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In this paper petrographic and heavy mineral account of the Barail sandstones of Zubza village
area is presented. The sandstones are dominated with Quartz arenite. Few other petrographic
types are Argillaceous Siltstone, Laminated Siltstone, Micaceous Quartz Arenite and Lithic
Glauconitic Arenite. The modal composition reveals that the percentage occurrences of different
constituents of these Barail sandstones range as Quartz (39.85% to 64.10%, Feldspar 5.27%
to 8.25%, and Rock fragments 4.53% to 14.25%). However the rich Monocrystalline quartz
implies their derivation from intrusive igneous rocks. The Predominance of unit quartz and
undulose quartz collectively corroborate the dual sources of low rank metamorphic, and plutonic
sources of variable pressure effects. QFL triangular plot infers the derivation of the sandstones
from recycled orogenic sources. QmFRt triangular plot shows that the provenance of these
Barail sandstones were mainly of mixed and dissected arc types. However, few of them also
show their derivation from quartz arenite recycled origin. Heavy mineral study reveals that the
Barail sandstones contain both opaque and non —opaque minerals. The non-opaque minerals
include Zircon, Tourmaline, Rutile, Sillimanite, Kyanite, and Staurolite. ZTR maturity indices
vary from 82.059% to 96.082% with an average 88.538%. ZTR triangular diagram points out the
predominance of tourmaline and zircon which further infers the derivation of the Barail Sandstones
from both metamorphic and igneous sources.
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INTRODUCTION

Nagaland is located in the northern extension of
the Arakan Yoma ranges representing orogenic
upheavals in this part of the country during cre-
taceous and tertiary periods. In this paper a pet-
rographic and heavy mineral study of the barail

sandstones are occurring around in Zubza vil-
lage, Kohima District, Nagaland. The rocks of
Nagaland in kohima synclinorium occur in NE-
SW trending linear belts .The study area lies in
the western part of the synclinorium. A number
of folds with different style and geometry charac-
terize the area and suggest multiple episodes of
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deformation. In addition there are faults travers-
ing the study area. Hence this is the type section

of the Barail group of rocks. Alocation map of the
study area is presented in the Figure 1.

Figure 1: Location Map of Study Area

GEOLOGY OF THE STUDY
AREA

The rocks of Nagaland in Kohima synclinorium
occur in NE-SW trending linear belts. The study
area lies in the western part of the synclinorium.
A number of folds with different style and
geometry characterize the area and suggest
multiple episodes of deformation. In addition,

there are faults traversing the study area. The
area selected for the present study is situated in
Kohima District of Nagaland. The study area
covered in the survey of India Top sheet No. 83
K/7. The exact place from where the samples
collected is a stone quarry located at Zubza
Village. The sedimentary rocks exposed in the
area dominantly composed of sandstones with
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shale intercalations which represent the Baralil
Group of rocks.

MATERIALS AND METHODS

For petrographic study, rock thin section slides
have been prepared from the Barail sandstone
samples collected from the study area. Among
the collected samples, Ten selected sandstone
samples were studied from the Zubza locations
of Quarry section. Thin sections were prepared
by vacuum impregnation with blue- dyed resin
prior to cutting and grinding to a standard 30 m
thickness. An Olympus BX50F4 microscope with
Coolpix 990 Nikon automatic camera attachment
was used for petrographic analysis.
Compositional percentages of samples were
based on 300-point modal analysis. In order to
differentiate major provenance categories the
QFR, QmFRt and QtFRt triangular diagrams
were used.

Though several methods of minerals
separation are available, the heavy liquids that
are commonly used for separation of heavy
minerals are bromoform (sp.gr. 2.89) and
Thoulet's solution (sp.gr. 3.40). For the present
study, bromoform liquid was used to separate
heavy minerals. Since the rock samples were
hard and compact, their disintegration for heavy
mineral separation was not possible and hence
the method suggested by Folk (1980) has been
used. Around 50 gm of samples for heavy mineral
separation were crushed gently, washed properly
and then subjected to alternate treatment with
hydrogen peroxide, distilled water and dilute
hydrochloric acid and stannous chloride,
followed by boiling for about 5 to 10 minutes so
as to remove the authigenic clay, carbonate and

ferruginous coatings on the grains. After thorough
washing and drying, the sample is sieved using
the ASTM sieve mesh 120. The samples obtained
from 120 mesh are used for heavy mineral
separation.

