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ABSTRACT

The Agglomeratic slate series which is several thousands of feet in vertical thickness covers
a wide area in the Kashmir State. Large parts of this formation have been regarded of pyro-
clastic origin.

A petrographic study of the slates from several outcrops in the vicinity of Bren, near
Srinagar, has revealed that the coarse-grained variety is composed of an unsorted angular debris
consisting of quartz, felspars and rock fragments which lie in an abundant devitrified glassy
matrix. The fine-grained variety is predominantly glassy and contains numerous dark, lensoid
patches of partially devitrified glass which probably represent the drawn out and collapsed
pumice lapilli. The presence of glass in cracks in quartz grains indicates that the tuffaceous
debris was very hot and mobile at the time of its formation. These characters are suggestive
of the fact that the rocks were originally rhyolitic crystal-vitric welded tuffs which have been
subsequently metamorphosed, devitrified and altered to a felspathic quartz-sericito slate.

2
INTRODUCTION

This study was undertaken in order to make a detailed petrographic
investigation of the Agglomeratic slates and to see what light it would throw
on the nature and origin of this interestirg and conspicuous formation. To
start with the outcrops of slates in the neighbourhood of Srinagar have been
studied, but it is hoped that this investigation will be extended to the other
areas of Kashmir where this formation is exposed.

The area, situated at a distance of about 8 miles due east of Srinagar,
was visited by the senior author in the summer season of 1959. The Agglo-
meratio slates outcrop along the base of the hill bordering the Dal Lake from
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Gopkar to the Shalimar Garden. The famous Moghul gardens are laid on
the lower reaches of this hill and it is often a beautiful sight to see its sharp
features reflected in the clear waters of the lake. The upper part of the hill
is formed of Panjal trap, while the Agglomeratio slates outerop below the
trap and are well exposed at Bren spur (near Chesmashahi), and at a number
of places along the uppermost canal, from behind the Nishat Garden up to
the Agricultural Farm. The outcrops of slates at Bren and on the spur about
midway between the Nishat and Ishbar hills are specially well exposed. The
specimens described here were collected from this spur and the adjoining
exposures.

The Agglomeratic slate series is a thick sequence of pyroclastic debris,
several thousand feet in vertical thickness and extending over a large tract
of the country. It builds up many of the high peaks in the hilly terrains of
Kashmir and has played an important role in the physiographic evolution of
the area. This formation consists of greywackes and slates with angular
fragments of quartz-porphyry, granite, slate, etc., dispersed through it
irregularly. Fossils are generally absent, but in some beds a fauna ranging in
age between the Middle Carboniferous and Permian has been found. At
certain localities the slates contain lower Gondwana plants associated with
sandstones and shales containing a marine brachiopod fauna (Bion and
Middlemiss 1928; Wadia 1934). Two views have been held regarding its
origin; one that it is due to frost-action, with transport of debris by floating
ice masses, and the other that it is a product of explosive volcanic action and
subsequent deposition.

GEOLOGY OF THE AREA

Lydekkar gave a general account of the geology of Kashmir in 1883, for
the first time. He named this formation the Panjal Conglomerate. The
basic lavas lying immediately above were referred to as the Panjal Trap.

Middlemiss (1909) made a study of the Gondwanas and related marine
systems of Kashmir and, in the light of his survey, made important modi-
fications in Lydekkar’s work., The name Agglomeratic slate was used by
Middlemiss (1910, p. 232) for the formation described previously by Lydekkar
as Panjal Conglomerate. This author revised the Silurian-Trias succession
in Kashmir and gave the following stratigraphic sequence :

Upper Trias

Muschelkalk

Lower Trias

Zewan or Permo-Carboniferous
Gangamopteris Beds (Lower Gondwanas)

Panjal Voleanic Flows
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Agglomeratic Slate
Fenestella Series (2 Middle Carboniferous)
Passage Beds
Syringothyris Limestone Series (Lower Carboniferous)
* Muth’ Quartzite
Upper Silurian
Lower Silurian and (?) Cambrian

