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INTRODUCTION




Kashmir Himalaya constitutes one of the most
significant and fascinating sectors of the Himalaya both
geographically as well as geologically as it forms the area
of convergence.of several major mountain chains of the world
such as the Himalayan Range, the Karakoram Range, the

Hindukush Range etc.(Fig.I). The Jammu and Kashmir State,




which encompasses the Kashmir Himalaya is yet to be studied
in detail from the geological point of view and
geographically has been divided into three administrative
parts, namely the Jammu region, the Kashmir region and the

Ladakh region.

Named after the Pir Panjal Range, both the words
"Pir" and "Panjal" signify a mountain peak or Range. The
former being the Dogri and the latter the Kashmiri word. To
speak, therefore, of the Pir Panjal Range 1is, therefore,

three fold tautology.

Kashmir Himalaya is important from the geological
view point as a complete geological succession right from
Pre-Cambrian to Recent Qith only a few gaps can be traced in
this part of the Himalaya. It has witnessed stupendous
voleanie” actdvity: 4 it He geological history of India. The
volcanic activity commenced in the Carboniferous and is
reported to have lasted upto the Triassic (Wadia 1934). The
Panjal volcanic cycle, characterized el € o) Agglomeratic
Slates and (ii) Lava flows has been designated as the
Panjal Trap. The Agglomeratic Slates and the traps are
found together over large parts of Kashmir and constitute a

cardinal rock unit in the geology of Kashmir Himalaya.

AREA OF STUDY

The present investigation is confined to the study




of Panjal volcanics outcropping between the Banihal town, on
Jammu-Srinagar National Highway and to the South of the 01d
tunnel across the Pir Panjal Range (Plate 2, fig.l). The
area under investigation falls in the Ramban Tehsil of the
Doda district of Jammu and Kashmir State and constitutes a
part of the Pir Panjal Range. The study area is confined to
parts of Survey of India topographic sheet nos. 43 0/2 and
43 0/3 (1:50,000). Its boundaries are delimited by Lat.
33°25"'10" to 33°35'20" N and Long. 75°07'20" to 75°15'10" E,

rencompasing an area of about 200 sq.kms.

The Banihal town is situated about 190 kms from
Jammu on Jammu and Kashmir National Highway (Plate 2,
fig.2). The valley of Kashmir which has become a centre of
attraction for many geologists of the world is connected
with this town through a low level tunnel named the Jawahar
tunnel. The low level tunnel referred to above has been
bored through the range to provide an all weather
communication link between Kashmir Valley and the rest of
the country. This tunnel is named after the first Prime
Minister of India Pt. Jawahar Lal Nehru and is the longest
tunnel in the country. It is about 2.5 kms in length and
has been bored through the Pir Panjal Range by a team of
German experts from 1956 to 1960. According to German

geologists the life of this tunnel was about twenty years.




After sometime another tunnel has been bored through the Pir
Panjal Range parallel to the Jawahar Tunnel. Both the
tunnels are linked with each other at some points. The two
tunnels are termed as the eastern tube and the western tube.

After crossing this tunnel the valley of Kashmir is seen.

The other settlement stations like Tathar, Nugham,
Charil, Lambar are also connected with the National Highway;
whereas the interior parts are negotiable by trekking alone.
The old road between the 0ld tunnel and the Jawahar tunnel
has been completely damaged due to disuse and this area is
now only accessible by trekking. A Panoramic view of this

part is presented in plate 1 figs. 1 &2.

PHYSIOGRAPHY

The dominant physiographic feature of the Banihal
region is the rugged snow covered Pir Panjal Range, cut into
deep ridges and precipitious defiles (Fig.2). The area
presents highly diversified relief with high mountains, and
rugged topography, comprising high ranges, deep valleys,
flat or gentle sloping meadows, deep slopes, escarpments and
cliff faces and shows great variation in elevation from
about 610m near Ramban and Dhamkund to about 4553m (Muni
Mal) above the m.s.l. on the Pir Panjal Range. The general
trend of the Range is NW-SE separating the regions of Jammu

and Kashmir. To the south west of the Great Himalaya, the




mountain range of great importance viz. the Pir Panjal Range
separates Jammu region from the Valley of Kashmir. The
study area lies on the southern flank of the Pir Panjal
Range where the altitude varies from 2000 to 4000 meters
above sea level. The terrain is highly mountainous and

densely forested.

DRAINAGE

The main diainage of the area is the Bichlari river
which drains through the area. The southerly flowing
Bichlari river originates from the crest of the Pir Panjal
Range in Banihal Sunder Top section, cﬁts through some
subsidiary ranges in Ramsu-Didgdaul section 1 on the
Jammu-Srinagar National Highway. This river follows the
course of the National Highway for a long distance till it
meets the Mahu-Mangat nala at Nachleni (outside thevstudy
area) and then ultimately joins the river Chenab. There are
some tributaries of the Bichlari river which are perennial
and pour their discharge into it as is evident from an
inspection of the physiographic map of this area. There are
a number of other tributaries namely Lamber, Dauthar, Agar,
Gagar, Zewag nala etc. which ultimately join the Bichlari
river. The overall drainage pattern of the area is of
dendritic type. The Pir Panjal Range is the main water

divide of the area.




Thhe Bichlari river is not a seasonal river its water

is generally used for land irrigation.

CLIMATE

The area enjoys pleasant and bracing temperate
climate, but there is a great variation in altitude from
about 1000 m near Ramban to more than 4500m above m.s.l. at
higher mountains and meadows there is also a great variation
in climatic conditions. However the average altitude of the
area is 3000m; the upper reaches of the Pir Panjal Range
remain snow bound throughout the year. The climate of the
area 1is practically similar to that prevailing in other
parts of Kashmir valley. The weather is excellent in spring
and the summer is comparatively hot. In Autumn, the season:
is again fine. This season is very busy for farmers during
which the crops are harvested. The lower reaches also
experience snow during winter months. After this with the
slight rise in temperature, the snow begins to melt and at
times slides down from the mountains in the form of
avalanches. The Shetani nala is well known for its

avalanches and blizzards (Plate 2, fig.3).

The spring season starts from March to May, summer
from June to August, Autumn from September to November and

the winter from December to the end of February.




The spring and summer are the best months. The
climate of the Banihal valley is temperate in spring, summer
and Autumn; in the winter it represents almost arctic
character. Total rainfall in this area is highly variable.
At times the rains are less. The area experiences a fair
amount of rainfall between June to August and the average
annual rainfall ranges from 100 to 150 cm. In summer there
is less of rainfall while in Autumn no rain falls. In
winter rains are also quite common and during this period
the precipitation is mostly in the form of snow. Snowfall
usually starts in the last week of December and continues
till March. Higher elevations remain snow bound for eight
months (September to April); whereas the lower elevations
remain snow bound for about four months (November to
February). As already mentioned the whole area gets covered
by snow and the temperature generally goes below zero degree

centrigrade.

VEGETATION

The area is generally forested, mostly by the
conifers upto the elevation of 2700m above mean sea level.
The forests are mostly of lower oak to upper oak conifer
types. Vegetation is influenced by climate, rainfall, soil
and altitude. Since these factors vary as the altitude

rises from the semi-arid fringe plain of the sub-mountainous




region of Jammu province to the loftiest mountain ranges of
the inner Himalayas, it is but natural that a wide
distribution of flora should exist in the territories of

Jammu and Kashmir.

A change of climate with a sudden rise in altitude
and a marked difference in prevailing winds, varying

pressures and rainfall is a note-worthy feature of the area.

The main types of tree being the varieties of Chir,
Codar, Spruce, Kail, Fir, Birch, 0Oak Chestnut Rhododendran
and Deodar etc. The low lying areas are covered by dense
shrubs and grass. At higher elevation, the vegetation is

scanty and only small meadows are found on the slopes.

Starting from the higher parts of the Pir Panjal
Range between 8,000 feet and 10,500 feet, the vegetation
cover is mainly composed of mixed conifers like those of Fir
(Abies pindrow) and Spruce (Picea morinda) and a few broad
leaved species notably (Fraxinus) species, high level oak
(Quercus-semi carpiphore). In comparatively exposed
localities, thick strands of temperate shrubs are met with.
At the upper margins, fir forests, quercus-semicarpiphora
and prunuspandué exist. Beyond this at 10,500 feet or
above, there is a typical sub-Alpine type bushland mainly
composed of low shrubs of Rhododendron, Junifers etc; and a

1arge number of herbs.




Near about 11,5000 feet, the vegetation is
characteristic of Alpine meadows or Tundra where extremely
low shrubs, Rhododendrons etc., and a large number of herbs
and grasses form multi-coloured carpets in the Autumn
months. The important meadows found in the area are at
Jwartha - Sharu, Zilant, Kaukut, Nandmarg, Godan-Banihal

Pass, Sundertop and Muni Mal Sarkanth Mal.

In contrast to the southern aspect discussed above
the vegetation in the northern slopes, facing Kashmir valley

is more thick and lush.

The mixed conifer belt goes right upto the hills of
lower elevation and we get a number of wild as well as
cultivated plants. The important ones are composites,
sunflower, lillies and others. The most important among
cereals are Oryza sativa (Rice), Triticum aestivum (Wheat)
and Zeamays (Maize) which are cultivated in this area and
are harvested in Autumn. Among the vegetables, the most
common are lathyrus species (Beans), Allium species (Onions)

and Solenums (Potatoes).

Apple, walnut and almond are among the common

temperate fruits that are cultivated in the area.

