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During the first fow years of its tentative existence the Mineral
Survey of Kashmir printed none of its reports but was indebted to my
old department of the Geological Survey of India for publishing in
their Records accounts of certain mineral occurrences. Since then five
subsequent reports have been printed by order of the Kashmir Govern-
ment. The present report on the Coalficlds of Jammu Province is
therefore the sixth of this latter series (see list at end of Proface).
Like its. predecessors it appears under my name, and the responsibility
for its contents and form, and for a great. part of the field and other
work on which it is based rests with me.

Nevertheless much intrinsic help in map work, pit sinking
and drilling, and in determinative (and a certain amount of analytical)
work was supplied by my colleagues, Mr. Joti Parshad, B. ., F. a. s,
late Senior Assistznt Superintendent, and Messrs. Labhu Ram Badyal,

'm. sc., and. Sokani Ram, B.sc., Junior Assistant Superintendents,
"Latterly. Mx._Luf Zutshi, 5. sc., ‘4, B. 8. M., F. 6. 8., assisted as Mining
Engineer in pjoving the Ber-Goa area, The Industrial Chemist,
Srinagar, has cgntributed nearly all the recent coal- analyses, with the
. exceptian. of & dew done by the Greological Survey of India.

. The presgnt published account will be followed by others on the
"metallic and non-métallic minerals, and on the precious and semi-preci-
ous gemstones, ornamental siones_ete. These, it is hoped, will appear
as soon, as the material can be put up ana pussed through the press ; so
that, before long, the economic minerals of Jamni€ and- Kashmir will be
permanently recorded, so far as at present known, for general intorma-

tlon. -
Subjoined is a list of all the printed reports on Kashmir miner-
als that have so far appeared since the Mineral Survey started work
in 1917 b

(1) Note on the Aquamarine mines of Daso on the Braldu
R., Shigar Valley, Baltistan, by C. 8. Middlemiss and
Joti Parshad (published in Records Geological Survey of
India, Vol, XLIX, pt. 3, 1918 with plates 6 to 10).

(2) Possible oceurrence of Petrolenm in Jammu Provinece :
~Preliminary note on the Nar-Budhan dome of Kotli
' i
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tebsil in the Punch Valley, by C.S. M
(published in Records Geological Survey of India,
XLIX, pt. 4, 1919, with plates 13 to 16).

Lignitic Coalfields in the Karewa formation of the
Kashmir Valley, by C. 8. Middlemiss (published in
Records Geological Survey of India, Vol. LV, pt. 3, 1923,
with plates 28 to 30).

Abrasives : Note on the Polishing material of Risin
Spur Khunamuh near Srinagar, by C. 8. Middlemiss
(printed by order of the Kashmir Government, with
plates 1 and 2). ,

The Graphite deposit of Braripura, Uri tehsil, Kashmir,

by C. 8. Middlemiss (printed by order of the Kashmir
Government, with plates 1 to 5).

Qchre deposits of Nur Khwah, Rata Sar and Jhuggi in
the Jhelum Valley, Uri tehsil, Kashmir, by C. 8,
Middlemiss (printed by order of the KashintiGovern~
ment, with plates 1 to 6).

The Gypsam deposit of the Lachhipuri, Bagna, Islama-
bad, Limbar and Katha nalas, Uri tehsil, Kashmir, b

~“C. 8. Middlemiss (printed by order of the Kashrmir
Government). 4

e—— ]

,ﬁ&)~“§‘.:.“‘uﬂfe/deposits of Jammu Province, by C. 8

Middlemiss (printed by order of the Kashmir Govern-
ment, with plates 110 17),

-C. 8. MIDDLEMISS,
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A Resurvey of JAMMU COALFIELDS:
the KALAKOT, METKA and MAHO-
GALA fields (with notes on the Chakar,
Chinkah & the newly discovered Dhansal
Sawalkot fields) by C. S. MIDDLEMISS,
C.LL.E, F. R. S, F.G. S., Superintendent,
Mineral Survey, His Highness’ Government,
Jammu and Kashmir.
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INTRODUCTION.

THE coal of Jammu Province has long hbeen Lknown.
Early Investigations : Several geologists and prospectors have
Conlerence in 1803. examined it from time to time, and its
ace and position among the other formations are fairly well
known. About the year 1Y00 the attention of the Kashmir
Durbar was especially drawn to it, and the outcrops, often
hidden by surface material, were opened up at a number of
places, preparatory toa conference of geological, mining and
engineering specialists which took place in 1903. In 1y01
General Raja Sir Amar Singh, E. c.s. L, Commander-ln‘Ch!eE
and Vice-President of the State Council, had taken special
interest in this work and he bad carried out a tour of inspection
of the coalfields and written an enthusiastic diary of it.

Concerning these earlier investigations it is sufficient for
resent purposes to refer to Mr. R.R. Simpson's published
report (Memotrs, Geological Survey of India, Vol. XX XII,

pt. 4, 1904).

. Simpson was at that time Mining Specialist in the

Mr ,1:[ ; slsmpsollzas Geological Survey of India; and after
report, 1904, enquiries and conferences on the spot with
#r, R. D. Oldham, Superintendent of the Geologieal Survey,
and Mr. E. L. Hope, Manager of the North-Western Railway
Company’s collieries at Dandot ; and after severfal months epent
Jater in examining the Jammu coalfields, assisted by Messrs.
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Godwin and Stewart (who carried out the prospecting oper-
ations), he compiled a full report of his results in the above-
mentioned publication. This has remained the standard account
of work done on the coalfields up to the recent re-examination
by the Mineral Survey.

Unfortunately the volume of the Memoirs containing
Simpson’s account is now out of print.
A summary of his conclusions is, therefore,
given here, and further details referring to the resurveyed areas
will be liberally quoted in subsequent sections of this report.

Now out of print.

The coal areas included by R. R. Simpson in his report

Coal areas examined are practically coincident with those which

by R. R. Simpson. Ihave shown on the outline map iSee

Pl. 7 ) with the exception-of the Dhansal-Sawalkot continu-

ation of the Lodhra coalfield, which is a new addition,
discovered in 1924 by the Mineral Survey. :

Mr. Simpson, for field purposes, worked on the old topo-
graphical sheets of the Atlas of India,
on a scale of 1 inch to 4 miles, enlarged
twice ; and on one small plan of the Jangal Gali workings on
a scale of 1 inch to 800 feet, showing the excavations, shafts and
drives made by Messrs. Godwin and Stewart,

Map available.

His most detailed results refer to the Jangal Gali and Anji
Detalled examination of Yalley areas, lying to the east of Riasi,
Ladda field. the two being grouped together under the
head of the Ladda coalfield. This he concluded to be the most
promising locality, because (1) the continuation of the coal
uanderground had been proved to a considerable extent, (2) it
was, in its southern part, the nearest coalfield to Jammu, along a
-~ line vid Mutal and Tikhri, (3) in its northern part (Anji Valley)
it was convenient to Riasi vid the Anji Valley, and (4) chemical
analyses and practical trials of the coal on the railway had been
made with good results. '

. The rest of the area of the Jammu coalfields was described
‘Reomalaing aress. more cursorily by ~Mr. Simpson, the
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results quoted in his memoir being partly derived from
Mr. T. D LaTouche's published work in the Chakar and
Sangarmarg fields (See Rec. Geol. Surv. of India, Vol. XX],
pt. 2, i888, now out of print) and partly from his
(Mr. Simpson’s) observations and examination of the pits and
shafts made by Godwin and Stewart.

As a whole, this monograph by Simpson showed (what

Mr. Stmpson’s conelu.  Was for this part of India) areasonably

sions. good supply of available coal of good

quality, but it was not made clear that extracting it for use on

the North-Western Railway, or for the projected railway to
Kashmir, would be a sound commercial proposition.

‘After some criticisms in detail and a few experiments
' with  briguetting the coal, made
. subsequent to the above report, the matter
was allowed to drop and no further action was taken by the
Durbar, When the reorganised Mineral Survey under my
direction began work in 1917, I had to accept this general verdict
on the coal of Jammu; and, in any case, I saw that our
knowledge in regard to this mineral was fairly complete, com-
pared with that of other minerals demanding early attention,
and could not be improved on with advantage at that time.

Mineral Survey.

Duaring recent years, however, discoveries by the Mineral
Renewed Interest in the Survey of ores of aluminium, followed
coal. very recently by those of copper, zine
and lead (in addition to those of iron already known to some
extent), have caused me fo regard the coal of Jammu from =
new point of view ; because, for the development of these ores,
coal will naturally Dbe a great asset in the processes of roasting,
smelting and reduction, as well as possibly for power at the
mines and for transportation purposes. It seemed advisable,
therefore, to begin a fresh survey of the coalfields in greater
detail than hitherto, so as to know our coal resources better and
more quantitatively. Incidentally also it might be found that
proposals for working the coal which in 1904 did not recom-
mend themselves to Mr. Simpson as being commercially sound,
might, on revision in the light of the above new facts, appear
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more promising. This aspect of the question Las already Leen
partly discussed by Mr. A.7T. Arnall in his Memorandum on
the “ Jammu Bauxite, Coalficlds and Manufacture of Alumina
and Aluminium” (August 1923).

Hence a serious beginning was at last made in 1926 of the
resurvey of these areas, and it is being continucd from tine to
time by the Mineral Survey as opportunity offers.

This report aims principally at elucidating the less well-
Alm of thisreport isa <nOWn area west of the Chenab River,
new stock-taking of onr and - especially the three conmnected coal-
c0al resourees. fields of Kalakot, Metka and Mahogala.
Apart from these three latter well-defined areas, much large-scale
work yet requires to be done, before the resurvey of the whole
of the Jammu coalfields can be regarded as accomplished. The
present time however. (when we arc engaged in taking stock
of our recent mineral discoveries and publishing the results' is -
propitious for compiling this report, which in the main amounts
to a recasting of our views about the potentialities of these
western coal areas based primarily on the entirely new large-scale
maps that my survey has produced, and on the excavations and
drilling that we have done. The Chakar, Chinkah and Dhangal-
Sawalkot fields will only be briefly described.

It is hoped that this resurvey will be followed up by
Underground proving detailed and extensive proving of the coal
and deep borlng to foliow. geams by underground work and «<ee
drilling. During the present cold weather of 192¢, Mr. L.
Zutshi, A.R.S.M., F.G.s, Mining Engineer, has begun the
former, and the latter may be undertaken later on should his
results justify the outlay and transportation of a heavy steam hor-
ing plant, capable of exploring to depths of 1,000 feet and over.

For details concerning the eastern areas, with the exception
of the newly discovered Dhansal-Sawalkot
field, which will be briefly described in the
sequel, we must still rely on the data furnished in Simpson’s
memoir, until those areas in turn come nuder detailed re-examin-
ation, )

Details of other areas.
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Concerning one other isolated field in the extreme west,
Dandli fteld » namely, the Dandli coalfield, we have but
Me. ¢. M. P. Wright. little information to go on. The Mineral
Survey has not yet begun any coal operations there,
and Simpson did not visit it. The little there is known
about it will be found in the brief note published by
C. M. P. Wright (Rec. Geol. Surv. of India, Vol. XXXIV,
pt. 1, 1906) and in the just published memoir on the geology
of Poonch State by D. N. Wadia (Mem. Geol. Surv. of India,
Vol. LI, pt. 2, 1928). The northern flanks of part of this
possible field lie in Poonch State.

Good coal is always an asset as a basic source of power,
Importance of coal for especially in a world whose reserves in this
ail time. line are rapidly dwindling and every day
becoming more precious. This large-scale, close delineation
of some of our coal resources has, therefore, a value  in
itself that will not become less but greater with time.
The position of these western coalfields (as railway communica-
tions at present stand) is not perhaps the most favourable for
developing them apart from certain metalliferous ores in the
surrounding country, though, relatively to other parts of His
Highness’ dominions, their position is quite close to the edge of
the hills. Whether the intervening ranges and dun-like valleys
will be opened up presently by extensions of the present railways
and roads, or whether other forms of transport will be initiated
in the near future is not vet clear ; but in either case the import-
ance of knowing much more exactly than before about our coal
supplies is self-evident.

re—

GENERAL GEOLOGY OF THE COAL AREAS.

" The Coal Measures of Jammu Province, unlike many others
Coal Measures not fault- 10t India and elsewhere, are not as a whole
ed troughs. of the naturé of gently inclined basins
or troughs, dropped down by faulting below the ordinary
level of the country; and with regard to which a given
geam has a more or less uniform gepth at which it can be
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strnck and whose area is always limited by the edges of the
basin, :

On the contrary, the Jammu Coal Measures occur on the
They occur panking north-east and south-west flanks of arches
elongated domes. or eloneated domes in the geological
structure of the country. These elongated dome structures
are strung out over 2 length of eountry the greater portion
of which is shown on the Outline Map (Pl 7 ) and they
comprise (1) the southern and main group, consisting of
the large Riasi dome, with the lower reaches of the
Chenab River cutting through it from nortb to gouth, and the
three smaller domes of Mahogala, Metka and Kalakot; (2) the
subsidiary more northern group of the Dhansal-Sawalkot field ;
(3) the Dandli field, which is an isolated distant representative of
(1). This last is not shown on'the Outline Map and its value
is at least doubtful,

These coal-bearing strata are inclined for the most part
at moderate to steep angles outwards from
the axis of the domes, and, therefore, the
depth at which the several coal seams can be struck increases
with the distance from the outcrop. Consequently the outward
limit of these coalfields is undefined, or may be stated as that
which is necessitated by the corresponding depth at which the
working of them would no longer pay.

No outward limit.

A remarkable feature of these elliptical domes is that the
The domes expose old elevation of them has also brought into
rocks at the eentre. view at the surface and centre of most
of the dome areas certain formations, stratigraphically of
lower- horizon than the Coal Measures, which are considered
to be much older than Tertiary; and so they present the
phenomenon of old (probably very old) massive limestones
and other rocks protruding through and among the Sub-
Himalsyan zone of younger Tertiary rocks (the Murree Series),
a phenomenon that is exceptional as far as is known all along
the similar zone of Biwalik foothills of the Himalayan
ranges, :
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What the particular cause was, that induced these dome
Thelr upheaval at a uplifts at certain points in the Murree
geologically late date, zone of Jammu Province, is not known;
but, that it was geologically very late is indicated by the fault at
the southern edge of the Riasi dome. = This fault appears to have
been generated contemporaneously with the uphft, and it is
certainly later in age than the formation of the Siwalik rocks
which are found immediately to the south in the neighbourhood
of Pauni (See Outline Map), for it cuts across their folds and
outcropping strata, abruptly truncating them, and in a direction
almost at right-angles to their line of strike at that particular
spot.

Whatever the inciting cause may have been, we owe to it
the elevation and bringing to within easy reach of or at the
surface, not only of the seams of coal now under description, but
also of the various other useful minerals that are found in the
underlying limestone, breccia, etc.

A short statement of the sequence of formations which are
Formations  associated Pl'aCtiCBny always found in association
with the Coal Measures. with the Coal Measures and which are
exposed in this chain of dome inliers will now be given, together
with a table arranged in natural superpositional order and a
few remarks on the individual formations.

The Coal Measures as a whole (that is to say the set of beds

Tho Coal Measures lie frcm the lowest to the highest with which
intermodiately between a coal is intercalated) occur at a horizon or
known and unknowa set of  horizons separating an upper set of forma-
formatlons. tions (whose age and position in the
geological scale are clear) from 3 lower less obvious set about
which little is known as to their stratigraphical position and
affinities. The overlying set, includes the well-known Murree
Series and Nummulitic Series of Tertiary age which are every-
where well developed in this and neighbouring regions ; the
underlying set includes part of the Bauxite Series, the Breccia
and the Great Limestone, about which little can be said by way
of correlating them with any well-known formations outside
Jammu Province, for none as yet have yielded any indisputable
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traces of organic life from ‘which their geological age can be
defined.

Table of Formations.

Formation and age. Deseription, Thickness.

A

(6) MURREE SERIES| Sandstone and shales of { Very great thickness

© (U, Tertiary). purple and chocolate | but unmeasured, Top
: colours, not seen.
(5) NUMMULITIC Coneretionary limestone | About 400 feet,
SERIES (Eocene). . and shales, . :
(4) UPPER COAL Carbonaceous shales with | About 120 feet,

MEASURES (Eocene?) | coal beds and ironstone
bands and lenticles,

(3) BAUXITE SERIES| Banxite, bauxitie clays | 4 to 24 feet and over.
(with LOWER COAL} sand kaolin with local
MEASURES) (Gaalt to] ironstone and coal in

Eocene). thick beds at certain
places,
(2) BRECCIA Chert fragments mainly | 20 to 80 feet,
(age unknown), in calcareous and sili-

ceons cement, -

(1) GREAT LIME- Massive grey limestone | Of great but upknown
STONE (age unknown| with bands of chert. [ thickness, Bage not
bnt probably older than | No organic remaips. seen,

Trins).

The Great Limestone has usually been considered and

' shown as of Jurassic age (with a query

Ageof the Great Lime-  mark added) in the maps and reports of
stone. | the Geological Survey of India. As, how-
ever, this thick formation has proved entirely unfossiliferous,
except for a few doubtful markings, after very tborough search
through great thicknesses and extent, this supgested age can no
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longer be upheld. It is a massive blue-grey limestone with
numerous bands of chert. These characteristics, together with
its peculiar mode of weathering, lead one to correlate it much
more reasonably with the limestone of unknown age coming
below the Trias of Hazara.! Thus there is no definite evidence
for the age of it, except that it is probably older than Trias—and
it may be much older.

The Breccie {(or Brecciated Quartzitic Grit as it is also
designated) is manifestly in the main a
residual rock, derived from the exposed
surfaces and edges of the Great Limestone, since all stages in
the process of disintegration of the chert and limestone layers
are found. The cementing material is calcareous and sandy.
Although only of small thickness, the breccia constitutes rough
country and weathers into great blocks, littering the slopes and .
river gorges with its debris.

The Breccla.

In its upper part this predominantly chert breccia generally
passes up into more quartzose rocks and these pass up into beds
of comminuted angular chert and clear quartz grains set in a
base of greenish iron silicate thereby linking the Breccia with
the Bauxite Series. This green silicate, in which the iron is
probably in the ferrous condition, constitutes the protore from
which, by alteration everywhere actively going on, has been
generated probably the limonite-and hematite lumps, pockets
and veins that are to be found in the Breccia below, wherever
that formation has been deeply dissected by denudation. At sll
such places (especially remarkable near Chakar) this extremely
hard breccia has been pierced by innumerable vertical pits, 15
to 30 feet deep, now mostly fallen in and overgrown, which
rumour and the evidence of the oldest inhabitants credit to the
Jocal iron-workers of a by-gone but still remembered age. This
point cannot be further discussed bere, except to remark that
the ant-like industry of these old workers in riddling the country-
side with these vertical chimney-like shafts in such refractory
rock is difficult to understand if iron ore were their' only aim,
gince plenty of ore (limonite, earthy hematite and siderite) lies

1. Mem,Geol, Surv. of India, Vol. XXVI, 1896, p. 28,
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exposed at the surface close by among the easily excavated Coal
Measures formation.

Whatever be the age of the Breccia and its associated finer
A stratigraphical break  textured beds, it is at several places found’
Indleated. lying across the upturned edges of the
Great Limestone (especially well seen near Khar Gala, in the
stream-bed west of 3414 hill, where it lies with a dip of 35°
across the truncated edges of the Great Limestone dipping at 70°);
and so, for this reason and others connected with the obvious
source of the chert fragments in it,. it clearly marks a great
stratigraphical- break. On this irregularly surfaced layer of
breccia the Bauxite Series, reposes as a rule.

The Bauxite Series, among which bauxite proper occurs at
Age of the Bauxite certain places has been found by my
Serles. survey to pass laterally into hard coal
In the western areas certainly, and probably also in some of the
eastern areas, where the Bauxite Series has not become modified
into true bauxite but remains as a kaolin or sandy kaolin, this
coal has quite recently been found to be of importance. Being
at this geological horizon it must be of earlier age than the
friable coal beds usually classified as Eocene in this part of India
and which latter directly underlie and pass up into the Num-
mulitic Series. These newly discovered lower hard coals will
be designated here as the Lower Coal Measures. From evidence
found in the neighbouring areas of Hazara district?, certain
thin coal beds and an underlying pisolite (the possible equivalent
of the Jammu bauxite) are certainly younger than Cenomanian
(or Gault, according to more recent investigations?) as shown
by good fossil evidence. From this the age of the Bauxite
Series might be something between Gault and Focene, but the
argument cannot be considered very strong or very definite.

The Bauxite Series where typically developed is a definite-
Varlations In the Bauxite pPhysical unit, having a thickness: of from
Serles. 4 to 24 feet, or even more in rare cases.
This relatively thin layer adheresto the underlying breccia like

1, Bee Middlemiss: Mem. Geol. Sur. of India, Vol. XX V1, 1896,
2, See Cotter: Hec. Geol, Surv of India, Vol LIX, pt. 4, 1926,
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a layer of butter or bread, and, when the breccia passes under.'
ground, accompanies it, sandwiched as it were between it and the
overlying Coal Measures which will now be designated the
Upper Uoal Measures. But it varies in composition from point.
to point. DBesides bauxite proper, after which the series is
named, it comprises kaolin, ferruginous layers and, as stated
above, more rarely coal. The uppermost layer, which invariably
has a pisolitic structure, is regular and constant, and its junction
surface, where it passes below the shales and other members of
the Upper Coal Measures, is also regular and sharp. The
variations in petrological facies and composition which appear
among the rest of the Bauxite Series are partly connected with
the uneven and sometimes pot-hole like hollows into which the
underlying breccia has been worn—which latter condition also
accounts for occasional rapid increase in the thickness of the
Bauxite Series. But all these sudden lateral changes cannot be
accounted for in this way by the uneven surface on which they
were accumulated. There must bave been other potent activities
at work. Some of these doubtless operated whilst the Bauxite
Series was first forming as a mixed colloid. Others, which have
chiefly affected the upper exposed layers, have certainly been of
the nature of weathering by meteoric agencies which has been
something like, but not identical with, lateritization. In its
lower layers the Bauxite Series appears to pass down insensibly
into the upper gritty layers of the Breccia.

For further full information regarding the bauxite of this
formation the special printed report on the Bauxite deposits of
Jammu Province may be consulted.

The Upper Coal Measures follow on in ascending order
above the pisolitic uppermost bed of the
Bauxite Series. The junction of the two
is often vague, but probably indicates overlap, being sharp and
decisive. As the Upper Coal Measures form the principle
subject of this report, they will be accorded a full treatment in
the body of the report, and explanatory remarks on the overlying
Nummulitic and Murree Series will also find place there accord-
ing as they are necessary to complete the account of the coal and
"its possibilities.

The Coal Measures,
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The Lower Coal Measures, consisting of the above referred
to newly discovered and generally hidden beds of coal which
make a rather perplexing appearance among the Bauzite Series,
will also be described as fully as at present known. Although
only found locally, they are of importance because of the firm,
non-friable nature of the coal, and because of its good to
excellent quality and thickness.

THE SOUTHERN MAIN GROUP OF COALFIELDS
WEST OF THE CHENASB RIVEK.

In the descriptions which follow, the order of presentation
of the details will be as follows :—

(1) Position, orographical and other superficial details
of the particular field. ‘ : ‘

(2) Summary of R. R. Simpson’s published account of
his examination of it, which is now out of print.

(3) Additional information furnished by the Mineral
Survey.

(4) Conclusion.
Kavagor COALFIELD.

This field is the most westerly of those constituting the
southern main group. A reference to
the 1 inch to 1 mile Survey of India
Sheet, 42 K/8 or the Qutline Map (PL. 7) will show that the
position is in lat. 33° 13’ and long. 74° 25’ and is some 27 miles
away from the plains near Bhimber and some 6 to 8 miles away
from the slightly elevated, dun-like country of the Thandapani-
Nowshera line where widely spaced waves of the younger
Siwalik rocks, 1 the form of almost continuous ridges, alternate
with more open country. The field in fact lies ensconced in the
moderately elevated hilly tract characteristic of the Murree

Position and height.
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Series, which, though never rising to any great elevation, is

much more irregular in the disposition of hill and valley than

the Siwalik belt to the south. The average elevation of the

coal outerops is 2,750 feet, the extremes being 2,300 feet in

' :tl;-_l)le stream bed S. of Sair and 3,050 feet on the hill-spur S. of
ali; )

Structurally the field consists of a twin elliptical dome or
hog’s-back of the Great Limestone, 5
miles long, surrounded by concentric
ellipses of the younger Coal Messures, Nummulitics and
Murrees. The Coal Measures and Nummulitics on account of
their softer thin-bedded character have generally become the
channel for aset of small lateral streams which fall into two
larger transverse streams. These latter streams cut their way
through the limestone hog’s-back making narrow and forbidding,
but picturesque gorges with nearly vertical sides. The main
stream, passing vi4 Marot and Sair, drains south and is a
perennial source of water. It .is noticeable that this stream,
flowing transverse to orogenic lines or to the general Himalayan
trend (W.N.W.—E. S, E.), plunges straight into the heart of the
larger twin Great Limestone ellipse, at a point 8. of Marot
where the arching anticline in the limestone has been reinforced
by a fault. It thus presents the aspect of disappearing into a
wall of rock towering up 200 feet above its bed (see Pl. 1).
We. shall see later on that similar dominant drainage lines inter-
sect all the coalfields of this southern main group- especially
noteworthy in the case of the Chenab River at Riasi, This
clearly shows that the late geological uplift that exposed the
older rocks along this chain of inliers was powerless to divert
the course of the water into other longitudinal directions parallel
with the direction of folding of the strata. Clearly the cutting
of the stream bed and the elevation of the Kalakot dome kept
pace with each otber. Hence the water action had to concentrate
on deepening its narrow bed and had no energy left for widening
the gorge. "The slight bevelling off of the upper edges of the
gorge is chiefly due to rain and frost which have operated since
the stream sawed its way through making a vertical rift.

Stracture.

