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C h a p t e r  I . — G e n e r a l  d e s c r ip t io n  of  a r e a  a n d  r o c k s .

For many years the existence of coal has been rumoured from time 
to time in the outer range of the Sikkim Himalayas. Fragments of 
the mineral had frequently been observed in the hill streams, and its 
occurrence in larger quantity had also been reported. Amongst other 
places, the Si volt valley, close to the debouchure of the Tista,* was men­
tioned, and so long ago as 1853 this locality was brought to Dr. Oldham’s 
notice by Dr. Campbell, then Superintendent of Darjiling. * Specimens 
of the coal were also sent by him to Mr. Piddington, whose analyses of 
them gave very favorable results.+ A  brief examination of the Sivok

* The spelling in this report is on the official system, and differs from that on the maps 
appended, which have been photozincographed from the Revenue Survey maps of the 
Darjiling and Jalpigori districts, after the addition of the geological line's.

f  Journal, Asiatic Society, Bengal, Vol. XXII. p. 313, & Vol.- XXIII, pp. 381, 403.
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and neighbouring streams, however, by Dr. Oldham, sufficed to prove 
that the coal was nothing more than the fossilized stems of individual 
trees, such as has frequently been observed elsewhere in the same Tertiary 
rocks, along the base of the Himalaya, and which were economically 
worthless.*

To Dr. Hooker we owe the first notice of the possible existence of 
the true Indian coal-measures in this region. In March 1849,f  when 
stopping at Pankab&ri on his way to Darjiling, he observed in one of 
the streams there “  carbonaceous shales, with obscure impressions of 
fern leaves, of Trizygia and Vertebraria;  both fossils characteristic of 
the Burdwan coal-fields, but too imperfect to justify any conclusion as to 
the relation between these formations. Ascending the stream, these 
shales are seen in situ, overlain by. the metamorphic clay-slate of the 
mountains, and dipping inward (northwards) like them. ... The carbona­
ceous beds dip north (>0° and 70°, and run east and-west; much quartz 
rock is intercalated with them, and soft white and pink micaceous 
sandstones. The coal seams are few in number, six to twelve inches thick, 
very confused and distorted, and full of elliptic nodules, or spheroids 
of quartzy slate, covered with concentric scaly layers of coal: they, 
overlie the sandstones mentioned above. These scanty notices of super­
position being collected in a country clothed with the densest tropical 
forest, where a geologist pursues his fatiguing investigations under 
disadvantages that can hardly be realized in England, will, I fear, long 
remain unconfirmed/^

* Journal* Asiatic Society, Bengal, Vol. XXIII, p. 201.

t  Himalayan Journals, Vol. I, p. 402. These were not published till 1854.

J The following list includes all the other geological papers, &c., on the Sikkim and 
Bhutan Himalayas with which I am acquainted:—

1848.—A few observations on the probable results of a scientific research after 
metalliferous deposits in the Sub-Himalayan range around Darjiling. 
By E. H. Irvine, Esq., M. D.—Journal, Asiatic Sooiety, Bengal, Vol. XVII, 
p. 137.
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The importance of the coal-supply for the great trunk railways of 
India, has hitherto rendered the examination of the fields south of the 
Ganges more pressing, from an economic point of view, than the' 
exploration of an out-of-the-way corner of India like Darjiling. The 
connection of Calcutta with the hills by the Northern Bengal State 
Railway, has recently, however, given the question of the existence of coal 
in the Sikkim mountains a new importance. Copper mines have b«en

1850.— Examination and analysis o f an orange-yellow earth brought from the 
Sikkim Territory by Dr. Campbell, Darjiling, and said to be used there 
as a cure for goitre. By Henry Piddington, Esq.— Ibid, Vol. XIX, 
p. 143.

1852.—Notice of graphite sent by Captain Sherwill from Karsiang. By H. Pid­
dington, Esq.— Ibid, Vol. XXI, p. 538,

1853.—Notes upon a tour in tbg Sikkim Himalaya mountains, undertaken for 
the purpose of ascertaining the geological formation o f Kanchinjinga 
and of the perpetually snow-covered peaks^in its vicinity. By Captain 
Walter Stanhope Sherwill, Revenue Surveyor.—Ibid, Vol. XXII, pp. 540, 
611.

1854.— Correspondence respecting the discovery of copper ore at Pushak, hear 
D4rj£ling. Dr. A. Campbell and H. Piddington, Esq.— Ibid, Vol. XXIII, 
p. 206.

1854.—Examination and analysis o f Dr- Campbell’s specimens of copper ore 
obtained in the neighbourhood of Darjiling. By H. Piddington, Esq.— 
Ibid, Vol. XXIII, p. 477.

1855.— Correspondence respecting Darjiling copper ore. Dr. A. Campbell.— Ibid, 
Vol. XXIV, p. 706.

1856.—Geological observations in Sikkim. H. Schlagintweit, Esq.— Ibid, Vol. 
XXV, p. 22.

1861.—Description of a native copper mine and smelting works in the Mahanaddi 
VaUey, Sikkim Himalaya. Communicated by H. P. Blanford, Esq.— 
Percy’s Metallurgy, Vol. I, p. 388.

1862.— Journal of a trip undertaken to explore the glaciers of th^ Kanchunjinga 
group in the Sikkim Himalaya in November 1861. By Major J. L. 
Sherwill, Revenue Surveyor.— Journal^ Asiatic Society, Bengal, Vol. 
XXXI, p. 457.

1865.—Notes on the sandstone formation, &c., near Baxa Fort, Bhutan Duars.
By Captain H. H. Godwin-Austen, s . r . &. s., Surveyor, Topographical 
Survey.—Ibid, Vol. XXXIV, pt. 2, p. 106.

1868.—Notes on geological features of the country near foot o f hills in the 
Western Bhutan Duars. By Captain H. H. Godwin-Austen, p. b . a. s., 
&c.—Ibid, Vol. XXXVII, pt. 2, p. 117.



worked for a long time past in the same region, but little has been
known as to their value; and while lime has been in great demand of late 
for the railway works, the supply has been scanty and the cost extremely 
high. Ifc having therefore been decided that an examination into the 
mineral resources of the Darjiling district and the Western Duars
should be made,' I  was deputed to the duty at the commencement of last
coJ4 weather.

My attention was of eourse mainly directed to such points as bear 
more directly on economic questions, and my observations on some other 
portions of the geology were necessarily rather scanty. The area which 
I examined most closely is a band a few miles wide along the foot of 
tihe hills, between the Mechi and Jaldoka rivers; that in which the coal- 
bearing rocks occur. I  left the hills ip the north of this for the close of 
the season, and had only time to traverse them rapidly on my way. to 
the different mines. Except at Baxa, the foot of the hills forms the 
British frontier all ’along the Western Duars, and my observations here 
refer to a mere fringe of the hills immediately north of this line— all 
that has been topographically mapped, and that my instructions, as well 
as the time at my disposal, allowed me to survey.

The Darjiling hill territory (including in this term the Doling
Boundaries of Dfirjil- sub-division) is not marked either orographically 

ing hill territory. or geologically as a region distinct in itself. It
comprises an area which, as a portion of the great Himalayan r^nge, is 
quite insignificant, and the limits of which have been determined by 
political considerations. While the Terai stretches along the base of 
the hills, our territory is divided from Nepdl on the west by the con­
tinuation of the Singalela ridge and the Mechi river. Previous to the 
Bhutan war the Tista formed the eastern limit, but the annexation of 
the Doling sub-division from that state has extended the frontier to the 
river Jaldoka. The Tista, with its tributaries the Rang Chu and Great 
Rangit, and the Ramm&n, an affluent of the latter, form the northern 
limit of Ddrjiling and divide it from independent Sikkim.

( 4 )



The Himalayan range has been commonly divided into three oro- 
graphical zones:— the great range of snowy peaks,,

Darjiling hill terri­
tory belongs to zone of which, roughly speaking, form the axis of the

chain; the Lower or Outer Himalaya, forming a
broad belt o£ mountains o f inferior, but still considerable, altitude south
of the snows; and thirdly, the comparatively low hills farming the Sub-
Himalayan zone, either as ridges and spurs contiguous with the outer
hills, or separated from them by ‘ duns' (flat-bottomed longitudinal
valleys), of which latter the Sivalik hills in the North-West Provinces
are the type.* These detached ridges are unrepresented along this
portion of the Eastern Himalayas, where the Sub-Himalayan zone is
locally even wanting altogether.

The basin of the Tista within .the hills approximates to an oblong in 
form, with the longer axis north and south. Near the north-western and 
north-eastern corners tower the giant peaks of Kanchinjinga (28,156 ft.) 
and Ddnkia (23,189 ft.) at a distance from each other of rather less 
than fifty miles, and respectively about sixty and seventy miles from the 
plains. From Kanchinjinga the Singalela ridge runs southwards, divid­
ing Nep£l and the valley of the Tambar from Sikkim and that of the- 
Great Rangit. It is the continuation of this ridge in a south and then 
south-easterly direction, by Tanglu, Senchal, and Siting, with its various 
lateral spurs, which constitutes the Darjiling hill territory west of the 
Tista.* From Ddnkia a lofty ridge runs southward by the Gnaream 

< and Chola peaks, separating the basins of the Tista and the Tursa from 
each other. At Gipmochi (11,518 ft.) this ridge divides into two great 
spurs; one1 running to the- south-east and the other to the south-west, 
including between them the valley of the Jaldoka. It is the lower half 
of the south-western spur, with its ramifications, that constitutes the hills 
of the Daling Sub-division. The hills between the Jaldoka and the



Tursa belong to the south-eastern spur, while those between the T.ursa 
and the Raidak form the termination of a great ridge running southward 
from Chumalari (23,944 ft.) and dividing the basins of those rivers 
from each other.

At Phallut, near the head of the Ramman river, where the boun­
daries of Nepal} Sikkim, and Darjiling meet, the Singalela ridge has an 
elevation of 12,042 feet, this being the culminating point of the district. 
The highest eminences are nearly all situated along the continuation of 
the main ridge, like Tanglu (10,080), Senchal (8,606), and Mahaldar£m 
(6,000). Similarly, the highest point of the Daling hills is' where the 
main ridge first, enters British territory, where it has an altitude of over 
10,000 feet; the other principal elevations do not exceed 7,000 ot 8,000.

The densely luxuriant vegetatiop by which these mountains are 
povered, ranging from the matted cane-brakes of the Terai, and the 
Indian rubber trees and other tropical forms of the deep valleys, to 
the oak and pine forests which clothe the highest ridges, has been 
described by Dr. Hooker in his journals. He attributes the heavy 
rainfall to which such .luxuriance is largely due to the fact that the 
alluvial plain between Sikkim and the mouths of the Ganges is almost 
a dead level, the foot of the hills being only 800 feet above the sea. 
Hence the vapour-laden southerly winds from the Bay of Bengal reach 
the outer range of hills without impediment, while the same current, 
when deflected easterly to Bhutan or westerly to Nep£l and the north­
west Himalayas, is intercepted and drained of much moisture by the 
Kh&sia and Garro hills in the former case, and the hills of Rajmahdl 
and Chutia ft&gpur in the latter. Sikkim is hence the dampest region 
of the whole Himalaya. *

The valleys on the south-western side of the Singalela ridge are 
drained by the Mechi, the Bdlasan, and the Maha-

Drainage.
naddi, the last of which, after receiving the other



two in the plains, joins the Ganges above R&mpur Bolia. All the 
remainder of the Darjiling hills is drained by the Tista and its tribu­
taries, except the extreme eastern end, where the superfluous water is 
carried off by the Jaldoka. These rivers eventually reach the Brahma­
putra south-east and east of Rangpur. Thus the Singalela ridge forms 
at the present time the watershed between the Ganges aiid the Brahma­
putra. The Mahanaddi and the Tista flow into the plains in the 
debatable ground where, under sub-deltaic conditions, a constant struggle 
is going on between the Gaijges and the Brahmaputra, as they approach 
each other from the west and from the east, across the great plains to 
tie  south of the mountain range. Early in this century the Tista 
was tributary to the Ganges.

Here, as elsewhere in the out£r Himalayas, lakes are very uncommon 
and of insignificant dimensions. There is one' 

ĵâ eS* •such about six miles south-west of Hope Town, 
and another, called Rom T&l, on the R&mthi naddi, some miles east of 
the Tista. The latter presents %ome features of interest. As measured 
on the map, it is 550 yards long and about 20o broad. For 30 or 40 
yards from each bank in the upper part of the lake, dead stumps of 
trees (which are evidently in situ, and not lar^e branches of sunken 
drift wood), appear above the surface of the water, indicating that the lake, 
if not formed, has at least increased considerably in depth, within the 
time that such timber can remain under and above water without 
falling to pieces. Charred piles below water are known to be capable of 
resisting decay for centuries, but trees in the above condition would no 
doubt rot much sooner. Towards the lower end vertical precipices rise 
from the lake, and here the water seems to be much deeper; too deep 
to allow of any stumps appearing above the surface. For more than 
a quarter of a mile above the lake there is a delta of slate shingle, which 
yearly encroaches on and diminishes the area of the water. The Lepchas 
have a tradition that three, or four generations ago the whole of this

( 7 )



delta formed a part of the lake, and from what I have seen of the 
transporting power *of the hill streams, I  can well believe that the 

.present delta .could have been formed in this time, especially as the 
upper Ramthi flows entirely through brittle, easily broken up, slates. 
The first lateral torrent above the lake on the west side contributes 
an immense amount of debris from a naked precipice at its source. 
Ofjcourse the commencement of the delta must have been synchronous 
with the earliest existence of the lake, and although the Lepchas’ account 
may not be strictly true, the delta is certainly not of high antiquity.

As for the mode of formation of this sheet of water, its recent 
origin puts glacial action in any form out of count, even if the low 
altitude, about 1,000 feet above the sea, does not do so. The stream for 
a mile below the exit has a much greater fall (400 feet) than either further 
down, or above, the lake; and the bed is there filled with huge blocks of 
Tertiary sandstone, amongst and under which the water flows. I have 
nowhere, except here and below the Dohir T&l,— a similar but much 
smaller lakelet, about half a mile to the eastward,— seen an accumulation 
of this kind ; and it seeths most probable that.both lakes and blocks are 
due to one or more landslips from the hills above, which have dammed ' 
up the original bed of the stream. The blocks are all of Tertiary sand­
stone, and hence cannot have been washed down stream, as ,the rocks 
above the lake are Damiidas and slates. For the same reason, besides 
those given above, they cannot be the remains of a moraine. *

Hot springs are known to exist in Independent Sikkim, but the only 
. indication of such in the Darjiling district that I

P S could hear of, was at the Mangphu copper mines
on the Tista. About 600 feet above the river there are two or three 
small clefts in the slate, the air in which feels warm and moist to the 
hand when inserted, and ‘  clouds ’ .are said to issue from them morning 
and evening, wlien no doubt the vapour is condensed by the coldness of 
the air. The clefts are incrusted here and there with sulphate of copper

( 8 )



derived from the decomposition, by the moist air, of the specks of ore in 
the cupriferous slates. There is probably a warm 'spring here, the water 
of which trickles away through the crevices of the rock and the. loose 
debris, without reaching the actual surface of the ground. The geo­
graphical co-ordinates are latitude 26° 58', longitude 88° 29' (=  88° 25£' 
according to Admiralty value), elevation above the sea about 1,300 feet.

The ‘ mineral spring ’  about three miles east of Darjiling is well
known, and was formerly utilized for medicinal pur- 

Chalybeate springs. •
poses, a convalescent aep5t having been built near

it for the convenience of the troops stationed at Jallapahar. The water,
however, is not used at present, and the depot has gone to ruin. It was
also used by the hill-men for rheumatism and cutaneous diseases, the
patient being placed in a rude bath made of plantain stems, the water
in which had previously been heated by throwing hot stones into i t ; it was
also taken internally. The spring rises amongst the boulders in the bed
of a lateral feeder of the Rangna, which is dry above this point
(4th May), and the water, issuing at 62° F., trickles away in a little
rivulet, which deposits ochre in small quantity, but lias no appreciable
taste or smell. It is said to have formerly had a sulphureous odour,
when used for medicinal purposes: latitude 27° longitude 88° 22'
(=  88° 18£' according to Admiralty value), elevation 2,050 feet. This
is most probably No. 23 of Schlagintweit's list of hot springs,* the
temperature of which is ‘  unknown, ’  and geographical co-ordinates
latitude 27° 3', longitude 88° 15', elevation about 1,900 feet. No
hot spring is known in this vicinity.

Ochre-depositing springs also issue froni the black pyritous slates 
associated with dolomite, east of Baxa, one o f ' which at least has been 
used for medicinal baths by the natives in the same way as that at 
Darjiling.



10  m a l l e t : g eology  o f  d a r j il in g  a n d  w estern  d d a r s .

I f  a section be drawn from south to north, from the Terai to the

General stratigraphy river, through Karsiang and Darjiling,
of formations. [yide Map I), it will be found that the entire
succession of rocks has jtmrnd facie the appearance of a great synclinal. 
In the southern part of the section, all the strata are inclined towards 
the north at rather high angles. Towards the centre, the dips are 
rolling and irregular, while between Darjiling and the Rammdn they are 
southerly. It is scarcely necessary to say, however, that this appearance 
is deceptive as far as the Tertiary rocks are concerned; their northerly 
dip is a constant feature along the Himalayas as far as they have been 
examined, and it has been usually assumed that they are faulted against 
the older rocks. It is more probable, however, as pointed out by Mr. 
H. B. Medlicott with respect to this formation as developed between the 
Ganges and Ravi,* that the present boundary marks an original limit of 
deposition against the older rocks, which has been subsequently modified 
by crushing and local faulting of the strata.

North of' the soft massive sandstones and clunch beds which make 
up the Tertiaries, we come on a narrow band of Damiidas in a more or 
less altered condition, and including various alternations of sandstone 
or quartzite, shales, slates, and beds of friable anthracitic coal. Over- 
lying these, without apparent unconformity, are some thousand feet of 
slates, mostly of grey and green tints, and including here and there a 
band of quartzite. As we ascend the hills these slates are found t8 pass, 
more or less gradually, through mica-schisfc into gneiss. That the gneiss 
should be tli£ oldest rock, and either inverted on to the slates, and they 
in their turn on to the Damddas, or else that the boundaries should be 
faulted ones, or finally that the relations of these formations to each 
other should resemble those of the Tertiaries to the Damddas, as indicated 
above, is what will naturally suggest itself. Strange as it may appear,



however, that such thoroughly metamorphic strata should normally 
overlie those in a less altered condition, the evidence points to this 
conclusion.

From Karsiang to Darjiling the gneiss is continuous, verging in some 
places towards mica-schist. The Darjiling gneiss generally, in fact, has 
a great tendency to graduate into the latter lithological type. The dips 
are uncertain and irregular, with several local anti- and syn-clinals, but 
on the whole, are northerly near Karsiang and southerly near Darjiling. 
As we descend the spurs towards the Ramman, the slates are found 
again underlying towards the gneiss, but, in places at least, the boundary 
between the two series is'a faulted ofie. The fault may be continuous, 
but I believe that the throw is not very great, and that it has merely 
complicated a line Of junction aloag which the slates underlie the more 
metamorphic strata.

I f  we followed the ill-marked, and often indefinite, boundary between 
the slates and gneiss, down the valley of the Tista, and' thence back 
to Karsiang and on to the Mechi, we find that the underlie of the 
former is a constant feature. The same thing occurs east of the Tista 
also. From the Jaldoka, by Doling, round to Dams&ng, wherever I 
crossed from one series to the other, the inclination is towards the gneiss. 
The Pre-teYtiary rocks on both sides of the Tfsta, may be regarded as 
belonging to one rather shallow synclinal (including within itself many 
minor folds), the axis .of which is somewhat raised near the river by a 
secondary anticlinal at right angles to the synclinal. The lower rocks 
are in consequence of this elevation brought tO' the surface, and are more 
fully exposed than they otherwise would be, on account .of being cut 
through by the deep transverse valley of the Tista. The elevation is 
not sufficient to bring the Damudas to the surface along the valley, 
and these rocks are consequently only exposed along the southern 
edge of the synclinal, where they outcrop in a narrow band varying from 
200 or 300 yards to about a mile in width, and extending from
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PankaMri nearly as far as Dalingkot. Here some faulting, combined 
with a change of strike, cuts them out, and the slates reach to the foot 
of the hills for several miles, but in the Mo-chu the Damridas are found 
again in their old position. Some beds occur near Baxa bearing a 
resemblance to the same formation, but the neighbourhood of Dalingkot 
is the most easterly point at which indubitable Damridas have been 
observed. Whether the coal-bearing series outcrops anywhere in In­
dependent Sikkipi is a question yet awaiting determination.

There is a very large development in the Duars of variegated slates, 
which differ considerably in lithological characters from those of the 
Darjiling district, and which, besides containing thick bands of quartzite, 
&c., include a band of dolomite not less than 1,500 or 2,000 feet thick. 
How far these two groups o f slates taay\be distinct from each other is 
uncertain, but there are sufficiently strongly marked points of difference 
to justify one in separating them, at least provisionally. I  have accord­
ingly applied the name of ‘  Baxa3 to one series, which is largely developed 
in the neighbourhood of that cantonment, and ‘ Daling ’  to the other, as 
it is well seen in the neighbourhood of the old Bhut&nese fortress.

The Tertiaries in the Darjiling district, as along the Himalayas 
generally, occur as a narrow band fringing the base of the hills. The 
existence of gaps in this fringe near Doling and \yest of the Tursa river 
is a most unusual phenomenon; in fact, these are the only instances as yet 
known in which the continuity of the Tertiary band is broken, from the’ 
Brahmaputra to the Indus.*

The alternating quartzites, dolomite, and slates of the Baxa series
•Orography as influenced tave had a marked influence in determining the 

by stratigraphy. erosion of the hill ranges in the Du&rs, where the
two first rise into elevated ridges. In the D&rjfling district these rocks
are absent; there, while the several formations as wholes differ consider­



ably from each other in hardness, the rocks composing any one formation 
are tolerably uniform in this respect. The gneiss is as a whole consider­
ably harder than the slates, and the latter than the Tertiaries; but, 
excepting some not very important bands of quartzite in the slates, 
there is nowhere, on a sufficiently large scale to materially affect the 
orography, any alternation of strata of widely different hardness in the 
same formation. Hence, in as far as the orography has been influenced 
by the geological succession of rocks, it has been mainly so *by the 
succession of formations or series, not of minor sub-divisions. It will 
be seen from the map that the lower Tista valley has been excavated 
through the slates, the river, south of its junction with the great Rangit, 
having selected for its course the axis of the transverse anticlinal 
alluded to above (p .'ll). It seems not improbable that the Tista 
between the Rang-chu and the Rangit, and the last-named river below 
Gok, also flow along anticlinal axes, but the country to the' north has 
not been examined.

The gradation in hardness of the several formations as we ascend 
from the plains has also had a prominent influence on the elevation of 
the outer hills. I f a view be obtained of these looking east or west, 
or parallel to the direction of the range, say from Pankabari bangalo 
across the IMlasan to ^he hills between that stream and the Mechi, it 
will generally be found that those' composed of Tertiaries seldom rise 
more tJian two thousand, and often not more than a few hundred 
feet. Prom the junction of the older rocks with the newer, the hills 
rise more quickly to the outer limit of the gneiss, from- which they, 
often spring rapidly to a total elevation of ‘several thousand feet.* 
Where the Tertiaries are absent between the Jaldoka and Langti rivers, 
and the' gneiss comes closer than usual to the base of the hills, the latter,- 
rise at once to this altitude.



C h a p t e r  II.—D a m u d a  S e r ie s .

For an account of the Damiidas- as typically developed in their 
Typical Damiidas of unaltered and comparatively undisturbed condition, 

Rtoiganj, as they occur in the Damiida valley for instance,
I  must refer to the various papers already published in these Memoirs. 
Mr. W . T. Blanford, in his report on the Raniganj field, the largest and 
mftst important of these basins, and that in which the character of the 
rocks were first established, gives the following summary of the minor 
groups into which the Damudas are divisible:—  *

DAMtJDA S e r ie s .

j-Coarse and fine sandstones, mostly fVertebraria; Trizy-~̂
| false-bedded and felspathic— | g ia G lo s s o p te r is j |

Raniganj Group ...-{ shales—coal-seams. The latter-̂  Pecopteris; Schizo- }- 5,000
| frequently continuous over con.-J neura; Phyllotheoa, |
I. siderable areas. L Sfc.: all plants. J

1,400

('Fossils abundant,'
Ironstone shales j carbonaceous shales, with nu- I though not well pre-

< merous bands of clay-ironstone. i served. Olossopte-
I  rit, $ o. j

f  Coarse conglomerates, with white') Q lom pteris. Verte-^
r ' j  j. sandstones, numerous coal-seams [ , . ™ _____, l7 /, Lower Damudas T ... -{ > orana; Zeugophyl- y 2 000

j of very irregular character, thin- I m esf \ ’
(, ning out at short distances. J

The Damudas in the Eastern Himalayas occur, as already explained,
along the southern side of the Darjiling synclinal, 

Darjiling Damiidas. _ (
constituting a narrow band between the Doling 

slates and the Tertiaries, from Pankabari to near Ddlingkot. Like all the 
other rock-groups, they have undergone great crushing and disturbance, 
and are tilted up on edge. Although subject to many minor contortions, 
they dip as a whole towards the north-north-west, generally at high 
angles, or from 40° to 90°. As might be expected, they have not 
been subjected to such disturbance without great change in their litho- 
logical characters. Frequently the sandstones have been converted into



quartzites, the shales into splintery slates, and the carbonaceous shales 
into carbonaceous or even graphitic schists; while the coal has lost a 
large prpportion of its volatile matter, so as to approach to anthracite in 
composition. Thus while-the assays of samples from seventeen seams in 
the Raniganj field* show an average composition of carbon 51-09, 
volatile matter 32‘64, ash 16'27, the mean result from five Darjiling 
seams gives carbon 70’66, volatile matter 9‘20, ash 20-14. At the same 
time, the crushing to which the seams have been subjected, has squeezed 
them so that they vary greatly in thickness within a few yards, and has 
induced a flaky structure in the coal which renders it so friable that it 
can be crumbled into powder between the fingers with the greatest ease. 
This flakiness is in fact true cleavage, and the mineral may in one sense 
be regarded as a ‘ coal slate/

The coal seams being the least strongly coherent of the Damrida 
rocks, faults would be most likely to occur along them when nearly 
vertical. Hehce, perhaps, in some cases the rapid variations in the thick­
nesses of the seams, and the crushed state of the coal, it having been 
ground between the two sides of the fault. I  qannot bring forward any 
instances in which faulting can be shown to have acted in this way; it is 
probable, however, that they exist, although in the great majority of 
cases, simple crushing without actual dislocation has reduced the seams 
to their present condition.

The amount of metamorphism in the Damridas is by no means con­
stant : generally the beds are more or less altered, and not unfrequently 
highly so, but sometimes there is no alteration whatever, and the rocks 
closely resemble the typical ones of the Raniganj field. The coal is an 
exception, as it everywhere has acquired the above flaky structure, even 
when the beds accompanying it have undergone no appreciable change.

The vegetable mould and clay beneath the dense jungle by which 
the hills are covered, render good outcrops rare, except in the beds of the



mountain streams, and the only practicable way of obtaining anything 
like continuous sections is by wading and scrambling up these. The 
boundaries, as laid down on the map, were obtained by doing so, and con­
necting the junctions observed in one stream with those visible in the 
next; hence the band of Damuda rocks seems to have a greater degree 
of regularity than it probably possesses in reality. An exhaustive 
survey would probably bring to light cross-faults and other features which 
have escaped detection.

No Damudas are'Visible between the Mechi and the Balasan. In 
No Damudas west o f the Manjha, the Chenga, and the Dudhia streams

the B&lasan. the Tertiaries are seen close up to, or near, the
slates. The Damudas seem to have been denuded away before the Ter­
tiary epoch. It is, however, not unlikely that the band is found further 
west in Nepdl.

In some of the small tvatercourses between the Balasan and the 
Damfidas near Panka- r°ad at Kelabari, the Damudas are just seen at the

Mrl' very base of the hills, with clay slates above
them. They are chiefly shaly sandstones, with a seam or two of coal 
two or three inches thick; in the most westerly of these ravines both 
rocks dip north 25 west at 80°. • No Damudas are visible in th& 
Bissarbatti stream, but the space they ought to occupy (below the bridge 
between Kelab&ri and Pankabari) is blank ; and there is but little doubt 
that they are present there. A  three-feet bed of carbonaceous shale, 
dipping at a low angle to north-west, outcrops in a watercourse just 
west of Paijkab&ri dak bangalo. It is by no means easy to separate 
the Damudas from the D&lings near this, as some of the beds in the 
coal-series are as good clay slate as any in the Dalings.

A  small ravine joins the Bissarbatti stream a little below thfe bridge 
above-mentioned. Ascending this, Tertiary sandstones are first met; 
a short way from the mouth these abut against a two-feet bed of 
carbonaceous shale, above which is rather indurated quartzo-felspathic

( 16 )



sandstone with a few . specks of mica. The quartz is white and the 
felspathic element buff, giving the rock'itself a pale buff color; occasionally 
there are some thin pebbly layers, the pebbles being of wbite and red quartz. 
Besides these beds there are soft shaly micaceous sandstones, .with faint 
vegetable impressions, and dark-grey micaceous shales, in which tolerably 
well-preserved plant-remains occur, the commonest being glossopteris. 
Four or five carbonaceous beds outcrop in the ravine: firstly, that abave 
mentioned; then one o f ’18 irifches, which includes two layers of coal; this 
is separated by a few feet from a bed of carbonaceous shale, 3 or 4 
feet thick, containing a 9-inch seam of 'coal. Some distance further 
up there is a fourth carbonaceous bed, including some strings of coal. 
The strata in this section dip mostly to north-west at an angle of from 
4 0° to 70°, 60° being about the average.

The Damudas in the Rangichang dip mostly towards the north-west 
at an angle of from 40° to 90°. Some coaly layers

Kringichaug naddi.
are visible, but the best is only 12 inches thick and 

contorted on a small scale, as well as broken up by closely contiguous slips, 
of a few feet in throw. The beds, hereabouts, are little altered, but higher 
up stream they are in their most metamorphic condition, comprising hard 
quartzites dark-colored slates and#graphitic schists. The last is a truly 
foliated rock, composed of lenticular laminse of quartz included between the 
folise o f  impure graphitic,matter. It has probably resulted from the altera­
tion o f# carbonaceous shale, the carbonaceous matter in which has been 
partially changed to graphite. One of these bands in the Rangichang 
is 15 or-20 feet thick. Higher still up stream, silvery clay slates come in, 
which are included with the Daling rocks.

The Damudas are well exposed in the Rakti naddi. The contor­
tions of the beds render it difficult to measure the'

Bakti naddi.
section accurately, but the following is close 

enough to give a good idea of the general succession of strata. In the' 
lower part of the gorge the stream flows through Tertiary sandstones ; 

c ( 37 )



then there is a blank, the next rock visible being hard massive sandstone 
with little bedding. After another considerable blank we come to—

Ft. In.
Carbonaceous shale* ... 1 0
Sandstone * 3 0

Blank ~. •.» \ ••• 5 0
Brown shale ... ... 0 6
Coal ... ... 2 6
Sandstone . . .  . . . 1 0

Blank ... 4 0
Brown shale ... 1 0
Coal (dipping W. 30° S. at 70°) ... 5 6
Sandstone ... •«• 4 0
Shale and shaly sandstone ... ... 5 0
Carbonaceous shale with some coaly layers and sandstone 8 0

Blank ... ... 6 0
Carbonaceous shale ... * .. 4 0
Sandstone ... 6 0
Coal ... ... ». ... ... 0 6
Sandstone ... 8 0
Carbonaceous shale ... 1 6
Sandstone ... 1 0
Coal ... 1 0
Carbonaceous shale ... 1 6
Sandstone ... 10 0

Blank ... ... . ... 15 0
Sandstone ... ... 1 . 6
Brown and carbonaceous shales ... ... ... 4 0
Sandstone ... 2 0
Carbonaceous shale and sandstone ... 4 0 •
Sandstone ... ... 1 0
Coal (part of thickness concealed by a large block of sand-

stone), seen ... ... 1 4
Sandstone ... 0 2
Coal ... 0 5

Blank ... ... ... ... ... 4 0
Sandstone with carbonaceous layers (dipping W. 10°

N. at 70°) ... ... 7 0

* This and the other Damfida sections are given as the strata are met in ascending the 
streams, and in ascending' geological order.

( i s  ;



Ft. In.
Blank ■■ . . . . 300 0

Carbonaceous shale ... . . . 1 6
Brown shale . . . 1 0
Carbonaceous shale ... . . . 0 3
Brown and dark-grey shale . . . 3 0
Carbonaceous shale ... « • 1 0
Sandstone with some shale ... • •4 10 0

Blank . . . 100 0
Sandstone 10 0
Brown shale ... 2 0
Sandstone ••• 1 6
Carbonaceous shale ... > • . 1 6

Blank ... 6 0
Sandstone 1 0
Dark grey shale . . . 0 8
Sandstone . . . 0 6

Blank ... ... 20 0
Sandstone and carbonaceous shale . . . 8 0

Blank ... . . . 400 .  0
Sandstone 6 0
Brown shale ... ... ... • . . . 15 0
Sandstone 10 0
Sandstone and carbonaceous shale • •• 2 0
Sandstone . . .  ... ... ••• 4 0
Carbonaceous shale ... . . . 2 0
Sandstone • •• 1 0

Blank... ... • . . . ••• 200 0
Sandstone ... ... . ••• 15 0
Coal (varies in thickness from 4" to 16” within a couple of

feet, from crushing ; dipping N. 10° W .  at 60°) . . . 0 8
Sandstone . . . 1 6
Dark-grey and brown shale . . . . 4 0
Buff and gfeenish-grey massive sandstone with little

bedding; contains some carbonaceous markings ••• 109 0
Shale , 2 0
Sandstone . . . 20 0
Coal 0 4

* This, and the other large blanks, are the horizontal distances in which rock is 
obscured, not the thickness of missing strata. There is o f course the possibility of good 
seams of coal being concealed in these positions.
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* Ft. In.

Sandstone (dipping N . 20° W . at 70°) ... 7 O

Shale and shaly sandstone ... 21 0

Coal ... 0 6

Shale and shaly sandstone ... 7 0

Coal (dipping S. 15° W . at 70°) 1 0

Sandstone ... 0 10

Brown shale ... 0 3

Sandstone ... 3 O
Dark-grey and brown shale ... 8 0
Shaly sandstone ... 6 O
Sandstone (dipping IT. 15° E. at 80°)' ... 30 O
Alternations o f  sandstone and dark-grey shale ... 6 O
Sandstone ... 5 0
Brown shale ... .., ... 4 0
Coal ... ... ... ... 0 4 .
Shale; some parts carbonaceous ... ... 6 o '

Blank ... ... ... • ... 8 0
Hard greenish-grey massive sandstone; but little bedding

.(dipping N . at 50°) ... 27 0
Dark-grey shale ... 6 0
Shaly sandstone ... 2 6
Dark-grey shale ... 4 O
Sandstone ... 0 10
Coal ... 0 4
Sandstone ... 2 0

Blank ... ... 6 O
Sandstone; some parts shaly ... 14 0
Goal ... ••• ... ... 0 10
Shale ... O 6

Blank ... ... 300 0

Then there is perhaps ] 00 feet of grey slate, and, after a short 
blank, some hundred feet of similar slate, greatly cut up by jointing. 
These.beds, ■which I believe form the base of -the Doling rocks, res't on 
greatly crushed sandstone, with a few crumpled coaly layers. The junc­
tion is well marked, but without sensible unconformity.

In the Chochi naddi and in the western branch of the CMrangkhola,
,, , , . sections are obtainable. The beds exposed in the

Chirangkhola naddi.
latter are mostly dark-grey micaceous shales, with 

rather thin-bedded sandstones and some carbonaceous layers.
( 20 )



At the head of the main, or eastern, branch of the Chfrangkhola, the 
Damudas are well exposed, dipping mostly north-west to north-north-west’ 
at 20°— 70°, and including buff and grey sandstones, dark7grey 
and black shales, and several seams of coal, some of which, however, are 
greatly crushed and disturbed by small, but violent, contortions, which 
have affected all the seams more or less. The best seam exposed, and 
adjacent beds, have the following section :—

Ft. In.

Dark-grey shale and sandstone, containing abundance of 
vertebraria without other remains—

Interbanded coal and carbonaceous shale ... ... 1 0
Coal with one or two thin partings of carbonaceous shale 

5 '4 "  to ... '... ... ... 7 0
Grey shaly sandstone and dark-grey shale without ver­

tebraria.

The seam dips north-west at 55°, and has a thickness of 5' 4", at the 
level of the stream on the west side ; on the east side (20 feet distant) it is 
6' 6 ' to 7' O'. Here it is traceable for 45 feet up the bank with a nearly 
constant dip, but far from constant thickness. At 33 feet it is reduced to 
2' and 12 feet higher (where it seems to be faulted against shaly 
beds) it is again expanded to 5' 0". In the last two spots it is much 
impurer than below, containing more carbonaceous shale than coal. 
There is a seam of interbanded black shale and coal lower down the naddi 
— possibly the same as the above, brought in again by folding, but more 
probably different—which is 8 feet thick on one side of the stream 
and only 2 on the other. Another thinner seam is folded ^Jiarply back 
on itself by a small contortion.

The pagdandi (path) south-east of Selim Hill cuts through a 2-feet
bed of coal, and a fine section is laid bare along the 

Cart road. *
cart road at the ‘  Gumpti ’ below Chunbatti. The 

rocks are here in their least altered condition, and not much twisted, the 
*

dip W n g  tolerably steady throughout the section.



The beds in .immediate contact with the Tertiaries are somewhat

* Ft. In.
Sandstone ... 5 0
Coal (dipping W. N. W. at 85°, about) . . .  1 0
Sandstone . ..  1 6
Coal ... . . .  0 2
Sandstone ... ... ... • ... 5 0
Coal, about . . .  1 0
Iron-stained quartzitic sandstone ... 6 0
Sandstone ... 3 0
Coal, about . ..  0 6

Sandstone with some coal, much crushed, seen for 20
yards along the road.

Blank for 20 yards along the road.
CoaZ-outcrop with sandstone.

Sandstone seen at intervals for 70 yards along the road.
Darlt-grey shale,* with one or two carbonaceous layers ... 5 6
Coal . . .  0 9
Dark-grey shale . ..  1 0
Coal (dipping W. 30 N. at 40°) ... ... 3 6
Dark-grey shale ... . ..  0 9
Carbonaceous shale ... . . .  1 6

Ditto, mixed with dark-grey shale ... 3 0
Coal ... 0 9
Dark-grey shale ... 4 0.
Sandstone ... 6 0
Dark-grey shale ... 8 0
Sandstone ... 10 _0
Dark-grey shale ... 15 0
Sandstone ... ... ... ..; 1 0
Dark-grey shale ... 1 0
Cbal, about ... 2 0
Dark*jjrey shale ... ... ... ... 3 0
Coal, about . . .  0 9
Sandstone . . .  1 0
Alternations of coal and dark-grey shale ... 5 0
Dark-grey shale . . .  1 0
Carbonaceous shale ... . . .  0 9

*  The dark-grey shales, so common in the Bamfidas, aro, like those in this section, 
generally micacoous.



Ft. In.
Dark-grey shale ... ... ... ... 6 0
Thin-bedded sandstone ... ... ... 4 0
Dark-grey shale ... ... ... ... 10 0
Sandstone (dipping N. N. W. at 30°) about... ... 25 0

Nearly blank for 150 yards along the road; occasional 
glimpses of shale and sandstone.̂

Greenish thick-bedded sandstone... ... ... 17 0
Grey shale ... ... . ... 0 9
Coal (dipping N. N. W. at 30°)... ... ... 0 9

.Greenish thick-bedded sandstone... ... 30 0
There seems to be a fault here.

Grey shale ... ... ... ... 3 0
Coal ... ... ... ... ... 0 6
Shaly sandstone ... ... ... ... 2 0
Dark-grey shale ... ... ... ... 0 6
Sandstone . . #... .. ... 8 6

Fault here.
Sandstone ... ... ... ... 5 . 0
Dark-grey shale ... ... ... ... 3 0
Coal (dipping N. N. W. at 30°), 1' 0 " to 3' 6" ... 2 0
Sandstone ... ... ... ... 5 O
Sandstone, seen at intervals ... ... ... 20 0
Sandstone ... ... ... 25 0
Dark-grey shale ... ... ... ... 1 0
Coal (dipping N. 30°W. at 50°), 2" to 14" ... ... 0 8
Thick-bedded sandstone ... ... ... 17 0
Dark-grey shale ... ... ... ... 3 0
Coal (dipping N. 20°W. at 45°) ... ... 3 6
Dark-grey shale ... ... ... 1 0

'Carbonaceous shale ... ... ... ... 1 0
Grey shale ... ... ... ... 3 0
Dark-grey shale .. ... ... ... 2 ’0*
Coal 2' 6" to 3' 6" ... ... ... ... »  0
Sandstone ... ... ... ... 1 0

Blank for 40 yards along the road.
Dark-grey shale ... ... ... ... 2 0
Coal ... ... ... .......................  1 6
Carbonaceous shale ... ... ... ... 0 3
Coal (dipping N. at 30°) ... ... ... 4 6

This coal is nearly in the strike of the last, and is not 
improbably the same.
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Ft. In.
Sandstone ... ... ... ... 8 0

Blank for 150 yards along the road.
Sandstone ’ ••• ... ... 5 0

'Grey shale ... ... ... ... 2 0
Coal 1' 0" to 2 '-6 '1— may he one o f  the above beds; it is

nearly in the same strike ... ... ... 1 6
Sandstone (dipping ST. 15 W. at 35°) ... ... 5 0
Grey shale ... ... 0 6

■ Sandstone ... ... ... ... 0 8
Grey shale ... ' ... '... ... 0 5
Sandstone ... ... ... ... 4 0

Less than 100 yards further on some greenish slate is seen, and a 
little beyond that some beds of Damuda sandstone, with one or two 
fVnn coal seams. Beyond that again the Daling slates come in finally.

In the ravine, 'which runs just stfuth of Mr. Partridge's bangalo at 
Tindharia, the finest coal seam yet found occurs.

Tindharia ravine.
Ia the bed of the stream it dips west 15° north at 

80°, and has a thickness of 11 feet, with shale below it and sandstone above. 
This is one of the seams which I recommended for exploration by horizon- 
tal drifts. The latest result shows that at 40 feet in from the outcrop the 
thickness is reduced to 6 feet; but as such variations are, in the main 
at least, due to crushing, not to thinning out of the seam, it is very 
probable that as the drift progresses further .the thickness will again 
increase, and the seam may be found continuous for a long distance, 
although subject throughout to similar variations.

Lower down stream indications of two or three other outcrops 
occur. On$ of these, a couple of hundred yards below the 11-feet 
seam, was opened out by Mr. Montfort, who found a seam of about 
6 feet, dipping west-north-west at a high angle. It is to be remembered 
in dealing with seams of such uncertain thickness and subject to so 
much disturbance, in ground where the strata are only exposed at 
intervals, that several outcrops may in reality only indicate one or two 
seams.



The paths through Mr. Partridge’ s tea gardens expose several layers 
of coal and carbonaceous shale, but I  observed none of any considerable 
thickness.

*
In the Sibakhola the Damudas are mostly in a highly altered con­

dition, the sandstone being converted into fels-
Sibakhola river.

pathic quartzite with strings of vein quartz 
through it, and the shales into dark grey slate breaking into sharp-
edged splinters. No good seams of coal are exposed, although there are 
several thin ones.

The Mahanaddi also cuts through several thin layers, and one with.
a minimum thickness of 4 feet; the rest of the

Mahdnaddi river.
outcrop is bidden behind a large boulder. The 

strata dip mostly to north-north-west at 50°— 80°, and are indurated as 
in the Sibakhola.

The Damudas are very badly exposed in the 
Mana river. „ 1 .

M&na, and no good seams of coal are visible.

Where the central and eastern branches of the Kuhi naddi join, 
there is a cross-fault which shifts the Damuda-

Kuhi naddi.
‘Tertiary boundary to the north on the east side. 

Ascending the central branch, Damudas, including several thin carbona­
ceous layers, are found, dipping towards the north at high angles (60 
— 90°); a little higher up stream the dip is only 5°, and beyond this on 
the brow of Latpanctror are Doling slates, having the same inclination. 
■One of the very few cases of igneous intrusion that I have observed 
amongst the rocks of the Darjiling Himalayas occurs in the Damudas 
here, whieh are penetrated by a 7-feet dyke of micaceous greenstone 
running vertically to east 10° north— west 10° south. The walls of the 
dyke are sharply defined, and the Damudas close to it do hot show any
additional alteration.

d  ( 25  )



The Tertiaries and Daling beds are seen within two or three hun­
dred yards of each other at the head of the

Sivok naddi.
Sivok naddi'. The intermediate space is nearly 

blank, but in one or two spots doubtful Damuda sandstone, dipping 
nearly vertically, is seen. Even if the whole space be occupied by 
Damudas, the band is greatly reduced in breadth here.

In the Tista, however, it is again expanded, and attains its maxi­
mum breadth of a mile. The strata are consider-

Tista river.
ably contorted. For the last few hundred yards 

of its course, the Riyem flows along the crest of an anticlinal, the beds 
dipping away at either side at angles of 60° r— 80.° Ascending the 
Tista dips are found to north at 60°, east at 80°, west at 80°, and 
finally west at . 60°, close to the junction with the Dalings. Crushed 
coal-seams a few inches thick are numerous in both rivers, and at 
the mouth of the Riyem there is a bed of coal 3 feet 6 inches thick mixed 
with carbonaceous shale and sandstone, and dipping north-north-west at 
70°. Some of the Damuda sandstones here, as well as in other sections, 
are more or less calcareous; sufficiently so to give rise to deposits of tufa 
under favourable circumstances.

The only rocks seen' between the Tertiarie's and Dalings in the 
Lesu are indurated crushed massive sandstone

•Lesu rivfir.
obscurely bedded, the junction of which* is not 

seen with either of the above.

Near the head of the Rumtek, a small feeder of the Lesu, which it 
joins from the east side, the stream cuts through

Rumtek naddi. . .
an la-inch coal-seam, dipping north 15 west, at 

80°. On the hill side, above a small watercourse, there is a seam of pUre 
coal 7 feet thick, dipping north-north-west at about 20°, and in another 
ravine close-by the following section is visible. The beds are un­



altered (except the coal, which is as flaky as usual) and remind one of 
the typical rocks of R&niganj :—

Ft. In .
Telepathic sandstone ... ... ... 8 0
Coal (dipping N . 15°, W . at 70°) ... ... 2 0
Carbonaceous shale, with a few nodules o f  ironstone ... 0 9
Clunchy shale ... ... ... ... 0 9
Shaly sandstone ... ... ... . . . 1 0
Grey arenaceous shale ... ... ... 4 0
Coal ... ... ... ... 0 1
Felspathic sandstone, with black (carbonaceous) specks 

through it, and the faces of the beds in the lower part 
blackened by carbonaceous'matter ... ... 9 0

Grey shale ... ... ... ... 0 4
Felspathic sandstone... ... ... ... 1 3
Coal (dipping N. 20, W . at 80°)... ... ... 0 3
Carbonaceous shale ... t* ... ... ... 1 0
Grey shale ... ... ... ... 1 6

• Blocks of greenstone, evidently derived from one or more dykes, 
are brought down by the stream.

