation of the
solar parallax, was made in 1869 with the new equatoreal. In 1870
the firing of the fort gun by an ingenious clectrical discharging
apparatus was substituted for the dropping of a ball, te give the
time. In 1871 a fourth scries of observations of Mars was made
with the large equatoreal ; and signals were exchanged by the sub-
marine cable between Madras and Singapore, in July, for the diffe-
rence of longitude. At the suggestion of Professor Oudemens, the
Dutch Surveyor-General in Java, a similar exchange of longitude
signals had previously been made between Singaporc and Batavia.
The central shadow path of another total cclipse of the sun across
the Madras presidency, on December 12th, 1871, led to the equip-
ment of several expeditions to observe it. The station selected for
the Government Observatory was at Avenashy, in the Coimbatore
district, on the linc of railway. The Assistant Astronomor, aided
by Colonel Ritherdon and Mr. Doderet, obtained three successful
photographic pictures of the totality, showing the corona and other
phenomena of the celipse.  Mr. Winter rendered valuable service as
polariscopist, and C. Ragoonatha Charry was entrusted with thc
ordinary tclescopic phenomena. The report on this work has not
yet been submitted by Mr. Pogson, owing to continued pressurc of
work. In 1872 the annular cclipsc of the sun was observed on the
Gth of June; and the phenomena known as “reversal of the lines,”
hitherto observed only at total cclipses, was also seen to great
advantage with the spectroscope at both the formation and breakine
of the ring. The obscrvations of Bicla’s comet, which was last SCC]OI
18 ycars ago and had since been given up as lost, were taken under

very extraordinary circumstances. But the observations are stil

(10057.) L
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mns
were discontinued, and the mermian circle was used exclusively
for star places to complete the; catalogue in hand. A fifth series
of Mars obscrvations was takes havApril and May, with the large
cquatoreal. fain v

Mr. Pogson represents that' . experienced European assistant
had been granted him in 18€ at here would have been no arrears at
the present time. Meanwhile he has long had one labour in hand,
the vast importance of which cannot well be over-rated ; namecly,
the investigation of the constant of solar-parallax, by mecans of the
planet Mars in oppositipn ; which is one method of ascertaining
the sun’s true distance from the earth. The transit of Venus offers
the readiest and most immediate result, but the opportunity of
observing it only occurs twice in a century. In 1857, the Astro-
nomer Royal ' suggested and advocated the method by means of the
planct Mars when in opposition, which is equally adapted to securc
the same vesult. The requisite observations for this metliod can
only be made to the best advantage at a tropical observatory, and
Madras was particularly named by the Astronomer Royal for the
work. Mr. Pogson has now taken five series of opposition observa-
tions in 1862, 1864, 1869, 1871, and 1873, all of which await
discussion. The threc last were made with the new equatorcal ;
but still without all the proper appliances.

Arrangements have been made for the observation of the transit
of Venus in India, which have heen entrusted to Colonel Tennant.
Among the instruments ordered by the Secrctary of State, a photo-
heliograph was sent out to India in June, and a chronograph and
three clectric clocks in the middle of July; the rcmaining ap-
pliances, a six-inch cquatoreal telescope and a transit instrument,
being still in the hands of the manufacturers, Messrs. Cooke and
Sons of York.? :

Meanwhile the Government have sanctioned the funds necessary
for huilding an obscrvatory, and Colonel Tennant is proceceding with
the arrangement at Rurki. Colonel Waller has heen enabled through
changes in his Department to make some intruments available,
which will partially fill the place of what were ordered from England,
and Colonel Douglas, R.A., has also contributed some timekeepers.
Colonel Tennant proposes to observe at Rurki, where he will be
assisted by Captain Campbell, R.E., of the G. T. Survey. He has

1 Monthly Notice, R.A.S., XVIL, p. 208-21.
2 The transit instrument has since been shipped.
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unreduced and unpublished In 1873 the observations of the moon
been authorised to send an officer (probably Captain Strahan, R.E.)
as far up into the Panjab as possible to get eye observations of the
last contact of Venus and the Sun. Observations will be made at
Madras by the astronomer, for whose \requirements a chronograph
has been ordered at Bombay by the Superintendent of the Kolaba
Observatory, who, however, has few appliances, and at the head-
quarters of the G. T. Survey, Dehra Din.,
1
IX. o
GEOGRAPHICAL EXPLORATION, PUBLICATIC S8 AND NEW MAPS.