HABITATION

The small inner valleys enclosed between the

northerly Pir Panjal Range and the southerly Kaplas
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Jwartha-Sharu-Muni Mal Range are the Pugal-Paristhan Valley,
Nil Valley, Banihal Valley, Mahu-Mangat Valley and some
parts of the Pir Panjal Range with its rugged topography are
not habitable. During the summer months, Gujars and
Backerwals carry their belongings and cattle across the Pir
Panjal Range. They usually live there on either side of the
water divide and carry their flocks to great heights‘for
grazing. In summer, Gujars and Backerwals live in small
Dhoks. These Dhoks are deserted when they move their
families and cattle to lower reaches during the winter
months. The area is thinly populated and the main

occupation of the people is agriculture.

COMMUNICATION

The State of Jammu and Kashmir is well connected
with the rest of the country by rail, road, and air. Jammu
Tawi Railway Station is the rail head for the area. There
is a good rnetworkicof feederteroadisnandd ald diechel ldis it ety
tehsil and block head quarters are connected with Jammu by

all weather metalled roads.

The only motorable road found in the area is
Jammu-Srinagar National Highway which cuts through the area
between Ramban and Jawahar Tunnel. In the rest of the area,

the transportation is done either by mules or by headloads.
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METHOD OF STUDY

This work consists of field study, collection of

samples and the investigation of their petrological and

petrochemical traits.

The field study is devoted to the preparation of a
geological map of the study area on 1:50,000 scale;
systematic sampling, location of volcanites exposed in the
study area. Th2 attitude of joints present in the area is
marked on the geological map and the stratigraphy of the
surrounding rocks has been worked out. For depicting the
important features of the area, some field photographs are

incorporated in the present work.

In the laboratory, the representative specimens of
different rock types exposed in the study area have been
adequately described megascopically. A large number of thin
sections of the volcanics from this area have been prepared
and their petrological characters studied in detail with the
help of a petrological microscope. Modal analysis of each
mineral in the samples has been carried out on a blood cell

counter:

Pure fractions (85 to 95% purity) of Plagioclases,
epidotes and chlorites were separated both by heavy liquid
separation and Isodynamic separator. Chlorites and epidotes

were separated using the density separation process. Heavy
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liquid of high purity 1like bromoform, tetrabromoethane and
carbon tetrachloride were used according to the method of
Emmons (1961) as later improved by Henley (1977) for the
Separation of these minerals. Further the Plagioclases were
separated from the associated quartz grains under a high
magnificétion binocular microscope. The separated fractions
of Plagioclases, chlorites and epidotes were studied by

optical and chemical methods.

Thirty representative rock samples of different
varieties of Panjal Traps have been chemically analysed for
their major and trace element study using the rapid method
with the help of an atomic absorption spectrophotometer,
after the sample preparation according to the method of
Angino and Billings (1967). The analyses have been done on
a Double Beam Atomic Absorption Spectrophotometer Model 902,
Australian make. 0.1 gm of powdered dried sample was
subjected to tri-acid (sulphuric acid, perchloric acid and
hydrofluoric acid) digestion in a platinum dish on a sand
bath in a fuming cupboard. After heating for half an hour
till the fumes stopped coming out, the process was again
repeated and the residue dissolved in 1:1 HC1 (about 20 ml).
The solution was made to 100 ml and stored in a polythene
bottle. The standards were prepared from A.R. grade pure

metals and salts (99.9Y% pure) as per the dissolution method
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indicated in the GBC Flame Method Manual for Atomic
Absorption (1986). The sample weight and dilutions were
carefully arranged to aim at possible final concentration
range of the samples. To put various elements of the
samples in range, required dilutions were made, wherever
necessary. Fresh standard solutions were made for every
element detection (both major and trace levels) and
prescribed releasing agents/buffers wused to check the
chemical interference and suppressing ionization both in the
case of standards and the samples. Integration time of 3
seconds was kept for each sample after optimization of
standards for adjustment of burner in horizontal, rotational
and vertical ©positions. The final optimization was
performed by the Nebulizer with the lower standard and
lastly by the fuel knob for maximum absorbance. Generally
three standards were used for each element and a blank was
run between them to ensure the base line (zero point). The
instrument after feeding the standards was put in the
concentration mode and direct display was read from the
digital piate and its record printed automatically on the

printer attached with the instrument.

For Aluminium 0.1 gm of dried sample was taken in a
50 cc Nickel crucible. The crucible was gently heated on a

bunsen burner for five minutes. Then it was heated to
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redness for half an hour. The crucible was cooled in a
dessicator and the solution made in distilled water. The
contents were transferred to 1:1 HC1l and HNO3 in a beaker.
The total volume made was 100 ml. The solution was
aspirated through capillary to the A.A.S. for getting the
concentration of Al direct on the digital plate and printer
automatically. SiO2 was calculated by difference at the end
of analysing the samples. The data thus obtained have been
treated in terms of various bivariate and trivariate plots.
The results have been interpreted and incorporated in this

work.

The samples of the Agglomeratic Slate have also been
collected and their petrographic characters are also given

at appropriate places in the text.



HISTORICAL REVIEW



The foundations of the present day knowledge of the
geology of Kashmir Himalaya have been 1laid by Lydekker,
Middlemiss, Bion and Wadia. The area under investigation
has received the attention of some workers previously. 1In

this chapter an attempt has been made to present the views
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of the earlier workers on the geology of the different
sectors of Kashmir Himalaya, particularly on the Panjal
volcanics listed in a chronological order in the succeeding

lines.

Lydekker (1876 to 1883), a pioneering geologist of
the nineteenth century, gave a detailed stratigraphical
account of western Kashmir and the Pir Panjal Range. He
divided Kashmir stratigraphy into five systems : (i) The
Metamorphic System (ii) The Panjal System (iii) The Zanskar

System (iv) The Tertiary System and (v) The Alluvial System.

=

Middlemiss (1909 to 1910) took traverses across the
Pir Panjal Range and carried out systematic mapping of the
south-eastern Kashmir. He revised the work of Lydekker and

divided the Silurian-Trias sequence of Kashmir into two

divisions A & B. , ,
A Division B Division
6. Fenestella series 11. Upper Trias
2. . Passage beds 10. Muschelkalk
\94// Syringothyris Limestone 9. Lower Trias
i Muth Quartzite 8. Zewan series
2y Upper Silurian 7. Gangmopteris beds,
1 Lower Silurian Panjal volcanic flows

and Agglomeratic Slates.
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The former constituting the succession below the
Agglomeratic Slate and Panjal volcanic flows, while the
latter covering the succession overlying the volcanic flows.
According to Middlemiss, the Palaeozoic-Mesozoic succession
of southeastern Kashmir is folded into Liddar anticline and
its complementary Morgan syncline in the north and Marbal
syncline in the south. He also recorded the occurrence of

Gondwana plants from the Agglomeratic Slates of Apharwat in

western Pir Panjal which proved to be of enormous importance

for later workers. This classic work of Middlemiss still

forms the base and is ©being followed with minor

modifications here and there.

Middlemiss (1911) makes a mention of some important
sections in the Pir Panjal Range and the Sind Valley. He
described the section along Nilnag - Tatakuti, Gulmarg -
Apharwat routes and also along the Gulab Garh pass which was
examined by Middlemiss in the year 1909. After studying
these sections, he found that the central high peaks which
formed the watershed were composed of Agglomeratic Slates or

Panjal Traps.

Bion (1928) followed Middlemiss and mapped the
eastern part of Kashmir and described marine fauna from the
Agglomeratic Slates which helped in fixing the 1lower age

limit of the Panjal volcanics.
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Wadia (1928) mapped the northwestern part of Kashmir
Himalaya, covering the Ramban Poonch sector of the Jammu
region and Muzaffrabad, Baramulla, Nanga Parbat area of the
Kashmir region. According to him the region is covered by
rock Formations ranging in age from Pre-Cambrian (Salkhalas)
to Pleistocene boulder conglomerate. Wadia divided
Lydekker's Panjal system into two major groups : (i) The
Dogra Slates and (ii) The Agglomeratic Slates in association
with Panjal Traps. He postulated a major Palaeozoic
unconformity between the Dogra Slates and the Agglomeratic
Slates and opined that during the Middle Carboniferous
period, the Panjal area became part of the Kashmir
geological province; a connection which endured upto the
Trias, as indicated by the close similarity between the

Carboniferous - Triassic sequence of the two areas.

Wadia (1931) structurally divided the rocks of
Kashmir Himalaya into three sharply defined structural belts
namely (i) The Foreland, (ii) The Autochthanous folded belt
comprising rocks of Carboniferous and Eocene age and
belonging to the Himalayan geosyncline area; thrust along
the Muree thrust over the rocks of the Foreland; which
represents a promontory of the Gondwana land covered under
the Middle Tertiary sequence. Similarly the rocks of the

Nappe zone comprising the oldest rocks of the Himalayan
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Geosyncline thrust along the Panjal thrust over the rocks of
the Autochthanous zone. He opined (1950) that the roots of
the Kashmir Nappe lie in Zanskar region and it has come to
its present position after a horizontal translation of more

than 200 km from its homeland.

Wakhaloo and Mathur (1933) for the first time
recorded quartz-felsite or rhyolite from Pantchuk and
pitchstone showing superficial resemblance to basalt in the

area around Kashmir Valley.

Wadia (1934) subsequently divided the metamorphics
into two units, viz. the Salkhalas older in age and the
Dogra Slates younger to the Salkhalas. He opined that the
Cambrian and Ordovician rocks are rich in fossils in
northwest Kashmir, and therefore, marked the Lower

Palaeozoic sequence therein.