But little of the Damudarocks is seen in the Ramthi, as that portion
* of its course is mainly occupied by the shingle

Ramthi naddi.
delta above Rom T&l. In a side jhora an 18-inch 

seam of coal outcrops with a dip of 50“ to west 30 ' north. At the head 
of the delta the Damudas are made up principally of indurated 
sandstone and dark-grey slates, dipping north-west at 60°.

The last Tertiaries seen in the Ghisfy are massive sandstones dip­
ping north 30° west, at 30°. Twenty yards higher

Ghish river. •
up stream, one or twt> coal outcrops are obscurely 

seen in a little lateral watercourse, and the rainwash brings down pieces 
of Damuda sandstone and dark-grey micaceous shale containing abun­
dance of vertelraria. Beyond this there is. some sandstone, dipping 
west 30° north, at 60° ; and just below the mouth of the stream which 
joins the Ghish from Songchonlu are dark-grey slaty beds and slaty



sandstone, with carbonaceous partings here and • there. A  few yards 
higher up, these give place to light-green (Doling) slates, no uncon­
formity being apparent.

Just north of the Tertiary-Damuda boundary in the Lehti, a thin
seam of greatly crushed coal, underlying coarseLehrf naddi. °  J
quartzose sandstone, is visible. About half a mile 

in a straight line higher up stream, there is a deep gully on the south 
side of the naddi, in which a very fine section is exposed. The strata are 
inverted, the Damudas overlying the Dalings, and both inclining to 
the south at about 30°; although the dip of the Damudas is tolerably 
steady on the large scale, small, but sharp, contortions occur. The strata 

. are here in their most altered condition, the sandstones having been con­
verted into a well-foliated schist, iij which the laminae of quartz are 
divided from each other by carbonaceous or by chloritic matter, and 
minute cubes of pyrites are often sprinkled through the rock.

O  The Tertiaries appear to be cut off by a fault near the debouchure 
of the Lehti, and no remnant of them is found to 

Ranjang naddi. eastwar(j  f o r  several miles. The Damudas

are met with for some distance along the left bank of the Ranjang, 
dipping easterly at low angles, and covered, at a varying height above 
the stream not exceeding 100 feet, by the Doling slates. They here 
consist chiefly of coarse quartzose and quartzo-felspathic sandstone, 
including specks of carbonaceous matter and of silvery mica. Tlfere are 
also some shaly beds, and a fjew nodules of ironstone, and numerous thin 
layers of coal, besides one, seam of 3 feet 6 inches, dipping north-east 
at 15°.

The Damudas are found again in the Pugo naddi, consisting chiefly 
of crushed sandstones with some shale and thin

Pugo naddi.
seams of coal. They dip mostly to north 30° 

east, at 50°—70°, and are covered on the north-east by the Daling slates, 
which on the west are brought against them by a fault.
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The change of strike of the Damudas in the Pugo, to south-east 
or thereabouts, soon brings the Damuda-Daling 
boundary to the edge of the Terai, and for several 

miles east of the Chel the latter rocks extend to the very foot of the 
hills.

The next point at which I caught the. coal-bearing rocks was in 
the Mo-chu,* at the mouth of the Ruka naddi, where, however, only the 
highest beds just below the Dalings are exposed, dipping north-east 
at 60°. They include coarse and fine sandstones, shaly and slaty beds, 
and two or three coal-seams of a foot thick and less. Lower- down 
stream the older rocks are entirely obscured by recent deposits, and the 
extension of the Damudas between the Neora and the Mo is merely 
conjectural.

In the Ma-chu some beds, including carbonaceous layers, are 
obscurely seen- close to, and, unless faulted against, 
underlying strata' which I have referred to tlie 

Baxa series. I  took these to be Damuda at the time, but as there are 
some bands of carbonaceous schist included in the Baxa rocks near Baxa 
itself, the above point, which I shall refer to again, is very doubtful.

No rocks identifiable as Damudas were met beyond the Jaldoka, and 
they cannot be considered to have been satisfactorily traced further than 
the Chel.

It will be-seen from the preceding details that there are no beds in the 
Darjiling district corresponding in any degree with

Darjiling Damudas re­
present the Kaniganj the 'ironstone shale' or middle group o£ the Damu-
group. (?)

das in the Raniganj field, and the question arises 
whether it is feasible to correlate our rocks with the Raniganj or with the 
Bar&kar group. It is possible that both are present; as their separation, 
after the alteration the rocks have undergone, and without the intervening

Chu is the Tibetan word for river.
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and strongly contrasting ironstone shales, would not be easy: it is, 
however, more likely that only one group is represented. The fossils as 
yet found in the Darjiling rocks comprise Glossopteris of two species (one 
of which is Browniana, the other undetermined), Fertebraria, Phylloiheca 
and Trizygia (Annularia) . Of these, all, except the last, are common in 
both groups as typically developed, whilst Trizygia has only been found 
in the Raniganj. It is, however, so rare even in these beds, that Mr. 
Blanford* does not seem to consider its not having been yet found in the 
Bar^kars as conclusive evidence of its non-existence there. Further, 
Dr. Hooker’s observation of Trizygia in the D&rjfling beds, which he 
himself speaks of doubtfully, has not been since confirmed. At the same 
time there is a “  plant allied to Schizonewa ”  abundant and generally 
distributed through the R&niganj group * of the type field, that has 
not been as yet observed in the beds in question; but the fossil collections 
made are too small to allow of satisfactory inferences from this fact.

■\V'*51ie l ith b ^ ^ o f the Darjiling beds seems to approximate, in some 
•respecvSto that ortiiCxMniganj group. Mr. Blanford says of the 
latter, that “  the sandstone&sire generally finer in texture, and are massed 
in beds of greater thickness, than those below the ironstones; the coarse, 
white,^elsBAlHc sandstone and conglomerates are almost entirely 
wanting^ Nodular hard calcareous bands are frequent; the coal is more 
regular, of more even quality, and not so frequently a mixture of coal 
and shale, and the seams have a uniform thickness over considerable 
areas. Pebbles are scarcely ever. seen;, shales are common.'”  f  In the 
Darjiling beds, the sandstones, as a rule, are rather fine-grained; they 
sometimes occur in thick masses, and coarse, white, felspathic sandstones of 
the.Bardkar type are not common; they are not unfrequently somewhat 
calcareous, and conglomerates are absent. No comparison can be made 
between the coal-seams in the two localities, owing to the crushed state of

* Vol. I l l ,  pt. 1, p. 44. 
t  Ibid, p. 40.



the Darjiling beds, and the impossibility of tracing the outcrops for any 
distance.

It has been found in tracing-the Damudfts westward from Raniganj 
up the valley of the Damuda, and into Riwa, that the ironstone shales 
and Raniganj groups gradually change in lithological characters. The 
ironstone shales, as such lithologically, become extinct, and the supposed 
equivalents of the Raniganj beds contain no coal. It is quite.possible 
that the series may change its character to the north also. But if it 

«
does not do so, and if I  am right in correlating the Darjiling Damudas 
with the Raniganj beds, the lower groups must have been denuded 
away along the southern face of the Himalayas, after the whole had 
been tilted up on edge, and before the deposition of the Tertiaries; 
or more improbably, dropped dowa by a fault. In 'either case they 
would be still present under ground, and may one day or other be 
found outcropping in some hitherto unexplored part of the mountains. 
The leading alternative suppositions are, that, the Darjiling Damudas 
represent the Barakars, and that the upper groups die out to the north, 
or else change in lithological character. In the latter case they would be 
represented in'a sub-metamorphosed condition by the lower Doling beds.

Not often, but still occasionally, one meets with seams of carbona-
' No Damtidas folded ceous or graphitic schist amongst the Daling 
up with Daling beds or ^ed ■ there is a layer of this kind, 2 feet thick,gneiss in •British tern- J J 9
tory- exposed by the Pankabari and Karsiang road a
few hundred yards ’below Kodabari, and another, some 30 feet thick, on 
the cart road, a little south of the road location at Karjang.

These, however, are clearly true Daling beds (and in the above cases 
near the top of vthe series) and not Damudas brought up again to the 
surface by foldings of the strata on a bold scale. The Damudas in their 
most altered condition, as they are seen in the Lehti naddi for instance 
(p. 28), have been metamorphosed quite as much as the Daling beds
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generally are; yet the alternations o f foliated quartzites, slates, carbona­
ceous and graphitic schists, and crushed seams of coal, are easily recog­
nizable as Damudas by any one accustomed to the Darjiling rocks, and 
are quite unlike anything met with in the Dalings. The Doling graphitic 
schists occur but rarely, and in isolated beds, generally of trifling 
thickness. They only contain a few per cent, of carbon, and have clearly 
been formed out of some variety of carbonaceous shale, not out of coal. 
I  have never observed anything like true coal in the upper series.

The same remark applies to the roejrs coloured as gneiss, in which I  
nowhere observed any beds that I had reason to suspect wfere still- 
further-altered Damudas. The secondary folds of the main synclinal
(p. 10) are not on a sufficiently grand scale to bring the lower rocks to
the surface.

It is not impossible that beyond this synclinal, in Independent 
Sikkim, where .the foldings of the strata are comparatively unknown, 
outcrops of the Damuda geries may yet be found. Neither Hooker nor 
Sherwill, however, in the journals of their travels in that country, describe 
any rocks recognizable as such.

The occurrence of Damudas in the D&ijiling Himalayas adds a
wide expanse to the area within which these rocks 

Probable existence of i - i i i . i i . -
Damudas beneath Gan- are known to have been deposited, at least m
getic alluvium. patches. It is fairly inferable that such was the

case over the country now occupied by the alluvial plains of thef Ganges 
between R&jmaMl and the foot of the Darjiling hills, and extending for 
an unknown distance to east and west; and it is further probable that 
there still exist beneath those plains, coal-fields equal, perhaps, in value 
to those which now supply Bengal with fuel.

The difficulties in the way of finding such are, however, manifest: 
1 stly, the unknown depth of the Gangetic alluvium, which is certainly 
sufficient to make boring extremely expensive  ̂ and may be so great as to 
render mining impracticable; %nilly, the small proportion of the total 
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area which, judging from our experience of the known coal-fields, the 
Damuda rocks might fairly he expected to occupy. There are indeed some 
reasons, founded on the connection observable in the position of the fields 
between Raniganj and the river Koel, with the present lines of drainage, 
for supposing that the Damudas were more largely deposited in the main 
Gangetic valley than in the higher lateral ones.* Probably also the 
geographical position and geological features of the known coal-fields, 
would furnish a clue pointing to some portions of the southern part of 
the plains as more promising than others. At the best, however, the 
work would be mainly haphazard, and entirely so beyond a limited 
distance from the edge of the plains. The first borehole might strike a 
field equal to the Raniganj, and per contra, l&khs of rupis might be spent 
with no return whatever. It may be safely predicted that for many 
decades no attempt will be made in this direction; but at some future epoch 
in the History of India, when her manufacturing industries Shall Save 
been fully developed, when the demand for coal shall have enormously 
increased, and the fields of the Damuda valley begun to show signs of 
exhaustion, it is quite conceivable that the winding engine and the cage 
will be seen in the midst of the alluvial plains of Bengal, where an 
unbroken expanse of rice-fields now stretches to the horizon.

C h a p t e r  I I I .— Baxa Series.

There is a series of rocks some thousand feet thick, comprising 
Lithology and strati- variegated slates, schists, quartzites, and dolomite, 

graphy‘ which is largely developed in the Western Duars,
but has not been recognized in the Darjiling territory, except at the 
extreme eastern end. In the Du^rs these strata,'like those of the other 
formations, dip mainly in to the mountain range or more or less truly

______________________________________  <_______ _____________ _

* This question is, however, complicated by considerations as to whether the main valley 
may not have been too deep foA he formation of coal-producing beds of vegetable matter, 
and by the want of knowledge as to how far the rocks have been subsequently denuded.
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north, the inclination of the Baxas being generally high; there are of 
course many minor rolls by which the dip is locally reversed or altered.

The most prominent, and, economically considered, the most import­
ant member of the series, is a magnificent band of dolomite which is 
traceable from the Rehti naddi to the Tursa, and again for some miles 
•east of Baxa. The rocks above and laelow it being comparatively soft 
slates, &c., the dolomite rises into a boldly outlined ridge, sometimes as 
much as 3,000 feet high. The rock is very massive as a rule, with little 
bedding discernible, but not unfrequently it is shaly, and passes into dark- 
grey slate. It has a saccharoid structure and light-grey color, but the 
impure shaly parts are darker; there is an exceptional variety that is 
finely granular and almost pure white. Nests of more largely crystalline 
calcite, and little drusy cavities lined by crystals of the same mineral, 
are often profusely scattered through it. Mr. Tween’s analyses of

*
specimens from the Tfti naddi, show that it contains about 60 per 
cent, carbonate of lime to 38 carbonate of magnesia, and it is pro­
bably a normal dolomite ( =  carbonate of lime 54' 35, carbonate of 
magnesia 45-65), owing its excess of lime to the crystals of calcite 
which are disseminated through it. These crystals represent the cal­
careous excess in the original matter from which the rock was formed.

The entire thickness of the Baxa beds is uncertain, as the base 
of them is nowhere seen. A  section is visible on the right side of the 
Pagli naddi, near the frontier, the lowest strata in which are very brittle, 
flaggy, silicious beds, with impure calcareous layers interbanded, dipping 
north-nortlj-east at 30°. These are covered by a few feet of green and 
white talc schist, and then by slaty, granular quartzite. Beyond is blank 
for some distance, and then dipping north at 60° are light green and red 
slates with thin calcareous layers, covered by some hundred feet of white 
slaty quartzite or quartz schist. Large blocks of the dolomite are 
brought down stream from the north, showing that that rock is still 
higher in the series.
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A fine section is well exposed in the Tit! naddi, which includes 
(ascending as usual) —

Foot.
(a) . — Green and red slates ... ... ... 500
(b) . — Slates with flaggy silicious and calcareous layers ... 800
(c) . — White quartzite, including bands o f quartz flags and

quartz schist ... ... ... ... 1,000
(A) . — Green, black, and red slates, with bands o f  flaggy 

quartzite ; also o f chloritic schist, and flaggy cal­
careous beds near the top ... ... ... 1,500

(e ).— Dolomite, with interbanded layers of dark-grey slate... 1,500
( f ) .— Dark-grey slates; pyritous and rusty in places ... 300

The thicknesses given are merely eye-estimates : throughout there is 
a tolerably steady dip between north and north 30° east, at about 60°.

liauri hill is formed of the main quartzite (c), and that to the north 
of it of the dolomite. Near Londoin hill the last mentioned rock is 
thrown to the south-east by a fault, and thence forms a lofty rocky 
ridge as far as the Tursa, but no trace of the dolomite is visible on the east 
side of the river. There may be a fault, as suggested by Major Godwin- 
Austen,* but I  am more inclined to think that the dolomite band turns 
sharply round at the end of the ridge, from south-west— north-east to 
north—south, and thus disappears below the alluvium.

The rocks on the left side of the river, are green and red slates with 
layers of quartzite and calcareous flags, &c., and some of dark-grey, slaty 
rock, in which the surfaces of the beds are blackened by carbonaceous 
matter. The Bhutanese Subah of Balia sent a man, who pointed out the 
locality from which the steatite mentioned by Major Godwin-Austenf 
came. It was, I  was told, obtained loose in the ravine at Balia, but 
none is found now, and the rock had never been traced in situ. It is no

* Journal, Asiatic Society of Bengal, Vol. XXVII, p. 122. 

t  Journal, Asiatic Society of Bengal, Vol. XXVII, p. 122.



doubt a bed intercalated in the slates, like the talc schist of the Pagli 
naddi.

Impure, thin-bedded limestone, covered by flaggy quartzite, is exposed 
at the mouth of the Basra gorge; and in the Alaikuri there are green 
and dark-grey slates, passing into, and interbanded with, flaggy quartzite. 
Near the head of the river a thick *band of quartzite is crossed twice; 
whether the same repeated is uncertain. It is coarsely cleaved at a 
high angle to the bedding. Blocks of a conglomerate, composed of flat 
rolled pebbles lying parallel to the bedding, mostly o f white quartzite in 
a purple arenaceous matrix, are common in t'he Alaikuri, as in some other 
streams to the west, but I did not see the rock in situ : it comes, however, 
from near the head of the gorge. Blocks of gneiss and mica schist form 
most of the debris%above the 88th boundary mark, coming down from 
the Gechijo ridge.

There is a rock sometimes met with (as in the KaimatSng naddi) 
amongst the impure calcareous beds of the series, which consists of 
interbanded layers of dolomite, varying in color from dirty white to dark 
red,* red jasper, and thin seams of micaceous iron, and including besides, 
irregular seam-like nests of quartz mixed with chlorite. The rock varies 
from one in which the dolomite and jasper are interbanded in irregular 
layers of i  or £ inch thick or more, to an impure dolomite merely con­
taining seams and nests o£ jasper, &c. The alternations show well the 
sharp foldings on a small scale, which are common in the Baxas. The 
rock is a subordinate one, and has no connection with the great dolomite 
band. Large blocks of hornblende rock are also brought down by the 
Raimat&ng;

None of the streams west of Baxa bring down boulders from the 
dolomite band, which, however, re-appears in full force in the Jingti. The 
stream flows in this part o£ its course, through a narrow rocky gorge 
encumbered with huge blocks of stone fallen from the sides, down which

* The color-giving iron is in tho state of peroxide, and honce the rock is a forruginous 
dolomite, not a true ankorite.
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the lime-charged water trickles over large masses of tufa. The outcrop 
of the dolomite, as laid down on the map, is half a mile wide; the 
average dip being about 60°. This indicates a thickness of dolomite 
(with some interbanded pyritous black slate) of 2,300 feet, if none of the 
beds are repeated by contortions or faulting. It seems that the dolomite 
has been shifted to the south by. a cross-fault east of Baxa, and after 
being much denuded, covered up by the Tertiaries, beneath which and the 
alluvium it probably runs as far as the Tursa. Near the upper end of 
the Jdngti gorge, quartzite dipping at 20° is faulted against the dolomite, 
whilst it is underlaid by flaggy quartzite at the lower end. Next the 
latter rock, is some quartzite or quartzitic sandstone, of which the faces of 
the beds are blackened by carbonaceous matter, and belqw this the Terti­
aries come in.

The dolomite has been traced *as far east as Jainti Hill, but not 
beyond; it is probably either cut off by a fault here, or trends north­
wards towards Sachaphu Hill,

Just north of the Tertiaries on the left bank of the Raidak, a section 
is exposed of a steep anticlinal with east-west axis. The beds in the 
centre, or the lowest, are purplish-red slates, interstratified with reddish 
quartzite; over these is 60 or 80 feet of quartzite (of which the surfaces 
of the beds are frequently blackened by carbonaceous matter), with some 
layers of graphitic schist, or perhaps graphitic quartz-schist would 
be a more correct term, as the amount of carbon does not exceed - 
10 per cent, or so. These beds are. covered by yellowish shattery 
quartzite. Between the Raidak and the Chengti black-looking rocks, 
no doubt the above graphitic schists are exposed higl^ up on the 
mountain side, in two or three places, by landslips; but I observed no 
trace of them in the Rhekua naddi, where the first rocks north of the 
Tertiaries are red slates and quartzites.

The Damudas and the Daling series (as far as the area examined 
Relations to. Daling concerned) being almost exclusively confined 

beds and Damudas. ĥe Darjiling territory, and the Baxa beds to
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the'Duars, whilst there is a terra incognita between the Jaldoka and the 
Daina, where the base of the hills retreats several miles beyond the 
British frontier, sections are almost entirely wanting to show the 
relations of the Baxa beds to the other series. In ascending the Ma-chu, 
next to the beds containing carbonaceous layers, mentioned at page 29, 
are very brittle silicious flags, with pink calcareous layers, and a few 
of red shale, dipping north-north-west at 50°; these are quite similar to 
some of the Baxa beds in the Pagli and Titi sections (p. 34.). Beyond 
these, and apparently overlying them, are green slates of the Daling type. 
The slates in the Langti are also Doling, and* these seem to overlie those 
further south which are Baxa. Such appears to be the normal position 
of the two series, and it is on the strength of this that I have coloured 
the area north of Baxa as Daling. The only place where I  actually, 
penetrated sufficiently far into the hills to examine this area, was in the 
Alaikuri, the slates in the upper part of which are of an undecided 
type which might belong to either series. Unless, however, there be 
a fault between the gneiss and the Baxa beds, it is difficult to see how 
the D&ling series can be wanting.

The main difficulty is, however, with respect to the relations of the 
Baxas and Damiidas. I  cannot think 'that the strata, including graphitic 
schists, seen in the Uaidak, are Damudas, as they are interstratified with 
beds totally different from anything associated with the latter rocks 
west of the Jaldoka; and, as I have previously shown, such carbonaceous 
schists occur here and there in the Daling beds, where they certainly have 
nothing to do with the coal-bearing series. The Eaidak beds contain no 
coal, dark-grey shale, or other characteristic Damuda rock. It is not easy 
to see how the Baxas can be younger than the Damudas; as, in the 
Darjiling territory, the latter rocks immediately underlie the Dalings 
without sensible unconformity. On the other hand, if they be older, 
where are the Damudas in the Ma-chu section, unless, indeed, they are- 
dropped down by a fault? Judging from the Darjiling and Bhutan 
ground alone, I  should say the Baxas were the oldest beds of all; but,
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on the other hand, one cannot but be struck by some points of resem­
blance between the latter rocks and those included in Mr. Medlicotfs 
‘ Krol group’ at the top of his Himalayan series of the north-west-

C h a p t e r  IY .—Daling and D&rjiling* Series.

Sections are frequently obtainable, showing the j  (motion of ther 
Relations of Daling D “ *m das and Doling series. In every case which 

beds to Damudas. came under my notice, the two series are sensibly
conformable to each other, although j^nerally there is a very marked and 
sudden lithological change.

Thus, in a deep gully which joins the Lehtl naddi from the south 
(p. 28) the strata -dip to the south at about and are inverted, 
the Daling slates being underneath. The last-mentioned rocks, of which 
three or four hundred feet is included in the section, consist of alter­
nating light green and dark greenish-grey, slightly greasy slate, the 
latter variety looking black at a little distance. Some of these alterna­
tions are 50 or 80 feet thickj others only an inch or two, and they prove♦
that, here at least, the fissile planes coincide with the bedding. Resting 
on these beds, at a clearly defined horizon, is slaty Damuda sandstone. 
The thin alternations of variegated slates at the junction do not bring to 
light the least unconformity; and the Damudas include one or two thin 
layers o£ light green slate, similar to that below, at a few inches from 
the base. Above this there is some hundred feet of highly altered 
Damudas, comprising foliated quartzose schists, thin seams of coal, and 
beds of carbonaceous schist, &c., whilst carbonaceous matter is completely 
absent from the slates below.

Sections are obtainable on the southern face of Latpanchor, and in 
.the Ranjang naddi/ where the Damudas dip at 5° and 15°, and in

* The gneiss above the Doling beds is called ‘ Sikkim gneiss’ on the map, but ‘ Dar­
jiling’ is a preferable name, as the gneiss o f Ktfnchinjinga in Independent Sikkim may be of 
a different age.



each case they are covered by Doling slates dipping at the same angle, 
but the absolute junction is not visible. In the Pugo, again, the older 
series consists chiefly of crushed sandstones, with some shale and thin 
seams of coal. The highest beds are graphitic schists, with thin 
layers of grey quartzite, dipping north 30° east, at 60°. Immediately 
covering these, with similar dip, are alternating dark greenish-grey 
and light green, slightly greasy slates, which may be traced for at 
least some hundred yards up stream. The junction is perfectly sharp, and 
the slates do not contain any carbonaceous matter.

In the Mahanaddi, indurated Bamudas of the usual character, with 
coal seams, &c., are visible for about three quarters of a mile. The last 
beds, in ascending the stream, are of crushed massive dark-grey sand­
stone, within 6 feet which are light green slates dipping at 80° to 
north-north-west. These continue for over a mile and a half up stream, 
with a remarkably constant lithological character, until they begin to 
graduate into mica schist and gneiss. Throughout the entire distance 
I  did not observe a trace of carbonaceous matter.

s In some other sections the junction is not so perfectly sharply 
marked as in the above. In the Tista, for instance, Damuda sand­
stone and light green slate are interbanded for some yards, and in 
the neighbourhood of Pankabari the junction is sometimes difficult to 
determine. Between Rani Hat and the cart road, there is a band of slaty 
conglomerate at the base of the Dalings, of insignificant thickness, which 
dies out to east and west.

The light green slightly greasy slates, sometimes interbanded with
• a dark greenish-grey kind, mentioned in some of the

Lithology.
above sections, are the most prominent variety of 

rock for some distance north of the Damuda outcrop. In many places 
they are thinly fissile, but there is a system of divisional planes (some­
times more than one), generally at an angle of 30° or 40° to the planes 
of -fissility, which causes the slate to break across into small pieces. Not 
unfrequently the rock contains thin laminae of white quartz parallel to 
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the fissile planes, showing that the latter are diie to foliation, not to cleav­
age. These slates pass insensibly into ordinary clay slates, more or less 
earthy or silvery according to the degree of alteration they have under­
gone. There are also bands of quartzite and quartz flags, and occasion­
ally some of hornblende schist. The latter are sometimes slightly 
calcareous, or composed of actinolite with magnesian carbonate of lime 
between the crystals, and this rock even passes into impure dolomite con­
taining much actinolite. Such beds are, however, very rare and insignifi­
cant. The almost complete absence of lime in the Doling beds is one 
of the most prominenf lithological distinctions between them and the 
Baxas; another is the rarity of brilliantly-coloured alternations of slate, 
like those in the Titi naddi section, the colours of the Daling slates being 
less variegated and more sombre. '

•

The sections west of the Mah&naddi do not show much of the light 
green slate, so prominent to the east of that river; along the cart road, 
for instance, they are more earthy and arenaceous. I  am inclined to 
think that this is merely due to a difference in metamorphism, combined 
perhaps with lateral change in lithological characters; it may, however, 
be of more importance, and connected with the disappearance to the 
east of the slaty conglomerate which forms the base of the Doling series 
in the neighbourhood of Selim Hill.

I have said that the Daling beds everywhere underlie towards the

Daling’ beds underlie S n eiss ' A lo n S  th e  0u ter faCe ° f  th e  h ills  there 
: the gneissose. is'not much difficulty in drawing a line between

the two, for although there is always a passage from one rock to the 
other, this passage is comparatively rapid. But as we ascen3 the valley 
of the Tista towards the interior of the hills, the lower beds become 
more altered, and frequently changed .into mica schist and even gneiss, 
whilst the gneiss of the upper strata is often of an indefinite character 
with much mica schist. The rocks colored blue about Kalingpung and 
Damsang, and west of the Tista, frequently include bands which are 
quite as much, or more, altered than others in the area colored pink.
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All that can be done is to divide the less from the more altered strata 
on the large scale, and it must be remembered that this is merely a 
provisional separation of convenience, as there is no evidence of. any * 
stratigraphical break. The same difficulties were experienced by
Mr. H. B. Medlicott in the north-western Himalayas,* by whom at. 
least a portion of the metamorphic rocks were shown to be on the horizon 
of some groups of his slate and limestone series.

The slates appear to be faulted against the gneiss in the Little 
Rangit and on the Takvor spur; and the fault may extend to the 
eastward. I  nowhere, however, elsewhere observed any indications of 
faulting along the junction, nor of pseudo-faulting, from deposition of 
one series against a steep pre-existing cliff of the older rocks. It is 
beyond dispute that the Doling beds do underlie the gneiss, and it is,
I  consider, equally ftrtain that they»do so normally and not from inver­
sion. The latter hypothesis would involve nothing less than the com­
plete inversion of all the pre-tertiary rocks over the greater part, if not 
the whole, of the Darjiling district. It would imply in fact that inver­
sion is, so to speak, the normal order of things; for the facts cannot be 
explained Jjy mere local inversion along the lines of contact. Such super­
position of fully metamorphosed rocks on those in a less highly altered 
condition is a phenomenon by no means confined to the D&rjfling hills. 
It has been described by Mr. Medlicott f  as the usual order of things in 
the north-western Himalayas, amongst the strata of his Himalayan 
series, with which, there can be little doubt, the slate and gneiss rocks 
of D6rjninsr correspond more or less completely J.

* Vol. I l l ,  pt. 2, and Panjab Gazetteer, article Geolpgy. •
+ Vol. III.p t. 2, and Panj&b Gazetteer, article Geology.
J In this connection I would refer to Mr. R. Mallet’s recent paper on yolcanic 

energy (Philosophical Transactions of the Royal Society, vol. 168, page 147), in which the 
author shows (page 168) that if  several horizontal beds or layers of rock, o f different 
compressibilities, be subjected to tangential pressure, the work of compr.ession will be greatest 
in the layers of least compressibility, and consequently the heat evolved greatest also. I f  the 
upper of two layers bo the less compressible, it will bo the hotter, and we may therefore reason­
ably concludo, the more highly metamorphosed, if the elevation of temperature be sufficient 
to induco such action. The extent to which the Himalayan rocks have been subjected to 
tangential pressure is abundantly shown by their disturbed and folded condition.
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The greater portion of the area coloured pink is occupied by true 
gneiss, but the rock very frequently passes into

Lithology of gneiss.
mica-schist, or into a variety intermediate between 

the two; a felspathic mica-schist or gneissose schist. Bands of quartzite 
occur but rarely, and hornblendic rocks are extremely uncommon and 
in beds of insignificant thickness. The actual gneiss itself is generally 
composed of translucent, colorless or grey quartz, white opaque felspar, 
and dark brown and silvery mica; it varies in texture from a fine­
grained to a moderately, coarse rock, lenticular layers of different degrees 
of coarseness being commonly interbanded. Almost the only accessory 
minerals are kyanite, schorl and garnet, the last mentioned of which is 
sometimes disseminated through the mica-schist in coarse crystals of 
considerable size. The gneiss is always well foliate^, and the layers are 
not unfrequently wavy, the length* of the waves varying from a few 
inches to as many feet. This is the incipient stage of the sharp crump­
lings on a small scale, which are also common, by which the layers 
are folded completely back on each other.

I  have not observed any granite in the Darjiling district, but 
Dr. Hooker describes the gneiss further north,

Absence of granite.
near Kanchinjinga, as penetrated by numerous 

veins, the intrusive rock being sometimes fine-grained, in other cases 
largely crystallized and composed of u pearly white prisms of felspar, 
glassy quartz, and milk-white flat plates of mica, with occasional: large 
crystals of tourmaline.” * This gneiss -may be different from that of 
Daijiling, and correspond with "Dr. Stoliczka's ‘ central gneiss’ of the 
north-western Himalayas, which is penetrated by innumerable granite 
veins, and which he considers to be the oldest formation of that area 
and of pre-silurian age.

I have shown that the junction of the Doling beds and the Damudas

Daling and Dfirjiling is  a natural 0 n e - Ifc foU ° WS 9 0 m  th is  a n d  th e  
series post-Damuda. above considerations respecting the superposition

* Himalayan Journals, Vol. 1,^ . 2511



of the D&rjfling gneiss, that both it and the Doling beds must be 
younger than the coal-bearing rocks. It would be useless, however, in 
the present state of our knowledge, to attempt to correlate them with 
the known post-Damuda rocks south of the Ganges; as, owing to their 
altered condition, we are without reliable lithological, as well as without 
fossil, evidence to base our conclusions on.

It is scarcely necessary to add that the D&jfling gneiss must be
vastly younger than that of Bengal*-, which, was 

Darjiling gneiss dis- t °
tinct from that of Bengal, fully metamorphosed-and enormously contorted and
denuded before the Damudas were deposited on it. The D£rjfling gneiss 
presents several points of difference lithologically. It is more quartzose 
and the older rock more felspathic; the felspar is, 1 believe, always white 
in the Darjiling rock, while - it is ^very frequently red in. the other. 
Again, the bands of dense tough hornblende rock which are so common 
in the older formation, are absent in the newer, or only represented by 
insignificant layers, and, as far as my examination goes, there is no lime­
stone or dolomite in the hill gneiss. The latter, at least in the Ddrjiling 
district, is never granitoid as the Bengal gneiss so frequently is, and it 
has a greater tendency to pass into, and contains more, mica-schist.

Proceeding up the left bank of the Eaidak river, the first rock met 
with is hornblende schist in thick beds dipping

Bengal gneiss.
north 10° west at 50°, and forming a low eminence; 

only a small thickness is seen. Beyond this is blank for a couple of 
hundred yards, and then Tertiaries come in, dipping locally to north at 80°. 
There can hardly be a doubt that this rock belongs to the gneiss which 
forms most *-pf the hills that are scattered over the alluvial valley of 
the Brahmaputra, and which, according to Mr. Medlicott, there is no 
reason to suppose is distinct from that of Bengal.- The southerly trend 
of the Tertiary 'hills both east and west from the debouchure of the 
Raidak make it.probable that the Tertiaries are not faulted against, but 
-̂------------ ----------------fc---------------------------------------- -----------------------------  —.

* The gneiss south of \ihe Ganges is generally spoken of as the ' Bengal gneiss.’
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overlie the gneissose rocks. The above outcrop is the one solitary point 
at which the Ass&m gneiss has been observed at the foot of the hills 
between Nep&l and the Goalpara district.

C h a p t e r  Y . — T e r t ia r ie s .

The Tertiaries fringe the older rocks continuously from close to the 
Mechi eastward nearly as far as Dalingkot. They

Lithology. ‘ .
are made up mainly of soft massive sandstones and

clunchy beds. The most prominent variety of sandstone is a rather
soft, highly felspathic and slightly micaceous, white rock of medium
fineness, with black specks j a pepper and salt-coloured rock. There are
also light buff-coloured sandstones varying in texture fromfrather coarse
to rather finegrained, and passing into fine earthy beds. "Well-
rounded pebbles, mostly of white quartz, but. sometimes of gneiss and
schists, are very commonly scattered through the sandstones. Near
the bottom of the series they generally contain merely a stray pebble
here and there, but higher up, the pebbles increase in number, and
towards the top, layers and bands of conglomeratic sandstones are
frequent. The pebbles are generally under 2 or 3 inches diameter
and never approach in size to boulders. The sandstones are usually
thick and often very massively-bedded, and false-bedding is common.
They sojnetimes contain .rounded concretionary masses of clunch which
have much the appearance of rolled pieces of foreign roek. The clunchy
beds are grey, greenish-grey or greenish, often micaceous and generally
somewhat calcareous. Usually the calcareous matter is equally diffused
through the rock, but sometimes it is aggregated in nodules resembling
potatoes in form and size. In a few instances there, are layers of
impure light grey limestone mixed up with the clunchy beds. The
latter also become bedded in places and pass into grey, ;sligjitly calcareous-
shale. There are also dark grey shales not unlike unaltered Damuda.
The abov6 varieties are generally mixed up in frequent alternations, but
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great thicknesses of soft massive sandstone unmixed with other rocks 
also occur, especially towards the upper part of the group; the clunch 
and shaly beds are most abundant towards the lower part.

Fossil stems are frequent in the sandstone. They occur up to a 
foot or so- in diameter and 10 or 15 feet long1,

Fossil stems: lignite.
being generally more or less flattened by pressure. 

In most of them the original woody part is replaced by carbonaceous 
sandstone, while the bark is represented by brittle jetty lignite, breaking1 
with conchoidal fracture. In some, however, carbonaceous sandstone 
and lignite are interbanded with each other throughout the entire thick­
ness of the stem, in very irregular layers parallel to the structure of the 
wood. Occasionally the stem consists entirely of lignite, and is then 
generally squeezed quite flat. Besides such recognizable stems, little 
irregular masses and strings of lignite are often met with in the sand­
stone, but never of any size, the largest I ever saw containing less than
2 cubic feet.

There are, however, a few beds of coal in the Tertiaries ; not jetty 
lignite with conchoidal fracture, but soft and flaky, 
very much resembling the Damuda coal in outward 

appearance. The possibility of its being Damuda caught up in the Ter­
tiaries suggested itself to me, but further examination convinced me that 
it is not so. At least two such beds are met with on the cart road, one 
of which is a lenticular mass 6 feet thick, but only extending few a few 
yards laterally ; it may represent a looal accumulation of drifted vege­
table matter. The other varies, where exposed, from 9 to 2 inches in thick­
ness, and wliat is possibiy the same bed is exposed at two or three 
points lower down the winding road. An assay of the coal from the 
second bed shows that it contains 43-2 carbon, 19'6 volatile matter, and 
87-2 ash, or nearly half as much volatile matter as carbon. The 
highest "percentage of volatile matter in the Damuda coal is less 
than a fourth that of the carbon, and the average only one-eig’hth. 
These Tertiary coal beds are by no means common, not more than half 
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a dozen outcrops having been observed altogether, none of which 
showed any reasonable promise of commercial value.

I  shall allude to the ferruginous beds of Lohkrgarh .when describing
the iron ores of the district. I  may here, however, 

Ferruginous beds. . , , * . . . . . .  V , . ,
point out the similarity m geological position of

the Lohargarh rock, occurring as it does towards the base of the group,
with the-well-known ores of Kaladhungi and Deh-chauri below Naini Tal.
The latter are found in the clays at the base of the lignite-sandstone,
and are represented at intervals along this zone as far as the
Nahan group of the north-west has been traced.* The occurrence of
the Lohargarh rock renders it. probable that the ferruginous band is
represented along the entire length of Nepal also, or from the Satlej to
the Mechi.

A  fine section of these Tertiary rocks is exposed in the Mahanaddi;
, where they dip with considerable steadiness

Thickness.
towards the north-north-west, or up stream, at 

angles the mean of which is probably about 35°. The entire length of 
section is three miles and three quarters, indicating, if all the beds passed 
over represent true vertical thickness, and excluding possible faults, a 
total of over 11,000 feet.

Dr. Hooker was therefore in error in supposing that these strata are 
represented to but a trifling extent in the Darjiling district, and that 
they rise to but a few hundred feet above the sea there.f It is true 
that they do so in the neighbourhood of Pankabari, where they were 
examined by him, but east of the Mahanaddi many of the Tertiary hills 
are over 2,000 feet high. «

The relations of these rocks to the older formations, along the line 
of junction in our present area, seem to resem-

Line of boundary.
ble exactly those in the north-western Himalayas 

which have been described so fully by Mr. Medlicott. He Relieves “  that

+ Himalayan Journals, VS1.1, p. 403.
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the juuctiou is primarily a lineof original contact, possibly modified by sub­
sequent faulting,” *— that the original limit of deposition of these rocks 
■was a steeply escarped coast line, against which the sands and mud were 
banked. By subsequent tangential pressure the consolidated strata were 
crushed up so as to present a pseudo-underlie towards the older forma­
tions ; whilst the steep original contact gives the junction the appearance

*
of being a faulted one. The direction of such an escarpment as the above, 
in highly inclined strata, would generally be determined by the strike 
of the bedding; and in .the Darjiling district, the persistent parallelism 
of the Tertiary-Damuda and Damuda-Daling boundaries would seem 
to indicate that such an escarpment may haye been determined by the 
outcrop of the upturned Damudas.

The Ter£iaries are wanting for some miles eastward of-the Lehti
Break in the conti- na<̂  > ^ e y  occur again in the Ma-chu, but are

nuity of the Tertiary again absent for forty miles eastward of the 
fringe.

Jaldoka. Their absence along this part of the lower 
hills was first pointed out by Mkjor Gowdin-Austen; and, as observed 
by Mr. Medlicott.f it is the only known instance of the kind from the 
Indus to the Brdma Khund. With respect to the question whether their 
absence is due to denudation or to their never having been deposited 
along this portion of the hills, I  think the former is decidedly the more 
probable explanation. -The thickness of strata exposed in the Ghish 
river is as great as anywhere to the west; the group does not show any 
sign of diminishing thickness; yet three miles further easf it has 
entirely" disappeared. The older formations do certainly stretch further' 
south here,, owing mainly to a change of strike, and it is possible that 
they originally ran still further south as a promontory in the Tertiary 
basin of deposition. There is, however, no evidence that they did so; 
and it is more difficult to explain the removal of such a promontory, than 
it is to explain the removal of the softer Tertiary rocks on the alternative 
supposition.

* Vol. I ll , pt. 2, p. 102. 
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Between the Chel and the Langti there are enormdus recent boulder
deposits,* which become finer to the south, and 

Recent boulder deposits. „  .  . , . .  „
eventually gr'aduate into the -ordipary alluvium

of the plains. They form cliffs of three and four hundred feet high
about the debouchures of some of the rivers, lik6 the Jaldoka.
Remembering the difficulty frequently expressed by Mr. Medli-
cott, of separating the true Sivalik strata of the north-western
Himalayas from the recent deposits of the Duns, it struck me as
possible that some of the deposits in question might represent the
Sivalik group. I  did not observe anything, however, tending to prove
that such is the case, or leading me to make any separation in them.
The deposits, which occur all along the base of the hills, may not in
reality perhaps be more largely developed here than elsewhere, but they
are cut through much more deeply by the rivers; and it is to be noted that
this feature occurs in a portion of the strip where the Sub-Himalayan
hills and rocks are absent.

*'The latter reappear some miles east of the Tursa, and are thence found
continuously as far east as the Sankos river, 

Tertiaries near Baxa. i <• , -which was the furthest point I  reached. At the
debouchure of the Raimatdng, there is at the base of the Tertiaries some
two or three hundred fe?t of soft, dark-red, slightly micaceous, earthy
sandstone and sandy clays mottled red and light greenish. Above them
are soft massive sandstones of the ordinary type. The passage beds
are exposed at the debouchure of the Jdngti; ascending the stream, we
have, dipping, at 70° to north—  *

f t .
"Soft white sandstone with black specks ... ... 40
Sandy clay or clunch; red, mottled with light green 
Grey clunch
Lightgreenish clunch mottled with red , 
Sandstone like the first-mentioned ...

30
2

10
5

* Vide Major Godwin-Austen’s paper, Journal, Asiatic Society, Bengal, Vol. XXVII, 
pt. 2, p. 117.



Then a blank, beyond which the ordinary sandstones, &c., come in. 
These beJs remind us of the mottled red clays, &c., which Mr. Medlicott 
describes at the base of the Nahan group.

Conglomerate beds are more largely developed in the Baxa Tertiaries 
than in those of Darjiling; as usual, they occur near the top of the group. 
In the ravine below and immediately west of the right picket at Baxa 
there is a considerable thickness of them—rolled pebbles of sizes up to 
6 inches diameter in an arenaceous matrix. Similar bands are found in 
the Rhekua naddi, which flows into the Sankos.

A  comparison of the above lithological characters with those given
Tertiaries represent ^  Mr‘ Medlicott for his* Nahan group of the

Nahan group. north-western Himalayas *  shows the strong simi­
larity between that group and these Ddrjfling beds. The Nahans are 
essentially the f lignite-sandstones3 of the North-West; and our rocks 
further agree in the occurrence of ferruginous beds and of red clays 
and sandstones near the base, as well as of conglomeratic bands near 
the top. Mr. Medlicott felt satisfied from his examination o f the 
Tertiaries further east, in Upper Assam, that they there represent the, 
Nahan group; and he further pronounces my specimens from the 
Ddrjiling country to be of a decidedly. Nahan type.

_______________„_____________I

* Vol. I l l ,  pt. 2, p. 114,



ECONOMIC GEOLOGY.

C h a p t e r  V I . -^ C o a l— G rap h ite .

C oal*.

I  have mentioned all the coal out-crops as yet found, when describing

Principal known -out- the Damudas, but it may be well to give here a 
cr0Ps- list of the more important ones, or excluding those
under 2 feet thick. Proceeding from east to west, we have—

Thickness of coal

Bakti naddi ... ....

at out-crop. 
Ft. In. 
2 6

Dip.
70°

Ditto . . . 5 6 70*
Ditto (part of thickness concealed) seen ... 1 4 70“

Chirankhola naddi . ̂  ... S' 4" to 7 0 * 55°
Ditto 2' 0" to 8 0

Pagdapdi, south-east of Selim Hill ... • 2 •* 0
Cart road ... . . . 3 6 40°

Ditto 2 0
Ditto X' 0" to 3 6 C

O o 9

Ditto . . . .3 6 45“
Ditto ... _ ... ... ■ S' 6" to 3 6 45°
Ditto . . . 6 0 30°
Ditto 2 6

ewaCO

Tindharia ravine . . . 11 0 80°
.  Ditto . . . 6 0
Mahanaddi river (part of thickness concealed) seen 4 0 70°
Riyem naddi . . . 3 6 70°
Rumtek naddi 7 0 20°

Ditto 2 0 • o 0

Ranjang naddi 3 6 15°

I  have spoken of the above as out-crops, not as seams, because the 
vegetable mould and clay beneath the dense jungle render it impossible 
to trace the seams for any distance. They are seldom visible except in 
the very beds of the streams, nor can a seam be recognised, in a second 
out-crop with any certainty on account of its rapid variations in dip and
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strike, and still more in thickness. The sections are seldom sufficiently 
good to trace the seams by means of the associated beds. Thus the 
same seams almost certainly out-crop more than once on the cart-road, 
and the 6-feet Tindharia seam may be the same as the 11-feet one.

I have included all out-crops of 2 feet and upwards in the list,

‘ Rapid variations in not 011 the opposition that a 2-feet ,seam of coal 
thicknesses of seams. would pay to work, but, as I have previously
explained, the seams vary greatly in thickness within a few yards. Thus,
one of those in the Chirankhola is 8 feet on one side of the stream
and only 2 on the other, and another on the cart road varies from 1
foot to 3 feet 6 inches in the short distance al»ng which the out-crop
is visible. A thickness of 2 feet at the out-crop may be the minimum
thickness of the seam. .

There can be no question that these rapid variations are due mainly, 
o? almost entirely, to the crushing which the roolis have undergone; but to 
some extent they^nay be caused by variations in the thickness of the bed 
as it was originally formed. How much should be attributed to the latter 
cause is a most important element in the question of working the coal, 
and it was partly to gain information on this point that I recommended 
horizontal trial drifts to be driven into a couple of the more promising 
seams, namely, the 11-feet seam in the Tindharia ravine and the 7-feet one 
in the Chirankhola. Mr. Tyndall, Executive Engineer of the D&rjiling and 
Jalpigori Divisions, under whom the work was put, was unable Jo break 
ground at the latter during the rains! The drift into the Tindharia 
seam had bf en driven 4?0 feet in from the out-crop, at the commence­
ment of the rains, and the seam was reduced to 6 feet. It is, how­
ever, very probable that it again increases in thickness further in ; 
and with a view to ascertaining the mean thickness of the bed here, and 
whether it maintains that thickness for some distance, or dies out partially 
or altogether, as well as to gain information as to the constancy or otherwise 
of the dip and strike, and whether the seam has been faulted or not, I

( 52 )



reconimended that the drift should be continued to a length of 300 or 
400 feet into the hill side. Mr. Tyndall thought he would be able to do 
this, although progress is not easy with ordinary kulis unaccustomed 
to mining work. Mr. Blanford states that in the Ranfganj field, the 
coal of the Ramganj -group is more regular and of more even quality 
than that of the- Barakars, and the seams have a uniform thickness over 
considerable areas.* I f  then, as seems not improbable, the D&rjiiing 
beds represent the Ramganj group, it may be inferred with some pro­
bability that the seams possess a considerable degree of persistency.