In 1872, one of Major Montgomeric’s Pundits made a journcy
north-castwards from Shitgatzé to the great' Namcht Lake, and
then southwards to Lassa; but the account of it has not yet
appcared. In 1873, a Pathan was sent to the region beyond the
Hinda Kush range, with instructions to penetrate, if possible, into
the terra incognite of Shighnan, Roshan, Darwaz, and Karatagin,
to the north of the river Oxus. One of the Pundits has been sent
into the part of Great Tibet beyond the northern watershed of the
Brahmaputra river ; and four are attached to Mr. Forsyth’s cmbassy
to Kashgar, in the expectation that they may be able to make their
way back to India by various routes which are closed to Europeans.
Intelligence had been received of the murder of the Mirza, whose
cxploration of the route from Badakshan across the Pamir Steppe
to Kashgar was described by Major Montgomerie in the report of
the Great Trigonomectical Survey for 1869-70.! He had been sent
on a sccond cxpedition, with his son-in-law as an assistant, to
travel through Afghanistan. At first his reports were received
pretty regularly, but for several months he was not heard of ; and
it now secms likely that, after traversing the road frorm Herat to
Maimana, he was murdered with his companion during the night
while asleep, by the guides they were employing. A servant is
said to have escaped, and to have given information which led to
the subsequent execution of the murderers by order of the Governor
of Maimana. Endecavours are being made to obtain fuller informa-
tion respecting the fate of this faithful and intelligent emissary, and
to get possession of his papers.

Much gcographical information is expected from the members
of Mr. Forsyth’s embassy to Kashgar. Captain Trotter, formerly

1 Sce Abstract for 1869-70, p. 26.
E 2
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in charge of the Kattiwar Survey, passed some time at Colonel
Walker’s head-quarters, before starting, in practising astronomical
observations, and particularly those for the determination of
absolute longitudes. Two ofther officers attached to the mission,
Captain Chapman, R.A., and Captain Biddulph, also spent a short
time in practising observations and reductions. A Kashmiri
surveyor of the Rajputansi survey, and four of the Pundits, were
sent with Captain Trotter,; and Colonel Walker has done all in his
power to promote the Sll‘i,cess of the geographical operations of the
mission. From Kash% . three members of the mission made an
cxcursion to the Pam:~ table land, namely, Colonel Gordon, Captain
Trotter, and Dr. Stoliczka, the geologist. The results of their
journey may be summed up as follows :—There are two Karakul
lakes on the plateau, the drainagc from one flowing east, and from
the other west. The eastward stream is the Ghiz, which, passing
through the Ghiz-Dawan, becomes the Kashgar river. That flowing
west joins the stream from the Ghiz lake or Pamir Kul, and forms
the Murghab river. It enters Shignan at Bartang, and falls into
the Oxus five days journcy below Kila Panja, at a place called
Vamer. Shignan (Shaghnan) has been asccrtained to be perfectly
indecpendent, and is ruled over by Yusuf ’Aly Shah, who also owns
Roshan and the adjoining Pamir. The territory of Wakhan ex-
tends up to the junction of the Aktash strcam with the stream
flowing from Lake Karakul, and contains the grcat, little, and
Alichur Pamirs. The true water-parting between the cast and west
is the Kizilyart plain, belonging to the Amir of Kashgar. The
Shignan Pamir and the Kizilyart plain arc inhabited by wandering
Kirghiz. The other Pamirs have been abandoned of late ycars.
Trom Tashkurgan to the small Karakul Lake is one day’s mareh,
from the small to the great Karaknl five days, and from the great
Karakul to Ush is six days’ march. The Barojit Pass into Chitral
is reported to be extremely casy, and oper during the whole ycar,
except about six wecks in March and April.