The north-western of the twin elliptical domes is marked
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by the villages Jigini, Khar Gala, Kura and Marot. It is
much narrower than the south-eastern dome, on and about which
lie the villages Kalakot, Sair and Ber-Goa. The two twin
ellipses coalesce over a third of their respective lengths, the
south-eastern part of the one being joined to the north-western
part of the other, so that the respective axes of the ellipses are
arranged en echelon,

In the' large-scale plan of the field (see Pl 8) the
Jigini-Khar Gala portion of the north-western ellipse is not
shown as it had not been surveyed in detail up to the time of
writing. '

The numerous scale-sections (See Pl 11) show that
there is a fairly steady dip of the Upper Coal Measures outwards
from the larger south-eastern twin dome at angles of about
18° on the south-western side and 20°—30° on the north-eastern
pide, except along the line of coalescence of the two domes where
fold-faulting introduces irregularities. Judging by the over-
lying formations as seen in the main stream near Marot and
Tattapani, this steady dip soon disappears in a north-easterly
direction. To the south-west it is maintained for a mile or more
below Sair (the upper village of that name on the 1 inch map).
But beyond this, between Dhbanoa and the lower Sair (not
shown on the large-scale plan) occurs another small elliptical
dome. This, however, only exposes the Nummulitic Series.
It is hoped to drill through this into the underlying Coal
Measures during the early part of 1929. The results will be
awaited with interest, for they will perhaps throw light on the
persistence or otherwise of the coal seams in this direction from
their most southerly point of outerop near Sair, * *

The Kalakot coalfield is connected with Thandapeni vig”

Dharmsal, with Rajouri and with the coal-
cmm"nlfmm' " fields of Metka and Mahogala by not very
good bridle-tracks, A similar track from Dharmsal to Rajouri

|

{1) Since the above was est up in type the Upper Coal Measures were entered b

:lﬁg g;::}. :tti :nd(;nptc? ;;fb]% Ifeelé. n%;ter much trouble had been experienced by cra.vin w
3 ha e abando i i i

e Ihorationaiad to in June 1929, withous being able to prove thl&
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passes vid Sial Suil within a mile or two of the Jigini end of the
coaltield. Footpaths traverse these hills everywhere connecting
village with village. As things stand at present the distance
of this field from the nearest rail or motor road is prohibitive
against making any use of the coal. But assuming that Riasi
or Talwara is connected with Jammu by rail and that secondary
lines of transport connect Riasi with Pauni, Thandapani and
Dharmsal, the rest of the distance from Dharmsal to the coal-
field could be negotiated in some way or other by combina-
tions of tramways or ropeways, ' |

But it remains to be seen whether within the next few
years some reliable form of air service will not supersede rail-
ways and roads in complex hilly tracts such as these. Kalakot
is only 25 miles from Talwara and 43 from Jammu (a fifteen
and thirty minutes run by acroplane or air-ship respectively).
The air offers unrestricted routes, and coal by this means could
equally well be distributed to any metallurgical centre where it
was wanted ; and, if it is desirable to sell coal to the North-
Western Railway, then Jhelum station is as near to Kalakot as
Jammu, whilst Wazirabad .is only a few miles further away.
The above idea should not be dismissed as fanciful, in view of the
rapid strides made by air transport during the last few years.

R. R. S1MpsoN’s ACCOENT.

The following notes on this coalfield are taken from
Simpson’s memoir and reproduced here
in some detail because the memoir is
completely out of print. Owing to changes in the place-names
on the new 1inch to 1 mile maps, I have added, as far as
possible and where necessary, in square brackets a reference to
the approximate places on the large-scale plan (Pl 8) :—

His memolr out of print.

¢ Coal is frst seen at Kalakot, where a drive, 7 feet long, exposed
4 fest of coal, dipping Nortk 20°, East, at 53%, Only 50 feat
away, however, the seam is reduced tn 14 inches. To the north-
west, allovial ground obscures the outerops, but at Pirsn [near
Marot] half & mile distant, the seam is again seeu, 18 inches
thick and dipping gently to north-east. Abont half mile furiher
on s pit on the esstern elope of Jhaltutonia hill [probably between
the old and present sulphur springs] was sunk in coal to a depth



16

Reports of the Mineral Survey of Jammu and Kashmir.

of 14 feet, The thickuness: and dip of the seam were undeter-
mined but the thickpess evidently exceeds 8 feet. On the’
western slope of the bill,a good deal of coalis exposed. Two
separate sesms csh be distinguisbed. The dip is S. 10° E,
or towards the limestone, at angles of from 42° 1o 529,
Several excavations in the upper seams were made and a represent-
ative section. of the exposures is :—

Inferior coal. seage SNt busesr Fae 1 0"
Shﬂ]e...._u_n-----o--noot-.o-n... from_ 2" to 1' 0"

Icferior €08l .ieenes asdansaseee 1' 0”

«Qver a distance of about 250 feet, three excavations in the lower
geam, to a depth.of from 10 to 14 feet, exposed from-2 feet 7 ir.ches
to 4 feet.8 inches of coal. Ssmpls from this locality yielded
from 12 to 17 per cent, of ash.”

« Between Jhaltutunia and the western end of the inlier a little
weost of Jigini, 8 distance of about two miles, four small pits exposed
a considerable thickness of coaly shale with thin inconstsnt bands of ’
ghaly.coal.. At the bend-of the onterops round the narrow ridge.
of limestone the beds are much disturbed, and the dips econtrary,
A pit, 7} feet deep and 5 feet wide, was sunk, all in coal,
without finding the floor of the seam. Just below the village of -
Jigini,: & cutting exposed 8 inches of coal, whilst balf a mile further-
gouth-east . only coaly shales are to .be seen, At Kargalathe
measures. are :mwuch disturbed ,and the coal appears to be patchy.
A pit, 7 feet deep, exposed 10 inches of bright coal ; whilst 600
feet further east, 4 feet of coal was meagured in a pit 6 feet deep.
Between Kargala and Sonjpir, a distance of ' fully 3 miles, the
rocks are well exposed but the shales contain only ocoasional, thin
bands of coal. A little north of Sonjpir, the measvres dip south-
west auv from 159to 20° A cutting proved 24 feet of coal
overlain by 6 inches of coaly shale ; whilet 200 yards to the soutb-
east, two cuttings exposed about a-fout of coal overlain by a foot of
shaly coal.” .

“At a point about a quarter of a.mile before the stream.is crossed
pear Ser [Sair] the coal: seam is 23 inchea thick, end dips N, 70"
W. at 80° [ehould be 8. W.]. At the point where the
outerops cross the stream, a little to the north .of Ber; three
cuttings proved coal, varying from 14 to 22 inches im thickness,
and dipping 8. 60> W,at 15, At a point one-third mile
to the east, the beds dip 8. 15° W, at 25° A cutting
exposed lenticoler bands of coal and coaly shsle. Although the
rocks are oceasionally well exposed. on the eastern gide of the
inlier, no.coal i8 seen until the outerops at Kalakot are sgain
reached.” .
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Seven chemical analyses are elsewhere given in Simpson’s
memoir of Kalakot coals, showing 11—33 per cent- ash. These
will be found included in the Tables of Analyses in the present
report (see p. 82).

It is evident from the above account, which I have given in
full, that Simpson did not spend much time on this field. His
remarks later on (p. 63 of his memoir) show what he believed
to be good reasons for this. He writes :—

“ Although the quality of the coal in this field is marketable, yet
ite variability in thickness, the disturbed condition of the rocks, the
necessity for deep shafts and pumping, together with the ditfioulty
of access, render it imposrible to look opon the exploitation of this
field as & commercial venture with any prospect of success,”

It will have been gathered, from remarks already made,
that the Mineral Survey has something further to say as regards
this area. This additional information, collected during the
last few years, follows in the next section.

MINERAL SURVEY DISCOVERIES.
LoweER MEASURES.

What may prove to be a remarkable discovery was made

by Assistant Superintendent Sobani Ram

Discovery of lowerseams. ;1 1997, He found alower seam or
geams, which it has been decided to call the Lower Coal M easures
for reasons which will presently appear. One of these seams at
pit 17 S.E. of Goa on the large-scale plan is, at that place, 17
feet thick, but entirely hidden from view at the . surf_ace by
superficial accumulations, The other seam (or a continuation of
the former—it is not yet certain’ which), at pit 16, is just visible
for a few yards in the stream bed and is 7 feet thick. Both are
hard anthracitic coals of excellent quality and they underlie a
cover-rock of massive quartzitic sandstone. The full proximate
analyses of these seams will be found in the Tables at pp. 89—91.
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The average of foot-by-foot sampl_es taken at pit 17 from
the 4th foot downwards gave :—

MOIStUTE ceeeacns veeo conseseessen 4766
Volatile constituents ..e.ese-- ... 1657

Fixed carbon .ceeveeer vevnenennnn. 6361
\.A.Sh ------ PRSI0 ERANOr BESARARER FI T aas 15']6

Total......... 10000
The average of foot-by-foot samples from pit 16 gave :—

MOISHULE coneorsoasesvavseianeeneear 003
Volatile constituents ....eee..- . 13-47
Fixed carbon ..cee)eeeene. ceeeerer  T4°71
ASh JEGBET sauaur SRR RL AERES . pn--.l..nno 11.29

— —

Total.serasea. 100:00

Such thick beds of uniformly first-class coal that can be dug
and handled without breaking up into .dust were sufficiently
phenomenal to warrant further exploration by excavations .and
borings with the portable G. Q. Calyx drill. This I carried out
in 1928 assisted by Assistant Superintendent Labhu Ram, who
also discovered another hidden seam of what appears to be the
same Lower Measures at pit 12. a. in the main stream east of
Sair. This latter also is a hard and good ¢oal-and & feet thick.

Before considering some peculiar and puzzling features
presented by these Lower Measures seams which at present are
not solved, I shall now give some details, first regarding the
seams exposed in pits 17.and 16. To illustrate them a specially
large-scale plan (1 inch o 100 feet) was made in the Ber-Goa
neighbourhood (see PL. 9 and sections P1. 11).

Al] the pits referred to above (and in what follows) by
numbers and letters, will be found marked on one or other of
large-scdle plans, ‘which should be referred to to make the des-
criptions clear.’ A ' | ' '

- As will be seen from both the maps, the outerop area of the
Coal Measures widens where this lower-
horizon coal occurs—a feature which is as
noticeable in the Ber-Goa neighheurhaod
at pits 17 and 16 as east of Sair at. pits

Widenlng of Lower
Measures outerop 3 ineropp~:

ing basins.
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12 b,ec,d.and e, and 10.a. and b. The simple steady strike
and dip of the formations is seen to give way to more iutricate
secondary bendings and undulations. Whilst the outcrops of
the Upper Measures and their junction with the Nummulitics
follow steadily along (at least as far asthe great k.—W. Goa
fault), the area of the.concealed Lower Measures spreads out and
transgresses over the Breccia to some extent, making secondury
little basins. It would be easy to imagine ‘that these latter
really-are portions of larger *incropping  shallow basins of ‘the
Lower Measures, peeping out from beneath the unconformably
overlying Upper Measures ; but at present it would be too
much to say that this was proved satisfactorily.

For instance, if we follow the concealed outcrop of the bed
at pit 17 as revealed first in pits 17.f., and on through 17. ¢,
17. a., 17. b., 17..d. and 17. e., next round by bore hole 4 and
then back on itself under the alluvium and south to the main
stream near pit 16, we shall see whatis meant in this connec-

tion {see PL 9).

A few details must be given here. After the original pit
Details of exploration of 17 Was put down by Sohani Ram, sub-
Ber-Goa. sequent examination and deep trenching
at 17.a. during the next season showed the coal there to
underlie 4 or 5 feet of hard quartzitic grit (the eo-called  cover-
rock *) which forms a dip-slope at the junction of the two side-
streams which meet at the site of bore hole 1. The eastern of
these showed the cover-rock V-ing down this stream-bed and
afterwards following along it northwards in a little cliff us far as
bore hole 5, appearing again further north nesr "the house and
gsite of bore hole 4. In the opposite direction from 17. a. the
cover-rock makes a small appearance at 17.c., aud then disappears
until it is last seen in this direction in the western stream-bed

at the site of pit 17. f.

Though no coal was so far visible at any of these places
Hidden seams found except pit 17, the obvious Pl'ocedlll'e ‘was
everywhere. to dig down under the coverrock
wherever it showed a scarp and see what was hidden there.
This was done and coal in all cases was struck, At 17.b,
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"(about 50 feet distant only from 17.a.) the coal was found to

be 13 feet thick and similar in every way to that sampled at
17. a. Additionally we proved the absolute connection of the
two by driving a tunnel from ope to the other (see Pl 9).
The bottom of this tunnel was on the bed-rock and its height 5
feet and width 4 feet. By giving it an arched roof in the body
of the coal, the latter proved quite strong enough to stand
without any timbering being necessary. The next pit was sunk
down to stream level at 17.d. under 8 feet of cover-rock,
almost horizontal, and continued with the drill down to bed-
rock. Coal was found there and proved to a thickness of 10
feet. Pit 17. e. was carried a little way down until coal was
struck, but the place was inconvenient for drilling, so bore hole
5 was put down near it in the fields, proving 10 feet of coal
there, Similarly bore hole 4 revealed 8—9 feet of rather
inferior coal.

The position of 17. c. was so close to 17, a. that we merely
went down under the cover-rock a few feet until coal was duly
struck. At 17. {. a pit was first made at the base of the scarp
of cover-rock down to stream level and continued with the drill,
proving 13 feet of coal.

These results were very gratifying, because the point to be
noticed is that, if it had not been for the original pit 17 and the
clue furnished by the massive and easily visible cover-rock,
there would have been no particular reason for digging or boring
at any of these places, since no sign of coal was seen at the
surface where the outcrops should be situated. On the slopes,
alluvium and cultivation hid everything and the undercliff in the
stream-beds was everywhere blocked by earth and boulders,
similarly revealing no traces of coal at all. '

Bore holes 1 and 14 also pierced the coal bed proving a
little over 17 feet of it in each case.

The above rather detailed description was necessitated to
explain_the discovery and proving, within certain-limits, of the-
Lower Measures coal and also to illustrate the way in which a
thick bed of coal of uniformly excellent quality can remain
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entirely hidden from view at the surface in this sort of country,
although, on calculating the quantity now known (solely within
the limited area covered by the pits and borings) as shown in
the large-scale map (pl. 9), it amounts to 200,060 tons,

The coal surface, as exposed in pits 17, a. and b., shows a
Coal of it 17. somewhat uniform material of rather dull
pr ot 8. to medium brilliance and with the lamina-
tion appearing in fine but distinct and regular layers of varying
texture and brilliance which are inclined parallel to the bedding
.of the cover-rock above. The alternations of dull and bright
coal are not as well marked as in the best coal of Jharia and
Raniganj coalfields, but they are, perhaps as much so as can be
expected in a coal of this anthracitic kind, and sufficiently so to
define the stratification. There is a certain amount of slipping
visible along joint planes in the coal, but there is no general
evidence of crushing and churning up into powder such as is more
common in the coal of the Upper Measures. The photograph
(Pl. 5) shows the coal face at 17. b. extending to the top of the
picture and the opening of the tunnel. The photographs (Pl
4 and 6) show the trenches 17, a, and b, and the massive cover-
rock overlying the coal,

I believe the thickness of about 16 feet secn in these coal
faces represents, therefore, an original sediment or precipitate of
this thickness—the perfectly distinct and fine lamination seeming
to prove this incontestably, in spite of the small puckerings and
minute fault-slips,

All the other pits in these measures show similar lamina-
tion, more or less distinct, as also do the coal samples obtained
therefrom when examined in small pieces in the hand.

The coal at pits 16. a.and b.actually crops out visibly in the
stream-bed for a short distance and there
-are n few disconnected patches of it cling-
ing to the surface of the dip-slope of Breccia immediately to the
east. The coal at these pits, which is 6—8 feet thick and dips
W. and W.S.W. at 55° is overlaid by a few feet of hard mas-
gsive cover-rock, which again can be traced in thestream-bed a

Coal of pit 18.
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few hundred feet to the north of pit 16 and then more obscure-
ly passing up the hill side, and so under the alluvium in that
direction into presumed connection with the cover-rock of pit
17. The fact that this coal immediately overlies the Breccia with
bauxitic patches, and the presence of massive slabs of the cover-
rock immediately above the coal, certainly predispose one to
regard this seam as a continuation of that at pit 17, and as such
it 15 marked tentatively on the map. The main difficulty in the
way of accepting this view is the analyses which are considerably
dissimilar throughout the whole thickness of the coal at these
two places (see p. 89 & 90) the coal at pit 16 being a caking
coal and that at pit 17 non-caking. The general look of the
coal too is different. That at pit 16 is blacker and of a more
metallic briliance than that at pit 17. DBoth are distinctly
laminated. Pit 16 also shows a somewhat irregular junction of
the shales of the Upper Measures. This might be interpreted
as an unconformable overlap of them above the cover-rock
or it might be only due to a small fault.

In a southerly direction the course of this coal seam of pit

: 16 is tentatively marked on the map as

Disappearance of itto the going under the alluvium down to the

o stream bed at boring 13, where a trace of

it only is to be found. Boring 12, at pit 15 b., recorded only 11

inches of coal at this horizon immediately above the Breccia.

Still further south-east towards Chenpur nothing more is seen of

this seam ; boring 6, through what appears to be a cover-rock
similar to that of pits 16 and 17, revealing no coal. -

We seem forced to conclude that in this southerly direction
the coal seam or seams of the Lower Measures of Ber-Goa have
either thinned away almost to nothing, or they have been over-
lapped by the Upper Measures in this direction. Which of
these alternatives is correct can only be settled by deeper borings
made further away from the outcrop in the direction of the dip.

A short distance to the north of pit 17 the Lower Measures,
if still represented in this direction, have
been dropped completely out of sight by
the long E.—W. Goa fold-fault. In the little valley to the

Not known to the north,
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north, before the next Great Limestone mass makes its appear-
ance, there are a nuwber of well seen fragmentary dip-slopes of
the cover-rock inclined 8. 8. W., at an angle of 30°lying directly
on the Breccia and with neither the Bauxite Series nor coal
preserved between them at the outcrop, except in a mere trace of
2 or 3 inches thickness of the former and g little hewmatite here
and there. Just west of the little pass at Khargala the Breccia
slope is covered by a white kaolinic quartzose rock of some
thickness dipping down southwards under fields which obscure
the section above. It is just possible that this general absence
of anything at the outcrop might have been caused by the coal
and the kaolinic material having been squeezed out and washed
away on exposed dip-slopes of this kind. The somewhat wavy
bulged aspect of these slabs of cover-rock in certain places and
their fractured edges near the Breccia below suggest that there
may be remnants left here and there under the cover-rock ; but
the matter has not as yet been put to the test by boring. At all
events in this direction there is no certainly known continuation
of the Lower Measures that at present can be reckoned on to
yield a coal supply.
Failing the above, the Lower Measures of Ber-Goa, as
_ represented by the coal of pits 16 and 17,
Probable sontinuation W.  if they are to continue at all, must do so °
or 5. W. towards the west and south-west. The
field work designed for the present season of 1929 may seftle
this point, by finding that the thickness of the coal seam or seams
keeps constant or increases in this direction.

Since the above account was placed in the printer’s hands,
T have received some statements and sections of the work done
early in 1929 by Mr. Zutshi, the Mining Engineer, showing the
behaviour of the Lower Coal Measures of Ber-Goa towards the
dip, as found by following along the bed by incline workings.

The table below gives some of the 1esults :—

Distance | Leve! rea-

L . i7ip at
Direction . : . Geoernl inciina- [f
i int. h driven in | ched in . urthor
Starting point driven, feet. ;eet. g tion of working. | "
- e - .
Pit 17.dece venn vava vernnans| Bost. 60 2,719 a6, (down)| 389
Tunnel between 17.a. & 17.b.| N. N. W, 72 2,741 20, (up) e
OOy svveesanaes 4+ veesss| South, 142} 2,722 25, (dowa)]| 35,
Pit 17.Covevnnen eaaenires W._B. W, 140 2,121 35 » 43,

BIt 17, £ o ovvnr eeroinne venel 80 5. W, 132} 1 2,749 20° .. ! B2
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The thickness of the coal keeps fairly constant, being
between 12 and 17 feet and occasionally even being more than
the latter. Mr, Zutshi describes its quality, as judged by
appearance, as being excellent, and more anthracitic than 1t
appeared at the pits frst put down. He would beinclined to
think the outlook promising for the continuance of these measures
towards the south-west, were 1t not for the ¢ tricky and variable *’
nature of the seam.

A noticeable feature, well shown by the Mining Engineer’s
gections, is the great steepening of the dip in the case of most of
the workings at their further end.

For instance, in the first in the list above, the dip of the
seam increases from an average of 30° to about 40° T have
been able to incorporate this in my plate of sections (Pl 11).
Tt will be seen from that that it remains a puzzle as to what will
be fourd in the space marked “structure here unknown”.
Does the coal bed bend upwards again sharply to a position
overlying the Breccia at the outcrop end under the alluvium, or
does 1t strike the Breccia at an angle and become overlapped by
the Upper Measures, or is there a fault dropping the whole
sequence into this position ?  Also will the vacant space, marked
as unknown, be found occupied by more Lower Measures coal, or
by inclusion there of representatives of the Upper Measures ?

The steepening of the dip to about 40° is certainly peculiar.
Such steep dips are not known at the surface on this side of the
Kalakot dome, 20° being the normal inclination. Similar steep
dips are indicated in the section I, of Sair drawn through 12. s.
pit, where there is the same difficulty in determining how the
6 foot bed of coal there shown continues in its course further to
the south. Tor the present this also has been marked as un-
known.

Before going on to describe the next definite emergence of
these Lower Measures from below the
Upper Measures as seen near Sair, there
are a few points to be noted concerning the varying nature of
the bed-rock below the coal in the neighbourheod of pits 16 and

Bed-rock below the coal.
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17. At the east end of the tunnel the coal of 17. b. pit lies on
Breccia of the usual hard and intractable nature, whereas at the
west end of the tunnel at pit 17. a., it lies on a splintery shaly
bauxitic clay. The other pits and borings north and south of
the above generally yielded a few feet of dark grit or sandy rock
overlying the Breccia, but occasionally in associstion with a thin
layer of bauxitic clay, In boring 1, at the junction of the two
side-streams and south of pits 17. a. and b., after 17 feet 4 inches
of coal had been passed through, a similar dark grit was struck
between the coal and breccia. It was 8 or 4 feet thick and inter-
bedded with 3 layers of coal, each a few inches thick. It will be
interesting to see if these thin layers of coal expand appreciably
or not in a westerly direction.

The bed-rock further west, as revesled in boring 2 at the
site of pit 17. f., has been described as a
sandy dove-coloured rock, having a thick-
ness of about 10 feet before the breccia
was struck. T was elsewhere on tour when this boring was made,
but later on I examined the section up the stream-bed to the
north-west of this pit and boring. The results are of considerable
interest. Everything except the coal is very well exposed, the
steep little stream-bed being cut out of the rock and very nearly
along the dip. For a distance of 100 yards it cuts through these
representatives of the Bauxitic Series before the Breccia is reach-
ed. The uppermost bed immediately below the coal is a white
to dove-coloured sandy hardened kaolin, the sand grains being
dotted about the clay matrix in tiny clear spherical blebs.
Further down in the section as revealed by ascending the stream
bed, the kaolinic matrix changes to a green silicate of iron (and
possibly of alumina), the clear little grains of quartz and a few
of chert still remairing. A similar green ferrous silicate has
been deseribed in the already issued bauxite report as underly-
ing the bauxite and bauxitic clay of certain areas near Chakar.
Further down in the section and close to the Breccia the green
rock shows all stages of alteration into a rock _consi.sting .of
almost white kaolinic patches cut through by limonite veins
along the joint and bedding planes. The limonite with occasion-
al films of specular hematite increases downwards towards tbe
Breccia,anid in places coalesces into iron ore. The slopes on

Sectlon In bed-tock in
stream N. W. of pit 17. 1.
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each side of the stream are abundantly littered with large and

small masses and pieces of these kaolinic and ferruginous rocks
with varying proportions of the glassy quartz granules. There
are a few beds of ordinary fine sandstone. A dip-slope is always
difficalt to estimate thickness on, but a rough estimate I made
placed it at about 50 feet. As, however, only 10 feet of the “sandy
rock’ below the coal and between it and the Breccia was said to
be met with in boring 2 at pit 17. £., the above estimate may be
too much. At all events the bauxitic clay with quartz granuleg
and the green rock are much thicker there than at other places
north and south of pit 17.a. and b. What happens to the out-
crop of them and of the coal and cover-rock to the west and
south-west of pit 17. f.,is at present a mystery. The hill-side
here is covered with tumbled blocks ; but the appearance is as if
there were some discordance with the Upper Coal Measures and
Nummulitics which sweep round in a regular curve as shown

on the large-scale plan of the Ber-Goa area (Pl 9). This -
appearance tallies with the other suggestions for unconformity or -

overlap of the Upper Coal Measures on the lower, and strengthens
the view that the *‘incropping’” Lower Measures, with the thick
seam of coal as exposed in pits 17. a.,b., c.,d., e.and f., may conti-

nue in & shallow hidden basin to the west and south-west under

the overlying slope of Upper Measures and Nummulitics in that
direction.

Although nothing but a few traces of this Bauxite Series,

fraces of fhe Kaalod consisth:l\g of white and grey l}claolin and 3:3
ces of the kaollnie  oreen silicate, are found in the stream bed
:lggwfxe:rr;gmus bed-rook ggtween pits 17 a.,b. and 16 a.,b. ; yet among
these patches adhering to the slope the same

varieties, showing the leaching out of the iron from the ferrous sili-
cate and the deposition of it in joints and other planes as limonite
and occasionally hematite, are to be found ; and in addition also the
change over of these varieties into a hard compact and perfectly
black rock with a specific gravity of only 2-5, which seems
to be a carbonaceous variety of bauxitic clay. At other places,
as af pit 12. e. east of Sair, the same black compact variety occurs
as a thin band under a massive cover-rock somewhat similar to,
but really different from, that at pit 17. a.and b. The black
compact rock apparenily takes the place of the coal of the Lower
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Measures. It contains little patches of purer carbonaceous
material which suggest organic material e. g. portions of stems
and twigs. .