With respect to the amount of coal existent, I have already alluded 
to the difficulty of determining the number of

Amount of coal.
actual seams. The above list of out-crops is not a 

long one, but the time at my disposal only allowed of my going up the 
principal streams. An exhaustive search in all the smaller streams 
would undoubtedly increase it considerably. On the other hand, in some 
rivers, like the Tista, where the rocks are fairly exposed, while seams of 
a few inches thick.are numerous, not one of importance is visible.

The crushing to which the coal has been subjected has induced
_ , , .... „ a flaky structure, which renders it so friable thatCrushed condition of J

coal- it can be crumbled into a flaky powder between
A *

the fingers with the greatest ease. It was simply dug out of the Trn- 
dharia flrift with kodalis, and a large proportion was extracted in powder, 
whilst what remained in lumps grumbled down on the application of the 
least violence; if handled roughly, or let fall a few inches, the lumps fell to 
pieces. The coal is not quite homogeneous in this respect; some samples 
from the Tindharia drift were a little firmer than others, but the difference 
was trifling, and th% coal at the end of the drift, 40 feet from the original 
out-crop, was as soft and flaky as at the surface. This proves beyond 
question that the flakiness is due entirely to crashing and not in any



degree to surface weathering. Hence no material improvement in the. 
firmness of the coal can be expected as the drift progresses, and there is 
every reason to suppose that the seams everywhere will, like this one, 
prove as crumbly in the interior as at the surface.

The following assays made by Mr. Tween illustrate the com'
position of the 
dried at SIS’ : -

coal; the specimens were first

Dabjilhtg-D amuda  coals. Free carbon. Volatile matter. Ash.

• 1

Rakti naddi, 5' 6" seam 79-3 7-6 13-1

Cart-road, 6 '0 "  seam 74-1 9-0 16-9

Chirankhola naddi, 7' 0" seam 69-6 5-2 25-2

Tindharia ravine, 1 1 '0 " seam 66-3 12-4 21-3

Ravine south of Pankabari, 0' 9" seam 64-0 11-8 24-2

A v e r a g e 70-66 9-20 20-14

The samples were all taken at the out-crop, within a foot or two of 
the surface, but the coal seems to be little altered by exposure. The 
following assays are of samples taken at intervals of 10 feet in the 
Tindharia drift:—

TitrDHAiiiA bavijjb , 11'  0"  seam. Free carbon. Volatile matter. Ash.•

At surface

*
66-3 12-4 21-3

10 ft. from surTace 66-8 11-4 21-8

20 „ 67-5 14-4 181

3 0 ................................ 64-4 10-4 25-2

The coal in many seams has a brilliant sub-metallic lustre; in others 
it is duller. The former variety is more friable than the latter. The 
mineral is an ‘ anthracitic coal; '  not a true anthracite, the volatile matter
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in which does not exceed 5 or 6 per cent. ; that of the 1.1-feet Tindharia 
seam, which contains 12 per cent, or so of volatile matter, cakes to a 
slight degree in the fire. A qualitative analysis of the ash of this coal 
proved the absenqe of both sulphur and phosphorus,1 a most important 
advantage in the manufacture of iron.

Mr. Blanford gives assays of coal from seventeen of the IMniganj 
mines.* The mean of these shows an average composition of free carbon 
51'09, volatile matter 32,64, ash 16-27. I f  we assume, as we fairly may, 
that the Darjiling coal, in its undisturbed state, had about the same 
composition as the Ranfganj, it follows that fluring and since the eleva­
tion and contortion of the former, and its associated beds, the coal has 
lost-on an average more than two-thirds of its volatile matter. The 
percentages of free carbon and ash are thereby of course increased.f

The question of whether the Ddrj fling coal can be profitably de­
livered at the terminus of the Northern Bengal

Mining.
Stat& Railway, say at Sukna, may be conveniently 

discussed under three heads, viz., mining, conveyance of the coal to the 
foot of the hills, and conversion into a usable form of fuel.

The high inclination of most of the seams, as well as the softness 
of the coal, would necessitate a method of mining altogether different

* Vol. I l l ,  pt. l ,  p. 189.

t  A  similar change has been shewn by Prof. H. D. Rogers to have taken place in the 
coal o f the Appalachian field, where the strata are folded up in the Alleghany Mountains. 
In the western part of the field, where the bedding is level and unbroken, the percentage of 
volatile matter ranges from 40 to 50 per cent. “  Eastward of this, on the# Monongahela, 
it still approaches 40 per cent., where the strata begin to experience some gentle flexures. 
On entering the Alleghany Mountains, where the distinct anticlinal axes begin to show 
themselves, but before 'the dislocations are considerable, the volatile matter is generally 
in the proportion of 18 or 20 per cent. At length, when we arrive at some insulated 
coal-fields associated with some of the boldest flexures of the Appalachian chain, where the 
strata have been actually turned over, as near Pottsville, we find the coal to contain only 
from 6 to 12 per cent, of bitumen, thus becoming a. genuine anthracite.'* (Lyell’s Elements 
of Geology, sixth edition, p. 499.— Coal containing as much as 12 per cent, o f volatile 
matter can scarcely be considered a true anthracite).



from that pursued in the Ranlganj collieries, where the greatest dip of 
the worked seams does not", as I  am informed by Mr. Hughes, exceed ten 
or twelve degrees. Coal mining in highly inclined strata is always 
more difficult than in horizontal ones, but in many European fields, like 
those of Belgium, Westphalia, and some of those in England, fuel is 
profitably extracted from highly contorted seams. Where the folds of the 
strata are on a sufficiently large scale, so that the dip is tolerably constant 
for some distance, the coal can be worked at any inclination. But when, 
in addition to such larger curves, the seams are further crumpled up by 
other contortions on a minor scale, the difficulties are vastly increased, 
and may become so great as to render the coal valueless. Now, in 
the previous part of this report, I noticed several instances in which the

* D&rjiling seams are affected in this way, or where they are crushed into 
small and violent contortions, and even doubled back-sharply on them­
selves. This is-decidedly the most unfavourable feature present. The 
coal in many places will be unworkable in consequence, and it is even 
possible that this condition may be so prevalent as to prevent any portion 
being worked to a profit. The rapid variations in the thicknesses of 
the seams, a consequence of the same crushing, is another element to be 
taken into consideration, although of much less importance than the 
contortions. The crushing has, further, more or less shattered the 
sandstone and shale beds, or their equivalents where metamorphosed, 
so that these rocks cannot be expected to furnish as firm a roof as,the 
same strata where undisturbed'. The existence of faults and minor slips 
is also to be expected, and if of frequent occurrence, these would add 
another grave difficulty to working the coal. When describing the 
Damudas, I  noted some instances of the occurrence of such slips.

In the more highly inclined seams, the coal itself would foriji the
roof of the galleries, and as it is far too soft to be self-supporting, there
would be a heavy item of expense for timbering; an item which does not
exist in the R&nfganj mines worked on the post and stall system, where
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the roof is of sandstone or shale supported on stout pillars of coal. It is 
also to be remembered that the further a level is driven into the hill side, 
the greater will be the depth of superincumbent rock, and consequently 
the greater the expense for stronger timbering to withstand the increased 
pressure.

On the other hand, should the- above difficulties not prove insur­
mountable, the coal could be mined, for a considerable time at least, by 
levels driven into the hill sides from the out-crops of the seams. The 
advantages of this would be important. The preliminary cost of shaft- 
sinking through unproductive rock would be saved, and also the expense 
ofwinding-gear to raise the coal, including the capital sunk in machinery, 
and the consumption of coal for winding-engines, such as are necessary 
in mines worked by shafts. The coal, need merely be run out to the 
surface on tramways laid along the main levels. Further, pumping 
machinery and engine-power therefor, which form an important item of 
expense in shaft mines, would not be required, as the mines would drain 
themselves. The soft, friable state of the coal, and the high dips, would 
lead one to expect a considerable percolation of water from the surface. 
The Tindharia drift, however, was quite dry in the interior, although a 
rivulet of water was trickling down the hill side directly above it. 
The surface clay no doubt protects the out-crop, and it would probably 
do so in many other cases also. In a thoroughly wet mine, it is to be 
feared that the water would render the already soft coal so yielding 
that the difficulty of keeping jap the ifcof would be considerably 
increased.

The softness of the coal, although so disadvantageous in other re­
spects} has at least this in its favor, that the work of ‘  getting 1 the coal 
would be easier. Instead of the laborious ‘  holing under and subse­
quent breaking down by wedges or blasting, that is employed in most 
mines, nothing is requisite but to dig the coal out with kodalfs and 
picks, as was done in the Tindharia drift.
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It may be confidently asserted that no risk is to be apprehended 
from fire-damp within any distance from the surface that the mines are 
likely to attain. As such is practically unknown in the Damuda coal 
of the Ramganj mines,* there is little to fear from the same coal after 
it has lost two-thirds or three-quarters of its volatile matter, from the 
disengagement of which the fire-damp originates. It is no doubt 
possible that some of this .disengaged -gas may still remain stored up 
at a considerable depth, but it is highly improbable, taking into account 
the disintegrated state of the coal and the disturbed condition of the 
beds it occurs in.

Another point in favor of the Darjiling coal is the almost total 
absence of trappean intrusions, which do great injury to the seams in 
some of the fields south of the Ganges.f

I f  the results of the trial drifts should prove sufficiently encourag­
ing to warrant an attempt to work the coal on a 

Carnage. commercial scale, the neighbourhood of Selim
Hill would be the most favorable place at which to begin operations. 
Out-crops of fair thickness occur more plentifully there than along 
most other parts of the Damuda band, and the Chirankhola and Tindharia 
seams, which are amongst the thickest yet known, are close to the cart- 
road, although several hundred feet below it. As a temporary measure, 
the coal could be brought up to the road on mules or cattle, along paths 
which would cost a very trifling sum, and then carted down to Sukna. 
The distance along the road, from tbe place where the Damuda band 
crosses it to the foot of the hills, is eight miles, and the differen'ce of 
level, as rfleasured by aneroid, 1,800 feet. The distance in a straight line 
is only three miles. If, subsequently, the out-turn should be sufficiently 
large, it would of course be necessary to make more complete arrange­
ments, the plans which strike one as the simplest being either a tramway 
along the side of the road or a direct wire-tramway.

* Vol. I l l ,  pt. l, p. 174. 
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I observed no good seams near Rani Hat, blit a closer search might 
discover such. Their absence, indeed, would be another point against 
the coal, as showing that the seams near Selim Hill are not continuous 
for two miles to the eastward. I f  found, the coal could be taken down 
the 6asy gradient of the diluvial Rani valley, and thence across the 
Terai to Sukna, a distance altogether of about six miles.

To bring the coal away from the neighbourhood of the Mahanaddi, 
it would be necessary to construct a road or tramway down the gorge 
of that river— about three miles measured along the bed of the stream, 
the distance from the debouchure to Sukna'being three more. But 
this of course would not be undertaken until after mines had been 
opened near Selim Hill, and unless they turned out well.

•

The coal, as extracted from the mine, being in powder, or, at best, in

Conversion into usable lumPS which CrUmble int° P°wder.On the applica- 
fuel- tion of the least violence, it manifestly cannot be
used in its natural state.* It mi\st be artificially compacted before it
can be utilized as fuel for locomotive purposes.

Two ways of doing this, present themselves— namely, coking and 
conversion into patent fuel. The Government of Bengal has directed one 
hundred m&ns to be sent to Calcutta for trial by both methods, but this 
has not yet arrived. Meantime, I  may give the results of some experi­
ments oti a small scale which have been made.

* A small quantity of coal from the Tindharia 11-feet seam was raised by Mr. Partridge, 
the owner of the Tindharia estate, before the drift was opened, and an endeavour made to 
use it, in its natural state, for working the steam-engine which drives the tea-rolling 
machines. I  am indebted to Mr. Montfort for an opportunity of witnessing an experiment 
of this kind. The furnace was being stoked with wood, and the engine working at 25Ibs. 
pressure, when the coal was added in fragile lumps and powder, a good deal o f which fell at 
onco between the fire-bars into the ash-pit. The coal caked slightly, so as to admit, after a 
short‘time, o f being gently stirred and broken up, but being mostly in powder when 
shovelled in, the fire was too much choked to allow sufficient draft, and the pressure soon 
sank from 25 to 15tbs.



Of the coals mentioned at p. 54>, the Tindharia, which contains 
about 12  per cent, of volatile matter, and which cakes slightly in the 
open fire, yields a firm hard coke when the powder is ignited in a covered 
crucible. Coal from the Rakti and Pankabari seams does not coke at all, 
although the assay of the latter agrees closely with that of the Tindharia. 
It is a well-known fact that the coking property of coal does not depend 
solely on the percentage of volatile matter, although a certain amount of 
such is indispensable. Much of the Darjiling coal is too near anthracite to 
give promise of being convertible into a good coke, and the above experi­
ments seem to indicate that some of it will not coke at all. The follow­
ing table shows the amount of free carbon and ash, after the elimination 
of the volatile matter, in the coals mentioned at p. 54.

•
\

■“J” ............ .

Carbon. Ash.

Rakti naddi- ... 5' 6" seam 85*8 14-2

Cart road ... 6' 0" n 81*4 18-6

Chirankhola naddi ... 7' 0" i f 73-4 26-6

Tindharia ravine ... 11' 0" » 75-7* 24-3

Ravine south 6i  Pankab&ri ... ... 0' 9' i f 72-5 27-5

A v e r a g e ... 77-8 22-2

•

As artificial fuel the coal promise's to turn out well. Mr. J. Grant
y

of Bar&kar, who has had the management of patent fuel works at
Kanlganj, was kind enough to experiment on a few pound's of dust-coal
from the Rakti naddi 5' 6" seam. The ingredients used were in the
following proportions:—

Dust-coal ... ... ... ... ] ton.

(Flour ... ... 12 to 16 lbs.
Starch, composed of -<

(Water ... ... 30 to 35 gals.
Crude carbolic acid ... ... ... 1 pint.



After being well mixed, the composition was pressed, by hand 
merely, into small cylindrical vessels, and the cakes subsequently allowed 
to dry. They were then almost as firm as average patent fuel; and 
Mr. Grant is of opinion that, when pressed by machinery, the bricks 
could be turned out as hard as ordinary Indian coal in the block. 
A  couple of the cakes were broken up and tried by Mr. Hughes 
on a smith’ s hearth at the Mint. The fuel burned clearly, with little 
flame, and afforded a strong welding heat. It stood the blast without 
crumbling, and left but little clinker.- It  should be remarked, however, 
that the Rakti naddi coal .has the best composition of any as yet assayed. 
The amount of ash-in the Darjiling coal is greater than that in R&nl- 
ganj, but the higher percentage of carbon fully compensates 'for this. 
The assays indicate that the heating power of average Darjiling coal 
is above that of average R&nfganj, and nearly equal to that of the very 
best seains., The best Darjiling is superior to the best Ramganj.*

* «
Mr. Grant estimates the approximate cost of making the coal into 

artificial fuel as follows :—

Disintegr^jpg the smalls with Pftrr’s patent machine, about- 
Flour (say rice)
Crude carbolic acid 
Moulding 
Drying
Engino-power ...

Total per ton

Rs, A. 

0 2 
0 8 
0 4
0 2 
0 1 
O'. 1

The first item would not be necessary in the case of most, at least* 
of the Darjiling coal, as it is already in a sufficiently disintegrated state. 
Ample water-power could be supplied at Sukna by an aqueduct from, the 
Mahanaddi, thereby saving the consumption of coal for engine-power.

* Vide Records of the Geological Survey of India, Vol. VII, pt. 1, p. 20, for assays of 
the best Ramganj coals.



The cost' of manufacture fnay therefore be taken at one rupi a ton, or 
perhaps rather less.*

The question of the profitable workability of the Darjiling1 coal

Relative cost o f Ram- of course dePends on whether can ^e delivered 
ganj and Darjilmg coal. f or  ^gg Sukna, and the northern part of the

railway, as cheaply as Raniganj coal; in other words, whether the
expenses of mining the highly inclined and much contorted Darjiling
eeams, carrying the coal to Sukna, and coijverting it into usable fuel,
will not exceed the cost of the easily mined R&mganj coal, plus carriage
to the same placfe. I  am indebted to Sir. Prestage, Agent of the
Eastern Bengal Railway, for the following estimate of the cost of
Raniganj coal delivered at Sukna via the East Indian and Eastern Bengal
Railways:—

Rs. A.
Cost per ton of. R&mganj coal delivered at Samnaggar on the

Eastern Bengal Railway ... .s. ... '7  12
Loading at Samnaggar ... ... ... ... 0 4
Carriage to Kushtia ... ... * ... ... 3 8
Unloading at Kushtia ... ... ... . . . 0  4
Ferry across Ganges to southern terminus of Northern Bengal

State Railway ... ... ... 0 14

12 10
Carriage by Northern Bengal State Railway to Sukna, 200 miles

(actual cost) ... ... ... ... 3 0

Cost per ton at Sukna ... ... ... ... 15 it)

This route includes carriage from R&mganj to Biddabatti (106 miles) 
by the East Indian Railway, transport across the Hugli to Sam­
naggar, carriage from Samnaggar to Kushtia (95 miles) by the Eastern 
Bengal Railway, and transport across and up the Ganges (about 20 
miles) to the Northern Bengal State Railway terminus, or in all 201

* This is oxclusive of tho cost of machinery and plant, which Mr. Grant estimates at 
about £900, for a daily outturn of 50 tons.



miles of railway carriage and two ferries. The two main alternative 
routes are— 1st, from R&mganj to Rajmah&l by rail. (178 miles), and 
thence down the Ganges for about 130 miles; and, 2nd, from Giridi 
(Karharbari) to Manghir by. rail (137 miles), and thence down the 
Ganges for about 260 miles. Both these routes have the advantage of 
involving only one shipment into boats. The following are approximate 
estimates of the cost of transporting coal by them:—

Via HaQmahM. Rs. A.

Cost o f coal at Ranfganj per, ton 3 8
Loading at RSmganj 0 4
Carriage by rail to Rajiijahal 6 12
Shipping at Rajmahal 0 %
Carriage by boat to terminus of Northern Bengal State Railway 1 4

12 0
Carriage by rail to Sukna ... 3 0

Cost per ton at Sukna 15 0

Via Manghir. Rs. A.

Cost of coal at Giridi 3 8
Loading aj| Giridi 0 4
Carriage by rail to Manghir 5 11
Shipping at Manghir 0 4
Carriage by boat to terminus of Northern Bengal State Railway 2 8

• 12 3
Carriage by rail to Sukna ...

•
3 0

Cost per ton at Sukna . . . . 15 . • 3

Thus it appears that Ramganj or Karharbari coal cannot be delivered 
at Sukna under about Rs. 15 a ton. The actual ,cosfc of raising the 
coal at Ramganj is, as I am informed by Mr. Hughes, about Us. 1-4 
on an average, or, including cost of management, rather less than Rs. 2 
a ton.



The cost of carrying the Darjiling coal to the foot of the hills by 
tramway, would probably not exceed a few annas a ton. Allowing, how­
ever, Rs. 3 for carriage in the first instance by carts, we have roughly__

Rs. A.
Carriage to foot of hills ... ... ... t>t 3 q
Conversion into patent fuel ... ... ... 1 q

Cost, exclusive of mining, at Sukna ... ... 4 q
Carriage by rail to southern terminus o f the Northern Bengal

State Railway ... ... ... 3 0

Cost, exclusive of mining, at southern terminus o f Northern
Bengal State Railway... ... ... ... 7 0

as compared to Rs. 15 a ton at Sukna and Rs. 12 at the southern 
terminus for Ramganj coal. This leaves a margin of Rs. 11 in the 
former case, and Rs. 5 in the latter, /or the cost of mining the Darjiling 
coal. If, therefore, the difficulties of mining the latter could bd over­
come at oyer double the expense of raising the R&mganj coal, the Dar­
jiling coal would pay at the southern terminus  ̂and it would pay at 
Sukna if it could be brought to bank at over five times the expense of 
raising the R&mganj coal.* I f  we allow, say, 8 annas a ton for carrying 
the coal to Sukna by tramway, the margin for mining will be still 
largei*. Serious, therefore, as are the difficulties to be encountered— 
difficulties which, it is not to be concealed, may prove insurmountable—  
the D&rjiling seams are clearly well worth a fair trial; and I would 
decidedly recommend that the experimental drifts be carried on. 1

G r a p h it e .

I  have already explained that the carbonaceous shales of the 
Damudas are, in their most highly altered condition, converted more or 
less into a graphitic schist, *and that similar beds are occasionally met 
with in the Doling beds. The change, however, of the carbon from the

* This is on the assumption that the coals aro of equal heating power; as I have 
shown, the Darjiling has some advantage in this respect.
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amorphous to the graphitic condition is, as far as my observations go, 
never complete, and is generally very partial indeed. The following 
assays* of semi-graphitic Damuda schist from the Rakti naddi, and of 
so-called graphite collected by Captain Sherwill, and now in the, 
Geological Survey museum, show how small the percentage of carbon i s -

Ash.
Kakti naddi ... ... ... ... 92-0
Near Pankabari (Sherwill) ... ... ... 83-8
Near Karsiang (Sherwill) ... ... ... 84'6

The ash consists mainly of quartz and other silicious matter. It 
is scarcely necessary to say, that even if all the carbon were true 
graphite, a mineral containing 85' per cent, of ash is commercially worth­
less. It is no doubt possible that purer layers may exist; fair specimens 
of graphite have been obtained in̂  the North-'Western Himalayasf 

'from strata similar to the Daling beds, and possibly including Damuda 
rocks. I  have never seen such, however, from the Darjiling hills, and it 
is not probable that any really valuable masses of the mineral will be 
found. Specimens of the Kum£on graphite even, which have been 
sent to England for the opinion of manufacturers, have been pronounced 
by them as useless, or, at best, as not worth more than £ 5  a ton.J

C h a p t e r  V II.—Iron— Copper— Lead.

I r o n .

There is a strong ferruginous «band included in the Tertiary sand­
stones of Lohargarh.S The out-crop runs along the 

Lohargarh. _ #
southern brow of the hill, with a thickness near

th^centre of perhaps 40 yards. The length of the out-crop being about 
a mile from east to west, or between the points where the band disap­

* Made by Mr. Hughes.
t  Vol. I l l ,  pt. 2, p. 180.
J Jour., As. Soc., Bengal, Vol. XXIV, p. 203.
§ Dr. Hooker erroneously states (Himalayan Journals, Vol. I, p. 402), that the iron ore 

is wholly superficial.



pears below the alluvium, there is clearly au almost unlimited supply 
of ore. It is, however, of poor quality, the better portions containing 
only about 30 per cent, of iron, as shewn by Mr. Tween’ s assays—

No. of assay.

1
2 

3

The ore varies from a strongly ferruginous clay to an impure brown 
hematite, and has frequently a pseudo-brecciated aspect. It is not 
smelted by the natives, although there are vague traditions of its having 
been once worked, and of hammers still to be seen on the hill, so heavy 
that no one can lift them! The Chenga naddi brings down lumps of 
ore, an assay of one of which gave 39'6 per cent, of iron, but the 
lumps which stand such water-transport are the tougher and1 purer, 
or less clayey, portions.

Taking into account the poorness of the ore, and the facts that 
there is no considerable supply of limestone within 60 miles (unless in 
the unexplored country of Nepal to the westward), and that the Darjil­
ing coal, i f  practically workable, will certainly be more expensive at the 
mines than Rdmganj coal at the pit’ s mouth; also that wood is already 
growing scarcer and dearer in the hills west of the Tista, owing to the 
demand for tea-making, there is little reason to suppose that iron works 
could ever be profitably established at Lohargarh. In other psfrts of the 
country, more centrally situated, choap coal and good ore are found 
together.

A  valuable bed of iron-ore was discovered four years ago, about a 
mile east-south-east of Sikbhar. It is two* or

Sikbhar.
three hundred feet above the bed of the ller, and 

some three thousand feet above the sea. It has, as yet, only been 
worked at two spots, about two hundred yards apart. The section at 
the eastern digging includes actinolite rock, with some quartz- and talc- 
schist containing octahedrons of magnetite; this is covered by the band

( . 6 6  )

Percentage 
of iron,

30'8
28-7
32-3



C o p p e r .

The method o£ copper-mining adopted in Darjiling is very similar
to that generally pursued in India in most native

Method of mining.
mining operations. The mines greatly resemble 

magnified rabbit-holes; meandering passages are excavated with little 
or no system; and although some precaution is taken to support the roof 
in the more shaky places by timber props, the number of galleries fallen 
in show how inefficiently this is done. ,

The passages average about a yard in height and width; but where 
the rock has not yielded a paying proportion of ore, they are contracted 
to a size barely sufficient to admit a man's body. Access to the interior 
of the mines, therefore, is gained by crawling on * all fours/ and in the 
narrowest parts, by lying flat on the face and progressing after the man­
ner of serpents. As a natural consequence of such a primitive system, 
the excavations cannot be ĉarried beyond a very trifling depth, as com­
pared to European mines; although taking the actual risks incurred into 
count, and imaginary-dangers, which the stillness and darkness within 
the bowels of the earth are not calculated to dispel from the minds of a 
simple, superstitious race, no little courage is shown by the miners in 
excavating as far as they often do.

The tools generally used ar§ an iron hammer and a round pointed 
chisel, which is held by a strip of split bamboo twis‘ted round it. Small 
picks are also sometimes employed.* The lights used are thin strips of 
dry bartboo, a bundle of which the miners take to work with them ; 
they say that the smoke is less •irritating to the eyes than that from 
other kinds of wood. They are, I  believe, all Nepalfs: the Lepchas 
never engage in such occupations.

The ore, which is copper pyrites, is brought from the mines- in
small bamboo baskets of an elongated form, so a s 

Dressing of’the ore.* _ °  ’
to be readily taken along the narrow passages.

* Illustrations of these tools and o f the smelting furnace are given in Percy’s Metal­
lurgy (Vol. I,- p. 388), ' Mr. Blanford mentions that in the Mahanaddi mine, the rock was 
loosened by lighting fijes against it.



After a preliminary breaking-up of the larger pieces and rejection of the 
refuse, the picked ore is broken up small on flat stones, with hammers 
formed of suitably-shaped pieces of quartzite, or other hard rock, tied 
into forked sticks. Subsequently it is pounded to a coarse powder with 
heavier hammers of the same kind.

The powder is washed in troughs made of rough planks fixed on 
the ground, one forming the bottom, which has a slight incline, and the 
others fixed on edge. In form and size the troughs- resemble small 
coffins, but the top and lower end are open. A small stream of water 
flows though, whiuh is regulated in quantity by a dam of clay' at the 
upper end. A  hollow is made in the dam to allow a sufficient stream to 
flow into the trough, while the surplus water runs off by another channel. 
The ore is continually agitated by hand, or with a small basket-work 
shovel, and moved towards the upper 6nd of the trough, by which means 
the larger fragments of copper pyrites, and of mundic if the ore be con­
taminated with it, are collected there, and the lighter residue darned 
lower down. This residue, which still contains some ore, is ground in 
hand-mills similar to those used in India for grinding corn, with grinding 
surfaces formed of slabs of gneiss. It is then re-washed in the same 
way as before, and the same operations sometimes repeated on the 
residue. The ore from the different washings is mixed together, and 
is ready for smelting. Most of the dressing operations are done by 
women.

The smelting-furnace is generally built with some neatness, of 
refractory clay; but in its ruder form consists

Smelting.
• merely of a hole dug in the ground, with a low

clay rim along the sides and front, and a higher one, or a flat stone, at 
the back; the inside is plastered with refractory clay if that of the 
ground itself be not sufficiently infusible. The furtiace is about 18 
inches deep, a foot square at the top, and tapering a good deal towards 
the bottom. When it is dry, small charcoal is filled in to a depth of 
about a foot, and beaten down by a wooden rammer till a saucer-shaped 
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floor of coarsely powdered charcoal is formed, sufficiently compact to 
prevent the products of the smeltings sinking into it. These protect it 
from the blast, and it  is besides too compact to burn easily. There is 
no orifice in the lower part of the furnace. Two clay tuyeres dip nearly 
vertically about 3 inches into it from the top, and are respectively 
connected with skin bellows by horizontal tubes about a yard long. The 
tubes are formed of clay mixed with chopped straw, and are moulded on * 
a straight stick, which is subsequently withdrawn.

The furnace thus prepared is lighted up with charcoal and the 
bellows at each side worked alternately. When at its full heatr the pow­
dered ore is sprinkled in at short intervals, until a sufficient amount of 
reguluS, or ‘ cheku ’ as it is called by the smelters, has collected at the 
bottom of the furnace, covered by the lighter slag. The charcoal is then 
raked away, and .the surface of the slag cooled with a whisp of wet straw 

. tied to a stick. The solidified cake is removed and the fresh surface 
cooled; in this way the slag is taken off in two or three successive cakes, 

*' leaving the heavier and more perfectly fluid regulus behind, which is 
afterwards cooled and extracted.

The regulus (which contains some metallic copper disseminated 
through it, especially in the form of filiform crystals lining the cavities 
of the vesicular mass) is pounded and ground, mixed with an equal 
amount of. cow-dung, and made into balls about the size of oranges. 
After ehying, a quantity of these are spread on a layer of charcoal in a 
place surrounded by stones, and.covered by more charcoal. The whole 
is then ignited, and the regulus thus roasted with free access of air. The 
roasted balls are subsequently crumbled down and ground, and' the 
powder sprinkled into the furnace in the same way as the original ore. 
The slag, when the operation's finished, is cooled and removed in cakes, 
leaving a fluid mass of metallic copper at the bottom of the furnace. 
The copper is sold in this state at the rate of Rs. 2-8 per three sirs, which 
is equal to about lOd. a pound. It is still vesicular and brittle, and 
is re-fused before being wrought into manufactured articles, the refined
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copper amounting, it is said;, to 13 chataks per sir (jfths) of the 
crude.*

Altogether there are over a dozen localities in tbfe Darjiling territory 
Mode of occurrence of an<̂  the Western Duars where indications of copper 

tlle ore‘ have been observed. The examination of these
leads to some important generalizations. \st.— With the exception of 

‘ some copper near Baxa in the rocks of the Baxa Series, all the known 
copper-bearing localities are in the Doling beds. Some are, it is true, 
situated in the transition rocks between the Dalings and the gneiss, but 
none in the genuine gneiss itself. 2nd.— The ore in all is copper pyrites, 
often accompanied by mundic. Sulphate, carbonate and oxide of copper 
are frequent as results of alteration of the pyrites, but they-occur merely 
in traces. 3rd.— The ore occurs disseminated through the slates and 
schists themselves and not in true locTes.f

Mr. Piddington describes specimens of hornblende roek containing 
Copper localities. Pun- iron Pyrifces with a trace of copper from the iieigh- 

'£â ri' bourhood of Pankabari.J I obtained a lump of
clay-slate containing similar pyrites from the bed of the Bissarbatti
stream.

In the bank of the Rani naddi, rather more than a mile above Rani
Hat, a couple of trial excavations have been made

ESni Hat (1). .  ̂ j j _  . .
about twenty yards apart. Dne is m quartz-schist,

dipping north 15° west at 40°, through two or three layers of which, of

Bisman, the lessee o f the Mangphu copper*mine on the Tista, informed me that the 
yield from the various operations at his mine were about as follows: —1 man (maund) of picked 
ore yields 6 or 7 sirs o f washed ore; 7 sirs of washed ore yields 4 of regulus;>4 sirs of 
regulus yields 1 f  sirs o f copper, or about 3 f  to 4£ per cent, o f copper from the picked ore. 
Eight or 9 sirs of regulus aro obtained at one operation in about six hours, and 3 or 4 sirs 
of copper in about three hours. These figures are not altogether reliable. ,

t  Mr. Taylor, a practical miner who examined a mine in the Mahanaddi valley
when it was at work, and whose report thereon is given in the appendix, speaks of the
' lode ’  there. I  believe, however, ho must havo used tho word morcly to express a metal-
liferous band of rock, without reference to its modo of origin.

¥



half an inch or an inch in thickness, iron pyrites with a trace of copper 
is disseminated. The other is in hornblende schist, and the pyrites 
here is even less plen|jful’ than in the first. The excavations were not 
sufficiently promising to induce the niiners to continue them beyond a 
few feet.

About half a mile to the east of the above locality, and perhaps in 
the same stratum, copper has been worked rather

Rani Hat (2),
extensively. The spot is a mile north of, and 

1,100 feet above Rani Hat, near the head of the Chochi stream. The 
rock is quartz with some hornblende-schist dipping north at about 
35°. The copper-bearing stratum averages about 18 inches in thick­
ness. Here and there throughout it copper pyrites is disseminated in 
little layers parallel to the bedding. .These layers are not solid ore, but 
throughout them the pyrites is more <Jr less thickly disseminated, while 
elsewhere in the cupriferous stratum the ore is absent or only visible in 
specks.

There are six galleries now visible, the roof in five of which has 
fallen in within 30 feet or less from the mouth. The remaining 
passage is still open4 and extends to a length of over 90 feet. It, 
like all the others as far as they are open to inspection, is driven from 
end to end through the same stratum;„  and thus, as the passages run 
more or less nearly with the dip of the beds, they descend at an angle 
of about 35°. Although there had been an inch of rain a day or two 
before my* visit the mine was quite dry. As the hill-side here is very 
steep, and’ the mine is near the watershed between two watercourses, there 
is naturally but little water to drain in. The mine was worked for a 
month or two last year, but is now abandoned for the time being.

There is an old mine several hundred feet above the Mahanaddi on 
the west side, near the mouth of the Baffup&ni, 
which has been deserted for many years, ahd all the 

openings have fallen in, so that very little can now be seen. The gangue 
is hornblende-schist with quartz- and chlorite-schist dipping north 4*0°’ 
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west at from 30° to 40°. The main cupriferous stratum seems to be about 
Z feet thick, throughout which the ore, with mun<Jic and traces of blende, 
is disseminated, as in the Rani mine, in little ‘ strings or clustered 'par­
ticles and in specks. Several openings have been made into this stratum; 
and 6 or 8 feet above it, where the rock is also slightly cupriferous, 
there is a trial opening, which, however, was not carried beyond a yard 
or two.

It will be observed that the last three copper-bearing localities are 
situated a little south of the gneiss in the transition beds between it 
and the Dalings, and that the rock is all quartzose hornblende- 
schist, on the same horizon. It is not improbable that all belong to 
one cupriferous stratum extending at least from north of Rani Hat to 
the Mahanaddi, and it is along ^this line that any further search for 
copper in the neighbourhood should be made.

No one with me in the field knew of any. mine in the Mahanaddi 
valley but the above. It would appear, however, from Mr. Taylor’ s 
report, given in the appendix, that more than one mine was worked 
there some twenty years ago. The mine he examined was probably 
different from the above, as he says the ‘ lode3 dips north at 30°; it was 
very probably in the same stratum however, as his description agrees 
closely with my observations in other respects.

Mr. H. F. Rlanford also visited one o£ these mines about the same 
time as Mr. Taylor; he describes the cupriferous stratum as small, 
and the ore as very poor with a large admixture of mundic.*

Mr.’Piddington mentions iron pyrites with a trace of copper from 
Mangwa, a village near the next mentioned 

gWn’ locality,f but no mine appears to have ever existed
there.

* Percy’s Motallnrgy, Vol. I, p. 388.
+ Journal, Asiatic Society, Bengal, Vol. XXIII, p. 479.



The principal Pashok mine is on the hill-side above the Rangiak 
stream. It was worked in Dr. Campbell’s time

Pashok. , .
r by a man named Kajman, who is said to have lost

heavily by i t ; afterwards by Bhotu, and lastly by another Raj man, by
whom it was abandoned three years ago after the discovery of the Mang-
phu mine. The cupriferous stratum is quartzose hornblende-schist,
dipping south-west at 15°, through which the ore, with mundic, is
very sparsely disseminated. Mr. Piddington’s assay of a sample from
this locality yielded only 1J per cent, of copper.* There is another older
mine, close to the bank of the Rangiak, which has entirely fallen in.

The Pashok and Mangwa copper localities appear to be on the 
same horizon as the Mahanaddi and Rani Hat.

Copper is said to have been recently found near the head of the 
Rangbong, west of Pashok, but I  did not hear 

Bangbong naddi. un(.j} after j  had left the neighbourhood.

The Rattu mine is in Independent Sikkim, but I  visited it as it 
was being worked at the time. The rock is grey 
clay-slate with interbanded lenticular layers o  ̂

quartz, through botli of which the ore occurs, but chiefly in the latter. 
The strata dip at high angles, and vertically, with an irregular strike 
from north-east— south-west to north— south. The mine is in a ravine 
which runs nearly parallel to the direction of the strike, so that the 
entrance^ cut across the bedding, but inside there are also drifts rami­
fying parallel to it. The mine is extremely wet, with rivulets of water 
running down some of the passages. The men are therefore unable 
to sink below the level of the stream outside finto which »the water 
drains.

The ore here is the best I have seen, and occurs in considerable 
quantity, as evidenced by the extent of the excavations. Several heaps 
of good picked ore, very free from mundic, were lying about; a care-



fully selected average sample contained 91 per cent, of copper. A 
sample taken from a heap of pounded ore ready for washing gave 7'8 

per cent, when assayed hy Mr. Tween.

The mine about two miles north-east of Kalingpung is in wrinkled 
and wavy clay-slate dipping south-east at 60°, 

K gP 8’ and containing irregular, more or less lenticular
little seams of quartz parallel to the bedding, and interbanded layers 
of very hard and tough light grey quartzite. It is in this rock and 
in the quartz seams that the ore (with a little magnetic pyrites) mainly 
occurs, although a little is also visible in the slate itself. The propor­
tion, even in the quartzite, is very small. The mine was worked a 
couple of years ago, but was given up- on account of the hardness of 
the rock-. There are two openings near each other, the larger of which 
extends about 40 feet along the strike of the beds, with a maximum 
depth of 10  or 1 2  feet.

About a quarter of a mile above the mouth of the Re Ung a trial 
drift has been made some 20 feet above the bed of 

Re Ung. g£ream> The rock, which is clay-slate with
interbanded layers of quartzite, dipping north 30° qpst at 40°, contains 
copper pyrites disseminated through it, but in such small quantity that 
the drift was abandoned after a few feet of progress. This station is 
nearly on the same horizon as the Mangphu cupriferous beds.

The Mangphu copper mine on the Tista is the only one in Dar- 
jiling territory that is worked at present. It 

Mangphu. as j  was 'informed, first opened about four
years ago,.and it has the reputation of being the best mine in the dis­
trict. The lessee last year was a Nep&K named Bisman; his lease 
expired on the 15th of November, and had not been renewed at the time 
of my visit in January, so that mining was temporarily suspended, and 
the men were engaged in smelting the small remainder of ore on hand.

The mines are on the hill-side on the left bank of the Tfsta. The 
latest worked, which are said to have been the most productive, are 
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about 500 feet above the river. The rock is a light green and greenish- 
grey clay-slate containing irregular layers of a grey fine-grained slaty 
sandstone, and dipping north to north-east at from 30° to 40°. The ore, 
with which there is little or no mundic, occurs in both varieties of rock. 
Throughout the entire thickness cut through in the galleries (some 
3 feet), cupriferous layers occur here and there, while in the intervals 
the ore only occurs very sparingly or in specks. The lenticular cupri­
ferous layers, which are parallel to the bedding, vary in thickness up 
to several inches, or even occasionally, as Bisman told me, Tip to a foot. 
Throughout these the ore is ihore or less abundantly disseminated, 
and little nests or short irregular layers of the pure mineral sometimes 
■occur as much as half an inch, or an inch thick. The main passages 
descend with the dip of the beds from the out-crop, the deepest being 
46 feet in length. There are three ethers close to this, one of which has 
fallen in. They were perfectly dry in January.

Five feet below these galleries there is an abandoned trial opening, 
and another about 100  feet higher up, from both of which copper in small, 
but not paying, quantity was obtained. Seven hundred feet above the 
river there are several openings throughout a thickness of 20 or 30 feet 
of strata, which have been abandoned, and nearly all of which have fallen 
in. It appears then that throughout a thickness of at least 200 feet, 
these slaty rocks contain cupriferous bands at intervals, and thajfc a few 
6f  these are moderately productive. But out of fifteen or sixteen 
galleries opened, the majority have been abandoned and allowed to fall in. 
Bisman informed me that only three had paid. As lessee of the mines, 
however, he would not be likely to unduly magnify thei» value, and 
it is possible that some of the abandoned galleries were given up from 
their having been driven as far as the miners thought it safe to go. 
I f  the information Bisman. gave me be correct, the average yield of 
copper from the picked ore is about 4 per cent. He told me he had 
made 72 mans of copper (of 40 paka sirs) during his year's tenure of 
the mine.



In a lateral ravine which joins the Lesu south of Sampthar, 
some indications of copper have been exposed by 

Sampthar.  ̂ landslip, and the out-crop was cleared for my
inspection. The rock is clay-slate, with occasional lenticular layers
of quartz, in which most of the copper pyrites, associated with mundic, 
occurs. These layers contain a considerable proportion of ore, but there 
were only two or three of them exposed, varying in thickness from
2 inches downwards. The dip of the beds is west 20° north at 30°.

Four years ago a small quantity of ore was extracted from a ravine
„ , west of the Chel W  the same men who worked

Ravine west of Chel J *
river. the next-mentioned mine. The slates here dip
north at 40°; and Arjun described the seam as only 1 or 2 inches thick.

This mine, the mouth of which is on a level with the stream, is
now completely filled with stones and water, so

Chel nver. nothing can be seen, except that it is
driven into clay-slate dipping east of north at 30°. It is on the 
western bank of the Chel at a point where the river, which flows in two 
channels above, again joins into one. Arjun, a Nepali, who was sent 
to show me the place, and who had worked in the mijie, told me that the 
locality was indicated to him and others who were searching for copper 
about four years ago by some fishermen on the Chel, who had observed 
what they thought looked like ore. After much labor the miners 
succeeded in turning all the water to the eastern side of the channel, 
thus leaving the western bank dry. The mine was carried ^o some 
20 feet from the surface, following the dip of the beds, the seam varying 
from ajjout 4  inches to a foot in thickness, and Arjun described it as 
having been solid ore with little or no gangue (?). Twenty mdns of copper 
was smelted during four months’ work. The hot-weather had then set 
in, and seven men died of fever. Jangbir, the lessee of the mine, who 
had gone towards Darjiling to sell the copper, also died, and hence the 
mine was abandoned. The seam, however, still maintained its full 
thickness, but its value is greatly diminished by its position. There 
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is no high ground near, so that it must be worked below the level of 
the stream, and in such slates the influx of water would undoubtedly 
be very great.

Copper is said to exist near Chamurchi in Bhutan, and several 
years ago, as I  was told by the headman of the 
place, some Nepalls made a commencement of 

working it, but were driven away by sickness. The headman did not 
know the exact locality, but said it was a short way up the river from 
his village. I found a piece of quartzite in the bed of the stream 
containing copper and iron^pyrites disseminated through it.

About half a mile west of Baxa there is a spot on the hill-side 
where copper has been found, but not worked. 
The rock is greenish slate with quartzose layers, 

the latter especially containing mundic with sopie copper pyrites, and 
the surface debris at the spot is cemented into a gossany breccia. The 
proportion of mundic is greater than that of ore.

Mr. Beckett, when Deputy Commissioner of Jalpigori, gave per­
mission to some Nepalis to work copper ore near Baxa, but I  have no 
information as to whether they actually did so.

Summary o f  copper The'localities in British Territory where copper 
localities. is known to exist may be grouped thus : —

Mine now worked ... ... ... Mangphu;
(  Rani Hat.

* Mines dbandoned, but still partially open ... •< Pashok (1).
.  (. Kalingpung.

Mines abandoned and wholly fallen in or (Mahanaddi, Pashok (2). 
choked up ... ... 1 Eavine west C M  river.

V. Chel river. 
fPankabari.

Localities where trial openings have been_| Bani Hat. 
made and abandoned ... ... j Mangwa.

l_Re Ung.
Localities recently discovered and not yet ^Eangbong. 

tried beyond merely clearing the out- < Sampthar. 
crop ... .... ...(.Baxa.



It appears then that out of the above fourteen localities four have been 
tried by the native miners, but have not been considered sufficiently 
promising to induce them to go on. O f the mines now wholly fallen 
in or choked, Arjun spoke of that west of the Chel as very poor and 
unimportant, but he described the seam in the Chel itself as decidedly rich, 
compared to most of the others. I  cannot say what degree of reliance 
can be placed on his account. Mr. Taylor describes the 'lode'’ he 
reported on in the Mah&naddi valley as feet thick, and estimates the 
yield “ in places”  at 12 to 16 per cent, of ore, which is equal to 4 to 
per cent, of copper. Mr. Blanford describes the ore from this or a 
neighbouring mine as very poor, with a large admixture of mundic. My 
own opinion of the mine near the mouth of the Buffapdni, judging from 
the ljttle still visible, was not more favorable.

The proportion of ore now apparent, in the Rani Hat and Pashok 
mines is very small, but this cannot be considered a fair criterion of 
their value, as the miners would not be likely to abandon them if there 
were any tempting layers of ore exposed at the time. The same seam 
probably varies much in productiveness, and a mine would most pro­
bably be abandoned when the seam was least prodqptive, although the 
percentage of ore might again increase if the work were carried on 
further. No very reliable opinion can therefore be formed as to the 
value of these mines in their present state, but there seems no reason 
to suppose that they were ever more than fairly productive to the native 
miners, if even always that. I  think the R6ni is the better of tiie two. 
Mr. Piddington's assay of ore from tile Pashok mine gave only 1J 
per cei)t. of copper. The proportion of ore at K&lingpung is about 
equal to that at Rani H£t, but the rock is extremely hard and tough.

Work at the Mangphu mind had been suspended for a couple of 
months at the time I visited it, and the only ore yet unsmelted was some 
which had been powdered, and left uncovered exposed to the wash of 
the rain. I  was therefore unable to get any average samples from con­
siderable heaps. The proportion of ore, however, exposed in the
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newest galleries was considerably greater than in any of the deserted 
mines, but several galleries and trial drifts had been abandoned. Accord­
ing to Bisman, the lessee, the average yield of copper from the picked 
ore is about 3 f to per cent. This is equal to poor Cornish picked ore.

The Rattu mine in Independent Sikkim is, as I have said, the 
best I  have seen, the picked ore there containing 8 or 9 per cent, of 
copper, which is slightly above the average yield of Cornish ore.