The glass stopper of the separating funnel is
smeared with grease or Vaseline top to prevent
leakage and fitted into the funnel. The funnel is
fixed to the funnel stand and bromoform poured
into the funnel through an ordinary funnel up to 2/
3" of its capacity. The sediments from which
minerals have to be separated are taken on a
glassy paper (to facilitate sliding) and the paper
along with sediments. Gentle tapping is given to
the glassy paper to allow the sediments to slide
and fall into the separating funnel. Aglass rod is
inserted and it is stirred thoroughly, working from
the bottom towards the top. The whole thing is
left in the position for twenty minutes. After ten
minutes, the glass rod is again inserted only half
way through the bromoform, not disturbing the
bottom portion while the top portion stirred gently.
It is allowed to settle for another ten minutes and
afterwards, the heavy crop drawn trough a funnel
fitted with a filter paper into a bottle to collect the
bromoform, the heavy residue left on the filter
paper is washed thoroughly with ethanol from a
wash bottle and the washing of bromoform is
collected separately. The heavy residue is dried
on a hot plate, and grains mount of it are prepared
in a Canada balsam for a microscopic
examination. Similarly light crops or light portion
floating in bromoform can be drawn, washed with
ethanol, and dried on a hot plate for preparation
of grain mounts in Canada balsam for
microscopic examination. To determine the
relative abundance of heavy minerals in a sample,
Ribbon counting method was used. Heavy
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mineral slides have been prepared and studied
under petrological microscope. ZTR maturity
index for all the samples have been calculated
following Hubert (1962).According to Hubert
(1962), ZTR maturity index is the percentage of
combined zircon, tourmaline and rutile grains
among the transparent, non-micaceous, detrital
heavy minerals. In order to show the relative
predominance amongst zircon, tourmaline and
rutile, their individual percentages within the ZTR
maturity index have been calculated and plotted
in a diagram.

RESULTS AND
INTERPRETATION

Petrographic Study

The prepared rock thin section slides of the Barall
sandstones have been studied under petrological
microscope for the classification of the Baralil

Figure 2: A) Fine Grained Barail Sandstones
B) Sub Angular Medium Quartz Grains and
Argillaceous Matrix C) Fine-Medium Size Sub
Angular Quartz Grains Showing Development
of Muscovite from Argillaceous matrix D)
High Poorly Sorted Medium Grained Angular
Quartz Rich Rock Forming Unbent Mica Graing

as well as Few Heavy Mineral Grains

sandstones and to determine the tectonic setting
of the source area during the time of their
deposition. The results of modal analysis of these
sandstones have been presented in Table 2 and
Table 3. The petrographic study reveals that the
Barail sandstones consist of quartz, feldspar, and
rock fragments (Fig. 2). Both floating and
interlocking grains are present. Interlocking grains
show point contact, line contact and concavo-
convex contact. Quartz is the dominant
constituent in all the studied sandstones. The
percentage occurrences of different constituents
of Barail sandstones range as Quartz (39.85%to
64.10%, Feldspar 5.27%, Rock fragments 4.53%
to 14.25% and etc. Both monocrystalline and
polycrystalline varieties of quartz are present.
Among the framework grains, quartz is the most
abundant constituent. Majority of quartz grains
are sub angular to sub- rounded. A few well
rounded grains are also seen. Non-undulatory
quartz grains dominate over undulatory quartz.
Rock fragments rank second after quartz but it
is very less. In the case of feldspar it is present
in negligible amount.

CLASSIFICATION OF THE
STUDIED BARAIL
SANDSTONES AFTER
PETTIJOHN ET AL., 1972)

The recalculated values of quartz (Q), feldspar
(F) and rock fragment (L) (Table 1) have been
plotted in the QFL triangular diagram for the
classification of the studied sandstones (Fig. 3).
It has been observed that the sandstones under
study are mostly of Quartz arenite type. However,
few of them also belong to Argillaceous Siltstone,
Laminated Siltstone, Micaceous Quartz Arenite
and Lithic Glauconitic Arenite types.
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Table 1: Generalized Stratigraphic Succession of Nagaland, Eastern Himalaya (Compiled After
Evans, 1932 and Ranga Rao, 1983)
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PROVENANCE AND TECTONIC
SETTING

Recalculated values of different quartz types
(Table 1) have been plotted in the Triangular
Diagram (after Basu et al., 1975), which indicates
that the constituents of the sandstones under
study were derived from middle, upper, as well
as low rank metamorphic sources (Figure 6).

Table 2: Modal Percentage of Quartz,
Feldspar, Rock Fragments of Barail
Sandstone

From the QFR triangular plot, it is inferred that
the Barail sandstones were derived from recycled
orogenic sources (Figure 4). Percentages of
monocrystalline quartz (Qm), feldspar (F) and
total polycrystalline Rock fragments (Rt) of the
Barail sandstones are given in Table 1. QmFRt
triangular plot shows that the provenance of these
Barail sandstones were mainly of mixed and

Table 3: Modal Percentage of Quartz
Undulose, Quartz Nonundulose and
Polycrystalline Quartz of Barail Sandstone

Figure 3: Triangular Plot of QFR of Barail
Sandstone (After Pettijohn et al., 1972)