Coulson (1938) noted basic and acid rock types in
Baramulla district, the former being epidotized and
serpentinized rocks with 43.3 percent silica and the latter

as devitrified altered toscanites, accompanied by acid

tuffs,

Ganju and Rajnath (1939) classified the traps into

acid and andesitic rocks at some places in the Kashmir

Valley.
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Ganju (1943) in a subsequent paper recorded the
occurrence of the acid rocks, viz. rhyolites, trachytes and

dacites in the localities at Cheshmashahi and Avantipur.

Ganju (1957) in his paper entitled "Physiography and
geology of the area around Gulmarg" reported the succession
of rock Formations from Pre-Cambrian to Pleistocene, giving
a detailed account of the Salkhalas, the Dogras, the
Tanawals, the Agglomeratic Slates, the Triassics and the

Karewas.

Paséoe (1959) followed the <classic work of
Middlemiss (op.cit.) and Wadia (op.cit.), gave an account of
Panjal Traps. According to Pascoe (op.cit.) the lavas for
the most part are basalts termed by him as "basic pyroxene
andesites". He recognized a porphyritic variety" of* “traps

from the wvicinity of Srinagar, epidotized and partly

‘metamorphosed. He believed the coarse variety of traps as

intrusive sills. According to him, there is a negative sign
of appreciable magmatic differentiation in the traps, the
flows having a high degree of liquidity of basic lavas,
their composition showing a remarkable uniformity and
markedly lenticular behaviour of individual flows. Further,
in:iwords “ofc Pascoe® "in lthe VL618b" afd "Hundwars district of

Kashmir and elsewhere a genetic connection is to be noted
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betﬁeen the amygdaloidal lavas of the Panjal Traps and
numerous dykes of dolerite injected into the Silurian and
older Palaeozoic rocks of the region." In these hypabyssal
roots of eruption, some of them are of considerable size,

uralitization has been complete and universal.

Ahmed (1961) advocates a glacial origin for the

Agglomeratic Slates of Kashmir.

Ganju and Srivastava (1961) reported the occurrence
of Agglomeratic Slates near Bren in Kashmir Valley. The
Agglomeratic Slates are of two types. The coarse grained
variety consists of quartz, feldspar and some rock fragments
which 1lie in an abundant glassy matrix. The other fine
grained variety is predominantly glassy and contains
numerous dark, lensoid patches of partially devitrified

glass.

Hazra and Prasad (1963) worked out the geology of
the Banihal region during the course of their survey for

Jawahar tunnel.

Wakhaloo (1964) gave a detailed account of the
petrography and petrology of Panjal volcanics including the
Agglomeratic Slates. He suggests a marine origin for the

Panjal Traps and the Agglomeratic Slates.

Pareek (1968) has reported streaks of coaly matter
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in the Panjal Trap area, east of Wular lake.

Sharma and Gupta (1972) described in detail the
petrography and petrochemistry of the spilites and
keratophyres and the Panjal Traps from Thanamandi area.
They presumed that the Panjal Traps owe their origin to the

combined role of submarine and subaerial volcanism.

Nakazawa and Kapoor (1973) studied the Panjal Traps
of Guryul Ravine and exhibited pillow structure of the rocks
and submarine origin for the traps about 12 kms. east of

Srinagar.

Pifgek K1973) makes a mention of the volcanics of
Banihal area. He suggests the Agglomeratic Slates as the
Pyroclastic nature of the volcanism in which the
constituents were flown up into the atmosphere inflated by
gas. Pareek (op.cit.) gave a detailed account of the
textural and compositional variation of Panjal Traps basalts
andesites and rhyolites etc. He further CIassifies the
traps into two varieties VR porphyritic and
non-porphyritic traps on the basis of petrographical and

geochemical tests.

Uppal (1973) while presenting an account of the
geology of Banihal area has described the petrological

characters of the volcanics from this area.
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Acharya and Shah (1975) quoting Fox (1931), Gannser
(1964), Fuchs and Gupta (1971) described the Agglomeratic
Slates of Kashmir Valley intercalated with tilloids,
tillites and Agglomerates and thus correlated them with the

Blainis.

Fuchs (1975) while publishing his paper "Glaciogene

Formation in the Himalayas" described in detail that
volcanic influence was much less as might be expected from
the name of the Formation". He suggests glacial origin for

the Agglomeratic Slates.

Gupta (1975) gave a formal classification for the
Agglomeratic Slate sequence of Kashmir Valley and later on
reviewed the stratigraphic position of a boulder bed in the
Gulabgarh boulder Formation on the basis of palaeontological

and stratigraphical aspects.

Srikantia (1975) gave an excellent account of the
deposition of the Agglomeratic Slates of Kashmir Valley and
is of the opinion that Permo-Carboniferous glaciation must

have influenced the deposition.

Wakhaloo (1975) compares the Agglomeratic Slates
with the Blainis and also described various building stones.
Mostly the 1Igneous rocks used in Kashmir for building

purposes are rhyolites which represent the acid lavas of the
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Panjal volcanic series.

Sharma et al. (1976) worked on the stratigraphy and
structure of Ramban-Banihal-Gul Gulab Garh-Budhil Sector of
the Pir Panjal Range. He reviewed the stratigraphy

succession of the area on lithological grounds.

Pareek (1977) published his paper "Agglomeratic
Slates and Panjal Traps in the Lidder Valley, Jhelum, and
Sind Valleys, Kashmir". Pareek (op.cit.) is of the opinion
that the Agglomeratic Slate series as representing the
Pyroclastic nature of the volcanism, ¥n "V whieh®™® Jthe
constituents were blown up into the atmosphere inflated by
gas. The deposit was laid down under the influence of
gravity and the resulting product compacted and solidified
to form the Agglomerates, the glassy rocks and the welded
tuffs. The Agglomerates show coarse banding, well rounded
iron mineral grains with or without glass, or devitrified in

many cases.

Wakhaloo (1977) described some intrusives of Kashmir
and made a mention of trap rocks as spilites rather than
andesites or Dbasalts. He 1is of the opinion that the
spilites have been derived from the normal crystallization

of a hydrous magma.

Ahmed et al. (1978) suggests that the Agglomeratic
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Slates were deposited in shallow marine water as well as
continental set up and they are the products of glacial and

volcanichactivity.

Bhat and Zainuddin (1978) gave an account of the
geochemistry of Panjal Traps of Mount Kayal, Lidderwat,
Pahalgam, Kashmir and counted 32 flows of the Panjal Traps
near Pahalgam from the base to the top of the flows.
Besides the petrographic study of the above sequence of 32
flows, the genetic aspects of the Panjal Traps have been
discussed in detail in the light of the behaviour of major
and trace elements. They suggest that these rocks are
dominantly baéaltic—andesites and show a compositional and
environmental affinity with accreting plate margin

tholeiites.

Bhatia and Kakroo (1977) worked on the
Sedimentological studies of Agglomeratic Slates, Anantnag
district Kashmir and are of the opinion that the rocks of
this series are mostly welded tuffs, which have been
altered, devitrified and metamorphosed. According to them
three types of tuffs have been categorised viz. vitric,
crystal and lithic tuffs, but most of them belong to the

intermediate types.

Chaudhary & Ashraf (1980) have given an account of
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volcanics of Poonch, Azad Kashmir. The rocks have been
described as andesite-basalt associated with volcanic ash

and tuffaceous material. He has assigned Upper

Carboniferous age to these volcanics.

Raina (1982) worked on the Panjal Traps of Bandipore
area. He ascribed these rocks to be of tholeiitic affinity
which were deposited under marine conditions. He further
suggests that the traps have not wundergone too .far in
differentiation and therefore, refers them as middle stage

basalts.

Sharma (1982) while working on the Panjal Traps of
Banihal area suggests that the Panjal volcanics were
deposited under marine conditions. These rocks according to
the author are having tholeiitic affinity and “the
Agglomeratic Slates along with Panjal Traps have been

extruded under marine environment.

Munshi & Sharma (1983) gave an account of Panjal
Traps of Banihal area. The authors are of the opinion that
these rocks are middle stage basalts and differentiation in
the rocks has not proceeded beyond the andesite stage. The

rocks bear a tholeiitic lineage.

Jamwal (1987) while Wofking on the traps of Sudh

Mahadev area, ascribed the rocks to be of andesitic nature
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and having undergone low grade metamorphism of albite -
epidote - amphibolite facies. The author has further

suggested marine origin for the rocks.

Dhar (1988) gave an account of the Panjal Traps of
Hirpur, Shopyan area, Kashmir Himalaya. The author has
concluded that the traps of the area are of andesitic
character and bear a tholeiitic 1lineage. The rocks

according to him have been extruded under marine conditions.



GEOLOGY OF THE AREA




In the Banihal area, a complete stratigraphic
succession ranging in age from Devonian to Recent in order
of superposition is well exposed on Jammu-Srinagar National
Highway. Some refinements have been introduced to update it
in the light of new findings, and some new names have been

inducted to make it <conform to the modern code of
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lithostratigraphic classification but at the same time
sufficient care has been taken to see that continuity with
the earlier classification and nomenclature is maintained

(Fig.3).

Table 1 shows the geology of Banihal area starting
from a little above Banihal township to the 0ld tunnel. A
brief description of the stratigraphic sequence of the area

is given in the lines that follow

HALA QUARTZITE

This Formation is the oldest in the area under
reference, and occupies stratigraphic position and possesses
lithological characters similar to those of the Muth
quartzite of Kashmir. In this Formation, the quartzite
shows its typical development near Hala and Hustak in Nil
and Pugal Valley respectively which lie outside the study
area, east of Ramsu and as such have been designated as Hala

Quartzite.