Middlemiss (loc. cit.) drew attention to the complex mineralogical and
textural composition of the Agglomeratic slates, and concluded that it was
some kind of a clastic deposit, very poorly sorted and often containing large
angular to subrounded fragments. These lay at random in an otherwise
vague, clayey or flour-like matrix. On these and similar evidences he con-
cluded that the rock was not an ordinary water-laid accumulation of sedi-
ments. He observes: ‘ There seem to be two main natural agents by which
such a widespread and uniform deposit might have been accumulated,
namely, (1) explosive volcanic action, and (2) frost with ice transport’. As
an evidence in favour of the pyroclastic origin of these rocks he cites the
intimate association of the slates with the overlying traps. On the other
hand, the absence of glassy and pumaceous matter in the rock matrix and the
fact that the slate series is, according to him, homotaxial with the Talchirs
of Peninsular India and the glacial boulder deposits of the Salt Range, point
out to a possible glacial origin of this formation, although no faceted and
striated pebbles have ever been found in these rocks. This author; however,
favours a pyroclastic origin, and says: ‘...I regard it as an accumula-
tion of clastic and sedimentary material formed round ruptured portions of
the earth’s crust which eventually became foci for the extrusion of basic lava
flows. At the same time the alternative hypothesis should not be lost sight
of, nor the possibility that the formation was a joint product of both sets of
activities combined with ordinary sub-aerial sedimentation ’.

Subsequently, Bion and Middlemiss (1928, pp. 12-13) showed that not
only does the thickness of the Agglomeratic slate series vary considerably,
but its base also varies much in stratigraphical position. They observe:
‘In the Marbal area its limit coincides with the lower part of the Moscovian ;
in the Lidar valley it coincides with the upper part of that stratigraphical
unit, and in the Nagmarg area with the upper part of the Uralian merging
into the Artinskian ...’. The authors have further shown that the
Agglomeratic slates are generally overlain by the Panjal volcanic flows when-
ever the two occur together in a given section. Moreover, in its uppermost
parts, the slates are interbedded with the flows. On these and similar
relations subsisting between the two, these authors suggest the possibility of
their being genetically related to each other, the Agglomerates being the early
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manifestation of the igneous activity. In view of this, they are more inclined

to a pyroclastic origin of the Agglomeratic slates.

During the course of his observations on Agglomeratic slates in the central
parts of the Pir Panjal, Wadia (1928, p. 235) obtained ‘more definite evidence
regarding the true volcanic, pyroclastic nature of a fairly thick zone of the
slates’. He considers that these rocks are ‘a compact volcanic tuff, with a
matrix which is largely divitrified, but leaving some unaltered original glass’.
Regarding the age of the slates Wadia (loc. cit., p. 238) observes: ‘Mr.
Middlemiss has assigned a Talchir age to the Agglomeratic slate and my
repeated observations of the conformable passage of this partly land and
partly shallow-water marine deposit into the coarse boulder-conglomerate
at the base of the Gondwanas lead to the inference that there is no difference
in the age of the two deposits and that the one may indeed be the local
representative of the other ’.

Wadia (1934, p. 156) observes that there is a very close connection be-
tween the Agglomeratic slates and the Panjal Trap and that they are the
products of ‘contemporaneous volcanic eruptions’. He further states that
usually the Agglomeratic slates lie below the traps, but at many localities the
slate ‘replaces the traps and ... it passes both vertically and laterally
into the lava flows’. This author has also shown that both, the marine
fossiliferous sediments and the plant beds associated with the slates, contain
considerable amount of volcanic debris, thus confirming its pyroclastic origin.
He considers the Agglomeratic slate series to be homotaxial with the Talchir-
Damuda series. )

A detailed sequence of the Panjal series given by Wadia (1953) is as
follows:

‘ 5. Bedded green and purple traps,
several thousand feet thick.

4. Greenish ash-beds, slates, and Ag-
glomeratic quartzites with amyg-
daloidal traps.

3. Black and grey Agglomeratic slates

Aggregate thickness some thousands (tuffs) with thick beds of conglo-

of feet merate containing subangular
pebbles of quartzite and slate.
. Whitish quartzite and sandstones.

