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Foreword

The 55th volume of Bhuvidya this year is published today with contributions
mainly from students.  We are happy to be able to maintain this tradition and
the century-old practice. The Geological Institute organized different academic
activities this year. Eminent scholars and researchers from different parts of
the country and abroad delivered talks during this year. Students also
participated in several national events organized by other universities and
institutes.  The Department had organized a National Seminar on ‘Making of
the Indian Continent’. The seminar provided the students a platform for
interaction with scholars from all over the country. The Department has a plan
to organize a series of national seminars in coming years keeping in mind the
125th Anniversary in the year 2016. An active support from our alumni will be
a great help in promoting such objectives and activities of the Geological
Institute in coming days.

Joydip Mukhopadhyay
President

Geological Institute
22nd December 2014



Editorial

On behalf of the Geological Institute we, the students of
Department of Geology of Presidency University, are immensely
pleasured and honoured to bring out the 55th Volume of Bhu-Vidya.

As previous years, even this academic year the Geological
Institute was involved in organizing various lectures and seminars
related to Geology. This has been a tradition for years, to intrigue
the interest and rejuvenate the broader and wider aspects of Geo
Science among the students. The safeguarding of this very
ideology has been tried to the utmost while it gets reflected in the
form of this edition of Bhu-Vidya, the Journal of Geological Institute.

We extend our sincere gratitude to the present and ex
students, our respectful and beloved Professors and all other well
wishers for their continual support in making the venture a success.

We earnestly wish that in future, the upcoming committees
will overcome the drawbacks we left. A prior sincere felicitation
and motivation for their aspirations.

27th September, 2014 Hindol Ghatak
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Geologists define reefs and
related terms for example bioherm,
biostrome, carbonate mound using the
factors of depositional relief, internal
structure and biotic composition. There
is no consensus on one universally
applicable definition. A useful definition
distinguishes reefs from mounds as
follows. Both are considered to be
varieties of organosedimentary buildups:
sedimentary features built by the
interaction of organisms and their
environment that have synoptic relief and
whose biotic composition differs from
that found on and beneath the
surrounding sea floor. Reefs are held up
by a macroscopic skeletal framework.
Coral reefs are an excellent example of
this kind. Corals and calcareous algae
grow on top of one another and form a
three-dimensional framework that is
modified in various ways by other
organisms and inorganic processes. By
contrast, mounds lack a macroscopic
skeletal framework. Mounds are built by
microorganisms or by organisms that
dont grow a skeletal framework. A
microbial mound might be built
exclusively or primarily by cyanobacteria.
Excellent examples of biostromes
formed by cyanobacteria occur in the
Great Salt Lake of Utah and in Shark
Bay, Western Australia.

Modern reefs are a focal point for

CORAL REEFS AND ITS IMPORTANCE IN GEOLOGY
Sagarika Samaddar, B.Sc  2nd Year

study by varied groups of researchers
each of which has its own perspectives
and priorities. Marine geologists study
relatively young less than 10000 years
reef structures that have formed since
the latest glaciation. Stratigraphers often
focus on the three-dimensional nature
of features developed over much longer
periods of time and often built during
multiple episodes of sea level rise and
fall. The U.S Geological Survey(USGS)
working closely with academic
institutions, state and other Federal
agencies is spearheading an effort to
better understand the oceanographic
and geologic controls on the structure
and processes of their nation’s coral reef
ecosystems. They aim to identify
innovative mapping methodologies to
find the most efficient methods of
mapping and remote sensing that can
be used to address coral reef issues of
distribution, morphology, benthic cover
and history of existing U.S coral reef
systems in the Pacific basin. The
approach to these efforts relies on a
combination of field measurements and
laboratory studies in order to
characterize coral reef habitats. USGS
uses a wide range of tools including in-
water observations made by scuba-
divers, high-resolution bathymetry from
airborne LIDAR (light detecting and
ranging), air-borne and space-based
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multispectral remote sensing imagery,
underwater towed digital photo/video
mapping systems and swath acoustic
seabed mapping systems.

The Proterozoic Belt Supergroup
contains evidence of possible microbial
mat and dome structures similar to
stromatolite reef complexes.
Archeocyathids are the first reef building
organisms from the Poleta formation in
the Death Valley area. Ancient reefs
buried within stratigraphic sections are
of considerable interest to geologists
because they provide paleo-
environmental information about the
location in Earth’s history. In addition,
reef structures within a sequence of
sedimantary rocks provide a
discontinuity which may serveas a trap
or conduit for fossil fuels or mineralizing
fluids to form petroleum or ore deposits.
Octocorals are rarely found as fossils as
they lack a hard skeleton but many
paleontologists believe that one of
Britain’s oldest known animals Charnia
belongs to this group. Faint impressions
of this soft-bodied animal have been
found in late Precambrian rocks of
Central England and southern Wales.

Corals including some major
extinct groups Rugosa and Tabulata
have been important reef builders
through much of the Phanerozoic since
the Ordovician period. However other

organism groups such as calcifying
algae especially members of the red
algae Rhodophyta and molluscs
especially the Rudist bivalves during the
Creataceous period have created
massive structures at various times.
Duting the Cambrian period the conical
or tubular skeletons of Archaeocyatha
an extinct group of uncertain affinities
possibly sponges built reefs. Other
groups such as the Bryozoa have been
important interstitial organisms living
between the framework builders. The
corals which build reefs today, the
Scelaractinia arose after the Permian-
Triassic extinction event that wiped out
the earlier rugose corals and became
increasingly important reef builders
throughout the Mesozoic Era. They may
have risen from a rugose coral ancestor.
Rugose corals built their skeletons of
calcite and have a different symmetry
from that of the scelaractinian corals
whose skeletons are aragonite. However
there are some unusual examples of well
preserved aragonitic rugose corals in the
late Permian. In addition calcite has been
repor ted in the initial post-larval
calcification in a few scelaractinian corals
which arose in the middle Triassic may
have arisen from a non-calcifying
ancestor independent if the rugosan
corals which disappeared in the late
Permian.
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Well, we all know that volcanism
can dramatically alter the climate, often
in cataclysmic ways. Volcanic eruptions
are responsible for releasing molten
rock, or lava, from deep within the Earth,
forming new rock on the Earth’s surface.
The gases and dust particles thrown into
the atmosphere during volcanic
eruptions have influences on climate. But
what about climate’s effect on the
behaviour of volcanic eruptions? Does
the rock hold evidence that climate
changes have, over time, caused a surge
of volcanic eruptions?

Fascinating, and not new.
Geologists have speculated for decades
that past periods of warming, through the
melting of glaciers, might have propelled
a newly eruptive era. The fact can be
understood as a matter of pressure relief:
Taking that icy load off the land may
make it easier for magma to surge out.
In some situations, it might even cause
even more melting. If you remove a large
ice sheet, then the amount of work
required to crack that rock suddenly
becomes a lot less.

But there is a problem: eruption
records get spotty as you move back in
time. It’s likely that only 1 percent of
actual eruptions are captured in the
scientific record.

Geologists at Harvard University
published an influential paper, in 2009,

charting a rise in volcanic activity two to
six times above background levels,
beginning 12,000 years ago. Eruptions,
they argued, track the wax and wane of
the ice ages. It was a provocative
hypothesis, and it might be true, but it
lacked much empirical evidence that the
melting of an ice sheet had caused more
eruptions in most of the world’s
volcanoes.

Such evidence does exist in one
spot: Iceland. There’s a solid chemical
and stratigraphic record showing that the
island experienced a volcanic surge after
its ice sheet retreated. But Iceland is a
geological freak, its volcanism driven by
a hot spot and the rifting of tectonic
plates. Ninety percent of the world’s
volcanoes do not resemble those of
Iceland; they are instead found at
subduction zones, where one plate
slides under another.

But a recent study by geologists
at oceans off South and Central
America, shows that climate change
could fuel volcanic eruptions. According
to the study, the rapid rise in sea levels
could cause a dramatic increase in
volcanic eruptions. The study, published
in the journal Geology, found that during
periods of rapid climate change over the
last million years, the rapid melting of
continental glaciers and the resulting
sea-level rise eventually increased

Can Climate Change Fuel Volcanic Eruptions?
Subhasish Debnath, B.Sc 3rd Year
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volcanic eruptions. Every so often, shifts
in Earth’s orbit lead to rapid warming of
the planet, massive melting of glaciers
and a quick rise in sea levels. According
to the researchers, when glaciers melt,
they reduce the pressure on continents,
while sea-level rise increases pressures
on the ocean floor crust. The change in
pressures on the Earth’s crust seem to
cause increases in volcanism. In
general, the speed of the transition from
ice age to melting, rather than the total
amount of melting, predicted how

intensely the volcanic eruptions
increased.

The study doesn’t address
whether modern-day climate change
would have any impact on the frequency
of volcanic eruptions, though in theory
it’s possible. But even if anthropogenic,
or human-caused, climate change
impacts volcanic eruptions, people
wouldn’t see the effect in this lifetime,
because the volcanic activity doesn’t
occur immediately after the climate
change.
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Lunar Anorthosite And Its Terrestrial Analog In India
Shreyasi Das, B.Sc 3rd year

INTRODUCTION:
Anor thosite is a phaneritic,

plutonic rock characterized by a
predominance of calcic plagioclase
(>90%) and a minimal mafic component
(Pyroxene, olivine, ilmenite, magnetite
etc).

With the utilization of telescopic
near-infrared spectra and multispectral
images of the Moon provided by the
Galileo and Clementine missions,
Anorthosites have now been identified
from beneath a shallow near-surface
layer of pure anorthosite unit. These
anor thosites termed as Lunar
anorthosites are quite fine-grained (only
very few crystals are larger than 1 cm)

with very high Ca/Na ratios. They contain
about >90% calcium rich plagioclase (An
content>70) as well as minor amount of
pyroxene and olivine, which are relatively
iron-rich. They have high Al

2
O

 3  
content

with low Mg and Na/(Na+Ca) and low
incompatible lithopiles (Th,La).

The distribution and modes of
occurrence of lunar anorthosites clearly
indicate that a thick, global layer of
anorthosite is present at various depths
beneath most portions of the lunar
surface. It has been thought that the
lunar highland crust was formed by the
crystallization and floatation of
plagioclase from a global magma ocean
although the actual generation



¶)̨ !Óîƒy 556
mechanisms are still debated. The
composition of the lunar highland crust
is therefore important for understanding
the formation of such a magma ocean
and the subsequent evolution of the
Moon.

LUNAR MAGMA OCEAN
HYPOTHESIS:

The magma ocean hypothesis was
proposed on the basis of numerous
analyses of lunar samples of ferroan
anorthosite (plagioclase-rich rock with
minor amounts of mafic silicates that
have a relatively high Fe/Mg ratio)
collected from a small portion of the
nearside highland regions. It states the
anorthosite layer in the upper portion of
the primordial crust is produced by
plagioclase flotation in the global magma
ocean. During the formation of the Moon
through accretion of materials ejected
from the proto-Earth after impact with a
Mars-sized body, the heat of accretion
resulted in the formation of a lunar
magma ocean (hundreds of kms in
depth).This magma ocean cooled to
produce a variety of cumulate rocks
.Early formed cumulates crystallized at
high temperature and pressure and are
rich in olivine and pyroxene, whereas
cumulates that formed later are rich in
plagioclase which floated on the magma
ocean to form the earliest lunar crust,
with ferroan anor thosites (FANs)
representing the primary rock type of
these cumulates. Efforts to determine the
age of the Moon is based extensively on
the chronology of these cumulates.

TERRESTRIAL ANALOGS IN INDIA:
Rocks similar to lunar anorthosites

are available on terrestrial surface, which

could provide vital clue about origin and
evolution of the Moon. Several works
have been conducted on a number of
anorthosite complexes in southern
peninsular India considered as
equivalent of lunar analogs in terms of
chemistry and mineralogy. The
anorthositic body located in various
parts of Southern peninsular namely
Sittampundi complex, Oddanchatram
anor thosite complex,Kadavur
anorthosite, Chimalpahad anorthosite
Complex (CAC), Kondapalli layered
Complex (KLC) were studied and
compared. While comparing the
chemistry of five terrestrial anorthosites
of Southern peninsular India with the
lunar highland geochemistry, the
chemistry of Sittampundi anorthosite is
found almost equivalent of lunar
anorthosites.

Layered complex of anorthositic
and gabbroic rocks (SAC) are located
at Sittampundi, Namakkal district, Tamil
Nadu, India. The Sm–Nd isotope studies
of Sittampundi anorthosite complex had
given an age of 2935±60 Ma indicating
Archean period. The Archean
anorthosites (> 2.6 Ga) are primarily of
interest because of their closer chemical
similarity to highland anorthosites on the
moon. Anbazhagan and Arivazhagan
(2010) have revealed that Sittampundi
anor thosite is chemically and
mineralogically equivalent of lunar
anor thosite attributing 73% of
plagioclase with An>67% and nearly 14-
15% of pyroxene along with 5% of
olivine.

The content of clinopyroxene  in
lunar highland is ~3-14%, and in the
terrestrial analog it falls from 0.35-
14%.The lunar highland orthopyroxene
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accounts up to 32%whereas the
terrestrial orthopyroxene is restricted to
8%. Orthoclase and quartz are present
in CAC, however those are absent in
Lunar anorthosites which is supporting
the non-completion of differentiation of
lunar magma. Though lunar anorthosites
are characterized by absence of
amphibole and garnet, the Sittampundi
anorthosite complex, analog test site for
lunar highland region in terms of
chemistry and mineralogy, contains
small amounts of hydrated minerals, due
to alteration of the pyroxene and/or
olivine. The terrestrial analogs may vary
from genuine lunar soils in several
aspects, mostly due to the effects of
micrometeorites and solar wind on the
moon. Analyses of Apollo 11 samples
show the anorthosites are deficient in
alkalis and phosphorus due to
volatilization on the surface. However,
the terrestrial analogs have higher alkali

contents.

CONCLUSION:
Samples of actual lunar regolith

are limited which makes  development
of lunar analogs necessary to replicate
the physical, chemical, mineralogical
and geotechnical properties of lunar soil
for Earth based studies. Planetary
scientists are using terrestrial analogs
for various kinds of research and
comparative studies between terrestrial
and planets. Repeated analog studies
are required to understand physical,
chemical and spectral properties of lunar
rocks.The image analysis and spectral
comparison of the lunar analog sites are
useful for remote sensing study of lunar
highland region. This type of study is of
great significance in the context of
ISRO’s initiatives to send series of
missions to the moon for selenological
exploration.
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Introduction:
Remote sensing is the acquisition

of information about an object without
physical contact. Any type of studies of
earth such as survey, analysis, terrain,
study have now become more easy by
recent developments and principles of
remote sensing. Earlier any type of
survey was made in a conventional way;
that, one has to go personally to the field
and to do the work on the basis of
information collected. But with the
availability of aerial photographs and
Satellite Imagery the geological studies
have become easier. In case of Remote
Sensing Technique one can get
information of inaccessible areas and
maps can also be drawn in the
laboratory. Visual images of large areas
enable the observer to perceive relation
between objects and their environmental
surroundings which to a ground observer
might not be evident. The photo and
imagery interpreter can study significant
pattern without the distraction of
irrelevant details and can compare these
patterns with map representation. It is
also important that every detail or
element can be studied clearly under
different instruments like pocket
stereoscope, mirror stereoscope,
Multispectral Digital Analysis System
(MDAS) etc. Aerial photographs are used
since 1914 and from 1972 Landsat

Concept of Remote Sensing and it’s scope
Pritam Kumar Ghosh, Subham Chatterjee, B.Sc 2nd year

Imagery gives an additional tool. Landsat
Imagery is now considered a powerful
tool in geographical research as it
provides more synoptic coverage giving
better knowledge of larger areas. From
aerial photographs and Satellite
Imagery, a new science has been
developed known as ‘Interpretation
Science.’ This science is recently
developed and from this details of
terrains can be worked out.

Advantage of Remote Sensing
Technique

There are certain advantages also
of using Remote Sensing Technology
over conventional survey. The use of air-
photographs for soil survey is in fact
comparable to the use which any soil
surveyor makes of the correlative
indication in the field. The air-photo
however has in this respect some very
definite advantage.
(1) First of all it is possible using air-

photos to analyse systematically
the whole area to be surveyed.

(2) Secondly without going to a hill,
rugged terrain or in a dense jungle
the researcher can prepare a
preliminary map with sufficient
accuracy.

(3) The whole area to be covered can
be viewed at a time and plan could
be made accordingly.

(4) The possibility of planning the field
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work can be done in the area. It
can be chalked out in advance
taking care of the indication of the
physiography that has been
studied with the help of air-photos
and Imagery.

Scope of the Work
The photo-geographers usually

rely on air photographs and satellite
Imageries in tackling geological
analyses. In this disser tation the
researcher has based his observation
solely on air photographs and some
collateral information have however been
incorporated here to magnify the subject.
According to American Geographers
there are three principal reasons of their
reliance on aerial photography and
Satellite Imagery than their colleagues
in other sciences. The three reasons are:
(1) There are some geologists, whose

training predates the development
of photo-geographic methodology,
they are unacquainted, with the
extent of aerial photographic
coverage, how to obtain
photography of regions of interest,
or how to interpret the photograph
once obtained. This type generally

belongs those associated with
Indian Universities;

(2) The photo-geographers work is
unusually complex. He may be well
acquainted with all images relating
to his own field of interest. But
since geography deals with all
phenomena on the earth’s surface
theoretically he should also be
able to identify and interpret
almost every image on any
photograph. He must be selective
in choosing the images for his
requirement. The object of this
study at first in confined to study
the Landform along with
underground geology.