Kaolinic rocks of the same type, and with the green
Similar patches on N. silicate changing into limonite with traces
side of the Kalakot dome.  of vivianite, also cover part of the dip-
slope of Breccia on both sides of the main Great Limestone
dome especially near Kalakot village. It has not been found
possible to separately indicate these on the large-scale plan of
the Kalakot coalfield (Pl 8). At one place also on that
side of the dome near 1927 camp and below pits 1, a compact hard
black rock, rather like but more sandy than that mentioned
above, and & few inches thick, is .the only trace of anything
intervening between the Breccia and the Upper Measures. It
is possible that this black rock represents an actual passage
form between the bauxitic clay and coal and that careful search
might yield other links in the chain and prove that the apparent
lateral passage of bauxite or bauxitic clay into coal (already
noted) has been a real petrological passage between sediments
or precipitated gels, according to the view we take of their
genesis.'

There are one or two other places where this half-way
stage between kaolin (or bauxitic kaolin)
and coal is found at a similar horizon.
Very occasionally, as on the dip-slope of Breccia at boring 13
in the Ber-Goa area, a 5 feet thickness of it is found, underneath
a thin layer of breccia and reposing on more breccia. Such an
occurrence seems to point to the possibility of the top layer of
breccia not being in all cases the bottom of the Coal Measures.
With our hand-driven Calyx drill, it is only with great and long
continued labour that we can penetrate an inch or two into the
breccia, because of its hardness and the escape of the pump water
down crevices. We have hitherto assumed that nothing further
in the way of coal can be found when once the breccia is

Other occurrences.

1. See C. 8. Fox, Sixteenth Indian Bcience Congress, Madras 1929,

Presidential Address Geology Sectiun, where he advocates the view that *the

ervading snbstance which constitl}tes most of tbg ”material in all the coals
examined by him 1 colloidal matter in a State of strain”,
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struck. From the evidence of boring 13, however, it seems,
that the breccia layers need not necessarily be all of one
precisely identical age. At some distance away from the present
outcrop, in the direction of the dip, therefore, certain layers
of it might cover up an underlying coal bed or beds. At the
present stage of the enquiry this must not be regarded as more
than a suggested working hypothesis such as one is led to in all
pioneer work in new country.

So far as at present known, the only other place in this
Lower Coal Measures coalfield, where the Lower Measures emerge
near Salr. to any appreciable extent from below the
Upper Measures and spread out in hollows -and synclinal
troughs in the Breccia, is at Sair. The evidence for this is
mainly furnished by pits 12..a., b., c.,d. and ¢. and boring 8 all
low down in the valley east of Sair (see Pl 8) and
secondarily by pits 10. a. and b, and borings 7 and 10 to the
north and north-west of Sair. - '

At pit 12. a. under the gravel of the stream-bed Assistant
Superintendent Labhu Ram first detected a hidden seam of
fairly hard coal, 6 feet thick, dipping 45° S.S.W. .and
apparently lying directly on the Breccia. Analyses of foot
by foot samples are given at p. 90. Most of these show
rather high ash (probably due to surface contamination and
crushing). The average large sample of the more solid parts
of the bed gave 25 per cent, ash on analysis and this is more
Iikely to be a correct percentage for the bed as a whole. The
same bed of the same thickness was pierced by the Calyx drill
at boring 8, at a depth of about 35 feet from the surface, This
and the rocks exposed at the surface show that the dip of
45° at pit 12. a. slackens off to 20° or 15° as we proceed south

1. Some apology to the reader seoms: due vn aceount of the apparently
irregular disposition of the pit and borehole numbers on the wap which are
difficult to. follow. Thijs irregularity srose from circumstances of time and
necessity, when working in the field ; and, having once become current, on our
plape, in vur field notes and on oor labelled specimens and samples it was
deemed, better to stick to it than to attempt a simplification by renumbering
them, which would probably have caesed confusion,
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(see section Pl 11)., Below the coal in the boring 6 feet
or so of bauxitic kaolin and sandy ksolin were met with
before the jamming of the tool and stripping of the core-barrel
threads compelled us to abandon the hole and the tool without
actually reaching the Breccia. The 40 feet or so of overlying
dark carbonaceous shales probably all belong to the Lower
Measures, and are overlapped outside this little synclinal basin
successively by the greenish pseudo-cover-rock found at the site
of the boring and by the rest of the shales, ete., above this.
Owing to the irregularities of surface soil and boulder gravels,
the exact places in the section at which the Upper Measures
begin cannot be settled, but the so-called pseudo-cover-rock ean
be followed and found at many places lying on the breccia
or with coal or shales between of much reduced thickness. For
the same reason the 2 feet of good hard coal in pit 12. ¢. which
extends nearly horizontally to the south, lying directly on a.
hummocky mass of breccia in that direction, seems likely to
belong to the Upper Measures and not to be a continuation of
the 6 ft. bed of coal seen at pit 12. a. and -boring 8; and this
interpretation of the structure is the one followed in the drawn
section.

Pits 12. b., d., and e. further east illustrate the extension of
the 6 £t. bed 12. a. in that direction. The thickness of the coal
becomes reduced, and eventually, at 12 e., is represented by 2
feet of the compact black passage rock between coal and kaolin
(or bauxitic koalin) already referred to p. 27. K

In the other direction pits 10. a. and b, also show from 1 to
2 feet of coal under the pseudo-cover-rock. Borings 7 and 10
near the shrine west of Sair only revealed shales and sandy
material down to the Breccia below without any coal at all,

Down-stream from pit 12. c. in the direction of boring 9
Residuary mature of there are gentle undulations of the Upper
Lower Seams, Measures, which here and there are inter-
rupted by bosses, or in some cases faulted masses, of the Breccia.
Although we have been unable to mark off on the map by a
separate indication the Upper from the Lower Measures, I think -
it is clear that, below the former, the Lower Messures, (flling
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up hollows in the Breccia, or additionally thrown into steeper
folds than the Upper Measures) do actually constitute relics of an
older get of beds with coal seams, which are generally either over-
lapped by the younger set or possibly unconformably overlaid
by them. '

The attempt to feel out another incropping relic of these
older seams below the Upper Measures by boring at locality 9
was unsuccessful, well-bedded finely fissile shales continuing down
to the Breccia which was struck at a depth of 53 feet below the
surface. Shortly before reaching the Breccia there was some grit
with white specks followed by 5 to 6 feet of compact black car-
bonaceous shale, but no coal.

So far as we can see then at present, the small basin of the
Lower Measures at Sair has no great extension in any direction
that has been tested. It is impossible to say definitely whether
this isolation was mainly original and due to the simple filling in
of a hollow in the Breccia or whether it arose out of a once widely
distributed deposit by flexuring and subsequent partial planing
off by denudation prior to the deposition of the Upper Measures.
The latter seems, perhaps, the more likely view.

The facts which have been detailed above regarding the
pSonveniont lo classlfy the  peculjarities of position and outcrop of
salves, e 2 P these lower coal seams of Ber-Goa and
Sair, at any rate seem to warrant their inclusion in a separate
category from the more continuous seams that come next beneath
the Nummulitic Series. Hence, for the present at least, it is
convenient to class them as Lower Coal Measures, the idea being

- that their irregularity of position and probable unconformity to

- the measures above, as well as their genetic connection with the
fine kaolinic representatives of the Bauxite Series, show them to
be an older formation, with perhaps a time gap between them and
what are now spoken of as the Upper Measures.

The question whether, in any of the as yet unexplored
Unexplored parts of the Parts of the north-western ellipse of the
area. dome area, some further occurrences of the
Lower -Measures may be present or not is one for the future to
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decide ; as also the question as to whether, among the steeply
inclined strata immediately north of the Ber-Goa E—W fold-
fault there may be portions of them left perhaps at depth, In
this connection should be noticed the vertical coal beds just visible
against the fault 200 yards W, by S. of pits 2. a. These require .
more examination ; but they may just as well belong to the Upper
as the Lower Measures,

UPPER MEASURES.

Whilst the details just given about the Lower Measures
constitute new material, quite unsuspected
by previous workers, the Upper Measures,
with their seams exposed to view in places, have not failed
to receive a certain amount of attention in the past. The full
scheme of them, which argues their practical continuity all
round the field, however, had not then been recognised. It
contains features of novelty that will be now set forth. The
difficalty will be to compress the information that has recently
become available into reasonable space. In order to save words,
some generalisation will have to be resorted to and reference
made as much as possible to the graphical delineation shown on
the map and sections and to the table of analyses.

Alrgady partly known.

Although continuity and regularity as a whole are a feature
Generally eontinuous  Of these Upper Measures seams, there are
with loeal gaps. gapsin theoutcrops to be found everywhere;
and hence the seams are often shown by broken lines on the
plan instead of by continuous lines. The main reason for these
gaps is the presence on the slopes of cultivation, soil, alluvium,
scree material and fallen debris in large blocks from the overly-
ing cliffs above. To clear all this away and present the outcrops
in their naked simplicity would have been manifestly impossible.
The most we could do was to probe in here and there in the cover-
ed places where the surface accumulations were reasonably thin.

Before proceeding to give details about these coal seams,
Position, thickness ana % L€W Words are necessary to describe the
gemeral features of the Formation as a whole in which they occur.
Upper Measures. Over the greater part of the coalfield
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the Upper Measures have an average thickness of a little over 100
feet, and they form what (disregarding the covered portions) we
_may infer to be a continuous belt all round the _older formations
of the elliptical dome areas. With a few exceptions on the north
and along the line where the twin domes unite, as well as Where
the main stream cuts through them, this belt of Coal Measures
builds a low, scarped undercliff, or gentle slope, which is, however,
relatively inconspicuous in the landscape compared with the
much thicker Nummulitic belt of limestones and gshales which
follow above them. These latter make a second undercliff or
steeper scarp, some 400 feet thick, and this again is only of
moderate dimensions compared with the final superimposed:
.scarp of the Murree sandstones, whose upward limit is not
known. The section ( Pl. 10 } drawn through the main
south-east twin dome will make the above explanation clear.

These Upper Measures, apart from the coal seams, are
' mostly composed of shales, which towards
the middle of the series become splintery
and carbonaceous and interbedded with a few sandy and ferra-
ginous layers, The latter, towards the east, develop lithological
sequences and bands of clay ironstone and siderite cakes and
nodules that serve to link up the individual beds with those
of the next coalfield in that direction, namely the Metka
(Simpson’s Siro Valley) coalfield. In their lower layers these
‘measures become less noticeably carbonaceous and more flaggy
and fissile at places where they are superposed on the Breccia, or
have come into obscure relationship with the rarely seen outerops
of the Lower Measures.  On account of this irregular or vague
base to the Upper Measures, it will be convenient to describe
them downwards in descending order from the Nummulitic
Series above, where a certain regularity does apparently obtain,

Lithology.

A new feature of my survey has been the locating of an
upper coal bed just along the line of
division between the Upper Coal Measures
and the Nummulitic Series. Like the coal of the Lower
Measares, except for an occasional slight smudge in the soil,

Kew 'Upper bed.
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this bed scarcely ever shows up at the surface from underneath
its mantle of soil and other slipped and disintegrated material :
the soft splintery yellow shales, which form the lower part of
the Nummulitics, readily become clay and mud under weather.
ing, and by flowing or working their way down the slope by
gravity effectually hide the upper coal seam at the outcrop.
Hence this bed does not appear to bave received attention from
previous cbservers nor does its existence even seem to have
been generally suspected,

The coal of this upper seam is generally black, shiny and
Much crushed and cover- Haky or powdery. It is generally also for
ed at outerop. this reason contaminated and mixed with
clay at the outcrops. There is no cover-rock or roof of strong
material. The actual seam, when first exposed by digging,
frequently appeared to be only a few inches to a feot thick. As
we penetrated inwards this rapidly thickened up to an average of
4 feet and a maximum of 5 or 6 feet. The plans and sections
and the list of analyses must be consulted for details as to those
parss of the outcrop that have been able to be studied. Wher-
ever the bed is not marked on the map it may either be locally
absent or it may simply be hidden as described above. It
would have been impossible, without trenching and pitting in
very great detsil indeed, and sometimes fairly deeply into the
hill-side, to say which of these causes has everywhere been
operative. On the whole I am disposed to believe that conti-
nuity, of this seam, is the more normal condition and disconti-
nuity the exceptional one.” Owing to what we must believe to
have been the crushing, squeezing and stretching of the coal
along with the associated clays and shales, in consequence of the
tectonic movements that the region has undergone during
successive Himalayan upheavals (and of which we have addition-
al evidence in the flaky and powdery condition of the coal),
a bed such as this may nevertheless bave almost or entirely
disappeared in a few places and been proportionately thickened
at others. It may also have locally passed into carbonaceous
clay owing to original variationsin sedimentation. How far
such variations have pluyed the chief part in determining the
present-day constitution of the seam can only be answered when
much more extensive proving of the deposits has heen done.
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Incidentally it may be remarked that coal of this soft,
Briquetting necessary flaky and powdery chbaracter, and that is
and possibly washing. frequently contaminated with clay, will
need briquetting before it can be used as a fuel. In some cases,
along with the above operation, washing may be necessary or
beneficial. A briguetting plant indeed may be considered as an
essential for most of the coals in this and in all the other Jaminu
coalfields.

From the analyses that have been done on samples from
this upper bed of the Upper Measures
(see p.91—94) we see that, so far ay these
outcrop openings are comcerned, the coal is of the wusual
anthracitic kind and the ash percentages as a rule are
high, though not always so. Most of the material -would
rank only as third or fourth class coal by considering the average
ash throughout the whole thickness of the seam, though there
are exceptions here and there. The material of pit 8. a.in
the south-east corner of the field caut only be called carbonaceous
shale,. On the other hand that of pit 10, 400 yards west of
Sair, would rank as first class coal. The coal of pit 12 in this
upper seam, situated 800 yards east of Sair, with: an aversge of
25 or 26 per cent. ash, though reckoned as third class, is not far
below 2nd class. But it is only to be expected that pits at the
outerop in such crushed material would give a higher percent-
age of ash than properly belongs to the seam at depth. The
carbonaceous shale of pit 8. a. consequently may owe its very -
high ash content to its being an outcrop pit and also, perhaps,
chiefly to its being situated in a stream-bed. The coal of pit
8, in thhe upper seam only 200 yards away, analysed enly 6 per
cent. ash. :

Ash percentages.

It seems likely nevertheless that surface contamination of
Deterloration at the this nature need not go very deep, not
surlace and at depth. much deeper perhaps than the depth into
the hill that it is necessary to excavate to find out the true
thickness of any seam. At pit 12, mentioned in the preceding
paragraph, an incline was driven down along the seam to a
distance of 17 feet from the original opening, and during this
distance the thickness of the seam remained constant at 5}
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feet, and the average ash percentage remained equally constant
at ahout 26. It is true the drive was made very near the top
of the hill spur so that the surface was never very far away.
Pits 12. g. and 12. h. expose a continuation of this bed. At
pit 10 in the upper seam on the other hand, where very good
results were obtained on analysis, the hill rises steadily above
it and apparently there has been little or no contamination there
(where the ush averages only 10 per cent.) through a thickness
. of nearly 6 feet. Of course, there probably has taken place, far
back in time, a deterioration of the upper layers of the seam as
.2 whole by contact with the shales or clays immediately above.
In so far as this has been brought about by pressure and earth
movements there is no escape from it : the result is the present
total quality of the seam. If, however, circulation of ground water
bas had unything to do with it, the contamination and deterioration
may only be local and superficial and will not be found at depth.

Additional remarks on this upper bed are : QOa the north
side of the Kalakot dome area the coal at
pit 1, which is about 7 feet thick, hag
analysed disappointingly ; the lowest ash percentage being 19-20
and the highest 46-80, the average of all the foot-by-foot beds
being 36'51—a 3rd or 4th class coal. As elsewhere, the coal is
black, but much crushed and posvdery and very soft. The posi-
tion of the pit being unfavourably sitnated in a small stream-bed,
contamination with clay is indicated, in this outcrop pit.

North side of dome area.

The coal at pit 2. a. (also on the northern side of the dome
and on the northern side of the eastern continuation of the
E.—~W. Ber-Goa fold-fault) is even of poorer quality. The
analyses given at p. 92 speak for themselves and need not
be summarised here. This coal bed differs from all the others
seen in this portion of the field, inasmuch as it occurs as the
core of a little anficline in the Upper Measures, lying over
recumbently towards the south-gouth-west. The coal and coaly
clay have consequently been doubled in thickness and suffered
much crushing and shearing, so that the resulting mixture (at
the outerop at all events) is of very poor quality. It is possible
this coal may represent the middle and lower beds, since traces
of a still higher coal bed, 30 fect above, are seen.
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A few, as yet unmentioned, occurrences of the upper seam
S. W. side of dome area,  OM the south-west side of the dome area,
o " npamely those of pits 11, 11. a.; 13; 14. a.,
15, 15. a. and 15. b., show as a rule much erushed and powdered
material of variable quality and thickness. These have not been
opened up properly yet, nor the coals analysed. They are in
line with the upper bed of pit 10, and some of the coal I should
expect to be Ist or 2nd class. At pits 15 and 15. b, there are
two or three beds rather close together, totalling in the latter
case 6 feet 9 inches and dipping at 30° W. 8. W, all good-
looking coal but powdery. It is, however, possible that the upper
and middle or lower beds of the Upper Measures may both be
represented here by the intervening shales having become
attenuated. More work is required to settle this point. The
clear and continuous ascending section of Nummulitic limestone
and shales as shown in the stream-bed west of pit 15. b. indicates
that there are no higher coal beds in that direction.

The exposures of the upper coal seam as shown in the pits
on the north and south of the dome are
linked up roughly by outcrops partly
excavated at pits 4, 6 and 7 near Dali and pit 18 north of Goa.
Of these, systematic sampling and analyses have not yet been done.

Connectlng areas,

On the whole, I should expect a practically continuous 4
Average thickness amd foof thickness of coal in this .upper bed-
quality of theupper bed. gl round this greater elliptical dome of
Kalakot. The quality is not so good, however, as my first
impressions in 1928 led me to expect. Occasionally it is very
good, even in outcrop sections. More generally it is 2nd or 3rd
class. Occasionally it degenerates into carbonaceous shales from
contamination with the soft argillaceous roof. When worked
to the deep and the whole set of qualities washed, mixed and
briquetted, I estimate that a good second class coal fuel will
result containing about 20 per cent. ash.

Other seams in this coalfield, coming a short distance belo
Migdle and sometimes bhe upper bed, I designate here the middl
lower seams. or middle and lower seams of the Uppe
Measures. This is on the analogy of the more distinctly see
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he south-east (see p. 44 ). They are frequently but not
leverywhere found in place and the coal is often moderately firm
and of & more uniformly even and good quality than that of the
upper bed though the thickness is less. This coal bed is
marked by original lamination being sometimes preserved and
ecomparative absence of crashing.

Fequence of seams in the neighbouring Metka coalfield to

Several outcrops of these seams are visibly exposed at the
Onterops often visibly surface in natural sections, and these
exposed. appear to be the ones that have been
(described by R. R. Simpson, such as those round about Kalakot
‘springs at pits 1 and 3 and those west of Sair at pits 9 and 10.

Other outcrops of thesé seams, however, have been laid
‘bare by my survey round the south-eastern part of the dome area,
which part R. R. Simpson has referred to as showing no coal
The greater and better development of these in this part of the
field, as well as the presence of the more continuous upper bed,
point to the conclusion that they continue below ground into
actual connection with the very similar set of seams and associated
beds exposed in the next (Metka) coalfield in this direction.

The following few details may be given :

Tn the area of pit 1, S. by W. of 3213 feet hill, the total
thickness of these Upper Measures is 110
feetand the dip 25° N.E. The upper
coal bed is followed below, after an interval of 50 feet of shales
(with one or two thin concretionary limestone layers and ferru-
ginous concretions in the upper part) by a middle bed of coaly
shale 3 feet thick and poor coal 14 inches thick, much sheared
into lenticular cakes and having bright black shining surfaces.
Below this come 25 feet of more shales, with a few layers of
ferruginous concretions and a noticeably harder sandy and ferru-
ginous Iayer, which tends to split up into loaf-like masses 2%
feet thick, This  loaf ” bed and the ferruginous concretions are
also well seen in the stream-bed east of pit 11, and mark a re-
coonisable horizon connecting the south-east part of this field
,Wic:th the Metka coalfield. Next below come 3 or 4 feet of

~ Neighbourhood of pit 1.
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carbonaceous shale followed by the lower coal seam. Locally
this latter is 8 feet thick and is a good but .soft anthracitic coal
containing 32 per cent. ash. It appears to thin away in 50 yards
of outcrop to 1} feet only. The remainder of the section gonsists
of more carbonaceous shale followed by paleshales down 1o the
breccia, with the exception of the trace of hard black bauxdtic
clay found at one place in the stream-bed as mentioned on p. 29.

Pits 2 and 3 show imperfect -developments of these coal
. seams. ‘The hill slope is permeated !
Fils 2 and 3 Shaly eoal. springs of water and tﬁe coalpshows muigg
crushing, contamination with elay and probably some faulting or
slipping, whereby the presumably once steep scarp of these
measures has been reduced to a gentle slope of about 20°. A
peculiar variety of shaly coal makes its appearance here for the
first time among these lower seams, but it is better developed
elsewhere. It consists of very thin lamine of good, silky,
anthracitic coal, interleaved with shaly and sandy material n
varying amounts. The result is a hard flaggy bed, splitiing up
into Mmaterial that is apt to be rejected at first sight as being
worthless for fuel —which, however, is far from being the case,
It will be mentioned again later on.

In the south-east corner of the coalfield pits 7 and 8 have
exposed what I regard as typical examples
PlisT and 8. ' of this middle or lower bedy(more prob:fl)aly
middle). Its thickness is about 2 feet 6 inches, the lower two
feet being excellent, rather firm, coal and the upper six inches
the peculiar shaly coal referred to in the previous paragraph.
The coal of the 2 feet bed has preserved its laminated appearance
to a considerable extent, from which fact and from its relative
firmness one may presume that the seam has not been so much
crushed or disturbed as have most of the Upper Measure seams.
This is furthermore borne out by the section exposed in a short
drive started a little below the outcrop at pit 8, and which was
mac_le to reach the coal dipping 20° 8. by W. at about 18 feet
horizontally. During the excavation of this no timbering was -
Necessary, except af the entrance, the coal remaining firm and the
thickness uniform, : ‘ '
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The anthracitic character of the coal, and its excellent

, uslity as shown by the ash percentages
Quality of the coal. gein {rery low, Wilf,be gatherecli) from the
table of analyses (p. 94 ). The shaly coal above, which is
6 inches thick, appears at first sight as unpromising as that at
pit 3. Minutely examined, however, the fine Jamina;, which
are brown or grey on all natural surfaces, are found to be
compact and of a dull dark colour and rather silky sheen, when
freshly broken across the lamination. Weighed in the band
they appear manifestly light compared with an ordivary sbale
(the specific gravities actually being about 1:5). An analysis
of one sample gave 31 per cent. ash but towards the top of the
6 inch layer the quality deteriorated gradually. Tested in a
fire-grate, this at first unprepossessing looking stuff surprised
one by its vigorous combustion and the great heat evolved
(see p. 104). In the first stages it burns with a continuous

crackling noise.

A few traces of these middle or lower seams have been
serpitiz, 1, - oxposed further to the west below pit
Traces under pit78- % 19, £.  The outerop shows a few inches

of coal in two layers and below it some of the free-burning
shaly coal as described in the preceding paragraph.

The next good exposure of a seam at this horizon is
0W. of Sals furnished by the bare cliff west of Sair
Pits 9 and 10W. 0158%. ot pits 9 and 10. This is one of the

Jocalities mentioned by Simpson. _ )

As the section here, combined with partial sections in the
Detalled section in Upper river bed between that point and pit 11,
Measuras. forms one of the best natural exposures

of the Upper Coal Measures, I append in tabular form a
detailed section of it in descending order : —

Yellow nodular limestone—base of Nummulitic Series.
Calcareous concretionary band .ecceaeee  2—3 ft

Carbonaceous Bhales L AraneNuS SassENENG SB0 10 ft.



40 Reports of the Mineral Survey of Jammu and Kashmir,
COAL (upper seamm) e.ceees woesereerene 4 £t 3 in. to
5 £t. 6 in,

Shales (carbonaceous at the top) «..... 15 ft.
Hard shelly bed about ........ -cooe - 1
Carbonaceous shales .eececaeeeescossse... 10 ft.
COAL (trace? middle bed) sereer . ... 2 im.
Carbonaceous shales with one or two

bands of siderite nodules near the

mp tesas. sSASCRRIRUUSERR PIABEE IR I Rantnd 10 ft.
COAL (? lower 5€am) .ceeess coseos ver 2 ft.
Carbonaceous shales with siderite nodules

and pyrites towards the top ... . 201ft.
Grey fissile shales ...oveeeisirrvesen oo 15 £t
Concretions with  cone-in-cone

SETUCHUTE coveveser vavreons, cornoenmssnenen 1 £
Grey fissile shales................. ... 10 f&
Hard sandy carbonaceous shales ...... 20-£
Hard sandy ferruginous bed ........... 10 ft.
BRECCIA below.

The two-feet bed of coal is clearly exposed -and had
Pits 9 and 10. evidenily been cut into by Simpson’s

party in previous years. It -is partly

visible a3 & black band rather high up on the face of the
cut-away scarp. Where not so visible it is merely hidden by a
crust of sandy clay adhering to it, on scraping away which the
seam ig at -once made- visible. (I ‘mention this -as another
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example of the many ways in which a coal seam in these hills
can become disguised).