1. Black Agglomeratic slates (tuffs)
with angular or subangular pebbles
of quartz, slate and gneiss.

Ganju (1957) made a detailed physiographic and geological study of the
area around Gulmarg and he agrees with the views expressed by Wadia.
78 :
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PETROGRAPHY

The Agglomeratic slates show several extraordinary features which make
their study interesting. The wide range of particle size, association of
rounded and angular fragments of various kinds and their peculiar compo-
sition are specially noteworthy. '

The slates yield rapidly to weathering and often the outcrop is a crumb-
ling mass of debris as shown in Plates XVI and XVII. 'The rocks vary in colour
from various shades of grey to light green. The fine-grained variety is the
predominant type and a characteristic feature is the presence of sharply
angular or rounded cavities scattered all over the surface in large numbers.
This feature is clearly seen in Plate XVI, which shows a slightly weathered out-
crop of the slate. According to Middlemiss (1910, p. 283) these cavities have
been formed as a result of removal of the fragments during weathering. The
fragments are usually composed of quartz, felspar, slate, quartz-porphyry,
quartzite, etc. In addition several specimens show fragments of some un-
identifiable fossil brachiopods.

Wadia (1928, p. 234) has described these rocks in some detail. Accord-
ing to him the series consists of a thick sequence of greywacke-like rocks show-
ing poor cleavage. While describing some thin sections of the slates this
author (loc. cit., p. 236) observes: ...it is a fine voleanic tuff, composed
of a black, opaque matrix at some places and a devitrified glassy matrix at
others, in which are scattered well-shaped phenocrysts of orthoclase, plagio-
clase and quartz. The larger felspar plates include muscovite and chlorite.
A few grains of unaltered pleochroic hornblende are also present. In another
slide, ... a number of mesh-formed bodies, composed of reticulated fibres
with dusty magnetite inclusions suggest their alteration product (Serpen-
tine?)’. In the same section he has noted the parallelism of microlites in
the groundmass and interprets this feature as a result of flow movement in
the ‘still plastic, hot mass of glassy tuff’. Wadia has also described a coarse
variety of the Agglomeratic rock consisting essentially of angular quartz and
scattered grains of orthoclase and muscovite. This variety, according to
him, ‘shades laterally into the finer grained, normal black Agglomeratic slates’.

Two types of Agglomeratic slates have been observed in the present
collection. One is a massive and coarse-grained variety in which the con-
stituents of the framework make up as much as 50 per cent of the rock; the
other is a fine-grained, cleavable type with abundant micaceous and clay-
like matrix which often exceeds 65 per cent. These two types are clearly
distinguishable even in the hand specimen and will be treated separately.

Coarse-grained Agglomeratic Slates

Plate XVIII, Figs. 1 and 2 show the general nature of the rock under low
magnification, Its most striking textural feature is that the detrital matrix
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in which particles of various size are scattered is present in considerable
amount. The constituents of the framework show a wide and continuous’
size variation from small particles to large fragments which may be up to 4
mm in diameter. The small particles of the framework are hardly distinguish-
able from the material constituting the matrix and according to Williams
et al. (1955, p. 297 footnote), an arbitrary limit of 20 microns may be
fixed for distinguishing between the two—particles smaller than the limiting
size may be regarded as constituting the matrix, while larger grains form
the framework. As the matrix is fairly abundant, the larger fragments show
few points of contact and this has resulted in a partial disruption of the frame-
work.

Another important textural feature exhibited by these two figures is
the enormous variation in the absolute size of the detrital grains. The rock
-.shows very poor sorting of the detrital constituents.

The roundness of the framework constituents varies considerably. This
is shown in Plate XVIII, Figs. 1 to 4. Most of the quartz grains are angular to
sharply angular but the large grain in Fig. 2 and the one above it on the left-
hand side are well rounded. A few subrounded grains occur in the left-hand
central part of Fig. 3. Rock fragments are sharply angular, but felspar
grains are subrounded.

The composition of the slate is complex and several types of components,
differing in their textural and compositional characters, make up the bulk of
the rock. Quartz is by far the most dominant constituent of the framework,
the size of most of the grains varying from 0-2 mm to 0-5 mm. A few larger
grains also occur sporadically as seen in Plate XVIII, Figs. 1 and 2. The large
angular quartz grain in Fig. 1 shows two prominent cracks, but the broken
parts are held together in their proper position. It is interesting to note that
while the crack in the left-hand portion is empty, the one in the right-hand
side is filled with dirty brown glass similar to that found in the matrix. A
less common feature, though genetically significant, is the presence of broken
euhedra of quartz showing deeply corroded margins as shown in Plate XVIII,
Fig. 4. Quartz grains of this type are known to occur in rhyolites (Harker
1956, p. 138; Williams e al. 1955, p. 126).