(3) The third is the most important.
The work of geologists is more
often institutionally sponsored than
commercially demanded.

After step by step of critical
studies, viz., recognition and
identification, analysis, deduction,
classification of the desired subject
in either landform or landuse,
structure, relief etc. and after full
establishment of their identity, we
bring out conviction and prepare
maps and description of the area
through research.
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1. Introduction
A full moon is the source of many

tales and imaginations, and who knows
how many poetries. Do you remember
that old lady of the Moon, or that rabbit
from your childhood? Some also imagine
it to be a face.

The basis of these ideas originate
as the surface of the Moon is
ornamented with big and small craters.

 The space around the internal
planets is not entirely “clean”; it rather
contains a lot of planetary debris, as the
asteroids. The asteroids range in size
from as small as a pea nut to a few
hundreds of kilometres in diameter.
These celestial bodies come into the
gravitational field of larger planetary
bodies and get caught up into an orbit
around it and ultimately collide with the
bodies finally making an Impact Crater.
This article discusses the dynamics and
kinematics of this phenomenon.

2. Craters: the rugged face of the
planet
2. 1 Introduction

The projectile path of the asteroid
within the gravitational field of the larger
planet depends on (a) mass and (b)
velocity. The path of the asteroid may
slightly or entirely change from a
parabolic manner to a closed orbit of
elliptical nature. On the other hand, an

Impact Crater
Subham Sarkar, M.Sc  1st year

asteroid passing by a larger planetary
body does not have enough velocity, the
centrifugal force is not enough to
balance the gravitational force of
attraction, resulting in the eventual
collision of the body. These colliding
bodies are called meteorites, and the
structure that is made on the surface of
the planetary body due to collision is
called an impact crater.

The solid rock acts partially as a
fluid under the intense force of impact
of an object hitting at a velocity of
thousand km. per second. The impact
with the surface of a planet initiates an
orderly sequence of events that
eventually produces an impact crater
and associated morpho-tectonic
features.

Fresh impact craters can be
grossly characterized as “circular
rimmed depressions.” Although this
description can be applied to all craters,
independent of size, the detailed form
of craters vary with size, substrate
material, planet, and age. Craters have
been observed over a range of sizes
varying from 0.1 µm observed on lunar
rocks brought back by the Apollo
astronauts, to the more than 2000 km
diameter as in Hellas Basin on Mars
(Refer to http://www.psi.edu/epo/
explorecraters/hellastour.htm for more
details).
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2. 2 Types of crater:
A common progression of

morphologic features with increasing
size has been used to establish a
division of craters.
2.2.1 Simpe crater:

Simple crater are commonly less
than 15 km (on Moon) and 3 - 6 km (on
Earth) in diameter, their interiors are
smoothly sloping with a parabolic profile
(Fig 1a) and its rim-to-floor depth is about
1/5 of its rim-to-rim diameter. The rim is
sharp crested and stands up about 4%
of the crater diameter above the

surrounding plain.
Outside the rim, a circular area

with a radius thrice the crater radius is
blanketed with a mixture of ejecta and
debris scoured from the pre-existing
surface. Fields of small secondary
craters and bright rays of highly
pulverized ejecta that extend many times
the diameter of the crater away from the
primary crater may surround simple
craters.

The floor of simple crater is
underlain by a lens of broken rocks
called breccia. This breccia typically
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includes representatives from all the
formations intersected by the crater and
may contain horizons of melted or highly
shocked rock. The thickness of this
breccia lens is typically 1/2 to 1/3 of the
rim-to-floor depth.
2.2.2 Complex crater:

Complex craters are larger than 20
km (on Moon) and about 3 km (on Earth)
in diameter. They have terraced walls,
central peaks, and at larger sizes,
sometimes flat interior floors or internal
rings instead of central peaks (Fig 1b).
These craters are believed to have
formed by the collapse of an initially
bowl-shaped “transient crater,” and

because of this, these more complicated
structures are known as “complex
craters”. The most notable structural
feature of complex craters is the uplift
beneath their centers. The central peaks
contain material that is pushed upward
from the deepest levels excavated by the
crater. As crater size increases, the
central peaks characteristic of smaller
complex craters give way to a ring of
mountains. The ejecta blankets of
complex craters are generally similar to
those of simple craters, although radial
troughs and ridges replace the
“hummocky” texture characteristic of
simple craters as size increases.

The floors of complex craters are
covered by molten and highly shocked
debris, and ocassionally melt pools are
seen in depressions in the surrounding
ejecta blanket. The surfaces of the
terrace blocks tilt outward into the crater
walls, and melt pools are also common
in the depressions thus formed.
2.2.3 Multiring basin:

Multiring basins area the largest
impact structures characterized by
multiple concentric circular scarps.
Multiring basins are common on the
Moon, the most famous being the 930
km diameter Orientale basin., which has
at least four nearly complete rings of
inward-facing scarps. Most of them have
recognizable ejecta blankets
characterized by a radial ridge-and-
trough pattern. Where the smallest has
a diameter of 410 km.

3. Mechanics of impact Cratering:
The entire phenomenon of impact

cratering is a continuum of several
discrete processes / stages, each
dominated by different physical
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processes. It should not be forgotten that
though discrete, the different stages
actually grade into one another. These
different stages can be divided into (a)
contact and compression (b)
excavation, and (c) modification.
(Fig 2)
3.1 Contact and Compression:
3.1.1 Dynamics

In this stage, the projectile hits the
target and transfers its energy and
momentum to the receiver surface,
generating strong shock waves as both
objects are compressed. As the
projectile plunges into the target, shock
waves propagate both into the projectile,
compressing and slowing it, and into the

target, compressing and accelerating it
radially outward.

 The shock wave in the projectile
eventually reaches its back (or top)
surface, causing a release in pressure.
The surface of the compressed projectile
therefore expands upward and a wave
of pressure relief propagates back
downward toward the projectile–target
interface. It is generally held that the
contact and compression stage ends
when this relief wave reaches the
projectile–target interface. (Fig 3)

At this time the projectile has been
compressed to high pressure and upon
decompression it may be in the liquid or
gaseous state due to internal heat
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generated during the irreversible
compression process. The projectile
generally carries off 50% or less of the
total initial energy, and the balance of
the energy is expended in opening the
crater as well as heating the target.
3.1.2 Impact result

Contact and compression are
accompanied by the formation of very
high-velocity jets of shocked rockmass
(Impact Rocks are described separately
in section 3.2.2). These jets form where
strongly compressed material is close to
a free surface and the velocity depends
on the angle between the converging
surface of the projectile and target.
3.1.3. The impact clock

Contact and compression is the
briefest of the three stages, lasting only
a few times longer than the time required
for the impacting object to traverse its
own diameter. Contact and compression
is the briefest of the three stages, lasting
only a few times longer than the time
required for the impacting object to
traverse its own diameter.
3.2 Excavation:
3.2.1 Dynamics

The shock wave, created during
the previous stage, expands and
eventually weakens into an elastic wave.
The crater itself is opened by the much
slower “excavation flow”.

The growing crater is at first
hemispherical in shape (Simple crater).
Initially its depth and diameter both
increase simultaneously, but the
diameter growth outlasts the depth
excavation.  The crater shape, thus,
becomes a shallow bowl, finally attaining
a diameter roughly three to four times
its depth. At this stage, before collapse
modifies it, the crater is known as a

transient” crater. Even simple craters
experience some collapse (which
produces the breccia lens), so that the
transient crater is always a brief
intermediate stage in geological crater
formation.
3.2.2. Crater rocks and material
transfers

A high pressure is attained during
the contact and compression stage and
is uniformly distributed radially outwards
from the point of impact over a volume
roughly comparable to the initial
dimension of the projectile. This region
is called the isobaric core. The shock
wave created during the impact, expands
away from the impact site and the shock
pressure decreases as the initial impact
energy is spread out. The energy is also
lost by heating the target. The shock
wave, with a release wave immediately
following, quickly attains the shape of a
hemisphere expanding through the
target rocks. The high shock pressures
are confined to the surface of the
hemisphere while the interior gets
decompressed.

The velocity of shock waves vary
from 6 and 10 km /s in most rocks, faster
than sound. Rocks in the target are
overrun by the shock waves, and then
released to low pressures. This may yield
to a change of mineralogy in the target
rocks. A high pressure-low temperature
impact metamorphism takes place. At
the highest pressures the rocks may melt
or even vaporize upon release. Lower
pressures create a characteristic cone-
in-cone fracture called shatter cones.
They are readily recognized in the
vicinity of impact structures and acts as
an indicator of them. Many terrestrial
impact structures were first recognized
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from the occurrences of shatter cones.

The weakening shock wave
eventually degrades into elastic waves.
These elastic waves are similar to the
seismic waves produced by an
earthquake. Seismic waves produced by
a large impact may have significant
effects on the target planet, creating
jumbled terrains at the antipode of the
impact site if they are focused by internal
planetary structures, such as a low-
velocity core.

Vaporized projectile and target,
due to heating, may expand rapidly out
of the crater, forming a vapour plum. If
this is massive enough, it may blow aside
any surrounding atmosphere and
accelerate to high speed. In case of
some large and fast projectiles, some of
this vapour plume material may even
reach escape velocity and leave the
planet, incidentally also removing some
of the planet’s atmosphere.

The vapour plume may temporarily
blow aside the atmosphere even in
smaller impacts, opening the way for
widespread ballistic dispersal of melt
droplets called tektites above the
atmosphere and perhaps permitting the
formation of lunar-like ejection blankets
even on planets with dense
atmospheres. This kind of tektite horizon
is seen in Earth at the K-T boundary
rocks.
3.3 Modification:
3.3.1 Dynamics

Shortly after the excavation flow
has opened the transient crater and the
ejecta have been launched onto ballistic
trajectories, a major change takes place
in the motion of debris within and
beneath the crater. Instead of flowing
upward and away from the crater centre,

the debris comes to a momentary halt,
and then begins to move downward and
back toward the centre from where it
came. This collapse is generally
attributed to gravity, although elastic
rebound of the underlying, compressed
rock layers may also play a role. The
effects of collapse range from mere
debris sliding and drainback in small
craters to wholesale alteration of the
form of larger craters in which the floors
rise, central peaks appear, and the rims
sink down into wide zones of stepped
terraces. Great mountain rings or wide
central pits may appear in still larger
craters. The effects of collapse depend
on the size of the crater.

The detailed mechanism of
collapse is still not fully understood
because straightforward use of standard
rock mechanics models does not predict
the type of collapse observed. The
current best description of complex
crater collapse utilizes a
phenomenological strength model in
which the material around the crater is
approximated as a Bingham fluid, a
material that responds elastically up to
differential stresses of about 3 MPa,
independent of overburden pressure,
and then flows as a viscous fluid with
viscosity of the order of 1 GPa-s at larger
stresses.

The mechanics of the collapse that
produces multiring basins is even less
well understood. One idea that is
currently gaining ground is that the ring
scarps are normal faults that develop as
the crust surrounding a large crater is
pulled inward by the flow of underlying
viscous mantle material toward the
crater cavity.
3.3.2 Crater collapse
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For transient craters smaller than

about 15 km diameter on the Moon, or
about 3 km on the Earth, modification
entails only collapse of the relatively
steep rim of the crater onto its floor. The
resulting “simple crater” is a shallow
bowl-shaped depression with a rim-to-
rim diameter about five times its depth
below the rim. Spectacular collapse is
exhibited by complex craters. Wall slump,
the uplifted floor, central peaks and the
impact melt upon the floor testifies to the
features within a collapsed crater
Occurrence: Impact craters are best
preserved on the terrestrial planets like
the Moon and the Mars which serve as
a natural laboratory for their study. .
Cratering is a natural phenomenon on
their surfaces shaping their landforms.
It is due to the lack of earth-like tectonic
activity within these planets, even very
old craters are preserved. On the other
hand, crustal recycling due to tectonism

has obliterated any old craters on the
surface of the earth. Only craters that
have formed in the Cainozoic are
preserved. A few such examples are the
crater of Arizona, Chixculub of Mexico
and Ramgarh crater of India. Moreover
the Earth’s atmosphere burns off the
smaller meteorites before reaching the
earth’s surface.
References: i. Stuart Ross Taylor and
Scott m. McLennan, Planetary Crusts:
Their Composition, Origin And Evolution,
Cambridge University Press.

ii. H. Jay Melosh, Planetary
Surface Processes, Cambridge
University Press.
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have.
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The Himalayas we see today are
just the modern remnants of massive
tectonic forces that ‘fused’ India with Asia
tens of millions of years ago.Previous
estimates have suggested this collision
occurred about 50 million years ago,as
India moving northward at a rapid pace
crushed up against Eurasia.Geologists
have sought to characterize the rocks of
the Himalayas in order to retrace one of
theplanet’s most dramatic tectonic
collisions.

Recently researchers at MIT have
found that the collisions between India
and Asia occurred only 40 million years
ago-10 millions later than previously
thought.The scientists analyzed the
composition of the rocks from two
regions in the Himalayas and discovered
evidence of two separate collisional
events:As India crept steadily
northward,it first collided with a string of
islands 50 million years
ago,beforeplowing into the Eursian
continental plate 10 million years later.

How great was Greater India ?
Oliver Jagoutz (assistant professor

of geology at MIT’s Dept. Of
Ear th,Atmosphere and Planetary
sciences,saysthe group’s finding may
change scientists’ ideas about the size
of India before it collided with Asia.At the
time of collision,part of the ancient Indian

India Joined With Asia 10 Million Years Later Than
Previously Thought

Sourav Datta, B.Sc 3rd Year

plate-known as “Greater India”-slid
underneath the Eurasian Plate.What we
see of Indian’s surface today is much
smaller than it was 50 million years
ago.It’s not clear how much of India lies
beneath Asia,but scientists believe the
answer may come partly from knowing
how fast the Indian plate migrates and
exactly when the continent collided with
Asia.

By dating the Indian-Eurasian
collision to 10 million years later than
previous  estimates,Jagoutz  and his
colleagues conclude that Greater India
must have been much smaller than
scientists have thought-India moved
more than 10 centimeters a year and 10
million years is 1000 kilometers less in
convergence.

To pinpoint exactly when the
Indian-Eurasian collision occurred,the
team first looked to a similarbut more
recent tectonic example.Over the last 2
million years,the Australian continental
plate slowly collided with a string of
islands known as the
SundraArc.Geologists have studied the
region as an example of an early stage
continental collision.The researchers
identified two main isotopic systems in
the region’s rocks-one in which the
element lutetium decays to hafnium and
another in which samarium decays to
neodymium.From the analysis the
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researchers found that rocks high in
neodymium and hafnium isotopes likely
formed before Australia collided with the
islands.Rocks low in neodymium and
hafmium probably formed after the
collision.

Once the team identified the
isotopic signatures for collision,it looked
for similar signatures in rocks gathered
from the Himalayas.

Since 2000,Jagoutz has trekked to
the northwest corners of the Himalayas,a
region of Pakistan and India called the
Kohistan-LadakhArc.This block of
mountains is thought to have been a
string of islands that was sandwiched
between the two continents as they
collided.Jagoutz traversed the
mountainous terrain with pack mules and
sledgehammers,carving out rock
samples from the region’s northern and
southern borders.His team has brought
back three tons of rocks,which he and
his colleagues analyzed for signature
isotopes!

The researchers split the rocks
and separated out more than 3000
zircons -100 to 200 micron long crystals
contining isotopic ratios.Jagoutz and his
colleagues first determined the age of
each zircon using another isotopic
system,in which uranium turns slowly to

lead with time.The team then measured
the ratios of strontium to neodymium and
lutetium to hafnium,to determine the
presence of a ollision,keeping track of
where each zircon was originally
found(along the region’s northern or
southern block)

The team found a clear
signature:Rocks older than 50 million
years contained exactly the same ratio
of isotopes in both the northern and
southern samples.HoweverJagoutz
found rocks younger than 50 million
years,along the southern boundary of
the Kohistan-Ladakh Arc suddenly
exhibited a rage of isotopic ratios
,indicating as dramatic tectonic
event.Along the  arc’s nor thern
boundary,the same sudden change in
isotopes occurs,but only in rocks
younger  than 40 million years.

Taken together,the evidence
supports a new timeline of collisional
events.Fifty million years ago,India
collided with a str ing of
islands,pushingtje island arc
northward.Ten million years later,India
collided with the Eurasian
plate,sandwiching the string of
islands,now known as the Kohistan-
LadakhArc,between the massive
continents.
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ABSTRACT:
The first ever Earthquake on

Indian land recorded dates back to
September, 1737, and since then, a
large number of tremors have been
recorded, be it mild or large. Since 1991,
more than 35 mild to extreme
earthquakes have been recorded in the
Indian subcontinent. All these
earthquake sequences were studied and
used to understand the seismotectonics
of the SCR events, collision zone and
the subduction zone of the Indian
subcontinent.

TECTONIC SETTING OF INDIA:
Peninsular India constitutes one of

the most prominent and largest
Precambrian shield areas of the world.
It is exposed to the south of the Indo
Gangetic Alluvial Plains (IGAP) which
separates the Himalayas to the north
and the peninsular India to the south.
The major prominent rifts which separate
the northern and southern blocks of the
shield are the Narmada Son Lineament
(NSL) and the Tapti Lineament (TL),
together called the SONATA (Son-
Narmada-Tapti Lineament) zone, which
is about 1000 km long and 50 km wide
in the central part of India. The other
prominent rift is the Kutch rift at the NW
margin of Indian shield.