South of Banihal, near Injantrag, the Hala Quartzite
has been repeated eight times due to folding into very tight
and compressed synclines and anticlines, as a result of
which it assumes great outcrop width. It again assumes
tremendous outcrop width on the Injantrag ridge 1lying

between Chamalwas and Duligam due to refolding.
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Table 1 Showing the stratigraphic sequence around
Banihal area
FORMATION LITHOLOGICAL PROBABLE
CHARACTER AGE
Alluvium & Clay, shales and Recent to

Terrace Deposits

Gondwana Plant
Bed (Vihi Plant
Bed)

Panjal Volcanics

Gondwana Plant
Bed (Nishat Bag
Bed)

Agglomeratic
Slate

Fenestella Shale

Syringothyris
Limestone

Chamalwas Slate

Hala quartzite

conglomerates

Siliceous & carbona-
ceous shale and sandy
shale with plant
fossils

Thickly bedded greenish
and greyish vesicular,
amygdaloidal and
massive andesitic
basalt with flows of
acidic and trachytic
lava

Carbonaceous shales
and sandstones with
thin lava flows

Sandstones, Greywackes,
shales, conglomeratic
grits and diamicrites
with foreign rock and
tuffaceous shales and
slates

Shales, slates,
quartzites and
quartzitic conglomerat-
es

Quartzites sandstones,
limestones, shales,
slates, phyllitic
slates etc.

Splintry shales and
siltstones

Greyish white Massive
quartzites

Sub-Recent

Lower
Permian

Upper
Carboni-
ferous

Middle
Carboni-
ferous

Lower
Carboni-
ferous

Pre-Carboni-
ferous

Devonian
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Hala Quartzite in its type locality comprises of
medium to coarse grained, thickly bedded, highly jointed,
massive quartzite, with sedimentary structures such as
ripple marks, current bedding etc. Locally it becomes
coarse grained and gritty and even shows the presencé of
sporadic clasts here and there. It, however, shows great
variation in its lithological characters from place to place
due to sedimentary as well as metamorphic facies variations.
The basis of its stratigraphic position and lithological

characters this Formation has been assigned Devonian age.

CHAMALWAS SLATE

To the South of Banihal, between Banihal and
Chamalwas, a thick zone of greenish, grey and pale brown
shale-slate and siltstone sequence is well exposed on the
National Highway and it has been designated as Chamalwas
Slate after that village, where these rocks show their
typical development. This Formation conformably overlies
the Hala Quartzite and in turn is conformably overlain by

the Syringothyris Limestone.

Chamalwas Formation in its type locality comprises
of greenish grey and pale brown slate, with a thin band of
micaceous shaly sandstone. At many places, they show great

variation in their lithological characters from shale-slate



32

to quartzitic slate and slaty quartzite. In Banihal area at
many places these slate and slaty quartzites Dbecome
sporadically pebbly and even contain lenticular bands of

conglomerate and limestone.

The rocks of this Formation are folded into several
tight anticlines and synclines as a result of which they
have developed intricate bedding cleavage relationship in
Banihal area. These rocks appear ideal for the preservation
of fossils, but all efforts to find fossils in them failed
probably because they generally splint along the cleavage

planes instead of bedding planes.

Wadia (1934) mapped Ramban-Banihal area and recorded
thick conglomerate bands below the Syringothyris limestone
as seen south bf Duligam Tragam area in Mahu Valley and
about these he writes "the basal beds of the Syringothyris
limestone are coarse boulder bed accompanied by massive
quartzite. This quartzite conglomerate has been traced
continuously at the base of the Syringothyris limestone."
The author fully agrees with the above observation of Wadia
but has grouped this wunder a new name referred to as
Chamalwas Slate and are considered to represent a sort of
transitional sequence between the Hala Quartzite and the

Syringothyris limestone.
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Chamalwas Slates undoubtedly show striking
lithological resemblance with the rocks of the Shumbal .
Formation of Liddar Valley and on these consideration were
mapped as Cambrian by Wadia. But these rocks conformably
occur above the Hala Quartzite and considered as equivalent
of Gugaldar Formation of Devonian age and underlies the
Syringothyris limestone and hence has been assigned

Pre-Carboniferous age.

SYRINGOTHYRIS LIMESTONE

A fairly thick band of Syringothyris limestone has
been mapped in Banihal area, where it occurs in the core of
the Banihal anticline and is well exposed between the
Banihal toll post in the south and Charil in the north on
the National Highway. Here TLiz comprises impure
argillaceous, grey, cream, purple and ocherous yellow
limestone with inter stratified bands of medium to coarse
grained massive and calcareous quartzite, which at places
are gritty and pebbly. 1In the upper part, it comprises more

of calcareous quartzite rather than limestone.

Southwest of Banihal, it extends into Mahu-Mangat
Valley where it is folded into several anticlines and
Synclines. In Mangat Bawe-Tragam area, the Syringothyris

limestone is wunderlain by a thick band of hard compact
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boulder bed quartzitic conglomerate and conglomerate
quartzite. This wunit was identified by Wadia also in
Banihal area and he considered these quartzites 'and
conglomerates as part of the Syringothyris 1limestone.
Southwest of Tragam, this Formation could not be traced,
because of the early snowfall but is probably cut off by the

intruding Sarkanth Granite.

The Syringothyris limestone includes grey to fawn

coloured limestone with shale partings, slates, phyllites,

sandstones, clays and quartzites. The shale is white to
pink in colour sometime talcose giving a soapy touch. The
talcose shale is brown to greyish brown in colour. The

limestone is medium to coarse grained, brown in colour,
loosely cemented, the matrix being argillaceous. Limestone
dominates the basal portion grading to slate and quartzite
at the upper part, which ultimately grades to overlying
Fenestella Shales. The quartzite 1is white to grey in
colour, fine grained, compact, sometimes micaceous. Itwis
continuous throughout the area but its thickness varies from

place to place.

Limestone is not reported to be richly fossiliferous
but at places, it is seen to possess some brachiopod

species. It is richly fossiliferous near Banihal area
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northeast of Duligam. The most frequently occurring
brachiopod which characterises the series is

Syringothyris cuspidata, which is a valuable Index fossil

being also typical of the Lipak series of Spiti. The purple
shale band which mostly contains the fossils near the

military hospital at Banihal dis full of Syringothyris

cuspidata and other brachiopods. From  the fossil
assemblage, the Syringothyris limestone is proved to be of
Lower Carboniferous age. The thickness of the limestones is
estimated to vary from 2,000 to 3,000 feet in the Banihal

area (Wadia 1961).

FENESTELLA SHALE

This Formation is one of the most important marker
horizons of the area under reference. 1In the Banihal area,
the Syringothyris 1limestone band overlies the Chamalwas
Slates and grades upward into Fenestella Shales, which is
very well exposed in Banihal - Mahu Mangat Valley, where
they form the base of the Panjal volcanics, consisting of

Agglomeratic Slates and Panjal Traps.

The Fenestella Shales are well developed in Tathar -
Nowgam: area on the Jammu-Srinagar National Highway, where
this Formation is divisible into two parts. The lower part

comprising of greyish white, hard, resistant massive
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quartzite showing beautiful current bedding and ripple marks
and the upper consisting of Carbonaceous shale-slate with
bands of limestone. These quartzites at a number of places
are sporadically pebbly and even become conglomeratic as

seen in the Tathar-Nowgam section on the National Highway.
The complete succession near Nowgam is as follows :-

Massive white quartzite

Slaty shale (Black) with Fenestella
Grit ey quartzitte

White shale

Pebbly quartzite

Gritty quartzite

Slate

Whitish shale (Fossiliferous)

Basic intrusive

Quartzite and shale

The lower members of this Formation are
unfossiliferous and these form passage beds between the
Syringothyris limestones and the Fenestella Shales. Towards

the basal portion, the shale is of grey, whitish grey or

8reenish in colour and is flaky and splintary in nature.

Towards the upper part, the shale is black in colour and

practically slaty to be appropriately termed as slaty shale,
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which is well exposed on the roadside. Innumerable species
of Fenestella have been reported-ufrom thisi series: The
fossiliferous beds are, however, rare. From the fossil
assemblages and the stratigraphic position it is concluded

that this Formation is of Middle Carboniferous age.

AGGLOMERATIC SLATE

The Agglomeratic Slates overlie the Fenestella
Shales, the latter gradually changes over to Agglomeratic
Slates and at times it becomes difficult to draw the actual
demarcation line between the two. Fenestella Shales are
overlain by a heterogenous type of deposit, consisting of
slate, shale, quartzite, sandstone, greywacke, grit, ash
beds and conglomerates commonly known as Agglomeratic
Slates. The Agglomeratic Slates are dotted with angular to
sub-angular grains or fragments of different rocks and
minerals like quartz, feldspar, quartzite with occasional

slate and limestone.

The presence of fragments with resorption borders,
vitroclastic texture and glass shards in this Formation are
some of the strong evidences of its Pyroclastic nature. The
blackish colour of the Agglomeratic Slates is primarily due
to its high iron content. Layers, lenticular bands and

pieces of sandstone, grit, quartzite and limestone occur
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within them. Thick Agglomeratic zones are characterised by
the presence of large number of rounded pebbles or sharply
angular fragments of quartzite, slate, limestone and

chalcedony upto 15 cm in size.

In the Banihal range, the Agglomeratic Slate
conformably overlies the Fenestella Shale and is thus of
Upper Carboniferous age. These slates grade upwards into
the overlying traps. According to Hazra and Prasad (1963)
the Agglomeratic Slates and the Panjal Traps are 914 m and

1,423 m thick in this area.