The exposure of the outcrops did not lead me to suppose that the 
Sampthar and Baxa seams would turn out above the average o f those 
elsewhere.

It. appears then that the best seams are fairly productive, while the 
working of others does not seem to have much more than covered 
expenses, and some have resulted in a loss. The miners have not a 
thriving look about them, and the number of deserted mines is in itself 
suggestive that copper smelting in the Daijfling hills is not a very 
lucrative employment.

The prospect cannot be considered very encouraging towards any 
attempt to work these mines systematically. No

Conditions not en- • •
couraging to European doubt the native miners make a living out of them,
enterprise. barbarous as their way of mining is. The chief
disadvantages of that system, however, lie in the injury to the seam and
the wastefulness by which the greater part of it is left behind in the
mine, while the latter can only be carried to a trifling depth from the
surface. The system is perhaps not greatly more expensive with regard
to what ore is obtained than a more civili?ed method of procedure, as
long as the mines are shallow. The miners may locate th#mselves at
some likely-looking spot and make a profit if they gain sufficient ore
to smelt a few mans of copper. I f  a venture does not tqrn out well, or
when a locality is beginning not to pay, they have merely to pack up
their skin bellows and a few tools and remove elsewhere, leaving behind
them the remains of their clay furnaces and ai few huts made of
branches.



Lodes equal to the better Darjfling seams would no doubt be 
sufficiently attractive in Cornwall to tempt speculation; but the conditions 
in an old mining country, where the requisite personnel and materiel 
are both at hand, can scarcely be compared to those in the Himalaya 
mountains. Metal mining under the most favorable circumstances must 
always be a speculative undertaking, as the rapid fluctuations in the 
value of mining shares and the long lists of non-dividend-paying mines 
in England abundantly shows. It cannot be asserted that an attempt 
to work some of the Daij fling seams must end in loss, but the conditions 
are not such that one can feel very sanguine of success.

I f  any such attempt should be made, it ought to be confined at first 
exclusively to mining, and no expense incurred in preparations for 
dressing and smelting until it has been shown that there is a prospect 
of the mine yielding a fair return.* The ore brought to grass meantime 
could be dressed in the native method, and sold to the native smelters, 
or sent to England, if it should be found advisable in the end to give up 
the project. It would, of course, be absolutely necessary that the work 
should be put under the superintendence of a skilled European miner. 
The workability or otherwise of the Damuda coal  ̂will have important 
influence on the expense of copper-smelting in the Darjiling hills.

I  do not think the natives can be easily induced to adopt a better 
system of mining. It is that which they and

Leases.
their fathers before them have always practised; 

they have no one to teach them a better, nor capital, or perhaps inclina­
tion, to adopt it if they were taught. t)ne step, however, in this direction 
might, I Relieve, be taken— by granting longer leases of the mines. 
The present system is to put up the leases to auction yearly j one which 
must foster a hand-to-mouth mode of working, as the lessee’s interest 
is to get as much as possible out of the mine at the time, careless of what 
becomes of it afterwards. I f  he were sure of possession for a term of 
years, it would be more worth his while to attempt some degree of 
system. No doubt he can always retain possession by bidding highest,
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but he has no guarantee that the bidding may not go above the real 
value of the mine. I think that if permission were given to work any 
of the deserted mines free for a year, so as to allow the miners fairly to 
test their value, and after that leases were granted for a term of years 
by tender or auction, men ^ould be found willing to reopen some of 
them.

L e a d .

I have no information of lead having ever been worked anywhere 
in the present area. I  observed, however, an indication of the metal in 
the Sakkam river, in the shape of a boulder composed of garnet and 
hornblende, containing some galena, with pyrites and magnetite dis­
seminated through it. The boulder, of course, was washed from the upper 
part of the stream.

C h a p t e r  Y III .— Lime—Building stone— Slate— Clay— Steatite—
•Salt-lic/cs.

L im e .

There are three sources from which lime is procurable in the area 
under discussion, namely, from the dolomite of the Baxa series, from 
the impure limestone beds of the Tertiaries, and from calcareous tufa. 
It is the last rock only that is, or, I  believe, ever has been, burned for 
lime.

Mr. Tween's analyses of the dolomite from

White, almost 
crypto-crystalline.

Dolomite. ^  Titi naddi are as follows :i—

Light grey 
saccharoid.

Carbonate of lime ... . . . .  59'7 ... 60'5
„  „  magnesia ... ... 37'8 ... 38'7

Oxide o f iron and alumina ... l'O ... •>
Insoluble ... *. ... '8 ... j  ®



The rock, therefore, contains an excess of lime over that in normal 
dolomite, and is almost quite free from impurity. A high range of hills 
is entirely formed of it, so that the supply is inexhaustible; but the 
dolomite hills west of the Tursa are just beyond the British boundary 
in Bhutan, the authorities of which would no doubt demand a royalty 
for working the mineral. For the supply of Jalpigori the most advan­
tageous locality is a ravine a little east of the Rekti naddi (north of the 
21st boundary mark). The rock in the lower part is black slate, above 
which is dolomite, forming a naked precipice at the head of the ravine, 
from which numberless large and small blocks are washed down every 
rains, so that there is no necessity to quarry. A considerable quantity 
of gravel, and small lumps of a convenient size for burning, is washed 
across the frontier.

The dolomite east of Baxa is within the British boundary.

The clunch beds of the Nahan group are very frequently more or 
less calcareous. Sometimes the calcareous matter

Tertiary limestone. .
is segregated into nodules, and these even* pass

into* short irregular beds of impure grey or yellowish limestone. Mr.
Dejoux, Executive Engineer in charge of the Sealdah experimental
cement works, has kindly analysed some rock of this kind from the
Chirankhola naddi with the. following result:—

Carbonate of lime ... ... ... ... 68'7
„  „  magnesia ... ... ... 1 7

Oxide of iron and alumina ... ... ... 1-3
Clay ... ... . . . »  ... ... 27-4
Sand ... ... .. ... ... -6
JLoss ... ... ... ... ... -3

100-0

Mr. Dejoux is of opinion that the stone would yield a kind of 
natural cement, more especially a kind containing rather more clay than 
the above. The beds, however, are thin, not very frequent, and irre­
gularly scattered through the clunch, so that no quarries, beyond per- 
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haps some, small pits, could be opened. Considerable quantities of cal­
careous boulders are washed down by some of the streams, but they 
vary in composition from a rock like the above, containing 70 per cent, 
or so of carbonate of lime, to a“ merely calcareous clunch, so that it 
would be difficult to obtain a stone for cement purposes having a uni­
form composition. A  rough approximation to the composition can be 
gleaned from the fracture, which is rough and uneven in the calcareous 
clunch; both becomes finer as the proportion of lime increases, until in 
a rock like that of which the analysis is -given it is smooth and con- 
choidal.

One or two of the thickest beds of limestone have been marked 
on the map; but even these do not exceed a few feet.

The lime used in the Ddrjiling district is derived entirely from 
calcareous tufe. In the Rumtek naddi, where a 
quarry is at present worked by a Lepcha, I  had 

an opportunity of observing the way in which it is burned.

The kilns, which are over 15 feet in internal diameter, consist 
each of a circular wall about 10  feet high and 2 feet thick, built 
of flattish stones fr®m the bed of the adjacent stream. The interstices 
on the inside are luted with clay, and at the bottom at opposite 
sides are two orifices, about 3 feet high by 2 feet broad, for the ad­
mission of air, and from one of which the lime is withdrawn. There 
is a rough shed close to the orifice, under which the lime is stored.

The kiln is filled to within 2 feet of the top with logs of wood, 
and then the tufa, in pieces averaging 2 to 4 inches long, is -thrown 
in and piled up into a low cone, the edge of which is on^i level with 
the top of the wall, and the apex some feet above it. After being 
lighted, the kiln burns for about a week, and when tolerably cool, the 
lime is extracted from below and slaked with water, in which state it 
is sold. The uppermost part of the heap of tufa, which is exposed to 
the air, and which merely acts as a blanket to keep that nearer the fire 
hot, is scarcely burned at all, and is returned to the kiln at the next'
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firing. The system of adding the fuel and limestone in alternate 
layers, and keeping the kiln continuously fed, seenjs to be unknown. 
I was told that the average yield per kiln at one operation is about 
300 m£ns, and that the sub-contractor who burns the lime receives 
8' annas- a man for it on the spot from the lessee of the quarry. The 
actual cost of lime-burning in the Daijiling district (including quarry-

* 4
ing the tufa, cutting wood, &c.,) seems to be about 6 annas a man, 
but owing to the expense of carriage it was selling this year at 
Pankabari at.Rs. 3 a man and at Jallapahar at Rs. 2-6. The lime 
in the latter case came from a 'place1 in Sikkim, some miles across the 
boundary, at an elevation of 3,500 or 4,000 feet. From thence it had 
to be carried to over 7,000 feet at Jallapahar across the valley of the 
Ratnman, where the elevation is only 1,600 feet.

The tufa is always nearly pure* carbonate of lime, even when the 
rock from which it is derived is dolomite. Thus analyses of that from 
the Tltl naddi gave the following results :—

Ordinary Crystalline
porous tufa. tufa.

Carbonate of lime ... 98-10 98-50
„  „  magnesia ... ... 1-30 • 1-50

Oxide of iron, alumina, and insoluble matter... •80 •06

• 100-20 100-06

Both carbonates of the dolomite are converted into bicarbonates and 
dissolved by water holding carbonic acid in solution ; but the bicarbonate 
of lime being the less stable compound *is decomposed first, with deposi­
tion of tufa, while the bicarbonate of magnesia is carried off in the 
water.

The ,tufa is nearly always porous, the crystalline variety being rare. 
There is a peculiar species of moss often seen growing on it, which the 
natives assert turns into, and is in fact the origin of, the tufa. I ob­
served what probably gives rise to this idea in the ravine above men­
tioned east of the .Rehti naddi. The water of the stream is so charged 
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with calcareous matter that the dead leaves and twigs in the bed are 
.thickly encrusted with it. Deposits of tufa have been formed at every 
little cascade, on which the moss grows out more or less horizontally, 
and along the sprays which point downwards the water trickles from 
root to apex and then drips off. Thus little stalactites are formed, each 
of which encloses a spray of moss in the centre, and which gradually 
encroaches on the root; while the plants keeps pace in its growth at the 
other end, and crowns each stalactite with a living rosette.

The calcareous matter forming these deposits is derived from various 
sources; from' the dolomite of the Baxas, the calcareous clupches and 
impure limestones of the Tertiaries, the calcareous sandstones of the 
Damudas, and the occasional calcareous bands in the Daling beds.

As might be expected, the largest masses are found along the base
of the dolomite hills; where there is what I

Tufa in Western Duars. .
believe may be considered, an inexhaustible supply 

of lime from this source, independent of the dolomite itself. At the 
Bandapani waterfall (within the British boundary), where there is a 
series of rapids and. cascades of perhaps 50 feet, the stream flows 
continuously on a tufa for at’  least two or three hundred yards, the 
thickness of the deposit, where seen at the lower end, being 7 or 8 

feet. There is a thick deposit near the 20th boundary mark, which 
cements the talus at the foot of the hill into a coarse breccia. Close
to the Tursa river there are masses, of tufa at the foot of the hills,
forming*cliffs 30 feet high; and there are numerous masses where the 
Jangti naddi cuts through-the (folomite. These are some of the .locali­
ties in which I have observed deposits of the kind, but they are no doubt 
to be found in almost every ravine and watercourse.

The magnesian and pure lime from the dolomite hills is.therefore 
well worth attention. It might be burned either close to the Tursa 
(a stream which is navigable for the largest dug-outs to the foot of the 
hills, and for larger boats to within a few miles of them), and thence 
taken down to the Brahmaputra, or in the vicinity of Jainti Hill, east
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of Baxa. The latter locality is, however, less favorably situated, as it 
is some miles from the Raidak, which is a smaller stream than the Tursa. 
"When the Northern Bengal Railway is complete, the lime could also be 
burned 'at the western end of the range, carted to Jalpigori, and then 
taken by rail either to the foot of the hills at Sukna, or down country. 
By one or other of these routes it might compete with the-Sylhet lime 
from CMtak over a considerable part of Lower Bengal, if not in Calcutta 
itself.

Tufa, derived probably from calcareous Tertiary beds, has been 
'worked in a ravine off the Dema naddi for the supply of Baxa with 
lime. The deposit has recently, however, been buried by a landslip.

The tufa deposits in the Darjiling district, which are derived,
. n, not from large masses of limestone, but fromTufa in Darjiling dis- • •

trict- rocks generally containing only a small percentage
of calcareous matter, are on a much smaller scale than those in the 
Duars. It is from them, however, or from similar deposits in. Sikkim 
that the lime used in the district is procured. Tufaceous masses seem
to be more common along the Tertiary-Damuda boundary than else­
where, probably on account of the issue of springs there.

The following list includes all the localities with which I  am ac­
quainted :—

1. West of Pankabari, in a watercourse 500 or 600 feet above the Balasan, 
formerly worked, but now exhausted.

2. In the neighbourhood of the cart ro£d, tufa is found in several of the water- 
courses a few miles from the plains; generally it does not exceed a few inches in 
thickness, ccrtrering the rocks in the beds of the nallas and giving them a rounded 
appearance as if all solid tufa.* Sometimes there are thicker accumulations. 
The bed’of one steep watercourse I ascended was lined with it for 30 or 40 yards, 
the tufa hanging down here and there in stalaotites. It is derived in this neighbour­
hood from Tertiary calcareous clunch, and has been worked in several places.

It is generally very difficult to estimate tlie thickness of a tufa deposit unless a 
section is exposed by quarrying or natural fracture.



3. At the east side of the Mahanaddi, just north of the Damuda-Daling 
boundary, tufa occurs in small- quantity.

4. Tufa was formerly worked near the end of the spur at the junction of the 
Sibakhola and Mahanaddi.

5. A small deposit is said to have been found within the last few menths on
the hill side a little below the mouth of the Kuhi naddi.

6. Near the head of the Kuhi there is a deposit from which lime has been
rather extensively burned within the last year or two.

7. Tufa occurs in small quantity near the head of the Sivok naddi.

8. It is found in considerable quantity in some of the ravines which join the 
Riyem near the mouth of the latter, but has not been worked as yet. The Tertiary 
rocks here are more than usually calcareous.

9. It was formerly worked at Pashok, but the locality is now exhausted.

10. Tufa is said to have been lately found near the head of the Rangbong naddi 
(west of Pashok).

11. There are two abandoned quarries near the head of the Sim naddi (north­
east of Takda). The rock from which the tufa has been derived is a calcareous acti- 
nolite rock. By following the strike of this, other deposits would no doubt be found.

12. Jn the Sambtil naddi (west of Damsang) there is a mass of tufa some 80 
feet long and 20 high, with a thickness varying up to 2 feet or so. It was worked 
some years ago when Major Lance’s bangalo at Damsang was being built. There is a 
smaller deposit about 150 yards higher up stream.

13. Near the left ITank of the Lesu, a little above the Ping or Thaffing naddi, 
there is a mass of tufa through and over which a spring“of water issues. It seems to 
be more than a foot thick in places.

14. In the Rumtek naddi (a small tributary of the Lesu) tufa was being quarried 
this year from by far the largest deposit I have seen in the district. Part of it is 
concealed ]jy surface soil, but the portion visible is about 150 feet long by 30 or 40 
broad, with a thickness at the side, where it was being quarried, of 8 feet. A little 
higher up stream there is smaller deposit, and near the head of the naddi some of the 
watercourses are lined with tufa.

B u il d in g  S t o n e .

There is little demand for other building stone than rubble; which 
is generally procurable from the rocks nearest at hand : coarse slate from 
the Daling beds; gneiss, which usually is easily split into conveniently 
sized pieces; and, near the foot of the hills, the harder Tertiary beds—  
are the varieties of stone mostly used for such purposes.
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Freestone in blocks of any size could be procured from the Tertiary 
sandstones; but unless carefully selected its durability would be open to 
question. There is comparatively little stone from which good ashlar 
can be obtained in the older formations. The Daling beds are mainly 
slaty. Good-sized blocks can be quarried from the gneiss in places, but 
generally it is too schistose to furnish such. A  few  of the Damuda 
beds of sandstone are also capable o f being worked.

S l a t e .

Shortly after my arrival in the district, my attention was directed to 
a reported discovery of roofing slate. On examination of the locality, 
however, I  found that the slate was in no way superior to that frequently 
found amongst the Daling beds elsewhere. From the best slate I have 
seen, slabs cannot be procured more than aSfew inches across, with a 
thickness of a quarter of an inch, and these are too brittle to trim well 
on the edges. Flagstones, for flooring purposes, could, however, pro­
bably be worked in some places.

C l a y .

The gneiss decomposes superficially into a light browh, very plastic 
clay. Both it and the clay resulting from the decomposition ‘of the 
Dalings are used throughout the Darjiling district for making bricks. 
Some of the Doling slates decompose into a white clay which might be 
used for pottery. There is a quantity of this material near £he right 
bank of the stream at the debouchure of the Sakkam. I am told that 
similar stuff is used in Sikkim for whitewashing:.CT

S t e a t it e .

I have already (p. 85) alluded to- the steatite found amongst the 
Baxa beds at the debouchure of the Tursa; which, Major Godwin-Austen 
states, has been used by the Bhutias for m a k iD g  cups, &c. The locality 
is across the boundary in Bhutan.
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SLATE— CLAY STEATITE— SALT-LICKS. 9 I

S a l t - l i c k s .

So-called salt-licks are frequent along the outcrop of the Damuda 
rocks. They occur chiefly where there are seams of coal interstratified 
with sandstone, &c., and are resorted to by the wild animals of the jungle 
for the sake of the saline matter which effloresces to a slight extent on 
the surface of the beds. The ground is trodden down into a black mud by 
the feet of deer, rhinoceros, and elephants, the last of which dig out the 
coal with their tusks to a depth of several feet. The efflorescence is not 
of common salt, but of sulphate of soda which is probably formed by the 
oxidation of a trace of pyrites in the coal, and the reaction of the resulting 
sulphate of iron on soda washed out of the felspar which sometimes forms 
an ingredient of the sandstones.



A P P E N D I X .

From Ca p t a in  H .  C . J a m e s , Officiating Superintendent of Darjeeling, to 
W. G b e y , Esq., Secretary to the Government of Bengal, Fort William, 
— {No. 301, dated the 2Zrd June 1856.)

The Lieutenant-Governor is,' I  believe, aware that Mr. Hunt, the Kailway Con­
tractor of Mirzapore, stated, when in Calcutta, his willingness to send a practical miner 
in his employ, to ascertain the value of the copper veins in the vicinity of Darjeeling. 
Captain Taylor, the miner, aryved here in April, and I at once rendered him every 
assistance to enable him to visit the copper localities: the pathway to the principal 
mine was in such a bad state that I had it put in order, and erected a small shed for 
Captain Taylor to reside in during his stay at the mine.

2. I now beg to enclose Captain Taylor’s Keport, which, I regret to _ say, is not 
of a very favorable character. I  have had much conversation with Captain Taylor 
since his return‘from the mine, and I learn from him that he does not think there 
is a chance of any richer ore being met with, unless a “ level ” is driven from or near 
the river on to the course of the lode which is now being worked; to do this would, I  
understand, cost at least two or three thousand rupees, and it is even then uncertain 
whether richer ore would be found. I presume that it is not the intention of the 
Government to undertake the working of this vein; we must wait therefore till some 
one comes forward with more capital than the man who at present rents the mine 
possesses,.before so expensive an experiment can be undertaken.

3. From Captain Taylor’s reporî it appears that only from 12 to 15 per cent, 
of metal* is obtainable from the ore, and though this quantity does and will pay 
the natives working in their primitive and inexpensive method, no capitalist would 
think of laying out money on so unpromising a speculation.

. 4. Captain Taylor visited some others of the localities at which- copper ore has 
lately been- discovered, but he informed me that tLe indications at the surface were 
not sufficiently favorable to induce him to make further investigations, and, the rains 
coming on, he was obliged to leave many places unexplored.

* Captain Taylor says the lode will jield in places 12 to 16 per cent., and it is dear from his data that 
he meant that percentage of ore, not o f copper.—F. K. M.



5. I have lately seen some very rich copper ores from a mine in Nep&l, situated 
a short distance from this, where in some of the veins the pure metal is found; and 
as the same range of hills runs through the Darjeeling territory, I  feel confident that 
much richer lodes are to be, and will be, here met with: the very thick jungle is the 
great impediment to these discoveries, as during the greater part of the year the surface 
of the ground is invisible owing to the dense foliage which covers it.

6. The balance of the amount of Rs. 180, placed at the disposal of the Super­
intendent of Darjeeling for the purpose of searching for ores, has been laid out on 
that account, and I am glad to report that copper ore has been discovered in four 
other localities. Ill clearing the jungle around the mine, and in making the road 
to it passable, I was obliged to expend more money than I then had in hand, and I 
have now the honor to request that the Lieutenant-Governor will sanction the extra 
outlay, viz., Rs. 48-10-9. I  also beg that-1 may be allowed to spend Rs. 100 during 
the ensuing cold weather in making further search for copper ore and coal, and which 
search I shall be able personally to superintend.

7. I  Ijave delayed the transmission of Captain Taylor’s report, in the hope that 
two Assistants in the Geological Survey, the Messrs. Blanford, who are daily expected, 
would be here and able to give their opiniot on the other localities where copper ore 
has been discovered; but as they have not yet arrived, I have thought it best at once 
to despatch the report.

8. Considering that this report on the vein now worked is not of a very satis­
factory nature, I  have to request that the Lieutenant-Governor will allow me to 
rent it to the present tenant till the 30th April 1857, at the annual sum now paid 
by him, namely, Rs. 100; for under present circumstances I do not anticipate a 
higher offer.

From C a p t a in  f .  T a y l o e , to C a p t a i n  H. C. J a m e s , Officiating Superintendent, 
Darjeeling,— (dated 12th May 1856J

Haying during the past month examined the copper works and the neighbour­
ing hills agreeably to your request, I  beg to hand a report thereof. These works are 
situated near the Manunda river and about nino miles from the plains. Only one 
lode, or vein, is opened and wrought on to any extent; the hill in which this lode is 
discovered is running at about right angles from the river, and tho working is carried 
on about 500 feet from the base. Prom the great declivity of the hill I suppose tho 
rains have washed down the superincumbent earth, showing the back or top of the 
lode in an easterly aijd westerly direction with a dip or incline or underlay north of 
30° from the horizon.

2. This lode is about 2^ foot wide, with well-defined walls imbodded in gneiss 
or mica-schist. Tho component parts are chiefly quartz, iron pyrites, prian, blende 
chlorite, and gossan intermixed throughout with copper pyrites (some of which I
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herewith send), which is frequently termed peacock-ore, from the gorgeous play of 
iridescent hues on the faces, angles, &c. Also, a little carbonate of copper with some 
spots of black copper ore. At present the lode will yield in places about 1 ton per 
fathom, and produce from 12 to 16 per cent.*

3. The extent of these workings is about 80 fathoms in length and 20 fathoms 
in depth, or “ on the course of the incline,” at the furthermost point. The men have 
no regular system of, worlrihg, but have burrowed in wherever the best spots of ore 
appeared. The superincumbent earth and rock is supported on props of timber
3 feet high: I never saw such holes before ; but the continual sitting on their hams 
gives the hip and knee joints that suppleness which allows them to' work in low places 
with ease.

4. The character of the lode throughout indicates that good deposits may be
found at a greater depth; it much resembles many productive lodes I have seen in 
Cornwall,t especially the Caradoff lodes near Liskeord, with the exception of the 
underlie, which I attribute to the great declivity of the hill, and no doubt it wilf 
be found greater as the works deepen. The average dip or inclination of the Cornish 
lodes is about 55° or 60° from the horizon; but frequently reckoned from the vertical 
as 2 or 3 feet in one fathom. *

5. I have traced this lode for a considerable distance. At one point about four'or 
five miles west, it was formerly worked on to a small extent, and 'some oro' smelted. 
The matrix is a little harder. The component parts as aforedescribed, producing 
some good stones of ore, are, I think, of a little richer quality. I have also found 
three other -lodes, only one showing any good "indications at the surfacf, which is 
about six miles south-east from the present-yrorkings: I opened on it a little, and broke 
some stones containing* good copper pyrites; but the immense jungle is the'great 
impediment to making a minute investigation. In visiting the coal locality, which 
is near the -plains on thd Manunda river, I found three'small veins imbedded in a 
compact sandstone, {wo of which are within a space of 40 feet. The river had 
undermined a large hill causing a portion to fall, thereby showing a section 100 feet 
in height^and length. I do not put much .stress on these small beds of coals, but 
others of importance may exist. The place is densely covered with jungle, but boring 
may be resorted to during the dry seasoi*. Finding coals would be essential for smelting 
purposes, transporting the ore would be ruinous. The Manunda river is by no means 
navigable.

6. Their present mode of dressing or cleaning, smelting, &c., is rude in the 
extreme. 'The first part of their process is to break .or crush down the ore on a large 
stone, which-serves for an anvil, and a stick attached to anotHer stpne for a hammer or

*~£iiual to 4 to Bi per cent, o f copper.—P. B. M.

t  No trustworthy comparison can be drawn between metalliferous bed* of rocli and trne lodes liko 
those in Cornwall.—F. E. M.



sledge. When so reduced that the whole would pass through what we term “ a three- 
hole,” or a sieve having nine holes in a square inch, they carry it to a strake, or 
small incline, made with planks about 8 feet long 1| feet wide, having two sides and 
head-boards; and then wash off a great part of the impurities, which constitutes their 
dressing department. The produce they make of the copper ore is about 10 per cent. 
They then take the cleaned ore and put it with charcoal into a furnace, and two men 
keep up a continual blast until the whole is melted to a regal or lump.

2ndly.— They bruise down the lump and mix it with cow-dung, then put it in a 
slow fire for two days; and for refining they again put it in the furnace with more 
cow-dung and charcoal, and give it a strong heat until the whole is smelted or converted 
to a fluid, the copper, being the heaviest, settles to the bottom. They work the pure 
copper into cooking utensils, which they sell at about one rupeo per seer.

7. Their mining operations from the first to the last stands open to great improve­
ment, instead of working in the side of the hill as they now are, with the disad­
vantage of the lode underlaying in the hill, and, if I may be' allowed the term, 
pulling the ore out “ by the hair of the head.”

I should recommend a level to be driven from or near the river on the course
•

of the lode; which would not only gain a good back or top, but prove to a fair depth 
the intrinsic worth of the lode. Generally speaking, the copper lodes are found the 
most productive, from 30 to 70 fathoms below the surface; and, as it cannot be 
expected that one yellow copper ore lode of 2 or 3 feet wide can yield ore enough to 
compensate any adventuro for the outlay required in India, in fact such instances aro 
rare in England. Therefore I should recommend levels to be -driven to intersect other 
lodes; points for driving could with little difficulty be marked out with bearings 
during the dry season. As to the machinery required, it woulfl depend greatly on tho 
condition the ore would be found in, also whether above or below the adit level; 
but at all seasons of the year there is ample water power to work all machinery re­
quired. A crushing mill from 20 to 24 in diameter would be absolutely necessary. If 
coals can be procured for smelting purposes, charcoal would be of but little moment. 
I suppose with coals it would take fifteen parts to produce one part metal, allowing 
the ore to produce 15 per cent. Then'I should judge from the copper produced and 
indications of the lode opened, as well as fron» the general appearance of the neigh­
bouring hills, that such explorations would in time prove the district to be a dividend- 
paying mining locality.
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Geological sketch o f  Naini Tal; with^some remarks on the natural condi­
tions governing mountain slopes, by-C. S. M id d lem iss , B.A.*, Geological 
Survey o f  India. (With a map and plate.)

P r e l im in a r y  R e m a r k s .

The geology of Naini Tal, in its purer scientific aspects, is neither very attractive 
nor very instructive. The absence of all fossiliferous de- 

ferous ôcks.0* tossl1'' posits in the vicinity older than la'te tertiary makes it im­
possible to assign to the rocks their absolute geological age, 

as well as takes away#all scope foi; the fossil-hunter, and all that vivid interest whicih 
centres round the petrified remains of an earlier life on the earth: we cannot speak 
familiarly of a “ Carboniferous limestone,” nor of “  Silurian slates,” neither can we 
wander forth'with hammer and chisel to any well-kndwn locality whence a harvest of 
palaeontological specimens may be gathered.

Besides this, there are no mines of economical wealth to be disclosed. There is
j, . , , . . neither gold in the streams, nor copper nor lead in the lime-No mineral wealth. 0 , , ,stone: there is a dearth of useful minerals, with a trifling

exception, as there is' a dearth of fossils.
At first sight, then, it is difficult to imagine what the geologist can find to say of a 

district so barren and unfruitful; and I must caution the reader at the outset that 
here will be found no idyllic geological romance. If he wishes to know whafis 
concealed beneath the bright verdure of young mountain grass, dotted with the 
sombre oak, rhododendron, and cypress, he must sit down to a m'ental exercise such 
as chess or a mathematical problem.

Nearly every visitor to Naini Tal knows that, roughly speaking, there is a 'differ­
ence between the rocl%forming each side of the lake; that 

thê paper'defined  ̂ there is limestone on the ragged Ayarpata' side and slate 
(locally called shale) on the gently sloping Government



House eide. A little more inquiry would teach him that this broad distinction is 
not everywhere carried out. A certain amount of slate will be found associated with 
^he limestone on the south-west side, whilst a few outlying patches of limestone will 
be found covering the slate on the north-east side. Without going into details here 
as to certain other variations which occur, I may briefly state that there is a definite 
geological pattern, more or less concealed at the surface, set out before us as our 
study, the salient points of which are represented in the geological map of the settle­
ment. It is this pattern—this inlaid-work of different rocks—that we must understand, 
and if the reader has the patience to accompany me in a few rambles over these hills 
with other objects than picnicking, I hope at the conclusion to make him as familiar 
with the mechanism of. the earth’s crust here, as a watch-maker is familiar with that 
of a time-piece. He will be able to see faulted bopn^arigs and natural boundaries 
as clearly portrayed on the surface of the earth as if the hill-sides themselves were 
painted different colpurs, and thus he will find that the chaotic rock pattern pf the 
hills is not accidental, but has a real meaning in the growth and development of tjje 
mountain area.

In this country, where the lamp of pure science burns feebly, or not at all, there 
are perhaps but few who on coming to Naini Tal are able to look upon the land­
scape with a geological eye, but few who. see in the surrounding hills and valleys 
any harmony of composition and structure other than that of a pictorial kind. For 
the rest, Deopata is one peak and Ayarpata another, whilst the different glens, valleys, 
and tarns are each themselves and nothing more. All latent bonds of structure and 
origin, all the hidden processes of constant change that are ever altering the face of 
tl>e sc.ene, ar(e, I api afraid ? a§ nnpotjeed tQ-day as jf Sir Ch^rjes Lyell Jiad’ never Ijved 
Qr written his “ Principles of Geology.” J hope ip the fpllpwing sketch to draw some 
ljttle attention to this fairly ipteres|jpg theme: pej-ch^pc^ here and there may be 
fqupd ^ome few disciples pf |hjs last-.borp of tjje spiepces {qr whom the' matter may 
not bg uppal^table.

£qn}jpg to the practicaj guestjpn a§ tp what geology }ias say regarding the 
safety and permanence of [he sfatiop n̂,d its communications, I hope tq be better 
updergtood j though oi) spch q subject ppe is necessarily tpngv)p-tje4 to 4 considerable 
extent. Ever since the disastrous landslips of 1880, the Naini Tal public .has beep 
somew;}i.at agitated a? to the probability pf fwj%r landslips, Y'hpSt considerable con­
fusion begp infrcidpced jnto the subject by small flips haying occurred now on 
this sifje, anci &o\y p,n tltf* sjde of the kKe, a^d apparently of slate and limestone 
irrespectively. ‘ Now it would not do for me to blacky a house-hpjder’s prospects 
by proscribing /dangerous any* Particular sit?, in JJaini TM- Howeyer rpijeh I 
might bp £bje t9 do so, J should bring fi shower of gbvsp T*PPn mys<?lf were I tQ 
coftqr a ipaP of- the jstgtion shewing a)l th? dangerqqs localities Aufl yet there 
wpulfl be very lit!Ip difficulty \n so dping. ft i§ merely a probleip involvipg 3, few 
factors 6uch as .composition pf the rpek, its who.le or shattered condjtiop, the angle 
of the hill slope, the angle of dip or cleavage, and the rel§.trop§ the^e four factors 
hold to one another.

Nevertheless, I shall later ftn poyit oi\t broadly (he difference between a safe 
slope and a dangerous slope; apd give a few general principles whereby each resi­
dent may be. able to see for himself whether his. s,ite is ?$fe. or not.



Geology.

Section from  Kath.god.am to N aini Talt

lit addressing tnyself to the geology of Naim Tal—the foundations Of the subject
D, ,, , .. so to speak—I think it will be wdl to describe actual excur-
Bhabar deposits. f *♦ . . m r ntsififns along definite directions in and around Naini Tal. W2

will begirt therefore, as all must who come to this summer resort, with the line of 
country between Kathgodam, the terminus of the Rohilkund and Kumaoir Railway, 
and Naini Tal. Even before reaching Kathgodam there is much to be learnt regard­
ing the features of the country. We may know' by the peculiar labouring of the 
railway carriages that we are not crossing what looks like a vast plain, but are really 
ascending an incline of about 50 feet a mile, which fs abruptly terminated as we can 
sere from the carriage windows by the fOng blue and purple line of the Himalaya! 
rising sheer and steeply out of it. This incline, over which the line'runs, rs knowil as 
the Bhabar. It- is' ar very gently sloping deposit of gravels, with occasional sand and 
clay beds, the outpouring during recent times of the various rivens and streams which 
drain southwards from the Himalayan r&nge. Year by year as the annual monsoon 
bursts upon the steep slopes of the hills', more>andmore detrital material is carried down 
by the uniting erf rills, torrents, streams and fivers, and is' deposited' at the foot of the 
hills when the speed of the streams and tfvers is slackened by-the gentle slope of 
the country. Perhaps nowhere in the world can we get a better insight into* the pro­
cesses by which geological strata are accumulated than along the mountain-foot of the 
Himalaya. This elevated belt of Bhabar gravels which girdles the whole length of 
the southern foot of the Himalaya is the great spoil-bank, the result of the disinte­
gration of the mountains bjj water action. As we get'a nearer view of these mountains, 
we see great rifts in therr sides; that fs to say, the gorges and ravines, whence the 
excavations have been jnacfe by the water to suppiy the gravels- of this Bhabar zonev 
Having once realised this aspect of change and instability in the geological features 
befbre us, and seen hcrw the Bhfbar zone is enriched with material at the" expense of 
the Himalaya, we shall be irt „a position to understand what a- powerful agent of 
change denudation is-in this" efevated mountainous tract subject to about roo inches 
of rainfall every year.

But irt most eases thi’s derimfatioit, except when viewed in' this- Targe way, al­
most invisible to us; Nearly all- the glens whose mouths open towards the plains 
are covered densely with a forest of S'£1‘ and other trees. Only very seldom do bare 
hifl-srdes scored by rainfall and" torrents meet our view. One such case is, however, 
very noticeable, a little east of Kathgodam as we begin the journey up to Naim Tal'. 
A very rapid weathering of the edges of the strata is there taking' place' so' that 
vegetation can keep ncr hold' on the slope, ancf undergrowth a’nd forest alike have 
had to fait. At the base of this wound in the face of the hill, we maysee a yeaTly' 
accumulating detrital fan, which, in a semi-lrquid condition, moves during the rains 
like a glacier over the flatter country to the south, and is a source of much damage 
to the canals in the- vicinitf. Other places n^ar Naini’ Tal where the' individual 
jprocesses of denudation can be studied, especially 'during the monsoon, will be 
mentioned in their place in this paper. I here wish merely to draw attention to the 
act that immense denudation- o£ these Sub-Himalaya takes place, as evinced bjj the



Bhdbar deposits and their ever-changing conditions, without, save in rare cases, 
leaving palpable traces behind them, on the parent hills, whose rounded forms, 
covered with luxuriant forest, undoubtedly at first sight suggest that rest, strength, 
and fixity proverbially  ̂but erroneously ascribed to all mountains.

It is certainly the case that very much more erosion takes place in these Sub- 
Himalaya, than in the outer Himalaya, and still more than takes place in the regions 
of perpetual snow; but the impression on any one visiting these parts is the very 
reverse.- Bare precipices and jagged rock are the rule of icourse, when the limit of 
vegetation is passed at about 12,000 feet abQve the sea, while day and night from 
different causes the hill-sides resound with the crash of falling blocks as they 

-crumble from tottering pinnacles or charge down the terminal moraine of a melting 
glacier. This antagonism of impression and fact is not introduced here as a 
paradox, but rather as an illustration of the magnitude and importance of those 
generally noiseless and invisible forces—denudation by water action—as compared 
with the more striking phenomena effected by frost and snow.

With these general remarks on the Bhdbar deposits, let us turn our attention to 
the section before us. A noticeable orographical feature of 

Sub-Himalayan rocks. Sub-Himalayan rocks on which we first tread is the
absence of that subsidiary and distinct r^nge of hills, which commonly first breaks 
the monotony of the plains, namely, the Siwaliks, and which is characteristically 
displayed south of the Dehra Dun. As we journey.from Kathgodam to Naini Tal, 
we cross no such range of hills running parallel to a still higher range; nor are 
there, any other well-marked surface features distinguishing the younger tertiary 
rocks from the older slates and limestone of Naini Tal proper. All- is welded into 
one nearly homogeneous range with secondary spurs running out to the plains. 
This is an unfortunate accident so far as our section is concerned, from an illustrative 
point of,view, and it will therefore.be necessary to diverge in imagination from the line 
of our section in order to understand the typical aspect of the Sub-Himalayan 
zone.

Away west, along the edge of the hills, in the neighbourhood .of Ramnagar and 
Kdldgarh, we first begin to see a longitudinal subsidiary range to which.the name 
Siwalik may be given geologically, though no such name is- known t<j. the natives. 
As soon as this range begins to set in, we see that it is the accompaniment of two 
younger rock-stages of the Sub-Himalaj&n system, namely, the Upper Siwalik 
conglomerate and the middle Siwalik sand-rock stages. As I have written .fully on 
this subject ill a memoir just published,1 I shall only make a passing reference to it 
here, in order to bring out the connection between the present Bh&bar deposits and 
the older Sub-Himalayan deposits of our section.

The meaning of the word Siwalik—the track of Siva, the destroyer—shews that
even by the natives of this country in a former age the aspect of disturbance and
contortion visible in the rocks of that range had been vividly apprehended. And this 
is the first aspect it is necessary to notice here, for in this respect, and in this only, does 
its geological structure differ from that of the JBMbar zone. At a comparatively late 
geological time, but before man’s appearance on the earth, the Siwalik conglomerate 
lay flat and undisturbed at the foot of a Hiinalayan land almost precisely the same



in its general features as that which now exists. The Siwalik conglomerate tfas then 
in fact the Bhdbar deposits of its day; since which time it, has been elevated and 
marked off from a newer Bhdbar that at once began to form, and has acquired those 
corrugations of its strata in lines parallel to the higher hills, which by superstition 
were credited'to the action of'Siva, and by science are recognised as due to the 
lateral crumpling of the earth’s crust.

But the section'before us, between Kathgodam and Naini Tal, is devoid of these 
two rock stages of the Sub-Himalaya. The whole of the 

The NahaA sandstone, labyrinthine tract of Sdl-covered hills, between the Bhdbar 
zone and the neighbourhood of Douglas Dale, is composed of the lowest member of 
the Siwalik series, namely, the Nahan sandstone. It takes its name from the town 
of Nahan, where our pioneer of systematic geological work in the Himalaya, Mr. 
Medlicott, first described it; and when once seen, in its full thickness of several 
thousand feet, its massiveness, its freedom from local variations, and its general 
character as a rather soft but eminently workable micaceous sandstone, of ochre or 
greenish-brown tints, there is no possibility of mistaking it, not only from one end of 
the Himalaya to the other, which is no mean distance, but even further, as it circles 
round about our north-west frontier on the one hand, or Burma on the other.

Notwithstanding its great thickness, and the majestic fold bent back upon itself 
into which it is thrown, as' illustrated in section I, I have shewn elsewhere in my 
mem'oir that its apparent oneness with the greater Himalaya is misleadihg. Though 
now as much a part of the Naini Tal range (geographically) as it is possible to 
conceive, it is really but a comparatively modern addition to the Himalaya as a whole. 
To be clear in our conception of it we must regard it as once having lain flat and 
monotonous, as the country around Bareilly, at the foot of a Himalayan range not 
very different in its main features from what we now see; and as having then been 
hardened by age and superincumbent strata, and synchronously upheaved and 
welded to form but oije piece with the range of older hills.

Thus just as the Siwalik conglomerate found west of our section is but an ancient 
~Bh£bar country that has been upheaved folded a,nd incorporated with the parent 
Himalaya to the north, so the Nahan sandstone “and shales are but a still more 
ancient Tar at country that has suffered in a like manner save that its incorporation is 
more complete and assured.

Our first excursion therefore, whether by tonga road or by bridle path, takes us 
inevitably across this Nahan zone, the history of which I have briefly summed up. 
For more complete information I refer the reader to my memoir.

At Joli'Kot, a little south of Douglas dale, where'the cart-road, after a divergence 
up the Nalena R., emerges.to a full view of the white 

fault16 mau,'bount*ary houses of Naini Tal, the Nahan zone is left behind. In a 
moment we cross the great master-fault of the south edge of 

the ’Himalaya, called the main-boundary fault, which divides these Nahans from the 
older rocks; but the actual line of this hiatus in the geological structure of the 
country is not marked by any prominent surface feature. This line is one that can 
only be found with great care and patience, j.nd we must not expect the moss- 
covered rocks in the cuttings to tell their tale uninvited ; ■for indeed a very practised 
eye and hand are requisite to determine where the Nahan rocks end, and the older 
Himalayan rocks begin.



For-a. considerable distance, tĥ  rock'north of the jnain-boundary is a very much 
decomposed trap, is decomposed on the surface of the road 

rap' as to greatly resemble the Nahan sandstone.1 Nothing but a
specimen dug from the very heart of the cuttings and subjected to microscopical 
examination will fully reveal that we have crossed the rubicop and that we are now on 
Himalayan as distinguished from Sub-Himalayan formations.

Fora little over a mile this trap continues, and we then enter op the purple, grey,"and 
sometimes carbonaceous slates, which, with the superincum-

Limestone and slates. i- < ebent dark blue-grey limestone, occupy so much of the nearer
ranges in this and other parts of the Himalaya, and here too the mystery of these azoiq 
formations must begin to strike us. Npt a trace'of a fossil has ever been found in them. 
Were we in Wales, or some of the western coupties of England, we could well-imagine 
these slates, grits, and calcareous bapds to contain trilolites, graptoljtes, or mollus- 
ca, such as are so familiar there in the great Silurian and Cambrian systems. And 
as fpr t ê massive limestone, we should certainly be tempted to regard it as the 
movjntain-limestone of the northern counties and be prepared to find it crowded with' 
marine fossils. In this aspect, then, the contrast between these Himalayan rocks 
and those in England of a similar composition is very noticeable. There is .no 
tpom for doubt that both sets of strata w e  accumulated slowly in a fairly deep sea, 
at some period in the world’s history : indeed geology would be no science at all 
were it possible to call this conclusion in question, That being so, there are three 
Courses of belief open to us ; we may. believe that they represent deposits formed 
before the dawn of life pn the earth, or that they were formed under some condi­
tions fatal or distasteful to living beings, or that they once contained these remains 
and that subsequent slow chemical and mechanical changes in the rock have ob­
literated all traces of them. Each of these theories is however beset with difficulties, 
and Himalayan geology has waited long, and mu?t still wait before one or other 
theory can be adopted with any semblance of truth.

Waiving this somewhat transcendental question, let us see what can be learnt as 
to tlje structural history of these formations ip the .building of the Himalaya. On 
pyr line pf section up from Joli Kot to the there is a general dip of the slates at 
angles between 25° and 30°(thpugh often-varying)in a northerly directkin. About f  
mile south of the outlet of the lake"the massive limestone, with some few hard purple 
grit bands, normally $uceee(is the slatfis. If is nevertheless certain that this though 
true is not the whole truth. At rpore than one point along the two or three miles 
occupied by tlfe slates, there must be repetition by reduplication. This i? shQwn by 
the fact of the recurrence of outliers pf the massive limestone at a much lower eleva­
tion ; and further south than that at the lowef end pf the lake. The village of Nai- 
ka^a, due west about a mile from Douglas dale,, is, built on one of these outliers, 
whilst, there is another small one south-east of Ĵanora. Still more west at Balne- 
khan the samp limestone is exposed, and again at Jagueda, south of Khurpa Tal, 
there is a continuous exposure of the limestone of full thickness and dipping steeply 
south-south-west. The horizontal section (Section I) wilj illustrate better tfyan 
words the folding and faulting that has supervened an$ brought about the present 
state" pf things.

1 In the accompanying plate, Section I does not cross' the trap.



We- nfnfSt« not forgetto' notice' the- true cWavage possessed by thesfe- slate?: This"
. ,  ,, is liable to be'overlooked, and mdee'd- hast beeh overlooked1Cleavage in the slates. . , T_. , ,by’ many observers m the Himalaya,' frofti' the' fact that it ge­

nerally coincides with the bedding. The reversed folding and faulting has tended to 
turn'all the in’dividuAl bed’s of-the slate* series so as to dip' toward S' th’e‘ north; which 
is th'e dip'*of the cleavage in tlUs> locality. A little patience will easily'reveal the fait 
that this is not. by1 any- means universal-;. whilst'in some Of the steeper parts' of the 
Balfa ravine;-dues east of the old Gurkha barracks-, fragments of slate rtiay be'picked- 
tip where- the- Cleavage* planes alonfe are well-developed, the bedding being* feebly" in-' 
dicate'd'by different- tint's of grey. A remarkable condition of the slafe all Over-Naini! 
Tal, and indeed in most parts of the Lower Himalaya, is its utter worthlessnbss fop 
roofing purposes: there is no durability in it, as may be seen by the way it breaks 
up and crumbles anywh r̂’e'n'ekl1 t'he surfa'ce'of the ground. This seems to'be due 
in-' the first place to the' fact thao it is" never- very piire; we nearly always see the 
colour of tlie rock chaliging. rapidly through various shades of grey, or purple and 
green,- antf its* texture- altering from" a* smooth; satiny-surfaced slate to an impure 
irregularly-cleaved rock- indicating, sandy admixture; Every here and there- bahdS: 
of strongf grit-or qliartzite' are interbedded; which1 have still further tehded’ to prevent1 
tJie-rbck-'froAb assuming the perfectly pardjlel folia1 s o  desirable foP>eConomical' pur­
poses. But atiave all, the decidedly catdclastic nature of' the rock is'what tells most- 
against if. The-cleaving forces-that-first- made the rock-into* a'slate have,-in this 
greatly crushed region* of the Himalaya, overdone their work ; and" the rock besides 
becoming; cleaved has also1 been* sheared,-that'is-to say, the particles of the rock- 
hdvef not- only re-afranged themselves parallel' to one another to form a slate, but> 
t-hisnot having, given-sufficient! relief to-the-crushing forces; there followed a bodily 
movements’along closelyjpacked' planes of shear,-and these planes of movement cross­
ing, the clekvage have rendered'the rock liable to break'up into splinters:

So fanas»l have seen,-slates a're!nevei> used by the hill people for -roofing pur­
poses, and, they assuredly would be,, could they be found‘to' take the place of the' 
thatch or wooden roofs in this vet-y rainy region. In those parts*’ of the- Himalaya; 
Where the- older1 micaceous schists prevail*- we constantly meet-with the chalets of 
the; villagers roofed' with inch-thick slabs’ of! glistening’ schist, which circumstance 
shewsjhat-slate wou-ld> be’ used- for the-same purpose could; it be found.