To the Nor th, the Himalayas

Indian Tectonics and Earthquakes
Dipayan Banerjee, B.Sc 3rd Year

extending over 2500 km long evolved as
a consequence of collision of the Indian
and Asian continents some 50mya.The
major thrust/fault systems present over
the entire length of Himalayan Arc, from
North To South are: the Indus Suture
Thrust (IST), the Main Central Thrust
(MCT), the Main Boundary Thrust (MBT)
and the Himalayan Frontal Thrust (HFT).
The seismicity between the MCT and
MBT is known as the Main Himalayan
Seismic Belt (MHSB).

The Himalayan Arc joins the
Burma-Andaman-Sumatra-Sunda Arc to
the SE that defines a ~5,500 km long
boundary between the Indo-Australian
and Eurasian plates from Myanmar to
Sumatra and Java to Australia (Curray
et al., 1970). Global reconstructions
suggest that the Indian plate converges
obliquely toward the Asian plate at a rate
of 54mm/yr (DeMets et al.,1994).India
is currently penetrating into Asia at a rate
of approximately 45mm/yr and rotating
slowly anticlockwise (Sella et
al.,2002).This rotation and translation
results in the left-lateral transform slip in
Baluchistan at approximately 42mm/yr
and right-lateral slip relative to Asia in
the Indo-Burman ranges at 55mm/yr.
Deformation within Asia reduces India’s
convergence with Tibet to approximately
18mm/yr (Wang et al.,2001) and
because Tibet is extending east-west,
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convergence across the Himalaya is
approximately normal to the arc. Arc-
normal convergence across the
Himalaya results in the development of
potential slip available to drive large
thrust ear thquakes beneath the
Himalaya at roughly 1.8m/cy (Bilham et
al., 1997).
The earthquakes occurred in three
tectonic zones of the Indian
subcontinent- Stable Continental (SCR)

Zone, Himalayan Collision Zone and the
Andaman-  Sumatra Subduction Zone.

SCR Earthquakes in Peninsular India
The 2001 Bhuj Earthquake (M=7.7):

The most recent devastating Bhuj
Earthquake of January 26, 2001 is one
of the largest events occurred in the
Stable Continental Zone. It is another
example of a deeper paleo-rift basin
earthquake within the SCR of Peninsular
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India which occurred at a depth of 25km
in the Kutch Rift Basin. The seismic
sections and the fault plane solutions
illustrates that the main shock originated
at the base of the paleo-rift basin by
reverse faulting on a deep seated south
dipping hidden fault; the rupture
propagated along NE as well as NW.
Also the Kutch Mainland Fault which
runs E-W in the central part of the basin
is not the causative fault for the Bhuj
Earthquake sequence; a steeply South
dipping hidden fault which did not rupture
to the surface generated the main shock
at deeper depth and the rupture
propagated to the NE and NW at depth
to generate the aftershocks.

HIMALAYAN COLLISION ZONE
EARTHQUAKES
The 1991 Uttarkashi Earthquake
(M=6.6):
The Uttarkashi Earthquake of October
20, 1991 occurred in a complicated
Tectonic setting in the Western
Himalayan Collision Zone. The main
shock occurred at a depth of 15km and
the aftershocks occurred at 0-15km
depth. The fault plane solution of the
main shock shows a low angle thrust
faulting and the aftershocks show a
reverse faulting. The main shock and all
of the aftershocks occurred on and
above the Plane of Detachment. The
North-dipping nodal plane of the fault
plane solution of the main shock
confirms well with the low angle north
dipping basement thrust or Plane of
Detachment and the steeply north
dipping nodal plane of the composite
fault plane solution of the aftershocks
confirms well with the dip of the
Uttarkashi fault that merges on the Plane

of Detachment.

ANDAMAN-SUMATRA  SUBDUCTION
ZONE EARTHQUAKES

The 2004 Sumatra-Andaman Tsunami
Earthquake (M=9.3):

The December 26,2004 Sumatra-
Andaman Earthquake occurred by
Thrust faulting on the Interplate Thrust
Zone of the subducting Indian plate and
overriding Burma plate. The main shock
rupture,~1300 km long, generated the
Tsunami in the Bay of Bengal and the
Indian Ocean. There is a predominant
Thrust faulting in the fore-arc region
along the West Andaman Fault and the
normal/strike slip in the back-arc region
along the Andaman Sea Ridge
consistent with the regional tectonics.
CONCLUSION:

Since 1990, as many as 11 strong
to mega earthquakes (M= 6.0-9.3)
severely rocked the Indian subcontinent
causing huge loss of human lives and
properties.

The 2001 Bhuj Earthquake neither
produced surface rupture nor occurred
on a known surface fault; it was caused
by a deep seated hidden fault. Deeper
source of the Earthquake at a depth of
35km at the ‘fault end’ of the paleo-rift
basin, the Narmada South fault at the
basin margin reactivated to generate the
Earthquake at the crust-mantle
boundary.

The 1991 Uttarkashi Earthquake
supports the steady state tectonic model
of the Himalaya that suggests that the
strong/large earthquakes occur on the
Detachment Plane or Basement Thrust
at the ‘fault ends’. The investigations
further revealed that the MCT is dormant;
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the active segments of the faults to the
south of MCT are the causative faults
for the Himalayan seismicity.

The 2004 Andaman-Sumatra
Subduction Zone Earthquake is one of
the largest subduction zone events in the
world. The fault plane solutions of the
main shock and aftershocks revealed the
complex tectonics of the region.

Annals of Geophysics, Vol.
47,N.2/3,April/June 2004,
Earthquakes in India and the
Himalaya: tectonics, geodesy and
history, Roger Bilham.

Recent Large Earthquakes in
India: Seismotectonic perspective,
J.R. Kayal.
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Infrasonic Passive Differential
Spectroscopy (IPDS) is technology that
was developed in 1995 for direct
detection and monitoring of hydrocarbon
deposits for the first time in the history
of petroleum industry. This technology
is based on the principles of nonlinear
behavior of fluid systems in porous
media. Low frequency Acoustic
Spectroscopy was previously used in
different research fields, especially in
different military, medical and
seismological applications. This science
is also the most popular method and
frequently used for recording natural
events in earth hazard prediction and
Vulcanlogy. However in 1995, a small
group of scientists, conver ted the
experiences from military applications to
oil industry, applying low frequency
acoustic spectroscopy for direct
detection of hydrocarbons in the
subsurface reservoirs. During the initial
experiment in 1997, for the first time in
the history of oil industry, it
wasdiscovered that, on top of an oil
reservoir, the natural earth noise spectra
show an increase of magnitude in the
frequency range between 0 and 6 Hz.
The identification of this phenomenon
was subsequently, developed as
Infrasonic Passive Differential
Spectroscopy. Since then it has been
applied in many surveys giving a positive

confirmation in more than 80% of the
cases, which is quite a relevant rate of
success compared to other indirect
investigations adopted in oil and gas
exploration.
IPDS is geophysical technique of HC
exploration categorized under Passive
seismic. Generally there are three
categories of passive seismic. These are
passive acoustic spectroscopy, passive
reflection seismic, and passive micro-
event monitoring. Passive low-frequency
seismic for exploration received new and
high attention when Dangel et.al. in 2003
reported amplitude peaks clustered
around 3Hz in seismicdata measured
above hydrocarbon-bearing reservoirs in
the Middle East. The key observation
was that seismic background noise
seemed to be modified in the low
frequency range above hydrocarbon
filled structures relative to the
background noise measured above
water filled structures.
Seismic background noise:

The earth’s surface is always in
motion at seismic frequencies. These
vibrations of the surface are called
microseisms, micro tremors, or simple
seismic background noise. Although the
vibrations are very small in amplitude,
and far below human sensing, they may
represent a useful source of signal that
can be used to analyze the response of

IPDS – Listening To The Voice of Oil
Dyuti Prakash Sarkar M.Sc. 1st Year
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the ground to earthquake movement.
Micro tremor surveying basically is a
passive seismic method that is relevant
for engineering geophysics in densely
populated areas where there is a
difficulty in using conventional seismic
techniques. The nature of micro-tremors
has been vigorously debated. Recent
literature debated whether micro-tremors
are dominated by S-wave resonances or
by Rayleigh wave propagation. However,
it is accepted that micro-tremors are
caused by both daily human activities as
well as natural phenomena. Examples
of human activities are motor cars and
movement of machinery in factories,
which typically produce micro-tremors
with signal components higher than 1 Hz
in frequency. Natural phenomena are
ocean waves, variations in atmospheric

pressure, and wind. The corresponding
micro-tremors are dominated by signal
frequency components lower that 1 Hz.
The most energetic par t of this
background noise is frequencies around
0.2 Hz, and is most likely related to
seismic surface waves generated by
ocean waves.

Reference: Okada H 2003: The
microtremorsurvey method: Society
of Exploration Geophysicists

IPDS deals with passive acoustic
spectroscopy and it detects the presence
or absence of a petroleum containing
reservoir. The frequency of the recorded
wave is infra or less than normal sound
waves. In this method no artificial sound,
e.g., explosives or vibrations, is used; the
record of the passive sound of earth only

Fig. 1: Schematic acoustic spectroscopic signature of a subsurface hydrocarbon reservoir.
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is utilized. This technology works only
when differential media is present in the
reservoir i.e. oil and water or oil/gas and
water. Spectroscopy is the processing
technique of those signals, interpreting
anomalies representing the presence or
absence of hydrocarbons. The principle
of this method is that a hydrocarbon
reservoir is a frequency converter. It
deforms the frequencies of the
ubiquitous earth noise.
What causes the spectral anomalies?

The precise physical mechanisms
causing the spectral anomalies are still

the subject of active research. However,
two potential causes has been proposed.
The first is the resonant amplification
occurring at the pore scale within the
reservoir, whereby seismic energy is
trapped in a multiphase fluid system and
then emitted with detectable energy
levels. Secondly, at the macro scale,
resonant scattering due to complex
impedance contrasts between the
hydrocarbon bearing rock and the
surrounding media alter the ambient
seismic wave-field to become detectable
at low frequency. Interestingly, there are

Fig.2 : Amplitude spectra characteristic of measurements of seismic background noise
within (curve 1) and outside (curve 2) the boundaries of a known oil reservoir in the
Potiguar Basin, Brazil. The curves are hand-drawn after Graf et al (2007). The right
bar highlights the frequency band where hydrocarbon anomalies are usually found.
The left grey bar highlights were the noise from ocean waves is found.
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some ideas suggesting that this signal
can be enhanced by natural
phenomenon such as earthquakes or
using active sources, such as vibroseis.

Instruments, data acquisition and
processing:

Patented sensors measure the
sound waves. These sensors are
seismometers with the sensitivity of
30,000 – 120,000 V Sec/m (a normal I/
O geophone shows in this frequency
range a sensitivity of 28 V Sec/m). The
instrument is an electrodynamic, inverse
loop magnetic system which is self-
calibrating and can record frequency
between 0.1 – 40 Hz.

IPDS data acquisition is done by
placing the sensors as planned in the
measurement set-up. Normally
measurements are taken at 4-6
recording points (data points) at the
same time, using one or two six channel
recorders. The recording time is not less
than 40 minutes (standard). For initial
exploration of hydrocarbons the spacing
maybe some kilometers. Once the target
has been identified, the spacing maybe
150m or less.

The recorded signals are
transformed from the time domain to the
frequency domain where their spectral
signatures are analyzed. The raw signal
recorded is strongly dependent on
environment noise and on stochastic
variation of the white earth noise spectra.
For this reason, the raw signals are
filtered before and after transformation
in the frequency domain.

Applications and Objectives:
The technology has been widely

used in over 100 field application, e.g.

the Qushwahira, Bu Hasa, Marghan and
Shag oil and gas fields of ADCO, UAE;
the East Moldavek and Nurznanov fields
of Kajumunayagaz, Kazaksthan; the
Tanehill prospect, Young County, Texas
and other fields in USA; OML-277,
Nigeria; Bantumilli, K-G Basin and
Sanganpur, Cambay Basin, India.

The main objective of the Passive
Seismic survey campaigns was to run
such surveys as exploration, delineation,
reservoir monitoring and time laps
monitoring tool under any kind of
geographic conditions or with any type
of geological system, structure,
stratigraphic and lithology (sandstone,
limestone, igneous, salt, anhydrite, etc.)
it will have no effects on low frequency
anomalies. However, the main effect is
to determine whether hydrocarbons exist
or not in a porous media. The secondary
objective was to provide information
concerning detailed lateral and vertical
hydrocarbon distributions away from oil
control points (quantity and quality), and
more recent studies are being conducted
to develop the technology for addressing
the detection of hydrocarbon depth and
possibly the staking pattern of the
reservoirs.

In oil field monitoring, IPDS
screens the oil/gas producing areas,
determines the location of infill wells,
identifies the bypass or attic oil, uneven
flood fronts, and ineffective draining. In
abandoned and depleted fields, this
technology has been used to ascertain
the presence of leftover oil in the field. It
is a giant cost saver in exploration, field
development, field monitoring, and in
depleted-abandoned fields.

Conclusion:
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IPDS is an illustrative tool with high

value of information content because it
directly indicates the presence of
hydrocarbon. It identifies the locations for
wild cat wells, delineation wells with
greatest chance of success and
drastically reduces the risk of drilling dry
wells. Hence, it is a quite promising

technology for petroleum industry.
However, technology is analogous to
language, and like all languages, it is
always mutable and improving but never
reaching absolute precision, rather each
time taking an infinitesimal step towards
perfection.
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Mineral Deposits form because
some medium serves as a concentrating
and transporting agent for the ore
minerals, and some process
subsequently causes the transporting
agent to precipitate, or deposit, the
minerals. Examples of concentrating and
transporting agents are groundwater,
seawater and magma. In this article we
would discuss about the influence of
magmatic activities on the formation of
mineral deposits.

Magma is molten rock, together
with any suspended mineral grains and
dissolved gases that forms when
temperatures rise and melting occurs in
the mantle or crust. When magma rises
to the Earth’s surface through fissures
and volcanic vents, it is called lava. Lava
cools and crystallizes quickly, so that
igneous rocks formed from lava tend to
consist of tiny mineral grains (sometimes
cooling can be so rapid that mineral
grains cannot form and a glass results).
Underground magma, on the other hand,
cools and crystallizes slowly, and the
resulting igneous rocks tend to contain
mineral grains at least one-half
centimetre (about one quarter inch) in
diameter.
Pegmatite deposits:The crystallization
of magma is a complex process because
magma is a complex substance. Certain
magmas, such as those which form

granites, contain several percent water
dissolved in them. When a granitic
magma cools, the first minerals to
crystallize tend to be anhydrous (e.g.
Feldspar), so an increasingly water-rich
residue remains. Certain rare chemical
elements, such as lithium, beryllium, and
niobium, which do not readily enter into
atomic substitution in the main granite
minerals (feldspar, quartz, and mica)
become concentrated in the water-rich
residual magma. If the crystallization
process occurs at a depth of about five
kilometres or greater, the water-rich
residual magma may migrate and form
small bodies of igneous rock, satellitic
to the main granitic mass, that are
enriched in rare elements. Such small
igneous bodies, called rare-metal
pegmatite, are sometimes exceedingly
coarse grained, with individual grains of
mica, feldspar, and beryl up to one meter
across. Pegmatites provide an important
fraction of the world’s lithium, beryllium,
cesium, niobium, and tantalum.
Carbonatite deposits: Carbonatites are
igneous rocks that consist largely of the
carbonate minerals calcite and dolomite,
they sometimes also contain the rare-
earth ore minerals bastnaesite, parasite,
and monazite, the niobium ore mineral
pyrochlore, and (in the case of the
carbonatite deposit at Palabora in South
Africa) copper sulphide ore minerals. The

Formation of Mineral Deposits of Igneous Origin
Srinjoy Sarkar, B.Sc. 3rd Year
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origin of carbonatite magma is obscure.
Most carbonatites occur close to
intrusions of alkaline igneous rocks
(those rich in potassium or sodium
relative to their silica contents) or to the
ultramafic igneous rocks (rocks with
silica contents below approximately 50%
by weight) known as kimberlites and
lamproites. These associations suggest
a common derivation, but details of the
way that carbonatite magmas might
concentrate  geochemically scarce
metals remain conjectural.
Magmatic Cumulates: Magmatic
segregation is a general term referring
to any process by which one or more
minerals become locally concentrated
(segregated) during the cooling and
crystallization of a magma. Rocks
formed as a result of magmatic
segregation are called magmatic
cumulates. While a magma may start as
a homogenous liquid, magmatic
segregation during crystallization can
produce an assemblage of cumulates
with widely differing compositions.

Extreme segregation can sometimes
produce monmineralic cumulates; a
dramatic examples occurs in Bushveld
Igneous Complex of South Africa, where
cumulus layers of chromite (iron-
magnesium-chromium oxide, the only
chromium ore mineral) are encased in
cumulus layers of anorthite.