A 20 feet horizontal drive was made below the outerop
at pit 9, so0 as to cut the 2 feet bed, dipping 18°—20° S. W., at
that distance from the outcrop. The coal was found to be
fairly uniformly of the bright laminated variety, firm (getting
firmer within) and its ash percentage only about &.

The same bed continues along the exposed scarp to a
point below pit 10 where another little excavation was made
yielding a similar thickness of firm, bright, laminated coal, not
analysed as yet, but which from its appearance I judge to be a
first class coal similar to that at pit and drive 9.

From the relatively firm condition and excellent quality

P of the coal and coaly shales of pits 7, 8, 9

wor ' and 10, I believe that this material could

be mined with advantage notwithstanding that the thickness

is only 2—21 feet. Of course, a great deil will depend on

the requirements and the purpose for which the coal would be
utilized. :

Further north-west on towards Chenpur village this coal
seam appears to pass into coaly shale and
carbonaceous shale, at least so far as out-
crop excavations have made manifest. Pit 13. a., cut out of a
bare little patch in a stream-bed, shows 4 feet or more of coaly
shale, analyses of which are given in the list. Omne part at least
of this outerop near the middle Iyielded a general bulk sample
having only 28 per cent. ash. This material is hard and platy,
breaking up into little slabs of most unprepossessing appearance.
But the burning qualities are similar to those of the coaly shale
of pits 7 and 8 and cannot be disregarded (see p. 104).

Pit 13. a. coaly shale,

Still further north-west along the Coal Measures outcrop,
Middle and lower beds & f€W traces may be seen of similar shales
not known further N.-W.  and occasional coal beds; but generally
speaking the middle or lower beds appear to be not represented,
unless pits 15 and 15. b., where the upper bed apparently splits
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up into more than one bed, may, on the other hand, be regarded
as embracing representatives of them. Still furtber north-west,
in the area of the second and smaller twin ellipse, details have
yet to be worked out.

ConeLusioN,

It is clear that the detailed mapping on a large-scale and
exploration by pits, short underground
approaches and borings in this Kalakot
coalfield, carried out by my survey, bave considerably added to-
the known coal content. The discovery has been made of thick,
hard seams of first class coal, (the Lower Measures) lying locally
and Irregularly in separate small basins beneath the Upper
Measures. :

Now discoveries.

There has also been discovered a fairly continuous 4 feet
bed of the Upper Measures, which is frequently a rich, but
sometimes locally contaminated (at the outcrop) coal, very friable
and powdery.

The middle, or middle and lower seams, which are the ones
previously partly known, have been found to consist of a rather
firm coal of first class quality as a rule, but restricted in thick-
ness to 2 or 2} feet. Associated with this are some hard coaly
shales with a high ash percentage, but having a recognisable
fuel value. The outerops of this seam or seams have not as yet
been detected everywhere, sometimes because - of covered ground
but also, it is believed, by the beds thinning out or passing into
carbonaceous shales.

Al the coal in these Upper and Lower Measures is anthraci-
tic, coming about midway between a bituminous coal and a pure
anthracite. Much of it is a coking coal.

Exploration of parts of this coalfield are still in progress.
Endeavours are being made this year (1929 ) to finish the detailed
mapping of the smaller ellipse between Marot and Jigini, to
follow the Lower Measures in their extension beneath the Upper
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. Measures and to drill the detached little anticline in the Num-
mulitics lying between Sair and Dhanos. !

A short estimate may here be attempted of the coal tonnage
Amount of coal: Lower 50 far made evident. The area immediate-
Measures. ly covered by the Lower Measures in the
neighbourhood of pits 16 and 17, I estimate to contain 170,000
tons of excellent hard coal. The smaller area pear Sair of the
same measures I estimate to contain 20,000 tons making 190,000
tons altogether. It is reasonable, however, to suppose that the
former area will extend at least for } mile to the dip and so
yield altogether about 1,000,000 tons.

Beyond this in the long gaps between the holes that have
yielded nothing, it is possible there may yet be found more
small basins of these Lower Measures, either directly on or a little
off the line of outcrop towards the dip. As these are problema-
tical they are not estimated here.

. The Upper bed of the Upper Measures I am reckoning to
Amount of coali Upper €Xtend for 5 miles round the larger ellipse
Measures. with an average thickness of 4 feet.
Allowing thet this may be workable for balf a mile towards the
dipand to a depth below the surface of about 1,000 feet. I
estimate that it will yield about 6,000,000 tons of a good second
class briquetted fuel after deductions have been made for washing
and wastage.

For the middle and lower seams, reckoned to the same depth
and extension to the dip and reducing the thickness from 2 or
2} feet to 1} to allow for gaps and thinnings away, we can add
another 2,000,000 tons of very good material, much of which
(and perhaps all) will require briquetting. .

There are still the areas in the north-west ellipse to add,
but, as these are not yet surveyed, I perfer to leave them out of
the tonnage calculations.

1. Mr. Labhu Ram has since completed the large.scale mapping of the Marot-Jigini
area, He has also finished that of the detached anticline between Sair and Dhsnoa.
Notes on the mining resalts obatined among the Lower Measures of Ber-Gos will be found

at P 23,
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By addition we then have for the 3 area of the Kalakot
coalfield so far examined in detail :—

Tons.
Lower Measures.eeee. AesEerses s saRORS P 0o 1,000,000
Upper Measures upper bed ............ 6,000,000
Upper Measures middle and lower bede 2,000,000

Total...... .- 9,000,000

METKA COALFIELD.

_ The Coal Measures of Kalakot, together with the overlying
Nummulitic limestone and shales, at their
extreme south-eastern edge pass under
the ridge of Murree sandstomes in that direction which form an
almost flat anticline and, after disappearing in this way for a
little over a mile, emerge again in a small valley-system draining
the neighbourhood of Metka. Asthe rather large village of
that name lies sub-centrally in that small area (see moap Pl 13)
I have renamed this coalfield after it, instead of using the name
“Siro Valley” given to it by Simpson. The village of Saroh on
the new 1 inch maps (which doubtless accounted for the title
given to the field by Simpson) lies a mile or more away to the
south-west, entirely on the Murree Series, and so is not so appro-
priate. The only other village name ‘marked on the 1 inch
sheets as lying within the coalfield is that of Gabar, half-a-mile
north-west of Metka. The village referred to as “Nimbal” by
Simpson in his published description I have not been able fo
identify. Probably it has disappeared or changed its name since
the old Adtlas of India Sheets (1 inch to 4 miles) were published.

Reasons for renaming it.

Metka coalfield lies in latitude 33° 12 " and longitude
74° 27 L', Tt consists of an inlier of
the Upper Coal Measures, surrounded by
an irregularly encircling ring of the Nummulitics, and occupying
a shallow valley, the whole being in the form of an anticline
having dips from 0° to 10° 8. on the south side and steeper dips
of 30° to 40° N. N. E. on the north side of the anticline.

Posltion features.
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The Upper Coal Measures are the lowest formation that
Nothing exposed below €rosion has laid bare along the crest of the
the Upper Measures. anticline; but boring No. 1, has penetrated
to the Great Limestone below without detecting the Breccia,
Bauxite Series or Lower Coal Measures, unless the 14 feet of
carbonaceous grit represents the last of these.

The average altitude of the Coal Measures is 2,700 feet; so
Struetural unity with that it agrees very closely with the averuge
Kalakot coalfleld. altitude of the Kalakot Coal Measures,
thus emphasising the structural unity of the two areas. If the
ridge spur south-east of Dali, where the number 3,951 appears
on the 1 inch map, were sliced away horizontally the Metka coal-
field would be seen to be merely a south-east prolongation of the
Kalakot coalfield.

The horizontal section ( PL 14 ) running north and
tsontal sectl south will sufficiently illustrate the main
Horizongal section. stractural features of the Metka field.

Bridle-roads (much out of repair) cross the intervening
ridges both north-west and south—east
, joining it up with the Kalakot and Maho-
gala . fields respectively. Its matural outlet, however, is down
stream south-west towards Dharmsal and Thandapani.

Communlcations.

R. R. Simpson’s Account.

The following account of this field taken from Simpson's |
Detalls eannot be fol- memoir is added here for completeness’
Towed. sake, though the details cannot now be
followed on the new map:—

« Following the path from Mashogsala, corl is first eeen at
Nimbal, on the left bank of the atren.n which flows down the eastern
side of the valley, In a drive, 80 feet in length, the thickness was
4 feet, whilst in a shsft, 22 feet deep, only s few yards away, the
thickness was 33 feet, thinning to 8} fect at a distance of b feet from
the pit. In asbalt, sunk in the fieilds on the western gide of the
stream, and about 500 feet distant, the seam, ata cepth of 16 feet,
was 19-inches thick, Five bondred feet farther up-stream, a pit,
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13 feet deép, exposed a thickvess of 4 fest of coal, In the centre of
the valley, at a point about 1,000 feet west of the excavation last men-
tioned, the following section was exposed in a pit, 6 feet deep:—

Conl uevnreosesesresenscesseeresesess 0 97
Shale ceceonsnotsasvacsnnsannane vessees 0O' 67
C0BL vessrsnsarnsnsnennsnres saasasssenes ' 107

«“On the right bank of the westarn stream, a good section exposes
two seams of coal separated by 20 feet of shales. Short drives
exposed 19 inckes of coal in the upper seam, and 3} feet of brighe
cc al overlaid by a foot of dirty coal, in the lower seam, About 100
yards op-stream, a cutting proved that the lower seam thins to 16
inches, In s branch nala, about 100 yards further norib, the same
seam i only 12 inches thick, but thickens to 2 feet, and further on
is again seen with a thickness of 3 feet. About 100 yards down-
stream from the point where the two seams are exposed in one section
a cutting in the left bank exposed the lower seam, § feet thick, but it

-thins in 10 yards to 14 feet. On the opposite hank, the seam, with

a fairly constant thickness of 22 inehes, can be traced for about
150 yards down-siream. On the left bank again, and aboot 50 yards
forther down, the thickness is still 22 inches, Tbe section, at this
point, exposes the interesting examples of favlting illostrated in
Plate XI. Aboat 100 yards down-stream, a tunnel, 13 feet in length
in the right bank of the stream, exposed the uvpper seam with a thick-
ness of 2 feet. Assaye of six samples uf coal from this neighbourhood
yielded asb varymng from 18 to 26 per cent, but another sample, from
the upper seam, gave a8 high a percentage as 42.”

“This field is the most promising of those on the west of the
Chenab. The quality of the coal appears to be, on the whole, fairly
good. Its tbiclkness, as elsewhere, is variable, but may be considered,
a8 a rule, workable, seeing that the low dip of the beds to the soath
would allow of free drainage. I do not consider that any reliable
estimate of the quantity available can be given, but teking theé length
of the roughly semi-circular cuterop as one mile and presuming that the
thickness of the cosl averages 2 feet, and shat a 70 per ceut, extrac-
tion might be made, the amount available, within half a mile of the
oatcrop, would be rather mcre than three-quarters of a million tons.”

*The distance of the field from the railway terminus at Jammu
(40 miles direct, over very difficult conutry) renders it extremely
doubtful whether the profit from the working of the coal would ever
repay the capital expended upon the constraction of a railway line.”

Mineral Survey Discoveries.

A feature in which the Metka coalfield is unique is that

aistural sectlons in river the coal-bearing strata, which occupy the

flatarch of the anticline in the expanded
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portion of the valley, have been eroded by the streams into a set
of little cliffts. These are frequently clean-cut vertical escarp-
ments, bare of all vegetation, and sometimes as much as 200 yards
long and 20 to 30 feet high. They ure illustrated in Plate 16 and
their positions are marked on the map by the letters A, B, C, D,
E. They have exposed to view very perfectly the lower and
middle seams of the Upper Measures together with their associ-

ated strata.

A full vertical section up throngh the whole sequence of

Fuil vertical Seation formations will now be described in ascend-

' ing order, beginning with that revealed by

boring No. 1. The lowest point reached by that boring was
105 feet below the surface, which just there lies at the 2,710 f&.
level. After 5 feet of the Great Limestone (lettered p in the
Vertical Sections Pl 15), & hard grey siliceous limestone, there
followed upwards about 14 feet of fine-grained slightly carbo.
naceous grit (marked o in the Sections) speckled with white
ains and containing some pyrites. This, which may represent

- the Lower Measures here, was succeeded by nearly 50 feet of
compact, very slabby and fissile grey shales (n) of uniform
composition, except that at the top they become carbonaceous and
with large spherical concretions of pyrites 14 inch in diameter
m). Here we leave the boring and take our evidence from the

cliff sections.

The firm slabby shales (n) are particularly well exposed
ag a flat floor over which the western or main stream flows in the

proximity of cliff C.

A little way above these comes the first or lowest bed of
Lowest coal bedof Uppr €08l (1). This is first poorly exposed in
Measures. the main stream at the most northern point
of the outcropping Coal Measures, nextat cliff C, and running
up the side stream there from the west, also at the base of
cliff B and in cliffs D and E. The intermediate places, where the
outcrop of this lowest coal seam is inferred to follow, concealed
by alluvium and talus, are shown by the lower set of black dots
onthemap (PL 13). Atcliff D and a httle south of E the

seam disappears by dipping at low angles to the south under the



48 Reports of the Mineral Surrey of Jammu and Kashmir
. \
overlying beds. A little north of cliff E it similarly disappearé
under the higher beds in that direction.

This bed is of considerable richmess, having & f6x
Arich bed of thickness carbon percentage of between 80 an
2 to 8 or 10 fest. 83 (see Tables of Analyses p. 96 )
It varies in thickness between 2 feet and 8 or 10 feet. Mosto
the coal, in the folding of the rocks, has evidently become erushed
and kneaded up, or much fraversed by bright shear planes, and
reconsolidated again by pressure of the superincumbent rock
“after the folding movements had ceased. It is soft and -easil \
crumbles again under any hard treatment. Briquetting will be
necessary before it can be burnt.

The lowest coal bed is followed upwards in the sequence,a
Overlying shales, ironores  Shown in the Vertical Sections and.every
and Joat’ bed. where in the cliff -exposures, by '5.or ‘6 feet.
of carbonaceous shales -(j) and with large nodules .of siderite and’
‘pyrites in layers at the bottom (k) .and otherwise distributed at
random among them. Thisis followed above by 8 or 4 feetof,
a massive sandy and ferruginous bed weathering and splittin \
into loaf: like masses and with hematite -concretions at the base

‘This is succeeded above by 5'feet of shales (h) to (d), bearin
midway two very regular lines of small cake-like fattened con
cretions of granular siderite (g) and (e). These .cakes an
nodular lumps of iron ore, which are a little bigger than the fisty,
form a disseminated but locally rich ore of iron -that woul

‘probably be extracted with the -coal beds -and might b
useful.

Next-comes the middle coal seam (c), shown in all the cli
Midl exposures except E, and indicated on th

e coal seam. . . ‘
‘maps es'following round and above b
lower coalseam by a black lineand a second series of blac
dots where ‘superficially covered. Like the lower bed,:its ou
crop, where it disappears under the next beds above, V-s.0
loops up or down the main-stream and side streams. Its-horizo
is 12 to 15 feet above the lowest coal seam and it varles.fro
just under 2 feet thickness in A and C cliff exposures to 23 fee
in B. Itisfirmer in character -than that of the lowest .coal and
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80 keeps a fairly regular and uniform course and thickness
wherever it is well seen as in the main cliff exposures. It is less
well seen in the side nalas where its identification was only
rendered possible by reference to the characteristic sequence of
the beds below and aboveit: A long trench was opened up
(pit 2 on the map) near ‘“camp” and its quality was proved to
be good. Its ash percentage is from 10 to 17 and fixed carbon
from 60 to 74 (see Tables of Analyses p. 95—96). Tt is
exiractable in very firm lumps with some slack and it was burnt
in a grate with excellent results and without the necessity of
moulding it into briquettes first.

Above the middle seam of coal we find, in cliff exposure A,
Vertical soctlon continn- 11 feet of shales (b) with some nodules
ed above the middle seam :  Of siderite, and then appears a bed of coal
Upper coal seam. which I have called the upper seam (a).
It is 33 feet thick at the 8. . end of exposure A through a
length of 50 feet. But beyond that owing to a covering of
surface soil and fallen rock from the Nummulitic scarp above it
cannot be recognised.

This coal bed is fairly firm and can be extracted in lumps.
Its quality is moderate (see Table of Analyses p. 95— 96)
containing as it does only 58 per cent. fixed carbon and 28 per
cent. ash.  Still it makes a useful fuel.

At this stage in the description of the vertical section
Diffienities and poor ex- Qifficulties arise, inssmuch as we have
posure. _ reached the upward limit of good clear
exposures in the cliffs. The bill-sides now slope gently back,
and their covering of scree, rain-wash and slipped material only
allows a glimpse here and there of the solid rocks underneath,
Shales as a whole continue, but it was not very clear when the
author was working there in 1926, whether or pot there were
more than one coal seam represented above the middle seam,
It appeared likely that the upper bed -or beds were not every-
where continuous, but sporadic by thinning out or by change
to carbonaceous shales. Traces of a bed or beds of coal occurr-
ing at bigher levels than the well-defined middle seam were
andoubtedly found at many other places besides cliff A, for
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instance at the tqp of cliff C, in the main stream-bed in the neigh-
‘bourhood Q{E,pit_g:, at several places. near pits 5, 5 a., 3,°2, 1, and
1. a. that is to say at various places allround the exposures in the
main valley ; but whenever more than one seam appeared at
varying apparent horizons, the difficulty was to say positively
whether or not this was due to reduplication by surface slipping
and subsidence, ‘Boring No. 2, which started in the well-marked
horizon of a yellow massive limestone (generally accepted as the
base of the Nummulitic Series),will be seen from the vertical section
to record a 2-feet ‘bed of coal (a') as the highest coal bed.
There is also a trace of coal 30 feet below this and 12 feet above
what has been correlated as the middle seam. |

During a short subseguent visit paid by Mr. Labbu Ram
to this field in 1928 eudeavours were made to get further in-
formation regarding this upper bed or beds. He came to.the
conclusion that there were about 4 coal bands or sets of lenticles
coming between the middle seam and the Nummulities and
varying in thickness from 1 foot to 5 feet. KEvidence for
these was derived from fresh excavations made at the above
recorded points. The thickness of these Measures above the
middle seam he believed to vary from 60 feet to 25 feet and he
thought this might be due to overlap of the Nummulitic Series.
It is clear that the difficulties in the way of appreciating the true
state of affairs in connection with these uppermost seams can
only be settled after more intensive proving to the deep has
been carried out.

From the analyses of the few samples of these upper
seams givenin the Tables (p. 95— 96),the coal, here as at Kalakot,
appears to be variable and probably contaminated. The
average ash percentage works out at 32, so that after washing
and 'briquetting we might be able to reckon on an average
of 2 or § feet of second class fuel.

Conclusion.
The total results of the examination of this coalfield are of

 Three coal horizonsat Some theoretical and practical interest.
least in Upper Measures.  Although no Lower Measures have been
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.demonstrated in the one boring which penétrated down to the
" Great Limestone, the Upper Measures agree with those in the
Kalakot coalfield in showing three separate coal horizons
at least, and there may be more. Most of the coal ‘is- friable,
and will need briquetting, but some of it, especially that of the
middle seam is fairly firm.

The anthracitic character of the coal and its quality are on

Character and quality of  tBe Whole much the same as at Kalakot,
the coal. .

The amount of coal available in this field ipay be spread
over a wider area towards the south than
at Kalakot, because of the more gentle dip
in that direction. We may regard it a8 equal to one square
mile. This, with an average thickness of 5 feet of coal, Wwould
promise about 5,000,000 tons. But it should not be overlooked
that the area near the crest of this flat anticline might be capable
of a much greater extension in directions W. N, W. and E. S, E.
that is to say along the strike. It might then be possible to
work out the coal in these directions all the way into connection
with the neighbouring fields of Kalakot and Mahogala, in which
case the amount of coal realised would be very much more than
the figure given above of five million tons.

¢ Amount ol coal.

There is also always the possibility of siriking, at some
point or other in the area, fresh incropping basins of the
Lower Measures within workable depths, These possibilities are
merely mentioned here with all due reserve. They are not
included in the calculations for estimating the available tonnage
at present.

MAHOGALA COALFIELD.

This coalfield, as regards position, bears the same sort of
Connection with the relation to the Metka field that the latter
other coalflelds. does to the Kalakot field. A ridge of
the Murree Series occupies the intervening area, and this ridge
it is only necessary to imagine as planed away and then the
two coalfields would be united into one, just as we found,
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would be the case with the Metka and Kalakot fields, As
things are at present, however, the surface arrangement of the
outcrops of the Coal Measures at Mahogala form a completely
closed ellipse with long axis E. by S.and W. by N. |

The map (PL 17), which is reduced from the original
to & scale of 1 inch to 600 feet and. with
50 feet contours (that is to say fo the
same scale as those of both the Metka and Kalakot fields re-
produced in this report), shows the details of this coalfield and
the relative magnitude they bear to those of the companion
fields. The coalfield will be seen to be situated about 1 mile
from Metka, its centre being in lat. 33° 124’ and long. 74°29’,
The average height of the coal-bearing strata is much the same
as.in the neighbouring areas. and the central elliptical dome of
Great Limestone is cut through by a nearly vertical gor%e
(the exact counterpart of the Kalakot gorge) running S. by V
and through which the Nihari Tawi flows. At the southern end
of this gorge the main stream is joined by side streams both
from west and east, which help to mark out the surface limits of
the coalfieid and so repeat very faithfully the orograpky of the
south-east Kalakot dome and, in a less degree, that of the Metla
field. At this point of junction the level is 2,350 feet, which is
somewhat lower than that of its two prototypes. -

Position: Orography.

[

The village of Mahogala is situated on the western edge
of the ellipse, separated by but a short
distance from the neighbouring village
of Aiji on the bridlercad going to Metka. Other scattered
habitations may be seen near Gali Ban on the banks of the
main stream and eastwards along the main line of communi-
- cations towards Amali Gala and Nanura,

Villages: Communications.

The outer boundary of the map depicts the encircling Num-
mulitic strata, the Murree Series, which in
turn surrounds tke latter, not being shown
for the sake of economy of space. The ellipse of Great Limestone
and the overlying Coal Measures show much the same features
as at Kalakot, ‘except that there is no fold-fault along the
northern edge. They represent the projection at the surface of

Geologleal structure,
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an anticline having, in the Coal Measures, dips of 30° and 35°
on the south and 40° to 50° on the north. These angles are
considerably steeper than those of the Metka and Kalakot fields.
To a large extent the dome-like aspest of the central limestone
mass, both here and at Kalukot, is due to the encircling more
elevated Nummulitics and Murrees which spread away east
and west, but the relief contours show that some of this aspect
is real —that there is a certain, if small, pitching of the axis of
the anticlines at each end of the ellipses of outcrop, sufficient
to warrant the term elliptical dome applied to these structures.

In one or two respects the strata overlying the Great
Brecoa and Bauxite Limestone show differences, especially as
Sertes. compared with Kalakot. It will be noticed
that very little of the Breccia makes its appearance, it being con-
fined to a single patch between pits 8 and 7 and a few traces (too
small to map) near Mahogala ; whereas the Bauxite Series (ex-
cluding any good bauxite) is much more in evidence, enabling it
to be shown on the map in an almost complete ring, except where
covered by alluvium and other surface accumulations.

R. R. Simpson’s account.

Mr. Simpson’s description of this area is somewhat fuller
than those I have quoted previously. I
again give them verbatim for the sake of
completeness, although the difficulty of following his progress
by a sort of “dead reckoning” from point to point is manifest
here also :— :

Detalls diMeutt to follow.

“Comwmencing on the north side, for aboat one-third of 4 mile to
the eastward of the river (2,500 feet), the measores are obscored
by cultivated ground, beyond which, in the bigher gruund, conl js
first seen. A catting, 6 feet deep, expused the following
section :—

Coely shale and clay ..... . 8 o

Ooaly shale.-..-,m--u.um..---...... 1/ 0:
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The dipis to N, 200 L, at 65°. An assay of tbe coal from
the 8 feet bed yielded 87 per cent. of ash, '

At a point about 500 yards to south-east the seam is exposed in
the bigh bank of the Ganoe stream, Two cuttings were made.
The west cotting was driven 8 feet in a thick outerop of soft -
coal of which the exact thickness and dip were not ascertaiped.
Only 80 yards to the east the seam was found to be only 1} feet
thick and lying almost herizontal, The coal removed from these
cuttings, being intermised with pyrites, took fire spontaneously,
and burnt with a choking sulpburous odour.

At a point 350 yards higher up the stream, a pit has been

‘sunk doring former explorations. It Was commenced in the shales

overlying the coal seam, aud, jndging frow the amount of spoil,
must have gonme to some considerable depth. Jiocal tradition tixes
the depth at about 100 feet, and does not record the finding of cosl.