As'we aScend-the-last Steep climb’tbwards1 theiakej-we firid-the- massive lime-- 
stone gradually asserting itself, first: in isolated-blocks-cover- 

stone ôJth oTthe like.’  ed with:f.ern and moss.-which-have slipped dwwntfrom above, 
and then- in larger, craggy platforms ctit'-up by deep, damp 

fissures. None of the limestone so far is actually-1'« situ, and all of it possesses A 
tilt downwards in the direction'of the hill-slope. On getting near'the lower baearj 
^he’massive limestone sets in with more intensity, and associated with it are some 
thick, dark, purple- sandstone bands outcropping from Fairy Hall to Springdale; 
Much-oft the latter rock may be noticed built-into the-retaining walls-and-pavements 
as we pass-through the bazar. .But the limestone-is all round’ us,, of a dark indigo 
colour outside, and a paler blue-grey when freshly broken. It is impossible to over­
look it, for directly or. indirectly much of the*beauty-of Naini Tal, and many of its 
most impressive features, owe themselves to it. In the first place it constitutes the 
floor of the dam that keeps back'the water of thfe lake; secondly, all the more rugged



peaks apd precipices west of the lower bazar may be seen to be constituted of it; 
whilst lastly, its rough and honey-combed exterior, and the soil and moisture that it 
forms or attracts, have enticed a luxuriant growth of plants, shrubs and trees to take 
up their labode on it.

We have now arrived in the cool and shady valley of Naini Tal, amid a keener 
and lighter air, amid a more temperate flora of fir, oak, and rhododendron, as con-, 
trasted with the heavy hot sub-tropical climate of the sdl-covered Sub-Himalayari 
tract; we have gained these time-worn slopes composed of rocks that have a wide 
distribution all over the outer Himalaya, and we shall now proceed to take a few 
smaller excursions along such lines in and around the station as will best illustrate 
our purpose..

Section from  the Lower Bazar to Giwalikhet and Ayarpata.
This line of country is well known to picnickers on their way to the “ landslips”

,, „ as they are called. After passing through the lower bazar,View across the valley. 1 . . r °  °  ’
'  where geological observations are hampered considerably by
the usual accompaniments to an Indian native town, and by the noxious'smells of the
sulphur spring which issues from the rock at the lower end of the lake, we get a
good view opposite of the southern spur of#Sher-ka-danda as we ascend by the Tarat
district office. We see the uniform slopes about Stoneleigh composed of the slate
series, with a large number of loose blocks of the massive'limestone still clinging to
the surface, as remnants ot a skin or covering of the limestone that has not yet all
been denuded away. Many of these blocks at first suggest the idea that they have ,
at some period come bounding down the hill-side from the larger masses of the
same limestone higher up near the crest of the ridge, three of which tare very
distinctly seen between the highest point of Sher-ka-danda and the Bleak house slip.
This appearance is however in a measure deceptive, like a great many others which
geology presents to us. These blocks have probably never travelled at any great
pace down the hill-slope, but have gradually, inch by inch, wo*ked their way down
as the underlying rock became eaten away by weathering.

Above the Tarai district office the massive limestone is interbedded with much
Swallow holes purple grit with subsidiary slate. At the bend ip the road

marked 6,627 feet bar. the purer beds of massive limestone 
are met with again, but* they shew no good^evidence of dip. The country from 
this point on to Giwalikhet is very irregular and uneven, full of small hollows, 
and with hillocks of limestone thrown about as it were in a fantastic manner. 
These hollows suggest ancient “ swallow holes ” on a small scale, and recall many 
of the aspects of the mountain limestone country in England. In the rains the 
depjessions become filled with water which cannot easily escape on account of 
a superficial soil of tenacious clay, very slippery to the feet, which clothes this part 
of the hill. At Giwalikhet itself there is a larger wooded hollow also filled in 
the rains by a small lake. I am inclined to think that it also is of the nature of a 
“  swallow hole,” which has had its underground channel filled up by mud and clay 
lo the’ larger extent.

At the south-west end of this tarn tflere is a slight rise as we approach the very 
The landslips awe-inspiring precipices which have received the name

' ’ of the “ landslips.” Directly beneath our feet we look down



a cliff or scarp descending 1,000 feet, 'sheer, at an angle of 6o° or 650.. Above 
us in the direction of the 7,468 feet hill we see another j,ooo feet of sheer rock at a 
somevyhat lower angle. We have thorefore before us in. profile what seems a 
perpendicular cliff, 2,000 feet high, composed of bare beds of limestone with1 some 
interbeijded slates and grits dipping about 30° north.

This view down the landslips is very fine fn any \veather, but more especially in 
the rains when innumerable rills of water are actively at work tearing down fresh 
debris from the high naked scarp, and hurling it out of sight far below us through 
clouds of 'mist, to eventually repose a heterogeneous assortment of fragments on the 
low ground at the head of the Nehal N. There it accumulates, and will continue to 
d o , so until Ayarpata with its riven sides is no more, or until some change in the 
drainage causes it to be swept away by torrents more'quickly than is the case at present. 

This scree material at the base of the scarps is well worth a visit on its own 
Scree material accourit,.if time and space permitted; for there maybe seen, 

in those great gathered heaps, 100 feet or more in thickness, 
the hstlf-way stage in the forming of a new deposit from the wreck of an older one. 
It has not been sufficiently sorted and rolled as to its constituents to be left in 
a horizontal accumulation of gravel and sand, but it lies in any plane on which it 
happens to fall, clothing the hill-sides in#an amorphous mass of angular fragments, 
and .burying completely out of sight all the rock formations which are in. situ 
beneath. Of course it is a transitional, and therefore a very unstable formation, and 
will doubtless never be preserved in the future geological record of this part of the 
earth. Its ultimate destiny is to be much more sorted and rolled as it is carried 
further and further down the Nehal line of drainage to the plains. Every step 
it takes in this direction will tend to select out the coarser and the finer material 
to make the pebbles more worn and rounded, or to split and wear them down 
to powder, until finally they lie in very nearly horizontal layers of alternating sands, 
conglomerates, and clays as a new addition to the Bhdbar deposits.

A small amounf of calcareous tufa is forming in and among this scree material, 
and often lines the water channels, giving a home to a mini-

Calcareous tufa and ature forest of maiden-hair fern in which one may walk Gypsum. J
. ankle deep. Besides calcareous tufa, gypsum in small

quantities is also beihg laid down, sometimes in the lower parts of the precipices 
themselves, but more often among the scree material. Below the site of the old 
Nehalpur bridge there are more extensive beds of it which I have described 
elsewhere.1 •

Mounting from the wooded hollow of Giwalikhet by a long-since disused and 
A scarcely distinguishable path, we zig-zag our way up to the

picnic ground near the top of Ayarpata. On the way we 
cross a bed of trap apparently insinuated among the bedding, and above it a set 
of rocks Containing a fairly large amount of slate of grey and purple colour, also 
dark grey grits or quartzites, besides the ordinary massive limestone. At the picnic 
ground we can see these rocks striking (with a dip of 6o°) almost due east towards 
6,969 feet bar. But a much better section of these same rocks is to be obtained by 
returning from the picnic ground along tRe ridge running south-west to the 7,468

Records'G. S. of I., Vol. X X II, p. 137.



feet peak; half a mile south Of Ayarpata. The band of trap in particular may be 
Trap well-studied along its outcrop just tiofth of this peak.- It

may be seen to be a truly intrusive dyke although apparently 
so parallel to the bedding ; for, near a steep little pinnacle of rock, there is a vein of 
the dark trap distinctly intruded in the limestone, and brecciating it. Ifi & westerly 
direction this thin band of trap may be traced with a little difficulty as far aS the 
Khurpa Tal road. It is well exposed on the new’ mall between the KhurpaTal foad 
and Ayarpata, where it stands out as a harder mass asincmg the softer slates and lime­
stone. Wherever it is clearly seen it may be noticed ta be1 slightly coarser grained 
within than at the sides.

Returning to the picnic ground, and ascending ta the north summit of Ayai'pati 
(7,721 feet), we find the ridge' forming this summit td be'

ed^orthern limb'nVert" composed of the limestone beds dipping south instead
of north, that is ter say. we have Crossed a synclinal (see

Section.II). Bearing in mind the fact that the dip hitherto has been steadily to the 
north, through a ‘vertical height of about 2,000 feet in the limestone series, it is5 
evident that the thickness of this- series must slightly exceed that amount at least: 
Furthermore, from evidence gleaned here and there oh the hill-sides, it may' 
be made out, as shewn in the section, t}iat the northern limb of the synclinal' 
is rapidly inverted, though we cannot trace this inversion everywhere’ on the steep1 
ringal-covered slopes north of Ayarpata. The inversion is the precursor of the fold‘d 
fault which marks the boundary between the limestone and the slates,' the latter 
appearing when the slope of the hill-side slackens in the neighbourhood of Aubrey 
Villa and Emily Cottage. These slates, although appearing to overlie the limestcifi’e, 
can be recognized as really the same as those we have already examined coming' 
definitely beneath the limestone in the section between Kathgodam and' Naini Tal. 
They agree with them in every respect petrologically, and their apparently abnormal 
position is really perfectly natural when we consider the manner in> which- t-he> strata’ 
have been folded and faulted as> exhibited in the section1.

We wil! call this fault the Ayarpata fold-fault for the Sake 01 ruiure reference.
Calculating its' “ throw” from.the relative thickness of the 

fau)!trarpata reversed bed? on each side of the .synclinal We find that ib averages
at least 3,000 feet.

So far in our ascents and descents; since leaving Giwalikhet we have been1 trs- 
„  , versing over a block of strata possessing dips- of variousCountry about Sher- 0 , ,  . , . „  *[. .

wood, Rock-house, and amounts but with a practically uniform strike. As may be'
the hill-sides south and seen 0n the map, the arrows indicating the dip are all turned
west of Clarke,a Bay. towards or from one general direction and the amounts of
dip £ffe large, that is to say, from 40° to 6o° with transitional dips near the Ayarpata
fault of all angles between those amounts, and inverted dips of from 6o? to 4'o°.
On the bazar side of Giwalikhet, including the country about Sherwood, Rock^
house, and the hill-sid'es south and west of Clarke’s-Bay, the strata on the contrary
are practically horizontal, or with a rolling dip that does not accumulate much (see
Section I). The line of division is necessarily a- fault, and- its direction is- very well

marked by a prominent line of gaps and hollows, extending
fauU1Wallkhet croS3‘ from the hollow of Giwalikhet up the stream to the north-east

between the Rock-house ridge and the eastern slopes of Ayar-



•pata, thence to the gap near 6,969 bar., where there is a prOminentchange'in the 
direction of the ridge lines, and thence ^cross the lake to the Khairna road gorge. 
The effect of the fault is greatest to the south-west, and scarcely marked at all on 
the north-east side of the lake. For some distance the band- of trap seen on the 
way up to Ayarpata follows the fault, then vanishes a little west of Rock-house, and 
does not again appear until a little west of St. Loo on the opposite side of the 
lake among 'slates. This fault we. may call the Giwalikhet fault.

Ayarpata, to Deopata and China.
Beginning our traverse where we left off in our last excursion, we descend by the 

landslip road, as it is called .on the map, and notice the 
Hsmdi-Bandi hill* ^  difference in soil arid vegetation as we cross over the Ayarpata

fold-fault, and enter on the slate series. On getting down 
to about the 7,000 feet level we turn through the gap in the' ridge south of Butcher’s 
hill, and find ourselves"once more on the limestone formation. Moreover, we can 
see that from Butcher’s hill along the north-west side of Sleepy Hollow, towards the 
quarries, there is a regular outcrop of limestone cutting by a cross-fault, over the 
strike of the slates to the east. Between Butcher’s hill and Deopata comes Handi- 
Bandi hill, almost inaccessible on most of'its sides, On account of th'e great masses of 
riven rock and tangled undergrowth which encumber the slopes. Nevertheless we 
can see that both Butcher’s and Handi-Bandi hills are but njiniature Deopatas, 
their general structure being almost exactly the same, especially on their southern 
slopes.

We proceed on towards Deopata, and find that the fold into’which the rocks are
• thrown corresponds exkctly to the similar'fold remarked on

the top of Ayarpata. The precipitous southern face is a dip 
slope of 550, th% dip steepening slightly towards the summit and then becoming 
vertical, and inverted at the great fold-fault which goes north of Ardwell and south 
of the Church. This great fold-fault is parallel to, and in its nature identical with, 
the Ayarpata fault, and both were doubtless produced together by one and the same 
e.arth rtlovement. We will call this fault the Deopata fold-fault and the cross-fault 
the Sleepy Hollow cross-fault.

Some of the limestone forming the summit of Deopata is cTolitic, the large grains 
at first suggesting fossils. The limestone is, however, per-

Oohtic limestone. , , c . . . .  . „  . •. ,, fectiy unfossiliferous, so far as all investigations have gone.
Looking down from the cairn along the line of fault we see,, by reason of the verti­
cal depth of the valley, how trenchant and important this fold-fault is, cutting as it 
does, clearly and sharply through hill and hollow alike.

North of the Deopata fault, along the ridge towards China,, we cross over very 
slightly inclined beds which express in their comparatively 
flat arrangement the r̂eat relief to the strata which accrued 

from the fault. There is a thin capping of massive limestone on the. top of the ridge 
as far as the gap, where the road goes to.Kilberry, and beneath it a regular and un̂  
broken sequence of the slate series. Continuing straight up the ridge to China, there 
is much the same thing, slates beneath dipping io° west-south-we*t or thereabouts, 
and a thin capping of massive limestone catching one point of the/idge only.



There is, fcowever, another band of limestone of slightly different aspect coming 
among the slates, and some way beneath the main portion of the massive limestone. 
This thin band is exposed.from the south China peak to the north China peak, in 
one line of outcrop. It is remarkable as at firs.t appearing to be made up of very 
finely pulverised shells. Having subjected a portion of this to the microscope, I am 
able to state that this appearance is unfounded, there bejng not the slightest trace of 
any structure such as a shell in what is really a finely crystalline rock The same band 

i" of rock is also exposed at intervals along the south-west side of China, and indicates 
that a complete layer of it truncates the topmost part of the mountain, though 
the precipitous nature of the south-east side prevents identification of it in that 
position.

There are many points of analogy between China and the “ landslips” inasmuch 
as each consists of a steep scarp of bedded rocks dipping 

Ch?naayinS scarp °£ at low angles and rapidly resolving into scree-material. The 
weather-worn face of China pared down and cut into by 

water-channels with only here and there a portion left sufficiently overgrown to give 
lodgment to a few cypresses, is throughout the rainy season in a constant state of 
disintegration. The outer crust of the precipice after becoming rotten by the soak­
ing it has sustained crumbles away at irregular intervals, and becomes deposited as 
a talus at the bottom of the steeper part: Not seldom these small falls of rubbish 
from the high scarps may be heard many times repeated during the day. Last year 
( 1889) a larger accumulation than usual took place along a line of cataclastic slate 
at the northern end of the lake fault, $tn<i in falling caused no small consternation to 
some of the residents in the vicinity. A scarp of this kind, however, can never 
become very dangerous. The constant shedding of small pieces of the outer crust 
affords the necessary relief which prevents the surface from working up for a great 
land-slip properly so called.

The head of the Naini Tal valley from its ampKitheatre-like aspect, doubtless 
“  Cirque ”  at the * merits the name of “ cirque,” since it is walled in on three 

head of the Naini Tal sides by the Handi-Bandi hills, Deopata and China. From 
valley‘ what I have described above with regard to the denudation
here going on by streamlets it may be inferred that they have been sufficient to 
cause the cirque without calling in the aid of glaciers, or of underground springs.1

China to the Bleak House Spur.

Leaving Cljina behind us, and continuing down towards the' ridge on which 
Government House stands, we find the slate series constant- 

Change of dip. ^  we Fairlight Hall, there is to be
noticed a gradual change in the direction and amount of the dip of the slates. In­
stead of being nearly west at low angles it becomes more south-west at 30° and 40°, 
reaching 6o° locally. This change produces a necessary change in the sculpturing 
of the hill-sides. The scarps die out and dip-slopes begin to take their place (see 
Section II), some of which, south of Fairlight Hall, are very steep and with a convex 
outline.



At'Alma Lodge, in the gap south of Alma Hill, there appears a bed of trap of the 
same constitution as that found on Ayarpata. It is 20 yards 

Trap' thick, and dips with the slates 35° south-south-west. Near
the junction with the slates it is somewhat slickensided. Most probably it is intruded 
along the bedding as in the case of the trap of Ayarpata. Since microscope sections 
reveal the identity of the two rocks, the fact of apparent bedding in the two distinct' 
sets of strata is of itself sufficient to prove that the rock is not truly interbedded, but 
intrusive along the dip planes.

As can be seen from the map, the trap dyke, as we may now call it, extends for 
a considerable distance in a north-westerly direction, keep- 

Extension of the trap. jng throughout its range in the map to a uniform aspect
and thickness. A short distance south-east of Alma Lodge the Sleepy-Hollow cross­
fault shifts the outcrop of the trap to the south-east face of the hill-side, where it 
may be traced only with difficulty for about \ mile on account of the soil and vege­
tation which clothe the slope to a large extent. It then either vanishes according to 
the nature of its intrusion, or it is cut off by the Deopata fold-fault. Whether there 
is a subterranean connection between this .final appearance of it on this side of the 
lake and.its appearance on the other side it is impossible to say.

Microscopically the trap1 is madê  up of plagioclase felspar, and augite, with 
.alteration products hornblende and quartz, the latter filling 

tureofThe trapal Struc’ the spaces between the Other minerals. There are besides 
magnetite and a little apatite. The rock is holo-crystalline, 

and the felspars in regular crystalline forms, which are, however, changed into a 
grey, dusty-1 ooking mineral, .through which the twinning and polarisation colours 
can only be seen indistinctly. The augite is of very pale pellucid brownish- 
yellow colour, separated into irregular groups by'the invading crystals of felspar. 
It therefore is without crystallographic outline. It is much cut up by widely 
open cleavage cracks parallel to the faces of the rhombic prism. Sometimes 
there are fairly Sistin'ct pinnacoidal cleavages visible. The augite is altered here 
and there into a! bright green hornblendic or chloritic mineral faintly dichroic. The 
secondary quartz has been formed by alteration of the felspar, appearing sometimes 
interwoven with the-felspar prisms at one side or end, though it also fills in'spaces 
between the crystals. The rock very much resembles the Limeri' rock2 Nov7| ,̂ 
and also one from the Bhim Tal stfeam f  mile north of the Gola R .3 No.

If the latter resemblance indicates contemporaneity, then {he intrusive position 
of the trap in the limestone of Naini Tal indicates that the basic*traps so extensively 
developed in the neighbourhood of Bhuwali and Bhim Tal are also of later age than 
the Naini Tal limestone—a point that was left uncertain in my last paper.4

The rest of the way along the hill-slope towards the Bleak House spur is over 
slates exposed with a slightly rolling dip- averaging 30° 

Dip slope m the slates. jjown hill-side. Thus the whole of this part of Naini
Tal containing a great number of houses is built upon a dip slope which is so pecu­

1 The rock sections here described were sliced by the Rev. T . D. Gray, M.A., Chaplain of 
Naini Tal, and kindly lent me for description. •

a Records G. S. of I., Vol. X X I, p. 18.
3 ‘ Ditto Vol. XXIII, p. 36.
4 Ditto ditto p. 30.



liar in respect.of the clean sweep that the;- hill-side makes down to the lake, as to 
have suggested to Mr. H. F. Blanford that it was due to the friction of a glacier. 
Later on, in this paper I shall shew reason for discarding the hypothesis that glaciers 
ever had anything to do with shaping the topography of this, neighbourhood. A 
simpler explanation of this feature is to be found in the circumstance that isolated 
patches of the massive limestone are still.left clinging to the surface of this dip slope, 
one at Sher-ka-danda, two more on the ridge between there and the Bleak House 
spur, and a great number of small ones (too numerous to be represented except dia- 
gramatically on-the map) in the, vicinity of the. Bleak House spur. For a strong- 
bedded formation like that of the massive limestone which, judging from these iso­
lated fragments, oiijCe extended probably in a rugged rocky mas£ over the surface of 
these slates, necessarily crumbled away under the action of alternate heat and cold 
and weathering, and eventually left an almost clean swept surface behind.

I have previously in this paper referred to the cleavage in these slates, and the 
smashed condition in which they are frequently found. On 

Convex s ope of de ris. o n e  p a r t  [hg hill there is a great cake of superficial
ijubbjsh slightly cohering because of the calcareous tufa which is deposited among 
it, but which still, in the rains, sometimes partially breaks up and scatters frag­
ments of limestone and slate down the hill slope. The surface of the slope here 
has become convex owing to this accumulation of debris, half arrested by the 
cementing influence of the carbonate of lime. It does not require the gift of pro­
phecy to recognise this as the site of the next land-slip that Naini Tal will have to 
chronicle. For obvious reasons I do not mention the place more- definitely.

The Bleak House spur for many years has been the bug-bear of Naini Tal com­
munications. It will be seen by the map to. be in close 

Bleak House spur. proximity to the lake fault, and therefore within the sphere 
of the grinding and crushing which the softer rocks along the Hne of that fault have 
sustained. The rock, in fact, forming the Bleak House spur, has “ gone into pi ” ; 
and partly owing to that circumstance, partly to the dip" of the slrfte being down the 
slope, and partly to the slope being a junction slope for the massive limestone' and the 
slate, it has been always in a state of collapse kept constant by the undermining 
action of the Balia stream carrying away the fallen talus. Hence the roadway round 
it can never be stable in the rainy months.

Many statements have been hazarded at different times regarding the material
• . „  , forming the dam at the outlet of the lake; and-as a conse-The outfall of the lake. °  ’

. quence a halo of mystery has unwarrantably gathered round
the subject. Some authorities have stated that this dam consists of boulders and 
clay, the stranded moraine of a departed glacier; others, that it is the rubbish of an 
old landslip, which descended from the slopes to the east; whilst others have 
thrown out still wilder theories on the subject. But it is ndt of much moment to 
examine these different errors, the result chiefly of. guess-work. The fact of tie 
patter is, that beneath what is but a mere veneer of tumbled blocks in the bed of the 
stream, the material is what we should naturally expect, namely the rock in situ, 
normally continued from -that which forms the foundations of the lower bazar. As 
coloured on the map, t&is rock is the hartl massive limestone. It crosses-the head 
of the Balia ravine, and is then separated by the lake fault from the slate series of 
Bleak House spur.



G e n e r a l  R e m a r k s .

Let us now tryto, group together some of the-scattered facts brought to light by 
our different excursions in and around Naini Tal. And 

anceoTthe s*rata'StUrb" $rs*’ as refJards the faults, they may be .divided up as 
f o l l o w s ■

1. The Deopata and Ayarpata reversed fold-faults, with an east and west strike.
2. The Sleepy Hollow and Giwalikhet cross-faults, with a north-east or north-

north-east strike.
3. The Lake fault.

Doubtless ip and around the limestone hiljs there are a great many more minor 
faults' that qould never be properly recognised, but those enumerated above are the 
pnly ones which have had any structural part to play in the architecture of this part 
of the earth’s crust. Secondly, as regards thp contortion and folding of the strata 
(which are intimately connected with the faulting), we see that the whole of the area 
noj-th of the Deopata fault, ijorth-east of the lake fault, and south-east of the 
Giwalikhet fault is chiefly remarkable for the absence of any very striking foids; 
The lateral pressure exerted on the rockS here seems to have spent itself partly in 
the production of small irregular contortions in them and partly in cleaving them. 
In the vicinity of China, the genera! dip is very gentle indeed, seldom exceeding 
io ° ;  whilst all the part north-east of the lake and south-east of the Giwalikhet 
fault has also one gentle'inclination not exceeding 30°; and usually in a south-west 
of west-south-west direction. A  slight exception occurs near the south edge of the 
limestone crags at Manora and Hill View, where there is a dip to the north at low 
angles. This area of gentle inclination of the dip planes is, very markedly in con­
trast to the two remaining areas of Ayarpata and Deopata, which have their strata 
dipping often &t angles of 3s much as 60° with a steep and reversed synclinal near 
the Deopata and Ayarpita reversed faults respectively.

This seems to mean that instead of the whole of the Naini Tal area yielding 
alike to the influence o f the lateral crushing to which the Himalaya have been sub­
jected, anfl bending in regular folds of anticlinal and synclinal, there has been vio­
lent moyement only in the Ayarpata %nd Deopata area, whilst the rest of Naini Tal
hats remained practically quiescent. It is plain that the great synclinal fold which 
must have been initiated somewhere about the centre of these twq, areas was, in the 
first place, prevented from carrying the strata Qn the east side of the Giwalikhet 
fault with it by reason of that fault. Ip other words the Giwalikhet/ fault, represents 
the Une of division between the violently tnoyingj strata to the west and the jnore 
quiescent strata to the east. In the second place it is equally evident that the syn­
clinal fold was again broken along the Sleepy-hollow fault, one portion of the wave 
going further north and resting in the position of. Deopata, and th,e other part remain­
ing behind i.n the position of Ayarpata. The final condition then came about by 
the northern limb of the great synclinal (now divided into t̂ yo by the Sleepy-hollow 
fault) becoming vertical, then inverted ^ligl*tly, apd-thej). tearing a little north of the 
axis of the synclinal producing the Deopata reversed fault on one side and the

, Ayarpata fault on the other. • '
The connection of the lake fault with- these movements is not howeiftr at all



manifest.. It presents certain 'difficulties which cannot be entered into fully here, but 
I may mention that on the whole the balance of evidence seems to shew that it is 
the tail-end of a lateral displacement, due to a later earth-movement than any of 
the previous ones which we have considered. In my map of the Sub-Himalaya1 it 
will'be seen there is a great lateral fault running down the Balia ravine, and cutting 
the Gola River at Ranibagh. It is almost certain that the Lake fault and this 
lateral displacement are the effect of one movement, and most probably that 
movement was connected with the upheaval of the Nahan zone of rocks at a later 
epoch than that at which the other earth-movements which we have considered took 
place.

Viewing the folds and dislocations of the Naini Tal area in a still more general 
light, it is apparent that they represent an effort on the part of the strata to take up 
less horizontal room not only in a north and south direction, but also to a less degree 
in an east and west direction : that, in fact, there is a point situated about the position 
of the upper bazar towards which, as towards a centre, the waves of earth-movement 
have set in from north-east, south-east, and south directions. These efforts were not 
equal in all directions, the north and south effort was the most important as evi­
denced by the two east and west gigantic reversed faults. The south-west to north­
east effort was less important, but is seen in the gentle dip south-west of the slate 
series on the north-east side of the lake, and on the two cross faults of Sleepy Hollow 
and Giwalikhet, whilst the south-east to north-west effort is seen in the general 
north-west dip at the edge of the limestone cliff south of Stone-Cross.

Doubtless many a visitor to Naini Tal wonders how the lake itself came here, for
lakes in the Himalaya are not numerous; the little cluster

Origin of the lake. ^  K um aun Lakes, including, besides Naini Tal, Bhim
Tal, Sath Tal, Naukuchia, and Malwa Tal, being a striking and peculiar feature of 
this part of the mountains. Ordinary ingenuity in such cases generally exhausts 
itself in an appeal either to fire or frost as a cause of the phenomenon. The deep 
little hollows in the hills are either attributed to the extinct craters o f  a volcano, or to the 
work of a glacier. The first of these however will most certainly not apply to Naini 
Tal, for none of the rocks in the vicinity are volcanic, nor are there any traces what­
ever that ashes, scoriae, or lava were ever thrown up or exuded from its placid rim.

The glacier theory boasts more staunch adherents, and has been advocated 
by Mr. H. F. Blanford. It is a plausible enough theory on the face of it, but I  have 
never been able to find a single fact to" support it, neither moraines, nor roches 
moutonahs, and rit> trace of boulder clays or transported blocks.

Professor V . Ball in his paper On the origin of the Kumaun lakes 2 ”  was similar­
ly unable to find any proof of the glacier theory. It must be noticed, however, that 
his disbelief is largely centered on what he thought was a fact, namely, that the 
oultet of the lake was not solid, but made up of debris, such as a landslip might 
have heaped together. In other words, he thought there was no rock.basin such as 
could be attributed to a glacier. Mr. H. F. Blanford, on the contrary, 'saw the rem­
nants of a moraine in the debris which he supposed filled up the outlet of the lake 
and held to the glacier explanation on that account.

I have shewn earlier on in this paper’ that there is undoubtedly solid limestone



in situ at the outlet, that in fact there is a rock basin in a sense here, but still I am 
unable on that account alone to lend support to the glacier hypothesis.

I may perhaps mention here a few scratched stones set in a tough clay which I 
found at one point on the cart-road. At first sight they had a great resemblance to 
those in a true boulder-clay. Close examination shewed them to be mere imitations 
due to the movement of soil-cap over them; for the stones were only scratched on 
their upper surfaces, parallel to the exposed slope of clay, and the scratches and 
striae were all directed down hill. On pointing them out to Mr. R. D. Oldham, 
he, though struck with the remarkable way they mimicked ice scratches, was per­
fectly convinced of their superficial origin due to the movement of soil-cap.

Fascinating, therefore, as are the volcanic and glacier hypotheses, I am afraid they 
must be relegated to that large limbo of plausible guesses which have not come true.

But now, having thrown aside fable, is there any piore ordinary means by which 
the lake could have come into being.1 And we must here realize that any gently- 
■flowing stream in a valley would be converted into a lake by a raising of the lower, 
or a sinking of the more central, portion of a given area. Now the lower portion 
may be elevated in a variety of ways— by land-slips, by slow “  creeping ” of the soil- 
cap, or by earth-movements originating in a deeper cause. Also it must not be lost 
sight of that these three causes may merge into each other by gradations. A  land­
slip may be so slow as to become a “  creep, ”  and a “  creep” so large and important 
as to merit the name of an earth-movement. The fault represented on the map east of 
the Balia ravine indicates a relative movement of the rocks, bringing about a broken 
up, cataclastic condition of them along the fault, although, so far as the limestone is 
concerned, the resulting slightly displaced masses of it are big enough and sufficiently 
held together in irregular stratified layers, as to still form a rock barrier that will stand 
long after the protective works constructed at that point have crumbled to dust.

Again, the more centfal portion of a flat valley’ may be deepened in a variety of 
ways— by eddies, by springs from beneath, by the breaking up of swallow-holes, or 
by earth-movements « f an opposite tendency to those just referred to.

Let us now look at a few analogous lakes and tarns; there are Khurpa Tal and 
the two little lakes on the east side of the Balia ravine below the brewery, plainly 
stopped up by debris from above. They were once little valleys whose mouths 
have been stopped up by the great rush of fragments brought down to them by 
cross-drainage. It' does not appear, however, that Naini Tal owed its formation to 
any such cause as that.

On the other hand, in and around Naini Tal, on the limestone, there are numer­
ous little hollows which become lakes in wet weather. They are genuine basins in 
the solid rock, which have become lined with a nearly impervious clay. There can 
be little doubt, I think, that these at any rate, as I have before mentioned, owe tfyeir 
existence, first to swallow-holes, or subterranean cavities, which the rainfall of cen­
turies has gradually made for itself by trickling down the joints or other fissures of the 
limestone. These might go on enlarging themselves perhaps for a considerable time, 
but sooner or later a smash would occur at the bottom of the hollow, and the pas­
sage would become partly choked up. Let us imagine it again and again being

1 I pass over all details regarding the shape, depth, &c., of the lake as they have already 
been given by Prof. V. Ball in the paper alluded to. *



enlarged, and again and again broken down, whilst all the time the' drainage area 
was also gradually but surely enlarging itself, and we see that more and .more clay 
would mingle with the limestone debris at the bottom of the hollow; Until some day 
aftef a re-settlement there would be-a complete stoppage of. the water, channel, or it 
would remain smaller than was able to carry off all the water entering it; We should 
then have a lake formed, which rising up to the lowest-edge of the hollow would 
overflow, resulting in a condition similar to ,that-of Naiiii Tal.

I see nothing preposterous in imagining some such origin as this for- Naini Tal. 
There is well-known to be a subterranean outlet above the Bull and Basin indicating 
that some water at least escapes from -the lake at the present day b y  means of a 
fissure or swallow-hole. This escape may once have been the only outlet, which 
later had its channel broken in, or choked up, sufficient to allow the'Water to rise to 
its present level.

In the same way I might take the theory of differential earth-movements, and 
shew that they may not unreasonably have had a good deal to do with the formation 
of the lake. The lines of faults, which are numerous near the lake, are all lines of 
•movement, on one side of which the strata have gone up and on the other side down. 
A little more movement at one pdnt either up or down would bring about' the re­
quired effect; not to mention the probability that these lines of fracture, once start­
ed, would be made use of by water, anti enlarged so as to become the starting 
points of swallow-holes.

Looking at the lines of faults more closely, we see that there is a point mid-way 
between Sukha Tal and the Upper Bazar, and another point a quarter of a m,ile north­
west of Smuggler’s Rock, from each of which three directions of Assuring cross one 
another at pretty nearly equal angles, making two stars of fracture. The centre of 
each star may well indicate a focus of movement, or point at which the main direction 
of tearing of the strata became altered and dispersed in this radiate manner. Such 
focuses would almost certainly be taken advantage of by 'subterranean waters, pro­
ducing under-ground erosion and subsequent falling in, sufficient to account for the 
hollow now occupied by the lake.1

To pursue the matter further would be unwise. The origin of lake basins in 
nearly every part of the world in which they occur has long been recognised as a 
crux. To my mind the difficulty is not to account for the presence of lakes in 
among the hills, but to account for their,absence over such large areas where 
some favourable opportunity one would think ought to have presented itself.

C o n d it io n s  g o v e r n in g  m o u n t a in  s l o p e s .

In considering the natural dangers to which a hill-station may be subject in con­
sequence of the action of geological agencies, we may dis- 

plSeaurecountryetWand m' ss everything applicable to plateau country, where the
true mountains. strata are generally inclined, but a few degrees from the

horizontal, and concern ourselves solely with such pheno­
mena as may occur in an area of true mountains, where the inclination of the strata 
is generally severe, and where fojdings, inversions, faulting, and crushing along

•

1 In a foot-note (p. 181), Prof. V. Ball suggests that the basin of Naini Tal may possibly 
be connected.with some local faulting, the existence of which is implied by the sulphur spring 
at the outfall.



lines of movement are common accompaniments. In such country there are no 
long stretches of level ground with intervening deep ravines and winding scarps ;  
but there are a {lumber of culminating points, from which main-ridges, side-ridges > 
and side-spurs, \yith intervening streams, streamlets, and water-courses grow from 
,one another like the branches of a tree.

It necessarily comes about that in a hill-station the great majority of 'the houses 
must be’built on hill-sl6pes, whilst but a few can be ac-

A hill-station must commodated on the ridges, and still fewer on the comparative- largely occupy slopes. .
lyjare, flat “ cirques or bottoms at the valley heads. We have 

therefore to consider the safety or otherwise of slopes from a geological standpoint.
Every one who has had much practical experience of mountain "climbing knows 

by. an unerring instinct when the critical .angle of about 40° 
Slopes of 40 and over. jjeen reached in ascending a hill slope. It is that angle

at which he must begin to cljmb cautiously and guard against a slip of the foot. 
It is also the,, angle at which large fragments of fallen rock lie in so unstable a posi­
tion, that a touch .will destroy their equilibrium and set them in rapid motion down­
wards. The terminal moraine of an actively* shedding glacier is generally fixed at 
about this .angle in its upper part, the huddled and jagged blocks being in a most 
precarious position. Scree material or talus, at the foot of a precipitous scarp that 
is in a state of rapid disintegration by frdst, generally begins at this angle, and then 
lowers gradually. A slope, with an angle of 40° therefore, or anything above it, must 
be considered a dangerous one under any circumstances, and'should never be built 
on unless it be but a few yards in height and forming part of a much gentler slope.

As a matter of fact few such slopes are ever built on, as, when not too steep, they 
are seldom clear of freshly-fallen blocks, uncovered by soil or vegetable growth ; but 
for the sake of safety, the angle of 350 may very well be taken as the limiting angle 
subject to other conditions noted below.

In the other direction every slope below 250 may be con- 
umderPeS 0t 25 ^  sidered safe, no matter what the structure or condition of 

the rocks, witlvperhaps a few rare exceptions.
We have therefore by this simple elimination --arrived at the debatable angles

Slopes 3} the debat- ranging between 35° and 25° These are sometimes quite 
able angles between 35° safe and sometimes dangerous; and they are those most 
and 25 ‘ frequently found in hill-stations in the-Himalaya.1

'The safety or not of these slopes depend on the following :— (1) composition of 
the ro ck ; (2) its condition whether whole #r shattered ; (3)

Geological conditions direction and inclination of the divisional planes which pene- 
of slopes. * . r

trate through the rock. Let us take these three in order.
The composition of the rock is perhaps of least importance, and at all erents 

can least be avoided, since the hill-station must make the best
Rock composition. 0j material on \Vhich it is built. By far the best and 

most lasting hill-sides in the Himalaya are,those composed of the gneissose-granite 
and micaceous schists, so familiar at Ranikhet, Almora, and Kalandanda (Kalogarhi).

1 -Nothing is more deceptive to any one unaccustomed to deal with angles than the apparent 
inclination of slopes. Slopes of 60° are very often described as “  quite vertical,” and those of 
70° or 8o° as " overhanging” . An instrument must always be used for determination.



From many points of view hill-stations on these rocks possess several advantages ; 
for the rock, though stable and tough, is soft when first worked ; roads and sites for 
houses can be cut quite readily in it ; whilst the more fissile varieties afford abund­
ance of excellent stone for such rough and ready buildings as are required. The 
soft sandstones of Nahan age, and all similar sandstones, such as the Murree sand­
stones, and the sandstones and shales of Kasauli and Dagshai come next in order 
of merit, but as they seldom rise about 5,000 feet they are not often likely to come 
within the sphere of a hill station.1 Next in stability is the massive limestone forma­
tion, and all similar thick-bedded limestones and traps, which often afford very safe 
though rugged slopes. The rock as building material is, however, difficult to work, 
very absorbent of water, and sombre and unlovely to look upon. Last in order come 
all slates, shales and fissile varieties of quartzite and trap. These very seldom form 
good and trustworthy slopes, the material itself being very generally rotten, liable to 
rapid disintegration by the action of the atmosphere, and prone to become cut-back 
and to form those convex forms of slopes wh'ich are the most dangerous. In my 
wanderings in the Himalaya I have frequently seen old and "new landslips of far 
greater size and destructiveness than that which occurred at Naini Tal in 1880, but 
I have always noticed that the slipped rock has been some form of slate or cleaved 
variety of trap.

In previous papers on the geology of ‘the Himalaya, I have at several times 
drawn attention to the violent nature of those lateral thrusts

Condition of the rock, and intense foldings of the strata, the concomitants of the up- 
its whole or shattered , , t . T. .  ̂ ,,state_ heaval of the mountain area. It is owing to these thrusts

and foldings that lines of movement, or thrust-planes, have 
been started in rocks of all kinds, but more especially in slates and fissile rocks, 
along which a brecciating, shattering, or grinding up of the rock constituents has 
taken place. The rock in the vicinity of such lines is often feduced to a powder, or 
to an aggregation of fine fragments dispersed in a pasty matrix. When water gains 
access to these planes, of weakness the rock returns to its original form of soft clay 
marl, sand, or gravel; it loses coherence with itself, and with the surrounding rock, 
and some form of slipping is inevitable. A  very instructive set of local examples of 
this kind is to be seen in the neighbourhood of the Lake fault. Along this line in­
tense grinding and crushing of the rock sides has taken place ; as witnesS the con­
dition of the rock at Bleak House spur, the subsidence of the cart-road below the 
Cemetery; the falls of limestone which have taken place near the Smuggler’s Rock, 
in part also the slip near the Temples and that of China which took place in 1889.

All these points are points of weakness, more or less along the line of fracture of 
the lake fault, as can be seen by a glance at the map.

Crushing and shattering of a rock are however not always due to a fault. They 
frequently make their appearance in a thin-bedded or less rigid stratum in proximity 
to a very'hard, thick-bedded stratum. The slate at the position of the old Naini Tal 
landslip (1880) is of that character, partly due to the neighbourhood of the once super­
incumbent limestone, fragments of which may still be seen in one or two places on 
the hill-side not far away, and partly to the layer of hard trap beneath.

1 As an exception to this, the associated purple shales or clays when obliquely exposed 
with a dip down hill are liable to cause some trouble from the soft miry condition into which 
they get after heavy rain.



The third is the most important of the three factors which go to make the slopes 
Direction andinclina- of between 250 and 35°- safe or unsafe. The divisiohal

tion of the divisional planes cutting, through a rock may be either directed down
planes in the rock. the slope, or in towards the hill, or in a direction between the
two. As a general rule, however, on a slope of any importance, the dip is either 
down the slope or in towards the hill.

Figs. I, II, and III are examples of dip down the slope, and fig. IV is an example 
of dip in towards the hill. The two first are those to be avoided, as likely to prove 
unstable and prone to slip. Of the two, the combination of dip and slope as seen 
in fig. I where the angle of dip is slightly lower than that of the slope is the more 
dangerous. This is easily seen to be due tb the fact that in it the beds or layers of 
cleaved rock are cut away below, leaving a free edge which allows an upper bed to 
slide down ’over a lower; whereas in the case depicted in fig. II, a similar set of beds 
is shewn cut away above, leaving each bed with a firm basis of rock below it on 
which to rest. The third example (fig. I l l )  shews a combination of a steep angle of 
dip coinciding in direction with the slope. Here the hill-side may be considered 
structurally much safer than that of fig.. II. Finally, in fig. IV, the dip is shewn 
in the opposite direction 'or in towards the hill. This is the safest arrangement for 
all slopes fixed at the debatable angles of between 350 and 25°

In the diagram fig. V,~a b represents the slope of the hill, and the radiating lines 
represent the different angles of dip. The thin lines shew the amounts of dip which 
in combination with the slope of the hill are dangerous, whilst the thick lines shew 
the safe amounts.

From this we see that dips between 150 and 450 in the direction of the slope 
constitute an unsafe hill-side. This may be expressed differently by saying that 
when the dip varies within 150 on one side or other of the angle of slope (taken at 
30°), it must be considered dangerous; and it is more dangerous when the angles of 
dip within the prescribed limits of 150 are less than those of the angle of slope, and 
less dangerous when they are greater.

When the inclination of a slope varies in amount, we have One or diore convex^
or concave surfaces presented. The concave slopes, as a

Varying forms of wh0le, are better than the convex ones. In the former the 
slopes.

lower part of* the slope and in the latter the upper part are
relatively the safer.

It is somewhat beside the scope of this paper to consider all the dynamical and 
physical conditions which are brought about in consequence 

matcfcau^es of slipping. o£*a Siven geological structure. Still it may be briefly point­
ed out that water plays a very active part in the actual 

starting of a landslip, and that the accumulation of surface debris, which often 
loads a hill-side with an unstable, heterogeneous mass of rubbish, is attended 
with much danger. Both,these mediate causes are but the secondary results of an 
ultimate geological structure. For instance, a safe slope, as already defined, where 
the dip of the strata is in towards the hill, is obviously one on which water can have 
little to say, in consequence of the latter befhg drained away towards the centre of 
the base of the hill; whereas an unsafe slope, as already defined, in which the dip is 
down hill, is on the other hand one on which water will either emerge*and form lines 
of springs, lubricating the under-surfaces of the strata (when the angle of dip is less



than that of the hill slope), or else will establish a hy-drostatical pressure on'the layers 
of took and tend to wedge them off (when the angle of dip is slightly greater than 
that of the slope). In the same way, surface accumulation of debris, though taking 
'place more or less on all slopes, seldom accumulates largely on a slope with the 
dip towards the hill, save when the angle of slope is very lowland therefore safe on 
that account. But it accumulates with dire effect on a dip slope, becoming a terrible 
menace to the safety of the hill-side, when eventually, through gfadual “ -creeping ” 
down the slope, or through cutting back of the hill-foot, it gives a bulged appearance 
to the slope such as Mr. R. D. Oldham1 has described as the forerunner of the dis­
aster of 1880.

It merely remains to mention- cases in which falling blocks from' a high precipice
Failin' blocks 0r scarP 1inay become dangerous on account of the moment­

um they acquire on their downward journey.- These are 
not generally of much account, and can easily be guarded-'against by flat terraces 
built above the houses, or trenches dug to receive them. Still a safe slope considered 
on the previous lines of argument ma'y sometimes become dangerous on the above 
account, and it is well to keep in mind, therefore, that the distance to which falling 
blocks will travel is proportional (among other conditions^ to the height from which 
they come and the angle of slope. Practically, it may be laid down that a block 
detached at a point on a precipice will be at rest before reaching a point on- the slope 
below, such that a line joining the two makes no greater angle with the horizontal 
than 350.
’ Application of the ^he following categorical summary has special reference

above principles to to Naim Tal, and may be found of some practical
Naini Tal. uge . _

(1) The limestone formation, as a whole, (other things being equal) is safer
than the slate formation.

(2) The chief danger to apprehend on the limestone is falling of loose
blocks, or pinnacles of rock, during the rainy months. By blasting or 
knocking away any such loose blocks on slopes or precipices exceeding 
40° they may always be rendered innocuous.

(3) Even when the hill-slope approximates to 350, if the dip is in towards the
hill, a limestone slope is less dangerous than one of 2 5°— 30? in the slate 
formation when the dip is down hill.

(4) On the north-east side of the lake where the dip and cleavage of the slates
is often coincident with the slopes, both being at about 30°, more danger 
is to be apprehended from slipping than anywhere else in the station. 
Still, even on general slopes of this kind, there may be found plenty of
local slopes of no greater angle than 25°, and these may generally be
pronounced safe so long as the following Warnings are attended to :— 
(a) N-ever to build at the top of a concave, or bottom of a convex slope.
(t) T o avoid lines of springs when the slope exceeds 25°
(c) To avoid places .where a brecciation, or great .smashing of the strata

has taken place along a fault or elsewhere.
(d) To avoid as a consequence, of (c) places where accumulations of

surface material are tending to gi’C'e a bulge to the hill-side".
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Mote on some Fossil Indian Bird Bones, by R. L y d e k k e r ,  B.A.