Mineral deposits that are
magmatic cumulates are only found in
mafic and utramafic igneous rocks. This
is due to control exerted by silica on the
viscosity of a magma, the higher the
silica content, the more viscous a
magma and the more slowly segregation
can proceed. Highly viscous magmas,
such as those of granitic composition,
tend to cool and crystallize faster than
segregation can proceed. In low-silica
(and, hence, low-viscosity) magmas
such as gabbro, basalt, and komatiite,
mineral grains can float, sink, or be
moved so rapidly by flowing magma that
segregation can occur before
crystalliation is complete.

Three ore minerals form magmatic

Fig: Cumulus Layers of the chromium ore mineral chromite(dark) alternating with layers
of anorthite(white).
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cumulates: chromite, magnetite, and
ilmenite. The world’s largest chromite
deposits are all magmatic cumulates; the
largest and richest of these is in the
Bushveld Complex of South Africa.
Cumulus deposits of magnetite make
poor iron ores, because cumulus
magnetites invariably contain elements
such as titanium, manganese, and
vanadium by atomic substitution-
although vanadiferousmagnetites are
important as source of vanadium. In fact,
much of the world’s production of this
metal comes from cumulus magnetites
in the Bushveld Complex.

Immiscible Melts: A different kind
of magmatic segregation involves liquid
immiscibility. A cooling magma will
sometimes precipitate droplets of a
second magma that has an entirely
different composition. Like oil and water,
the two magmas will not mix (i.e. they
are immiscible). The chemical principle
governing precipitation of an immiscible
liquid is the same as that governing
crystallization of a mineral from a
magma; when the concentration of a
particular mineral within a parent magma
reaches saturation, precipitation occurs.
If saturation is reached at a temperature
above the melting point of the mineral, a
drop of liquid precipitates instead of a
mineral grain. The composition of this
immiscible drop is not exactly that of the
pure mineral, because the liquid tends
to scavenge and concentrate many
elements from the parent magma, and
this process can lead to r ich ore
deposits.

Iron Sulfide is the pr incipal
constituent of most immiscible magmas,
and the metals scavenged by iron
sulphide liquid are copper, nickel, and

the platinum group. Immiscible sulfide
drops can become segregated and form
immiscible magma layers in a magma
chamber in the same way that cumulus
layers form; then, when layers of sulfide
magma cool and crystallize, the result
is a depositof ore minerals of copper,
nickel, and platinum group metals in a
gangue of an iron sulfide mineral. Among
the ore deposits of the world formed in
this way are the Merensky Reef of the
Bushveld Complex, producer of a major
fraction of the world’s platinum-group
metals; the Stillwater Complex, Montana,
host to platinum-group deposits similar
to the Merensky Reef; and the Norilsk
Deposits of Russia, containing large
reserves of platinum-group metals.

Under suitable conditions,
immiscible sulfide liquids can also
become segregated from flowing lavas.
An example is offered by the Kambalda
nickel deposit in the Western Australia.
At Kambalda a nickel ore mineral,
pentlandite, together with valuable by-
product minerals of copper and platinum-
group metals, crystallized in an iron-
sulfide-rich gangue from a sulfide liquid
that had become segregated from a
magnesium rich lava called a komatiite
(named for the Komati river in South
Africa).

Reference
Lindgren, Waldemar, 1933. Mineral

Deposits, 4th ed., McGraw-Hill
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The Geology of Ore Deposits,
1986, Freeman

Encyclopaedia Britannica Vol. 21
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Introduction
NASA missions in orbit have for

the first time allowed scientists to
observe the Moon’s “dancing tide”
swaying with Ear th’s gravitational
pull.Scientists combined observations
from two NASA missions to check out
the moon’s lopsided shape and how it
changes under Ear th’s sway — a
response not seen from orbit before.

 Studies have been made by
NASA’s Lunar Reconnaissance Orbiter,
which has been investigating the moon
since 2009, and by NASA’s Gravity
Recovery and Interior Laboratory, or
GRAIL, mission. Because orbiting
spacecraft gathered the data, the
scientists were able to take the entire
moon into account, not just the side that
can be observed from Ear th.The
deformation of the moon due to Earth’s
pull is very challenging to measure, but
learning more about it gives clues about
the interior of the moon.

Some information about lunar
reconnaissance orbiter :

The Lunar Reconnaissance
Orbiter (LRO) is a NASA robotic
spacecraft currently orbiting the Moon
in a low 50 km (31 mi) polar mapping
orbit.The LRO mission is a precursor to
future manned missions to the Moon by
NASA. To this end a detailed mapping

program will identify safe landing sites,
locate potential resources on the Moon,
characterize the radiation environment,
and demonstrate new technology.

The probe will make a 3-D map of
the Moon’s surface and has provided
some of the first images of Apollo
equipment left on the Moon.

Some information about gravity
recovery and interior laboratory :

The Gravity Recovery and
Interior Laboratory (GRAIL) was an
American lunar science mission in
NASA’s Discovery Program which used
high-quality gravitational field mapping
of the Moon to determine its interior
structure. The two small spacecraft
GRAIL A (Ebb) and GRAIL B (Flow)
were launched on 10 September 2011
aboard a single launch vehicle: the most-
powerful configuration of a Delta II, the
7920H-10. GRAIL A separated from the
rocket about nine minutes after launch,
GRAIL B followed about eight minutes
later. They arrived at their orbits around
the Moon 25 hours apart. The first probe
entered orbit on 31 December 2011 and
the second followed on 1 January 2012.
The two spacecraft impacted the Lunar
surface on December 17, 2012.

Objectives of GRAIL:
Map the structure of the lunar crust

Moon’s Dancing Tide
Ramit Mitra, B.Sc 3rd  year
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and lithosphere
Understand the asymmetric
thermal evolution of the Moon
Determine the subsurface
structure of impact basins and the
origin of lunar mascons
Ascertain the temporal evolution of
crustal brecciation and
magmatism
Constrain the deep interior
structure of the Moon
Place limits on the size of the
Moon’s inner core
The data collection phase of the

mission lasted from 7 Mar 2012 to 29
May 2012, for a total of 88 days. A
second phase, at a lower altitude, of data
collection began 31 Aug 2012, and will
be followed by 12 months of data
analysis. On 5 Dec 2012 NASA released
a gravity map of the Moon made from
GRAIL data. The knowledge acquired
will aid understanding of the evolutionary
history of the terrestrial planets and
computations of lunar orbits.

Outcome of the mission :
The lopsided shape of the moon

is one result of its gravitational tug-of-
war with Earth. The mutual pulling of the
two bodies is powerful enough to stretch
them both, so they wind up shaped a
little like two eggs with their ends pointing
toward one another. On Earth, the
tension has an especially strong effect
on the oceans, because water moves so
freely, and is the driving force behind
tides.

Earth’s distorting effect on the
moon, called the lunar body tide, is more
difficult to detect, because the moon is
solid except for its small core. Even so,
there is enough force to raise a bulge
about 20 inches (51 centimeters) high
on the near side of the moon and similar
one on the far side.

NASA missions in orbit have
allowed scientists to observe the Moon’s
“dancing tide” swaying with Earth’s
gravitational pull.

The position of the bulge actually
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shifts a few inches over time. Although
the same side of the moon constantly
faces Earth, because of the tilt and
shape of the moon’s orbit, the side facing
Earth appears to wobble. From the
moon’s viewpoint, Earth doesn’t sit
motionless but moves around within a
small patch of sky. The bulge responds
to Earth’s movements like a dance
partner, following wherever the lead
goes.

“If nothing changed on the moon
— if there were no lunar body tide or if
its tide were completely static — then
every time scientists measured the
surface height at a particular location,
they would get the same value,” said
Mike Barker, a Sigma Space Corporation
scientist .

A few studies of these subtle
changes were conducted previously
from Earth. But not until LRO and GRAIL
did satellites provide enough resolution
to see the lunar tide from orbit.

To search for the tide’s signature,
the scientists turned to data taken by
LRO’s Lunar Orbiter Laser Altimeter, or
LOLA, which is mapping the height of
features on the moon’s surface. The
team chose spots that the spacecraft has
passed over more than once, each time
approaching along a different flight path.
More than 350,000 locations were
selected, covering areas on the near and
far sides of the moon.

The measurements taken at the
same spot and calculated whether the
height had risen or fallen from one
satellite pass to the next; a change

indicated a shift in the location of the
bulge.

A crucial step in the process was
to pinpoint exactly how far above the
surface LRO was located for each
measurement. To reconstruct the
spacecraft’s orbit with sufficient
accuracy, we need the detailed map of
the moon’s gravity field provided by the
GRAIL mission.

This study provides a more direct
measurement of the lunar body tide and
much more comprehensive coverage
than has been achieved before.

The good news for everyone is that
the new results are consistent with
earlier findings. The estimated size of the
tide confirmed the previous
measurement of the bulge. The other
value of great interest to researchers is
the overall stiffness of the moon,and this
was also similar to prior results.

Having confirmation of the
previous values — with significantly
smaller errors than before — will make
the lunar body tide a more useful piece
of information for scientists.

This research shows the power of
bringing together the capabilities of two
missions. The extraction of the tide from
the LOLA data would have been
impossible without the gravity model of
the moon provided by the GRAIL
mission.

References:
The above ar ticle is based on

mater ialsprovided by NASA/
Goddard Space Flight Center.
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Information about lower mantle:
The lower mantle comprises 55

percent of the planet by volume and
extends from 670 and 2900 kilometers
in depth, as defined by the so-called
transition zone (top) and the core-mantle
boundary (below). Pressures in the lower
mantle star t at 237,000 times
atmospheric pressure (24 gigapascals)
and reach 1.3 million times atmospheric
pressure (136 gigapascals) at the core-
mantle boundary. Any living person
would instantly be crushed under such
pressure.It composes of chiefly
magnesium- and iron-bearing silicates,
including the high-pressure equivalents

of olivine and pyroxene.
Mystery of lower mantle:

The prevailing theory has been
that the majority of the lower mantle is
made up of a single ferromagnesian
silicate mineral, commonly called
perovskite (Mg,Fe)SiO3 defined through
its chemistry and structure. It was
thought that perovskite didn’t change
structure over the enormous range of
pressures and temperatures spanning
the lower mantle.

Recent experiments that simulate
the conditions of the lower mantle using
laser-heated diamond anvil cells, at
pressures between 938,000 and

MYSTERY OF LOWER MANTLE
Ramit Mitra, B.Sc 3rd  year

A view of interior earth.
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997,000 times atmospheric pressure (95
and 101 gigapascals) and temperatures
between 3,500 and 3,860 degrees
Fahrenheit (2,200 and 2,400 Kelvin),
now reveal that iron bearing perovskite
is, in fact, unstable in the lower mantle.

Researches have found that the
mineral disassociates into two phases
one a magnesium silicate perovskite
missing iron, which is represented by the
Fe portion of the chemical formula, and
a new mineral, that is iron-rich and
hexagonal in structure, called the H-
phase. Experiments confirm that this
iron-rich H-phase is more stable than
iron bearing perovskite, much to
everyone’s surprise. This means it is
likely a prevalent and previously
unknown species in the lower mantle.
This may change our understanding of

the deep Earth.
Some information about structure of
perovskite :

The perovskite structure is
adopted by many oxides that have the
chemical formula ABO

3
.

In the idealized cubic unit cell of
such a compound, type ‘A’ atom sits at
cube corner positions (0, 0, 0), type ‘B’
atom sits at body centre position (1/2, 1/
2, 1/2) and oxygen atoms sit at face
centred positions (1/2, 1/2, 0).

The relative ion size requirements
for stability of the cubic structure are
quite stringent, so slight buckling and
distortion can produce several lower-
symmetry distorted versions, in which
the coordination numbers of A cations,
B cations or both are reduced. Tilting of
the BO

6 
octahedra reduces the

coordination of an undersized A cation
from 12 to as low as 8. Conversely, off-
centering of an undersized B cation
within its octahedron allows it to attain a
stable bonding pattern.
Conclusion :

The chemistry of the H-phase, is
still a bit confusing and researches are
going on till date. But this finding
indicates that all geodynamic models
need to be reconsidered to take the H-
phase into account. And there could be
even more unidentified phases down
there in the lower mantle as well, waiting
to be identified.
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Introduction:
Several major biological crises

technically called mass extinctions have
hit the earth from time to time throughout
its long history spanning the whole of
Phanerozoic, for example Permian-
Triassic Boundary,  Cretaceous-Tertiary
Boundary and. But among all of them,
one mass extinction truly dwarfs all the
others. Whereas earlier and later events
each seem to have extinguished about
50% of species, the end-Permian
Extinction was associated with a loss of
80-90% of species in the sea and in land.
Several major groups just disappeared,
including the trilobites and giant sea
scorpions called eurypterids.

The vast scale of the extinction is
shown by the fact that two major
structural ecosystems disappeared- the
Reefs and the Forests. Nothing like that
has happened in any of the other mass
extinctions.

Reefs first appeared in the
Cambrian, and by the end-Permian had
become a major ecosystem hosting
substantial biodiversity, as they do today.
With the loss of the dominant reef
builders, the rugose and tabulate corals,
the earth was cleared entirely of reefs. It
took another 15 million years for new
group of corals to evolve and build reefs
once more.

Forests likewise vir tually

disappeared. There is a famous “coal
gap” in the early and middle Triassic
when no forests anywhere became
sufficiently established to produce coal
deposits. Key groups of forest insects,
soil churners and ver tebrates
disappeared too. Searching for the cause
or causes of this dramatic extinction has
become an exciting task for
Geoscientists. Can this extinction be
linked with some of the catastrophic
extra- terrestrial phenomenon or is it a
gradual process as the traditional
paleontologists have claimed so long?

Such a huge devastation of life
might seem to imply a colossal impact.
Evidence for this, however is weak to
non-existent.  The most favoured
explanation is volcanic eruptions: 252
million years ago, when massive
volcanoes erupted in Siberia and they
continued to belch forth viscous basalt
lava and massive clouds of gases for
over 500,000 years. These were not
conventional cone-shaped volcanoes
but great rifts in the Earth’s crust. The
rock from the eruptions now forms a vast
formation known as the Siberian Traps.

It can also be the Sulphur dioxide
causing flash freezing by blocking the
Sun for a short time or the more long-
lasting carbon dioxide that causes
Global Warming and Oceanic
stagnation, indicating oxygen poor

The Permo-Triassic Mass Extinction: An Enigma in Earth Science
Suranjan Ghosh, M.Sc. 1st Year
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condition.

The earliest Triassic rocks contain
evidence of repeat cycles of oceanic
stagnation. These dark, black-colored,
pyrite-rich sulphurous rocks contain very
few fossils, in contrast to the abundant
and diverse fossils in the limestone’s just
below the extinction level.

The slaughter of life in the sea and
on land left a devastated Earth. Pulses
of flash warming continued for 5 million
years, delaying the recovery of life. Some
“disaster taxa” such as Lystrosaurus, a
pig-sized herbivore, gained a foot-hold
here and it took 10-15 million years for
complex ecosystems to become re-
established. Evidence on causation is
equivocal, with support for either an
asteroid impact or mass volcanism, but
the latter seems most probable. The
extinction model involves global warming
by 60C and huge input of light carbon
into the ocean-atmosphere system from
the eruptions, but especially from gas
hydrates, leading to an ever-worsening
positive-feedback loop, that is known as
the ‘runaway greenhouse’.

Dating the extinction event:
In spite of being long recognized

as the biggest mass extinction of all time,
and far more significant than the better-
known event at the end of the
Cretaceous period (the KT event; 65
Million years ago), the end-Permian
mass extinction was, until recently, hard
to define. First, the Permo–Triassic (P-
Tr) boundary has been dated precisely
to 251 Million years ago (Million years
ago). Second, the Siberian traps, vast
volumes of volcanic lavas, have also
been dated more precisely than had
been possible before, and the peak of

their eruption history matches the P-Tr
boundary. Third, extensive study of rock
sections that straddle the Permo-Triassic
boundary, and the discovery of new
sections, began to show a common
pattern of environmental changes
through the latest Permian and earliest
Triassic (253–249 Million years ago).
Four th, studies of stable isotopes
(oxygen and carbon) in those rock
sections revealed a common story of
environmental turmoil. Together, these
themes seemed to point to a model of
change in which normal feedback
processes could not cope and the
chemical and temperature balance of the
atmosphere and oceans went into
catastrophic breakdown.

Proposed mechanisms for the long-
term environmental stress and mass
extinction :

The large scale mass-extinction at

Fig.1 This image shows annual mean surface
temperatures in degrees Celsius at the
time of the Permian extinction. It is based
on a computer simulation generated by
the Community Climate System Model at
NCAR. Note how the very hot tropical belt
extends much further north and south
than today, but there are cool polar
regions in this model. (Illustration courtesy
Jeff Kiehl, NCAR.)
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the end of Permian can be predicted
using large scale magmatic eruption
events correlating with oceanic anoxia
and carbon isotope excursions. Thus
about 251 million years ago, suddenly
an environmental catastrophe that lead
to “Great Dying” began but its effect
lasted for several millions of years. There
are many  causes that have been
proposed to explain the Permian mass
extinction.  The causes are divided up
into two main groups: diversity
dependent and diversity independent.
Diversity dependent hypotheses are new
and are not very popular with many
scientists but they do make sense.
Diversity-dependent factors limit
population growth as population sizes
get larger.  It involves a deterioration of
environmental factors such as oxygen,
nitrogen, and carbon dioxide, whereas
diversity-independent hypotheses, which
are more common and widely accepted,
involve models that affect all individuals
of a species equally and is independent
of the number of species present.

We assess the evidence for the
Siberian Traps as a primary trigger for
the mass extinction at the end of the
Permian.