Figure 4: QFL and QmFRt, Triangular Plot of
Barail Sandstone (After Dickinson et al.,
1983)
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Figure 5: QFL and QmFRt, Triangular Plot of
Barail Sandstone (After Dickinson et al.,
1983)

Figure 6: Triangular Plot of Detrital Quartz
Types of the Barail Sandstone (After Basu
et al., 1975)

dissected arc types. However, few of them also
show their derivation from quartz arenite recycled
origin (Figure 5). Quartz is the most dominant
detrital grain in the study area. From the
petrographical studies of the sandstone
samples, it has been observed that the sediments
were derived mostly from granitic terrain and
metamorphic schist. The constituent clastic
guartz grains indicate their derivation from dual
sources (or provenance). Monocrystalline quartz
indicates their derivation of sediments from
intrusive igneous rocks. Predominance of unit
guartz and undulose quartz is indicative of low
rank metamorphic, and plutonic sources of
variable pressure effects (Basu et al., 1975).
Studies of intercrystalline boundaries, crystal
size, shape and sorting within polycrystalline
grains are potentially useful in source rock
identification (Blatt and Christie, 1963).
Composite quartz with straight boundaries on the
other hand point out a plutonic igneous derivation.

Qun-Qnun-Qp ternary plot of detrital quartz
suggest plutonic source (Figure 6).

HEAVY MINERAL ANALYSIS

The heavy mineral study reveals that the Barail
sandstones under study contain both opaque and
non-opague minerals. The non-opaque minerals
include Zircon, Tourmaline, Rutile, Sillimanite,
Kyanite, Staurolite and opaque.

Figure 7: Heavy Mineral in Barail Sandstones
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Table 4: Heavy Minerals Percentages of Barail Sandstone

Figure 8: Percentages of the Different Hminerals Present in the Studied Barail Sandstones
and ZTR Percentage

Photomicrographs of a number of observed non-  present in the studied Barail sandstones have
opagque heavy minerals have been presented in ~ been presented in Table 3 and shown graphically
Figure 7. The percentages of the heavy minerals in Figure 8. ZTR maturity index varies from
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82.059% to 96.082% with an average 88.538%.
(Table 3).They fall mainly in the C1 and Al tier of
the ZTR triangular diagram indicating the
predominance of tourmaline and zircon which
infers the derivation of the Barail Sandstones
from both metamorphic and igneous sources
.The low values of zircon, tourmaline and rutile
(ZTR)% indicate that the sediments are
mineralogically immature. Presence of kyanite,
staurolite, sillimanite, brown tourmaline their
derivation from acid igneous and crystalline
metamorphic rocks. Igneous source is also
indicated by the presence of prismatic and
angular zircon grains and high percentage of
opaque minerals. Subhedral and rounded zircon
grains indicate their derivation from reworked
sedimentary sources.

DISCUSSIONS AND
CONCLUSION

The study reveals that studied Barail sandstones
are mostly of Quartz arenite type of Dott, 1964
(in Pettijohn, 1984). However, few of them also
belong Argillaceous Siltstone, Laminated
Siltstone, Micaceous Quartz Arenite and Lithic
Glauconitic Arenite types.

The presence of concavo-convex and sutured
grain contacts indicates that the Barail sandstones
had undergone mechanical compaction due to the
pressure of the overlying strata. The same is also
indicated by the bended mica flakes and bending
and displacement of twin lamallae in a few
plagioclase grains. However, the compaction was
not much intensive during lithification of the
sediment as is indicated by the presence of a
number of floating framework grains.

Triangular diagram of Basu et al. (1975) has
shown that the constituents of the sandstones

under study were derived from middle, upper, as
well as low rank metamorphic and plutonic
sources. Moreover, the presence of two varieties
of polycrystalline quartz viz. one with
polycrystalline grains composed of five or more
crystals with straight to slightly curved
intercrystalline boundaries and the other with
polycrystalline grains composed of more than five
elongate crystals, exhibiting irregular to crenulated
intercrystalline boundaries suggest an origin for
the Barail sandstones from plutonic igneous and
metamorphic source rocks respectively (Folk,
1974; Blatt et al. 1980, Asiedu et al., 2000).

Presence of kyanite, staurolite, sillimanite,
brown tourmaline and rutile indicates the
derivation of the sandstones from high rank
metamorphic source. Presence of rutile indicates
their derivation from acid igneous and crystalline
metamorphic rocks. Igneous source is also
indicated by the presence of prismatic and
angular zircon grains and high percentage of
opaque minerals.

QFL triangular plot of Dickinson et al. (1983)
indicates that the Barail sandstones were derived
from recycled orogenic sources. QmFRt
triangular plot shows that the provenance of these
Barail sandstones were mainly of mixed and
dissected arc types. However, few of them also
show their derivation from quartz arenite recycled
origin.
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