During a recent examination of the small series of Siwalik Bird bones preserved 
in the British Museum, I have been enabled to determine two specimens which have 
been hitherto unnamed. These are respectively the distal extremity of the, right 
femur, and the proximal extremity of the corresponding bone of the opposite side, 
of a species of Pelican, which from their size I refer to JPelecanus cau/leyi'.1 In 
woodcut 1 these two fragments are drawn alongside of the complete left femur of 
the existing P^.ecanus mitratus, the proximal foss i fragment being reversed. It will

Fig, 1. Posterior aspect of the right femur of Pelecanus mitratus, and portions of the corre­
sponding bone^of P. cautleyi. i. a, head; b, tibial condyle; c, fibular do.

be seen from the figures' that the fossil fragments correspond so exactly with the 
recent bone, as to lender it impossible to draw any good specific distirfctions between 
the two. The distinctive characters of this species must, therefore, continue to rest 
upon the well-marked features afforded by the type fragment of the ulna.

The specimen on which the smaller Siwalik Pelican described by Mr. Davies,2 as 
P . sivaletiiu was founded, having never been figured, I have remedied this omission 
by giving a full-sized figure in woodcut 2, in juxtaposition with the corresponding

Fig. 2. Palmar aspect of the distal extremity of the right ulna of Pelecanus sivalensis, and
corresponding portion of the homologous bone of P. mitratus. J-. a, paftaar trochlear de­
pression.

1 See Pal. Ind. Ser. 10, vol. iii, p. 137.
3 See Pal. Ind. loc. cit.



portion of-the ulna of the recent P. mitratus. As stated in the original description, this 
specimen differs from the distal extremity of the ulna of P. cautleyi by its inferior 
dimensions, the shallowness and shortness of the palmar trochlear depression (a), as 
well as in some minor points. The close general resemblance to'the larger ulna of 
P. mitratus is sufficiently apparent from the figures.

Among the Bird bones obtained from the Karnul caves, I described and figured * 
some imperfect specimens of the tibio-tarsus and tarso-metatarsus under the 
name of Ibis melanocephala. From a re-examination of some of these specimens 
presented to the British Museum, I find that this determination is incorrect, and that

Fig. 3. Anteripr aspect of the distal extremities of the'right tibio-tarsus and the left tarso- 
metatarsus of Pseudotantalus leucocephalus. a, bridge over groove for extensor tendons; 
b, tubercle on same.

they really belong to Pseudotantalus leucocephalus. In figure 3, the distal extremities 
of the tibio-tarsus and tarso-metatarsus of a recent skeleton of this species are given 
for comparison with the figure of the fossil bones. The resemblance between the recent 
and fossil tarso-metatarsus is very close, but the latter being immature is rather smaller 
Jhan the former. The figured tibio-tarsus indicates a considerably larger bird than 
the fossil tjbio tarsus; the smaller fossil specimens of this bone described in the text 
agree, however, very closely with the figured recent bone, and the larger size of the 
figured fossil does not appear sufficient to indicate its specific distinctness.

1 Pal. Ind. Ser. 3, vol. iv, pp. S3. 54-



The Darjiling Coal between the Lisu and the Ramthi Rivers, explored 
during season i 88g-go, by P. N. B o s e , B .S c .,  F.G.S., Deputy Superin­
tendent, Geological Survey o f  India. ( With a map.)

I.—Preliminary.
II.—Physical Geography.

III.—Geology.
IV.—Economic Geology.

f 1. Principal Coal Seams.
§2. Quality of the Coal.
§3. Quantity.
54. Carriage; mineral resources ; labour ; 

mining.

1.— P r e l i m i n a r y .

In March, 1849, Dr. (now Sir Joseph) Hooker noticed near Pankabari some 
c o a l seams “  six to twelve inches thick, very confused and distorted,”  and carbo­
naceous shales with plant fossils “  characteristic of the Burdwan coal-fields.” No 
notice was taken of these coal-bearing rocks until 1873, when the completion of 
the Northern Bengal State Railway gave to them a new importance. Mr. F. R. 
Mallet of the Geological Survey was in that year deputed to examine the coal and 
other mineral resources of the Darjiling Hill Territory. Mr. Mallet’s survey 
brought to light a narrow band of coal-bearing rocks in the Sub-Himalayan range 
stretching from Pankabari to Dalingkot. In the “ Memoirs of the Geological 
Survey,” Volume XI, Part I, Mr. Mallet fully discusses the workability of the coal 
seams he came across. The decision arrived at by him, which is very forcibly 
expressed in a later paper in the “  Records of the Geological Survey,’’1 is decidedly 
against the workability of the coal, so very decidedly, indeed, that, coming from one 
of the most careful observers the Survey has ever had, it was considered final.

Mr. Mallet rightly «pointed out that owing to its flakiness the coal could not be 
utilised in its natural state,2 and that this friable condition was due not to weather­
ing, but to “  crushing during the period of elevation of the Damuda rocks,” so that 
no improvement can be expected at a distance from the surface. The Darjiling 
coal must, therefore, be artificially compacted before it can be used as fuel. This 
can be done in one of two ways, coking or conversion into briquettes? Mr. Mallet’s 
experiments with regard to the coking properties of the Darjiling coal were not at 
all hopeful. With regard to the conversion of the coal into patent fuel, his

1 Op, cit. X, p. 143.
2 Some of the Lisu valley coal was tried in its natural state by Mr. North of the Bagrakot 

Tea Estate, who s&ys in a letter to me :—
11 . . . .  It burnt very well with wood, but alone it did not. This of course I put down 

to its being wet, and think better results would have been got if my furnace had not be»n so 
large; besides which the fire-bars were too far apart, and the coal went through.”

With closely set fire-bars the coal may be used in its natural condition, but, I think, only to 
a limited extent, and at a short distance from fhe coal-field, where there will be little risk ol 
repeated rough handling.

3 The result of my experiments with regard to coke-making will appear in the sequel. With 
regard to briquettes, Messrs. Burn & Co, very generously lent trie a small Boomer press 
originally intended for pressing tea-bricks. The «oal-dust with which was mixed a little bhuttc 
gruel (in .the proporticfo of 1 maund to a ton of coal) was pressed into hard bricks. But the) 
stuck firmly to the sides of the moulds; and as these were not hinged, the bri»ks could, not bf 
taken out without being broken. With proper moulds, the bricks, I have no doubt, could be 
got out undamaged.



experiments showed that it would probably be remunerative. They were, however, 
on a small scale, and “  it yet remains* to ’be proved,” remarks Mr. Mallet, “  whether 
this plan would answer on a commercial scale.”

So the Darjiling coal was given up as hopeless. On the data before him, 
Mr. Mallet-could have come to no. other conclusion than what he arrived at. But 
Mr. Mallet’s survey was very general. He had time only to go up some of the 
principal streams and notice the outcrops of coal that presented themselves as it 
were to'him. It is possible that some important ones lay hidden in the intervening 
areas between the principal streams. Indeed, when it is remembered how thick 
the jungle is where they occur, and how obscure the sections are as a rule, such a 
thing appears highly probable. It was this probability, and the immense economic 
importance of the Darjiling coal, that led to my deputation to re-examine it last cold 
season. I made a general examination of the area between-the Jit and the Tista, 
and a fairly detailed one of that between the Lisu and the Ramthi, where the coal 
seams gave the best promise of success.

I must say, when I started work, I had but little hope of finding workable coal. 
The find, however, of thick seams o f cakable coal in the Churanthi valley early in 
December appeared very promising, and it was considered desirable tq ascertain 
their extent and thickness by excavations. .T he Government of Bengal-was applied 
to for a grant of R2,ooo for the purppse, which they sanctioned,in March.

The coal-ground1 being almost entirely in the Reserved Forest, is covered by 
very thick, nearly impenetrable, trackless jungle. The exuberant undergrowth of 
creepers, and the low, matted, dark scrub jungle, especially of cane, presented the 
most serious obstruction to vision and locomotion. The emanations from decom­
posed vegetation were at times 'almost intolerable. 'I  had literally to cut down 
nearly every foot of my way; and clambering up the innumerable streamlets and 
watercourses was equally slow and tedious work. To add to these natural diffi­
culties, the Revenue Survey Map of the area, though on a sufficiently large scale 
(2 inches to the mile), is neither accurate nor detailed enough for close work. 
Many streams are not marked; those that are,, it is difficult to say if they are all 
correctly laid down ; several do not certainly appear to be so. Scarcely any land­
mark was available. One bridle-road passes through the explored area, .along the 
watershed between' the Lisu and the Churanthi. But it is not on the map; ver^ 
likely it was not in existence when the survey ftas made. There are a few scattered 
hamlets north and west of the coal area; but they are not on the map, as they must 
have sprung up since its construction. So a new map had tp be made, which is 
presented with this report. It is, I believe, fairly correct, and is on a sufficiently 
large sCale to admit of details.

The great difficulty experienced in the supply of labour, the almost absolute 
want of trained assistance, and the early setting in of the rains (about the middle of 
April), were amongst the other hindrances to, the exploration. My progress would 
have been still slower, but for the cordial help which I received from Mr. A. W. Paul, 
Deputy Cbmmissioner of Darjiling. My grateful acknowledgments are due to him 
and tt> the neighbouring planters, especially to Mr. J. L. Lister of 'the Nimbang 
Cinchona Plantation, for smoothing away many of my difficulties.

1 I have made a number of bridle-paths which are practicable for ponies, though not 
without difficulty e t places. *



I I . — P h y s i c a l  G e o g r a p h y .

The coal area explored in detail is two and three-quarters of a mile in length 
and about three-eighths of a mile in breadth. It is situated in 

ta ?e's6rS and t*'eir tnbu" the Sub-Himalayan range, about three to four miles from its 
foot. The Ramthi forms the eastern, and the Lisu the 

western boundary. The former joins the Jit, a short distance beyond its debou­
chure into the plains, together forming theGhish river, a tributary of the Tistd. The 
Lisu, better known as the Lfsh in the Duars, falls into the Tist£ above Phulbdri. 
B'etween the Lisu and the Ramthi, there is a third river called the Churanthi. It 
carries a good volume of water in the hills, but is barely traceable in the plains. All 
these rivers run in a general north-south direction across the strike of the rocks 
which usually varies between W.N.W.-E.S.E. and E.N.E-W.S.W.

The rivers are parted from one another by narrow spurs running roughly parallel 
to them. Thus we have a spur, separating the Lisu from the Churanthi which may 
be called the Chankiang spur, after the nearest village, and the Nunmdti spur forms 
the watershed between the Churanthi and the Ramthi.

The streams tributary to the three rivejs mentioned above run in a general east- 
west direction, being parallel to the strike, or cutting it obliquely. Of such streams, 
the most important is the Ramtek Jhora. It is also called Chunkhola,1 as lime 
used to be made here some years ago. The other streams having mostly no local 
names have, for convenience of reference, been denominated A, B, C, &c.

The coal-bearing rocks (the Damudas), consisting mostly of rather soft fine-grain- 
C fi ation f the CC' sandstones and slaty shales, form a sort of depression 

ground. ° tjptween high escarpments of hard quartzitic beds belonging
to an older system (the Dalings) on the north side and 

those of massive conglomeratic, Tertiary strata on the south side. Indeed, the- 
configuration of the Damudas may almost be followed with the eye. In the 
Damudas, again, spurs have been left where sandy beds prevail over the shaly, and 
as the coal is usually associated with the latter, one could tel! by standing at a conve­
nient position, not only how the Damudas run, but also where large seams of coal 
may be expected to occur, and where unproductive rocks preponderate most.

The depression between the DaliiTgs and the Tertiaries in which the Damudas 
occur is roughly parallel to the strike of the rocks which, as has been mentioned 
before, usually varies between E.N.E.-W.S.W. and W.N.W.-E.S.E. “The depression 
varies greatly in depth, the'Chunkhola being the deepest in the explored area. The 
height of the Chunkhola near the ruined lime-kiln was found to be about 700 feet 
above the sea-level, and that of the spurs on either side of it about 2,500 feet. The 
coal outcrops occur at heights varying from about 700 to about 1,200 feet.

A consequence of the comparative softness of the Damudas is the widening of 
the rivers as they enter these rocks. The Romtal in the Ramthi is the best instance 
of such expansion. When Mr. Mallet saw the “  lake ”  (16 years ago), it was very 
deep at its lower end. It has since entirely silted up ; and a white mass of sand 
and shingle oecupies the place of a once fine sheet of water.

1 Strictly speaking, khola signifies valley, so that chunjshola would mean the entire valley of 
the Ramtek river.



As' might be expected from the nature of the rocks, the rivers run through deep 
gorges in the massive Tertiary conglomeratic sandstones. Vertical precipices of 
these rocks, sometimes no less than 1,500 feet in height, tower majestically on either 
side of the rivers in awe-inspiring silence.

The Damudas, as a consequence of their comparative softness, are cut through
. by anastomosing streams, streamlets, and watercourses, 

Fall of the rivers, &c. . . , . . , . . ,  , ,which is a distinct advantage in the tracing of the coal out­
crops. This advantage is, however, to a very great extent neutralised by the covering 
up of the Damudas by detritus from the Dalings and the Tertiaries. The fall of the 
rivers, streams, and streamlets increases in the order they are named, that of the 
minor streams being the greatest. The streamlet C, for instance, a tributary of the 
Ramtek Jhora or Chunkhola, which has its source just below my head-quarters 
camp, measures about half a mile in length. Within this length the fall is from 
about 2,500 feet to about 750 feet, that is to say, about 1 foot in i| feet.

As a consequence of this immense fall, huge slips take place during the rains; 
to such an extent, indeed, that it is often difficult to say where the rock is in situ, and 
where not. Consequently, the exact demarcation of the different systems of rocks 
is a matter of the greatest difficulty. The sections in the streams are seldom continu­
ous for any considerable distance being hidden by talus ; good outcrops of 'coal are 
never exposed in them. The rivers bring down huge masses of rock, some measur­
ing 20 feet or more across, from long distances. Thus we have big “  boulders ”  of 
gneiss in the Lisu and the Jft (a river a mile east of the Ramthi) very nearly 
down to their debouchure into the plains, at a distance of some eight miles from 
the parent rock. Immense “ boulders ”  carried froni longer distances are met with 
in the larger Himalayan rivers, such as the Tfst£ and the Rangit. The “  boulders”  
are transported not so much, I-believe, by the force of th» current, as by the cut­
ting away of the'ground under them, so that they topple over and are rolled down.

With regard to climate, the rainfall of the area is very hejvy. The average of 
seven years from 1883 to 1889 at Nimbang just north of 

ima e‘ the coal-area is 194-87 inches, which is considerably greater
than that of Darjiling. Last year the rainfall at Nimbang was 245-83 inchesr The 
following details .have been kindly supplied by Mr. J. L. Lister of tfte Nimbang 
Cinchona Plantation :—

Rainfall in inches.

Jan.
•
Feb. Mar. April. May. June. July- Aug. Sep. Oct. Nov. Dec. T o t a l .

I&5 • 0-43 0*13 2-66 2*92 10-71 30-92 70-64 43-04 35-19 5-68 0 1*15 203*47
1886 . 0 O’ l l 4*02 0*91 11-88 38' i 3 47-12 60-71 24-58 5-78 0-44 0*64 194*32

1887 . 5'04 0 r6o 5**2 21 *02 44-13 34'2f> 47-48 29-43 7-87 0 * 15 0 196*10

1888 . 0-88 0*50 2*82 4" 69 7'35 3S-56 5ro5 30 -78 2 5 -5 1 2-36 0*48 0 161*98

1889 . 2'85 3*82 o'os 4'43 11'93 6o,82« 8o-66 45-99 23'95 9'33 2 0 245-83

1890

•

2'02 0

»

0*30 5-58 6'21 
(up to 

the 
z8th).

/ *

•



The temperature decreases, and the salubrity of the climate increases with 
altitude. From the middle of April to about the end of May, I had my head­
quarters camp on the highest peak of the Chankiang spur north of the Chunkhola, 
at an elevation of about 2,600 feet. Within that period, the temperature seldom 
rose above 8o°. But, the place being exposed on all sides, and the weather rather 
showery, the changes of temperature were sudden and great. For permanent quar­
ters, more sheltered sites will be found on either side of the spur.

III.—G e o lo g y .
t

T or detailed information on the geology of the district, the reader is referred to 
Mr. Mallet’s comprehensive memoir. I shall here chiefly refer to such facts as 
have been brought to light by the excavations.

The coal-bearing rocks (the Damudus) consist essentially of sandstones and 
shales, the former predominating. The sandstones are

stones TnT'shltes.!sand' Sreyish- rather soft> massive-bedded, medium-grained, fels- 
pathic, and occasionally calcareous. They are never pebbly; 

and this constitutes the most important point of difference between them and the 
adjacent Tertiary sandstones. False-bedding is common. Along bedding and joint 
planes, they are not unoften seen to be^ thinly crusted over with carbonaceous 
matter; but the vegetable impressions are never very distinct. The shales, as has 
been already mentioned, are subordinate to the sandstones. They are sometimes 
coarse, being sandy and micaceous, when reddish tints prevail; sometimes very 
fine and black, breaking with conchoidal fracture. They are, as a rule, more or less 
carbonaceous, the black shales, being most s o ; and it is in association with these 
that coal seams occur.

Igneous rocks occur; indeed, would appear to be rather common. Like those 
Mica Trap. ŵ ich 1 have described from Barakar and Raniganj,1 they

abound in mica (biotite), and are “  mica traps.”2 That 
they are intrusive is sfiewn by the hardening of the sandstones, shales, or coal in 
contact. The contact coal, as at Barakar, usually occurs in columns, which are 
dull in colour, and rudely hexagonal; sometimes it is found to be hard and pecu­
liarly lustrous. A  good intrusive sheet of “  mica trap ”  is seen in the stream D, 
7 feet in thickness, just below pitJNo. 9. It is traceable for a short distance 
dipping with the associated coal and "following the change of strike. Other thick 
outcrops of “  mica trap” were observed near pit No. 11, west of the Nimbang- 
Bagrakot road, in the Churanthi, and in the Nunmati stream between»thc Churanthi 
and the Ramthi. From the. nature of the associated strata and their lie, all these 
outcrops appear to belong to the same sheet as that in the stream D, near pit No. 9. 
If so, they mark a good jioriz'on. The coal beds in contact with the “ mica trap”  
are pervaded by anastomosing veins of a reddish Or brownish rock. It has a “ fel- 
sitic”  look, but the specimens obtained being all much decomposed, its petrography 
is at present unascertainable ; and owing to the extreme obscurity of sections, I am 
doubtful about its relation to the thick sheets of “  mica trap.”  I may note that I 
nowhere saw the “  mica trap ” cut distinctly through the sedimentary strata. But,

•
1 Rec,, Vol. XXI, pt.*4, p. 163.
2 The felspar being much decomposed, it is difficult to say whether the •mica trap is 

Minette or Kersanton.



owing to the smallness of thev explored area, and the wretchedness of the exposures, 
not much reliance can be placed on this negative fact.

With regard to the age of the “  mica' trap,”  it must have ,be$n posterior to the 
A e of the Mica Trap deposition of the coa,l-bearing rocks, at least the greater 

portion of them, and anterior to the disturbances they under­
went, as well as to the deposition of the adjacent tertiary rocks. For the mica 
trap, or, indeed, any other igneous rock, was nowhere found among the last-named 
rocks ; and, as has been observed before, the intrusive sheets dip with the associated 
coal and sedimentary strata, and follow their strike.

All the rocks have been greatly disturbed. The dip is usually very high, from 
„ 45° to near vertically: it is seldom lower than 30°. TheDip, strike, &c. • T , ,

strike is very inconstant. In the explored area, the usual 
strike’ ranges between E.N.E.-W.S.W. and W.N.W.-E S.E., the dips pointing from 
N.N.W. to N.N.E. But, sometimes, as in the Chunkhola, near the junction of the 
stream F, and in the Lisu valley at pit x, the strike is nearly N.— S. Sharp twists 
in the strike were observed at diverse places. There is also faulting to a great 
extent; but owing to the ground being much covered up, the faults were nowhere 
well seen, except in the case of some small ones exposed Jjy excavations; and the 
course of the faults as given on the map must be taken as more or less conjectural.

As a consequence of the disturbance «which the beds "have undergone, the rocks 
have been greatly crushed, the crushing effect being specially noticeable in the 
shales and the coal. The former have 'been converted into extremely fragile, 
splintery slates, which break in'all conceivable directions; and a flakiness has been 
induced in the coal, so that with the least violence it is as a rule reduced to smail 
bits, if not to absolute dust.

Mr. Mallet is inclined to correlate the Sub-Himalayan coal-bearing rocks with the 
Raniganj stage of the Damuda series. I have nothing to 

injfrocks ^  coal"bear" add to his discussion on this point.1 On account of the 
great crushing which the beds have#undergone, the plant- 

fossils have been very badly preserved. I could collect anything like a respectable 
number of them from only one place, pit No. 2 in the Lisu valley. They appear, 
however, to belong mostly to one genus— Verteiraria.

On the south side, the Damudas are in contact with the Tertiary r<?cks. These
_  . , consist chiefly of micaceous, felspathic sandstones and
Tertiary rocks. .conglomerates. I he conglomerates are coarse, sometimes

very much so. They are best developed near the junction of the Tertiary and 
Damuda beds. -The sandstones have usually a brownish hue : they are, sometimes, 
though rarely, highly ferruginous. The sandstones aVid conglomerates are as a 
rule very thick-bedded. Clay beds, Sometimes highly ferruginous, occur, but are 
quite subordinate. These and the sandstones are met with below the conglome­
rates, that is to say, at the base of the Tertiary system. Small pockets of coal2 and

1 Op. cit. p. 29, et seq.
3 A specimen of this coal was analysed and foundio contain moisture 17*52, volatile matter 

exclusive of moisture 3r88, fixed carbon 49'2S, and ash 1-32. It is noteworthy that the analy­
sis of this coal agrees very closely with *hat of fragments found in 1837, during some boring 
operations, in Fort William, at a depth ot 392 feet (see Man. Geol. t>f India, Vol. Ill, p. 77). 
There can be scarcely any doubt that these fragments were derived from the Tertiary coal of 
the Sub-Himalayan range.



lignite are found in the sandstones, as in the Ramthi and the Jft. But no work­
able seam of either has been, found anywhere ; nor is any such seam ever likely to 
be found.1 No fossils beyond unrecognisable vegetable remains have been found 
in these .jocks. But from their lithological characters, and from the presence 
amongst them of lignite sandstones, Messrs. Medlicott and Mallet concluded that 
they represent the Nahan stage of the Siyvalik series.3

The Tertiary strata have a general north-western dip. Their strike is more
constant .than that of the Damudas, and 'the dip also (except sometimes at their
junction with the latter rocks) lotfer and more uniform, seldom exceeding 30° and 
seldom deviating much from N.N.W. The sal-clad massive sandstones and conglo­
merates forming craggy ridges are beautifully seen to slope with the dip, and can
be followe4 with the eye to long distances.

The Tertiary and Daniuda strata both having as a rule northerly dips, the former,
though more recent, appear to underlie the latter. Good con-

_ The Damuda— Ter- tacl sections are'rare. 'As the relation of the two sets of rocks 
tiary boundary. . . . .

is of immense practical as well as theoretical importance, 1 
shall here give in detail so.me facts bearing upon it.

Commencing* with the westernmost part of the explored area, near streamlet L, a 
tributary of the Ramtek Jhora, a wall-like bed of massive tertiary conglomerate, is 
in contact with Damuda shales3 and cqs.1. The.dip of both is high, about 70°, and 
points north-westward; so that the tertiary'conglomerate appears to underlie the 
Damuda shales. I had a pit dug at the junction’, pit,No. 20. It wept down to some 
20 feet, the conglomerate and the coal-bearing rocks being found all the way in con­
tact as at the surface. Here we have very likply a,reversed fault.

There is nothing particularly noteworthy about the boundary between the streams 
L  and F. Near the junction of the latter stream with the Ramtek Jhora, the bound­
ary line becomes tortuous; and there is also discrepancy in strike, the coal-bearing 
rocks at and south of pit No. 65 striking very nearly N.-S., whereas no such change of 
strike was obseryabjp jn the abutting Tertiary strata to the south. East of pit No. 65, 
the boundary line runs fairly straight nearly as far as the Bagrakot-Nimbang road. 
The junction along a portion of it, south and south-west of, pit No. n ,  is well ex­
posed. Here the Tertiary strata have been much prushed ; and they abut against 
the coal-btaring rocks in a manner which, coupled ■pith1 the §traightness of boundary, 
gives rise to a strong suspicion of faulting. I am inclined to think that we have a 
reversed fault here.

Between the Bagrakot-Nimbang road and the Churanthi river, the "boundary line 
is far from straight, and the facts as revealed by excavations -do not favour the idea of 
faulting. Just east of the* road the Damudas bay into the Tertiaries. Further east, 
the coal of pit No. 7, at the junction of streams D and D 1, distinctly passes under 
Tertiar^ conglomerates and sandstones. The pit between Nos. 7 and 39 went through 
some 30 feet of the latter rocks; below these coal was struck, which, I have hardly 
any doubt, belongs to the same seam as that exposed in pit No. 7. The seam,

1 It is necessary to emphasize this. Owing probably to the proximity of the Tertiaries
to the Duars and the Terai, more notice has I find been taken by the planters of these pockets 
of Tertiary lignite than.of the seams of Damuda Joal. •

2 “  Mem.,”  Vol. XI, pt. 1, p. 50.
8 1 must say, no fossils were found here. But the shales and the associated coal have an 

unmistakably Damuda facio^



which isexposed by a number of pits between 75 and 41, passes, when traced south­
ward, at 39, under Tertiary conglomerates. There is just a skin of these about 39; 
but they increase rapidly in thickness southward. From the sections in the pit 39 
and that between it and 7, the Tertiaries are seen to rest upon a very uneven surfade 
of the coal-beds; the latter had been denuded out into hollows before the former 
were deposited. There would also appear to be diversity of strike. The sections 
here suggest simple unconformable superposition. East of 39, the boundary line 
runs fairly straight as far as the Churanthi river. Here the Damudas bay into the 
Tertiary beds in such a manner as to leave little doubt concerning the unconformable 
superposition of the latter. Some coal of rather good quality was obtained by digging 
through the Tertiary sandstones by the side of the stream M (a feeder of the Churanthi), 
which I  am inclined to think belongs to the seam exposed in pit No. 7, or to that 
just north-east of it. The Tertiary conglomerates and conglomeratic sandstones in 
the intervening area were found too thick and too hard to settle this important point 
by diggings. Two or three borings here will be of great practical and theoretical 
interest. The ground east of the Churanthi was not explofed in such detail as that 
to the west of i t ; and the boundary line being more or .less conjectural is drawn 
fairly' straight as far as the Ramthi. I have no doubt that, with more detailed ex­
ploration, the Damfidas will be found to bay into the Tertiaries at places.

It will be seen, from what has been saitl above, that the boundary line between 
the Tertiaries and,the Damudas, though it appears fairly straight on a small scale 
map, is sometimes very crooked. There is faulting at places; but the facts noted 
above do not favour the idea of the entire boundary being a fault. This conclusion 
appears to be in accordance with that arrived at by Mr. Medlicott in the North- 
Western Himalayas, who believes the junction between the Tertiaries and the older 
rocks there to be “  primarily a line of original contact.”

On the north side the Damudas are in contact with the Dfelings. The junction is
much covered up, more so than that with the Tertiaries just 

The Dalings. , . , , , . , .treated o f ; and the boundary line being for the greater part
more or less conjectural may not be quite so straight as shewn on the map. In the 
Chunkhola the junction is fairly well seen in the streams B, C, D. Close to it the 
Dalings consist of impure limestones and of slates which are partly ferruginous and 
partly carbonaceous. The latter have a small percentage of carbon, one ?)f the sam­
ples analysed shewing only y 2  per cent, of figed carbon. The carbonaceous(slates 
occur in association with thin folise of white quartz; and the rock may be called 
carbonaceous qyartz schist. This schist is usually well developed near the junc­
tion. Further north, silvery slates, quartzites, &c., occur. The limestone mentioned 
above occurs just at the junction. It is poor in lime, as the following analysis by 
Mr. P. Lake will shew :—* *

Si Os and insolubles . . . . . . . . .  53‘ i o
Fes 0 2 and Al 2 Oj  . . . . . . . . .  2’45
Ca O ...................................................................................................................23 77
M O ...................................................................................................................7 °
C O s ................................................................................................................... 1865
H3 0  J . . ? . . . . . . .  58



The Damudas and the Dalings both dipping northward, the former, though more 
recent, hkve the appearance of underlying the latter. This 

bom!dar^atnuda"^a' ' n̂  appearance is rendered the more deceptive owing to the uni­
formity of dip (both in amount and direction) presented by 

both of these sferies, and owing to "the occasional lithological similarity of SQm e of 
their constituents. As a rule, however, and especially away from the junction, the 
p e tF o lo g ica l contract between the two series is marked, and when the boundary is 
not covered by talus, it is not difficult to demarcate it. The Dalings are, as a rule, 
far more advanced in metamorphism than the Damudas.

With regard to the boundary between the Damudas and the Dalings, it may be 
partly, like'the Damuda-Tertiary boundary, a reversed fault. As, however, but few 
excavations were made along the former, the observations regarding it are not of 
such a satisfactory character as those relating to the latter.

The presence of carbonaceous beds in the Dalings probably indicates that 
estuarine and terrestrial conditions had already set in during 

tion°ndlti0nS °f deposi" the Daling epoch. These conditions certainly prevailed 
during the Damuda epoch and the Tertiary period, when 

there were laid down carbonaceous shales, coal, and false-bedded sandstones in the 
former, and coarse conglomerates, ljgnitiferous sandstones, &c., in the latter. 
Indeed, the same conditions appear to have lasted up to the present day.

IV.— E c o n o m ic  G e o l o g y .

§ /. Principal Coal Seams.

The ground immediately to the east of the Kalimpong-Bagrakot road was 
explored in greater detail than any other portion of the Damuda area. I shall, 
therefore, start witk a description of it.

At pit No. 7, there is exposed a good seam of coal 16 feet in thickness. It has
a high north-eastern dip  amounting to 70°. It rests upon 

TheyaUe;ynthl ®ne micaceous> more or less carbonaceous, arenaceous 
shales about 8 feet in thickness. Below these shales, a 

thick outcrop of coal is exposed in jh e  streamlet D 1. I at first took it to belong to
a distinct seam ; but by diggings it was found to be only the 16 feet seam sharply 
twisted back. On the north side, this seam is faulted against another, about 6 feet 
in thickness, resting upon shales abdut 4 feet thick, and dop in g  nearly, vertical in a 
south-western direction. Eastward, a pit along the strike (between Nos. 7 and 39) 
disclosed what I believe to be the 16 feet seam coal under some 30 feet of conglo­
meratic Tertiary sandstones. Further east, these sandstones were found too thick 
to attempt diggings. T h e ’6 feet seam which is faulted against the 16 feet seam' in 
pit 7 was traced by diggings for a short distance westward, after which its course in 
that direction was found to be cut off by a fault.

Sixty-two feet north of the seam last mentioned there is a thick seam resting 
upon sandstones. It was traced through pits 75,' 60, 43, 42, 41, and 39, almost 
continuously for about 340 feet. From the sections in pits 41, 42, and 43, it is 
found to be about 24 feet in thickness. The dip is north-eastern and varies from 
40° to 450. Near 75,1^2 strike takes a twist and changes from yearly N.W.-S.E.



to N.E.-fvW. The seam is traced down to the stream D, near which there is in 
all likelihood a minor fault. South of the stream D, we have a good seam exposed 
by pits 22 and 6. In pit 6, it is about 17 feet in thickness and rests upon shales 
with inter-bedded thin coal. The dip varies from 40° to 55° in amount, and from 
N.N.W. to N.W. in'direction. I believe the seam is identical with the 75-39 seam.1 
The former was traced to pit No. 87. Proceeding south-west along the strike, we 
have a good seam exposed by pits 38 and 51. The trench at 38 cutting the strike 
very obliquely, the thickness of the seam is doubtful. It cannot, however, be 
much less than 25 feet; and, like the seam 6 -87 ,1 believe it is identical with 75-39, 
in which case, we have got this seam traced for a distance of some 800 feet, without 
any diminution of its thickness.

The last-mentioned seam is superposed by sandstones which are fairly well seen 
in the stream D. Several minor coal seams and sheets of “  mica trap”  are found in 
these. Just below pit 9, a thick sheet of the mica trap is met with. It is overlaid 
by coal which extends with but little interruption to pit No. 8 for a distance of about 
80 feet. Of this coal, that in immediate contact with the mica trap is worthless as 
fuel being very hard and columnar; further beyond, in pits 9, 21, and 8 a seam of 
coal of inferior quality is exposed, averaging about 18 feet in thickness. Similar coal 
is exposed in pits 10, 45, and 27 by the stream DD1; it is very likely the continua­
tion of the 8-9 seam. In fact, I believe, it is continued to the Churanthi as shewn 
on the map.

The coal of No. 9 is parted from a seam of good coal (pit 104) by a few feet of 
shales. This coal is about 5 feet in thickness, dips N.W. 45°, and is overlaid by 
sandstones. There can be scarcely any doubt that it is this coal which is caught in 
pit No. 46, where the thickness is about 7 feet. It is probably continued through 
pit 28 to the Churanthi (pit 105). In the last-named pit, however, the coal is of 
inconsiderable thickness.

A seam of good coal is exposed in pits 47, 48, and 49, of which the thickness in 
pit 48 is 8 feet, and in pit 49 is 9 feet. It would probably be ffcund to run parallel 
with the last-mentioned seam at least to some distance westward.

The coal of pit No. 7 as well as of the seam 75— 39, traced along the strike east­
ward, passes under thick Tertiary rocks. By the stream M, close to its junction with 
the Churanthi, there was disclosed some good coal in pit 95, which, I am inclined 
to think, is identical either with the coal of pit Wo. 7, or with that of the seam 75— 39. 
The Tertiary rocks in the intervening ground were found too thick to attempt any 
excavations : two* or three borings would settle the question of the identity satisfac­
torily. In the meantime I may give the reasons which led.me to believe in it.

First.— There is a thick outcrop of mica trap, 300 feet north of pit No. ^5, which 
seems to be the same as that found in the stream D below pit 9 ; for it is overlaid 
by altered coal and other rocks similar to those superposed on it in the stream iust 
named. The relative position of the coal of No. 7 or of No. 75 with regard to the 
mica trap is the same as that of No. 95.

Secondly.— The strike which all these rocks have when last seen near pit No. 39 
would bring them to the position occupied by them between the stream M and the 
Churanthi.

1 That is to say, the seam lying between pits 75 and 39. For the sake of brevity, I shall 
refer to s*ams in Jhis way.



Between the Churanthi and the Nunmati stream, the ground is mudh covered
„  up and was not explored in detail. Some diggings were
The Ramthi Valley. j  ii_ 1 • j . a * * jmade by the last-mentioned stream. A trench at 93 exposed

the following section in descending order :—
8' anthricitised hard coal—Dip N. 50°.
4' intrusive sheet of mica trap (?)
6' altered hard coal.

12' good coal.
11' coal, partly altered, partly shaly.

Shales more or less carbonaceous.

As the strike between the Churanthi and the Nunmati stream (a feeder of the 
Ramthi river) is very steady, being E.— W., I am inclined to believe that the coal of 
No. 93 is the same as that of 95 by the stream M.

Further up the Nunmati stream, several seams of coal, more or less worthless as 
fuel, and intrusive sheets of mica trap (?) are met with, until near p‘ t 91, where 
thick sandstones are met with. At pit 91, there is a seam of good coal about 6 feet 
in thickness, dipping N.— 10—E. '45°.

East of the Nunmati stream the trend of the strike changes from nearly'E.— W. to 
E. N. E .— W . S. W . by the stream E, and to nearly N.— S. by the stream P, where the 
dip at pit 33 is westerly. This pit exposes a seam of rather good coal 10 feet thick 
dipping 70° W. Below it there is another seam of indifferent coal (pit 32) about 7 
feet in thickness. In pit_30, by the Ramthi, there are two seams, of which the upper 
is 10 feet in thickness, and the lower varies from 2 to 5 feet. The dip is western.

Going back to the Bagrakot-Kalimpong road, we find about 160 feet west of it, 
near pit 11, a thick sheet of mica trap overlaid by columnar

The Chunkhola. #an(  ̂ otherw;se altered coal. I am strongly inclined to think 
that it is identical with the thick sheet mentioned above as occurring in the stream D 
below pit 9. Ther$ are indications here of the mica trap being faulted against 
the Tertiary conglomerates.

Proceeding along the strike westward, the mica trap is traceable for a short 
distance south-west of pit 62. Further beyond, the ground near the junction is 
much co\%red up, and there is nothing specially noteworthy south of the Ramtek 
stream until we come to pit 65. The section here in descending order is as 
follows

Micaceous sandy shales.
27' good coal > v  e .n .e . ^
25 sandy shales. ) r 
30' good coal.

Sandstones. Dip E.N.E. 85°.

Taking the average dip of the lower seam, which is higher than that of the upp.er, 
at 50°, we get its thickness to be 2 2-8 feet. The thickness of the upper seam, if the 
dip (30°) of the underlying shales be taken, is 13! feet. Both of these seams were 
traced northward to the Ramtek river where they are lost, probably cut off by a fault. 
Southward they were.traced to the stream F* where they either pass* under, or are 
faulted against, the Tertiary rocks, the question being left unsettled owing to the 
difficulty of sinking pits in-these. The actual length over which the seams are 
traced is 340 feet.



The Sandstones underlying the lower of the two seams just mentioned have a 
very high eastern dip bordering upon verticality. They are seen for a short distance 
west of the coke-kiln where they are faulted against coal-seams, carbonaceous shales. 
&c., running with a very different strike (nearly E.-W .). The ground is much 
covered up by debris of Tertiary conglomerates, and is, besides, confused by faulting 
and contortion. By ripping it open several thick seams of excellent coal were ex­
posed. Just-by the stream F, at pit 25, a very thick seam is exposed. In a trench 
dug nearly across the strike its outcrop measured no less than 40 feet. Taking the 
average dip at 50°, its thickness would be 30 feet. Westward, the ground was not 
sufficiently well opened up to enable me to say with certainty how it ran in that 
direction; and its relation to the seam just north-west of it is very doubtful. Possibly 
the two seams are identical, one being slightly shifted from the other by faulting. 
Eastward, the seam of pit 25 is faulted against the sandstones underlying the bottom 
coal of pit 65.

A  trench across strike at pit 36 exposed the following section in descending 
order:—

22' good coal (lower part somewhat stony). Dip N.-10-E. to N.-lo-W., 40°.
16' shales.
29' good coal. Dip N.4S°.

Shales.

The thickness of the upper of these two seams is about 15  feet, and that of ’the’ 
lower seam about 20 feet.

Both of these seams agree very closely with those exposed east of the coke-kiln 
in thickness and quality as well as in the fact of their being parted by shales. I think 
it highly probable that the seams of pit 65 have been brought to the position they 
occupy in section 36, .first by a twist in the strike south of the stream F , and then by 
faulting.

The upper seam of pit 36 is much covered up by debris of Tertiary rocks. 
Digging through these to a depth of some 20 feet, it was seen to be apparently 
faulted against another seam of excellent coal, which at pit 56 dips E.S.E. 50°. The 
thickness of thfe latter seam is about 1 7  feet. It is continued westward ^0 pit 35, 
where a twist in the strike takes place, the dip changing toE.N .E . 550. The thickness 
as measured here is slightly greater amounting to about 20 feet. It is apparently 
faulted against another seam of hard, altered coal, below which we have some ex­
cellent coal, aboat 13 feet thick, resting upon sandstones and dipping E .S.E . This 
coal is, 1 believe, continued to pit 13  at the junction of th» stream F  and the Chun­
khola.

The ground just described (containing pits 65, 25, 36, 56, 35,.and 13) is very rich 
in excellent coal-seams. On the data available, any attempt to identify them with 
the seams exposed between the Kalimpong-Bagrakot road and the Churanthi would 
lead to too much speculation, which I have tried to avoid. I may, however, just 
observe that a thick outcrop, of mica trap occurs between pit 54 and the junction of 
the stream K  with the Ramtek river. If it be permissible to identify it with the 
mica trap neaf pit 1 1  by the Bagrakot-Kalimpong road, then, the seams exposed 
tin pit 65 may.be identical with the coal-seam in pit 38.

South-west of the stream F, there is nothing specially noteworthy until we get' 
to the sfteam I». Between its junction with the Ramtek rtver and pit 20, there were



found indications of good coal-seams. This ground, however, was not explored in 
sufficient detail.

Going back to the Bagrakot-Kalimpong road, we find some 400 feet west of the 
Kuli huts a rather promising seam exposed by pit 5. It is about 14 feet in thickness, 
and dips E .— 10—N. Southward, the ground being much covered up, it could be 
traced but for a short distance. There are indications of coal near pit 61, but none 
of .respectable thickness was encountered. The dip here is also eastern. But at 
pits 62 and 1 1  the beds of altered coal (mostly columnar) are inclined N.N.W. I 
am inclined to think that a line of fault runs between pits 61 and 62, and extends 
to some distance westward, probably as far as the junction of the stream H with 
the Chunkhola. There is very likely another line of fault running along the spur, 
dividing Chunkhola from the Churanthi valley; for the rocks on either side of it 
present great discordance both as regards strike and lithology. "On the Bagrakot- 
Kalimpong road and east of it the dip is north-western; whereas west of the road it 
varies from E — 18—N to N .E .: and the seams occurring west of the road—that 
of pit 5, for instance—are not to be found east of it.

Proceeding westward from pits 5 and 61 we have in pits 68 and 34 indications 
of good coal. Further west there occurs in pit 29 an excellent seam. The 'sec­
tion here is as follows (in descending q jd er):—

Shales.
2' good coal.
9" shales.
14' 3" good coal.
Blackish carbonaceous shales.

The dip is E .N .E . 450. Taking this dip, the thickness of the lower seam 
comes to about' io |  feet. Lower down the streamlet in which pit 29 lies, another 
seam of good co^l was exposed by diggings (pit No. 53). It has a thickness of 
about 6 feet, and strikes nearly E .— W.

Proceeding westward, some very good coal was exposed by diggings by the 
stream G (pits 69 and 59). A  cross cut at 69 exposed the following section (in 
descending order):—

1' coal.
1' 3'' shales.
38' 9" coal, dip N. to N.— 10— W. 65°.
4' carbonaceous black shales.,
3' grey sandy shales.
3' carbonaceous, oily, black shales, Dip N 8o°.
Sandstones. 1

If the amount of the dip be' reliable, the thickness of the main seam comes to 
no less than 35 feet. As regards the quality of the coal, it has a very strong resem­
blance to that of pit 29; and the strike which the latter has would bring it to the 
position occupied by the former. .

Just west of the* junction of the stream G, with the Ramtek river, there is an 
outcrop of good coal (pit 55) about 14 feet in thickness, resting upon thin, splintery 
carbonaceous shales, witfi jnterbedded thin seams of cpal, dipping N. 450. The seam



was traced for a short distance westward. Higher up the stream G, north of pit 69, 
there is a thin seam of good coal (3' 6") resting upon shales, and dipping about 50° 
N.— 6— W.

By the stream H, and the footpath just east of it, there are indications of several 
promising seams. But the ground is so extremely covered up that they could not 
be traced far on either side of it. The section by the stream exposed by a cross 
cut, pit 85 (i.e., a trench across strike), is as follows (in descending order):—

a. 10' coal, dip 450.
27' sandstones.

8' black carbonaceous shales.
b. 4' good coal. T

8' shales. r Dip 450 N. to N.— 10—W .
c. 1 1' good coal. )

Shales.
80' shales, sandstones, and coal, not well exposed.
d. 1-1' coal.

From the steadiness of the strike between the streams G and H, I have but 
little doubt that the seams b and c of the above sections with some of the associated 
carbonaceous shales represent the thick seam of pit 69 ; and that the seam a re­
presents the thin seam above pit 69, though the former is immensely thicker than 
the latter.

At pit 99 by the footpath just east of the stream H, al good seam about 8 feet 
thick is exposed, which I am inclined to connect with the coal of pit 100 presently 
to be mentioned.

The strike continues very steady for some distance westward. By the footpath 
just east of the stream C, there are several exposures of good coal. At pit No. 90, 
we have the following section

9' coal.
1' shales.
2' coal.

Below pit 90 occur shales with thin seams of coal until we come' to pit 100, 
where there is a rather promising seam of which the exposed thickness is no less 
than 10 feet. I am inclined to consider the latter as identical with the coal of pit 99 
east of the streasn H.

With regard to the coal of pit 90, it very likely represents the seam d of the 
section at pit 85. The higher seams of this section are, I believe, caught in pit 79 
further west by a footpath east of the stream B. Here the section is as follows (in 
descending order):—

97' reddish sandy shales with thin coal.
a. 19' coal.

4' shales.
b. 28' good coal.

Hard reddish shales.

The dip varies in amount from 35° to 550, and in direction from N. to N.N.W-.
The 4hickne,gs of the seam b in this section, taking the average dip at 45° is



found to be i9 ‘8 feet. Together with seam a its thickness would be very ijearlv that 
o f the thick seam of the stream G (pit 69), with which I am strongly inclined to 
identify it.

Proceeding further west along the strike, some seams were exposed by excava­
tion by the stream A. None of them appears to be very promising, and if they 
represent any of the seams mentioned above (as from the strike they appear to do, 
at lpast in part), they must do so in a considerably attenuated form.

At the forest boundary dividing Chunkhola from the Lisu valley the ground is
T. . .  „ much covered up. The few outcrops seen here are all ofThe Lisu Valley.

worthless coal. West of the forest boundary, indications of 
goo'd coal were found by the stream N. at pit i \  and the one above it. In the 
former, the seam is 7 feet thick, dipping N.— 15— W., and in the latter, the seam 
is 7 feet 6 inches in thickness, dipping 350 N.— 10— W. ( The strike of these as 
well as of the outcrops at pits 15 and 16, is the same as that prevailing east of the 
forest boundary in pits 70, 74, &c.

Further west, the strike changes probably by a twist, the dip in the pits 4, 82, 
17, and 18 west of the stream R being north-eastern. The section exposed by pit
4 is as follows (in descending order) :—

Carbonaceous shales with thin seams of coal. 
4' coal. \
1' carbonaceous shales. I Dip 250 E.N.E.
4' coal. }
Sandstones.

The seam exposed by pit 18 is 5 feet 6 inches in thickness; and the coal ap­
pears ta  be very goqjl. The seams in pits 17 and 82 were not well exposed; and 
their thickness is doubtful. From the strike it seems to me probable that the coal 
of the pits 4, 82, 17, and 18 represents respectively that of the pits 14, 107, 15 , and 
16 . *

Further west, the ground is so coyered up by detritus from the Dalings, that 
very little rock is seen in situ. There are, however, indications of excellent coal 
in pits 2, and 3. The section exposed by pit 1 (in descending order) is as 
follows:—

a .— 5' 9" good coal.
3' 3" black carbonaceous shales.