The Siberian continental flood basalt
province :

Not without good cause this is
recognized as the largest continental
flood basalt province, but less than a half
of it is now seen at the Earth’s surface;
the bulk of it is buried beneath thick
sedimentary cover. The most obvious
outcrop of the Siberian continental flood
basalt province (or Siberian Traps) is
located on the Siberian craton, a region
that has been tectonically stable since

Precambrian times (Figure 2).
The area of the province

preserved on the craton is of the order
of 2.5 million km2, including the region
underlain by upper crustal intrusive. The
thickness ranges from more than 3 km
near Noril’sk and Maymecha-Kotuy at
Central Siberia, thinning towards the
south and east.

There are four possible

Fig. 2 Extinction rate versus time (continuous
line, blue field represent multiple-interval
marine genera) compared   with eruption
ages of continental flood basalts (red
bars). Three of the largest mass
extinctions, the Permo-Triassic, Triassic-
Jurassic and the Cretaceous-Tertiary,
correspond with the eruptions of the
Siberian Traps, the Central Atlantic
Magmatic Province, and the Deccan
Traps, respectively.

Fig.3 Map of present-day western Siberia,
showing the distribution of Permo-Triassic
igneous rocks.
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mechanisms through which massive
volcanism might be able to cause mass
extinctions: a) creation of a dust cloud
that reduces photosynthesis and initiates
global cooling; b) injection of massive
amounts of CO2 and sulfates is
converted to sulfuric acid and reducing
the protective ozone shield; c) creation
of a thermal anomaly; and d) injection of
poisonous trace elements into the
atmosphere and oceans.

New 40Ar/39Ar data for basalts
from Noril’sk, Lower Tunguska, Taimyr,
and the Kuznetsk Basin and from
Vorkuta in the Polar Urals confirm that
the age of eruption in these regions was
also around 250 Ma.

With the presently available age
data, it is not possible to determine
precisely how long it took to emplace the
whole of the Siberian Traps. However,
using both U-Pb and Ar-Ar dates in
recent paleo-magnetic and radiometric
studies of the Deccan Traps, India; it is

suggested that the bulk of those lavas
in Indian Peninsula were erupted in less
than 600000 years. If these estimates
are correct, a timescale of less than 1
Ma for the emplacement of the bulk of
the Siberian Traps seems realistic.

In this long period, continuous CO
2

emission from volcanic eruption may act
as an insulator and initiate a green house
effect. McLean [1985] suggested that the
buildup of 4-8 fold atmospheric CO2

results in a failure of primary productivity
and decline in the amount of CO2 being
sequestered in the deep ocean. This
caused global warming, lowering of pH
in the Upper Ocean and perturbation of
the ecosystem. He estimated that
Siberian trap might have contributed 1.8x
1018 moles of CO

2 
over ~1M.a.

This results that Surface air
temperatures were 10–40 0C warmer
than the present-day control simulation
at the highest southern latitudes. In the
Northern Hemisphere winter land

Fig.4 Physiological selectivity of the end-Permian extinction. Clades with poorly buffered respiratory
physiology are shaded dark brown, moderately buffered clades are in brown, and well-buffered
clades are in light yellow. Invertebrate extinctions are calculated as a raw percentage on the
basis of all Changhsingian genera from the Paleobiology Database data; the foraminifers’
extinction is also found at a raw percentage...-from Groves & Altiner (2005).
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temperatures are 10–20 0C warmer than
the present-day simulation and are more
consistent with the paleo-climatic data.
The minimum daily mean maximum
summer temperatures in the dry
subtropical regions are 510C in some
regions, which is 15 0C higher than
simulated present day daily maximum
summer temperatures.

Changing environmental conditions
across the Permo-Triassic boundary :

The majority of the preserved
marine P-Tr boundary sections are
located on the continental shelves within
the Paleo-Tethys realm, but some are
from the Pan- thalassic

Ocean, and several sections are
terrestrial. Deep-water sections are rare,

because most have been sub- ducted,
but a deep water section from the Pan-
thalassic Ocean has been preserved in
accreted terrains in Japan.

There are several recent
overviews of the end-Permian mass
extinction event, and the accompanying
the eco-logical and the environmental
changes. The Permian Period was
characterized by a rich faunal and floral
diversity which was strongly reduced
during the end-Permian extinction
events. There is some debate about the
number of taxa that became extinct at
the end of the Permian, but it is thought
that at least 90% of marine species, 57%
of all families, and 83% of all genera went
extinct. In the marine realm, the benthic
communities were particularly affected,

Fig.5 Permian-Triassic Pangaea palaeogeography, with the location of the main P-Tr terrestrial
basins and boundary sections indicated, (1) West Siberian/ Kuznetsk Basin, (2) Precaspian/
Urals foreland basin/Russian Platform, (3) Central European Basin, (4) Iberian Basin, (5)
South China, (6) Paraná Basin, eastern South America (7) Karoo, South Africa, (8) Satpura/
Raniganj basins, central India, (9) Bowen Basin, western Australia, and (10) Victoria Land
and the central Trans-Antarctic Mountains, Antarctica. From Roscher et al. (2011). Late Permian
climate zones are generalized from Schneebeli-Hermann (2012)
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and on land the variety of insects, tetra-
pods and forests were diminished
considerably. During the late Permian,
much of Europe was covered by conifer
forests, but these disappeared to be
replaced by lycopsids (e.g., Pleuromeia)
which are small, tree-like mosses.
Palynological and palaeosol data
indicate the existence of deciduous
forests at high latitudes during the latest
Permian. Low faunal and floral diversity
persisted well into the Triassic, especially
at the community level.

A common feature of many P-Tr
marine sections is the evidence of
oceanic dysoxia (reduced content of
dissolved oxygen), anoxia (absence of
dissolved oxygen) and, in the most
extreme examples, euxinia (presence of
reduced sulphur). At the present time,
the Earth’s oceans are oxygenated to all
depths, and anoxia and euxinia are
restricted to isolated water masses such
as the Black Sea, or to the water trapped
within the ocean bottom sediments.
However, evidence for oceanic anoxic
events (OAE) in the past is, in contrast,
frequently found. During an OAE, a large
part of the water column is depleted in
oxygen and, in extreme cases, only the
wind-churned surface waters may
become oxygenated. As a result, large
volumes of the oceans become
uninhabitable to organisms that utilize
oxygen for respiration. The observation
that so many shallow-water sections
were anoxic during the P-Tr transition,
and that this anoxia often extended well
into the Triassic, indicate that the world’s
oceans were in the grip of a long-lived
OAE: a super-anoxic event. Upwelling of
anoxic water onto the continental
shelves was probably the main direct

cause of the extinction of benthic
communities, but there is also strong
evidence that the shallow-water anoxic
events were diachronous.

Sea-Level change and its impact
on life forms

End Permian event of marine rise
although often still regarded as an
interval of low-stand, much recent work
has shown that the end Permian mass
extinction occurs during a phase of rapid
on-lap and spread of oxygen-poor
bottom waters. First identified in
carbonate dominated, shallow marine
sections of northern Italy and in the shaly
basinal facies of Idaho (Wagnall and Hall
am, 1992), the P–Tr ‘‘super anoxic event’’
has since been discovered in most P–Tr
boundary sections including the oceanic
sediments from the accreted terrains of
Japan (Isozaki, 1994...). The evidence
for anoxia derives from geochemical
Authigenic U-enrichment, Chromium-
Sulfate plots. Sediment logically
abundant pyrite, and paleo-ecological no
bioturbation, specialized dysaerobic
fauna of Lingula and Claraia. Only in the
slowly accumulated, deep sea sections,
is the organic enrichment observed,
suggesting that productivity may have
been very low. More importantly, the
event removed both phosphorus and
nitrogen in the marine realm and induced
extinction through nutrient deficiencies.
On land, extinctions were caused by a
drop in atmospheric oxygen of between
10-90% and probable climatic cooling.

Despite the severity of the P–Tr
super anoxic event, several workers
have suggested that it is not the sole
cause of the end Permian extinction
because the onset of anoxia either
postdates the extinction (Kozur, 1998),
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or other factors, such as CO

2
 poisoning,

are more important (Knoll et al., 1996).
Perhaps the most convincing case for
death-by-anoxia comes from the field,
where the demise of Permian marine
taxa regularly coincides with the
development of oxygen-restr icted
deposition, (Wignall and Hall am, 1992,
1993; Hall am and Wignall, 1997).

Unfor tunately, unlike for the
Cretaceous, any oceanic crust, so
produced at the end of the Permian has
been lost by subsequent subduction-
obduction and by continental accretion.
Accordingly, it can only be proposed as
a plausible speculation (Hall am, 1999),
that a major episode of global warming
at the end of the Permian was caused
by a marked increase in atmospheric
CO

2
 as a consequence of both sub-

aerial and submarine volcanism on a
massive scale. With the concomitant
diminution in solubility of oxygen in
seawater, a tendency towards marine
anoxia would be a notable by-product of
such volcanism.

Origination rates and nutrient
reduction in the Environment.

Several authors have claimed that
the drop in diversity was due to the failure
of origination, rather than the extinction.
They suggested that the formation of
Pangaea and the subsequent regression
reduced the oppor tunities of the
allopatric speciation and thus their
origination rates. This mass decline in
diversity reflected a decline in the
origination rate during early Triassic
which is related to a mass extinction
event by many.

Primary producers form the base
of the food chain and variations in the
abundance of marine phytoplankton may

trigger severe repercussions throughout
marine ecosystem and connected
terrestrial ecosystems as well. Tappan
proposed that in Late Permian period,
continental topography, climate, oceanic
and atmospheric circulation and
particularly the declination in oxygen
level may result in a gradual reduction
in primary productivity.

However, there is little support in
favour of the nutrient sequestration on
land as it occurs in Carboniferous coal
swamps, not in Permian, at the height of
the extinction.

Biogeography Concept
The effects of the formation of

Pangaea on plant or animal distributions
have long been an explanation for the
End-Permian Mass Extinction, despite
the fact that Pangaea had formed tens
of millions of years prior to the extinction
and continued to be persisted long into
the post extinction recovery period.

There are three hypotheses
present surrounding it:

First, a decline in diversity as a
result of a reduction in the number of
marine provinces; Second, the
elimination of the broad continental
shelves during the end-Permian
regression affecting the spices living
area; Thirdly, increasing instability of
trophic resources caused by the climatic
effect of Pangaea.

Theory of Provinciality and Trophic
Resources

This theory, largely developed by
Jim Valentine and Eldredge Moore’s,
was based on the hypothesis that the
formation of Pangaea by the closure of
Uralian seaway in the later Permian
times forced a reduction in sea-floor
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spreading. Since the depths of the ocean
basins are a function of the age of the
oceanic crust, a reduction in the rate of
sea-floor spreading will allow the mean
age of the oceanic crust to increase,
increasing the size of the ocean basins.
The net effect should be a marine
regression that increased continentally
and altered climate patterns, which can
even disrupt the trophic resources.
Specifically, increased seasonality in
near-shore should occur as the
continents assemble, along with an
increase in nutrient supplies and
increased competition as endemic biotas
are forced into competition as a result
of the merging of formerly discrete
provinces. Consequently, a global
diversity should be lowest when
supercontinents exist.

Continental climates and higher
seasonality along marine shelves of
larger continents will increase the
instability of nutrients, primary
productivity and other trophic resources.
Since resource availability is more
uncer tain in highly seasonal
environments, this along with different
other factors may have played a role in
the mass extinction.

Concept of Bolides impact
A major bolides impact is

consistent with the rapidity and
magnitude of the mass extinction, but it
does not easily explain the selectivity
against physiological traits rather than
dietary traits, the evidence for persistent
ocean anoxia, or the long-term
perturbations recorded by carbon and
sulfur isotopes.

Beyond these issues, the
geological and geochemical evidence for

bolides impact has been strongly
challenged. Repor ts of fullerene
molecules trapping helium and argon
with extraterrestr ial isotopic
compositions (Becker et al. 2001) have
not been reproduced in independent
analyses of the same samples (Farley
& Mukhopadhyay 2001) or from
additional P-Tr boundary localities
(Farley et al. 2005, Koeberl et al. 2004).
A subsurface feature off the coast of
Australia interpreted by Becker et al.
(2004) as an end-Permian impact crater
has been similarly challenged on the
basis of poorly constrained age (Rennes
et al. 2004) and the absence of tsunami-
type deposits at the P-Tr boundary in
nearby sedimentary basins (Wignall et
al. 2004). The unusually pristine
condition of meteorite fragments at the
P-Tr boundary in terrestrial deposits from
Australia (Basu et al. 2003) has raised
questions regarding the likelihood that
such grains could be preserved
unaltered (French & Koeberl 2010).
Subsequent attempts to identify
additional meteorite grains from the
original samples have so far failed
(reported in French & Koeberl 2010).
There is no positive evidence for an
impact at the Permo- Triassic boundary,
but since one can never prove that
something never happen, the possibility
of an extra-terrestrial impact still exists.

Cosmic Radiation Hypothesis
An increase in cosmic radiation

from a nearby supernova was advanced
by Schindewolf as an explanation of the
Permo-Triassic extinction where there is
lack of an erosional break at the
boundary. He suggested that major
magnetic fields and coincident cosmic
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radiation occurred within the galactic
plane. The movement of the earth
through the plane at a cycle of 80-90
million years would subject the earth to
considerable magnetism and increased
cosmic radiation, and an increase in
cosmic radiation might kill much of the
terrestrial flora and decrease the supply
of nutrients to the oceans indirectly
causing mass extinction, a possibility
hinted by Bramlette (1965).

Global Cooling and Warming Events :-
There is a possibility that a brief

episode of global cooling, perhaps
involving bipolar high-latitude
glaciations, triggered the extinction. But,
closer examination shows that the glacial
deposits turn out to be of mid-Permian
age and apparently represent a final,
bipolar pulse of glaciations at the end of
Permo-Carboniferous glaciations. There
is no evidence of a global cooling at the
close of Permian, indeed there is
considerably more evidence for warm
climates but with a high temperature
gradient between the poles and the
equator.

Waterhouse (1973) and Dickens
(1983) have suggested global warming
as the main cause of extinction although
with little impact. It is however dismissed
with the point that tropical organisms
should be able to escape extinction
simply by moving towards the poles.

Species-Areas Effects on survive-
lance :-

  The co-incidence between
marine regressions and the major mass
extinctions has led the paleontologists’
to suspect a connection between the two.
They suggested that species diversity on

a land is a function of immigration to the
island from a continental source, and
extinction on the island due largely to
competition. Thus, the immigration rate
should be a declining function of the
number of species on the island and
should approach zero when all the
species from the source pool have
reached the island. As species diversity
increases, the extinction rate also raises
in response to the competition for the
resource areas increases. The
equilibrium species diversity will be the
point where the immigration rate and the
extinction rate are the same. The species
area effect was employed to relate
changes in the areas of shallow marine
seas to species diversity, and particularly
to the end-Permian mass extinction.

Mass Death associated with
pyroclastic eruption and sulfur
eruption:-

There is deep connection between
the volcanism and mass extinction. In
addition to the boundary clay itself, there
are other ash beds at most localities,
suggesting repeated volcanism during
the end Permian periods. The tuffaceous
texture and geochemistry of the
boundary clays and the abundant micro-
spherules led to the conclusion that the
boundary clays represent marine
deposition of an altered intermediate-
acidic tuff from silica rich volcanism.

Severity and selectivity of the event:-
No major marine invertebrate or

protista group escaped the end-Permian
extinction unscathed and many
invertebrate clades were eliminated
entirely. Trilobites, rugose corals,
tabulate corals, goniatites,
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strophomenate brachiopods, blastoids,
and rostroconchs occurred for the final
time in pre-Permian strata, in many
cases immediately below the extinction
horizon, or in post extinction mixed
faunas. Spiriferid and orthid brachiopods
(Class Rhynchonellata) also
morphologically complex super family
Fusulinoidea, which suffered complete
extinction (Groves & Altiner 2005).
Radiolarians also suffered major genus-
level extinctions (Feng et al. 2007, Kozur
1998), although Paleozoic holdover taxa
occur at many sites (Sano et al. 2010)
and members of Triassic genera have
been found in the latest Permian faunas
(Feng et al. 2007, Sano et al. 2010). The
end-Permian extinction was particularly
severe for reef organisms and
ecosystems. More than 70% of sponge
genera were lost, a number that may be
artificially low owing to homeomorphism
of unrelated Permian and Triassic taxa
(Flu gel 2002).The complete extinction
of rugose and tabulate corals and the
appearance and increasing ecological
importance of scleractinian corals in
Middle and Late Triassic reefs were other
key differences between Permian and
Triassic reefs (Flu gel 2002). The
ecological severity of the extinction was
even more pronounced; in the diverse
hyper-calcified sponge-microbe reef
ecosystems, that collapsed abruptly (Flu
gel & Kiessling 2002) and was replaced
by microbialite reefs in the Early Triassic
(Baud et al. 2007, Kershaw et al. 2012,
and Lehrmann et al. 2003).

The end-Permian extinction
dispropor tionately affected cer tain
marine animal clades, a distinction that
largely defines the differences between
members of Sepkoski’s (1981) Paleozoic

and Modern faunas. Physiological
differences between the two faunas,
particularly the varying degrees of
stenotype and eurytopy between
brachiopods (Paleozoic fauna) and
bivalves (Modern fauna), were initially
proposed as a potential explanation for
the differential severity of the extinction
(e.g., Steele-Petrovi´c 1979), although
data available at the time did not permit
statistical testing. There is no evidence
for variation in extinction intensity across
environmental gradients. Chen et al.
(2011) documented 72–92% extinction
among brachiopod genera in six different
habitats from near-shore to bathyal
regions around Tethyan Ocean. Although
the 92% genus extinction in the reef
habitat was higher than in other habitats,
the among-habitat differences are not
statistically significant.