GONDWANA PLANT BED OR (Nishat Bag Bed)

This horizon was reported first by Middlemisé in
(1910), forming the limbs of syncline on the Pir Panjal
Range. Detailed description of this outcrop has not been
given because it falls outside the scope of this work.
Traverses have, however, been taken across the Pir Panjal

Range and outcrops have been plotted.

This Formation is very important from the geoiogical
point of view, for fixing of differen£ age limits on the
basis of fossil assemblages. It has been shown on the
geological map to form the core of a syncline. Here this
plant bed overlies the Agglomeratic Slates and is overlain

by the Panjal Traps. Innumerable plant fossils have been
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reported from this horizon like Gangamopteris and
Glassopteris in a thin band of Carbonaceous shale. On the
basis of fossil assemblages this Formation is equivalent to
the Nishat Bag Bed of Kashmir Valley. From the
stratigraphic position and the fossil assemblages it 'is

observed that this Formation is of Lower Permian age.

PANJAL VOLCANICS

Ihe traps are named after the Pir Panjal Range where
the rocks are typically developed. The traps are a
manifestation of a volcanic activity that took place in two
phases, the earlier one described above known as the
Agglomeratic Slates and the younger one named as Panjal Trap

representing the lava flows.

A thick and persistent band of Panjal Trap has been
mapped from the Banihal Pass in the northwest to Kaukut Peak
(4089m) area and in this section, it forms the crest of the
Pir Panjal Range. To the northwest of Banihal, the main
trap band continues and is disposed in the core of two ma jor
synclines namely the Tanakimal (3081lm) syncline and Tragam
syncline, which are complementary to the Mahu-Mangat

antdeldinel

In Banihal area, the Panjal Trap forms a thick

sequence of massive to bedded lava flows which show a fairly
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wide wvariation in colour, granularity and petrological
characters. The traps are generally green to greenish grey

in colour but some of the flows are pale yellow, purple and

dark grey idin colour. Different varieties of traps are
present in the study area. These could be broadly
classified as amygdaloidal and non-amygdaloidal traps. In

the case of amygdaloidal variety,.the amygdales consist of
chlorite, calcite or quartz. Zeolites constituting the
amygdales have also been reported by some workers (Hazra and
Prasad, op.cit.) from this area but during the course of the
present study, I did not <come across any Zeolite
constituting the infilling material in this variety. The
non-amygdaloidal variety is generally a fine grained type of
rock with various textural features, dense, compact and very
hard. In addition to this hypabyssal equivalents of the
volcanics have also been collected from this area. These
show varying degrees of alteration. The Panjal Trap has
undergone extensive epidotisation and chloritization which
have imparted greenish colour to the rock. Quartz-epidote

veins (Epidosites) are frequently met with in this area.

The Jawahar tunnel affords an opportunity to study
the nature of the traps through the Banihal hill. The trap
is generally hard and massive but at places it is schistose

and foliated. Massive trap is mostly highly jointed.
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GONDWANA PLANT BED OR (Vihi Plant Bed)

The traps are overlain by a younger Formation of
Lower Permian age, consisting of siliceous and carbonaceous
shales commonly known as the Vihi Plant Bed. It is very
difficult to draw actual line between the two Gondwana Plant
Beds, but the main difference between the two is based on
their stratigraphic position. Here the Vihi plant bed
overlies the Panjal Traps; but on the other hand, the
earlier Gondwana plant bed or the ©Nishat Bag bed is
conformably overlain by the Panjal Traps. The plant bed
overlying the Agglomeratic Slates has been named as the
Nishat Bag Bed by Kapoor (1977). Another plant bed
overlying the traps has been referred to as the Vihi Plant
Bed (Verma and Zutshi, 1988). This is the only difference
between the two plant beds. Similarly some plant fossils
have also been reported from this bed which are bigger in
size than the fossils reported from the Nishat Bag bed.
Hence, from the fossil assemblages and the stratigraphic
position, it is concluded that this Formation is of Lower

Permian age.

ALLUVIUM AND TERRACE DEPOSITS

These constitute the Pleistocene and Recent deposits

and are composed of fine grained clay and sand with

inter-bedded conglomerates.
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PETROLOGY OF THE PANJAL VOLCANICS



The' main " object ©ofiithis “ehapter ' is "to Ppresént "a
comprehensive petrographic accoﬁnt of rocks exposed around
Banihal area. In this chapter an attempt has been made to
interpret the volcanic rocks of the area based on the field
and petrographic aspects. As mentioned earlier, the Panjal

volcanic rock series comprises of the basal Agglomeratic
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Slate zone, of highly variable extent, thickness and
distribution and the 1layered and massive Panjal Traps,
showing frequent jointing. The petrographic study of the
Panjal volcanics from the area under reference involves the
identification of the rocks in the field, in hand specimens
and in thin sections. For the purposes of petrographic
classification of the volcanic rocks, the thin sections have
been modally analysed on a blood cell counter and the model
data thus obtained is given in table 3. Furthermore, the
main mineral phases have been separated and thereafter

subjected to optical and chemical studies.

PETROLOGY OF AGGLOMERATIC SLATES

Megascopically the Agglomeratic Slates vary 1in
colour from dark grey to greyish-green, blackish, quite
hard, with ferruginous permeations, along the joint and
bedding planes. The blackish colour is due to the high iron
content. Agglomerates of mineral and rock fragments are
noticed in the rocks (Plate 2, fig.4). The Agglomeratic
zones are characterised by the presence of large number of
angular and subangular, rounded to ellipitical pebbles of
quartz; quartzite and granite, varying from a millimetre to
six mm in size along the longer axis. Sub-greywackes,
arkosic sandstones, argillaceous slates and tuffaceous

materials are seen in association with typical Agglomeratic
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Slates.

Under the microscope, the typical Agglomeratic
Slates, show fragmental inequigranular texture composed
essentially of angular to sub-angular grains of quartz
(Plate 3, figs. 1&2), rock and mineral fragments. Glass
shards’ and iron oxides are noticed and are in an

irresolvable matrix.

The Sub-greywackes (Plate 3, fig.3) associated with
typical Agglomeratic Slates are seen to be essentially
composed of Sub-rounded grains of quartz set in a fine
grained clayey and sericitic matrix. The quartz grains shoﬁ
strain effects with attendant undulosity. Oxides of iron in
.the form of Pyrite and magnetite are present (Plate 3,

fig.4).

The arkosic sandstones referred to above consist of
quartz, feldspars and iron oxides in a fine grained matrix

consisting of chlorite and sericite.

Argillaceous Slates generally found in this area are
of highly fine @grained nature consisting of minute
sub-angular grains of quartz embedded in a cryptocrystalline

matrix.

In the case of the Agglomeratic Slates of the area
under study glass shards and volcanic tuffs are of common

gccurrence.
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PETROLOGY OF THE PANJAL TRAPS

Megascopically the traps of the area vary in colour
from green to greenish black but some of the flows are of
pale yellow, purple and dark grey colour, Well developed
jointing is noticed at many places in the rocks (Plate 2,
figs. 5&6). It is noteworthy that the colour variation in
the rock types is due to their compositional nature. The
rocks owe their green colour to the presence of epidote and
chlorite, greyish to blackish varieties have iron ore
permeations. The Panjal Trap is essentially a fine grained
greyish variety with abundant epidote, chlorite and

calcareous matter.

The older traps exposed in the Jawahar tunnel area
are mostly non-porphyritic though microphenocrystic, and
fine grained; the younger traps exposed in the Banihal Range
are mostly fine grained, epidotised, porphyritic and
amygdaloidal. A green tuffaceous rock appears to be layered

along with the flows and this may even mark the beginning of

different flows.

Under the microscopic examination, the Panjal Traps
in many instances show an aggregate of plagioclases,
chlorites, epidotes and quartz with accessory minerals like

magnetite and ilmenite. In general Panjal Trap is fine to
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medium grained and shows sub-ophitic to ophitic texture but
the equigranular varieties show porphyritic texture. In the
case of porphyritic varieties groundmass is generally fine
to medium grained with sub-ophitic or ophitic texture
consisting of coarse grained phenocrysts of plagioclase
feldspars, and altered pyroxenes. In the highly altered
varieties, the groundmass is mainly composed of sericite and
chlorite with altered or epidotised phenocrysts of pyroxene.
Some thin sections show complete saussuritisation and the
resultant rock consists of epidote - quartz - sericite. In
the vesicular varieties, vesicles are filled with quartz,

epidote and chlorite.

Thin section study of Banihal traps clearly shows
that these have wundergone a 1low grade of metamorphism
because of their involvement in the Himalayan Orogeny. Low
grade metamorphism includes in it a lot of sub-facies as far
as studies of various metamorphic belts in other parts of
the world are concerned. In this case the aim of the author
is to assess the impact of metamorphism on the traps of the
study area. The general rule of Miyashiro and Seki (1958a)
suggesting that the compositional range of epidote enlarges

with increasing temperature applies here also. Chlorite is

generally homogenous.
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Association like epidote + chlorite + actinolite is
a stage in the low grade metamorphism, which is preceded by
pumpellyte + epidote + chlorite + actinolite. Such
associations are also present in various low grade
metamorphic terrains of the world e.g. west side of
Appalachian (Zen, 1974), Katsuyama area of the Sangam
metamorphic belt (Hashimato et al. 1960 & 1976), Keweenawan
basalts (Jolly and Smith, 1972), Western Southland in New
Zealand (Landis and Ccombs, 1974) and the Tanzawa mountains

(Seki et al. 1969a).