Some 500 feet south of the two cuttings last mentioned, the geam
was again exposed in a cutting, but the thickness is only 15 inches,
One hundred yards to south-west, a drive, 10 feet. long, proved
coal, 2 feet 10 inches 1hick, dipping gently to S. 20° E. On
continuing this tunnel to & distauce of 14 feet, the coal gradually
changed into soft shale containing thin threads of coal- One
hundred yards to the west the coal seam, as proved in a 10 feet
tunnel, is 8 feet thick ; whilst about 50 yards stll furiher west,
the same thickness was exposed. From this poins, the outerops
begin to descend towards the Aneari Taw stroam, 350 feet
below. About 50 yards from the highest elevation of the ouw~
crop, a tunnel, 18 feet.in length, was driven in coal thinoing
from 3 feet to 1 foot 10 inches, and dipping south at 20°, An
assay of a sample from the face of the drive gave . omly 11 per
cent. ofssh, In a catting 8 feet deep, some 400 feet further
west, the seam is 24 feet thick, and dips st 450, Some 800 feel
further on, a drive, 14 feet in length, wes made in cosl thicken-
ing from 2 feet 8 inches to 3 feet. Tbe coal from this drive i8
hard and of good appearance, On assay it yielded less than
8 per cent, of ash, Thirty yards furcher on, coalis last seen,
and from this point down to the Apesri Taw, about & tbird of
mile, the ground is covered by talos, whilst in the bed of . the
stream a considerable’ thickness of alluvial depcsits obscures the
ontcrops of the Coal Measures,”

“Between the stream and the village of Mahowgala—about half a
mile—the measures are not well exposed. In two or three places
A coal band, 1 foou thick, is seen in the clays underlying the cosl
horizon, Just below the village, the oaterops attain their
bignest point west of the stream. Nesr here, a tunuel was
driven on the coal seam to & distance of 13 feet, The geam



MiopLexiss : Coal deposits of Jummu Lrovince, Kashmir. bS

dips north at 85°% is 19 inches thick, nnd sssays ouly 6} per cent,
of ash. One hundred and fifty yards to 1ihe esst, & eutting,
§ feet in length, exposed coal exceeding 6 feet in thickpegs and
dipping to the north at 209, An assay of the coal yielded 8 por
cent. of agh. I'rom this point down to the Aneari Taw, on the
east, s distance of mbout 300 ysrds, the Coal Measures are well
exposed in tbe cliff, and coal is 8een over practically the whole dis-
tance. AS was occnsionally observed in the Sangar Marg field
there are two eeams, the upper of which varies frow € to
12 inches in thickness, and lies about 20 feet above the lower or
principal seam, The results of excavaticos in the Jower seam
over this ground, may be summarized thus :—

g Distance .
- driven Thlck_ness of conl, Dip. Ash,
2 | in feet. in feet,
l'g »
I 12 | Exceeding 4 - -_—
11 21 | % thickening to 3 —_ —_—
II1 6 2 35°
v 8 1} 489 1219,
v 12 | 5 thinning to 4 209 | e——
V1 7 21 — 13 9
VII 7 5% 459 | ——

“In this field the quality of the coal is undoubtedly good,
The thickness of the seam is, however, extremely variable, The
height of the outcrop maintains a fairly general level, and practi-
cally no coal is available above free drainagelevel. In order
to work the coal deep shafts and probably heavy pumping
would be necessary. Under these circumstances I am dis-
tinctly of the opinion that mining on an extensive scale
would not be profitable.”

Mineral Survey Discoveries.

Corresponding to the greater detail given in R. R,
Simpson’s report, the Mineral Survey

A defipite advance. have not done as much opening up of this
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¢oalfield as has beedi done in the previously described areas and
no boring at all has yet been carried out. Such work as has
been accomplished will now be briefly recorded. It, together
with the large-scale map and some sections; nevertheless, mark
a definite afvance in our exact knowledge of the field.

My own experience of this area is based on two brief visits

Details of survey work Inade in 1919 and 1927. Most of the
 done. field work has been done by my two
present assistants. Of this, Mr. Labbu Ram made the frst
general map on a scale of 4 inches fo the mile whilst engaged
on the Bauxite Series in 1922, and he subsequently did some pit-
sinking and measuring of sections in 1928. Mr. Sohani Ram is
responsible for the full detailed mapping, as shown on the large-
scale map given with this report, and for most of the description.

Below is given in descending order a generalised tabular

statement of the whole series exposed/
between the base of the Nummulitic Serieg‘
and the Great Limestone.

Tabular statement.

ft. in,
Yellow and grey NUMMULITIC LIME-

STONE and SHALES...... ...i. ceieeees
(14) Sandy, ferruginous and carbonaceous shales ..
(13) Coaly black shaleseecviriirennce. o L, L.
j Coaliverer ivar .
(12) UPPER COAL BED ...{ Clay........ .....
' \ Coal..............
(11) Sandy carbonaceous and ferruginous shales...

(10) Shelly be(l---‘--.---rv-'-l-.-'- LA LR Y O ase*rs . gaa
(9) Carbonaceous sandy and ferruginous beds...... 1
(8) Thin COAL layer «vece.ccvvevvne vern somonnnn.
) C;rbdna.ceou's shales with siderite nodules at
BSC.ew coer. .. 1

(6) MIDDLE COAL BED......... 1 £t 4in. to
(8) Carbonaceous shales ‘with siderite nodules
. and bard sandy ferruginous bed (loaf’ bed).. 20
(4) LOWER COAL BED ....... ..? 3ft. 4 in to 6
(8) Fissile grey shales with 2 ft. cone-in.cone
L ’ Stl'ucturei..'.."'.'..l....".!..l Thasnns dResrrper
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ft. in.
24 { (2) Hard sandy or gritty ferruginous bed and bard
o | dark grey carbonaceous and siliceous shales... 44 0
2% | (1) Hard carbonaceous rock (bauxitic clay) with
g= ﬁ 2 layersof coal mear top ... 1ft. 6in.to 3 4
|  Basement of BAUXITE SERIES or BRECCIA |
[ overlying GREAT LIMESTONE............

It will be seen from the above that the Lowér Measures are
Lower Measures poorly definitely, though feebly, represented here.
represented, A very noticeable instance of this oecurs
in-the form of little patches of hard resistant coal: left sticking
on the bare dip-slope surface of the Bauxite Series in the stream-
bed- north of Mahogala village. Its quality is evidently poor
owing to admixture with bauxitic clay. The bauxite sheet is
bounded on the north by s little cliff where the Coal Measures are
continued, the whole dipping here at 25° northwards.
|
As in other places in the Kalakot field one cannot say just
Péssibility of thickening Wwhere the Lower and TUpper Measures
to the dip. come into contact at this point; but it
might be well, in the future proving of this field, to drill’ some
litle ‘'way to the north to see if any thickening of the Lower
Measure coal takes’place to the dip. '

At a few other places coal, lying directly above the
- Otherlocalitles for Lower Dauxite Series, indieates the presence,
Moasure coal. though much modified and reduced in
thickness; of the Lower Measure coal, One of these places
is -south of pit 8 at the north entrance to ‘the east gorge
in._the Great Limestone. Here, in a well-exposed little
cliff, ferruginous bauxite lies on the Great Limestone and is
followed by grey compact bauxitic clay, which is again
followed by a few feet of poor coal- with 39 per cent. ash
and some shales, the whole dipping about 55° N. E.
Other places where this coal is found in direct succession
to the Bauxite Series are south of pit 7 and E. by 8. of
pit. 10.° At the Tatter place the ash percentage yielded on.
analysis was 46. -
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In connection with the possibility of exploring these
| Lower Measures with the drill in a
northward direction, it should be men-
tioned that the rather steep dips in the overlying Nummulitics
on this side of the Mahogala ellipse quickly give way, as
" seen in the river cliffs near Galt Ban, to irregular and
repeated folds which expand the outerop of the Nummulitics
just here to a width of a quarter of a mile. Thus the
depth at which the Coal Measures, if present, could be
explored would not be so great as might be expected from
the steep dips near the Great Limestone.

Testing with the drill.

All three sesms of the Upper Measures are represented
in Mahogala coalfield and are traceable
: all round the Great Limestone dome,
except at a few places where they are concealed under
allnvium, cultivation or talus, especially near Gali Ban and
at the southern edge of the coalfield.

Upper Measures.

On the north side of the dome on the high ground
Dpporseam. Pitsgange, A0 of the Nihari Tawi the upper coal
: - bed has been well explored at two places.
At the first of these at pit 3 there is a thickness of 5 ft.
8 in. of good coal with an average ash percentage of 18
m a 6 ft. 6 in, bed with 10 inches of clayey parting
below the upper two feet.  Similar results were got at pit 6 but
the excavation here was hampered by cultivation. Digging
wis also carried on at a number of other places such as
sopth-v'vfest and north of Mahogala, at pit 2, west of pit 3,
near pit 8, north-east of pit 9 and at pits 4 and 5, to prove
the continuity ‘of this upper seam, but not sufficiently to
prove its quality and thickness. The only analysis done is
that of pit 5, where the ash percentages of three one-foot
samplgs were 62+58, 57'74 and 492 the samples having been
taken in above order from the top downwards. '

As compared with the upper and lower sesms the middle
Middle seam, - bed is better exposed ahd over a greater
o distance, This is ‘partly due to the
assoclation of hard beds above and below it. Eastwards of
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the Nihari Tawi in the ground referred to in the previous
paragraph this middle seam keeps up its thickness of 2 ft. 4 in.
all throuch. On the western side of the Nibari, at a.point near
where the main road crosses the river, however, this seam was
noted to be 1 ft. 4 in.only at the surface outcrop. The ash
percentages at pits 7 and 9 were 12:97 and 1680 respectively.

The lower seam of these Upper Measures was explored
Lower seam. Pits7,9,5, by extensive trenching at three points
and 10, _ marked on the map as pits 7, 9 and 5,

in the rather flat-lying ground at the south-east angle of -the
coalfield. Pits 7 and 9 yielded 5 ft. 6 in. thickness of
coal which appeared quite good all through, and this is borne
out by the foot-by-foot analyses, those of pit 7 giving an
average of 45 per cent. ash,: the highest percentage being
80 and the lowest 3:02, and those of pit 9 giving the
same average, 4'5. the highest being 1002 and the. lowest
1-32. On the western side of the Nihari, near the river crossing,
at pit 10, the lower seam increased from 2 ft. at the surface
to 3 ft. 4 inches at a distance of 7 ff. within, The three foot-
by-foot analyses reckoned from above downwards gave 536,
847 and 9-24 ash percentages. (See Table of Analyses, p. 97--99).

Conclusion,

Although coal, evidently belonging to the Lower Measures,

Coal of Lower Measures has been identified in this field as occusring

poorly exposed. in the form of thin patches and beds in its

usual position associated with the Bauxite Series, there is not

énough of it actually seen or suspected to warrant our reckoning on
any supply of practical value coming from these Lower Measures

The Upper Measures, on the other hand, especially at the
northern and north-eastern edges of the
field and in the eastern corner along the
stream coming from the direction of Nanura, promise a good
supply of excellent coal.

Upper Measures.

The coal is remarkably black and brilliant, but its soft,
Colour soliness and powdery or flaky condition will necessitate
brilliancy. briquetting. The chemical composition



60 Reports of the Mineral Survey of Jammu and Kashmir,

indicates a coal of the same anthracitic character, as generally
found in the previously described fields, and the low percentage
of ash (especially marked in the lower sear) testifies toits purity.

In the absence of evidence afforded by bhoring operations
Amount of coal avail-  in the southern part of the field, and from
able. the somewhat steep and irregular dip, it is
a little difficult to calculate the amount of coal that will be available,
to moderate depths. Reckoning the length of the outcrops on
the north, north-east and south-east part of the field, where the
three Upper Measure seams are in evidence, to be two miles, and
assuming that we can work downwards to the dip to ¢ mile out-
wards from the outcrop, the total area isabout } square mile.
Allowing also that the total thickness of coal from these beds to
be 12 feet and reducing this to 8 feet to allow for loss owing to
its powdery condition we get about 4,000,000 ftons reasonably in
gight. There may be much more if the present unknown south
and south-west edges of the field also be proved by the drill to
contain coal, and still much more if it is found feasible (as seems
very likely) to work the intervening area between it and the
Metka field, where the overlying arch of Nummulitics and Murree
lies flatly. Similar remarks apply o the south-east corner of the
field in the direction of Nanura, where the sharp V-ing in that
direction of the Coal Measures and Nummulitics up a rather

shallow valley is the expression of a flattening out of the dip in
that direction too.

CHAKAR COALFIELD.

Between the well-defined Mahogala coalfield and the more
Connecting area between ~Wandering outcrops of the Chakar coalfield
Mahogala and Chakar. there lies a strefch of country some 4 or 5
miles long where the Coal Measures do not actually appear at the
surface. Their presence.below the surface at a certain known
depth is, however, indicated by occasional sirips of the Num-
malitics, which make their appearance near the village of Galhan
and Nara Majra in the valley of the Tanna Tabi. “These have
the form of crests of extremely compressed anticlines pitching
towards the west-north-west and continuing. vi¢ the Galhan-Terua
and Nara Majra—Sojanpur directions, as the axes of folds, into
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connection with the two northern of the digitate loops of Num-
mulitics and Coal Measures as shown on the outline map (P 7)
at Chhaparbari and Chakar respectively.

It will eventually be necessary to drill these strips of Num-

Drilling necessary to mulitic strata before it can be known for

prove the measures. certain that the -Coal Measures underlie
them and so link up the Mahogala and Chakar areas. -

The village of Chakar lies in lat. 33° 11’ long. 74° 36'.
Position and genmeral re- 1D this area we touch the north-western
marks. edge of the great Riasi dome. In addition
to the two digitate outcrop loops already referred to at Chhapar-
bari and Chakar, the outline map shows one or two more smaller
loops in a southerly direction until all are eventually cut oft by the
fault at the south-west edge of the Riasi dome, already alluded to
p. 7). In the opposite direction, that is along the northern
side of the Riasi dome from Sojanpur and Chhaparbari, the out-
crops of the Coal Measures and Nummulitics form a narrow strip
which “expresses the fact that, on this northern side of the dome,
the strata are inclined very steeply. As working the coal along
this steeply dipping part is ‘problematical, at least as far as
Panhasa or Chinkah, the Chakar field, although: structurally a
part of the great Riasi ellipse, becomes maturally circumseribed
between the Sojanpur loop and the southern boundary fault.

R. R. Simpsen’s account.

The following paragraphs, relating to this coalfield are taken
from Simpson’s memoir :—

* At Sujanpur the Coal Measures bend sharply round to the east
. and ron towards Chakka. About a quarter
Sujanpur synclinal. -of o mile from Chakka a coal outerop ‘15qinches
thick is seen, but cannot be traced far. Near the tank at Chakka
the beds bend abruptly round the eastern end of the syneline and
run west, At the bend coal is exposed in several places. A cutting,
9-feet in Jengtb, in the bank of & stream, st & point 550 feet north of
the 1ank, exposed 18-inches of coal overlaid by 5 inches of coaly shale,
This entting is situated at a point. 130 feet to north 30° east, from
a pit sonk by Mr. La Tooche in1887. This pit had been filled in, bat
Thad the debris removed to a depth of 49 feet withont finding the
bottom of the sheft, The coel seam is found at a depth of 41 feot
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:2 only 15 inches thick and overlain by 6 incher of earbonaceouns
:]!:Sl;.s A{l assay of a sample from the coal in the pit yielded 27 per
cent. of ash, or 6 per cent, Jess than the resalt yielded by the coal:
obtained from the cutting in the oaterop. About 1,000 feet west
of the tank, a drive, 9 feet in longth, proved 2 feet 10 in_ches of coal
which on assay yielded less than 7 per .cent, _of ash, Fu:e h?ndred
feet further west the seam has thinned to 15 inches, and this thickness
obtaing for abous 1,000 feet further to the west, beyond whi_ch point
the seam appears to die out. About three-quarters of a mile from
Chakkg, the mengores sweep roand southwards over the top of the
main anticline, No coal is exposed.”

¢ Afrer passing down from Chakka over the top of the main
The Bugoola syne~  anticline the Coal Measnres again bend romnd
linal. to the east in the direction of Brehal (1 mile
W. by S. of Chakar). At the bend, in the bank of a small stream,
the coal seam is excellently exposed. It is 20 inches in thickness
and dips 85° io & direction 8. 20° W. Two hundred yards to north-
west the thickness is only 12 inches, whilst 60 yards down stream an
exposure shows 2 feet of coal lying almost directly on Nummulitie
limestone, and dipping south-west at 45°. This unnsual position
of the coal is probably only explainable by faulting.”

% At a point 150 yards to the east, a drive exposed 3% feet of
coal dipping south-west at 43°. One hundred yards forther
east thc seam is 4} feet thick, whilst about 80 yards still further east
only a few inches of coal is found in vertiesl and contorted shales,
About 150 yards further ¢n, & cutting exposed a thickness of 7 feet
of coal, dipping 5. 10° W, at 8305, A fault of 3 feet throw, which
oceurs here, probably acconnia for this increased thickmess, for only
a few yards away a vir, 18 feet deep, proved only 11 inches of  coal
dipping 8. 20° W, at 50° From Brehal, the outcrops ascend
the slope to the mnorth-east for about 850 feet vertically, and from
thence descend steeply to the esat towards the Tawi stream. At their
highest elevation, and at a poiui where the path from Ransn joing
the path from Brehal to Cbakka, coal is exposed. A cutting, 6 feet -

deep, ]:::‘oved 8% feet of coal, which on assay yielded only 4} per cent.
of ash, )

% On the steep descent towards the Tawi stream, coaly traces
are 8een in several pluces. A large number of cuttings exposed shaly
coal varying in thickness from a few inches to 2 feet. Near the Tawi
stream, at 2,700 feet, the rocks are obscured by alluvium. Near the
village of Ransn, and about one-third of a mile east of the Tawi
a pit, 10 feet deep, exposed 4 feet of shaly coal, dipping 8. 25° E.
at 759 About half a mile further east, on the top of the ridge
between Ransu and Kori a cutting, 5 feet deep, proved 15 inches of
coal in vertical rocks. An assuy of the coal yielded 28 per cent. of ash.
For fully three-quariers of a mile further east no coal is exposed.”
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‘ At Kalamitti, the band of coal-bearing rocks bends sharply-
round the eastern end of the Bugoola synclinal and runs back westa.
wards, At the bend there is much disturbance of the beds, and coal
is extensively exposed. In this neighbourhood, six cuttings and pits
oxposed coal varying from 2 to  feet in thickness. A sample from
a cutting showing 2 feet of coal yielded 25 per cent, of ash, whilst
B0 per cent. of ash resulted from the assay of a sample from a
cutting showing 4 feet of coal.”

“In the steep nala leading westwards from Kalamitti, four cnt.

. tings exposed shaly coal from 1}k to 6 feet thick, Near the village
of Kroul, the Coal Measure rocks curve round the western end of the
old limestone ridge, which here forms so conspicuons an object in the
landscape, and run to the east. On the village lands a pit, 17 feet
deep, exposed 4} feet of coal which on assay yielded 85 per cent.
of ash. The dip is vertical. At a point 150 yards further east, cut-
tings proved from 2 to 4} feet of coal, About a mile further on,
coal is again seen. It i8 shaly, and the beds are much disturbed. A
little further east the Coal Measures are faulted down axd disappesr.”

Mr. Simpson summarises his opinion of the Chakar area
as follows:—

¢ The Sojanpur Synclinal—Over this ground the seam, except
in one place, i8 too thin to be workable. The exception occurs at a
point near Chakka where the coal is nesrly 3 feet thick, and yields only
7 per cent. of ash, On either side, however, the coal thing in a
short digtance to 15 inches,”

# The Bugoola Synclinal— From Brehal as far as Kalamitti the
quality and thiokneas of the coal is too variable to afford any hnpe
of its being profitably mined. On the southern side of the syncline
a considerable thickness of coal is exposed iu several places, but it
is found that wherever the seam exceeds about 2 feet the quality of
the coal is inferior. I have little hops, therefore, that mining in
this area would prove to be commerecially successful,”

Mineral Survey Discoveries.

The Mineral Survey has not done much exploration in ‘this
Incldental observations  field, except for incidental observations
only made. ' made during the detailed survey of the
bauxite deposits of Chakar. Plate 7 of the published Bauxite
Report shows within a limited area some of the coal outcrops
as they occur in the vicinity of the bauxite. A few old trenches
and one or two new ones were opened up by my survey, but
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the: greater part of this field still remains to be investigated in
detail, © Some of the pits show good seams of codl of between
two and three feet in thickness.

The crinkled edge of the Coal Messures between Sojanpur

A’ rather largs ares of and Krul, which causes the looped outerops,
feasible coal working. has given rise to an alternation of syncline
and anticline, three times repeated, which, with moderate to high
dips of from 25° to 45° or 50, should present a rather large
area of feasible coal workings, Although sometimes high, these
dips are génerally less than those found in the Jangal Gali and
Ladda areas. .

The absence so far of systematic detailed surveying on
More than one seam sSpecially prepared large-scale maps has
Indicated. not, however, prevented the testing by
pits and trenches of a few places, such as those shown in the
vertical sections (Pl. 19). This has shown that more than
one coal seam and sometimes two or three are present in this
coalfield, just as at Mahogala, Metka and Kalakot, My
predecessors, La Touche and Simpson, apparently never suspected
the presence of more than one coal bed throughout the area of
this field, as indeed in most of the others tested by them. The
fact of the matter is that bere, as elsewhere among these forma-
tions in a “‘mountainous country, surface agencies of weatherin
and slipping of talus ‘debris from the concretionary and shaly
layers of the Nummulitic Series, besides crumpling and differen-
tial movements of the rocks, have obseured the coal outcrops in
so many places that it is only after the hill-side has been opened
up to some extént ‘that the outcrops and their full individual
thicknesses come to light. o

All the other coalfields to the west have yielded 2 or 3, and
. Much the same arrange=- occasionall ‘more, seams i .
"?:'{."i“s In the other fields.  Measures a}ione. From the -III;Larttil;.i3 SE(EEEE
of the pits sunk by the Mineral Survey near Chakar I shoﬁl 1
anticipate that detailed large-scale mapping and 'explbration o
the area will eventually show much the same arrangement in this
Chakar field also, and s0 contributeto a better estimate of

content than- was arrived at by my predecessors, Its coal
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Conelusion.

From the table of chemical analyses, where a few results
Quality similar to that Only are I'eCOI'ded, it is plﬂ.in that in
of other western flelds.  character and quality the coal from these
Upper Measures is similar to all the coals so far described from
further west, that is to say, it is anthracitic and of varying purity,
the varying quantity of ash recorded being doubtless due in
some instances to different degrees of contamination in the
surface outecrops,

No Lower Measures coal has been noticed in this field so far.

As regards any estimate of ‘the quantity of coal available
Quantity roughly caleu- here, 1t is obvious that no attempt at
lated. : exactness of calculation can be made based
on present data. On the other hand it would be absurd to
estimate nothing for this field ; just because the evidence is gene-
ral rather than particular. In the interests of the bauxite and
china-clay deposits, which lie side-by-side with the coal and are of
great purity and potential value, it is well to make some attempt
at an estimate. The two vertical sections (Pl 19) show
respectively a total of 5 ft. 6 in. and 4 ft. 9 in. of coal in beds of
workable thickness. These were the only places tested by the
Mineral Survey. So far as their evidence goes; we may perbaps
reduce the above to 3 ft. thickness so as to allow for waste and
local thinning away. The above, over a area of say 3 square
miles between Sojanpur and Krul, should produce about

9,000,000 tons,

"REMAINING COAL AREAS WEST OF THE
CHENAB RIVER.

Of the remaining areas connected with the Riasi dome,

only a few detalls west of the Chenab River only a few details

given. will be offered here concerning the

position at Chinkah (Cherungba of Simpson’s map). No

systematic work was done in the intervening ground, only
casual traverse notes baving been taken.
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If the outline map ( Pl. 7 ) and the 4-times enlarged
garo-da-bas outlier on Survey of India sheet (Pl 10 of the al-
Sangarmarg hill. ready published bauxite report) be consulted
it will be seen that this infervening ground embraces, first, the
little outlier near the summit of the Sangarmarg hill at  Saro-da-
bas. This is of very small size, totalling not more than } square
mile, and it is sufficient to say of it that I agree with R. R.
Simpson in regarding it as negligible. Of some theoretical interest
is the presence of carbonaceous layers interbedded with the quartzitic
representative of the Breccia, 80 to 100 feet thick, near Malhad
on the Sangarmarg hill (briefly referred to p. 44 of the bauxite
report). This peculiar occurrence seems as though it might
indicate the persistence of coal-forming conditions even a little
lower down in the geological scale than the Lower Coal Measures,
which are generally associated with the Bauxite Series. No real
coal is at present known from this stage, but it is as well to keep
the occurrence in mind in case future drilling operations here
should detect concealed coal beds further away at this horizon.

The intervening area also embraces the long stretch of more
Intervening area between  Steeply dipping Coal Measures stretching
Chakar and Chlnkah, from north of Chakar to the Chenab Rivey,
at Chinkah and forming part of the northern steep limb of th
Riasi dome. This has only been cursorily traversed by th
Mineral Survey. I quotehere in full, therefore, all R. R. Simpson’
published notes concerning it :--

‘ Returping to the main oatcrop, alter crossing the Ans stream
the measuzes enter 1be hilly country to the north of the Radd nals
Coal is first seen at Cherangba, where, in the bank of the Radc
stream, & cutting 10 feet deep, exposed nearly 9 fees of coal, of whicH
the upper half is of fair quelity. This outerop can be traced foi
several hundred reet to the east, but westwurd i3 obscored by taiug
About a mile further west a small cutting exposed about 2 feet o
coaly shale, dipping nearly vertically. From this point the measure{
asvend to Baldanu gully, from whence they descend for 1,000 feet in
the Beddi nala, and again rise to Panasar, On Panasar hill, ¢o
outerops are found in several places, Over a distance of about half
wile, four pits were sunk in the outerops to depths of from 6 to |
fees, The average thickness of coal proved was 6 feet, bt it is litf
better than carbonaceous shale. The surface dips are very conﬂictiﬂ[t
probably due to landslipping.”
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“In the Chersn nala, about a mile west of Panasar, coal is ngain
seen, A cutting proved the thickness to exceed 4 feet. A similar
thickness was expcsed in a cutting made at a point about a quarter of
a mile to the west, In the Singdr nala the coal ean be tiaced for
several bundreds of feet. A cutting, 8 feet deep, exposed the coal
seam, 5 feet thick, dipping N. 5° E. at 60°. On the western slope
of tha gully and ahout a quarter of a mile distant, two cuttings were
made. In the first, coal 81 feet thick was exposed, whilst in the
second the gection exposed shewed two bands of coal, 12 incheg thick,
separated by a foot of shale. The dip is steep to the north. From
here the measures can be followed through Behota down %o the Radd
pala, No coal is exposed. For about a mile the stream is followed,
beyond which the beds run up the nala to the gouth of which lies Booi,
to Paddar, Near Boniacoal outcrop, 2 feet in thickpess, is to be
geen in ground which forms part of 8 landslip., On the way up to
Paddar the measuares are well rhown. The shales, dipping vertically,
are frequently contorted and occasionally contain voaly patches.’”