The results of the work done by Sir Frederic Goldsmid, and the
officers employed on the Persian Fronticr Commission, are about to
be published.  The narrative of Sir Frederic’s carlier travels, with
an account of the construction of the tclegraph line between India
and England, will be found in the handsome work published by
Messrs. Macmillan, cntitled ¢ Telegraph and Travel.”  An official
work will also be published, comprising an introduction by Sir
Trederic Goldsmid, a narrative of the journey from Bandar Abbas,
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through Sistan to Mash-had by Major Euan Smith ; geographical
memoirs and accounts of their independent journies by Major St.
John and Major Lovett ; and the scicntific results of Mr. Blanford’s
visit to Persia. '

Mr. Blanford’s portion of the work will be divided into two parts,
zoology and geology. The former, which will be the most volumi-
nous, will treat of the vertebrate fauna, with the exception of the
fishes. In the collections obtained by Mr. Blanford himself, supple-
mented by a very valuable scrics of skins previously amassed for
the Indian Museum by Major St. John, a1 placed at Mr. Blanford's
disposal for cxamination, there were altd™ether rather more than
2,000 specimens (dried or preserved in %-pirit), representing 32
specics of mammalia, 248 birds, 62 reptiles, and 5 amphibia; and
by collating the data given Dy 8. E. Gmelin, Pallas, Ménétrics,
Eichwald, and other explorers of the shores of the Caspian, togcther
with those furnished by De Filippi and others from various parts of
Persia, Mr. Blanford has ascertained that the known fauna of the
country combines 87 spccics of mammals, 380 of birds, 91 of
reptiles, and 9 of amphibians, of cach of which notes as to localitics,
and where practicable, structure and habits, will be added. The
noveltics described, of scveral of which brief notices have been
given in various scicntific publications, amount to 10 mammals,
8 birds, 19 reptiles, and 1 amphibian. All of these will be fully
described, and, together with a few rarc forms deseribed but not
figured by previous obscrvers, illustrated by lithographs, many of
them coloured, and woodcuts. The whole account will be preceded
by some remarks on the general distribution of the Persian fauna,
and its relation to that of adjoining regions.

The geological portion of the work will consist principally of an
account of the rocks obscrved during Mr. Blanford’s journcy
through Persia. A brief sketch will be given of what is known
of the general structure of the country from the explorations of
Mr. Loftus and others, but it is considered that so large a part of
Persia is as yet unknown, that nothing like a complete description
of the geology can bhe written as yet. A geological map will
accompany this portion of the work.

During the past year Major St. John has completed a map of
Western Bilichistin on the seale of eight statute miles to the inch,
It includes the country between the Mekrén coast and latitude
28° 20", and the 58th and 64th meridians, thus covering the whole of
the territory recently regained by Persia and the fronticr distric**
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which owe allegiance to the Khén of Kalat. With the exception of
the coast line, and the route of Captain Grant in 1809, all the ma-
terial used in the compilation oy this map is original. The country
on both sides of the Kaldt fronticr, and all north of the 27th parallel
except Panjgir is from Major, 8t. John’s own survey in 1872. The
country in the vicinity of the roads from Gwddar to Bampir via
Kasrkand and Sarbaz; from Gwadar to Bolida, and thence by both
routes to Panjgir is from surveys by Major Lovett, C.S.1., in 1871.
Theroads through the Pi-godar pass from Bamptr to Sarbiz, and
from Kastag to Gwédar, lire from surveys made by Lieut-Coloncl
Ross and Quartermastev’serjeant Bower, R.E., in 1871. Other
routes are inserted on t”e authority of Captain Grant, 1809 ; Sir T.
J. Goldsmid, 1862 and 1866 ; Lieut.-Col. Ross, 1865 ; and the same
officer and Mr. Sealy, 1867. Appended to the map are sections of
the country between the Bampdr and the Kharan descrts, and
between each of these deserts and the sea. Valuable as have been
the results of the labours of the frontier commissions under Sir
F. J. Goldsmid in a geographical point of view, much remains to
be done before our knowledge of Baltchistan can be considercd
adequate. Besides the many spaces left blank and marked un-
explored on Major St. John’s map, the geography of that part of the
Kalat territory lying between the frontier districts and Coloncl
Green’s surveys, or roughly specaking, between the 64th and 66th
meridians, is still unknown, save on the route taken by Licut.-Col.
Ross along the prolongation of the Kej valley in 1865.