4' sandstone.
5' black carbonaceous shales.

b.— i 'i o "  coal.
5' 3" black carbonaceous shale.

The dip is high about 65° to 8o°, pointing E. to E.N.E. The seam a was 
trace'd for some 100 feet northward, whei;e a fault appears to separate it from the 
seams of pits 2 and 3. In pit 2, a seam of excellent coal, 3 feet 6 inches in thick­
ness, is observed interbedded with micaceous, sandy shales, which yielded a large 
number of fairly-preserved fossils mostly belonging, however, to one genus, verte- 
braria. The seam 'in pit 3 is about 2 feet 9 inches in thickness ; *it is very likely 
identical with that of pit 2. The dip of both is high (about 50°) N. W. tg N.N.W.



The following is a tabular summary of the principal coal-seams not less than 
Tabular Summary 5 êet in thickness, leaving out those which have been too 

highly altered by contact with igneous rocks :—

Seam (indicated by pits). Dip.
Average 

thickness in 
feet.

Length 
of seam 
actually 
traced in 

feet.

( I )—S u p e r io r  C o a l  (C l a s s ­
e s  A AND B).1

\

I  .—Churanthi and Ramthi 
Valleys.

(1) 39—41—42—43—60
—75—6—38—5 i

40° to 55° N. E. 
to N.W.

22 800

(2) Near pit 95 (close to junc­
tion of stream M with 
the Churanthi) . N.N.E. ?

(3) 93 . . . . 50° N. 17*5

(3a) 91 . . . . 45° N.—10—E
•

6 <••
(4) 33—(Stream P, a feeder

of the Ramthi) .
(5) 7—(Two'seams faulted) .

(5a) 104—46—28—105 . . 

(5*) 47—48—49 •

70° W. 
7o°N.N.E.to N.E. 

(16 feet seam) 
S.W. (6 feet 
seam).

45° N.W. to 
N.N.E.

35° to 50° N. to 
N.N.E.

9'422 (total 
thickness)

5 ?
8-S

200

1,650

825

II.—Chunkhola.

(6) 65—(Upper seam)
(7) 65—(Lower seam)

5o° E.N.E. 
500 E.N.E •3‘5 I  

22*8 j
340

(8) 25 . . . . 50° N. 30 ? ...

(9) 36 (Upper'seam) . .

(10) 36 (Lower seam) .
(n ) 56—35 . . . .

0
(12) 35 . . . .
(13) 5 . . . .

40° N. 10 E. 
to N. 10 W.

45° N.
50 E.S.E. to 

55° E.N.E. 
E. S. E.
E. \o N.

15
.

20
■8-s

13
14

| 300

55
250. 
165

(14)59 . 45° E. I*. E. 12 660 ?

(15) 59—69—85—79 (?)
(16) 101 (Stream G, above

69)—85 (uppermost 
seam) » . . 

•

45° to 65*.
N. to N. N. W.

45° to 50°
N. to N. N. W.

27 (?) 

* 5 ?

'.815

500

R e m a r k s .

This seam is very likely con­
tinued to next pit under 
Tertiary tconglomeratic 
sandstones which cover the 
intervening ground.

This coal is probably con­
tinued to next pit.

Part of this coal is of infer­
ior quality. This seam is 
possibly continued to seam 
4-

Probably identical with 
seam (5 b).

Very likely continued 
near pit 95.

to

These seams are possibly 
identical with those next 
named.

This is probably identical 
with lower seam oftnext 
pit. •

This seam is faulted against 
the one next named.

Possibly identical with the 
next seam, but shifted by 
a fault.

Probably continued to next 
seam. The thickness given 
here is the aggregate thick­
ness of two seam's parted 
by 9 inches of shales.



Seam (indicated by pits). Dip.
Average 

thickness in 
feet.

Length of 
seam 

actually 
traced 
in feet.

R em a r k s .

(>7) 34—68-53—55—64—102 450 N. N. E. to 
N.N.W.

8 1,000

(18) 59—100.
III.—Lisu Valley.

45° N.N.E. to 
N.N.W.

9 700

(19) 14—4 . . . . 35° N. 10 W. to 
25° E.N.E.

5’25 75o(?)
(20) 1 . . . .

(II)—In fe r io r  C o a l  (C la s s  
C).>

I.—Churanthi and Ramthi 
Valley ,

(21) 8—21—9— 10—40—45—

65? to 80° 
E. to E.N.E.

S’5

The seam is very thick be­
tween pits 40 and 45. It 
is very likely continued to 
next pit.

27—103 5c0 to 85° N.W. 
N.N.E.
N. :o E.

IS? 1,800

(22) 97 (Nunmati stream) N. N.W. ... Seam of 32 is probably
(23) 32 . . . . W. 7 > identical with the upper
(24) 30 (Two seams) . 

II .—Chunkhola.

W. 13 (total 
thickness) •

... )  one of 30.

(25) 11—45 . . . . N.N.W. 8

§ 2 . Quality o f  the Coal.
With regard to quality, the coal may be classed under three heads as 

follows :3—
Class A.— Cakes.strongly. Percentage o f  ash not exceeding 1 6 .

Moisture .

Volatile matter (exclusive of moisture) 
Fixed carboj .
AsH ■ . . . . 1
Colour of ash . . . .

Pit No. 3 (Lisu Valley).

I4'54

886
63-96
12-64

Percentage minus 
the moisture.

1037
74-84 
1479

Gray. Cakes strongly, and 
fdtms a light tumid cake.

Pit No. 1 
(Lisu Valley),

4-72

22-16
60-24
12-88

Pit No. 1.

3-28

20- 60 
60'12 
:6-oo

Three samples from pits Nos. 1 , 2, 3 in the Lisu valley were fdbnd to contain 
respectively 10-64, 888,»and i 6’ i 2 percentage of ash. These samples as well 
as those from pit No. 1 , of which the analyses are given above, were from the 
surface, and were found either not to cake or only to sinter slightly. From a de^th 
of 5 or 6 feet from the surface, the coal from all these pits was found to coke 
strongly, like the sample from pit No. 3, the analysis of which is given above.

As far as I could judge from appearance, the coal from pits Nos. 29, 59, and 
69 belongs to this class.

From the analyses given above, the average percentage of ash is found to be 
12*23, and the average percentage of fixed carbon, 6 1-44.

1 Vide, infra, p. 19.
J TJbe analyses were made in the Survey Laboratory.



Class B.— Cakes strongly. Percentage o f  ash between 16  and 2 2 .

» ---------------------------------------------------

Pit No. 7, 
Churanthi Valle/, depth 
% 9  feet.

Pit No. 25, 
Chunkhola or Ramtek 

River, depth 7 feet.

Pit No. 7, 
Churanthi 

Valley, surface.
Pit No. 7, 

surface.
Pit No. 7# 

surface. R e m a r k s .

M o i s t u r e ........................................ 4 ‘2 1 Percentage 
minus the 
moisture.

16-10 Percentage 
minus the 
moisture.

l
}- 20-80 21-48 1 7 * 2 0

From a comparison of the 
analyses of the different 
samples from pit No. 7,

Volatile matter (exclusive of mois­
ture).

14*09 14-71 >5'47 18-44
1

J to increase, and the 
percentage of ash to 
decrease, with depth.

Fixed carbon . . . . 62*56
•

65'3 i 5 *’85 • 6i"8o $7 9 * 56-52 63-28

A s h .................................................

•

19-14 19-98 16-58 1976 21-28 22*00 19-52

IOO'OO IOO'OO

•

•100-00 10 0 * 0 0 IOO'OO 10 0 * 0 0 IOO’OO

Colour of ash . . . . Pale brc wn . Reddish gray Dark red . Dark red . Dark red .

Cakes strongly Cakes strongly Cakes, but 
not very 
strongly.

Sinters
slightly.

Cakes, but 
not very 
strongly •
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The coal of the pits 39, 41, 42, 43. 6, 38, 65, 36, 35, 56, 13 , 55, 100, &c.,.in fact 
the greater portion of the coal described above, appears to belong to this class.

Class C. Does not cake. Percentage of ash between 22 and 33 .

Pit 30, Ramthi 
Valley. 

(Surface.)

Pit 30, Ramthi 
Valley. 

(Surface.)
Pit 9, Churanthi 

Valley.

Moisture . . . . . . .

Volatile matter, exclusive of moisture .
0 

CO
 

CO 
CO

 
‘C

n

1*60

10*40
| 5 7 6

Fixed c a r b o n ................................................ 58-12 6176 69*84

Ash 33'20 26-24✓ 24*40

100*00 100*00 100*00

Colour of ash . . . . . . Dark brown. Light red. Dark brown.

To this class belongs the coal of pits 8, 21, to, 45, 40, 27, 103, in the Churanthi valley; 97,. 
32 in the Ramthi valley; I I ,  12, 54 i n the Chunkhola.

In the following table the Darjiling coal (Class A and B) is compared with 
the Raniganj coal:—

Fixed carbon.,
Volatile 

matter (including 
moisture).

Ash.

Darjiling, average of 8 assays . , .< 5 9 - 5 6 22*94 17*42

Raniganj, average of 3 1 * assays . S3'2 30-63 i 6 -i >

The utilisation of the Darjiling coal depending to a great extent upon its caking 
property, care was taken to test it in the field in earthen kalsis, as well as on a 
larger scale in kilns. Three kilns were put up, one on the saddle separating the 
Churanthi valley from the Chunkhola, another in the Chunkhola, and the third in the 
Leeshkhola (Lisu valley). Coal from pit 7 was tried in the first, from pit 25 in the 
second, and from pits 1 and 3 in the third. All of the kilns turned*out good coke 
which Has been pronounced by a competent authority to be quite up to any made 
at Barakar. A sample of the coke assayed in the Survey Laboratory was found to 
contain only 0-62 percent, of sulphur (o'5 8 per cent, as sulphide,, and c/04 per cent, 
as sulphate).

The fact that so many of the outcrops have yielded good coke is the most 
hopeful feature about the explored coal.

§ 3 . Quantity of immediately available good coal in the central portion o f the
• explored area.

With regard to the quantity of the coal, I shall attempt a calculation of it only 
for the central portion of die explored area (marked a, b, c, d on map), wtych wag



opened,up in greater detail than any other portion. This area measures only 97 
acres, or about three-twentieth of a square mile. Within this small area, I shall, to 
be on the safe side, restrict myself'to those seams or portions of seams which have 
been actually traced by me. Further; I shall neglect all coal which contains 
more than 22 per cent, of ash, and all seams less than 5 feet in thickness.

I shall put the limit of workable depth at 1,000 feet. In Europe there are coal 
mines of more than treble this depth in rocks quite as highly disturbed as thoge we 
are dealing with. But, in India, no coal mine has, I believe, yet reached the depth 
of 500 feet; and in taking the limit' of workable depth at a thousand feet, I hope I 
am not transgressing the bounds of Indian probabilities.

For facility of calculation, I shall assume an uniform average inclination of 
45° for all the seams. From an inspection of the table of principal seams, it will be 
seen that this average is well warranted by facts.

Available quantity of coal 
Seam- ■ in tons.

( I ) 1  ................................................................................................................................  746,592
(5 ) ................................................................................................. '  186,648
( S a ) ..............................................................................................  349.965
( 5 b ) .......................................279,972
( 6 )— (7  ) .............................................................................................................. 5 * 9 ia l 4
(8)—( 1 0 ) .................................................................................  509.040
( it )—( 1 2 ) ....................................................................................................... ' 328,755
(13)— ( ‘ 5 ) ..............................................................................1,903,809
(16 ) ................................... .........  106,050
(17 ) .......................................................................... 395.354
(18 ) .......................................................................... 267,246

5,592,645

In round numbers we have 55 millions o f tons of almost immediately available 
good coal belonging to classes A and B within an area of not more than 97 acres. 
The whole of this coal will, I believe, be found to be convertible into good coke. 
For the erftire explored area, which measures a little over one square mile, the 
amount must be much greater though not proportionately, as the seams appear to 
suffer attenuation eastward as well as westward. Twenty millions will not, I think, 
be an over-estimate for the whole of the explored area. If we take co£l of class C 
into account, we would probably have somejten millions of ton's more.

§ 4.—  Carriage/ mineral resources/  labour/  mining.
The coal-Seld is situated at a distance of 2\  miles (as the crow flies) fjom the 

. Duars. There is only one made road in the explored area,
the Kalimpong-Bagrakot road. It passes along the water­

shed between the Lisu and the Churanthi and is practicable for ponies. Running 
as it does through the central and apparently the richest portion of the coal-field, its 
"importance, if widened into a cart-road, would be great. There is a path which 
runs along the Lisu river to Asabari at the foot of the hills, where a hdt is held 
every Sunday. It could be made into a cart-road ; but the expense will, I think, be 
greater than in the case of the Kalimppng-Bagrakot road, as several bridges will be 
required.

}  These numbers refer to the seams tabulated before, see pp. 16— 17. Strike faults may 
redute ̂ he' estimated quantity to some extent.



From the foot of the hills there is a cart-road to Silliguri, a distance of about 
18 miles. The only river it crosses is the Tfstd. At present tea from the planta­
tions just at the foot of the hills is carried to Silliguri at a charge of about 5 annas or 
so per maund. If the cart-road be extended to the coal-field, carriage by cart to 
Silliguri would cost 6 annas per maund. If a tramway be made, the cost would be 
much reduced.1 The proposed Duars Tramway will pass at a distance of about 10 
miles*from the coal-field, and a branch to it is well worth the consideration of the 
Tramway Company. Besides the coal, the branch line would tap several flourishing 
tea plantations, such as Bagrakot, Phulbari, and Asabari. I must say, however, 
that traffic on this line would have to be suspended for three months and a half, 
from June to the middle of September; for the rivers which the proposed branch 
line would cross swell to large proportions during the rains, though almost dry for 
the remainder of the year.

With regard to mineral resources, the coal-field is advantageously situated.
Seven miles to the north of it, at the head of the Rere Ung, 

theMv"dni!yof the°coal,n there are some excellent iron-ores.8 Therg are two kinds 
of ore, of which one is described by Mr. Mallet to be in 

places pure magnetite, but more usually including a varying proportion of actino- 
lite ; the other is a “  schist composed of magnetite, micaceous hematite, actinolite, 
and talc, irregularly interbanded; the last three also including octahedrons of mag­
netite.”  Specimens of both kinds of ore have been assayed with the following 
results:—

Percentage of iron.
Magnetite .......................................................................................7>'50
Micaceous hematite . . . . . . . . .  59'8g

Neither contain any phosphorus or sulphur.
Mr. Mallet who examined the ores observes : “ the deposit is a valuable one; as 

will have been seen from the assays, the ore is extremely rich, and the quantity 
appears to be considerable, while the iron produced is of the best quality.”

There is copper ore two miles north-west of the coal-field on Yongri Hill. Mr. 
Mallet who examined it in 1882 observes :s

. . . . The Yongri' seam, like all the other known cupriferous seams in the Darjil- 
ing district, (istly) occurs in the rocks of the Daling series, (2ndly) is a bed, not a true lode, and 
(3rdly) that the ore is copper pyrites. •

“ As is commonly the case in the Darjiling mines, the seam is not of constant thicknessi 
expanding in some places, as I was informed by the miners, to a foot or so, a<jd in others thin­
ning to only 1 or 2 inches. A sample of the ore, as it was being brought out from the mine, 
yielded on assay i ’5 per cent, of copper, while a sample of picked ore gave 6 6 per cent.

“ Taking the general strike of the rocks into account, it is not impossible, perhaps not improb­
a b le , that thj Y o n g r i  cupriferous band is on the same horizon as the metalliferous strata at Mang- 
phu. The chance is at least sufficiently great to suggest a somewhat promising clue towards the 
discovery of new outcrops, between the two positions, to any one with sufficient geological 
knowledge to apprehend the bearing of the facts.”

1 Carriage by the Tfsti to Jalpiguri, if practicable, would be cheap.. I hear tea from some 
of the plantations near the coal-field is conveyed in boats down this river. The coal could be 
carried down to the foot t>f the hills by wire-tramway j and this mode of conveyance may prove 
cheaper than an ordinary tramway, 

a Vide Mem., XI, p. 67.̂
* Rec., XV, pp. 56—57-



[The' Mangphu copper ore on the Tista, referred lo in the above extract, is not 
very far from the coal-field, about 6 miles to the north-west. ]

A  mile and a half north-east from the Yongri mine, on the western flank of 
Sampthar hill, M r. Mallet encountered a metalliferous band, which was found to 
contain “  arsenical pyrites with a somewhat considerable proportion of mundic and 
a little copper pyrites.” “  As white arsenic and orpiment (arsenious acid and arsenious 
sulphide),”  says Mr. Mallet, “  are both easily prepared from arsenical pyriteg, and 
orpiment is used to a considerable extent in India in connection with the preparation 
of hides, it seems likely that'if some of the copper miners were to learn the way of 
making the above-mentioned products, they could profitably work the Sampthar ore, 
especially as some copper could be subsequently extracted from the spent pyrites.” 1 

There are deposits of tufaceoijs limestone in the Chunkhola, from which lime used 
to be made at one time. But the supply from this source will never be plentiful; it will 
certainly not meet the demand for the manufacture of iron on a large scale. There 
are beds of limestone belonging to the Daling series in the Chunkhola; but the lime­
stone appears to be poor.2 I could, however, but pay little attention to it. Very 
likely with closer search more promising outcrops will be found. We have good 
coke, and an abundance of rich iron-ores: with good flux, we may expect to have 
iron manufactories at no distant date in the Darjiling District.

There are a few villages north and ‘north-west of the coal-field. But they are 
Labour supply scantily populated; and land is so cheap that every tenant

has got more of it than he can well attend to. Consequently 
labourers’Ss a class do not exist; and great difficulty was felt by me in procuring
local labour. If the coal be worked, Nepalese labourers will have to be got. In 
the neighbouring cinchona plantation at Nimbang they work at R5-8 to R4 per 
month; and there is no reason why they should not be available for the coal mines 
at the same wages, provided that suitable land fo r  thfm to settle on he found. 
Every family of labourers requires a small plot of land to grow bhutta on ; in 
fact, Jheiow wages mentioned above are conditional upon suoh land being granted 
rent-free. Within the coal area, there are not many good sites for settlements; and 
should the coal be worked on an extensive scale, a fringe of cultivable land to the 
north and west of the coal-field at Chankiang and Makum would be required.

With regard to mining, some of the conditions appear to bfe distinctly in favour 
. of the coal, while osiers are quite as distinctly against it.

The disturbance which the coal and associated rocks have 
suffered is by j)0 means an unmixed evil. Owing to its crushed condition it can be 
easily dug out with picks and kodalis, so that the cost of,extraction would be much 
less than in the Raniganj and Giridih mines. On account of its high dip, the Dar­
jiling coal has been brought to the surface; consequently, it will not, as a rule, be ne­
cessary to sink shafts through unproductive rocks, and a very heavy item of expense 
will thus be eaved. The powdery condition of the coal is favourable for coke-jmak- 
ing ; and water for the kilns or ovens could be brought down from a higher level 
than these in bamboo or iron pipes at a comparatively trifling cost. On the other 
hand, owing to the crushing which the coal and the associated rocks have undergone, 
these (especially the shales) are not likely to afford a firm roof in deep mining, and 
extensive timbering will be necessary. There being reserved forest, however, on all 
sides, timber will be cheap.

• * Op. cif., p. 58. | 3 Vide ante,  p.«8.’
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The Basic Eruptive Rocks o f  the Kadapah Area, by P h il ip  L a k e , B.A., 
'  F.G.S., Geological Survey o f  India.

In Southern India there were at least two great periods of eruption of basic rock 
before the time of the Deccan trap. The' first eruption took place in the Dharwar 
and the second in the Kadapah epoch. Before Dharwar times, and also between 
the Dharwar and Kadapah epochs, there were many dykes injected into the crystalline 
and schistose rocks of the country, but they are at present unconnected with any 
contemporaneous flows, and may never have reached the surface.

The contemporaneous traps of the Kadapahs are all found in the Poolumpett 
beds of the Cheyair group. In the rocks below these there are many intrusive dykes 
but no flows, while above the Cheyair group no traps of any kind are found among 
the Kadapah rocks. A full account of the relations of these traps to the beds in
which they occur is given by Dr. King in his Memoir on the Kadapah and Karnul
rocks.1

The chief of the contemporaneous flows are those of Jootoor and Palamodu.
Adopting Mr. Teall’s classification,2 the Jootoor trap is an olivine-dolerite, or

, , . , olivine-gabbro. It is a fine-grained holocrystalline rockJootoor trap.” °  . - 0 . , , . ,composed chiefly Of olivine, augite, and plagioclase felspar.
but containing also “  opacite ” (probably magnetite) and a little mica. The specific
gravity is 2-9, and the percentage of silica is 45"59.

The olivine, which seems to have crystallised out b.efore the augite and felspar, 
occurs in rounded grains, which are frequently clouded at the edges. , Along the 
cleavage cracks opacite has been developed in great quantity, but there is no sign of 
alteration into serpentine. The olivine granules are sometimes included in the 
augite and felspar.

The augite generally forms large ophitic masses, but occasionally occurs in fairly 
well-defined prisms. #lt is of a very pale brown colour. The cleavage is generally 
irregular. One section of a twinned prism which shows the prismatic cleavages, 
making an angle of .89° with each other, also shows a striation parallel to the 
trace of the twin-plane, i.e., to the orthopinacoid (100). In this it resembles dial­
lage, but the*striation is not very marked. Opacite is developed along this lamina­
tion, and also along irregular cracks which cross most of the sections of augite.

The felspar is not abundant, and thefe are not enough crystals for the determina­
tion of the species. It is twinned on the albite plan.

A little brown dichroic mica is also found. Opacite is sometimes developed 
along its cleavage planes.

The opacite, as already mentioned* occurs along the cracks and cleavage planes 
of the ferro-magnesian constituents, especially the olivine. It is mostly in the form 
of a fine dust, but occasionally forms little needle-shaped crystallites. It is probably 
magnetite, and has evidently been formed by the alteration of the olivine, &c.

Greenish chloritic matter also occurs in the rock, but is not abundant.

1 King. Mem. G. S. of I., VIII.—The specimens on which the description^ in this paper
are based were collected By Dr. King, and are now in the Indian Museum.

3 British Petrography, p. 70.
J Mem. G. S. of I., VIII, p. 196.



The Palamodu trap is a dolerite without olivine. It consists chiefly of augite in an
, earthy base. The base has evidently been formed by thePalamodu trap.1 , . , ,  , , . . . .  /

alteration of felspar, and remnants of plagioclase crystals are
seen in it. Besides the augite, there is also a serpentinous mineral which seems to have
been formed by the alteration of the augite. The specific gravity of the rock is 2-9.

The augite occurs in crystalline masses without crystalline outlines. Very often 
the plagioclase crystals, or the earthy pseudomorphs of these, penetrate the-augite, 
and it is clear that the augite crystallised out after the felspar. The rock is, there­
fore, ophitic (diabasisch-kornig of Rosenbusch). Besides the prismatic cleavages, 
there are shown in some of the augite sections sets of dark lines parallel to the 
planes, 100 and 010. These.are not always easily distinguished from the prismatic 
cleavage; but in one section which shows the two sets of dark lines at right angles 
to each other (and in convergent polarised light gives an optic axis a little outside of 
the field), the  ̂extinction is parallel to these lines, and the lines are therefore not 
parallel to the prism (110). The development of planes parallel to the pinacoids 
suggests that the augite may be rhom bic; but this is not the case. In sections out 
of the zone 100,010 (with the'cleavages parallel) the extinction is not always paralle 
to the cleavage; and when it is parallel, the section shows an optic axis in conver­
gent polarised light. The augite is therefore monoclinic. Its double refraction ^s 
positive and strong.

It is probable that the flark lines are generally developed, parallel to only one of 
the planes 100, 010; for in-taost of the sections only one set of these lines is visible.

The augite, separated as1 well as possible from the other components of the rock, 
was found by Behrens’ microchemical methods to contain Ca, Mg, and some Al.2 
The amount of Al found was small, and it may have come from the other materials 
of the rock, which could hardly be completely separated from the augite. The 
augite is not highly aluminous. *

In many cases the augite is partly altered into a fibrous-looking earthy substance, 
the fibres apparently lying nearly at right angles to the verticaf axis.

The final product of alteration of-the augite is a fibrous-looking mineral penetrated 
by little veins of what appears to be the same mineral oriented differently. The 
colour is greenish yellow, and the mineral shows a feeble pleochroism. T^ie extinction 
is parallel to the fibres or cleavage. In convergent polarised light, the mineral is 
found to be bi-axial; and as the extinction *is straight, it must be rhombic. It is 
probably bastite.

The felsjar is almost entirely decomposed, and the species cannot be determined. 
There are besides the plagioclase, a few grains of clear*felspar without any definite 
form and without any twining. This is probably of secondary origin. There is 
also a little quartz, which may have been set free during the alteration of the felspar.

1 Mem. G. S. of I., VIII. p. 198.
a Being unable to procure any caesium chloride, I was obliged to use rubidium chloride 

instead as a test for Al. For suggesting the use of rubidium chloride I am indebted to Mr. 
P. Briihl of the Civil Engineering College, who kindly gave me a specimen. 100 parts of 
water at 17° dissolve o'6ig parts of csesiunTalum or 2̂ 27 parts of rubijjium alum (Watt’s Diction­
ary bf Chemistry, after Redtenbacher), so that the test with csesium is about 37 times as delicate 
as that with rubidium. With csesium 001 milligrammes of AI2 0 3 can be clearly proved, and 
therefore with rubidium 0’37 milligrammes can be detected. In the present case the drop jof 
liquid ^as allowed to evaporate slowly, almost to dryness.



PART 4-] OLDHAM: The Deep Boring at Lucknow. 26 1
\

At Betumcheru, in Karnul District, is another mass of trap, which also appears
_ , to be'contemporaneous and of Poolumpett age. This rock is
Betumcheru trap. . , . _ , . . , , .composed chiefly of plagioclase and augite. I here are two

specimens in the Museum, one obtained at Betumcheru, and the other three miles W.
S. W. of Betumcheru. The former is fine-grained and holocrystalline (Sp. gr. 3'p),
while the latter is compact and contains amygdaloids (Sp. gr. 2-7).

Hi the first specimen the augite very much resembles that of the J ootoor trap. 
It has crystallised after the felspar, and forms ophitic p'l&tes. The felspar crystals 
frequently penetrate it. It is often partly decomposed into a clouded greenish sub­
stance which is dichroic.

The plagioclase occurs in long lath-shaped sections with numerous in-lame Use. 
The maximum extinction found in the zone 100,001, referred to the trace of the plane 
010 , was about 290, and the plagioclose is therefore labradorite, or possibly a more 
basic felspar.

Magnetite is scattered through the rock in nests.
The second specimen (3m. W. S. W. of Betumcheru) is very finely crystalline. 

Almost all the augite appears to have been converted into chlorite, and the rock is 
practically composed of plagioclose microliths in a chloritic base. Magnetite is 
scattered through the rock in small grainy and in skeleton crystals. A few grains 
of a brownish granular substance fill up the interstices of the rock, and there is also 
a little hasmatite present.

The amygdaloids are composed of quartz, or quartz and chalcedony, in alternate 
layers. In some cases chlorite fills up the spaces between the quartz crystals.

From these descriptions it will be seen that the Kadapah traps are essentially 
plagioclase-augite rocks. The Jootoor trap contains olivine, and in parts of the 
Betumcheru mass the augite has been converted into chloritic or, possibly, serpen- 
tinous matter. But this does not alter the character of the rock.

The augite appears to be non-aluminous or but slightly aluminous, and is allied 
to diallage. The felspar is basic, and in parts of the Betumcheru trap, and probably 
in the other traps also, is allied to labradorite or bytownite.

The occurrence of these highly magnesian traps in the Kadapahs is interesting 
in connectifjn with the presence of serpentinous and steatitic rocks in the Paupug- 
nee beds, which lie below the horizon of the contemporaneous traps. Dr. King1 
shows that where the Paupugnee limestones and slates are in contact with trap, they 
are frequently seamed and veined with serpentine. Steatite also is abundant in places. 
The Paupugnee traps are intrusive, and there can be little doubt that tljey are of the 
same age and character as "the Cheyair traps; and the serpentine and steatite are evi­
dently derived from the augite and olivine forming so large a part of them.

The Deep Boring at Lucknow, by R. D. O l d h a m , A.R.S.M., Deputy 
Superintendent, Geological Survey o f  India.

An experiment of considerable practical and scientific importance has lately 
been carried out by the Municipality of Lucfcnow, which has put do.wn a boring, 
1,300 feet in depth, in Search of an artesian water-supply. A section of this boring, 
received from the President of the Municipal Board, is here published ind deserves 
some comment.

1 Loc. cit., pp. 164—166.



Our late Director, Mr. H. B. Medlicott> always maintained.that artesian water 
could be obtained by deep borings in the Gangetic plains, the failure of those put 
down as yet being due to their unfavourable situation. Though it is extremely im­
probable that the Gangetic alluvium has that structure which would have been most 
favourable-for the production of an abundant supply of artesian water, and was at one 
time believed by Mr. Medlicott to be the actual structure, yet it has been recognized 
that the analogy of previous experience in other alluvial plains justified the. hope 
that water would be obtained under sufficient pressure to rise to the surface; the only 
difference of opinion being as to the probable abundance of the supply.

It will be seen from the record that, as the boring progressed, water steadily rose 
ill the bore hole till, between 1,189  and 1,202 feet, a bed of quicksand was passed 
through, from which 10  gallons per minute flowed from the top-6f the bore hole. 
This is Of course a miserable supply to be obtained from so expensive a venture, 
but does not py  any means represent the true capacity of the bed, owing to the 
want of judgment shown in the selection of the points at which the size of the 
casing was "reduced. I find that the bottom of the 12" pipe is at 408' 8" in “ fine 
sandy silt;” of the 10" pipe at 798' 1 " in “  quicksand with abundance of mica,” and 
•the 8" pipe 'ends at 898' ill “ kankar, hard, with a little sand.” All these are perme­
able beds, one freely so, in \Vhich the wajer had not sufficient pressure to rise to the 
surface; at all these;junctions there must have been leakage, and the 10  gallons a 
minute, barely flowing at the surface, do not truly represent either the pressure or 
the discharge of the 4" pipe -at the bottom of the welh

In the current newspapers this boring has been stigmatised as a failure; such it 
doubtless is if regarded as a source of water-supply, but as an experiment it has 
been conspicuously successful. It has established the fact that at ‘1,200 feet there is 
water under sufficient pressure to flow at the surfa'ce ; it is# probable the succeeding- 
water-bearing strata, which would be struck by a deeper well, would yield water at a 
higher pressure •; and, even if the pressure and supply so obtained be insufficient, an 
abundant supply of pure water will be obtainable by pumping?

In sinking a fresh well, as has been decided bn, it Will be necessary to start with 
a larger size of bore hole, and to show greater judgment in selecting the points at 
which the casing is reduced in size, The boring just abandoned appears to have 
been made with an ordinary chisel bit, and the casing driven Close behind the head 

•of the boring till it would go no further; Jbut, in such stuff as Was passed through, 
there seems no reason why an expanding bit should not be used, thereby reducing 
.the friction Against the outside Of the ca'sing and increasing the distance to which 
each separate size cpuld be driven.

There are two points of theoretical interest conneciea witn this boring. They 
£flre ( 1 ) whether the head of water comes from the northern or southern margin of 
the plains, and (2) whether the bore hole has not nearly reached the base of the 
alluvium.

With reference to the first. It has now been established that the formation of 
the depression, now occupied by the Gangetic alluvium, has proceeded pan passu 
with the elevation of the Himalayas, and that it has extended southwards by the 
gradual subsidence of the northern limit of the peninsula rock area* On its northern 
boundary the history has been different: the deposits formed at the foot of the 
"Himalayas during the Siwalik period, which were originally part of the Gangetic plain, 
have Ibeen cempressed, elevated and cut off from tlleir continuation under the,



at present, undisturbed deposits at the foot of the hills.. There is consequently no 
reason for supposing that the gravel and sand deposits of the bh&bar continue under 
the alluvium; on the contrary, there is every reason to suppose that they have been 
deposited over a comparatively impervious deposit of clay and silt with occasional 
beds of sand. Yet, owing to the want of continuity of individual beds, their 
lenticular shape and their great horizontal extension Sis compared with their vertical* 
thickness, it is possible that the water would find an easier, if tortuous, underground 
passage in a direction parallel to the bedding than transverse to it, and so tjie head 
might be derived from the northern margin of the plains.

On the other hand, the manner of the southward extension of the alluvium 
through subsidence of the surface would lead fo the formation of a zone of coarse­
grained sand, a,nd possibly gravel deposits, overlaid by finer-grained impervious 
clays. This structure would be particularly favourable for artesian conditions, 
although the elevation of the southern margin of the plains is much less than that of 
the northern.

As things stand then, we have a greater effective hesid tq the north, but a more 
tortuous pa'ssagi for the underground water, and consequently a greater loss of head ; 
to the south the effective head is less, but, if the bore hole has reached nearly to the 
base of the alluvium, a more direct passage for the water and less loss of head by 
friction. The single boring put down is insufficient to decide between these two 
alternatives.

As regards the second point, whether there is any great thickness of alluvium 
below the bottom of the bore hole, this may be decided by the next boring, which, 
it is to be hoped, will be carried to a greater depth than the present one. At present 
the question is more or less one of conjecture, but'the frequent reference to “  coarse 
sand,” in the lower part of the boring, points to a Closer proximity of the margin of 
the alluvium than is at present the case, and consequently to ap approach to the 
base of the alluvium. If my supposition is correct, the total thickness of the allu­
vium under Lucknow jvould not be more than 2,000 feet at the outside, and probably 
some hundreds less than this.

Record o f  the Lucknow Artesian 'Weil.

•

D e s c r ip t io n  o f  s o i l . Colour.
Thick­
ness of 
stratum.

Total
depth.

Made earth, Old Fort eftibankinf nt , . . . Brown • «
24 24

Sandy clay . . . . . . . . Yellowish brown , 17* 411
Kankar, mixed with clay . . . . . Bluish gray . 6* 4§
Sand and clay, alternate thin layers t Brown . . 2 ' 5°
Quicksand, micaceous . . . . . . Gray . 14 64
Sandy clay . . . . . . . . Brown 3 66
Clay, with a little fine sand . . . . . Yellow . >9 85
Sand, with a very little c l a y .......................................... Gray . S 90

Yellow 14 104
Clay . . . . Whitish 5 109
Clay, with scattering kankar nodules . . . . Bluish brown 7 116

Bluish gray 6i i i 6J
Yellow 118

Kankar and clay, mixed . . . . . . Bluish gray 1 H9

.............. - - ■■ ■ -  - ■ ...... .
Yellowish 2 121



Record o f  the Lucknow Artesian Well— continued.
i.

D escription of sojl. Colour.
Thick­
ness of 
stratum.

Total
depth.

Sand, clean . « . . Gray . , . 3 * I?4
Sandy clay . . . . . Brown . . 24 148
Quicksand . . . . . • • Gray . , . 4 153
Silt, fine . . . .  1 • • • Yellowish brown . 6 158
Quicksand, fine . . • . , water 6 1  f t . Yellowish brown . 5 163
Sand, with a little clay . . . f  1 • Yellow 6 169
Clay and silt mixed • • • Yellow 9 178
Clay carrying abundance of nodules . • • Yellowish (light) . 8 . 186
Sandy clay . . . . . • • Yellow . 1 4 190
Quicksand, very fine ■water 42  f t . Yellowish (light) . 6 196
Quicksand, coarse . . . . • • Gray . , 13 209
Clay ..................................................... • • Whitish . 6 215
Silt, fine. 1 . . .  . * • Brown . 4 219
Sand clay, hard , t  1 Brown , . 7 226
Clay and sand, mixed . . , 1 * Yellow « 7 233
Sand, free and hard . , _ , • • Gray , 4 237
Sand, with a little clay, soft . . * t Brown . 1 238
Sand, free and hard . . . • • • * Gray . . 1 239
Sand, soft . . . . . Gray , . 2 Mi
Sand, free and medium hard • • Gray . . . . 1 24a
Sand, quite hard . . . . « • Gray . 2 244
Sand, coarse and nearly as Hard as rock . • Gray , 2 246
Sand, medium, hard . . . • • Gray . , 10 «2S5
SarrtJ, fine . . . . . , j Brown . 6 262
Sand, medium, hard . , . Gray . . 5 267
Sand, soft . . . . .  
Clay and silt, fine . , . .

Brown • 4 271
» • Light yellow 4 275

Sand, coarse and very hard • • Gray , 2 277
Sand, do. medium hard , •• • Gray . . 2 279
Sand, cqarse and hard 1  • Gray , 3 28 j
Sand, coarse, alternate hard and soft layers . ' Gray . , 9 290
Sand, carrying abundance of nodules, hard Gray . S 21 3>i
Sand and silt, fine . . . • • Light yellow 8 319
Sand, medium, hard ( . . • • • Gray . 3 322
Sand, very hard, coarse . . . • • Gray . . . 9 33*
Clay and silt, fine . . . , Yellow . /  . 7 338
Sand, coarse . . . . • . Gray . , • 3 341
Sand, coarse • . . . , water 24 f t . Yellow . . 17 358
Sand, hard , . , f  -  • • Gray . 2 36Q
Sand with a little clay,,fine . . • Yellow S 365
Sand, hard , » • • Gray . 4 369
Silt, fine . . . . . t • • Brown . 4 373
Silt, fine, wifh occasional nodules « • • Brown • . 6 379
Sand, fine and hard . . , f * ' G ray*. . 2 381
Sand, fine and medium hard t  * * Gray . . 2 383
Silt, f i n e .......................................... Gray . . 21* 404
ISilt, with abupdaijce of nodules , • • • Gray . 4 408
Sandy silt, fine . . . . • t  * Yellow 2 410
Clayey silt, fine .  .  , . t 1 • Reddish brown 20 430
Clayey silt, fine .  . . , • » ! Yellowy . 32 '  462
Sand, coarse and hard 1 • Gray .  , 1 463
Sand, with a little clay, rather coarse • • • bray , 7 470
Sand, fine and very hard Gray , 2 472
Sand, fine and medium hard • • Brown . 8 480
Sand, coarse*and mpdium hard .  • • • • Brown . 9 489
Silt, fine . . . . . Brown . -  ? 491
gand, hard • . .

1 ~ ■■ -  ____ ! •' ;
Gray 2 49?



Record o f  the Lucknow Artesian Well—continued.

bbsfcRIPTIQN OF SOit. 

•

Colour,
Thick­
ness of 

stratum.
Total
depth.

Sand, wjth a little clay . • t , Gray . 9 S02
Sand, very hard (like rock) • . Gray 4 t 503
Band, with occasional very hard thin layers , . Gray . . 4 * 7 5 io
Band, free and hieditim hard » . * , Gray . 4 k 6 5i 6
Sand, fine and soft . * . • .• Gray . 3 51$
Sand, medium hard, free 4 4 • Gray . 3 522
Sandy silt, fine 4 , . YelloW . 14 536
Sand, fine and hard, with a little clajr \ , Gray . 12 548
Sand, fine and hard, free * . 4 , Gray . t 36 5^4
Sand, medium hard* free « > Yellow 9 593
Clayey silt* very fine * * 4 ( , , Light yellow 12 60S
Sand, medium hard, free # 4 Gray . •4 609
Silt, fine and soft * , YelfoW 13 622
Sand, fine and hard . « . Brown t 2 624
Sand, very hard, like t*Dck 4 4 Brown 2 626
Sand, hard and free i , 4 4 • $rown 14 640
Sand, friedium hard* free • * % • . Brown 4 644
Sand, vfery hard, like tocli 4 . . Browh . . t .64S
Sand, medium hkrd, free . . 4* Broton 18 663
Sand, micaceous, with kankar nodules Yellow 8 671
Sand, fine and medium hard, free . , , Yellow 4 675
Sand, coarse, with hard layfers . • « Gray . . 8 683
Sand, coarse and very hard, like rock Gray . 2 685
Sand,Extremely hard and*finfe, rock * , ifelldw , 5 690
Sandj fine, With abundance of kankar Brown 10 700
Sand, fine, with very many hard kanttaf nodules Brown . . 10 710
Sand, rather coarse, meditim hard, with some kankar . Brown 25 73S
Sandy silt . . . . . . . , Bfown . 15 750
•Sand, medium hard} free. « 4 • •water 13 ft. Yellow . . 17 767
Kankar, hard , . * W Bluish,gray . 1 76 8
Sand, with layers of kankar nodules . , , Yellow . . 10 778
Sandy silt, With abilndanfce of mica . # . Gtay . 5 7S3
Sand, with occasional kank&r nodules •water 9 ft . Yellow . 9 79z
Quicksand, with abundance of mica . . Gray . 6 798
Kankar, hard, with a little sand , , Light gray . 6 804
Sand, aoftish and free . . . . Gray . 2 '806
-Satid, with abundance of nodules' Browh ( 8 814
Sjlt, very tenadfcous 4 Brown . 8 822
Kankar, very hard . . . * . Bluish gray . 1 S23
Sand, softish, carrying some, mica . • * Yellow . , 32 855
Clayey silt, very tenaceous Yellow . , 7 862
Kankar, hard, wiih thin streaks of sand Bluish gray . 3 865
Sind, hard, ahd free . . • * • Yellow . . i 870
Sand, midium, hard •  ̂ . Yellow . , 7 877
Kankar, hard* with a little sand . Bluish gray , . 3 880
Sand, medium* hard, with streaks of silt xeiiow : 14 894
Kankar, hard, with a little sand . , Bluish gray . 6 900
Sand, fine, medium hard, with a little silt and somfe nodules Yellow 27 927
Kankar, solid bed, hard as rock , , Bluish gray 2 929
Sandy silt, very fine * » * , Brown . 7 936
Limestone, medium hard • Gray . 5 941
Sand and limestone, alternate thin layers . , Gray . 6 947
Sandy silt, very fine Yellow 13 960
Sand, coarse . . . . . water 2 ft. Gray . 15 975
Sand, coarse, abundance ot kankar* some mica . Gray . IS 990
Quicksand, coarse . * • ’water $ ft. Gray . 27 1,017
Sand, coarse, abundance of kankar nodu’es Gray . 22 1,040
Sand, coarse and free •

4

•water 5 f t . Gray . IS 1.05S

" ■' ■—



D e s c r i p t i o n  o f  s o i l .

Kankar, solid bed, very hard . . . .  .
Limestone, soft, commonly called rotten lirhestorte .
Rotten limestone, frequent hard^streaks, some nodules 
Limey silt, i.e., limey clay with a little fine sand . .
Kankar, solid bed, very hard .
Limey silt, with occasional hard nodules .
Limestone, medium, hard .
Limey silt, alternate hard and soft thin layers 
•Kankar, solid bed, very hard . . . . . .
Limey silt, hard and soft layers, some nodules, wattr i\ ft. 
Limey silt, with«occasional hard streaks . . •
Quicksand, coarse, with abundance of mica 
Sand, coarse, medium hard, with nodules .
Quicksand, coarse, with abundance of itiica— -mater.

flowed I a gals, per minute at surface • .
Sand, coarse, in hard and soft layers .
Sand, fine, rather hard, with streaks of silt 
Clayey silt, very fine, compact and uniform

Colour.

Bluish gray 
Gray . .
Gray . *
Yellowish browto 
Bluish gray . 
Yellow 
Gray .
Yellow 
Bluish gray 
Grayish brown 
Yellow 
Yellow 
Gray .

Gray ,
Gray .
Brown
Grayish brown

Thick­
ness of 

stratum.
Total
depth.

2 »,&57
1 1,264

16 i,o8o
* 1 1,107

*2 I,JOC)
2 4 i,i33
2 i,i3S
3 1,138
3 , ,I4*
1 1,148

*3 1,161
5 1, 168*

23 1,189

i3 l',20&
19 1,221
i?> 1,24̂ )
96 1,336

C. A. B. OLIVER,
Secretary, Municipal Board,

LUCKNOW.
* S ic  in o r ig in .

SUPPLEM ENTARY NOTE.

Since the above article was sent to press, I have had an opportunity of visiting the works 
at Lucknow. No decision has been come to as yet about making a secoffd boring; but the fact 
of a sheet of rising water having been struck certainly warrants a second and deeper trial, 
if only on the general ground of its possibly placing the province in a more hopeful condition
ol tapping water at places within an ascertainable range of the Lucknow level, or in the lower 
extent of the Gangetic plain. The cutting of the strata in the bore hole was so severe that the' 
samples brought up have been reduced to great fineness ; but it does not seem that any 
very coarse sands were met with : and thus it i» not at all clear that the boring has touched 
anything like the lowest beds of the Gangetic alluvium.

Mr. Trowbridge, the Engineer in chargd of the well-works, has explained away Mr. 
Oldham’s doubts as to the proper enlargement of the bole at foot of tube; and apparent want 
of judgment in selecting points for insertion of tubes of decreasing diameter. There is a steel 
cutting shoe at the foot of the tubing which is quite pow erful enough to cut out space for the 
decen t of ti^be ; while the larger tubes of drive pipes having been driven as far as possible, 
insertion of smaller tubing became necessary when the usual precautions as to sufficiency of 
overlap were observed, simple enough problems in well-boring, with so certified and experi­
enced a specialist as Mr. Trowbridge.— Editor.
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Liih" by ArrunuUak



Preliminary Note on the Coal Seam o f  the Dore Ravine, Hazara, by C. S'.
MIDDLEMISS, B.A., Geological Survey o f  India. (With two plates.)

M r . D. Morris, Executive Engineer in charge of Coal Mines, North-Western 
Railway, and Mr. C. Jones, Assistant Engineer, Hazara Sub-division, have each 
described the occurrence of the coal in the Dore ravine as lying with the adjacent 
limestones in the form of an anticlinal arch cut through by the river action. This is' 
a very pardonable mistake; for the first view up the valley as we go east from 
Dhamtour certainly gives one this wrong impression. On the north side of the 
river we see a dip to the north or north-west, and on the south side a dip to the 
south-east—facts which easily lend themselves to the above conclusion.

Previous experience of Himalayan sections had prepared me for putting but 
slight faith in an apparently simple condition such as this; but before I could get to* 
work to unravel even the circumscribed area embraced in this note, it was necessary 
to become thoroughly acquainted with the normal lie and sequence of the strata. 
This was not so easy a task as I expected: I was delayed by many slight mistakes 
and imperfect representations of the rocks in Mr. Wynne’s unfinished map of the 
district, and by the inclement season of Jhe year, which made hill-traversing difficult.

Being now in a position to lay bare the essential points in the rock-structure of 
the Dore ravine near Hewson’s and the Public Works Department mines, I take the 
opportunity of this short note to state the case as briefly as possible, leaving all- 
detailed remarks, and the purely scientific aspect of the questions involved, for a 
subsequent finished report.