Both potash and soda (oligoclase?) felspars occur. in small amount,
Potash felspars which greatly exceed the soda varieties occur as subhedral
altered grains invariably surrounded by a reddish coating of iron oxide, a
feature clearly seen in the two grains in Plate XVIII, Fig. 3. The outline of the
grains closely resembles that of sanidine crystals and the reddish coating may
have been produced as a result of magmatic reaction at the time the crystals
were ejected from the volcamc vent. Soda felspars are generally fresh and
show the usual characters.-

Fragments of qua,rtmte and ﬁne grained acld volca.mc rocks ooccur
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occaSiqnaIly. A voleanic rock fragment, showing an angular outline and lying
in an otherwise fine and glassy matrix, is seen in the central part of Plate XIX,
Fig. 1.

Euhedral flakes of highly pleochroic biotite, often with resorbed borders,
are seen to occur sporadically. Some euhedral grains and a few irregular
patches of magnetite dust probably representing completely resorbed biotite
and hornblende grains are present. No unaltered grains of hornblende have
been observed to occur in any section.

The matrix in which the constituents of the framework are randomly
embedded consists of a fine-grained mixture of quartz and sericite lying in an
abundant glassy base which is much devitrified and charged with magnetite
dust. A general view of the matrix under low magnification appears in Plate
XIX, Fig. 1. ' '

Devitrification of glass and sericitization of the felspar grains has given
rise to abundant sericite which occurs in colourless fine folia or irregular shred-
like plates in the matrix. The fact that the sericite folia have penetrated
the quartz grains from all sides producing teeth-like projections around the
grains shows that the matrix material is considerably re-organized and much
chemical readjustment has taken place. This feature is clearly seen in Plate
XIX,Fig.2. The original outline of the grains is obliterated and it is now seen
corrugated and fuzzy as a result of replacement.

Fine-grained Agglomeratic Slates

This variety of Agglomeratic slates is fine-grained and very cleavable
and differs from the coarse-grained variety in several important respects.
It is more abundantly represented in the area under study.

In thin sections the rock is seen to consist of abundant matrix in which
are scattered grains of different sizes. Plate X1X, Figs. 3 and 4 show the general
characters of this variety. The average size of the particles constituting
the framework is small and varies from 0-06 mm to 0-15 mm, but occasionally
larger grains up to 3-2 mm also occur. The framework constituents are
sharply angular and embedded in a devitrified glassy base.

Quartz makes up 70-80 per cent of framework of the rock on an average,
but its percentage varies considerably in different specimens. Felspars occur
less commonly and the fine-grained rock fragments are rare.

An outstanding feature observed in Plate XIX, Fig. 3 is that dark lensoid
patches of partly devitrified glassy material are present in large amount.
The dark patches are drawn out and their long axes are invariably parallel
or sub-parallel to one another. Their outlines are not well defined and they
generally merge imperceptibly with the devitrified matrix., The unaltered
portions of these isotropic patches are seen to be comprised of dark brown
glass. Tt is not possible to indicate the true nature of these dark areas, but
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it is tentatively suggested that these are drawn out and collapsed - pumice
lapilli. :
The character of the matrix is variable. Plate XIX, Fig. 4 shows that the
glassy matrix includes a large amount of magnetite dust and abundant sericite
flakes which show the same replacement relation to quartz as explained
earlier. A patch of recrystallized biotite occurs in the centre of the figure.

DiscussioN

The petrography of the slates reveals some interesting features which
seem to have a strong bearing on the origin and history of these rocks. The
presence of fine-grained acidic voleanic rock fragments and -the occurrence
of devitrified glass in large amount in the matrix indicate that the debris
constituting the Agglomeratic slates is of pyroclastic origin. This view is
strongly supported by the presence of broken euhedra of quartz with deeply-
corroded margins, euhedral felspar grains (sanidine ?) with ferruginous rims
and resorbed biotite grains.