« A little beyond Paddar the seam is again seen, dipping porth at
a high angle. A cutiing, 10 feet deep, exposed 5 feet of inlerior coal,
Between Padar and Gool several cuttings and pits exposed shaly coal
from § to 12 inches in thickness, In the village of Gool, the Beam is
not less than 6 feet thick, At 5,000 feet a small cotting again
exposed the geam, On the path to Ikni gully, an irregular coal
outcrop, 0—2 feet thick, is eeen, On Ikni gully, coal is not seen, but
sbout 100 yards to the north-west a thick coal outerop is to be found.
A tunnel was driven [rom a point Lelow this outerop, and struck coal
at a distance of 108 feet. The seam is 64 feet in thickness, and the
dip i8 steep to the north. The guality of thecoal is good, an assay
yielded only 18 per cent, of ash.”

« From Ikni gully the mesgures slant down the southern slope of

the range towards Sojanpur, At a point about

The IKni-SRJABPUL  ;yarter of a mile west of the Ikni tunnel, & thick

slope. outcrop of coal is again to be Seen. The dip is

vertical, A cutting to a depth of 6 feet expused a wic!th of 18 feet

of coal, Assay showed the cosl to be of inferior quality. From thie

point as far as Sojanpur, s distance of about two miles, "the measures
are only occasionally to be seen, and no coal is exposed,

Chinkah Boring.

' i ut down, only one reached -the-. coal
Of the two bormg:ftgr much di,ﬁiculzy had been experienced
Diffieult drilling. owing to the fissured and concretionary

nature of the Nummulitic limestone.
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The drill passed through 60 feet of Nummulitic limestone
and shales and then struck three beds of coal, which were regard-
ed by the officer in charge of the drilling as being 4 feet, 9. feet
and 8 feet in thickness, respectively, separated from each other by
carbonaceous shales as shown in the section (PL 21 ).

The coal was found in .the usual crushed and powdery
' condition and, since no core could be
extracted, the above thicknesses must be
accepted with some reserve. The material itself was only,
collected in the ealyx, and so was much mixed with sand and
mud from the sides of the bore hole. The chemical analyses,
which were afterwards done on this mixed material, are, therefore
all extremely high in ash-and not worth quoting.

No corss obtained.

This locality, which is situated on the Radd nala, 1 mile
Godwin and Simpsor’s O. W. of Chinkah, was originally explored
work. by Godwin, who drove a tunnel from '
the outcrop and madea rough burning test of the coal. The place
was afterwards seen by Simpson during his tour and briefly com-
mented on as given in the preceding extract from his memoir.
The latter gives iwo analyses of a 5 feet bed and a 3 feet 9 inches
bed from this place, which show a coal of average quality with
24 and 34 per cent. ash respectively. In other respects the chemi-
cal composition indicates an anthracitic coal, not unlike those of
the previously described coalfields. (See Tables of Anlayses

p. 85). . '

The cliff section leading down from the borings to the Radd |
Section below the eoal : Dala shows aboat 70 feet more shales,
dip. before there comes a trace of the Bauxite
Series and Breocia, followed by the Great Limestone exposed in a
river cliff. The whole set of formations just here is dipping at &
low angle of about 3° N. N. E. This low dip, however, can only
continue for a short distance to the north before it steepens, be-
cause, In a westerly direction towards Bhaldanun, the whole
series of formations dips at 50° — 60°, whilst towards the east the
long dip-slope of the Salal fort hill is inclined at about 28°.
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Conclusion.

Ag at Chakar we must make some attempt to estimate
- Amount of coal in the roughly the amount of coal that may be
. -ares, expected to - be got down fo reasonable
depths along: the line of country between Chakar and Chinkah.
As a whole the dip will be steeper than that found at Kalakot,
Metka or Mahogala ; although here and there places, such as
the Panhasa and Bhaldanun hill spurs, will be found where, with
a rolling dip towards the south, the outliers on these spurs will
lie much more gently inclined than elséwhere, With this steeper
dip as a whole, the width of the coal bed from the outerop that
may be . considered to be within workable depths will require
reduction from 1 mile (the quantity used before in: these calcula-
tions) to, say, ¢ mils over a total length of 12 miles. Similarly,
if we average up the thickness records from the data given by
Simpson for' this area, we arrive at about 5 feet total thickness
for the coal. Reducing this to 3 feet for the same reasons as be-
fore, we have (throughout this distance of 12 miles) a workable
area of 12 x 1 or 2 square miles ; and this at 3 feet thickness
equals about 6,000,000 tons. As was the case with the Chakar
outcrops,- the rough-estimate given above is based on certain gene-
ralizations, and it has not, therefore, the same quality of reliability
taat the calenlations made on detailed survey work can claim for
the thrée fully surveyed coalfields of Kalakot, Metka and Maho-
gala. In the summary, whichis given later of the amount of our
coal resources, estimated for the whole of the Jammu coal regions,
Filis point will be further discussed.

DHANSAL-SAWALKOT COALFIELD.

This coalfield is a new discovery made by the Mineral

: . Survey. Lydekker’s old map of this

A mew discovery. region (Mem. Geol. Surv. of India, Vol.
X XTI, 1883) shows the Subathu Series (which includes the coal
and other associated formations) as entirely absent along this line
of country. : the outerop of the Murree Series being drawn s im-
pinging directly against the Great Limestone. Lydekker’s view
evidently was that the Subathu Series was unrepresented or
faulted'out. So far as known to this department, the area was
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‘;qually ut;sust)ectéd by Godwin as being coal-bearing and was
not visited by him or any otheér subsequent geological explorer.

The view of the Mineral Survey (based on general structur-
Investigated my  al principles) that the coal formation might
Mr. Sohani Ram in-1924. ‘well he -pres‘ent, was ..Conﬁ}'m,ed by,
‘Mr; Sohdri Ram, Assistant Superintendent, Mineral Survey, aftezl
“bis “deputation tbere to investigate the problem in" 1924. Tg
“that -officér is due’ the working ' ‘out of the details suthmarise

“below: |

b

Geographically ~distinet  Seen “that this new coalfield is ‘t:eiii‘;ir‘{(?,l‘y
from the southern group.  géparate from the southén group of coal
-fields so far described in' this report, the distance between the twc|
varying from' 4 to'8 miles.’ ' This new field 'is in fact part of
another elliptical inliér of the oldér rocks among the Murree Series,
‘oriénted along an " anticlinal axis which is parallel to, but distinct
from, the'southern group of ‘coalfields. " - e

If the outline map (Pl 7) be consulted, it will b_1

The village of Dhansal (5,500 feet, lat. 33° 171, long. 74°
Positlon and Iie of the 56’);wherethe coal'was first struck by Sohani
Cos! Measures: - - -+ “Rami, lies somé'17 miles from’ Riasi ‘and
8-riiles*north-east of ‘the Kanthan "suspension 'bridge &ver the
Cheriab River, with whick it is “connected by a good mule track.
From Dhansal the Coil Measures and “associated formations wet:
traced south-east vid Phar Gala, Barmasta, Xhei and Sawalkot, and
thence; atter crossing the Chenab Rivér into connection with th
already known Lodhra coalfield; a total distance of 12 miles.” The
Lodhra coalfield was briefly described by R. R. Simpson in hi
memoir, pp. 34—387 ;’but in’ consequence of the coal from i
analysing very poor (the ash precentages varying from 59 o 7
per cent. i the Lodhra coalfield was, therefore, condemned.”

A portion of the new Dhansal-Sawalkot coalfield is shown
ooyt ed’ - delineated on the geological map given
Geologleal map : full the - geological map gIve
quence of formations repre-  With *this report (Pl 22), It 'will be
seafed.. woiy 7o seen therefrom that the normal sequence of
formations, as found elsewhere in' Jammu Province, is fully repre-
sented there also; it being a continuous” sequence ‘from the Grea
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Limestone up throngh the Breccia; Bauxite: Series, Coal Measures,
-Nummulitics and Murrees. - At many .places, -however, one or
;more members of this sequence are obscuréd * by surface -accumu-
lations of debris .derived from- the Great Limestone: ridge -which
towers above them to the north-east. This illustrates once more
the gare required in unravelling the geology of this mountainous
tract and :probably - explains the non-detection of the coal by
previous explorers.

The . sequence of formations as mentioned above forms,
Undulatipe dip towards What may be deduced to be, a continuous
AW belt . along the south-western flank of the
Great Timestone ridge. Although obscured locally, this set of
beds dips as a whole south-west ; but in certain places, such
as at Dhansal, the dip'is undulating for a width of & quarter of a
mile. ‘The sections (Pl. "23) illustrate this peculiarity, which -
is of importance since it widens the area where coal can be got,

Lur Survey has not yet-examined the north-east edge of this

The N. E. edge of the elliptical inlier, to see whether on that side
inller not examined. too the full sequence of formations or nay
part of it is represented; but from Simpson’s map of the Lodbra
end of this coalfield, which shows a fanlted junction as far as the
Chensb River, one may provisionally accept the fault as continu-
. ing af least for some unknown distancealong that notth-east edge.

In the map of this argal(PL 22 h) nco0 ampt has been meade

‘ to delineate the Coal Measures separatel
Ln'rl;al:'iﬂgte;m}rol:;ssngtﬂ-l from the Nummulitics. This can only byt;
mulities. done on large-scale maps. The sections
xposed show much the same set of individual strata as found in
the southern group of coalfields, except that the lower more shaly
portion among which the coal occurs is not so thi_ck and not so
Sharply djfferentiated from the Nummulitics above as in those other
"ibélﬁelds,. The Nummulitics themselves are also thinner than in
the southern coalfields, both they and the coal-bearing shales

ébeing not more than. 200 feet thick.

The main coal seam lies directly on the bauxite, but it is not
certain whether or not it represents the coal
Two eoal seams, of the Lower Measures of Kalakot and
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Mahogala. Forty feet above this is another thinner bed of coal
with intervening carbonaceous shales and some limestone, the
latter forming a bed 8 feet thick. This occurrence of limestone at a
horizon between the coal seams is peculiar to this locality.

it were opened by Sohani Ram in the more
Several pits expaﬁlded antly sloping Dhansal area.
The positions of these are shown on the
enlarged map (Pl 24 ) here reproduced on a scale of 1 inch
to 200 feet. Sohani Ram describes these excavations as follows:—

Excavations made.

Southern Locality Pit No. I.— After the pit had proceeded
to a depth of 6 ft.,1it collapsed on account of the great inrush of
percolating water. For the top 4 ft., the material was uniformly
of bright good chiaracter, while lower down it became much argli-
* laceous with here and there pockets of purer stuff,

The top layers of the bed seem to have been denuded away
at this exposure. :

"The material is characterised by the occurrence of numerous
iron ‘pyrites nodules in it

The dip, though not very well seen, appeais to bein a
south-easterly direction.

Pit No. 2.—This excavation sunk to a depth of 10 fi, gave]
the following section :— .

Depth in feet,
T -ses  Black shining graphitic coal.

2 ’ ressniensnennsinnnes Black shining graphitie coal with
3 lenticles of pulverised shale,

4:} seessessncasnncssesss  Black shining graphitic eoal
5 (less so than 1),

? } LT L P T P T T Duu bl&ck coa].



Miporemiss : Coal deposits of Jammu Province, Eashmir. 78

8

19 } vesses s seeesnseo Pulverised coaly shales.

0 .
Numerous rounded fragments of calcareous coaly shales and

iron pyrites nodules were found scattered through the above

section.

The graphitic coal bed,as seen here, is followed above by
.pale brownish coloured shales, apparently dipping at an angle
of about 40° 3. E.

Ezcavations Nos. 3 and 4.—Some 36 feet west of pit
No. 2, a trench, 10 ft. long 4 ft. wide and 6 ft. deep, revealed
below 1—2 ft. of the surface stuff, bottom 5 ft. of the graphitic
coal bed, the top layers having been removed by erosion. The
lower 3 ft.only comprised material of good quality while the
upper 2 £t. were of & very argillaceous nature:

The dip here is very gentle approaching almost to horizontality.

Fifteen feet north-west of excavation No. 3, a pit (No. 4)
proved the existence of the graphitic cosl below 6 ft. of scree

material.
Pit No. 5.—(50 ft. south-west of pit 4) 14 ft. deep, exposed
 the following section :—

Depth in feet. ' .
f 208088 paun FIFOSF cue Grﬂphiﬁc coa.l much mlxed with
2} o gurface stuff.

3} © eser Fairly good graphitic cosl.
;ORI “veswes ... Partly shining graphitic coal.

- ... Partly shining graphitic coal
creeae anann ceeie T o ).
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vives s Graphitie coal getting slightly
Y : mixed with argillaceous matter.
10 )
ILYS .. oi seserrses  Pulverised coaly shale.
12
]ii veessennno. oo 0as Graphitic coal fairly good.

(Bauxite Series below).

The dip being very steep, the above does not show the
actual thickness of the graphitic coal bed, which may be only '
§—10 ft. and the rock directly underlying the graphitic coal bed,
as seen in the case of all the above exposures, is bauxite, which
is rather of a kaolinic nature here.

Pits Nos. 6, 7 & 8. —Fifty feet further south-west a shallow
digging (No. ) displayed another coal band, which being overlaid
by a pale brownish coloured cluy of the Bauxite Series is Iowe{r
in sequence than the one already described.

Some 60 feet north of the last point another pit (No. 7) wa
sunk through 8 feet of talus without there appearing any sign o

the coaly matter and it is probable that the outcrop of the
graphitic coal bed does not extend to this - point.

About 70 yards north of pit 7, a cutting (No. 8) proved 5 £t,
of graphitic coal, containing as usual a few streaks and lenticles of
shale. The coal bed was succeeded below by a kaolinic material

full of quartzite pieces and was overlaid by carbonaceous and pale~
olive coloured shales. ' '

Besides the above, traces of conl areto be seen ata few
more places, but the cuttings (9, 10 and 11) made at these points
showed them all to be of a derived nature, the actu ‘

al outer
being still further below the superficial overburden. P

To sumup : —-

The graphitic coal bed under description lies directly over-
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the Bauxite Series (kaolin) and is followed above by pale coloured,
slightly carbonaceous shales. '

From this bed we can safely depend upon at least 4 ft. of
good material, which is of an extremely soft nature and flaky
structure and has a deep black colour and bright shining lustre,

The outeropping of the bottom members of the Nummulitic
(Subathu) series at this locality is cohsequent upon a minor
anticlinal folding, combined with subsequent erosion. The
southern limb of the fold has a rather steep dip but the beds,
soon after slightly bending over, assume northwards a very low
angle of dip.

Northern outcrop.— A little less than half a mile N, N, W."
of the locality described above, there is to be seen along the
outerops of the main anticline another exposure of the graphitic
coal just at the foot of the Great Limestone ridge. Two trenches
put down here side by side, exposed 3—4 ft. of coal carrying
numerous shale lenticles. Thus the thickness of the actual coaly
matter may be about 2 ft. only: Lying as it does over the shale
beds, this coal band seems to be difterent from and higher in
sequence than that already described and which here is completely
hidden under the huge breccia blocks and other scree material.
The dip at the junction with the Great Limestone is_very sieep,
approaching almost to verticality, and even to & slight mltgersm&n
particularly at the excavations just mentioned But ei]outbwar ,
it soon flattens to a very low angle, thus bringing t <la_ oﬁm
members of the measures, as far as th?, southern lfca ity, to a
reasonable distance below the surface (see Section Pl 23)

Following salong the main outcrop in its t§00th-25z?;1[11
Outerops S. E :! Phar extension, the rocks, with the excep
Gala.

two insignificant exposures some
niot kY talus deposit and

750 yards beyond, continue to be obscured by e oni] Phar

_ the coal is not exposed for fully one and a half mi
Gala is reached.

i bar Gala
Passing down south-east from P
was able [ttc;glocate four graphitic coal exposures,

Mr. Schani Liam
which oceur
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along a distance of 1} miles and the positions of which are mark-
ed in circles on the map (Pl. 22 ).

Locality No. 1.—Here the thickness of -the seam, as secen
exposed on the surfaceisl ft. 6 inches. Its smaller thickness as
compared with the Dhansal, southern locality. :graphitic bed,
coupled with the fact that it overlies the olive shales, will show
that this seam represents the upper bed. The material in all its
characteristics resembles that of Dhansal southern locality. The
rocks, baving been much crumbled and crushed, the minuter
structural details are not quite clear. A little above in the cliff,
however, the Murrees are seen dipping S. W. at 45°—50°

Locality No. 2.— At this locality the presence -of coal was
evident from the black nature of the soil. Two open tunnels

placed some 30 ft. apart, approximately in the direction of the
dip, were made there.

The northern excavation, which was 15 ft. long and 4—5
ft. wide, though carried down to a depth as much as 10 ft. did
not show any improvement in the pature of the material and
much argillaceous black stuff, with scattered thin layers an
strings of purer graphitic coal, continued to prevail all through
This 1s probably due to contamination from the surface and it iy

possible the material might improve at greater depths. 1

. Resting as it does directly over the Bauxite Series (kaolin)
this carbonaceous matter represents the same horizon as occupied
by the lower graphitic coal seam of the formation.

The second excavation revealed 2—3 ft. of graphitic coal

occurring in irregular shaped layers within 6—7 ft. of the
This constitutes the upper seam of the series. e outerop,

The beds here show a very steep, south-westerly di
much so that they are even slightly uf)turned ab theiz o&t%ro;(i
ping edges. But southwards they soon flatten to a very low angle

for a distance of about 400— 500 ft., beyond which point the
angle again steepens. .

Locality No. 3.—About one.quarter mile S. E, of the
locality mentioned last the. graphitic coal (upper band) is again
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seen, exposed along a stream bank, end is traceable for a distance
of about one hundred feet. A couple of cuttings made here gave
the following section : — _

Rock.  Thickness.

Graphitic coal with clay (pulverised
shale) lenticles..ocverar coveriasearassesee 1 fte

Carbonaceous clay (pulverised shale) . ... 1 ft.
Good graphitic coaliee cuurnvannceverennnnn 1 £
Olive shales,.ceeseevesvarcersss soaans vern.. .. Unknown,

The material (graphitic coal) is of similar good, soft, bright
nature as from Dhansal southern locality. It is, however,
further characterised by the occurrence in it of lenticular pleces
(2"—3" across) of the same stuff, which are of a comparatively
harder and firmer nature and which so far as appearance goes
resemble graphite more than any other material hithertofore seen
in this area.

teep (40°—50° 8. S, W.). It seems, however, to slacken
onsiderably northwards. The main outcrop, though congee.led
inder detritus, is 400—3500 £t. to the north, where the dip as
feen in the bauxite bed is 80° 8. S. W.

é The dip here. though not exactly determinable, is rather

Locality No. 4.—Of all the sections that were come across
in this area the section at locality No. 4 is the one where almost
the full thickness of the Nummulitic (Subathu) beds is exposed.
Here again the graphitic coal occurs at two different hormonas(i
separated by 40— 45 ft. of carbonaceous and pale olive colour
shales and one limestone band.

A number of excavations—the largest being 17 ft. long. 5 ft.
wide and 10 to 13 ft. deep—made at the outcrop offt!::e l(;]\:vgr
Seam, which overlies the bauxite, exPOse‘? some 7 ft. 0 ng :‘,h:
coal mixed with shale lenticles and partings. Qut of this
purer graphitic coal was hardly 3—4 ft.1n total thickness.

gection below

The upper seam as seen exposed in the oI in thickness

varies from 12 inches to a8 much 3as 3 f&
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within a  distance of a few feet only. At places it splits up
into two, enclosing olive shale lenticles in between. :

The material in all its physical characters is similar to that
of locality No. 2, upper bed.

The dip of the rocks near the junetion with the Old
Limestone is about 75° 8. 8. W. -

The ohservations given above may briefly be generalised
Recapituiation. as follows :-—

It will be evident that the Nummulitics of the area under
report bear two graphitic coal seams, one Iying directly over the
Bauxite Series and the other occurring some 40 ft. above it.

Thes seams, though varying in thickness and quality, are
undoubtedly continuous throughout thix whole length of 4 mijes.

That the upper seam maintains an average thickness of
1 ft. 6 inches in the area between Dhansal and localtiy No. 4
S. E. of Phar Gala, seems, weli nigh proved. But, as regards
the lower seam, Mr. Sohani Ram does not think sufficient
evidence has yet been obtained to enable an authoritative opinion
to be given as to its average thickness, especially in the area,
S. E. of Phar Gala. In order to decide this, as well as many
other points when found necessary, we must resort to drilling,
which, taking into consideration the soft, broken character of
the rocks and also their probably water-logged nature at the coal
horizons, will be safer, more economical and perbhaps (for testing

purposes) the only speedy means to accomphsh greater depths as
‘compared with excavations by hand.

The Coal Measures at their N. E. edge have always a very
high dip and are even inverted, at places, at the junction with
the Old Limestone mass. But generally soon southwirds they
assume a very low angle of dip for distances varying between
% to 4 mile thus affording some space, where the graphitic coal

seams may be considered to lie at reasonably workable depths
below the surface.
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One other remarkable fact noticed is that the exposures that
occur furthest away from the limestone ridge show decidedly a
great improvement in thickness of the bed as well as quality of
the material.

The coal of this Dhansal-Sawalkot field in appearance and
Physical appearance and COMposition has some points that should
composition. be noted. It is deep black, scaly and of a
bright shining lustre resembling in appearance foliated graphite.
It easily falls to pieces and soils the fingers much. Its specific
gravity ranges between 1-58 and 1-7.

One sample analysed from pit No. 1, Dhansal southern
loeality gave :—

Moisture at 100° Cusvees sveree-carans oo 0°50 per cents
VolatileS‘ Aagm s SRR EE o aan: gassr BIFOLLDES 9.50 F1]

Tixed carboniiee veceeceres canen. censarass 6300 "

ASNooooeeeesaeraessesms saenssmnesssnnis 3700

; Besides being anthracitic, as indicated by the above analysis,
this coal is also distinctly graphitic, the amount of graphite
having been estimated by the Industrial Chemist as 12 per cent.

Tn view. of this coalfield being a newly discovered one, the
details as oiven in Mr. Sohani Ram’s account of the excavations
made have been fully reproduced here. Much more, however, 1n
the way of analyses and mapping on & lz}rge-acale are d?ﬁ.r?l‘)le
before we can be said to have fuily investigated the possibilities

of the field throughout its entire length.
Conclusion.

From an economic point of view the coal of this coalﬁelfd ni
Amount of coal intne DOb likely to have much value as a fue
srea; parieular esiimate.  until the southern set of coalfields which
are more accessible have been exhausted. Mr, Sohani Ram bas
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estimated the amount available in the areas exposed by pits as
follows :— T

Dhansal, southern locality, area 1/16 !
square mile and 5 feet thick...... 388,900 tons.

Dhansal, northern outcrop, area 116 -
square mileand 2 feet thick...... 155,600

Locality 2 and 3, S. E. of Phar Gala,
area 5[16 X 1/12 square mile
and 2 feet thickness....ee..cc..... 64,800

—— —

Total vae 60'9,300 tons.

This is a low estimate based only on certain areas that bave
been pitted. If however we make a more
generalised estimate for the whole 12 miles
of outcrop with a width of } mile and average thickness of 3 feet,
we obtain a total for the whole field as probably amounting to

9,000,000 tons. (See further remarks p. 113). |

Generalised estimate.

The above concludes the systematic descriptive part of this
Area east of Chenab report. Nothing will be said here about
River not yet resurveyed. the Ladda coalfield or other areas on the
east, or left bank, of the Chenab River ; because it is felt that,
before any useful commentary on Simpson’s detailed work in
that area can be made, the whole of it should be first geologically -
resurveyed on large-scale plans such as have been made for the
three connected fields of Kalakot, Metka and Mahogala, This
work the Survey has not yet had time to undertake,

CHEMICAL ANALYSES.

The chemical work done on the coals described in this report

Proximate chemical consists of a _large number of proximate
analyses by Geologicat  analyses. This account of it isa ed
Survey.of India.

in two sets of tables which follow. Of
these the first set were done in the Geological Survey of India
Laboratory for K. R. Simpson and published in his memojr



Miopreaiss :Coal deposiis of Jammu Provinee, Kashmir, 81

on the Jammu coalfields. These are quoted by me verbatim
from that memoir which is now out of print, the additional
details therein explaining themselves. )

The second set were done in the Industrial Laboratory,
Industrial Laboratory, ~ orinagar, for this report. These give
Srinagar. estimations of moisture, volatile constitu-
ents, fixed carbon and ash, with occasional estimations of sulphur.
Calorimetric fests were unfortunately unable to be carried out
owing to the apparatus being out of order’. The specific gravity
determinations were done by the Minere] Survey, the letters
“W. B.” indicating that a Walker’s Balance was used on lumps
and the word ‘‘botile” indicating that the specific gravity bottle
was used on the powdered coal —a method often obligatory on
account of the friable condition of the coal.

The arrangement of the analytical data in each set is given
Arrangement of analyii- in the same ordel; as that adopwd fo_r
oal data. descriptive purposes in the body of this
report for the different coalfields and the different seams there

found.

1 Some calorific values since received are as follows:—

Kalakot coal, Pit 17, L. Messures, - 12,240, B, T. U’s,

16, ,, = 18,950 "

»” 2 "y

14,760 ,,

i i ist, Stinagar. snd the

h re obtained by the Industrisl Chemist, "

last b;I‘ Eiil::sfgutf;ez apd Davis of Bombay, the Ef)llowmglcalorl.ﬁc valoes
have been supplied by the Goveroment Test House, Alipore Calcutta =

Kalakot conl, Pit 17, ¢. L. Meaeares, 12,967, B.T. T’a.