The map has been carefully cxccuted in lithography by Mu.
Trelawny Saunders. Its large scale, cight miles to the inch, neccs-
sitated by the purposc for which it was required, viz., as a basis for
the scttlement of frontier disputes, scemed to render its publication
unadvisable. One hundred copics only have therefore been struck
off. All the information contained in it will, however, be available
to the public on a smaller scale in Major St. John’s gencral map of
Persia.

This work is far advanced towards completion, Messrs. Stanford
leing already engaged on the reproduction of four of the six sheets.

The map is based in the first instance on the longitudes of Tehrdn,
Bushire, and the towns between them, fixed by means of the tele-
graph by Major St. John and Captain Picrson in Persia, with 13]1(:
co-opcration of Colonel Walker in London and Licutenant Stiffe
in Koardchi. A parallel base is afforded by the map of the Turco-
Persian frontier survey. of which sheets on a reduced scalc arc in
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preparation, at the joint expensc of the Foreign and India Offices,
in the office of Sir Henry James at Southampton.' The observa-
tions of Frascr, Lemm, and Khanikoff furnish a scrics of astrono-
mically fixed points, connecting Tebrdn with the Russian fronticr
on the north-west, and the Caspian ports on the north, and with
Mash-Lad and Herat on the east. M; Khanikoff’s work, or rather
that of his assistant M. Lenz, gives i addition a chain of points
conneeting his routes in Khtrasén, Sistdn, and Karmdn with thosc
of Majors St. John and Lovett from the south. The coast lines of
the Persian Gulf and the Caspian are derived from the most recent
Russian and English charts. A description of the amount and
sources of detail which Major St. John has been able to fit on the
skeleton thus provided had better be deferred till the completion of
the map. Suffice it to say, that though, with the exception of the
Turco-Persian frontier survey, there is little that is new in the two
western sheets, the topography of the couniry embraced by the
other four, é.e. cast of the Bushire-Tehrén road, is mainly compiled
from authorities whose work, wherc not entirely ncw, has never yct
appeared in any general map of Persia. ‘While much has thus been
added to the information obtainable from existing maps, much that
is crroneous and untrustworthy has also been swept away. A system
of trans-literation has been introduccd, uniform as far as possible
under the circumstances. The various languages in which au-
thoritics have recorded their travels, and the impossibility of oh-
taining the Persian orthography in many cascs, render absolute
uniformity out of the question. No attempt has been made at
conjcctural geography, and blanks have been unhesitatingly left in
the absence of direct visual evidence. The result is to show that
in spite of the immensc increase of information reeently acquired our
knowledge of the topography of Persia is much less in cxtent and
detail than might be supposed from existing maps, German and
English. This is cspecially the case in South Fars and Western Irdik.,

The six sheets of the map, which is on the scale of 16 statute
miles to the inch, arc divided as follows :—The 1st or N.W. sheet
compriscs Adarbaijdn, Ghilén, Kurdistin, Karmé4nshah, Ilamadan,
and part of Irdk. The 2nd or N. sheet contains castern Irik,
western Kharasdn, and Mazandarin, and includes the Great Salt
Desert.  The 8rd or N.E. shect has but the castern half of a
single province, Khurasin ; and the 4th or S.W. thosc of Arabistin

' The non-completion of this work has delayed Mnjor St. John’s map several
months.
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and Khizistin. The 5th or 8. slicet comprises the great southern
provinces of Fars and Karmdn, with part of Yazd; and the 6th or
S.E., Sistin, Narmashir, and B’aluchlstan The outline is being
cxccuted by Messrs. Stanford on copper; the hill shading will be
given by the peculiar process patented by them. It is hoped .-t
the whole will be published by the end of the year.