- Tuffaceous deposits by virtue of their fine size, open texture and unstable
components are readily altered and devitrified (Harker 1956, p. 240; Williams
et al. 1955, p. 156; Pettijohn 1957, p. 336) and their true nature is not easy
to visualize, more so when they are also metamorphosed. According to
Pettijohn (loc. cit., p. 337), ‘ metamorphism superimposed on other alterations
may completely obscure the original nature of the deposit’. The Agglo-
meratic slates present precisely the same difficulties in the interpretation of
their history, but the present study has brought to light some important
characters which give a clue to their original nature.

The most important among these is the presence of fractured quartz
grains which are held together exactly in their original position, the cracks
being often filled with dirty brown glass of the same character as that con-
_stituting the matrix. This feature clearly indicates that cataclasis was post--
depositional and the tuffaceous material surrounding the grains was very
hot at the time the cracks were formed. Williams et al. (loc. cit., p. 154) have
suggested that if sufficient heat and pressure are available at the time of
deposition of the pyroclastic debris, ‘the shards of glass... are squeezed
and flattened’, while the pumice lapilli and bombs are ‘deformed to disks,
some of them paper thin and all the constituents become firmly annealed.
The rocks thus formed are called welded fuffs’. " It is most likely, therefore,
that the Agglomeratic slates were originally of the nature of welded tuffs,
but large-scale devitrification of glass and pumaceous fragments, accelerated
by the surrounding heat and subsequent metamorphism, have changed the
slates to their present state.

In this connection it may be recalled that dark, elongated and lensoid
patches occur abundantly in the fine-grained variety of the slates. Although



AGGLOMERATIC SLATES NEAR BREN, KASHMIR 633

it has been tentatively suggested that they may be the remnants of crushed
pumice lapilli, there is no doubt of their being some kind of pyroclastic debris
composed of devitrified glassy material. Their precise identification, how-
evg‘r, is doubtful as their outlines are indistinct.

Another feature of interest is the replacement of detrital quartz grains
by sericite. ' It is obvious that much chemical readjustment has taken place
between the clastic grains and enclosing matrix after the deposition of pyro-
clastic debris. It is probable that this chemical reorganization took place on
account of deep burial or tectonic movements of the thick pile of pyroclastics
as a result of which the welded tuff was metamorphosed to its present con-
dition. This readjustment has most probably taken place subsequent to
welding, but how much later is difficult to say.

The parallel orientation of small microlites and flakes of sericite and
other micaceous minerals also needs explaining. Wadia (1928, p. 236) first
described this feature and interpreted it as a result of flow. It is, however,
not easy to say how far this parallel orientation represents an original flow
fabric. The history of the rock reveals that forces were operating through-
out its formation which welded and devitrified the rock, and metamorphosed
it to such an extent that practically all the pyroclastic structures and textures
were destroyed. It is, therefore, difficult to imagine how the original flow
structure could be preserved. .It appears more likely that the parallel align-
ment of the grains is a secondary feature impressed on the rock as a result of
metamorphism,

The Agglomeratic slates are heterogeneous in composition and consist
essentially of a mixture of crystals and glass (now devitrified) and a small
proportion of rock fragments. Pirsson (1915) and Wentworth and Williams
(1932) have classified the tuffaceous deposits on the basis of the proportion
of glass, crystals and rock debris. The composition of the Agglomeratic
slates corresponds to that of ‘crystal-vitric tuffs’ as described by the latter
authers. In view of the fact that the debris constituting the slates is of
rhyolitic composition and that the tuffs were welded, it is very likely that
these rocks were originally of the nature of rhyolitic crystal-vitric welded
tuffs which have subsequently been altered, devitrified and metamorphosed
to a felspathic quartz-sericite slate.
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SuMMARY AND CONCLUSIONS
The Agglomeratic slates constitute a conspicuous and an interesting
group of rocks occurring in various parts of Kashmir. Some good outcrops
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of this formation occur along the base of hill bordering the Dal Lake from
Gopkar to the Shalimar Garden on the outskirts of Srinagar. The specimens
described here were collected from the spur situated about midway between
the Nishat and Ishbar hills and from the adjoining exposures.