" I T w n I

1 9" neal' (1] 17’ f- »” F1) 10,248 Ty
' . 569

L » »” 16 ” 1" 13 6
10,849 ”

17, a,b, » »

” (1] ”



(Analyses by R. R.

THE EALAKOT COAL-FIELD.

Simpson done in Geological Survey of India Iaboratory).

- -
g o g wE 8
] e 8- 2 ‘5_::
- ‘pﬁ [ E‘B . ] EH .
® Buf cgd _§ e384 okl
Locallty, | & Sectlon of |g ” =} Hemarks, . g% 2 £E3 Colour of akirg
g 8 coal sesm. | o™ g g = s E E_ﬂ_g ash, propeities.
o8 a2 &a 8 Zh® o a | gf&g
BE 838 L | 289 @ 4 | B |%n
2 g S = Ch & 5 & |Gee
Kalakot ... 71 Ocal 4 0° ] &4 { Thinsto 14| 088 | 2000| 7848 10°66 | ... 1851 | Grey. Ril,
' in a distance
of 50 ft,
Jahltatunia 14 | Coal 6 O 8b oo 090 10060 | 71'80 1714 ) e 1290 {Light-brown, "
Dos .. 10 | Conl 27 7° 86 pesare 080 6-41{ 7800 1160 ( 820 [ 1515 | Grey. ('akes poorly.
Jlgnt ., 74 | Coal 6* 0° 87 . 268 776 | BO6TE{ 3392 | ..uwe 1269 |Brewnish-red Nil,
Koargaia .., 6| Coal 4° 0" | 88 898 | 15470 [ 5340 | 2292 | wvuee | searee | Red, "
Bonjpir .., 2} (Coaly §9 | Samplefrom| 076 | 964 | 5908 | 8098 | wiss [ wruae [ BrEYS "
shals 0’ 6* the coal baud.
Coal 2 6°
Serx i |Outerop Coal ¥’ §* 90 . 198 11+76 70°58 16470 | 1oeres 1331 Grey to "
light-brown.

% Pounds of water evaporated per pound of {uel,

4]

“apuyeny puv nuwusp fo faaing poupy 2 Jo froday



{Analysss by R. R. Simpson done in Geologleal Survey ¢f India laboratory).

THE SIBQO VALLEY (METKA) GOAL-FIELD,

g o VR
g g€ °8
ul Y- 5 - .
° . B E8g g
Locality, | & Section of 18 5% | Remarks, . fus| 2
H coal geam, {7 £ g 03 3
= ize 3 sEa o
B ‘ EZE s | 228 | 2
& 7 = go® B
Nimbal .. 21 | Coal B’ 9* 77 1Cosl thinned 180 11-22 6920
to3 3" ina
distance of
5 feet,
Do, “ 16 w ¥ 8 060 1170 6192
Do, .. 4 { Shaly 79 |8ample from 8:00 952 | 6612
Cenl V' u* the lower
Coal 3’ 87 Lland,
Do, " 6| Coal 17 5 80 I 074 11414 6534
Do, , | 8-10 w 20| 8 070 | 14| 7804
Do, w 0-9 n A0 82 |Sample from 0:80 11'8¢ | 6784
w B0 lower band,
Do, .., 131 4, 970°) 88 096 | 1062 | 4646

|| Agh,

1828

25478

21-86

2478

1208

20-02

4226

%
2
o
29 .
2 E3 | Coluurof Caking
o E <R ash. propertics,
2 | &c8
@ | »”°
s | 12°90 ) Brown. Cakes poozly,
R B " Rl
rse 1349 } Brownish- ”
red.
esenn | 11006 |Light-brown,Cakea ponly,
606 | 13'72 | Brownich- "
red,
assons 1310 . Kil,
sevsns | anense | Brown, "

*Pounds of water evaporated per pound of fael,

SraySOY ‘aoutaody nuunp Jo spsodap ooy @ SSIREIAAI
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{Analyses by R ‘R, §impson done in Geologieal Survey of India laboratory)
TAE MEHOGALA COAL-FIELD,

g
°
Loeality. - Bection of
2 g | oonl scam,
£
=]
[ -8
Gance - ... 6 | Conly:
ghale 3’ 0*
Cool 8’ 0
Coaly
shale 1% 0
Do, 18 | Coal 1 10*
Do .. u|l , o
Mebowgsla.., 7] » %08°
: i
DO- (1T} 6 ! " l; 9.
Do, .. 8| , 60"
!
- ml " 13 M " 1’ 7'

B.

Bimpson’s Report,

| Number on map.
Plate1l of R.

l

=X
o

7
72
73

T

%6

76

. Remnrka, .
&
[-)
=
Sample from| 1-06
the middle
band,
- ‘ 102
avese ‘1984
...... 078
R 1-48
ssnaan 2:80
T 3‘74

¢lusive of moistura

Volatile matter ex-
and sulphor.

-t
<
*
o
>

12452

2644

12-04

11476

11:94

13-34

Fixed ecarhon.

51-86

76420
52:22

7414

7420

7760

7636

ll Ash,

86°62

11-26
7198

+ 18-04
12+56

: 776

I Sulpbar.

}

L R

A
2
S
=
oo H .
EgS$ | Colourof Caking
BSE ash, properties,
g&F
£ 5'd
&2
res Brown, Nil,
13-34- Grey. Cakes poorly
L
e Brownish: Nii,
Ied-
13-31 Cakes poorly.
1881 | Datk-brown  Nil,.
: ' ' 1
1372 | Rrownish- "
Ted,
1381 | Dark-red. "

* Pounds of water evaporated per pound of fuel.

¥8
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(Analyses by R, R, Simpson done in Geologleal Survey of Indla laboratory),
THE SBANGAR MARG COAL-KIELD,

g g8
. [~]
& Enie
- g
Looality, | & Section of {g ° =
.. A4 | ooal seam, (o™ &
Py 2g8d
8 Eas
a o, P &
Chimber .., 80 ; Coal 9 0* 43
Kantan ... ) » b0* 44
3—6 B O .45
Cherangha ”
(Culnkah)
=10) , »or| 48
| 0~8{ , ®6"| 47
Panasar ..,
ls—n n 86} 48
Do. .| 8=8| ,, &0 40

r 9
£
el a g -]
Remarks, goal £
] O B a
o 3 |g2d) 3
g CEER-] @ >
=3 "5 = a M E
—m— =a b> ﬁ:
reee 1440 774 2674 | 64-19
Baid to hava 1°32 3442 2746 6780
thinned out to
two bands
18" and 6*
thick, .
074 | 896 | 6950 2380
. 2:70 830 66°40 | 3360
O, 112 -85 9448 | 7953
erese 1+06 8'88 1826 1480
e 104 7-83 21°48 69-60

I Snlpbur,

l

aspesa

LLTYTT

saans

by ‘Thomson’s
| calorimeter,

IEvnpomtive factor®

LTI

[LTTY™

11.87

ALTTITY

RLLITE]

Colour of Caking
ash, properties,
Groy, Nil,
” n
\Light-brown, "
Brownish- "
" ”
Dark-browa, .
Grey,

* Pounds of water evaporated per pound of fuel,
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(Analyses by R, R, SImpson dona In Geologleal Survey of Indla laboratory),
THE SANGAR MARG COAL-FIELD~(continued),

Tocallty.

Pannsar !

Takhrakot

Paddar .,

garodabar

Tkni

I Depth in feot from
I surface,

=

Oaterop

9

Out- ‘
crop, t

45

Soctlon of -
coal seam,

Coal 8° 07
Shale 3’ 0
Conl & 6°

w 6 6°
. 50
8 ¢*

w 0

1"

¢ 6"

Plata 1 of R, R,
| Bumpson’s Beport.

l Number on map,

[~
o

61

52

53

54

58

56

Remnrks,

Samples from
ooal bands.

aneren

‘ Moistn}'a.

1-13

313

't

110

1-56

1:86.

062

Yolatile matter ex-

clusive of moisture

and sulphur,

I Fixed carbon,

|

a5-48

14-18

1252

221t

44:60

38:14

76+60

Ash,

66-20

74:80
¥8+88
fren
£2-68
85480

13+04

l Sulphur,

i

L L]

YT

aneene

LR 2 )

by Thomson's

Evaporative factor”
calorimeter,

et san

[IITIL]

14-11

Coloar of
ash.

Licht-brawn,

Brown,

Rodish-
brown,

Brown,

”

Dark-
brown,

Caking
properiies,

Nil,

"

* Pounds of water avaporated per pound of £nel,

98
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(Apalyses by R, R. Simpson done In Geologlcal Survey of India Iaboratory).
THE SANGAR MARG OOAL-FIELD—(continwved),

a T
g‘g § 5 " - -
s at £85( 2
Looality., & Bectlon o (g ©=| pRemartks. a 4 2
- 8¢ | conlseam, |38 : g HTs 3
-8 3 Py 488
&8 EEL £ 2831 3 |
=) iz, M2 2 =] & £
Conl &' 6" 5T S 068 878 8560 5506
Oute
Tkni | erop. ‘
: n B 6° 8 o 076 T-70 8000 61-6¢
Choekka ., 7 | Conly 59 Bample from 103 13-36 5364 83:08
ag:l:l g: :: coal band,
Do, “r 42 go:llay v o 60 " 073 1368 6378 [ 26496
8
Goal 1’ 3*
Do, .. 9| Coaly 107 | 61 -~ 060 | 11:39 ) 77+08 668
Between
Chakka and
{ Bretal .., ¢l w Y6 | & 350 | 1308 | 79:06 | 446
Ehert ., 141 6 0° 63 172 1344 ] 8744 | 270

I Sulphur,

tass

[

29

A

8

-

58 ..

%25 | Colourof | Caking
a ,‘S g ash, properties,
3@15

&

Be o

ansune Gray. Nil.
------ DO. "
12:49 | Light-brown,; Cakes. "
12°69 | Brown, "
15-38 | Reddish. "

brown,

1474 | Brick-red, Nil,
1187 " L]

* Pounds of water evaporated per pound of fuel,

“apuyevy ‘eoutaosg nuop Jo simodop 1900 : sEIMINCCI]]
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(Analyzes by B. RB. Simpson done In Geologleal Survey of Indla Ia
THE BANGAR MARG COAL-FIELD—(concluded),
- D -
g A 48 3
E"" g §'§ o g £ .
[~} bt o
Locallty. E Bection of |g % =| Remarks, g.sé 2 2 g% Golosgr of pﬁ?l{.i;lges
. ag eonlsenm.g..qg é Y 8 g E.a% ash. op N
— £ [
2 EEd E |BEw| T : 2 | 8%
e g a8z S B3 = H 2 = g
a ik q . 1e°% ) & < a2 |8°°%) |
Ponra Oamp] 3—7 | Conl aud 64 | Gamplefrom| 078 | 11-08 7128 | 1686 | ... 1351 | Grey. Cakes bard.
pyrites 0° 6° mwiddle bed
of section,
Coal 17 &
8haly
coal 1’ 6°
Ranga ... | 10| Coal 42 0°] 68 2681 o3| 1168 7873 » Wil
Rﬁtwean a
ansag Ao
Kori .., sl o 1787] 66 1740 | 2014 | 3423 M L weens | BIOWIL "
Ealamite 6y » ¥0°) 67 o68] 822 4080} 3060 | e wensee | GTET Cakes.
DO. . 7! o Y1 88 1181 13:36 | 5984 | 28727 em 12:90 [Light-brown, Cakes poorly.
Erool o { 17} o ¢80 69 — 072 | 1362 | 50460 | 385067 .ere weree | GTEY. Nil,
N .

s Pounds of water evaporated per pound of fuel,
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-y a4 B Z
2 F & g g
5 2 % =3
[ 2 ' 5
g Tocalities.
. Pit 17. a, 16 £, 9 in. seam
: = 8 3 = ] Yav. of 6 snalyses.
Pog 3 8 3 |
. o - :'4-: Pit. 17. 8 16 ft, 9 in. bed
: 2 & & 2 a 4th and Gth £
it g g & 21 ° |
: E~ {py 17, 8, 16 £. 9 in, .
) 2 8 w8 & .
: PR Y o ' A i 1T a(i léghf:i; 9 in,
i 8 2 o 2 8th an .
‘3 g & 8| =
P | 2= le# 17, 8. 16 900, bed
- A 10th and 1lth ft.
& s - & l =
: e @ F H- lpig 17, o, 16 . 9in. bed
P8 2 2 iy 55 19th and 13th .
[- -3 [ w LC] .
i = o2 o2 o | Tz |Ee1r.os 168 9in bed
i 2 & & = wS | l4tbend 16th i
w & [T L -
I
S R S Ha Pt 17, 8, 16 £ 9 in. bed
i 02 g 2 3| w% | Mthendlfthit
(-3 - -] 511 (-] -
B 2 = - ﬁ : Pit 17. ®, average sampls,
b3 £ g g | #° |
H o =3 ﬂb—d I
H 2= e a3 o <& 1Pit 17. b. average sample.
P8 3 2 3| e |
2R 8 o I lPit 16, 7 ft. seam, av. of
H % 3 e & | | T ft. by it, analyses.
i 8 8 & = A lPiﬁlG 7 £, bed 1
: P = 3 = .wg l . - st foob.,

(spEasval SFMA0T) IOUVIVY

€8
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(Analyses done In Indusirial Laboratory, Srinagar).

KALAKOT (LOWER MEASULES).

‘3: a3 < 4 :é, -g g & & . :g.:
-~ F4 5‘ 8 - -] ] 4 1~ E-]
B g - :; = & © -, EX &
o - e L) e b+
3 3 g i R __3 2 3 i 3 23 3
| 22 2 g | B || £ & | & €8 4
3 B £ P = o ©w ©w w0 ©w © o ‘=:
'g " - . = S = o é & ] e 4
E =) < = < =) ) s, G B o | HE | =
a2 = a2 = a3 &2 = a B~ a2
§| & £ & & &= & A B B & & A
Specific gravity 142 1440 1+39 1-89 144 139 1°58 147 178
'W. B, W. B. W. Bo w . B- W- B . W- BA Bottle. BOtﬂe- B Ottle.
Molsture ‘063| o04s] o444 048 o0Ba| 008| 040 ] 0'57 0°40
. 1568 [ 1470 (15-82 g
Yolatiles 14+19 12+45 1336 1839 12+72 1542 14+96 l 1297 1460
Yixzed carbon 7020 78°13 | 7848 7754 70416 | 76°10 | 47+48 G948 67-00 85'90- 8418 | 36°70
14498 9+00 7'52_ 844 1656 8+40 36+96 14486 1830 2056 2000 4820

Ash

Sulphuor

[ Ll

Mmemen

LTI
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(Analyses done In Indusirial Labozatory, Srinagar),

EKALAEOT
{LOWER IE LOW%I}S EALAEQT (UEPPER MEASUREB).
MEASUEES), EASURES,
L] [ 3 - -t
g | ¢ 0 5
o — <
by =Y = s 3 > a3 "é o s -1
g - B <} 2
2 | & " g 3 % 3 § & % g |2
o o =] -
AERRAR AR AR R AR AR R AR AT
f: & & B g g = a 2
2 S '?; 3 o . - . N . . . . (=Fo]
B s <2 4 S B B =) S B = S )
. S {dg ) o b = - - - ~ - < i -d
& 2 £ 2 2. 2 2 2 2 & a2 2 ) =3
By & [ &= & & Y & & & [ &
Bpecific gravity 1460 {138 1448 { 162 | 161 | 1-49 ) 30 | 168 | 173 166 | 164 .
W. B, W. B, | Bcttle. | Bottle, | Bottle, | Bottle, | Boitle, | Bottle,
M M —— it . '—l—'——— —— e { o— ————— . — e | —p—— | i et | S — ] — — | —— —ar
Moislure | 110 1°10 085 140 132 138 114 1116 080 181
. %15'36 l 1788
Volntiles 1349 17°7{ 1513 | 1206 | 12718 | 12708 | 11'82 | 17°01 | 10:6¢ | 13+7)
Fixed earbon 29-84 6201 6413 | 879| 87-20 | 67v84 | 52:40 ) 44°58 | 4434 ] 4565 | p4w0| €0e18
Ash B460 | 2303 32800 233 | 46es0 | 19420 34410 | 41496 | 4270 | 86-c8 ayess | opeg
1
Bu phu' enass tenana eune LTI LU asarnn I 3427 F PP P 383 o

ESINETAqI Y

.
.

wiso Y a0 nuwnp Jo spsodap 1009

*J3



(Analyses done In Industrial Laboratory, Srinagar).

KALAEOT (UPPER MEASURES)—sontinued,

Solphur

(23T

asans

o ] g s
- - - 3
) e g 2 E < 8 S :é.
2 L = I g & > B
- & = 8 3, g £ 'g o
e |81 58 |¢2]|¢% g g | &
| ¢ g ; 8 2 .
. 3 = - B . g . =]
; B =] ~] B ~ ' A =] =] .
2 3 i |4 s | <2 | PR | 4 é d
o - « o wld | o g o < =
p = 2 e 28 [ o - i &
& - B & & o & &
Bpecific gravity 140 141 | 1°40 | 1940 | 189 | 149 | 280
W. B Bottla, -
Molstore 183| 070 ¢ 340 180| 152a| 273| 254 176
! i l 1426 ’ [ )
Volatiles ap23 | 115 L1330 | 1450 2780 | 10748 | 1046 | 1844
Fixed carbon 40°00 |- 3490 | 51°00 | 2080 | 6270 5082| 7-86| 624 31°50
Ash 3446 6290 | 84:68 | 64-00| 21'30  8+06 | 7804 | 8076 | 6880

LTI LT sagndd send tase AR D)

= Pit 8, . U, seam 4th foot,

‘ Pit; 10. U, seam 2nd foot,

il
-
)

1173
4130
45+22

[
1-66

843

20093

6016

10-48

i Pit 10. U, seam 3rd foot,

[
(<]
-3

Bottle.

644
26+52
63-22

3-82

[ Ty
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(Anajyses done In Industrial Laboratory, Srinagar).

EALAEOT (Urppn MEABURES) - continusd,

L

. . ~ ~ ~ \w. Lo —~ uw”

..nm = ._Wu D.H m; m. g m. W. .

3 m o 8 12} & " oE

A - a =] = -1 =} = .m S

- m & e e e e e =) B

B 8 g8 | g g g g _ g

(AR NIRRT S

L J - - - . - o2 - -

L Rl B | B |FE |55 |58 |88 |58 (B | 3

w S |8 [ 2 |dg (9% gy | g2 (dg | 88 | =7

£ = 2 2 e oes | oW | e | oG | ad

P4 [ A ¥ Fu (-9 & & A -
Bpecifia gravity 1438 | 1+87 | 151 [ 151 | 1%47 | 145 | 147 | 11
Bottle, | Bottle, | Bottle, | Dott's, | Bottle, | Bottle, | Bottlee Bottle,
Moistare 808 ) 1000] o] 290 | 270 | B810] 805| 200
19+00 1958

Yolatiles 28+00 20~16 18:02 16830 1550 11450 2048 11-81
Fixod carbon 6064 | €448 5232 6002 62:20 | 5998 5331 1740 356424 47:86
Ash 624 538 22-64 18478 18+20 20748 2549 88-00 41433 8834

mﬂﬂﬁ’ﬂ" fusane il (11111 [T TTY LTI e LIITTTY ﬂ-ﬂ@ h.m* LITTLTY

& &
= 3 -
3% | &3
L] L~
g4 a8
@ ea
g - £ -
.t B
B8 | BE
» 2 u O
4% | 5§
u-.m .m I.ﬁhua m
= [
148 1'368
11'98 1255
55'80 | 57+80
8128 2849
728
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(Analyses done In Industrizl Laboratory, Stinagar).

EALAKOT ? UPPER : :
(Urree Measunzs), | MEASURES, KALAKOT (UPPER MEASURIS).
o . W _ .m. - \h ; )
o - h (=9
da &, & £ | = g & g, 1 8. | 84
§ | B | =8| . 8 | g g | & g sg | 88 | g<
=2 - — M o a2 5 —~ M m =3 - -] "
Y2 | S22l 5% ; a & Bg, 2| Ay | Ag | H=
8% | EB |, 85 e g 38 | 8. i 8 S 1 w8 |y
@ m a @ 8 B - ] i & B .
g 8z | gz |jEg | | | g 8|88 |82 s ||t
., - .. . i . ~— . - [3 . .v -v ol
2 A I R E I A EN L R R R
r 42 | 88| 98 o a 8| g | ©F | 8 | w82 | “5 | Fa
‘m tuu.m uw.m n..uﬂu. & 43 ..Em ..-u@ ..wu...m .L.u...@. ..-n.l_\ .‘h.cn.\ ..—..u.(
— | & A M. ~ & & & o & A e |
Epeoldlo gravity 1+89 1-48 152 1:36 174 | 184 131 131 1489
W. B.| W, B.|W. B.| W, B, [W. B.|W. B,
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(Analyses dong In Indusirial Labaratory, Srinagar),

KALAEOT (Urrer MEASURES),

METEKA (UPPER MEASURES),
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(Analyses done In Industrial Laboratory, Srinagar),

Loealities,

METKA (UrPER MEASURES).
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(Analyses done in Indusirlal Laboratory, Srinagar),

MAHOGALA (UpPER MEASURES).
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{Analyses done in Industrial Laboratory, Srinagar),

I
MAHOGALA (UPPER MEASURES)—continued,
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(Analyses done in Industiial Lahoratory, Srinsgar).

MAHOGALA MAHOGALA ) : . .
(UrrRr (LOWER CHAKAR. DHANBAL,
MEABURES), MEABURES),
: =
- o - ] 5
. 2 g - =] 2 <t
LN [ “ @ - T a ]
< 8 3 B A p o 2 B
[ -] . - b= m .w M m
& w W w3 2 u..Ou y a .W-. @
. . o : ——
e |2 | S | <3| 8] & | |8 3 o
g I s | %5 | % =l g | g . £
S = g - 18 g 8 3 8 @ 3
g ™ | 'S t.o ] d . g - ]
2 b= b= . < . . - - P s
s & : o ] o o« @ o s by
— —— - — — r-Of
Bpeciflc gravl 149 1+41 154 S
pectlc gravlly Bottle, | Bottle, | Bottle, - m
——— SN pE— ®
: v
M gistore 1-33 18+54 ) 1028 443 1447 1470 0°30 m
272| - 1652 N m
Volatilea 1018 | 2572 17'33 18+43 22°'16 19°40 930 ..Va
) ] ]
o
Pized catbon 79:38 52'50 5994 87408 6674 7301 5319 5436 6300 3§
.-.lm.
Ash 924 824 3894 46*40 671 324 10°19 1154 2700
MHHWFB-. [T et e reanad v [T 1) arvne tesane bers

66



100 Reports of the Mineral Survey of Jammu and Eashmir,
Remarks on the Analyses.

The foregoing analyses as a whole, and more especlally

those done recently for this report, show
the class of coal in the area treated .of as
coming between a typical bituminous coal and an anthracite.
It may therefore be called anthracitic or semi-anthracite. That

is to say it contains a low percentage of volatile matter and
high fixed carbon.

Class of coal indicated.

Some of the more obvious conclusions from the analytical
Moisture : average 275  Tesults are the following : — The moisture
per cent. is almost uniformly rather-low. Onl
in two instances does the percentage appear in two figures, 1t
very seldom reaches as much as 3, and very often is below 1 per
cent. An average for the 163 analyses, in which the moisture
hus been estimated apart from the volatiles, works out at 2:75
per cent. This is about double the moisture found in coals of
the Barakar stage of the Jharia coalfield somewhat higher than
that of the coals of the Raniganj stege of the Jharia coalfield,
and very much less than the 6 or 7 per cent. which characterises
the higher seams of the Raniganj stage. The average given
above of 2-75 is rather higher than the great majority of the
analyses would yield if 14 of these in which the percentages are
abnormally high ( ranging from 8 to 17 per cent. ) were thrown
out. When this is done the revised average is about 2 per cent.

The volatile matter only exceeds 20 per cent. in about
Volatlle matters averags O iDstances, and it only drops below 10
134 per eent. per cent. in 23 instances, the average of
the whole 157 analyses being 134, Thus the volatiles are not
only less than those of any Gondwana coals of Peninsular
India, but the variation in quantity that appears in the analyses
is confined within small limits, This relative uniformity in  the
amount of volatiles (excepting in the case of some extremely
poor samples that are really carbonaceous shales rather than
coals) appears to be but little affected by moderate to fairly great
variations in the amount of ash present. Probably this msay
be interpreted, on the general assumption commonly made, 8s

being due to a steady and fairly uniform lossof volatile matter
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due to pressure and heat developed during the time the original
coal substance has reémained buried at depth and subjected to
orogenetic forces; that loss thus sustained, remaining almost
constant and unaffected by subsequent loss of fixed carbon and
by contamination with clay in outcrop exposures or by crushing
and mixing at depth.

Along with the low percentage of volatile matter, that of
the fixed carbon necessarily runs high
among - the purer qualities of coal. In
25 analyses, where the ash 1s generally much below 15 per cent.,
the fixed carbon is between 70 and 80 per cent. In 10
instances where the ash percentages are only 5 and under, the
fixed carbon rises to 80 per cent. and over, the highest reached
being in a coal from Mahogala, pit 9, lower seam of Upper
Measures, baving 83'86 per cent. fixed carbon and 132 per
cent., ash, The average of 151 analyses gave 63 per cent.
fixed carbon,

These very high fixed carbon-volatile_ratios, as found in
the purer qualities of the Jamamu coals, sufficiently bear out the
classifying of these coals as anthracitic or semi-anthracite. When
the fixed carbon percentage is less than in the abo_ve-cmed
instances, it is due 1o clayey admixture and hence the high ash
percentage. 1t is never due to any very great increase in the
moisture or volatiles present.

Fized earbon.

Coals of this anthracitic character are not found in the
Gondwana fields of Peninsular India, though those of the Bara-
kar stage of the Jharia coalfield ¢ome the nearest to them. The
latter, however, are considered to be true bituminous coale with
an average of 63 per cent. fixed carbon.