The map of western Asia, 'under construction by Captain Felix
Jones, is I)lO”‘leSSin"‘ satisfactouly It comprises four sheets of
double elephant size, that ig, 40 by 26 inches each of which three
sheets can be made ready f01 reproduction at a brief notice, and the
fourth, or 8.W. sheet, will be in hand in a short period. This has
been deferred to the last o give place to the results of the Palestine
Exploration Surveys, vely liberally promised by the Committee of
the fund.

Representing, as these sheets will do, all the modern features of
the Old Woﬂd as well as the classical sites of antiquity for which
the region hetween the Mediterrancan and the Caspian, the Red
Sca and the Persian Gulf, is renowned, the work will prove of public
utility and gencrally instructive in a variety of ways. The more
so as in its trcatment a new process of cartography has been em-
ployed; a process tending to throw the natural features of coun-
tries morc into relief than map surfaces usually do, and will thercfore
commend itsclf. But it here merits noticc as important to public
works of a gcographical character. Those most conversant with
the subject discern but little difficulty in the reproduction of maps
similarly trcated; all that is suggested is, that if reproduction be
intended it should not be de]ayed for the simple reason that our
climate is but a sorry preservative of the origmal fair aspect of
manuseript works of any kind.

The gazettecrs of Central Asia, prepared under the superintendence
of Coloncl McGregor, for political and military reference, are making
progress. The first, which appeared in 1872, was “Part 1. A
« contribution towards the better knowledge of the topography,
“ cthnology, resources, and history of the Trans-Indus Frontier.” It
has, however, been reealled for further improvement. Parts IT. and
IV., on Afchanistan and Persia, were noticed in the last abstract.!
P:nt VII. (Scctlon I.) has since hecn received, which is ¢ A gazct-
“ tcer of Kashmir and the adjacent districts of Kishtwin, B'uhaw.m,
« Jand, Naoshra, Punch, and the valley of the Kishen-ganga,”

1 Abstract for 1871-72, p. 41.
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and of arajor Charles Ellison Bates. The
to1y and rcview of the physical
lition of the people, besides tables

of the revenue surveys,
Survey.
The cataloguc of general maps

Indian Atlas, and contams all the . ;
LN g Tliives v wiiintg s egrly Captain Lockhart, of Khiva, by

Captain Collett, of Bokhar.., erowsniin Chapman, and of Kokand,
by Captain Trotter, have not yet .cer, received in this eountry.

A gazetteer of the provinee of Sind, compiled by Mr. A. W.
Hucrhes of the Bombay Uncovenanted Civil Services, has been pub-
lished in 1874. The introduction contains a comprehensive account
of the boundaries and extent of the province, of its physical geo-
graphy, scencry, soil, and climate, crops and cultivation, irrigation
canals, and forests ; of its history, and the system of civil admmls-
tration; of the population, the tribes, and castes, their language,
religions, manners and customs, and of recent improvements. The
places are then given alphabetically in the body of the work; the
accounts of the different districts being classified and arranged in
the same way as that of the whole province in the introduction.
Therc are uscful statistical tables at the end, and the work is illus-
tratcd with maps and photographs. An excellent general index
adds to the completeness of this ably compiled and very useful
work.

Another gazctteer which has rccently appeared is that of the
little statc of Karauli, the author being Captain P. W. Powlett,
scttlement officer of Alwar. It opens with a historical sketch of
the Jadu Rajputs from the timc of Bijai Pal (995 A.p.) down to
the present time. Then follows a statistical account of the state
(from which we learn that the area, as determined by tl:c operations
of the topographical survey, is about 1,260 squarc miles only, being
a third less than hitherto belicved), a description of the mines and
quarrics, forests, wild animals, and jungle products. The popula-
tion, a detailed account of which is given, is about 140,000. After
the naturc of tillage, the means of irrigation, and the tenures have
been explained, a notice is furnished of labourers and wages, land
revenue, measures and weights, manufactures, and miscellaneous
matters.  Part I1I. deals with the darbar, aristocracy, and official
classes; and Part IV. with the scveral districts, towns, and villages.
In the appendices we find lists of the masonry forts held by thc
darbar troops, and of the various trees and shrubs peculiar to the
country, as well as a sketeh of the geology by Mr. C. A. Hacket,
of the Geological Survey cof India. The work winds up with a copy