As mentioned earlier that the traps of the study
area have been subjected to a metamorphism of low degree of
Amphibolite facies. As a consequence of this the original
minerals have suffered abundant alteration. The chief
alteration is seen in original plagioclases and the main
ferromagnesian mineral augite. The basicity of original
plagioclases has decreased and the original pyroxenes have
changed to amphiboles and chlorite. Zoisite and epidote
have formed at the expense of the anorthite component of the
plagioclases. The rocks irrespective of their textural
variation consist in general of a mineralogical assemblage
of plagioclases (An content varying from 52 to 70 percent),

zoisite, epidote, hornblende, chlorite, sericite and opaque
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minerals like magnetite and ilmenite. It may be mentioned
here that the An content of plagioclases as seen in the
traps of this area is rather high as is also evidenced by a
perusal of earlier literature in regard to the traps of
Kashmir in general. Cases of plagioclases with high
anorthite content co-existing with calcium rich phases such
as epidote or calcite have recently been investigated and
are attributed to higher grades of metamorphism (Hyndman,
19725 Miyashiro, 119753 Mason;nk9%7; Neeckolds;r1978)ah] Gragns
of quartz are present in most of the sections and these are
feleased, as a result of alterations of plagioclases and

pyroxenes.

In the present study, the traps of the area under

investigation have been grouped as under :-

e Amygdaloidal traps
2es Non-Amygdaloidal traps
o Altered dyke equivalents of the

volcanics
4, Quartz - epidote veins (epidosites)
are of frequent occurrence in the study

area.

lg Amygdaloidal Traps

In the case of this variety of trap, the original
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cavities and druses in the rocks have been filled in by

chlorite, quartz, epidote and calcite.

Under the microscope, the rocks are seen to be
composed of ©plagioclase microlites, epidote, <chlorite,
sericite, quartz or calcite. The groundmass is seen to be

consisting of a cryptocrystalline aggregate of feldspar

microlites, intimately interwoven with chlorite and
sericite. In addition specks and grains of magnetite are
present. The infilling minerals are quartz, chlorite,

epidote (Plate 3, figs. 5&6; Plate 4, figs. 1,2 & 3; Plate
4, figs. 4,5 & 6; Plate 5, figs. 1,2,3 & 4; Plate 5, figs. 5

& 6).

AT Non-Amygdaloidal Traps

Non-Amygdaloidal traps consists of the most
prevalent hard, compact and dense variety of traps. Thi's
variety is of wide-spread occurrence in the study area

(Plate 6, fig.l1).

Thin section study of this rock category shows the
presence of hyalopilitic, pilotaxitic, and felty textures in
them. The minerals entering into their composition are
feldspar microlites, epidote grains, scales of chlorite and
sericite, grains of quartz and oxides of iron (Plate 6,

figs. 2 & 3).
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The groundmass consists of a cryptocrystalline

aggregate of the above constituents.
3. Altered Dyke equivalents of the Volcanics

The colour of these rocks varies from green to
greenish-black in hand specimens and are found in the form

of Dykes in the area under study.

The hypabyssal equivalents of Panjal Volcanics have
been repofted. by various workers from different parts of
Kashmir Himalaya. In this connection mention may be made of
the work done by Wadia (1934), Wakhaloo (1943, 1972, 1977),
Dhar (1973), Munshi (1974), Uppal (1978), Sharma (1982) and
Raina (1982). Wiseman (1934) grouped similar rocks under

the term of "epidiorites".

Some earlier workers like Johannsen (1939, 1952),
Moorehouse (1964) and Turner and Verhoogan (1960) classed
the rocks as "Greenstones". It is, however, preferred to
use the term "metadolerites" for such type of altered rocks;
where the original textures are still preserved as has been

done by Wilcox and Polder-Vaart (1958) and Munshi (1969).

The thin section study of rocks of this type shows
the presence of plagioclase 1laths, altered pyroxenes,

chlorite, sericite and quartz (Plate 6, figs. 4 & 5).

The plagioclases and amphiboles largely enter into
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the composition of some of the rocks and are as such termed

as amphibolites.

4, Quartz-epidote Veins

These are yellowish green in colour in hand
specimens and are found in this area. Ramberg (1952),
Turner (1948), Hung (1962), Miyashiro (1975) consider such
rocks as products of "metamorphic differentiation".
Stillwell (1918) first proposed the term metamorphic
differentiation which was later on elaborated by Eskola
(1932). The term metamorphic differentiation as putforth by
Turner (1948) "covers collectively the various processes by
which different mineral assemblages develop from an
initially uniform parent rock during metamorphism". Plate
6, fig. 6 shows a microphotograph of this variety
essentially composed of quartz and epidote with minor

chlorite and magnetite.

MODAL ANALYSIS

Modal analysis in igr=nus rocks are sought after for
purposes of petrographic nomenclature and comparison of rock
samples. Chemical <composition of rocks derived from
accurate modal analysis could be broadly wused in many

aspects of petrochemical studies (Holmes, 1927).

Chayes (1956) has studied verv carefully the problem
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of modal analysis.of igneous rocks, the Delessee Rosiwal
area volume relationship, grain size of rocks, index of
éoarseness and the so-called Holmes's effect. Chayes
(op.cit.) demonstrated that in the modal analysis of medium
to fine grainea igneous rocks, the point count method as
devised by him is superior to the classical Rosiwal-shand
line integration approach. The point count method has a
higher precision and reproducibility factor as compared to
line integration method. Initially Chayes (op.cit.)
invented a combination of a point count mechanical stage to
give jumps of constant width over a horizontal traverse and
an ordinary Clay-Adams (10 punch) Blood cell counter to
record the modal tallies. Based on the mathematical
soundness and simplicity of Chayes method of modal analysis,
many automatic point counters are put in the market. In the
absence of automatic point counter and/or Chayes point count
mechanical stage, a device is adopted in this thesis which
preserves all the essentials of point count theory as
developed by Chayes (op.cit.) and vyields very reliable

results.

In the present work the method adopted, for modal
analysis is as follows : on a petrographic microscope, a

right combination of an objective and an eye piece provided

with a graduated scale is obtained to give a magnification
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constant so that the minerals under counting are clearly
resolved for purposes of point counting. When such a
condition is obtained, with the help of a stage micrometer,
the graduated scale in the eye piece is caliberated. On the
basis of this caliberation, a number of points that could be
obtained over a horizontal traverse on a thin section is
found out. In the present work of point counting basic
volcanic rock modal composition, a constant width of 0.05 mm
was found suitable giving on an average 150 counts per
traverse. If the counting is accomplished on ten equally
spaced horizontal traverses covering the entire area of the
slide, it would give statistically stable counts of 1500 per
slide. For coarse grained plutonic rocks a separate
procedure has to be adopted depending upon the situation of
study. On an average, however, hundred counts per traverse
spread over ten traverses thus yielding 1000 points per
sample, are considered to yield satisfactory stable modal
counts. The movement of the slide both horizontally and
vertically is accomplished by an ordinary mechanical stage.
On the horizontal traverse, each time the slide is moved a
width of 0.05 mm and the mineral coming under cross wire is
identified and correspondingly tallied on a nine punch
(eight for individual counts, and the ninth for cumulative
count) Clay and Adams Blood cell counter. The readings on

the counter on the completion of a traverse are recorded in




54

a data-sheet as shown in table 2. The keys on the Blood
cell counter are put back to zero before starting on the
next traverse. On the completion of the total number of
traverses on a slide, tallies on the data sheet are finally
added and reduced to modal proportions for purposes of
comparison, petrographic nomenclature and for any other

purpose, the data are needed.

Different varieties of fine grained basic volcanic
rocks were point counted according to the above indicated

method and the results are tabulated in table 3.

STUDY OF MAIN MINERAL PHASES IN THE PANJAL TRAPS OF BANIHAL

AREA

The Panjal Traps of Banihal area are generally
composed of plagioclases, epidotes, chlorites and quartz as
already stated. The opaque minerals like magnetite and
ilmenite are also present as accessory minerals. The main
mineral constituents of Panjal Traps viz. plagioclases,
chlorites and epidotes have been studied by optical and

chemical methods.

PLAGIOCLASES

Plagioclase is the most important mineral and the
chief alteration is seen in original plagioclases. The

plagioclases have been determined by two methods : (1)
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optical and (ii) chemical.
i) Optical method

The main approach of this method is based on thin
section study. The present study reveals that the
plagioclases are present in almost all the sections. The
mineral occurs as enhedral crystals, small laths and as
microlites (Plate 6, figs. 1,2 & 3). The crystals are
mostly twinned on the albite law and twin lamallae are
mostly broad, few and sharp. The optical orientation of the
plagioclases changes with the composition. The anorthite

content of the plagioclases varies from 52% to 70%.
ii) Chemical method

This method is predominantly based on the chemical
analysis of the pure plagioclases. Pure fraction of
plagioclases were obtained according to the method of Emmons
(1961) as modified by Henlay (1977). In this case the heavy
liquids 1like tetrabromoethane and carbontetrachloride are
used to a standard specific gravity for the separation of
pure plagioclases from other mineral constituents. Before
this heavy liquid separation the plagioclases were separated
on an isodynamic separator. Pure concentrates of the
plagioclases were later on obtained by resorting to

separation with the help of heavy liquids and finally by
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hand picking. Great care has been taken to obtain pure
mineral fractions and the results reveal that the separation

- process has been highly successful.