Round about the Dorte valley and neighbourhood there are very many exposures 
of carbonaceous shales, with associated sandstones, which from fossil evidence have 
been assigned by Dr. Waagen to the Jurassic epoch, and as the probable equivalents 
of the Spiti shales. It is necessary once for all to state that these black and coaly- 
looking strata have*nothing to do with the Dore coal. Their horizon is much lower 
in the natural chronological sequence of the rocks. The real coal-bearing stratum, 
as exposed in Hewson’s mine, the Public Works Department mine, and in other 
localities, is at the surface a very unsuspicious-looking, rather coarse, variegated 
white and red sandstone; sometimes weathering into a hard rock of millstone-grit 
type, and sometimes- crumbling into«a loose sand or sand-rock mixed with clay in 
patches. It is usually about 6 feet thick. In some places specks, blotche,s and 
patches of coal or carbonaceous clay can be seen in the river cuttings* but not often; 
whilst on the higher hilf-sides the sandstone rings under the hammer and gives no 
token of mineral wealth below.

,In the vertical section (PI. 1 ), I have expressed the lithological features *and 
the chronological sequence of the rock formations above and below the coal as they 
would appear in a perfectly undisturbed normal section. This is the order in which 
they are seen some little distance above Hewson’s mine, constituting the high mural 
scarps on the right bank of the Dore ravine, with the exception that they, are tilted' 
up sharply with a dip of about 40° north-north-west at the surface of- the ground.

In such guise they are drawn on the right-hand side of the horizontal sketch 
section (PI. 2).* On the left-hand side of that section, which coiticides with the 
south bank of the Dore ravine, the same rocks are observable; and from their



dipping in the opposite direction at the surface arose the misconception that an 
anticlinal fold was therein implied. It will be seen, however, that the order of the 
strata on the left side of the section is not the same as on the right side. In fact, 
it will be seen that the order is inverted. This is the whole secret of the matter.

The difficulties ijnplied by such a structure are fatal to the development here of 
a large and important coal-field; for such a structure tells a tale of so intense a 
crushing of the mountain region that all the rocks have come within' io° or 20° of 
the vertical when traced to the deep. Had the crushing of the region been less 
severe, we should have had the strata thrown into gentle folds of anticlinal and 
synclinal, and a coal basin might have been possible. As it is, the strata have been 
bent back upon themselves and have split along fold-faults marked F on the 
horizontal section (PI. 2).

It is o^ing to the tendency of the free edges of rock beds to subside slightly 
down hill that wg have the comparatively gentle dip of about 40° at the surface both 
in Hewson’s and the Public Works Department mines. Whereas gorge-like sec­
tions, such as that in the Hertoh (Harno) R., show that when the heart of the moun­
tain is reached the dip is very nearly vertical.

The question has been mooted whether these coal exposures are mere dis­
continuous “  pockets,” or whether they belong to a true seam which may be trusted 
to continue for some distance. I have no hesitation in saying that the latter is the 
truth with regard to them. They are not of the nature of the coal tfiat many years 
ago was reported in the Upper Tertiary Sandstones in the vicinity of Murree, but 
whfch was proved by Mr. Medlicott to be of the “ pocket” nature, due to the 
entombing of a stray tree-trunk or two. On the other hand, they are undoubtedly 
portions of a continuous band or seam of coal of lower nummulitic age, well known 
in the Salt-Range and the Jamu area. Possibly this seam may here and there local­
ly prove to have been nipped out to nothing dhd to have swelled in the neighbour­
hood beyond its proper thickness.

From the structural considerations given above, it follows that in working the 
coal on the north side of the river the engineer must be prepared for the dip of the 
bed becoming continuously steeper, until within about 200 or 300 feet from the sur­
face it assumes an angle of 70° or 8o°; whilst 011 the south side it will reach the 
vertical about the level of the Dore ravine (in the neighbourhood of the Putlic Works 
Department shaft), then pass the vertical, until it rests at 70° or 8o°, dipping in the 
same direction as the coal on the north side. After this it will become cut off by 
the fold-fault ajong the river. '

These circumstances will, of course, necessitate deep and expensive working, bu 
I have a sanguine belief that a large supply of serviceable fuel may be extracted 
frorfl these outcrops.

The locality of the Public Works Department mine should be first tested by an 
adit driven in at the river level.

On the north side of the river the outcrop from Hewson’s runs away north-west 
up the hill slope, by what will probably be found to be a set of broken lengths. 
East of Hewson's there is a cross-fault running up the stream towards the north­
west with an upthrow to the north-east df about 300 feet. Hence the coal-bearing 
bed has to be sought at a considerable height above Hewson’s in thaf direction- In 
mv full report these details will be illustrated by a map. At present I may say tfiat



the bed follows the base of the first inaccessible scarp found up the stream north of 
Hewson’s. It gradually descends towards the stream-bed west of Mohar village.

Should the exploitation of the coal be undertaken 'soon, I can give particular 
directions on the spot as regards further operations.

♦

GEOLOGICAL SURVEY OF INDIA DEPARTMENT.

TRI-M ON TH LY NOTES.

5. E n d in g  31ST O c t o b e r  1890.

Director's Office, Calcutta, 3 1st October i8gc

The staff of the Survey is at present disposed in the following parties
Madras Party.—R. B. F o o t e , F.G.S., Senior Superintendent, Bellary District.
Burma Party.—T h e o . W. H u ghes H u g h e s , A.R.S M., Superintendent.

F r it z  N oetlinc^ Ph.D., Palaeontologist.
Baluchistan Party.—R D. O l d h a m , A.R.S.M., 1st Grade Deputy Superin­

tendent.
Sub-Assistant Kishen Singh.

• Sub-Assistant Hira Lai.
Hazara Party.—C. S. M id d l e m is s , B.A., 2nd Grade Deputy Superintendent.
Darjiling ayd Sikkim.—P. N. B ose , B.Sc., 2nd Grade Deputy Superintend­

ent.
Head Quarters, Calcutta.—The Director.

C. L. G r ie s b a c h , C.I.E., Superintendent.
T. D. L aT ou c h e , B.A., 2nd Grade Deputy Super­

intendent.
P. ft. D a t t a , B.Sc., Assistant Superintendent.
T .  H . H o l l a n d , Assistant Superintendent.

'rtie Director was on, tour in the Madras Presidency in August alid September, 
a good part of the time being spent at Hyderabad in connection with the question 
of demarcating the limits of the Singareni Coal-field and the auriferous tract of. 
Dhdrwdr rocks in the Raichur Doab. The settlement of the leasing of this coal-field 
and the gold area, following on the completion of the prospecting lease granted by 
His Highness the Nizam’s Government to the Hyderabad (Deccan) Company, had 
come before the Resident, Sir Dennis Fitz-Patrick; and it was contended by the 
Hyderabad (Deccan) Company that no definite limitation of these areas could be 
made by a geologist #or indeed anybody eke, for which rather novel opinion they 
relied on theiî  mining expert, who had paid a short visit to thê  country. The 
SiTigareni Coal-field being, however, an isolated tract of the lower Gondwana series



entirely surrounded by crystalline and metamorphic rocks on which also the coal- 
rocks lie, there is really no difficulty in determining an encircling rim of these latter 
rocks, within.which the qoal-field lies and outside of which there are no branches or 
outliers.

Similar objections, which are however somewhat more reasonable, were raised 
with regard to the auriferous tracts of Dhdrwdrs in the Raichur Doab; it being of 
course impossible to say definitely that there could be no gold in the quartz-reefs 
and other fissure infiltrations among the rocks outside of the known area of Dhar- 
wirs. The prevalence and restriction of auriferous reefs within certain tracts of the 
Dhdrwdr series is, however, so well established now, that the selection of .sites 
for gold development must, for all practical purposes, lie within the Dhdrwar. belts ; 
while the area of these has been determined with sufficient accuracy in the Rai­
chur Doab, for all purposes of mineral concession or leasing. In other words, there 
is really no use ip looking for auriferous reefs outside this tract in the Doab.

The reported occurrence of coal in the Coimbatore District was found to be 
attributable to the long-known exhibition of poor seams of lignite in the patches of later 
tertiary strata occasionally found in the adjacent Malabar District; at least, the loca. 
lity mentioned appears to be really in the Malabar District; an.d until more definite 
information regarding it is available, further examination is unnecessary.

Arrangements were made for an immediate visit to the reported gold tract in 
Kolegal where, as it turns out, the old mine workings are in reefS which do not 
traverse the- Dhdrw&r series. Mr. Foote will carry on his survey of the continuation 
of the Mysore gold tract into British territory in the Cuddapah District.

The boring for an artesian well at Lucknow was visited in October, with a view 
to advising the Government of North-Western Provinces and Oudh regarding the 
sinking ef another well. The first boring, on reaching a depth of 1,189 feet, struck 
a porous stratum from which good water rose*to a height of 29 feet above the hot- 
weather leveLof the Qurnti river, which, however, only flowed out at the rate of 10 
gallons a minute. This supply being far below the quantity required, the bore hole 
was run down to 1,336 feet, in the hope of reaching a better and freer discharge, but 
without success, when it was found impracticable to drive the tubing deeper. The 
proposal has now been put forward, that a fresh attempt should be made with tubing 
of a larger diameter, which it is assumed may, under the experience gainAl, be run 
down to about 2,000 feet. .  '

This will, of course, entail a larger outlay : but, seeing that the fact of the exist­
ence of a sheet of water, with a head, has been now proved to exist under the 
Gangetic alluvium, the legitimate inference is that others will be met with at a 
somewhat greater depth likely to yield the larger and freer discharge desiderated. 
The* settlement of this question of underground water-supply is of such vital im­
portance to the province itself and to the next lower tracts of the Gangetic plain, that 
a stoppage of the exploration on its present stage would only leave room for re- 
newed-J-and then inexperienced—attempts in the future.

Mr. Theo. W. H. Hughes is expected back from leave about the middle of Nov­
ember. He, will proceed direct to Mergui vid Penang to resume his exploration 
for tin. * •

Mr. C. L. Griesbach will shortly leave to take up work on the^J.-W. Frontier; 
stopping on the way to examine the reported find of coal in Pinjaur.



Mf. R. D. Oldham has been- deputed to accompany the Zhob Expedition, -with 
a- view to examining the reported occurrence of oil in that country.

-Mr. T. D. LaTouche proceeds to Ranchi in order to take up the thorough ex­
ploration by borings and small pits of the Daltonganj Coal-field. It has been 
arranged that an officer of the Public Works Department should accompany Mr- 
LaTouche in order to superintend the putting down of borings at the places 
indicated by that officer. For- this purpose, fine of the new sets of boring plant 
recently received from the Secretary of State for India will be used.

Mr. P. Lake, on return from privilege leave early in January, will probably be 
deputed to Burma in place of Mr. LaTouche.

Mr. P. N. Datta will also be leaving about the middle of November for Assam, 
where he has been deputed t6 examine certain coal outcrops in the Garo Hills.

Mr. T. H. Holland, who was recently appointed to this Department by the 
Secretary of State for India, joined his appointment in October. .He has, for the 
presept, been placed in charge of the Museum and Laboratory.

List o f  Reports and Papers sent in to office f o r  publication or record 
during August, September, and October i 8go.

Author. Subject. Disposal.
»

R .  B .  F o o t s Translation, from the German, oL 
Note by Dr. Johannes Walther 
“  On veins of graphite in decom­
posed gneiss (Laterite) in Ceylon.”

Will be published in the 
“ Records of the Geologi- 

'cal Survey of India,”  Vol.- 
XXIV., part 1.

R. D. O l d h a m  . , . Note on the Deep Boring at Luck­
now. •

Published in the “  Records 
of the Geological Survey 
of India,” Vol. XXIII.; 
part 4.

P. N. B o s e  . *  . Report bn the Darjiling Coal be­
tween the Lisu and the Ramthi 
rivers.

Ditto ditto.

it .• • • 
1

C. S. M i d d l e m i s s  

/
P. L a k e  . . . . •

Extracts from Journal of a trip to 
the glaciers of Pandim, Kabru, 
&c.

N ote on th9 coal seam of the Dore 
River, Hazara.

Note on the basic eruptive rocks 
of the Kaddapah area.

Will be published in the 
“  Records of the Geologi­
cal Survey of India,”  Vol. 
XXIV., pĵ rt 1.

Published in the “  Records 
of the Geological Survey of 
India,” Vol. XXIII., part 4.

Ditto • ditto.

II • « • * Report on the Geology of South 
Malabar.

Will be published as “ Me­
moirs of the Geological 
Survey of India,” Vol. - 
XXIV., part 3.

P. N. D a t t a  .  . Compilation of Index to the first 
tvyenty volumes of the 11 Records 
of the Geological Survey of In­
dia."

Published as a Supplement 
with the “  Records of the 
Geological Survey of In­
dia,” Vol. X X in ., part 4.

R. L y o e k k e r  .
•

•

Note on some fqgsil Indian Bird 
Bones.

Published in the “ Records 
of the Geological Survey 
of Indjfi," Vol. XXIII., 
part 4.



List o f Assays and Examinations made in the Laboratory, Geological 
Survey o f  India, during the months o f  August, September, and Octo­
ber i8gO.

Substance. For whomi Result.

Alluvial soil, for gold .
Q uartzose schist, for 

•gold.
Coal, from a mine about

3 miles due east from 
.Kalka, on the right 
bank of Kassolia river 
in Katvli forest.

Coal, found between the 
Sihganama and Betul 
Roads near Burkoe, 
Chindwafa District.

Quartz, for gold 4 .
Galena, in quartz.
II specimens of minerals 

for determination,
Quartz, for gold . .
Pegmatite, for gold .

2 specimens of minerals 
for determination.

Specimen of mineral' 
sent for determination.

Copper, from mines near 
Kashgar.

Quartz, for gold .

Quartz, for gold . .

Pegmatltfe, for gold* .
Quartz, for gold .

Coppei^pyrites .

Coal, from the Hertoh 
River, Hazara.

M a c k Il l ic a n  & Co., Calcutta, 
F. C. L e t h o r n , Calcutta.

Commissioner and Superin­
tendent, Delhi Division.

Secretary to Chief Commis­
sioner, P. W. D., Central Prov­
inces.

M a c k i l l Ic a n  & Co., Calcutta. 
R. W. B a c h r a c h , Calcutta. 
C. T. A m b l b r , Monghyr.

J. M. S t o n Sy , Calcutta.
P. R i c h a r d s , 4, Clive Row, 

Calcutta. •
Ditto ditto.

W . M . S m i t h , Sub-Divisional 
Officer, Deogarh, 

L i e u t e n a n t  B o We S , through 
Dr. G. W a t t .

J. B. C a s s , ia, Lall Bazar, 
Calcutta.

K i l b u r n  & Co., 4, Fairlle 
Place, Calcutta. 

'M a c i4i l l i c a i 1 & Co., Calcutta. 
A. 'S im s o n , 4, Falrlie Place, 

Calcutta.
E. C. G r e v e , 44, Wellesley 

Street, Calcutta.
C. S. M i d d l e m i s s , Geological 

Survey of India.

Moisture , 
Volatile rtiattdr 
Fixed carbon 
Ash . .

2'34
if6 8
39'92
4006

T o t a l

Ash—dark red.
Does not cake, but sinters slightly.

Moisture 
Volatile matter 
Fixed Cairbotl 
Ash .

T o t a l

5-62
26-92
48-74
18-73

1000O

Ash—light red.
Does not cake, but sinters slightly.

= Garnets.

Insoluble matter 
Cu (Copper)
Pb. (Lead) 
Undetermined

T otal

„'2Sgs-i?
'35

1-23

100-00

N. Exposure. S. Exposure.
Moisture 3*04 2*94
Volatile mat­ 9 '8 0 5 ‘o8

ter.
Fixed Carbon 6 0 8 6 1 1-8 6
Ash . 6 -30 8 o- I2

T O T A t . io o -oo 1 00-00

Does
•
not cake. Does not cake.

Ash—brick fe<4 Ash—pale buff.



List o f  Assays and Examinations made in the Laboratory, Geological Survey of 
India, during the months o f August, September, and October i 8go—continued.

Substance. For whom. Result.

Quartz, for gold ,

Quartz, for gold .
Gneiss, with copper 

pyrites, for gold and 
copper'.

3 specimens of minerals 
for determination.

C arbonate o f  lead

A. S im s o s , 4r Fairlie Place, 
Calcutta.

'A. P epp£ , Ranchi.
Dh. Lamb, 5, Old Court House 

Street, Calcutta.

T. B . C a s s , ia , L a ll B azar, 
C alcu tta .

E. R e u b e n  & Co., 6, Pollock 
Street.

• ".... 1
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Notifications by the. Government o f  India during the months o f  August, 
September, and October 18 go, published in the “  Gazette o f  India," 
Part I.~—Appointtnent, Confirmation, Promotion, and Retirement.

Department.
No. of 
order 

and date.

•

Name,of Officer, From To

Nature 
of Ap­
point­
ment, 
&c.

With,
effect
from

Remarks.

-----------ft__

■
\

Notifications by the Government o f  India during the nfonths o f  August, 
September, and October 1890 , published in the “ Gazette o f  Ind ia"  
Part / .— Leave. ,

1
Department.

No. 
of order an4 

date,
Name of Officer. 

•

Nature
of

Leave.

With
effect
from

Date
of

Return.
Remarks.

Revenue and 
Agricultural 
Department.

^ S . ,  dated
20th June 
1890.

T. H. D. LaTouche . Privilege
leave.

2nd July 
1890.

•

•
Ditto *'7—S., dated 33-22 1

29th OftOr
ber 1890.

Ditto • Extension 
on duty 
for two 
weeks.

2nd Octo­
ber 1890.

9th Oc­
tober 
1890.

Ditto ^ f iS ,  dated
8th .  Sep­
tember 1890,

P. Lake .
•

Privilege
leave.

8th Octo­
ber 1890.

•

•

•



Annual Increments to Graded Officers, sanctioned by the Government o f  
India during August, Septem berand October 1890 .

Name of Officer. •
From To With effect from

No. 
and date of 
sanction.

Remarks.

R R
•

C. L. Griesbach 800 850 1st Aug. 1890 R. and A. Dept., 
No. ^ 9S. 
dated 12th Aug. 
l8go.

Hira Lai . 200 220 5th Sep. 1890 . R. and A. Dept., 
No- & ,  
dated 5th Sep. 
1890.

Kishen Sing . 200 220 5th Sep. 1890 . 

•

R. and A. Dept., 
No. S.,126-3 *
dated 5th Sep. 
1890.

Postal and Telegraphic Addresses o f  Officers,

• •

Name of Officer. Postal Address. Nearest Telegraph Office. 
•

R. B r u c e  F o o t e
1

Madras . . . Madras*

T. W. H . H u g h e s On leave.

Umballa.C: L. G r ie s b a c h Umballa . . • •

R. D . O ld h a m  . . . . Quetta (Baluchistan) . Quetta.

P. N. B o s e  .# . . . Pankhabari . . . Pankhabari.

T. H . D . L a T o u c h e  . Ranchi . • . Ranchi.

C. S. M id d le m is s  . Abbottabad . . • Abbottabad.

P. L a k e ................................................. On leave. •

P. N. D a t t a  . . . . Calcutta . • Park Street, Calcutta.

F. N o e t l i k c  . . . . Yenangyoung . , • Yenangyoung.

K is h e n  S in g h  . . . Quetta .  . . . Quetta.

H ira  L a l i  ..................................... D o ., . . D o . •



ADDITIO N S TO THE LIBRARY.

F r o m  i s t  Ju l y  t o  30TH S e p t e m b e r  1S90.

Titles of Books. Donors.
B e y r i c h ,  B .—Ueber Geognostische Beobachtungen G. Schweinfurth’s in der Wiiste 

zwischen Cairo und Sues. 8° Pam. Berlin, 1̂882.
Bronx’s Klassen und Ordnungen des Thier-Reichs. Band ft, Abth. 3, lief. 7-9.

Band IV, lief. 12-14. 8" Leipzig, 1890.
C a m e r o n , Peter.—A monograph of the British Phytophagous Hymenoptera. Vol. III.

(Ray Soc. Vol. for 1889). 8° London, 1890.
'G ir a r d ,  Jules.—Recherches sur les Tremblemenfs de Terre. 8° Paris, 1890.
G r e e n ,  William Spotsviood.—Among the Selkirk Glaciers, being the account of a rough 

survey in the Rocky Mountain Regions of British Columbia. 8° 
London,-1890. ,

G r o t h ,  Paul.—Ueber die Molekularbeschaffenheit der Krystalle. 4° Pam. Munchen,
1888. R o y a l  B a v a r ia n  A c a d e m y . 

H o e r n e s ,  E. and A u in g e r ,  M.—Die Gasteropoden der Meeres-Ablagerungen der
ersten und zweiten Miocanen Mediterran-Stufe in der Osterreichisch- 
Ungarischen Monarchic. Lief. VI. 40 Wien, 1890.

H y a t t ,  Alpheus.—Genesis of the Arietidae. 4.0 Washington, 1889.
T h e  A u t h o r .

K l o o s ,  J .  H.—Enlstehung und Bail der Gebirge erlautert am Geologischen Bau dfes 
Harzes. 8° Braunschweig, 1889.

K l o o s ,  J .  H. and M u l l e r ,  Max.— Die Hermannshohle bei Rubeland. 40 Weirfiar,
1889.

L in d s a y , Lord•—Screwcutting Tables, {pr engineers and machinists : giving the values 
of the different trairis of wheels required to produce screws of any pitch. 
8° London,“1878.

L o m m e l, Eugen.—Georg Simon Ohm’s wissenschaftliche Lgistungen. 40 Pam.
Munchen; 1889. R o y a l  B a v a r ia n  A c a d e m y .

Palseontologie Fran9aise. ire s£rie, Animaux Invert6br6s, EocSrie Echinides, livr, 20. 
| 8° Paris, 1890.

S a is e , Walter.—Exploration of Palamow Coal-field (Daltongiinj). FlSC. Calcutta, l8go<
• E. I. R a i lw a y .

S c h u y l e r ,  Eugene.—Turkistan: notes of a journey in Russian Turktetan, Khokand, 
Bukhara, and Kuldja. 3rd edition, Vais. I-II. 8° London, 1876. 

S c h w e i n f u r t h ,  G.—U eW  die Geologische Schichtengliederung des Mokattam bei 
Cairo. 8° Pam. Berlin, 1883.

S c h w e i n f u r t h ,  G.—Sur une recente exploration gdologique tie 1’ Ouadi Arabah.
8° Pam. Le Caire, 1888.

S h a l e r ,  N . S .—Aspects of the Earth: a popular account of some familiar geological 
phenomena. 8° London, 1890.

S h e l l e y ,  C. P. B .—Workshop appliances including descriptions of some of tjie gaug­
ing and measuring instruments, hand-ciitting tools, lathes, drilling, 
plaiting, and other machine-tools used by Engineers. 8th edition.

• S* London, 1888.



Titles of. Books. tiouors.
S p o n ’ s  Mechanics’ Own Book : a manual for handicraftsmen and amateurs. 3rd 

edition. 8° London, 1889.
S t a n l e y ,  Henry M .—In Darkest Africa, or the quest, rescue, anti retreat of Emin, 

Governor of Equatoria. Vols. I-II. 8° London, 1890.
' I ' r y o n ,  George W.—Manual of Conchology, structural and systematic. Continued by 

H. A. Pilsbry. Vol. X II, pt. 45; and 2nd series, Vol. VI, par#t 21. 
8° Philadelphia, 1890.

W a t e r h o u s e ,  J .—Practical notes on the preparation pf drawings for photographic 
reproduction. With a sketch of the principal photo-mechanical printing 
processes. 8° London, 1890.

PERIODICALS, SERIALS, &c.

American Journal of Science. 3rd series, Vol. X X X IX , No. 234 to Vol. XL, No. 236.
8° N e w  H a v e n ,  1890. T h e  E d i t o r s .

American Naturalist. Vol. X X III, No. 276, and Vol. X XIV , Nos. 281 and 283. 8°
Philadelphia, 1889-90. ,

Annalen der Physik und Chemie. Neue Folge, Band XL, heft 2-4, and Band XLI, 
heft 1. 8° Leipzig, 1890.

Annales de G6ologie et de Paldontologie. Livr. 7—8. 40 Palerme, 1890.
Annales des Sciences Gfiologiques. Tome X X II. 8° Paris, 1889.
Annales des Sciences Naturelles. 7 " ' s6rie, Botanique, Tome XI, Nos. 2-3. 8° 

Paris, 1890.
Annals and Magazine of Natural History. 6th series, Vol. VI, Nos. 31-33. 8° 

London, 1890. • •
A n n u a ir e  G6ologique Universel Revue de Gfologie et Paleontologie. Tome V (1888).

8° Paris, 1889. T h e  E d i t o r s .
Athenseum. Nos. 3267-3279. 40 London, 1890. *
Beiblatter zu den Annalen der Physik und Chemie. Band XIV , Nos. 5-7. 8°

Leipzig, 1890.
Chemical News. Vol. LXI, No. 1593 to LXII, No. 1605.. 40 London, 1890.
Colliery Guardian. Vol. LIX, No. 1536, to LX, No. 1548. Fol. London, iiljo.
Geological Magazine. New series, Decade #III, Vol. VII, Nos. 7-9. 8° London,

1890.
Indian Engineering. Vol. VII, No. 26, and VIII, Nos. 1-13. Fisc. Calcutta, 1890.

* .  P. D o y l e .

Iron. Vol. X X X V , No. 908 to X X X V I, No. 920. Fol. London, 1890.
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th 

series, Vol. X X X , Nos. 182-184. 8° London, 1890.
Mining Journal. Vol. LX, Nos. 2858-2870. Fol. London, i8go.
Nature. Vol. XLII, Nos. 1075-1087. 40 London, 1890.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Jahrg. 1890. Band I,

. heft 3, and Band II, heft 1. 8° Stuttgart, 1890.
Neues Jahrbuch fur Mineralogie, Geologie und Palaeontologie. Beilage-Band VII, heft

* I. 8° Stuttgart, 1890. * .
P a la e o n to g r a p h ic a . B a n d  X X X V II, lie f. 1. 40 Stuttgart, 1890.



Titles o f  Books. Donors
Petermann’s Geographische Mittheilungen. Band X X X V I, Nos. 7-8. 40 Gotha, 1890.

T h e  E d i t o r .

The Indian Engineer. Vol. IX , Nos. 168- 181. 40 Calcutta, i8go. J. Me I n t y r e .

GOVERNM ENT SELECTIONS, REPORTS, &c.

B u r m a .—Annual report on the Light-houses and Light-vessels off the coast of Burma 
for 1889-90. Fisc. Rangoon, 1890.

C h i e f  C o m m i s s i o n e r , B u r m a .

„ Tables for the transliteration of Burmese into English, with lists showing the 
names in English and Burmese, of the divisions, districts, sub-divisions, 
townships, and circles of Burma, also of the pos.t offices, railway stations, 
police offices, and other places of interest. 8° Rangoen, 1890.

R e v e n u e  j^n d  A g r i c u l t u r a l  D e p a r t m e n t .

I n d ia .— Administration report on the Railways of India for 1889-90. Part I .  Fisc- 
Simla, 1890. G o v e r n m e n t  o f  I n d ia .

„ '  Government of India. Civil Budget Estimate for 1890-91. Fisc. Calcutta,
1890. • G o v e r n m e n t  o f  I n d ia .

„  List of Officers in the Survey Departments, and in the offices of the Meteorolo­
gical Reporter to the Government of India; Trustees,'Indian Museum ; 
Reporter on Economic Products; Director, Botanical Department. 
Northern India; and General Superintendent, Horse-Breeding Depart­
ment; corrected fo 1st July 1890. 8° Calcutta, 1890.

G o v e r n m e n t  o f  I n d i a .

„ Quarterly Indian Army Li^t for July 1st, 1890. New series, No. 4. 8° Calcutta,
1890. * G o v e r n m e n t  o f  I n d ia .

„ Selections from the Records of the Government of India, Foreign Department.
N o s . 270-271, F i s c .  C a lc u tta , 1890. F o r e i g n  D e p a r t m e n t .

M a d r a s .— A  manual of the KurnQol district in the Presidency of Madras. By Nara- 
hari Gopalakristnamah Chetty. 8° Madras, 1886.

M a d r a s  G o v e r n m e n t .

I a  manual of the Nilagiri district in the Madras Presidency. By H. B. Grigg. 
b °  Madras, 1880. G o v e r n m e n t  o f  M a d r a s .

A manual of the North Arcot district in the Presidency of Madras. By 
Arthur F. Cox. -8° Madras, 1881. G o v e r n m e n t  o f  M a d r a s .

A manual of tlte Salem district in the Presidency of Madras. T5y H. Le Fanu. 
Vols. I— II. 8° Madras, 1883. G o v e r n m e n t  o f  M a d r a s .I

A manual of the Tinnevelly district in Nthe Presidency of Madras. # By 
A. J. Stuart. 8 ° Madras, 18 7 9 . G o v e r n m e n t  o f  M a d r a s .

IVJalabar. By William'Logan. Vols. I— II. 8 ° Madras, 18 8 7 .

G o v e r n m e n t  o f  M a d r a s ,  

Manual of the Coimbatore district in the Presidency of Madras. By 
p. A. Nicholson. 8° Madras, 1887. G o v e r n m e n t  o f * M a d r a s .

Tfie Ganjqpi District Manual. By T. J. Maltby. 8° Madras, 1882.
G o v e r n m e n t  o f  M a d r a s .



Titles of Books. Donors.
M a d r a s .—Report on the Medical Topography and Statistics of the Provinces of Malabar 

and Canara. Compiled from the records of the Medical Board Office. 
S° Madras, 1844. D r . W i l l .  K i n g .

TRANSACTION S, PROCEEDINGS, &c. OF SOCIETIES, SURVEYS, &c.
A d e l a i d e . —Transactions and Proceedings and Report of the Royal Society of South 

Australia. Vol. X II. 8° Adelaide, 1889. T h e  S o c i e t y .

B a l t i m o r e . —American Chemical Journal, Vol. XII, No. 7. 8° Baltimore, 1890.
J o h n s  H o p k i n s  U n i v e r s i t y .  

„  Johns Hopkins University Circulars. Vol. VII, Nos. 66-67, VIII, No. 68,
'  ^nd Vol. IX , Nos.'81-82. 40 Baltimore, 1888 and 1890.

T h e  U n i v e r s i t y .

B a t a v i a .— NedePlandsch-Indisch Plakaatboek, 1602-1811. Door J. A. Van der Chijs.
Deel VII, 1755-1764. 8° Batavia, 1890. B a t a v i a n  S o c i e t y .

„  Notulen van het Bataviaasch Genootschap van kunsten en Wfitenschappen.
DeeLXXVIII, Afl. 1. 8° Batavia, 1890. B a t a v i a n  S o c i e t y .

„  Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel X X X IV , Afl. 1.
8° Batavia, 1890. • B a t a v i a n  S o c i e t y .

B e r l i n . —Abhandlungen der Koniglich Preussischen geologischen Landesanstalt.
Neue Folge, heft 1. 8° Berlin, 1889. T h e  I n s t i t u t e .

„  Abhandlungen zur Geolog'ischen Specialkarte von Preussen und den Thurin-
gischen Staaten. Band X , heft 2. 8° Berlin, 1890. T h e  I n s t i t u t e .  

„  Zeitschrift der Deutschen geologischen Geselfschaft. Band X LI, heft 4.
1 8° Berlin, 1890. G e r m a n  G e o l o g i c a l  S o c i e t y .

B o m b a y .—Journal of the Bombay Natural History Society. Vo*. V, Nos. 1-2. 8" Bom­
bay, 1890. T h e  S o c i e t y .

B r e s l a u . —Jahres-Bericht der Schlesischen Gesellschaft fiir vaterlagdische Cultur. No.
LXVII. 8° Bfeslau, 1890. B r e s l a u  S o c i e t y .

B r u s s e l s . —Bulletin >de la Soci6t6 Royale Beige de Geographic. Ann6e XIV , No. 2.
8° Bruxelles, 1890. T h e  S o c i e t y .

B u d a p e s t .—Termeszetrajzi Fiizetek. Vol. XIII, No. 1. 8° Budapest, 1890^
H u n g a r i a n  N a t i o n a l  M u s e u m . 

C a l c u t t a . —Archaeological Survey of India. "South-Indian Inscriptions, Tamil and 
Sanskrit. Edited and translated by E. Hultzsch. Vol. I. 4° Madras, 

,  1890. T h e  S u r v e y .

„  Epigraphia Indica and Record of the Archaeological Survey of India.
Part V. 4° Calcutta, i88ijj: T h e  S u r v e y .

„  Indian Museum Notes.- Vol. I, No. 4. 8° Calcutta, 1890.
I n d ia n  M u s e u m .

„  Journal of the Agricultural and Horticultural Society of India. New
series, Vol. VIII, pt. 4. 8° Calcutta, 1890. T h e  S o c i e t y .

„  '  Journal of the Asiatic Society of Bengal. New series, Vol. LVIII, pt. I,
Supplement; pt. II, No. 5 ; and Vol. LIX, pt. II, No. 2. 8° Cal­
cutta, 1890. • T h e  S o c i e t y .



Titles of Books. I Donor's.
C a l c u t t a . —Proceedings of the Asiatic Society of Bengal. Nos. I l l—V. 8° Calcutta, 

1890. T h e  S o c i e t y .

„  R e c o rd s  o f th e  G e o lo g ic a l S u r v e y  o f In d ia . V o l .  X X III, p t . 3. 8° C a lc u tta ,
18 9 0 . G e o l o g i c a l  S u r v e y  o p  I n d ia .

„  Survey of India Department. Notes for June to, August 1890. Fls.c.
Calcutta, 1890. S u r v e y  o f  I n d ia .

C a m b r id g e ,  M a s s .—Bulletin of the Museum of Comparative Zoology. Vol. XV I, No. 9,
Vol. X IX , No.' 4, and Vol. X X , No. 1. 8° Cambridge, Mass.,
1890. T h e  M u s e u m .

„  Memoirs of the Museum of Comparative* Zoology. Vol. XVI,
No. 3 .  4 0 Cambridge, Mass., 18 8 9 . T h e  M u s e u m .

C h r i s t i a n i a .—Geodatische Arbeiten. Heft 6-7. 40 Christiania, 1888 and, 1890.
N o r w e g i a n  C o m m i s s i o n .

C i n c i n n a t i .—Journal of the Cincinnati Society of Natural History. Vol. X II, No. 4.
8° Cincinnati, 1890. T h e  S o c i e t y .

D e h r a  D u n A - Account of the operations of the Great Trigonometrical Survey of India.
Vol. X I. 4 0 Dehra Dun, 18 9 0 . S u r v e y  op  I ndia.

E d i n b u r g h .— Scottish Geographical 1 Magazine. Vol. VI, Nos. 6-9. 8° Edinburgh, 
1890. # T h e  S o c i e t y .

„  Transactions of the Edinburgh Geological Society. Vol. VI, pt. 1. 8° 
Edinburgh, 1890. T h e  S o c i e t y .

G l a s g o w .—Glasgow University Calendar for 1890-91. 8° Glasgow, 1890.
G l a s g o w  U n i v e r s i t y .

G o t t i n g e n . — Nachrichten von der Konigl.Gesellschaft der Wissenschaffen. 1889. 8°
'  Gottingen, 1889. G o t t i n g e n  S o c i e t y .

H a r r i s b u r g .—Geologist Survey of Pennsylvania. Atlas, Southern Anthracite Field, 
part II, A. A .; Atlas, fjorthern Anthracite Field, part V, A. A . ; Atlas, 
Eastern Middle Anthracite Field, part III, A. A . 8° Harrisburg, 
*689. G e o l .  S u r v e y ,  P e n n s y l v a n i a .

K o n ig s b e r g .—-Schriften der Physikalisch Qkonomischen Gesellgchaft. Jahrg. X X X  
(1889). 40 Konigsberg, 1890. K o n i g s b e r g  S o c i e t y .

L e id k .—Annales de I’Ecole Polytechnique de Delft. Tome V, livr. 3-4. 40 Leide, 1890.
•  E c o l b  P o l y t e c h n i & u e .

L is b o n .—Commission des Travaux G^plogiques du Portugal, Description de la Faune 
Jurassique du Portugal. EmSranchement des fichinodermes par P. 
de Loriol. Fasc. I. 40 Lisbonne, 1890. G e o l .  S u r v e y ,  P o r t u g a l .

L o n d o n .—Journal of tfce Society of Arts. Vol. X X X V III, Nos. 1958-1971. 8° 
London, 1890. T h e  S o c i e t y .

„  Proceedings of the Royal Geographical Society. New series, Vol. XII,. Nos.
6-7. 8° London, 1890. T h e  S o c i e t y .

„  Proceedings of the Royal Society. Vol. X LV II, Nos. 289-291. 8° London,
1890. T h e  S o c i e t y .

„  Proceedings of the Zoological Society of London. Part IV (1889) and part
1  (1890). 8° London, 1890. T h e * S o c i e t y .

„  Transactions of the Zoological Society of London. Vol.*XII, pt. 10. 40
London, 1890. T h e  S o c i e t y .



Titles of Books. Donors.
L o n d o n .— Quarterly Journal of the Geological Society. Vol. XLVI, No. 182. 8° Lon­

don, 1890. T h e  S o c i e t y .

„  Ray Society. Cameron, Peter.—A monograph of the British Phytophagous 
Hymenoptera. Vol. III. 8° London, 1890.

M a d r a s . —Government Central Museum, Madras. Catalogue of Minerals, Ores, and 
Rocks; with a note on meteorites, of which the fall in Southern India 
has been recorded. 8° Madras, 1890. M a d r a s  M u s e u m .

M a d r id .—Boletin de Ia Sociedad Geografica de Madrid. Tomo X X V III, Nos. 4-6.
8° Madrid, 1890. T h e  S o c i e t y .

M a n c h e s t e r .—Transactions of the Manchester Geological Society. Vol. X X , Nos 
18-19. 8° Manchester, i8qo. T h e  S o c i e t y .

M e l b o u r n e . — Annual report of the Secretary for Mines during 1889. Fisc. Melbourne, 
1890. M i n i n g  D e p a r t m e n t ,  V i c t o r i a .

„ Reports and Statistics of the Mining Department for the quarter ending
31st March 1890. Fisc. Melbourne, 1890.'

M i n i n g  D e p a r t m e n t ,  V i c t o r i a .

„  Prodromus of the Zoology of Victoria. By F. McCoy. Decade XX.
8° Melbourne, 1890. T h e  V i c t o r i a n  G o v e r n m e n t .

„  Transactions of the Royal Society of Victoria. Vol. I, pt. 2. 40
Melbourne, 1889. T h e  S o c i e t y .

M oscow .—Bulletin de la Soci^te Imp6riale des Naturalistes.’ Nouvelle serie, Tome I I I ,
No. 4 ; and IV, No. 1. 8° Moscou, 1890. T h e  S o c i e t y .

M u n i c h .—Abhandhungen der Mathematisch-physikalischen classe der k. b. Akademie 
der Wissenschaften. Band X VII, Abth. I. 40 Munchen, 1889.

R o y a l  B a v a r ia n  A c a d e m y .

„  Sitzungsberichte der Mathematisch-jphysikalischen alasse der k. b. Akademie
der Wissenschaften. 1888, heft I I I ; 1889, heft I-II. 8° Munchen, 1889.

. R o y a l  B a v a r ia n  A c a d e m y .

N e w  Y o rk .—Annals of the New York Academy of Sciences. Vol. V, Nos. 1-3. 8° 
New York, 1889. T h e  A c a d e m y .

„  Transactions of the New York Academy of Sciences. Vol. IX, Nos. 1-2.
8° New York, 1890. , T h e  A c a d e m y .

Paris.—A nnales des Mines. 8““  s£rie, Tome X VII, livr. I. 8° Paris, 1890. •
M i n i n g  D e p a r t m e n t , P a r i s .

„  Bulletin ^e Ia Soci£te G£ologique de France. 3"“ s6rie, Tome X V III; Nos.
2-3. 8° Paris, 1890. T h e  S o c i e t y .

„  Memolres de la Soci£te G6ologique de France. 3“ '  sfrie, Tome XV, No. 2. 40
Paris, 1850. T h e  S o c i e t y .

n 'Mlmoires de la Soci£t£ Geologique de France. Pal^ontologje. Tome I, fasc. 1.
4° Paris, 1890. T h e  S o c i e t y .

„  Compte Rendu ties Stances de la Soci6t6 de Gfographie. Nos. 11-13. 8° Paris, 
i8 q o . T h e  S o c i e t y .

P h i l a d e l p h i a .—Journal of the Franklin Institute. 3rd series, Vol. X C IX , No. 6, and 
Vol. C, Nos. 1-2. 8° Philadelphia, 1890. T h e  I n s t i t u t e .

„  * Proceedings of the Acadfemy of Natural Sciences. Part I. 8° Phila,
, delphia, i8 q o . #T h e  A c a d e m y .



Titles of Books. / Donors.
P h i l a d e l p h i a . .—Transactions of the American Philosophical Society. New series, Vol.

X V I, pt. 3. 40 Philadelphia, 1890. T h e  S o c i e t y .

P i s a .—Atti della Societa Toscana di Scienze Naturali. Processi Verbali, Vol. VI, ‘pp.
85-104. 8° Pisa, 1888. T h e  S o c i e t y .

R o m e .—Atti della Reale Accademia dei Lincei. Serie IV, Rendiconti, Vol. VI, 
Semestre I, fasc. 8-12 and Sem. II, fasc. 1. 40 Roma, 1890.

.  T h e  A c a d e m y .

S a l e m . — Bulletin of the Essex Institute. Vol. X X I, Nos. 10-12. 8° Salem, 1889.
T h e  I n s t i t u t e .

S a m  F r a n c i s c o . — Proceedings of the California Academyof Sciences. 2nd series, Vol. II.
8° San Francisco, 1890. T h e  A c a d e m y .

S h a n g h a i .—Journal of the China Branch of the Royal Asiatic Society. New series, Vol.
X VII, pt. 2 ; X X I, Nos. 5-6 j and XXIII. 8° Shanghai, 1884,1887,
and 1889. T h e  S o c i e t y .

S t o c k h o l m .—Liste Systematique des publications de I’  Institut Royal G6ologique de ,  
Sufedel 1:862-1890. 8° Pam. Stockholm, 1890.

G e o l o g i c a l  S u r v e y ,  S w e d e n .

„  Sveriges Geologiska Undersokning. Ser. A. a. Nos. 84,100,103-107;
Ser. B. b. No.,6; Ser. C. Nos. 93-98, 100, 101, 103-m , 113-115. 
With maps. 8° Stockholm, 1888-1890.

G e o l o g i c a l - S u r v e y , S w e d e n .

‘ ,, Sveriges Geologiska Undersokning. Ser. B. b. No. 4 ; and ser. C,
Nos. 92, 99, and 102. 40 Stockholm, 1888-1889.

G e o l o g i c a l  S u r v e y ,  S w e d e n .  

S t .  P e t e r s b u r g . —Bulletins du Comite Gdologique. Vol. VIII, Nos. 6-10. 8° St. 
Petersbourg, 1889-1890.

•  # G e o l o g i c a l  C o m m is s i o n , S t . P e t e r s b u r g .

„  Mdmoires du Comitd G6ologique. Vol. IX, No. I, and XI, No. 1.
40 St. Petersbourg, 1889.

G e o l o g i c a l  C o m m is s io n , S t .  P e t e r s b u r g ,  

S t u t t g a r t . —Jahreshefte des Vereins fur vaterlandis'che Naturkunde in Wurttemberg.
Jahrg. X LV I. 8° Stuttgart, 1890.

S y d n e y .—Annual report of the Department of Mines, New South W ales,'for 1889.
• Fisc. Sydney, 1890. D e p a r t m e n t  o f  M in e s ,  N. S. W a l e s .

„  Catalogue of the Australian Birds in the Australian Museum at Sydney,
New South Wales. Part II, Striges. 8° Sydney, 1890.

A u s ^ a l i a n  M u s e u m .
„  Guide to th£ contents of the Australian Museum. 8° Sydney, 1890.

A u s t r a l i a n  M u s e u m .

„  Records of the Australian Museum. Vol. 1, No. 3. 8° Sydney, 1890?
A u s t r a l i a n  M u s e u m .

„  Supplement to the catalogue of the Australian Accipitres or Diurnal Birds of
Prey in the collection of the Australian Museum at Sydney, New South 
Wales. By E. P. Ramsay. 8° Sydney, 1890. A u s t r a l i a n  M u s e u m .

„  Journal and Proceedings of the Royal Society of New South Wales. Vol.
X X III, pt. 2 . 8 °  S y d n e y ,  18 8 9 . • T h e  S o c i e t y .



Titles of Boohs. Donors.
S y d n e y . —Memoirs of the Geological Survey of New South Wales. Palaeontology, 

Nos. 3-4. 40 Sydney, 1890.
G e o l o g i c a l  S u r v e y ,  N e w  S o u t h  W a l e s .

„  Proceedings of the Linnean Society of New South Wales. 2nd series, Vol. V, 
pt. 1. 8° Sydney, 1890. T h e  S o c i e t y .

T u r in . '— Atti della R. Accademia delle Scienze di Torino. Vol; X X V , disp. 11.12.
8° Torino, 1889-90. T h e  A c a d e m * .

V e n i c e . —Ahi del Reale Istituto Veneto di Scienze, Lettere ed Arti. Serie 7, Tomo I ,
disp. 2-9. 8° Venezia, 1889-90. T h e  I n s t i t u t e .

V ienna.—Abhandlungen der R. K. geologischen Reichsanstalt. Band X III, heft I, 
and XV , heft 1. 40 Wien, 1889..

, I m p e r i a l  G e o l o g i c a l  I n s t i t u t e , W i e n .

Jahrbuch der Kais. Konig. geologischen Reichsanstalt. Band X X X IX , heft 
^-4. 8° Wien, 1889. I m p e r i a l  G e o l o g i c a l  I n s t i t u t e ,  V ie n n a .

Verhandlungen der.' K. K. geologischen Reichsanstalt. Nos. 6-9. 8° Vienna 
1890. I m p e r i a l  G e o l o g i c a l  I n s t i t u t e .

W a s h i n g t o n . — -Annual report of the Smithsonian Institution. 1886, part 2 ; and 1887, 
pts. 1 and 2. 8° Washington, 1889. S m i t h s o n i a n  I n s t i t u t i o n

„  Smithsonian Contributions to Knowledge. Vol. X X V I. 8° Wash­
ington, 1890. * S m i t h s o n i a n  I n s t i t u t i o n .

„  Memoirs of the National Academy of Sciences. Vol. IV, pt. 2. 40
Washington, 1889. N a t i o n a l  A c a d e m y ,  W a s h i n g t o n .

„  Report of the Director of the Mint upon the production of, the precious
metals in the U. S. during 1889. 8° Washington, 1890.

U n i t e d  S t a t e s  M i n t .

W e l l i n g t o n . —Transactions and Proceedings of the New Zealand Institute. Vol.
X X II, 1889. 8° Wellington, 1^90. • T h e  I n s t i t u t e .

Y o k o h a m a .— •Mittheilungen der Deutschen Gesellschaft fur Natur und Volkerfeunde 
Ostasiens. Heft 44. Fisc. Yokohama, 1890.

t G e r m a n  S o c i I t y ,  Y o k o h a m a .
30th October 18 9 0 .
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