A Scenario for the End-Permian Mass
Extinction :-

MURDER IN THE ORIENT
EXPRESS was one of the greatest
writing of Agatha Christi where the
victim, a singularly loathsome man is
found murdered in his compartment in
the orient express with 12 knife wounds.
As Hercules Poi rot listens to the stories
of each passenger on the coach, he finds
they eliminate one another as the
suspects. Despite the abundant and
contradictory clues left by the murderer,
Poi rot is left with the body with two
possible solutions. Either an unknown
person entered the train and killed the
man and left at night or all eleven
passengers and the porter stabbed the
man once in retribution for his kidnapping
and murder of a baby girl many years
back.
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The conditions of the Geo-

scientists are not very different as a
variety of simple solutions that present
themselves as possibilities suffer from
some important problems.

However, if we think of a world
which existed 290 million years ago, we
will look out over the terrain in front of
us and would think that we are on an
alien planet.  “One sees volcanoes
spewing ash and lava.  Beside them is
the ocean which is swarming with many
different species of echinoderms,
bryozoans and brachiopods.  As one
looks down onto the sea floor, he will be
amazed to see the countless number of
starfish and urchins.  Some animals
there can’t even be described and we
have no idea even what phylum they
belong to.  This is a world at its height in
diversity of oceanic species.  Millions of
wondrous species existed at this time in
the ocean and most of them will never
appear again in Earth’s history.  In the
blink of eye things now look vastly
different.  The sky is dark.  Oceans are
no longer teaming with life.  The stench
of sulfur, rotting flesh, and plants hangs
in the air.  The ground trembles under
the feet.  We feel an intense heat burning
our face.  If one looks up will see one of
the greatest show of force Mother Nature
has ever shown.  Whole mountains are
being thrown in the air.  Lava and debris
are everywhere.  “You ask yourself, what
has happened?  Will life ever exists on
earth again?” [The End Permian Mass
Extinction, By: Grant Erickson].

The above maybe what the end of
the Permian period could have looked
like.  Marine life was devastated, with a
57% reduction in the number of families
(Sepkoski, 1986) and an estimated 96%

extinction at the species level (Raup,
1979).  Oceanic life suffered the most
but terrestrial life forms were also greatly
affected.  There was a 77% reduction in
the overall number of tetrapod families
(Maxwell and Benton, 1987).  All major
groups of oceanic organisms were
affected with the crinozoans (98%),
anthozoans (96%), brachiopods (80%)
and bryozoans (79%) suffering the
greatest extinction (McKinney, 1987).
The end of the Permian and beginning
of the Triassic periods marked the single
greatest extinction event the earth has
ever faced.
Current and future trends :-

If the scenario outlined above is
correct, then there are some important
lessons to be derived. The key issue is
the rate at which CO2 was added to the
atmosphere during the eruption of the
Traps. Even using the longest estimates
for the eruption duration of the bulk of
the Traps (~2 Ma) geologically rapid
accumulation of CO2 in the atmosphere
would occur. The controlling factor
appears to be the much longer time it
takes to geologically sequester carbon
dioxide from the oceans and
atmosphere; a persistent residue of CO2
remains in the atmosphere, and this is
replenished from the oceans until the
CO2 in the combined ocean / biomass /
atmosphere system has been reduced
to pre-event levels. This takes 100’s of
ka. Anthropogenic activities are currently
releasing about 7 G.t of C to atmosphere
by burning of fossil fuels every year,
which are at least two orders of
magnitude faster than the eruption of a
flood basalt province. There are,
however, reasons to believe that we are
not heading for another Permo-Triassic
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eruption volumes and durations.

1. Reichow M K, Pringle M S,
Al’Mukhamedov A I, et al. The timing
and extent of the eruption of the
Siberian Traps large igneous
province: Implications for the end-
Permian environmental crisis. Earth
Planet Sci Lett, doi: 10.1016/
j.epsl.2008.09.030[DOI]

2. McLean D M. Deccan traps mantle
degassing in the terminal
Cretaceous marine extinctions. Cret
Res, 1985, 6: 235¯259[DOI]

3. Rampino M R, Stothers R B. Flood
basalt volcanism during the past
250 million years. Science, 1988,
241: 663¯668[DOI]

4. Stothers R B. Flood basalts and
extinction events. Geophys Res Lett,
1993, 20: 1399¯1402[DOI]

5. Courtillot V. Mass extinctions in the last
300 million years: One impact and
seven flood basalts? Israeli J Earth
Sci, 1994, 43: 255¯266

6.  Wignall P B. Large igneous provinces



¶)̨ !Óîƒy 5548
and mass extinctions. Earth-Sci
Rev, 2001, 53: 1¯33[DOI]

7.  Courtillot V E, Renne P R. On the ages
of flood basalt events. Comptes
Rend Geosc, 2003, 335:
113¯140[DOI]

8.  White R V, Saunders A D. Volcanism,
impact and mass extinctions:
Incredible or credible coincidences.
Lithos, 2005, 79: 299¯316[DOI]

9.  Renne P R, Basu A R. Rapid eruption
of the Siberian Traps flood basalts
at The Permo-Triassic boundary.
Science, 1991, 253: 176¯179[DOI]

10. Campbell I A, Czamanske G K,
Fedorenko V A, et al. Synchronism
of the Siberian Traps and the
Permian-Triassic boundary.
Science, 1992, 258:
1760¯1763[DOI]

11. Kamo S L, Czamanske G K, Amelin Y,
et al. Rapid eruption of Siberian
flood-volcanic rocks and evidence
for coincidence with the Permian-

Triassic boundary and mass extinction at
251 Ma. Earth Planet Sci Lett, 2003,
214: 75¯91[DOI]

12. Isozaki Y. Permo-Triassic boundary
super anoxia and stratified super
ocean: Records from lost deep sea.
Science, 1997, 276: 235¯238[DOI]

13. Erwin D H. The Permo-Triassic
extinction. Nature, 1994, 367:
231¯236[DOI]

14. Erwin D H. Impact at the Permo-
Triassic boundary: A critical
evaluation. Astrobiology, 2003, 3:
67¯74 [DOI]

15. Erwin D H. Extinction: How Life on
Earth Nearly Ended 250 Million
Years Ago. Princeton and Oxford:
Princeton University Press,
2005.296

16. Benton M J. When Life Nearly Died.
The Greatest Mass Extinction of all
Time. London: Thames and Hudson,
2003. 336 48 Benton M J, Twitchett
R J. How to kill (almost) all life: The
end- Permian extinction event.
Trends Ecol Evol, 2003, 18:
358¯365[DOI]

17. Taylor E L, Taylor T N, Cuneo N R. The
present is not the key to the past¯ A
polar forest from the Permian of
Antarctica. Science, 1992,257:
1675¯1677[DOI]

18. Self S, Blake S, Sharma K, et al. Sulfur
and chlorine in Late Cretaceous
Deccan magmas and eruptive gas
release. Science, 2008, 319:1654
¯1657[DOI]

19. Mass extinctions..Michael J. Benton
New Scientist INSTANT EXPERT 9

20. Erwin, D.H. (1989) The end-Permian
mass extinction – what really
happened and did it matter? Trends
Ecol. Evol. 4, 225–229 Erwin

21. Twitchett, R.J. et al. (2001) Rapid and
synchronous collapse of marine and
terrestrial ecosystems during the
end-Permian biotic crisis. Geology
29, 351–354

22. Koeberl, C. et al. (2002) End-Permian
catastrophe by bolide impact:
Evidence of a gigantic release of
sulfur from the mantle: Comment.
Geology 30, 855–856

23. Hotinski, R.M. et al. (2001) Ocean
stagnation and end-Permian anoxia.
Geology 29, 7–10

24. Benton, M.J. (1993) The Fossil Record
2, (1995) Diversification and
extinction in the history of life.
Science 268, 52–58

25. Kaiho K, Kajiwara Y, Nakano T, Miura
Y, Kawahata H, et al. 2001. End-



Bhuvidya 55 49
Permian catastrophe by a bolide
impact: evidence of a gigantic
release of sulfur from the mantle.
Geology 29:815–18

26. Knoll AH, Bambach RK, Payne JL,
Pruss S, Fischer WW. 2007.
Paleophysiology and end-Permian
mass extinction. Earth Planet. Sci.
Lett. 256:295–313

27. Knoll AH, Bambach RK, Payne JL,
Pruss S, Fischer WW. 2007.
Paleophysiology and end-Permian
mass extinction. Earth Planet. Sci.
Lett. 256:295–313

28. Posenato R. 2009. Survival patterns
of macrobenthic marine
assemblages during the end-
Permian mass extinction in the
western Tethys (Dolomites, Italy).
Palaeogeogr. Palaeoclimatol.
Palaeoecol. 280:150–67

29. Yin HF, Feng QL, Lai XL, Baud A, Tong
JN. 2007. The protracted Permo-
Triassic crisis and multi-episode
extinction around the Permian-
Triassic boundary. Global Planet.
Change 55:1–20



¶)̨ !Óîƒy 5550

Diagenesis is a term used for all the
changes that sediment undergoes after
deposition and before the transition to
metamorphism. This term includes
chemical, physical and biological
processes.They include compaction,
deformation, dissolution, cementation,
authigenesis, replacement,
recrystallization, hydration, bacterial
action, and development of concretions.
(Soft-sediment deformation can be
included in diagenesis, but not hard-rock
folding and faulting).

Eogenesis

Mesogenesis

TelogenesisD
ia

ge
ne

si
s

Types of diagenesis (Krinsley, Boggs,
2006)

Diagenesis of Carbonate
sediments begins at the sea floor.
Depositional and diagenetic processes
may go at the same time. This includes
six major processes cementation,
dissolution, neomorphism, compaction,
dolomitization, micritization. Three major
diagenetic environments are Marine,
Near-surface meteoric and burial.

Diagenesis is important because
it is the indicator of changed
environmental condition that is Sea level

Some Useful Techniques To The Study of Carbonate Diagenesis
Rimali Mitra, M.Sc., 2nd year

changes and periods of still-stand
account for major diagenetic events, as
does climate,Diagenesis alters the
fundamental characteristics and
properties of sediments, which has
implications for interpreting their original
environment of deposition.Diagenesis
alters the porosity and permeability
characteristics of sediments, properties
that control sediment’s potential as a
reservoir for oil, gas or water.

Here the discussion is based
onCarbonate Diagenesis. Uses of
staining techniques and
cathodoluminescence have also been
discussed with respect to this topic.

Process of staining and etching
Processes of etching, staining

and cathodoluminescence are
important supplements to petrographic
(optical) study for this purpose (Krinsley,
Boggs, 2006).Staining techniques are
cost effective and it help to differentiate
between calcite and dolomite. Using the
above mentioned techniques , the plates
are prepared, to study the genetic and
diagenetic interpretations, drawn on the
basis of differences in stain colour and
luminescence colour in different cement
zones.  The interpretations hence drawn
on the basis of these changes reflect the
cementation history of carbonate
sediments, the progressive burial history
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can also be recognized as the sediments
makes its journey from meteoric to sea
floor to finally deep burial environments.
These changes are cumulatively called
as “Cement stratigraphy” (Evamy,
1969).

Carbonate minerals are stained
over a set period of time with alizarin red-
S and potassium ferricyanide only if they
will react with dilute hydrochloric acid
solution, with which the stain is prepared.
The rates of solution of carbonates in
the acid control the intensity of color
development. For calcite, the rate of
solution varies with the optic orientation
of the section. The speed of carbonate
solution is changed if the acid
concentration is altered, but only at
concentrations of about 0.1 N is the optic
orientation of calcite differentiated by the
stain. Etching reduces thin section
thickness and clarifies rock texture.

Staining with alizarin red-S
differentiates carbonate minerals into
two groups. Aragonite, calcite, witherite,
and cerussite, which dissolve rapidly in
dilute hydrochloric acid, are stained,
while dolomite, siderite, magnesite, and
rhodochosite, which react much more
slowly with the acid, remain unstained.

The distribution of ferrous iron, as
distinguished by staining with potassium
ferricyanide, has proved to be highly
significant in the genesis of cements.
Ferrous iron can be introduced at any
one stage in cementation, or repeatedly,
forming zoned patterns. The paragenesis
of zoned ferroan cements can be
reconstructed after staining. Solution of
the more soluble original constituents
can sometimes be dated in relation to
cementation. Ferroan calcite can be
secondary in origin and is usually

associated with replacement minerals.

Cathodoluminescence and its use
Cathodoluminescence is the

emission of light resulting from the
bombardment of materials using a
cathode ray (Allan and Wiggins, 1993).
This petrographic technique can be an
invaluable tool in petrographic studies of
carbonate rocks. This technique can
provide important information about the
complex modification of rock fabrics and
porosity.

The visible CL responses are red
to orange in color, and their intensity is
usually described as non-luminescent,
dully luminescent, and brightly
luminescent. As a general rule,
incorporation of Mn2+ into the calcite
lattice stimulates luminescence and the
incorporation of Fe2+ quenches or
reduces luminescence (Fairchild, 1983;
Allan and Wiggins, 1993; Scholle and
Ulmer-Scholle, 2003). Qualitative
interpretation of CL usually assigns
nonluminescent responses to oxidizing
settings in which the reduced forms of
both Mn and Fe are unavailable for
incorporation into the lattices of
carbonate mineral precipitates.

Oxidized forms of Mn and Fe are
not incorporated into calcite or dolomite
crystals. Therefore, there is nothing in
these crystals to excite luminescence.
Bright luminescence is related to
carbonate precipitates with high Mn/Fe
trace element ratios, typically as a result
of reducing environments during early
(near-surface) to intermediate stages of
burial diagenesis. Dull luminescence
seems to happen where the Mn/Fe trace
element ratios are present in carbonate
precipitates. Thus, dull luminescence is
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usually thought to be the result of
intermediate to late stages of burial
diagenesis. It appears that elements
other than Mn and Fe do not have any
appreciable effect in enhancing or
reducing luminescence (Budd and
others,2000).

completed using uncovered, polished
thin sections,although rock chips and
unpolished thin sections could be used.
The equipment needed for CL can be
installed on almost any polarizing
microscope (see Marshall, 1988; Miller,
1988). Operating conditions were
generally at 10-12kV accelerating
potential, 0.5-0.7 mA of beam current
and a beam focused at ~2 cm.

Generalized microscope optical
configuration for observing
cathodoluminescence.

Uses:
Fine details of the microstructures
within skeletal fragments, such as

Methodology-
The analysis done in this study was
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The effective concentrations of trace element involved in luminescence is
summarized below by-Machel (1979), Gies (1976), Budd et al (2000), Krinsley,
Boggs (2000):

Activator Amount Sensitizer  Amount Quencher Amount
(ppm) (for all (ppm)    (ppm)

ACTIVATORS)
Mn2+ 20-40 Pb2+ 10 Fe2+ 30,200, but

Ce2+ 20 according to
boggs,

>3000-4000
Ni2+ 30-35

Mn2+ >1000 Pb2+ & Zn2+ Neither More the
sensitize concentration,

nor Self-quenched more
activate

CL
Mn2+ 1-5 Fe2+ Very low
Mn2+ 25-<100 Mn2+&Fe2+ Sole control

on CL
intensity
at<100

Mn2+ <200 Fe2+ >=100

brachiopods, bryozoans, and
phylloid-algal plates, are more
readily visible under CL than with
transmitted plane light. In addition,
calcite cements that rim leached
skeletal grains, as well as early
generations of isopachous ce-
ments, can be easily seen.
Some of the cements display a
series of concentric bright and dull
luminescent bands that represent
multiple generations of cementa-
tion under varying water chemis-
tries. Such concentrically banded
cements are similar to those ce-
ments used in calcite cement
Stratigraphy within Carboniferous
carbonate systems in Nor th
America by Meyers (1974, 1978,

1991) and Goldstein (1988, 1991).
Finally, CL makes it easier to see
the pore outlines and boundaries
than under plane light viewing.
Thus, it becomes possible to quali-
tatively interpret how intercon-
nected the remaining pore sys-
tems are within this sample.
Cathodoluminescence imaging
was used to examine the details
of early, fibrous, marine cements
that occur as distinct botryoidal
fans.
Most of these fibrous cements
exhibit fairly uniform orange and
red luminescence.The blunt to
squares ends of several radiating
bundles of fibrous cements can be
seen. Small,internal dissolution
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FOR CALCITE

EMISSION PEAK OCCUR                                                         COLOUR
~605-620 nm Mn+2 activated Orange –Yellow
~590 (605-620) nm
~550,545,580,600,650,
680,710,760 nm REE (Sm+3,Tb+3) Tb +3 shows Green,

Sm+3 showscream white
FOR ARAGONITE
~ 540,560 nm                         Intrinsic Mn+2 Yellow-Green,Green
FOR DOLOMITE
570-583
649-659 nm                              Mn+2 Yellow, red
Diagenetic environment
583-659 nm Evaporatic                        Homogeneous red emission
577-650 nm Recent evaporatic Yellow emission
570-649 nm Non-evaporatic Yellow-Orange bands
575-656 nm Hydrothermal Dolomites Orange-red emission

pores crossing these early marine
cements are also more readily
visible using CL.
Cathodoluminescence imaging
was particularly useful in
identifying the shape and
distribution of phylloid-algal plates.
Cathodoluminescence imaging
makes it much easier to see the
open (versus cemented) pores
and microfractures within this
sample.
Cathodoluminescence imaging

clearly and rapidly images pore spaces
that cannot be easily seen in standard
viewing under transmitted, plane-
polarized lighting. In addition, the cross
sectional size, shape, and boundaries of
pores are easy to determine.