Pure concentrates of plagioclases thus obtained were
chemically analysed by the rapid method for their major
elements, and the structural formulae of analysed
plagioclases, computed on the basis of 32(0) atoms are given
in table 4. The chemical data show very small percentages
of Mg and Fe+2 which may occur as impurities in the
plagioclase structure (Deer et al. 1963). The normative
plagioclases have been found to range in composition from

An52 to An77.
EPIDOTE

Epidote 1is also pursued along two methods 1i.e.

optical and chemical method.
(i) Optical method

Epidote is thé most important mineral and present in
abundance in the traps of Banihal area. It is generally
found in the shape of sporadic crystals as well as
aggregates of small enhedral grains (Plate 5, figs. 5 & 6).
This mineral shows interference colours varying from second
to third order. Five samples of epidotes were separated by

the wusual separation method and subjected to chemical



Table 4. Chemical analyses of Plagioclases from
Panjal Traps of Banihal area.
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Sample BT121 BT63 BT94 BT109 BT95
Number 1 2 3 4 5
Constituenté

510, 48.88 49.65 52.24 54.53 55.66
A1,0, 32.54 31.95 29.95 28.60 28.04
Ti0, 0.02 0.05 0.04 4 0.05
Fe,0, 0.55 0.50 0.98 0.90 0.38
FeO 0.10 0.10 Rk 0.16 0.08
MgO 0.10 0.20 0.08 0.05 0.06
MnO - = Tr 0.01 0.01
Ca0 15.45 14.45 12.20 11.10 10.20
Na,0 2.55 3.10 4,20 5,04 5.45
K,0 0.12 0.10 0.30 0.15 0.40
Hy0" 0.05 0.03 0.05 0.04 0.07
H,0 0.03 - - 0.01 0.02
Total 100. 39 100.13 100.16 100.59 100.42
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Table 4. Number of ions on the basis of 32(0)
Sample BT121 BT63 BT94 BT109 BT95
Number 1 2 3 4 5
Constituents
Si 8.910 9.055 9.480 9.809 9.987
Al 6.992 6.869 6.408 6.065 5.932
Fe+3 0.075 0.069 0.134 0122 OLO5 T
Ti 0.003 0.007 0.005 = 0.007
Mg 0.027 0.055 0.022 0.013 0.016
Fe+2 0.015 0.015 0.018 0.024 0.012
Mn - - - 0.001 0.001
Na 0.900 1.096 1.479 1.758 1.896
Ca SIEGALT 2.823 2R B 2.139 1.961
K 0.028 0.022 0.070 0.035 0.091
Or 0.57 @557 »1.71 12493 2024
Ab 21,75 26.60 36.39 43.16 46.61
An 77.68 1283 61.90 55.71 51.15
X(CatNa+K+Fe 24ig) 3,97 4.01 3.96 4.03 3.98
Z(Si+Al+Fe+3+Ti) 15.98 16.00 16.03 16.00 15.98
Ab 21.87 26.76 37.03 43.66 47.68
An 78.13 73.24 62.97 56.34 52 a2,
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studies.
(ii) Chemical method

Pure concentrates of epidotes isolated from the
traps under study were chemically analysed by the rapid
method for their major element study. The data thus
obtained are tabulated in table 5. The structural formulae
of the analysed samples calculated on the basis of 13 (0,0H)
are also given in the same table. It has been observed from
the analytical data that the epidotes under study correspond

to epidote/zoisite variety.
CHLORITE

Chlorite is also determined by both optical and

chemical method.
(i) Optical method

This mineral has been studied along the same pattern
as the Plagioclases and epidotes. Chlorite is generally
green in colour and sometimes shows pleochroism. It shows
abnormal Berlin blue interference colours. Chlorite is an
alteration product of original pyroxenes and mostly occurs

as wisps and scales (Plate 4, figs. 4,5 & 6 and Plate 5,
figs. 1,2,3 & 4).

(ii) Chemical method

Five chlorite samples have been chemically analysed
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Table 5. Chemical analyses of Epidotes from
Panjal Traps of Banihal area.

Sample BT30 BT114 BT108 BI83 BT82
Number 1 2 3 4 5
Constituents

si0, 36.60 3722 38.66 40.47 40.65
A1,0, 22.20 23.20 25.90 30.67 30.76
TiO, - - 0.10 0.09 Tr
Fe,0q 16.20 13.80 8.90 0,70 - "SRRsD
FeO 0.50 0.60 0.90 1.63 1.27
MgO 0.10 0.20 0.15 0.60 0.74
MnO - 0.24 0.04 - -
Ca0 22.90 23.40 23.80 23.10 22.96
Na,0 0.02 0.03 0.01 0.02 0.01
K,0 0.01 0.02 - - -
Hy0" 1.40 1.30 1.50 2.57 2.75
HZO_ 0.25 0.15 0.10 0.30 0.45

Total 100.18 100.16 100.06 100.15 100.11
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for their major element by the rapid method. The data thus
obtained are given in table 6. The structural formulae of
the analysed chlorite samples computed on the basis of 28
oxygen equivalents ignoring water are also given in the same

table.

The optical and chemical studies confirm that the

chlorites under study are of Chamosite variety.

QUARTZ

It is generally seen in the form of small grains
dispersed through the rock sections and occur as an
important released mineral in basic rocks. Occasionally, it
is found as an important infilling material in rock cavities
(Plate 3, figs. 5 & 6 and Plate 4, figs. 1,2 & 3). It is
present in various proportions in different rocks, but its
percentage is more in epidosites. Large grains of quartz.
contain inclusions of ilmenite/magnetite. It shows |
undulatory extinction and first order grey interference

colours.

ILMENITE/MAGNETITE AND OPAQUES

Tlmenite and magnetite usually occur as small grains

and specks and the former generally altered to leucoxene.
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Table 6. Chemical analyses of Chlorites from
Panjal Traps of Banihal area.

Sample BT18 BT193 BT89 BT101 BT47
Number 1 2 3 4 5
Constituents

si0, 31.82 31.40 30.60 27.60 26.34
A1,0, 15.50 17.80 18.20 19.00 18.23
Ti0, 0.18 e 0.08 Tr Tr
Fe,0, 1.86 2.20 o~ 2,70 5.40 6.40
FeO 3.96 4.60 4.00 22.57 24.30
MgO 32.80 31.60 33.20 15.71 13.20
MnO - - - 0.02 0.04
Ca0 Tr Tr Tr 0.40 0.50
Na,0 0.04 Tr 0.03 0.16 0.20
K,0 0.02 0.03 8:12 0.06 0.12
H,0" 12.94 11.60 10.50 9.10 10.20
HZO_ 0.95 0.70 0.60 0.35 0.70

Total 100.07 100.05 100.03 100.37 100.23
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MAJOR AND TRACE ELEMENT STUDY

OF PANJAL VOLCANICS



MAJOR ELEMENTS

The petrochemistry of rocks is an important and
fundamental basis for assessing their chemical variation and
behaviour. In order to discuss the petrochemical study of
Panjal Traps of the Banihal area, thirty selected

representative rock samples have been chemically analysed
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for their major and trace elements by rapid method of rock
analysis. In this chapter, an effort has been made to
investigate the various trends of major and trace elements

of the volcanics under reference.

The analytical data thus obtained have been treated
in terms of binary and ternary variation diagrams. From the
chemical data it is revealed that the 8102 percentage of the
rocks varies from 43.68 percent to 56.50 percent. The rocks
are mostly rich in iron, low in alkalis and show overall

basic character.

The major element data in respect of the rocks of
the study area are listed in table 7. The C.I.P.W. norms
and Niggli values calculated from the chemical analyses are
presented in tables 8 and 9. Table 10 shows the values of
cation per hundred oxygen anions of the trap rocks of the

study area.

Initially the analytical data have been used in
terms of binary variation diagrams which are drawn after
Harker, Larsen, Thornton and Tuttle, Poldervaart and Parker
and Kuno. Secondly the trap rocks of Banihal area have been
plotted in terms of bivariate plots as recommended by some
workers for assessing the nature of the primary basaltic

magma. In the third instance the rocks of the study area
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Table 9. Niggli values of Banihal Traps

Sample Constituents

Number Si qz al fm c alk k mg
BT86 W02 1.=14 25 46 25 4 0.22  0.45
BT109 105V.=11 27 46 23 4 . 2700, 45
BT189 FOLi.4L 7 24 51 23 2 0.22'.10.45
BT101 1'g5U. =11 20 43 33 4 0.07 0.36
BT73 1411 L.+ 9 26 45 24 5 0.14 0.48
BT71 108V.%4 2 20 46 29 5 0.187-10.44
BT58 1141.5/ 6 24 46 25 5 0.14 0.51
BT5 124V =4 24 43 26 rs @, 21V-10.. 35
BEL15 M1t.433 19 44 31 6 0.18/-1.49
BT28 132484 &l 41 21 7 . 27420, 36
BT175 r'244.=2 4 25 44 24 s 0.29  '0.45
BT196 12 7.=3 ] 26 44 28 7 0.27'-10.49
BT165 129%.-%/ 5 24 46 24 6 0.14 0.50
BT94 128 0 22 46 25 7 2. 212 19,56
BT95 140 + 8 24 45 25 8 0.17-19.45
BT171 14154l 9 27 44 21 8 0.19 0.44
BT 21 15744 5 25 42 25 8 0, 2044, 56
BT111 143-#11 28 L4 20 8 0.23 0.44
BT63 145 + 9 28 43 20 9 0.14 0.45
BT138 134 - +10 19 44 31 6 0.23 0.46
BT E2 144 - +12 22 52 18 8 0.14 - 0.39
BT36 150 +14 23 40 28 9 0.24  0.49
BT152 144V % 4 23 46 21 10 W, Z 1V a, 550
BT132 158"- %22 26 40 25 9 0.18 0.46
BT22 60N 6 24 34 3k ) 11 ¥. 25"+ 39
BT40 164, +24 27 42 21 10 0.22 °0.49
BT141 158 -+34 26 45 25 6 0.24 0.48
BT200 154+ +18 23 42 26 0.13 0.49
BT33 15 7 pgy 23 47 2% 9 0. 19489, 48
BT160 16222 22 47 21 10 .19 G35




77

Table 10. Cations of chemically analysed samples of Banihal traps.