Lydekkar was the first to stady these rocks in 1883 and he named them
the Panjal Conglomerates. Middlemiss (1910) made a detailed study of this
formation and suggested that they could have originated either as a result of
explosive voleanic eruption or formed due to ice action. Investigations by
Bion and Middlemiss (1928) and specially by Wadia (1928, 1934) have shown
that the slates are of pyroclastic origin.

In hand specimen the slate is dark grey to light green in colour, but its
nature with respect to its grain size varies considerably. Some specimens
are coarse-grained and massive, while others are fine-grained and perfectly
cleavable. In both varieties the debris is poorly sorted and is composed of
angular fragments of different composition.

In thin sections the distinction between the coarse- and fine-grained
varieties is brought out clearly. The former is very poorly sorted and is
composed of an assortment of subrounded to angular grains of quartz, felspars
and rock fragments which lie in an otherwise fine matrix. The matrix
itself is complex in nature and is essentially composed of partly devitrified
glass, sericite, angular quartz grains and magnetite. The average grain size
of the fine-grained variety is much smaller. It contains a larger amount of
fine matrix and in addition shows some peculiar dark and elongated patches
of partly devitrified glassy material. These may be collapsed and drawn
out pumice lapilli which have been subsequently devitrified and metamor-
phosed.

Quartz grains in both the varieties are often fractured and the cracks
are generally filled with glass similar to that found in the matrix. It is likely
that the debris was still very hot while its accumulation was taking place
and that the slates were originally welded tuffs.

A large-scale devitrification of the glassy material and the recrystalli-
zation of the matrix took place probably as a result of subsequent metamor-
phisro.

The petrological characters of the slates suggest that they were originally
rhyolitic crystal-vitric welded tuffs which were later metamorphosed to a
quartz-sericite slate.
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ExPLANATION OF PLATES
Prare XVI

Outcrop of Agglomeratic slates from the spur above the farm, Ishbar hills, showing the
angular and rounded cavities and peculiar mode of weathering,

Prate XVII

Outcrop of Agglomeratic slates from the spur above the main canal, Ishbar hills, showing
the mode of occurrence and weathering of the slates.

PraTe XVIIT

Fi1g. 1. Coarse-grained Agglomeratic slates showing an abundant matrix and poor sorting
and angular nature of the debris. The large quartz grain in the lower part is fractured
at two places and the prominent crack in the right-hand portion is filled with brownish
glass.

From the spur below the main canal, Ishbar hills (crossed nicols. X 22).
F1a. 2. Coarse-grained Agglomeratic slates showing poor sorting. The large quartz grain in

the right-hand centre and the one above it on the left-hand side are well rounded,
but the other grains are subrounded to angular.

From the spur below the main eanal, Ishbar hills (erossed nicols. X 54),
Fic. 3. Coarse-grained Agglomeratic slates showing two euhedral grains of potash felspar

(sanidine ?) rimmed by magnetite. The poor sorting and angular nature of the debris
are noteworthy features.

From the spur below the main canal, Ishbar hills (X 40).
F1e. 4. A large euhedra of quartz with corroded margins is seen to exhibit a roughly
bipyramidal outline. It shows close resemblance to quartz grains found in rhyolites.

From the spur below the main canal, Ishbar hills (crossed nicols. X 40).

Prate XIX
F1e. 1. Coarse-grained Agglomeratic slates showing a predominantly glassy matrix. A large
rectangular fragment of rhyolite occurs at the centre.
From the spur above the main canal, Ishbar hills (X 40).
Fie. 2. Coarse-grained Agglomeratic slates showing marginal replacement of quartz grains
by sericite. The boundaries of the grains are corrugated and fuzzy.
From the spur below the main canal, Ishbar hills (crossed nicols. X 170).
Fre. 3. A slightly magnified view of the dark elongated patches of partly devitrified glass.

The outlines of these patches are indistinct, but their parallel alignment is note-
worthy. These may be the crushed and devitrified pumice lapilli.

From the spur above the farm, Ishbar hills (X 54).
Fig. 4. Fine-grained Agglomeratic slates showing the recrystallized nature of the matrix.

Recrystallized flakes of biotite are conspicuous in the central part. The glassy base
has been largely devitrified and is charged with magnetite dust.

From the spur above the main canal, Ishbar hills (X 170).