LZERS,
68 THE CATA™

neet comprises the great southern
of the treaty of alliance and fwith part of Yazd; and the 6th or
between the Rajah of Karauli an@)alﬁchistfm. The outline is beine
The publication of a text booknh copper; the hill shading will bz
the rudiments of physical geogrpatented by them. Tt is hoped .-t
and climate of India, by Mr. y the end of thaivroy wou place at
Calcutta in 1873. Its prepa under cas suggested by the senior
Board of Examiners in Arts éorthe Caleutta University, who felt
that elementary text hooks treating of natural sciences, for use in
India, should deal more esp’ecially with objects familiar and inte-
resting to the Indian learner. The illustrations in Mr. Blanford’s
little work are, therefore, taken as much as possible from Indian
localities, and the three last chapters are entircly devoted to the
geology and climate of Léldia; forming the only popular description
that has yet appeared of these interesting subjests. Mr. Blanford,
who was formerly on tﬁe geological survey, and has been for some
years meteorological’ reporter to the Government of Bengal, is
specially qualified to undertake this task, and the results- of his
labowrs arc so excellent that it is much to be desired that they
should be republished in England.

X,
Tt GEOGRAPHICAL DEPARTMENT oF THE INDIA OFFICE.

The most important work of the Geographical Department, during
the year 187374, has heen the preparation of the gencral catalogue
of manuscript and printed reports, ficld books, memoirs, maps and
charts of the Indian surveys, for the press. This catalogue contains
cvery geographical document in the India Office, including 1'3110
original manuscript work of Rennell, and many other famous Indian
surveyors. Among the treasures preserved from destructhn arc
the original manuseript reports of the trigonometrical operations of
Colonc] Lambton, Sir George Everest, and 8ir Andrew Waugh. A
list of thesc, with the contents of each volume, commences the
cataloguc; together with the manuscript angle books. Then
follow the printed reports, including Sir George Everest’s accounts
of the measurcment of an arc of the meridian ; Sir Andrew Waugh’s
cxhaustive report on the extent and nature of the surveys, prepared
for Parliament in 1851 ; the annual reports ; and Coloncl Walker’s
account of thc operations of the Great Trigonometrical Survey,
vol. I. The list of charts and plans of the triangles of the survey
next occupics 27 pages. There is then a list of the printed reports
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of the revenue surveys, and of all {he publications of the Geological
Survey. :

The catalogue of general maps ,f India commences with the
Indian Atlas, and contains all the early memoirs and maps of the
Madras Military Institute; early gemeral maps of India, or parts
of India, by Rennell, A. Arrowsmith, Colonel Hodgson, Monier
Williams, Reynolds; and the later maps of Allen, Thuillier,
‘Walker, and Stanford.

The series of old Portuguese plans ¢ Tndian towns, and of old
Dutch charts and maps of India, which have been added to the
collection in the Geographical Department, arc specially interesting.

The collection also contains a valuable series of maps of the
Ganges and other rivers in India, most of them in manuseript.
Tassin’s meps of the Ganges Delta appeared at Calcutta in 1835
and 1840. There are 32 manuscript maps of the Ganges, by
Colonel Rennell ; Colebrooke’s manuscript survey ; Wood’s beauti-
ful manuscript maps of the Ganges, from Hurd war to Allahabad ;
Hogdson’s Ganges; maps of the Brahmaputr by Bedford and