The coal of the Darjeeling Himalayas appears fo be the
only one in India having a somewhat similar anthracitic charac-
ter, due presumably to the same orogenetic causes there a8 have
been assigned to account for that of the Jammu coal.

, | eneral composition of the coal is known,
When onee the %gg ash perggzmge determines the quality.

Ash. or grade. This, as already remarked,
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varies reciprocally with the fized carbon, and the variation will
be seen to be very great. The analyses show that, omitting only
some carbonaceous shales with over 50 per cent. ash, we have,
out of 151 analyses :—

72 yielding 15 per cent. or less ash.
22 , - 16 to 20 per cent. ash.
24 , 21t080 4, o
18 7, 3ltod0 » o
15, 4itoB0 4, - 4

SPECIFIC GRAVITY.

A number of specific gravities (mostly done by bottle but
Relation of S. G. to ash some with a Walker’s balance) were
Percentage. taken of Jammu coals by Assistant Super-
intendent Labhu Ram. It was hoped to test and perbaps make
use of the empirical law connecting the specific gravity and the
ash percentage, recently worked out by L. L. Fermor (Rec.
Geol. Sury. of India. Vol. LX, pt. 4, pp. 313—357). In my
bauxite report published lately by this department, a general
connection of a similar kind had been noted between the specific
gravity and the silica content of the Jammu bauxites and
bauxitic kaolins, so long as these were not unfavourably influene-
ed by the persence of iron or titanium in unusual quantities.
The use of such a method for rapid prospecting of new "coal
seams is as obvious (if it can be shown to be reasonably reliable)
as the similar method advocated by me for bauxite prospecting.

Fermor’s rule is that the ash percentage (a) can be showh
Fermor’s rale. to be equal to 100 times the difference
between the specific gravity of the specimen

(g9) and that of a pure ash-free coal (k) of the ssme kind, Thus:—

a = 100 (g-k)
The nearest approach to an ash-free sample amohg our
Jammu rocks is the lower bed of C exposure, Metka coalfield
with its 0-92 percentage of ash, sccording to analysis. The
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specific gravity of this, determined by bottle, was 1:29; and so we
have accepled 128 as the standard value for £ in the equation,
(which is.also the value found by Fermor for his Korea coals).

. Thirty-one specimens tested in this way —that is to say by

Application of Fermor's comparing the BCtuagl ash percentage as
rule to Jammu coals. found by analysis with that caleulated by
the equation —gave a plus deviation, and 25 gave & minus devia-
tion, The average of 31 plus deviations came to 4'4 and that of
the 25 minus deviations came to 6-5. In both cases there were
a smaller number of large deviations, 18 being the largest individ-
ual deviation on the plus side and 22'8 on the minus side. A
very large number on the plus side were round about 1.

The conclusion is that the method has considerable value in
the case of the Jammu coals, It would probably have proved
still more valuable and precise for our purposes if we had been
able to carry the investigation further and make a set of velues
for £, the specific gravity constant, from very careful analyses of
slected bright coal, ash-free, pieces, selected from all the
different seams and coalfields. This subject merits the attention
of future survey parties in these conlfields as a rapid field method
for estimating the ash approximately, preparatory to detailed
sampling. - ‘

COKING QUALITIES.

A good deal of these Jammu coals cakes more or less
A comalex qusstion: ex-  Strongly- From this and from its general
periments. made on Indian composition one would expect that it would
coals. form coke suitable for metall}n'glcal and
other purposes. The coal from Kalakot coalfield, pit 16, Bey-
Goa area, has been stated to coke strongly by C. S. Fox (Presi-
dential Address, Geology Section, 16th Indian Science Congress
Madras 1929 “Geological Aspects of the Formation of Coal
p. 6). R.R. Simpson stated (p. 38 of bis meplo:r) .“the coal from
the drives on the Ladda slope cokes strongly if subjected to great
heat, elsewhere the coal only occasionally exhibits coking quallht-
jes”, Since Simpson wrote his memoir the whole question of the
coking of Indian coals has been studied in detail and many
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experiments have been made for the production of hard and soft’
coke for metallurgical putposes and for smokeless household fuel
respectively. The hard coke for metallurgical purposes has been
found to be largely a matter of finding the right mixtures or
blends of different kinds of coal in varying proportion. (See C. S.
Fox “Note on Coking Tests on the Gondwana Coals”, Rec. Geol.
Sury.: of India, Vol. LXI, pt. 8, 1928, also Balaram Sen on
“Coking Coal, its Nature and Synthesis” Quart. Journ. Geological
Mining and Metallurgical Society of India, Vol. I, March and
June 1928). ‘ :

It is clear from the complexity of the subject as indicated in
Systematle experiments the publications referred to above, that
on Jammu eoals advocated. nothing short of extensive experiments
carried out of set purpose will be able to show to what extent the
Jammu couls can he made to form coke of any particular
quality. Some of them we already know do coke strongly of
themselves ; but there are probably many more that by judicious
selection and blending could be brought to the coke-producing
condition. It is work that will have to be undertaken soomer or
later in the interests of any metallurgical industries that may be
started in the State,

BURNING TESTS.

Burning tests made on the coal from the coalfields described
in this report have not as yet been carried
. j out, except such as could be done ronghly
i ordinary fire-grates. These latter showed the coal to burn with
very little flame for most varieties and the evolution of apparently
much heat so long as a proper draught was maintained, The cogl
showed great lasting qualities, which is what one would expect
from coal with such very high carbon content. The great diffcul-

was preventing the soft varieties from crumbling and dropping
through the bars. The hard varieties, such as those from the
Lower Measures, Kalakot field, gave no trouble whatever in
this respect.

I Dre-grites,

An extraordinary feature was the clear and vigorous hot f
made with hard pieces of the anthracitic shale fromg;its 7, 08 arfs
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13. a. in spite of its 30 per cent. ash. The reason for this may be
connected with the free draught permitted between the hard pieces,
which never changed shape throughout the combustion to the very
end.

Coal from pit 16, Ber-Goa, Kalakot field, was successfully
used in a portable hand-forge for smithy
work, and was cheerfully accepted by the
local blacksmith in camp instead of charcoal for sharpening
tools, ete.

In hand-forge.

Tests on coal from the new drives made this year (1929)
Locomotive and other 1D the vicinity of pit 17, Kalakot coalfield
steam-engine tests. Lower Measures, are being arranged to be
carried out on the railway and in the sieam-engine of the Jammu
Waterworks., Their result will be awaited with much interest, as
a further practical trial for the hard coal of the 17 £t. bed at Ber-
Goa, in extension of the trials made in 1903 and described
by Simpson.

Those 1903 trials were from coal from the ecastern areas

Tests in 1903 of eastern  (Ladda slope, Lain, etq.) and were partly
area coals. successful, the great difficulty being the

crumbling and dropping through the bars of the soft coal and the
briquettesg as then tu%ne% out in this country.  The results of these
irials are quoted below in tabular form :—



Summary of comparative burning fesis at Jammu Waterworks,

houxr,

Spacing | Maunds Percent-
Coal from Variety of fuel. of fire- burnt | Stoking |age of ash
bars. | perhour.| details. | & cinder.
Bengal Hard lump " 943 [Thricedur- 263
ing 8hoyrs.
Selected hard, dry 3 6-0!1 .
firewood. -
B. drive . | 8"—6" lumps §" 2+66 (Thrice dur- 23}
ing 8 hours.
Do. 37--2" nuts & 266 Do, 367
Do, +. | Briquettes 4 3'83 (Every hour 39}
Lain drive .. 1 3*—6" lumps, soft 3’ . 4°69 Do, 43}
Do, Briquettes .- & 3:91 Do. 204
Jungle drive . Do. ‘e 3 506 Do. 333
Do. .. | Coal dust . = 420 | Thrice 61
every

| Heat value,
Bengal coal
being 1.

ReMARKS,

091

091
0°64
0-52
062
0-48

034

040

Conl dropped
through the
fire-bars,
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Detalls ot Iocomotive trials with Ladda, Dandot and Bengal eoal on the Norih-Western Railway.

in briquetigs.

. L
g !4 g | 5
i & | B | Bg
g% % | s
B | 3 - s | &3
-}
Date, Runs were betweon @ | .2 | Desedption of fuel. | 3 ¥ REMARKES,
B |gl| ¢ cE| o
B Bl 2 Ba | B
= | 2A| 2 53| 5%
A |-« - M~ Ay
8th to 13th July, | Lahore and Lala | 403} | 226 | 353 | Ladds con) 94 per cent.] 0:11 | 663 | No clinker,
1903. Musa. Pitch in briquettes 6
peor cent.
3rd to 5th and Tth | Lala Muza and 628 | 925 259 Do. w | 015 | 652
September 1903, | Kundian,
14th to 19th July, | Lahore and Lala 483} | 21-5 | 336 | Ladda conl 98 percent.| 0-16 | 6:11 | Brigucties extreme ly
1904, Musa. H.eal 3 fragile. After rain a
L_xme . -1 Etack of 10-tons wap
in briguettes. reduoed to pulp, Clinker-
! ed alightly,
zngo 130 17th July, Do. - | 493} 23 | 300 | Laddacoal .. 97perl 0-17 | 5:06 In tromsit from factory at
1903. L cent, Harenpur to Lsla Musa
me - 3 p:r (51 miles) 26 per cent. of
cent,

the briquettes crumbled Lo
duat. During trial 10 per
cent. of specially-selected
briquettes crumbled to
Pisces. Clinkejed badly,
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Details of locomotlve trials with Ladda, Dandot and Bengal coal on the North-Western Rallway.—{sontinved),

l

5 o
&1 4 Tk
o
2 E o -
E:! > i =
o~ w -3
2| 2 | | =8
Date. Runs were between 2 :én Deseription of fuel. | '8 2% REMARKS,
' & | g wd | EF
g le.| & 52 |58
E | S| & 28 =28
o g ) 8 e 'E b
= | g2 g 58|88
= [ & 5 2 g
2 - - o &
| 231d Janvary, 1004 Lala Musa and 45| 19| 230 |Laddacoal .. 92 per | 0-3¢ | 845 | Coaland clinker obstruct-
Mekarwal. cent. ed fire bars. Average
Pitoh -« 8per ateam pressure ounly 80
s cvent, pounds per square inch,
in briquettes. Two hours’ time were lost
: on run. Briquettes ex-
tremely soft and _muoh
worse than those with 6
ger cent. only of pitoh.
2 por cent, orumbled to
. dust during transit from
faotory.
20th to 28th July, | Lahare and Lala 493} | 21-5{ 339 | Dandot conl.. ‘92 por | 0+18 | 457 | Trials made in wet and
1903. Musa. oent. windy weather. Clinker-
Pitoh «» 8per ed badly.
cent,
‘ in briquettes.
4th March, 1002 tol Lahore, Phillour 10,0403 24'4 | 306 | Goal from 15 Bengal | 0-136| 6:05
27th June 1003, | and Lala Musa, collieries, ;
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"Mr."Simpson remarks on the locomotive trials : —

' oo .
“Ag far as.actual fuel consumption is concerned, Ladds
_ coal, except in test No. b on 23rd January showed up exceedingly
-well, Inevery ‘test, except the one just mentioned, it was
7 _ guperior to Dandob coal, and in one test it was actually. consider
.. .ably superior. to Bengal coal. Great trouble was, however,
-experienced in. burning the coal properly owing to the fragility
of the briquettes, and this became s0 accentuated in the final
test, when briquettes made with 8 instead of 8 per cent. of pitch
were used, that'the experiment had to be abandoned before
one-third of the contemplated run had been completed.”
There should be no difficulty now-a-days ini making briquet-

s that will stand all the regiired tests.

- *EVAPORATIVE FACTOR. -- -
"+ Asg alréady remarked, no tests were able to'be carried out in-
- _the Todustrial Laboratory, Srinagar,! ‘with
G .. the bomb calorimeter ; but .a number of
figures are given, in Simpson’s analyses (see pp. 82.88) of the
évaporative factor(pounds of water evaporated per pound of fuel),
Only the better quality..coals .were 0, tested, but the figures are’
sufficiently significant, The average of these, for the 36" samples’
80, tested, is . 1227, which is. not far below, 1279 the average
évaporative factor for eight :of the principal seams of “thé ‘Jharia
coalfield (See “Coalfields-of India”, Mem. Geol, ' Surv. ‘of "India,
Vol.. XLI, 1913,.p. 23). Some particular 'examples of  the
Jamma coals given, such as the 5. Mahogala coals, one from each"
of the places Chakar, Kalakot, Nadia No. 2, Ponra camp sand-
Nimbal,. have an. evaporative factor of over 13, one ea.ch from
Chakar and Tkni of over 14, whilst one from’Jhaltutunia (Kalakot
fiéld) reaches 1515 and another from Chakar 15:35. 7 ™ 17

Graphite, as has already been noted, is present to the extent

Mannlactsred :’mpme . of about 12 per cent. In the coal of Dhansal.
cirbon electrodes. - - -+ It is :highly probable ..-t.,hatx m_ucl:l11 of t t:
Metka and: Kalakot crushed coal:is a]so.graphlgc. likt a iﬁ?‘a
the ‘last- two ‘have :some graphitic q ahfies an ma § up to”

LI

Simipson’s results guoted.

Lo R . g
. ¥

Ty

! See ‘Ei_,phinot_é_ on pige,Sl. L
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good black oil-paint and drawing ink (Indian- ink). It seems
certain that a good deal of the very rich varieties could be readily
converted into manufactured graphite ; and that, if and when the
bauxite deposits of the neighbourhood are used for maki
aluminium at the Dhian Garh hydro-electric site on the Chenab
River these very rich varieties might very well be experimented
with in an attempt to manufacture carbon electrodes.

QUANTITY OF AVAILABLE COAL,

The remarks in the immediately preceding sections of this
Comparisons with other TePort have shown the quality of the coal
coalflelds. beyond doubt to be high, or in some cases
to be above the average for Indian coals, from the point of view of
steam.raising and probably for metallurgical and other purposes.
We must now consider briefly the subject of the quantity
available in a way more general and summarised than so far has
been attempted in the descriptive sections of this report. In
doing so certain comparisons must be made. Comparisons with
the coalfields of Bengal and Behat and Orissa are not of ¢course
favourable to our Jammu fields. Our two, three, or even in
some cases more seams, and the total thickness of the coal
measures, reaching 200 feet or so, make a poor showing compared
with the 14 or more worked seams in the Raniganj coalfield and
the 18 in the Barakar stage of the Jharia coalGeld—these
numerous seams, aud other subsidiary ones, extending through
a thickness of many thousands of feet of coal measure strata.

Fortunately, however, for us these latter extensive deposits
Gondwana oozl 700 mites  Of c0al, a5 well as others belonging to the
wway. . Gondwana fields of Peninsular Indis,
yielding their twenty .million tons a year, are situated far

distant from Jammu, the nearest of them being 700’ miles away
as the crow flies,

It is more to the purpose to compare our available coal

Punib and Baluckistan, WD thut of more neighbouring aress,

. ] su(_:h as the few thin seams of Baluchistan
and the Punjab with their outturn of about a hundred thousand

tons a year. Of these the most successful in & small way bave
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been the Khost coalfield where two seaws of 26 and 27 inches
are known, and the Dandot and the connected fields of the
Punjab with their single seam of from 18 to 39 inches.

In marshalling oixr Jemmu resources for this comparison,

: : must refer back to the descriptions of
Thickness of seams. the separate fields. In the Kalal?;ot area
we have a Lower Coal Measure seam or seams which are locally
17 feet and 6 feet thick ; but as to their extension beyond a
circumscribed area we have at present but little information. We
have a fairly continuous 4 ft. upper bed of the Upper Measures
and middle or middle and lower seams, of 2 to 24 feet. Very
recent information received from the field party at work there
?’hows the 17 ft. bed increasing in places to 21 feet and in the
igini area the upper beds of the Upper Measures similarly
increasing locally to 24 feét in thickness. In the Metka coalfield
I have estimated that the thrée coal seams average 5 feet in
thickness. In the Mahogala coalfield the three or more seams
total 12 feet in thickness. In the Chakar area a preliminary
investigation has shown two or three beds totalling about 5 feet,
and similar incomplete investigations at Chinkah show still
thicker beds at least locally. In the Dhansal-Sawalkot area a 4 ft.
bed of graphitic coal has been established over a portion of the

field and a 1% ft. thickness for the upper bed.
Thickness Problems.

The following points may be noticed with regard to the
thickness aspect of our coal resources :—

(1) The minimum thickness that it will pay to work
depends on local circumstances. One foot was the
minimum adopted by the Royal Commissioners in
their 1905 report on the British coalfields.

2) In the South Wales coalfield, the seams are 1t012
" feet thick, the average being 24 to 3 feet.

erience in this country and

(3) On account of inexp el coals, % et

roof difficulties with soft an



112

AT e

+"Such -

- Hecessarily a disadvan
“*since the thickening ]

Réports of the Mineral Survey of Jammu and Eashmir,

- be' safe to take 21 feet as the limiting {hicknesy
+* for workubility atleast foi the present.. A 4 to
" '6 ft. seam'is & very useful thickness; and: regarded

23 a type of whata really good coal seam should be.

1

(&) Whilst « thickness of % feet is comﬁ:lon 1n the coal:

‘fields described in this report for the middle or

+ “‘lower bed of the Upper Measures, the coal of which

“is “often fairly firm ; the remaining seams of the
"Upper Measures, containing-a frequently richk bub
soft and’ crushed coal,” have  variable thicknesses
rafiging from 4 feet to 6 or even to 10 or 20 feet
locally. The evidence furnished by the long drives
made in the Ladda field and described by Simpson,:
ds well as the evidence of seams in -the Kalakot
and’ Metka fields show clearly that these soft coal
géanis, starting perhaps with a -thickness of about
4 feet’ everywhere normally swell out in places to
the higher figures given above and thin-away to 2
‘feet or under in other places. This must be regard-
ed a8 a' perfectly natural effect of the severe folding.

“which the rocks have suffered: The soft, rich coal

'of ‘thesé seams, once its coherence had' given way'
80 'Ehat- it had become a powder “or paste, Was
obviously in the best condition for being thrown
Into waves cohsisting of swelled out portions where
the downward pressure was least and thinned out

“portions where the downward pressure was greatest:

the coal in fact became “rucked up” into thickened:
bulges like a pillow under unequal pressure.

fi_lyﬁhln}'tc variations in thickness are. not found in
areas like those of the Gondwana coals of Peninsu-
lar India, where the folds into which- the strata are
thrown are of a gentler kind. They are not
tage for “working purposes,
ometimes converts parts of 8

t.hilrl bed into a workable seam.

- l 5 ..- ‘, : . ; ‘I :
] I B S T . Vs
From'all the sbove comparative remarks we-can rest assured
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that the coal seams in these Jammu fields that have been the
more carefully explored are of average thickness, as a rule well
above the limit of workability, and very much better in this
respect than the thin seams of Dandot and Khost. Occasionally
the thickness is equal to that of such celebrated seams as the
Dishargarh seam (18 feet) and the Sanctoria seam (10 feet) of
the Raniganj coalfield.

Quantity Problems.

When we come to consider the problems connected with
the amount of coal available in these areas,
certain difficulties must be explained. In
the first place, as already stated in the section dealing with the
general geology of the area, the Jammu coalfields are not coal
‘basins except to & limited extent in the case of the Lower
Measures. The coal is-exposed along the crests of a set of
elliptical anticlinal domes, and hence the seams dip continuously
away ‘from ‘the outcrops to unknown depths, In the second
place we have to make allowance for the thickening and thinqing
of the seams due to squeezing of the soft crushed coal into

local bulges.

' Difficulties,

Certain miniinum totals for each of the fields have already
. been estimated in the “conclusions™ ap-
Reliability of conclusions. pended to each section of the descriptive
part. Those arrived at for the fully surveyed fields are more
reliable than those made for the long stretches of outerop
between the Chakar outcrops and the Chenub River. At t.t_1e same
time they are more limited as to area and they do not include
those parts that have not yet been finished surveying and those
parts which, withous the least ghadow of doubt, underlie the
~ intervening areas between the coalfields. They are also limited
to the narrow width of 1 mile or less out from the ocutcrop,
such that the depth worked would not exceed 1,000 feet.

Tabulating these here we have :— Toms.

9,000,000
5,000,000

KalaKOt  consceees sonnsenns sasvononsasios

Metka sieadg it dses IpnRan saevessene st redase
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Tons.
Mahogals .cooei cevier v enene veeneenes 4,000,000

ChBKBE venvacsorver venmserse sunessseneos s 9,000,000
Other areas W. of the Chenab River .. 6,000,000
Dbansal-Sawalkot ........ «eiseeroeseraes 9,000,000

Total ... 42,000,000

With regard to this estimate it should be remembered that

a wide margin of safety has been allowed

Wido margln o s3(el  for Joss arll:g thionings Zway, and also that
the intervening areas between the three surveyed fields and the
unfinished parts have not been included in the calculations.
But, most of all, the limit of 1,000 feet depth has affected the
calculations. This short limiting depth has been adopted because
of the difficulties inherent in carrying on deep -mining in a
country new to the work and which will be for. long perhaps
without experience and material means for working to great

.depths.

But depths of 4,000 and 5,000 feet have for long been the

Depth limits. recognised limits in England and Europe.

Hence it will be seen that if we only double
. the depth and make it 2,000, we shall still be far from the

European limit and the yield would be twice the above or even
more, since additional areas proportionately would be inclnded.

Thus 100,000,000 tons is not an impossible amount to look for-
wm;:}i1 t{;lo when the mines are worked properly by up-to-dﬂ-te
methods. I

Another consideration that may seriously affect the amount
New dlscoveries. of coal is this : new seams or pew snd

. . greater thicknesses may be found by further

Eienfﬁei Mey d explo?ﬁon by deep boring. For instance
easure ma i .

besides those at Bey. y be found in other detached basins

Goa and Sair ; whilst over the large aress
outside those which have be 3 r the larg s
seams, at present hidden fr?:nals?:dy mapped in detail, more

- bt
during the further progress of the sv;;-v?;y well come to Ig
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At least results of this kind bave so far invariah] ttend
the efforts of the Miners] Survey. ¥ attended

ACCESSIBILITY OF THE COALFIELDS:
COMMUNICATION LINES.

At present there are no rail or road communications beyond

No graded roads or rall- Jammu in the direction of these coalfields,
ways heyond Jammu, and only & canal and unmetalled road part
of the way as far as Akhnur on the Chenab River. The survey
work done on the coaltields so far, and all the proposed work for
the future that may be done towards proving the coal, are
necessarily based on the assumption that proper communications
will be established, something on the lines shown in the outline
map (PL 7 ), before any of the coal can be raised st a
- profit. I have briefly referred to this matter in discussing com-
munications for the Kalakot field, and the same has been tacitly

assumed in the bauxite report.

In setting about the work of oommuniczﬁons }it hwiu be
ay much better to go straight to the heart of
ee:ﬁlr:f‘ fhe hest mallwy things by building a ralﬁway to Riasi, than
to accept any temporary and cheap palliative, such as a short rail
connection from Jangal Gali vid Tikbri to Jammu Tawi. The
latter would mean only a short run, it is truez but at the same
time would only open up the southern portion of the Ladda
coalfield and nothing more. The intervening ridge of Sukhwal
Gali to the north is an absolute barrier to any further extension
in that direction. Thus the rest of Simpson's Anji valley
portion of the Ladda coalfield would in any case have to find
an outlet for its coal through the mountains vid the narrow
gorge of the Anji river, Riasi and the Chenab valley.

Simpson only considered the transport question as affecting

A centre I:lso for .,z;;e, the carriage 9f coal to N. W, leway.
metal industries. The larger view, tbat the cgal of t!:xe
Jammu fields will certainly be wanted for the bauxite deposits
of Chakar, Sangarmarg, Salal, etc., and probably fozc-1 other
metalliferous minerals such as the hematite of Kbandli, the
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zincblende of Darabi and the copper ore of Gainta (all of which
were unknown in Simpson’s day), is an additional argument for
making Riasi the great rail centre, from which branch lines or
tramways or other secondary means of communication will
diverge to the various centres of mineral interest. Riasi, as a
railway centre, would also be conveniently situated for the
proposed hydro-electric station of Dhian Garh, which is an
integral part of the scheme for utilizing the bauxite for making
aluminium, as well as probably a paying thing in itself for
power generation and transmission.

The opening up of the Chenab valley and also of the

Less Inaceessible than any  beautiful dun-like country west of Riasi
other mineral centre. in this way may seem a costly undertaking.
However, this question of cost is after all a relative one. If we
consider the remaining areas of His Highness’ dominions, which
stretch away through a great complex of mountain systems, We
shall be forced to admit that Riasi (as a centre for coal, bauxite,
Iron, zine, copper, lead, as well as for the minor minerals like
refractory clays, china clays, steatite and barytes) is the best
situated of any other mineralized areain Keshmir for com- .
munication with the plains of India and the outside world
markets. If then the Riasi railway project is too big to finance
now, we must a fortiori rule out the development 'of all other
less accessible mineral products in the State, with the exception
perbaps of those worked for purely local purposes and precious
stones and metals, which latter of course are in a class by them-
selves and may be considered to some extent as independent
of graded roads and railways—at least we must rule them out
until air transport has definitely superseded hill railways, which
it may do some day, since air routes need no ‘permanent way’

nor expensive (and vulnerable, in time of war) bridges, any more
than ocean routes do, ’ ) ges, any

In fairly easy country & 30 or 40 miles of railway connect-

ing Jammu-Tawi with Riasi ought : .
minded industrialist. ught not to discourage the seriously
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MINERAL SURVEY OF KASHMIR.
Plalr:i

GORGE IN GREAT LIMESTONE, KALAKOT.
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UPPER COAL MEASURES OVERLYING BRECCIA, SAIR,
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UPPER COAL MEASURES, SAIR,
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PIT 17 a, AND COVER-ROCK, BER-GOA.
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Plate B

COAL FACE PIT 17 b, BER-GOA.
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COVER-ROCK AND PIT 17 b, BER-GOA,