Sample CONSTITUENTS

o Si Al Ti P Fe'? Mg Ca Na K Mn H
BT86 20.42° 9,70 _1.05 3.43 6.65 3.527.07 0.96 0.50 O.12""0.55
BT109 20.50 10.26 1.19 2.66 7.07° 31411 614350.89:270, 58024014 8 L1O1 58
BT189  20.55 9.47 0.84 2.18 9.16..3.98.6.55,..0.63 . 0.33 . 0.08_ . 0.53
BT101 20.99 7.88 1.31 2.87 8.16 2,67 9.33 "1.15 0.17 0.12 "90.45
BT73 21.30 9.74 0.92 2.52 6.41 3.53 6.57 1.37 0.41 0.13 0.56
BT71 21790 %66 Q409 138,02 7.31 L3753 8.420he] 48emiDL 58 <OL)B o). 29
BTS8 21.93 8.85 0.92 1.96 6.63 - 3,92 6:81 _1.48 . 0.41 < 012 000 5
BT5 22.21 8.36 1.17 3.01 1415 ..2.32. 655  1.52 - - 0,73 - 410:15 0057
BT115 22.34 7.48 0.50 3.32 5.64 3.76 9.01 1.48 0.58 0.14 0.38
BT28 22.57 10,06 1.05 2.4l 6.53 2.18 5.26 1.37 0.87 0.13 0.57
BIL75 22783 881 8067 $355 7.14 3.14 6.38 1.63 1.12 0.11 0.46
BT196 23.07 8.96 0.66 1.66 6.47 3.38 5.83 1.62 1.04 0.11 0.52
BT165 23.30 8.15 0.80 0.92 74371¥3.526,22 1 dn6& 1 a@usons Ohkdwe heH
BT94 23.75 7.90 0.67 1.75 5.52 4.11 6,69 1.72 0.8L 0.09 045
BT95 23.80 7.91 0.84 2.85 5.48 2,91 5.61 1.81 0.65 0.12 0.60
BT171 23.82 8.92 0.96 2.59 5.69 2.854.93 1.78 0.66 0.12 0.51
BT121 23.89 8.44 0.71 1.01 5.31 3.52 6.29 1.84 0.81 0.10 0.58
BT111 24,07 8.98 0.75 1.57 6.76 2.79 4,90 1.71  0.85 0.15 Q.48
BT63 24,26 9,09 0,67 1.55 6.30 2.79 4.69 2.23 0.65 0.10 0.48
BT138 24.72 6.88 0.88 3.15 547 r3:1618.22: biblde:066 5:0.14a10.16
BT102 24,75 . . 71.14. 1.21 2,24 8.59 3.04 4,52 2.00 0.58 0.13 0.27
BT26 25.20 7.39 0.84% 1.99 4.86 2.896.77 1.78 0.95 0.09 0.41
BT152 25.23 7.90 0.59 1.73 5.47 3.76 5.36 2.23 1.00 0.12 0.29
BT132 25.62 8,17 0.67 1.07 5.81 2.54 5.89 1.82 0.66 0.11 0.43
BT22 25.62 7.54 096 1.52 513 1.82 7.00 Z.23 1,08 0.0 3036
BT40 25.99 8520 10.59% 1050 5L 21r k2 479 #8622 .08howk.00 - OslbatiDs 9
BT141 26.03 8.14 0.75 1.19 6.33 3.03 5.43 1.32 0.66 0.10 0.28
BT200 26.07 7.54 0.67 1.57 5.71 3.0l 6.15 2.26 0.58 0.11 . 0.20
BT33 26.40 7.28 0.59 2.15 2,997 329502012 0830 0, 115 gL T
BT160 26.41 6.85 0.72 3.64 6.23 2,32 4.85 ,2:28 091 1:0.087 510:13
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have been investigated in terms of'two component diagrams as
suggested by different investigators for deciphering the
differentiation trend of basaltic magmas. Fourthly the
rocks of the area wunder reference have been studied
according to the various methods advocated by some workers
for comparing the typical rock suites and trend lines from
many parts of the world. Lastly the chemical data of the
rocks of the present area have been treated in terms of

ternary variation diagrams and interpreted.

BINARY VARIATION DIAGRAMS

The following binary variation diagrams have been

plotted

HARKER VARIATION DIAGRAM

Harker (1909) advanced the oldest method of plotting
of 5i0, as abscissa and the remaining oxides as ordinate for
studying the variation in the chemistry of igneous rocks.
Text figure 4 is a Harker plot for the rocks of the study

area.

An inspection of this figure shows a sympathetic
relationship of KZO’ NaZO and also total alkalis with
silica. The oxides MgO, Ca0O, FeO, Fe203 and TiO2 display a
downward trend with the increase of 5i0,. The behaviour of

A1203 is erratic and the various points are randomly
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distributed. An attempt has, however, been made to connect
them with a curve. A1203 curve displays a scattering of
points, and a general downward tendency with the rise of
silica. The behaviour of A1203 in rocks is reported to be
BEEaEIC, It may be possibly due to the fact that there is
no exact method for determining A1203 in rocks and it is

always calculated by difference.

This figure reveals a magmatic differentiation trend
of the rocks under reference. The process of
differentiation is in decreasing order of basicity, having

proceeded from rocks of more basic to less basic character.

LARSEN VARIATION DIAGRAM

Larsen (1938) suggested a method for portraying the
variation in the chemistry of igneous rocks whereby SiOz,
K,0, Ca0, MgO, FeO are compounded as 1/3 Si0, + K,0 - (MgO +
Ca0 + FeO) termed as "Larsen Index". As per this method
various oxide weight percentages are plotted as ordinate
against the Larsen Indices as abscissa. ® Larsen scheme
(op.cit.) is based on the principle that significant changes
are observed in the behaviour of SiOz, KZO’ Ca0O, MgO and FeO
for rocks ranging in composition from basic to acidic types

and that the oxides that form the components of Larsen Index

are the important constituents needed to establish the
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consanguinity of igneous rocks. The oxides A1203 and NaZO
are excluded from the Index Components because they are
thought to play a subsidary role by Larsen in magmatic
differentiation; as the former generally shows a random
behaviour 'and the 1latter varies insignificantly in its

content with respect to Silica.

Text figure 5 shows the Larsen plot for the rocks
of the study area. Larsen Indices computed from the present
analytical data are given in table 1lla. From this figure,
it is seen that with the increase in the value of Larsen
indices there is an increase of alkalis (NaZO, KZO) and also
of the combined alkalis. The oxides Ca0O, MgO, Fe203, FeO,
TiO2 and A1203 register a downward trend with the fall in
the value of Larsen Indices. The curve for SiO2 displays
some scattering of points but a general upward tendency is
noticed, with rising value of Larsen Indices, which is later
fractions appears to vary in a steady manner. It may be
pointed out in the end that the behaviour of all the curves

points to a definite differentiation trend of the rocks

under discussion.

THORNTON AND TUTTLE VARIATION DIAGRAM

In the year (1937) Bowen concluded that the
crystallization of silicate melts finally approaches the

system SiO2 = NaAlSiO4 and KAlSiO4 named as Petrogeny's
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"residual system". The study of the ternary systems
Mg2A14815018 (Cordierite) - KAlSi206 (Leucite) - SiO2
(Silica) and Mg,Al,Sic0, (Cordierite) - NaAlSi,0,o (Albite)

- Si0, (Silica) by Schairer (1954,1957) and of the system
KAlSi3O8 - CaAlZSiZO8 - HZO by Yoder (1957) further support
Bowen's (op.cit.) conclusion. This system obviously
includes the composition of the following normative mineral

molecules :- quartz, orthoclase, albite, nepheline, leucite

and kalsilite.

Thornton and Tuttle (1960) introduced a new
parameter known as the "Differentiation Index" based on the
Co TPl norms of igneous rocks for studying the
petrochemical behaviour of igneous rock. The minerals of
the residual system represent the salic constituents of the
C.i.P.w. norm with the exception of anorthite which is
considered as a basic constituent of igneous rocks together

with zircon, corundum etc.

Differentiation Index has been defined as the sum
of the weight percentages of normative quartz, orthoclase;
albite, nepheline, leucite and kalsilite. Text figure 6
shows different oxides plotted as ordinate against the
differentiation indices as abscissa for the Panjal Traps of
Banihal area. The values of differentiation indices are
calculated and listed in table 11b. A study of figure shows

that the individual oxides KZO & NaZO display an upward
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trend in a linear manner with the increase in the value_of
differentiation indices. The total alkalis also behave
similarly. Percontra, MgO, CaO, Fe203, FeO, TiO2 and A1203
though showing some scattering of points display a downward
trend with the increase in the value of differentiation

indices.

An inspection of SiO2 curve shows that there is
scattering of points but an upward tendency with an increase
in differentiation index is to be seen. The various curves
in this diagram also point towards a magmatic

differentiation trend.

POLDERVAART AND PARKER VARIATION DIAGRAM

Poldervaart and Parker (1964) putforth the use of
”Crystéllization Index" for deciphering the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>