Wilcox ; manusecript surveys of the Indus, by aes, Wood, and
Grieve; and surveys of the Burmese rivers. ,
After the cataloguc of general maps foll ,i’bse of the dif-

ferent divisions of India, commencing with t1 engal Presidency.
These commenee with the Bengal Atlas of Colonel Renncll, and
numecrous old route maps, meme, « field books. There are also
six manuseript maps of Bungal c3—7 43&5 by Dr. Buchanan Hamilton.
The rest are arranged according to districts ; and the list of maps of
districts and rivers of Bengal, the North-West Provinces, Oudh, and
the Punjab, fills 70 pages. Another 30 pages contain the maps of
countrics in the Rajputana and Central India Agencics, and of the
Nizam’s territory. Mysorc and Cwrg are represented by the old
maps and memoirs of Colonel Colin Mackenzie, and by the sur-
veys of Connor, as well as by more modern maps. The maps of
British Burmal fill scven pages. The carlier maps of the Madras
Presidency, and those of Colonel Pricstley’s survey, including the
village maps, occupy 90 pages, and the Bombay list fills 27 pages.
Then follows the list of maps of the Portugucse and French
territorics in India, of Central Asia, including Turkistan, and of
Afghanistan. The latter include the reports and rapers of Sir
Alexander Burncs’ mission, with the manuserint~ACE; (1 sketches
by Licutcnant Wood during his expediti«NG CROSS; 1.0 or the

Oxus ; the route surveys of the army ~ CORNHILL; \
’ y Y50, LUDGATE niLL.‘derson and



	DDn 1` 098_2R.tif
	DDn 1` 099_1L.tif
	DDn 1` 099_2R.tif
	DDn 1` 100_1L.tif
	DDn 1` 100_2R.tif
	DDn 1` 101_1L.tif
	DDn 1` 101_2R.tif
	DDn 1` 102_1L.tif
	DDn 1` 102_2R.tif
	DDn 1` 103_1L.tif
	DDn 1` 103_2R.tif
	DDn 1` 104_1L.tif
	DDn 1` 104_2R.tif
	DDn 1` 105_1L.tif
	DDn 1` 105_2R.tif
	DDn 1` 106_1L.tif
	DDn 1` 106_2R.tif
	DDn 1` 107_1L.tif
	DDn 1` 107_2R.tif
	DDn 1` 108_1L.tif
	DDn 1` 108_2R.tif
	DDn 1` 109_1L.tif
	DDn 1` 109_2R.tif
	DDn 1` 110_1L.tif
	DDn 1` 110_2R.tif
	DDn 1` 111_1L.tif
	DDn 1` 111_2R.tif
	DDn 1` 112_1L.tif
	DDn 1` 112_2R.tif
	DDn 1` 113_1L.tif
	DDn 1` 113_2R.tif
	DDn 1` 114_1L.tif
	DDn 1` 114_2R.tif
	DDn 1` 115_1L.tif
	DDn 1` 115_2R.tif
	DDn 1` 116_1L.tif
	DDn 1` 116_2R.tif
	DDn 1` 117_1L.tif
	DDn 1` 117_2R.tif
	DDn 1` 118_1L.tif
	DDn 1` 118_2R.tif
	DDn 1` 119_1L.tif
	DDn 1` 119_2R.tif
	DDn 1` 120_1L.tif
	DDn 1` 120_2R.tif
	DDn 1` 121_1L.tif
	DDn 1` 121_2R.tif
	DDn 1` 122_1L.tif
	DDn 1` 122_2R.tif
	DDn 1` 123_1L.tif
	DDn 1` 123_2R.tif
	DDn 1` 124_1L.tif
	DDn 1` 124_2R.tif
	DDn 1` 125_1L.tif
	DDn 1` 125_2R.tif
	DDn 1` 126_1L.tif
	DDn 1` 126_2R.tif
	DDn 1` 127_1L.tif
	DDn 1` 127_2R.tif
	DDn 1` 128_1L.tif
	DDn 1` 128_2R.tif
	DDn 1` 129_1L.tif
	DDn 1` 129_2R.tif
	DDn 1` 130_1L.tif
	DDn 1` 130_2R.tif
	DDn 1` 131_1L.tif
	DDn 1` 131_2R.tif
	DDn 1` 132_1L.tif
	DDn 1` 132_2R.tif
	DDn 1` 133_1L.tif
	DDn 1` 133_2R.tif
	DDn 1` 134_1L.tif
	DDn 1` 134_2R.tif
	DDn 1` 135_1L.tif
	DDn 1` 135_2R.tif