Disadvantages of CL (Some geological

applications of cathodoluminescence,
Virginia T.McLemore et al):

Most samples, either thin sections
or thin slabs, must have at least
one polished surface, which adds
to preparation time and expense.
Heating of the sample with the
electron beam can cause
problems. Some organic-rich
samples, such as coal, can
volatilize and cause instability in,
or even damage to, the CL
instrument (Barker and Wood,
1986a). Easily volatilized bonding
agents must be avoided. Heating
can also cause leakage or
stretching of low-temperature fluid
inclusions; fluid inclusion work
must be completed before CL
analyses are done. Relatively
unstable minerals, such as some

Luminescence characteristics of carbonate minerals (Krinsley, Boggs, 2006,
Hans- G. Machel, 2000) Luminescence controlled by REE’s, Iron, Mn+2 trivalent
REE, activator ions of Fe2+ is the principle quencher.
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uranium minerals, can be altered
by heating.

Some additional problems encountered
with CL include: 1) the quality of the
image transmitted through the stage,
particularly a high magnification, 2) the
need for long-working-distance objective
lenses and condensers, and 3) the low-
intensity CL image produced in some
minerals at the beam energies now
available.

Application of cathodoluminescence
in determining diagenetic
environment

The classification and
environmental interpretation of
limestones depends upon recognition
and identification of these components
in thin sections. Cathodoluminescence
imaging is a useful supplement to
petrographic (optical) study for this
purpose.Thediagenesis of carbonate
sediments may involve organic
processes(e.g., boring and shell
breakage by organisms), physical
processes compaction and bed thinning,
grain breakage), and chemical
processes(e.g., dissolution,
cementation, neomorphism). Eogenesis
begins on the seafloor with organic
reworking of sediments, early
cementation, neomorphismand possibly
dissolution, depending upon
environmental conditions. The
sediments may subsequently undergo a
phase of meteoric diagenesis if a shallow
depositional basin fills with sediment toor
abovesea level or if sea level falls,
exposing previously formed carbonates.
Diagenesis in the meteoric zone may
include cementation, dissolution,
alteration of Mg-calcite to calcite, and

neomorphism of aragonite tocalcite.
Mesogenesis begins when subsidence
eventually brings carbonate sediments
into the deep-burial environment where
physical processes (compaction and
pressure solution) take place and where
fur ther chemical changes occur
(cementation, neomorphism, mineral
replacement, dissolution). Diagenetic
effects can continue with late-stage uplift
of deeply buried sediment and exposure
in the meteoric zone (telogenesis). The
CL study of these cements and the
genetic and diagenetic interpretations
drawn on the basis of differences in the
CL characteristics of different zones in
cements is referred to as cement
stratigraphy. Cathodoluminescence
petrography has applications also to
study of neomorphic processes such as
recrystallization of dolomite.
The cementation history of carbonate
sediments may be quite complex given
that carbonate cements can be
precipitated in seafloor (depositional),
meteoric, or deep-burial
diageneticenvironments. Carbonate
cements may be composed of aragonite,
calcite, Mg-calcite (>4% MgCO3 in solid
substitution), or dolomite and may exhibit
a variety of textural forms depending
upon the diagenetic environment.(Sam
Boggs Jr, David Krinsley, 2006)

CONCLUSION:
Cathodoluminescence is a

common phenomenon in solids minerals
that results from complex physical
processes after excitation by an electron
beam. Cathodoluminescence imaging
and spectroscopy are luminescence
techniques with widespread applications
in geosciences. CL provides the
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information about the real structure of
minerals and materials. The close
relation between specific conditions of
mineral formation, real structure, and the

CEMENT STRATIGRAPHY:

TYPE OF CEMENT ENVIRONMENT CAUSE
MENISCUS, SHELF/ Mn4+> Mn2+ and Fe3+> Fe2+.
PENDANT, METEORIC Hence non-luminescent.

OR FIBROUS VADOSE. (oxidizing
environment)

ISOPACHOUS PHREATIC ZONE Mn2+>Mn4+ and Fe2+

(reducing) has less effective concentration
to be able to cause any quenching.

BLADED, DEEP BURIAL Mn2+>>Mn4+ and Fe2+>>Fe3+. Dull
PRISMATIC, ENVIRONMENT luminescence due to self-quenching

COARSE (highly reducing)  by increasing amounts
MOSAIC, (>1000ppm) of Mn2+  and

EPITAXIAL. Fe2+ related quenching.

CL properties may provide important
genetic information concerning
geological and technical processes.

Budd, D.A., U. Hammes, and W. B. Ward,
2000, Cathodoluminescence in
calcite cements: new insights on
Pb and Zn sensitizing, Mn
activation, and Fe quenching at
low trace-element concentrations.
Journal of Sedimentary Research,
70, 217–26.

Evamy, B.D, 1969. The precipitational
environment and correlation of
calcite cementsdeduced from

ar tificial staining: Journal of
sedimentary petrology, v.39, p
787-821.

Fairchild, 1983; Allan and Wiggins, 1993;
Scholle and Ulmer-Scholle, 2003

Sam Boggs jr, David krinsley, 2006,
Appication of
cathodoluminescence imaging to
the study of Sedimentary Rocks.
Cambridge UniversityPress.
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At first we have to know what is Xenolith?
The term came from ancient Greek word,
means “Foreign Rock” . A xenolith is a
rock fragment which becomes
enveloped in a rock during the latter’s
development and hardening. To be
considered as a true xenoliths the
included rock must be identifiably
different from the rock in which it is
enveloped.

Mantle Xenoliths are clasts of
mantle rocks entrained within magmas
and provide important samples of the
Earth’s mantle. Normally our knowledge
of the mineralogy and chemical
composition of the Earth’s mantle is
indirectly derived from high-pressure
experiments , seismic data ,
cosmochemical and isotopic constraints.
Mantle xenoliths provides an overview
of the lithospheric mantle at the time of
their extrusion. For instance,

1. Xenocrysts of quartz in a silica –
deficient lava

2. Diamonds within kimberlite
diatremes

3. Spinel peridotite xenoliths found
within alkali basalt of Bhuj, Gujrat

4. Garnet peridotite xenoliths are
found within lamproite, kimberlites
of Andhra Pradesh, Central India.
Mantle xenoliths occurs as

xenocryst , is an individual foreign crystal
included within an igneous body . The

majority of mantle xenoliths are
ultramafic rocks containing abundant
olivine and include lherzolite ,
harzburgites , wehrlites and dunite .
Pyroxenites , basic rocks dominated by
pyroxene are also common within
basaltic , ultrabasic and alkaline igneous
rock. The presence of mantle xenoliths
indicates rapid ascent to prevent settling
and suggests the host magma has not
been stored in crustal magma chamber
.Mantle xenoliths bearing magmas are
generally Primitive magmas.

Re-equilibration of mantle
xenoliths during ascent can result in
transformation of high pressure phases
and par tial melting due to
decompression. Xenolith may also react
with host magma.

How do they occur?
Xenoliths commonly show coarse

or porphyroclastic textures or the
continuum between the two. At higher
differential stresses , coarse texture
evolve into porphyroclastic which are
defined by the development of smaller
fragments of olivine crystals amongst
stronger pyroxene, garnet or spinel.

There are different types of
xenoliths in different localities. According
to Pearson et al.(2003) over 3500 mantle
xenoliths localities are currently known
world over. The location and nature of

Mantle Xenolith
 Mahasweta Mukherjee, M.Sc. 1st Year
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many of these occurrences are
summarized by Nixon (1987). A s a
general rule ,mantle xenoliths in alkali
basalts and nephelinites tend to bespinel
facies peridotites whilst kimberlites
entrain both spinel and garnet facies
peridotites ( Nixon , 1987 ; Harte and
Hawkesworth , 1989 ). The continental
occurrence of the xenoliths can be
subdivided into three groups on the basis
of the crust and tectonic history of the
area being sampled -

· Cratonic
· Circum cratonic
· Non - Cratonic
(information from Journal

Geological Society of India Vol.73,
May 2009, pp.657,written by N.R.
KARMALKAR1, R.A. DURAISWAMI1,
N.V. CHALAPATHI RAO2 and D.K.
PAUL3 )

DISTRIBUTION OF XENOLITH
OVER INDIA – There are four major
Archean cratons in India. All these four
cratons contain potassic – ultrapotassic,
mafic – ultramafic alkaline magmatic
rocks ( such as kimberlite, lamproits and
lamprophyres and the alkaline rocks i.e,
alkali olivine basalt, basanite,

nephelinite, melanephelinite). Both
kimberlites and lamproites of more than
one generation are emplaced into
basement gneisses along their
boundaries within the Dharwar , Bastar
and Bundelkhand Craton (Paul et al.
2006). For instance , Kimberlite and
lamproit field in Bastar craton , Eastern
Dharwar craton and Bundelkhand craton
, Alkaline plugs and / lamprophyre dykes
in Singbhum craton etc.

Importance –  The only direct
evidence for the petrology and
composition of the very top of the mantle
is from xenoliths. Xenoliths in basalts and
kimberlites come from the lithosphere or
asthenosphere ,contain garnet ,
plagioclase or spinel peridotite . Garnet
, plagioclase and spinel are the dominant
Al – containing minerals in the mantle.
Each is stable at different pressure
regions.

Mantle xenoliths represent part of
the earth’s upper mantle which has been
incorporated into a rising volcanic melt
and then subsequently erupted onto the
surface . Mantle xenoliths provides a
sample direct from the upper part of the
Earth’s mantle . So , we came to know
about the mantle petrology.

  Rounded, yellow, weathered
Peridotite (green) mantle xenolith within
a dark xenolith in a nephelinite lava flow.
volcanic bomb from Germany)
Kaiserstuhl, SW Germany
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The low field Anisotropy of
Magnetic Susceptibility is a great tool for
understanding the magnetic fabric
orientation in a rock sample. The
magnetic foliation is helpful to correlate
with structural fabrics in understanding
the regional tectonic scenario.

Susceptibility is a function of
direction. Studies of anisotropy of
magnetic susceptibility have a wide
range of application. AMS exceeding 5%
is generally observed in rocks with
obvious megascopic fabric and values
exceeding 10% are rare. Because AMS
can be measured more quickly and
easily than measuring mineral
orientation by optical analysis of thin
section, AMS has been used to examine
petro fabrics.

Anisotropy of magnetic
susceptibility is commonly expressed by
comparing magnetic susceptibility
values in three mutually perpendicular
directions: K1   = maximum susceptibility
; K2 = intermediate susceptibility and K3

= minimum susceptibility . These values
describe the magnetic susceptibility
ellipsoid. If K1 ∼ K2  but  K2 > K3 , the
ellipsoid is oblate(flattened); if K

1 
> K

2 
and

K2  ∼ K3 , the ellipsoid is prolate(cigar-
shaped). Magnetic susceptibility
ellipsoids are usually interpreted as
indicating statistical alignment of
elongate or platy magnetic grains,

usually ferromagnetic grains.
AMS application has been made

to sedimentology, igneous processes,
and structural geology. Sedimentary
rocks and volcanic rocks generally
display a slight AMS of oblate
susceptibility ellipsoid with K

3
perpendicular to bedding and volcanic
flow surfaces respectively. In structural
application it used to investigate the
pattern of strain. A simplified view is that
elongate ferromagnetic grains are
passively rotated during straining of rock.

The basic steps involved are
collection of oriented block samples
following with coring and cutting to bring
out specimens of specific dimensions. 15
directional magnetic susceptibility
measurements are done with proper
data analysis. It is followed by
preparation of stereo plots, bi-plots of
essential parameters. The attitudes of
the lineation and the foliation plane can
easily be known. Finally it involves the
determination of stress and strain
direction and establishment of tectonic
movements. Inferences of paleoflow
directions can also be drawn in case of
sedimentary or volcanic environment.

The basic steps involved are
collection of oriented block samples
following with coring and cutting to bring
out specimens of specific
dimensions(i.e2.5 cm diameter and 2.2

Anisotropy of Magnetic Susceptibility: A case study from
Raniganj Basin

Hindol Ghatak, M.Sc. 2nd Year
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cm length). 15 directional magnetic
susceptibility measurements are done
with proper data analysis. It is followed
by preparation of stereo plots, bi-plots
of essential parameters. The attitudes of
the lineation and the foliation plane can
easily be known. Finally it involves the
determination of stress and strain
direction and establishment of tectonic
movements. Inferences of paleo flow
directions can also be drawn in case of
sedimentary or volcanic environment.

My experiments involved the
usage of 117 oriented cylindrical
specimens obtained from 25 block
samples collected from Koderma region
which were representing seven
dykes.Kappabridge KLY-2 was used for
measuring the magnetic susceptibility of

rock specimens and its anisotropy.Its
operation is based on measurement of
inductivity changes in coil due to rock
specimens.In principle the instrument
represents a precision semi-automatic
auto balance inductive bridge.It is
equipped with automatic zeroing and
automatic compensation of the thermal
drift of the bridge unbalance.KLY-2 has
very fast measuring rate and high
accuracy and even can measure rock
samples with very low magnetic
susceptibility. This instrument can be
attached with high and low temperature
variations of magnetic susceptibility.

From the obtained AMS data
measurements, the maximum (K1),
intermediate (K2) and minimum (K3)
magnetic susceptibility directions along

STEREOPLOT OF AMS DATA (Fig. 1)
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with degree of anisotropies were
calculated for all the studied dyke
samples by using the Jelinek statistics
(software provided by Agico, Czech
Republic).

Table 1.shows the typical AMS results
obtained from one of the studied dykes.

measured representing the dyke and K1,
K2 and K3 directions along with
Lineation (L), Foliation (F), degree of
anisotropy (P and Pj) and shape
parameters (T and U) were calculated
by using the Jelinek statistics.
Fig.1 shows the presentation of K1, K2
and K3 directions of all the measured
17 specimens on the stereogram. The
average K1, K2 and K3 directions were
represented by relatively bigger size
Square, triangle and circle respectively.
The ovals encircling the mean  K1, K2
and K3 directions represent the 95%
confidence levels.

The greater circle joining K1 and
K2 axes represent the magnetic foliation
plane while K3 is the Pole for this defined
plane. From the figure it could be noticed
that there exists a good grouping of K1,
K2 and K3 directions and therefore the
magnetic foliation could be defined as
NNW-SSE. The magnetic foliation
defined from AMS data set was
comparable to that of the dyke trend.

Fig.2 shows the relation between
From the table-1 it could be

understood that 17 specimens were

Fig. 2 Lineation to Foliation plot
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the Lineation (L) and Foliation (F). The
square symbols above the dotted line
represent the Prolate shapes of the
magnetic grains, whereas, the symbols
below the dotted line show the Oblate
shapes of the magnetic grains. From this
figure we could observe that there exists
more or less equal amount of oblate and
prolate shaped magnetic minerals in the

samples
Fig.3 shows the relation between

magnetic susceptibility (Km) vs degree
of anisotropy (P). This figure shows that
the observed degree of anisotropy does
not depend on the magnetic
susceptibility.

Conclusion:
From the generated AMS data sets

on the dykes, it was observed that the
AMS technique could be potentially used
to understand the magma flow directions
as well as magnetic shapes (prolate/
oblate) in the rock samples. From The
AMS data sets, it was inferred a NNW-
SSE directed magma flow directions.

I would like thank Dr. NilanjanDasgupta
for introducing me to the topic and Prof.
S.K. Patil who guided and taught me
throughout this venture.

Fig. 3 Degree of Anisotropy to Magnetic
Susceptibility plot
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Introduction
Fiddler crabs Uca constitute a

large group (about 100 species) of small-
sized (maximum 5 cm across),
amphibious,marginal marine,burrowing
decapod crustacean thriving in soft silty
and muddy substrates of sea beaches,
brackish inter-tidal mudflats, lagoons,
backswamps, mangrove salt marshes,
estuaries and creek banks covering
West Africa, Western Atlantic, Eastern
Pacific and Indo-Pacific coastal regions
(Basan and Frey, 1977; Rosenberg,
2001).This genus, represented by U.
marionis and U. lactea,are found to thrive
in large number in the Bakkhali beach
of west Bengal (Figure 1a) where they
produce various types of lebensspuren
of which mud moundsproduced in
special substrate condition (thick and
soft mud layers covered superficially by
thin on lap of beach sand layer on either
sides of large estuary mouths) in the
upper intertidal zone are conspicuous.
These mud mounds are the main
concern of the present study.Field work
was carried out to study the Bakkhali
Uca mud mounds in terms of their
physiological, bathymetric and tide level
controls to interpret their fossilized
counterparts in rock records.

Burrowing life habits of Uca
Mud-loving nature and amphibious

life habits control their zoogeographic
distribution over moist, muddy and
mangrove-vegetated upper intertidal
zone all along the Bay of Bengal coast.
Within their habitat zones they construct
I- shaped simple vertical burrows (3-
30cm long), globular feeding pellets, self-
crossing trackways, resting traces,
distinctive mud chimneys and mounds
depending on their physiological needs
and surrounding sedimentary
environments. Being amphibious, they
require alternate spells of subaqueous
and aerobic respiration that they perform
with specially developed gill structures.
Amphibious crabs can manipulate and
attain constant gas exchange through gill
ventilation and oxygen extraction both in
water and air by gill leaflets and branchial
lining (acts as lung) respectively
(O’Mahoney and Full, 1984 ). Thus, they
require both subaqueous and aerial
conditions for sustaining their life in a
constructed burrow system. The
equilibrium between physiological needs
and burrowing mechanisms is attained
by extending the burrow base down to a
level where capillary accumulation of
water at burrow base allows subaqueous
respiration by gill moistening and by
raising the burrow tubeto open air for
aerial respiration and avoidingburrow
inundation and collapse. In upper
intertidal zone where very shallow

Palaeobathymetric and palaeotide level implications of Recent Uca
mud mounds: a study from Bay of Bengal coast of India

Chandreyee De, M. Sc. 1st Year
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inundation occurs regularly, the burrow
opening is raised above sediment-water
interface through construction of either
sediment chimneys if substrate sediment
is rigid or mud mounds when substrate
sediment is soft.

Characterization of Bakkhali Uca mud
mounds

Opportunistic burrowing activity by
these two species and selective
exploitation of buried soft mudground
under thin veneer of modern beach
sands (Figure 1b) around estuary mouth
upper intertidal flat of Bakkhali beach
(Figure 1a) have produced conspicuous
conical mud mounds (simple and
compound). The mechanism of
formation of mud mounds, as observed
live in field, involves shallow vertical
burrowing (10-22cm long) through the
surficial sand cover down to soft mud
layer by Uca (Figure 2a) and oozing out
of burrow base mud slur around the
burrow openingsunder dual effects of
substrate pressure and biological force.
This mud layer is lateral extension of

palaeomudground or palaeoforest
exposed in proximity (Figure 2j). From
field data the following characterizations
are made.

1. Morphologically the mud
mounds grade between two distinctive
end members: simple (a single cone with
one apical burrow opening, individually
dwelled, Figure 2c) and compound (a
larger cone composed of multiple
smaller cones each with one apical
opening, communally dwelled, Figure
2d). At places the mounds are
represented by conical heaps of semi-
r igid mud pellets or lumps. In
permanently exposed supratidal areas
tall (1-5cm long) mud chimneys (Figure
2b) are produced instead of mud
mounds. The forms of burrow mouth
features, thus, depend on rigidity or
moistness of subsurface sediments.

2.The mounds occur in clusters
(Figure 2e) over slightly undulated upper
intertidal flat with spatially visible
differences in population densities [15-
20/100 sq.m in higher subaerially
exposed ground dominated by simple
mounds (Figure 2f-g) vs. 40-45/100 sq.m
in lower inundated ground dominated by
compound mounds (Figure 2h-i)]. Thus,
ground elevation or calibrated depth of
tidal inundation controls the distribution
of mound types as well as their
population density.

3. Mound heights are strictly
controlled by depth of water as revealed
by the plots of mound height vs. depth
of tidal inundation for 182 mounds
(Figure 3). The plots define two
distinctive fields: compound mounds with
greater heights and depth of water and
simple mounds with smaller heights and
lesser depth of water or exposed

Fig.1 Location of the study area (Bakkhali
beach) and Uca mud moundsin the Bay
of Bengal coast (a); dissected beach
profile showing special substrate
condition where soft mud layer is
superficially covered by beach sand (b).
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substrate. This suggests a direct positive
correlation between mound heights and
water depth, i.e. a bathymetric control.
The plots also suggest that
compoundandsimplemoundsmaintain
their heads above the tidal water level.
Most of the simple mounds occur in un-
inundated par t. This bathymetric
controljustifiestheir amphibious life
habits and gill respiration
requirement.Moreover, the average
slope of the plane containing the mound
bases closely corresponds to that of the
upper intertidal flat.

4. These mud mounds have
considerable preservation potentiality as
evidenced by theirmass burial under the
on laps of beach sand sheets in the
Bakkhali area and occurrences of their
lithified analogues in post-Jurassic
sediments, for example, centimeter scale
mud and sand mounds, chimneys and
conical pellet heaps in the Quaternary
back-reef mudflats of Aldabra Atoll,
Taiwanian tidal mudflats, intertidal
carbonate sandflats of Bahamas and
Miliolites of Saurashtra, India (Dörjes,
1978; Chakraborti and Baskaran, 1989;
Curran and Martin,2003). It is important
to note that these structures are grossly
attributed to crustacean burrowing, reef
building and microbial buildupwithout
any reference to their makers,
palaeobathymetric and palaeotide level
implications.

Implications of the Bakkhali Uca mud
volcanoes

Following the basic principle
“Present is the key to the past”, the
presented morphological, bathymetric
and tide level characteristics of Uca mud
mounds can be confidently applied to
their ancient analogues in the following
ways.

1. The characterizations revealed
can be utilized for ready recognition of
ancient Uca mud mounds and burrows
from the similarities in burrow shape and
size and associated burrow-head conical
mud mounds in simple and compound
modes preserved within intertidal facies.
On the basis of these criterions many of
the Quaternary mud mounds of Bahama
can now be attr ibuted to Uca as
producers. The crustacean mud mounds
of the Pleistocene undisturbed Miliolite

Fig.2 The crab Ucamarionis (a); burrow-head
chimneys produced by Uca (b);
simpleUca mud mound (c); compound
Uca mud mound (d); a population of mud
mounds in the upper intertidal zone: note
height difference (e); two different
populations of simple mounds (f, g); two
different populations of compound
mounds (h, i); outcrop of ancient
mudground or palaeoforest in the
Bakkhali beach (j).



¶)̨ !Óîƒy 5566

Fig.3 Height vs. depth of inundation plots for
182 mounds, note two distinctive large
fields (marked by boxes) - compound
mounds with greater heights and depth
of inundation (left) and simple mounds
with lesser heights and depth of
inundation, some are above high tide level
or subaerially exposed (right), also note
a narrow field in between where some
mounds are submerged and hence
abandoned or collapsed.

occurring at 30-35m above the present
sea level suggest earlier high sea stand.

2. The mounds define very
preciously the upper intertidal zone and
upper palaeotide level in an ancient
beach profile. Their lateral extension
traces the palaeocoastline and hence
basin configuration. These know-hows
are essential requirement in basin
analysis and oil exploration.

3. The variation in mound heights
is the direct reflection of
palaeobathymetry and hence suggestive
of palaeobeach slope and ancient land-
sea positions.

4. Ancient mud mounds covered
under on-lapped sand beds and off-
lapped clay-silt beds correspond to a
transgressive and regressive sequence
respectively. These relationships can
also be verified from spatio-temporal
shift of the ancient Ucamound ichnozone
in rock sequences.Limestone of Saurashtra coast now
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¶)̨ ì˛y!_¥Ñ˛ î,!‹T¶˛!D Ï̂ì˛ xyÓ˚ £z £z

xÑ≈̨ Ï̂ãƒy!ì˛ ¢y£yñ !mì˛#Î˚ Ó°Ï≈ñ fl ¨̨yì˛Ñ˛

REE Óy Rare Earth Elements ÷ˆÏò£z õò

ä%È Ï̂›˛ ÎyÎ˚ Ñœ̨ y¢ ˆ›˛ Ï̂òÓ˚ ˆ¢£z Ó£ẑ ÏÎ˚Ó˚ ˛ôÎy≈Î˚ ¢yÓ˚í#Ó˚ ˛ôyì˛yÎ˚–

õˆÏò ˛ôˆÏv˛¸ ÎyÎ˚ ¢ƒyˆÏÓ˚Ó˚ ˆÓyG˛yˆÏòy 3 Óy IIB @˘Ã&ˆÏ˛ôÓ˚ Ñ˛Ìy–

!Ñ˛ls˛ ~Ó˚ ¢yˆÏÌ ¶)˛ì˛ˆÏ_¥Ó˚ ¢¡ôÑ≈˛ Ñ˛#⁄

!ÓÇü üì˛ˆÏÑ˛Ó˚ ˆü°ÏyˆÏï≈ !Ó!¶˛ß¨ ¢yõ@˘Ã# ˜ì˛!Ó˚ˆÏì˛

REE-~Ó˚ ÓƒÓ£yÓ˚ ÷Ó˚& £Î˚ ~ÓÇ ˆ¢£z ¢Ó ¢yõ@˘Ã# ì˛Ìy

REE-~Ó˚ â˛y!£îy v˛z_ˆÏÓ˚y_Ó˚ Óyv˛¸ˆÏì˛ ÷Ó˚& Ñ˛ˆÏÓ˚– ˆÖ§yã

÷Ó˚& £ú REE Ö!òÓ˚– ~£z Ñ˛yˆÏã ~!ÜˆÏÎ˚ ~ú

¶)˛ì˛_¥!ÓˆÏîÓ˚y– ˆ¢Öyò ˆÌˆÏÑ˛£z REE ~Ó˚ ¶)˛ì˛ˆÏ_¥Ó˚ Îyey

÷Ó˚&–

REE Ñ˛#⁄ ˛ôÎy≈Î˚ ¢yÓ˚í#Ó˚ 3 Óy IIIB @˘Ã&ˆÏ˛ôÓ˚

xhs˛¶)≈˛_´ 17!›˛ ˆõÔúˆÏÑ˛ ~Ñ˛¢yˆÏÌ REE Óúy £Î˚–

£z!›˛ΔÎ˚yõñ fl˛Òƒy!u˛Î˚yõ ¢£ 15!›˛ úƒys˛iyòy£zv˛ Súƒys˛iyòyõñ

ˆ¢!Ó˚Î˚yõñ !òÁv˛y£z!õÎ˚yõñ ≤ÃˆÏõ!ÌÎ˚yõñ ¢yõy!Ó˚Î˚yõñ

Ì%!úÎ˚yõñ ú%ˆÏ›˛!üÎ˚yõ £zì˛ƒy!îV– ~Ó˚y ≤ÃˆÏì˛ƒˆÏÑ˛£z ïyì%˛

£ÁÎ˚yÎ˚ ~ˆÏîÓ˚ Rare Earth Metal-Á Óúy £Î˚–

!ü“ˆÏ«˛ˆÏe x:y£zv˛ !£¢yˆÏÓ ÓƒÓ£*ì˛ £Î˚ ÓˆÏú ~ˆÏîÓ˚

Rare Earth oxideÁ ÓˆÏú–

REE ~Ó˚ ÓƒÓ£yÓ˚ ≠ÈÙÈ xy Ï̂õ!Ó˚Ñ˛y Î%_´Ó˚y Ï̂‹T… 2012

¢yˆÏú ÓƒÓ£*ì˛ REE ~Ó˚ ˛ô!Ó˚õyí ˆîˆÏÖ ~Ó˚ ÓƒÓ£yÓ˚

¢¡ôˆÏÑ≈˛ ~Ñ˛›˛y ïyÓ˚íy Ñ˛Ó˚y ˆÎˆÏì˛ ˛ôyˆÏÓ˚– REE xò%á›˛Ñ˛

!£¢yˆÏÓ Ó˝ú ÓƒÓ£*ì˛– ~äÈyv ¸̨y ¢ÇÑ˛Ó˚ ïyì%̨  Óy ïyì%̨ !ÓîƒyÎ˚ñ

Ñ˛yâ˛ ˛ôy!úü Ñ˛Ó˚ˆÏì˛ñ fl˛iyÎ˚# â%˛¡∫Ñ˛ ˜ì˛!Ó˚ˆÏì˛ REE ≤Ãâ%˛Ó˚

˛ô!Ó˚õyˆÏí ÓƒÓ£*ì˛ £Î˚– REE ïyì%̨  Óy ¢ÇÑ˛Ó˚ ïyì%̨  !£¢y Ï̂Ó

≤Ã!ì˛!îˆÏòÓ˚ ÓƒÓ£yÎ≈ñ ˆÎõò ˆõyÓy£zúñ Óƒy›˛y!Ó˚ñ !v˛!¶˛!v˛ñ

Ñ˛!¡ôv˛z›˛yÓ˚ ˆõõy!Ó˚ £zì˛ƒy!îˆÏì˛ ÓƒÓ£*ì˛ £Î˚– ~äÈyv˛¸y

≤Ã!ì˛Ó˚«˛yÓ˚ òyòy ¢yõ@˘Ã#ñ ˆÎõò Ó˚yˆÏì˛ î,üƒõyò â˛üõyñ ˆäÈy›˛

xyˆÏ@¿Î˚yfl˛fñ ÁÎ˚y!Ñ˛›˛!Ñ˛ ãyì˛#Î˚ ˛ôîyÌ≈ñ GPS Îs˛fñ ≤Ã!ì˛≤Ã¶˛

Óy!ì˛ñ ˆú¢yÓ˚ ö˛y£zu˛yÓ˚¢ £zì˛ƒy!î ˜ì˛!Ó˚ˆÏì˛ REE =Ó˚&c˛ô)í≈

¶)˛!õÑ˛y ˛ôyúò Ñ˛ˆÏÓ˚–

REE Usage in percentage
xò%á›˛Ñ˛ 62

ïyì%̨ !Óîƒy Á ¢ÇÑ˛Ó˚ ïyì%̨ 13

˛ôy!úü 9

â˛%¡∫Ñ˛ 7

ö˛¢ö˛Ó˚y¢ 3

xòƒyòƒ 6

REE !Ñ˛ ¢!ì˛ƒ£z !ÓÓ˚ú⁄ òyˆÏõ Rare ü∑!›˛

ÌyÑ˛ˆÏúÁ ~Ó˚y ¢!ì˛ƒ£z ˛ô,!ÌÓ#ˆÏì˛ !ÓÓ˚ú òÎ˚– ~ˆÏîÓ˚ õˆÏïƒ

¢Ó≈!ò¡¨ ˛ô!Ó˚õy Ï̂í ¶)̨ c Ï̂Ñ˛ v z̨̨ ô!fl įì˛ Ì%!úÎ˚yõñ ú%̂ Ï›˛!üÎ˚yõÈÙÈÁ

ˆ¢yòyÓ˚ ˆÌˆÏÑ˛ 200 =í ˆÓ!ü ˛ô!Ó˚õyˆÏí ˛ôyÁÎ˚y ÎyÎ˚–

~äÈyv˛¸y ˆ¢!Ó˚Î˚yõñ £z!›˛ΔÎ˚yõñ úƒys˛iyòyõ ≤Ã¶,˛!ì˛ ˆõÔú=!ú

≤Ãïyò ïyì%˛ ˆÎõò îhfl˛yñ !òˆÏÑ˛úñ ˆe´y!õÎ˚yˆÏõÓ˚ ˆÌˆÏÑ˛

¢yõyòƒ ˆÓ!ü ˛ô!Ó˚õyˆÏí ¶)˛cˆÏÑ˛ v˛z˛ô!fl˛iì˛– REE ¶)˛cˆÏÑ˛

ÜˆÏv˛¸ 150 ˆÌˆÏÑ˛ 200 ppm ˛ô!Ó˚õyˆÏí ÌyˆÏÑ˛ñ ˆÎÖyˆÏò

ì˛yõyñ îhfl˛y ≤Ã¶,̨ !ì˛ ïyì%̨ =!ú ˆÑ˛Óú 55 ˆÌ Ï̂Ñ˛ 70 ppm
˛ô!Ó˚õyˆÏí ÌyˆÏÑ˛– !Ñ˛ls˛ ~ˆÏîÓ˚ Ö!ò ÓyòyˆÏòy Ö%Ó£z Ñ˛!‡˛ò

Ñ˛yã– Ñ˛yÓ˚í REEñ xyÑ˛!Ó˚ˆÏÑ˛ ~ì˛ Ñ˛õ xyÎ˚ì˛ò ˛ô!Ó˚õyˆÏí

ÌyˆÏÑ˛ñ Îy ˆÌˆÏÑ˛ ïyì%˛ !ò‹Òyüò xì˛ƒhs˛ ÓƒÎ˚¢yˆÏ˛ô«˛ Á î%Ó˚*£

Óƒy˛ôyÓ˚–

REE ~Ó˚ v˛zÍ¢ É REE ≤Ãïyòì˛ Alkaline
rocks, carbonatite òyõÑ˛ xyˆÏ@¿Î˚ !üúyÎ˚ ˛ôyÁÎ˚y ÎyÎ˚–

~äÈyv˛¸yÁ Placer deposit-residual deposit-~ó Îy

xyˆÏ@¿Î˚!üúyÓ˚ xyÓ£!ÓÑ˛yˆÏÓ˚Ó˚ ö˛ˆÏú ¢,!‹T £Î˚ó ì˛yˆÏì˛Á

REE v˛z˛ô!fl˛iì˛– ~äÈyv˛¸y ˆ˛ôÜõy›˛y£z›˛ñ ¢yõ%!oÑ˛ ö˛¢ˆÏö˛›˛

≤Ã¶,˛!ì˛ˆÏì˛Á REE ˆõˆÏú–

1V !Ó!¶˛ß¨ !üúyÓ˚ xyÇ!üÑ˛ ÜúˆÏòÓ˚ ö˛ˆÏú Alka-
line rock ˜ì˛!Ó˚ £Î˚– !ÓK˛yò#ˆÏîÓ˚ õˆÏì˛ñ ˆÎ¢Ó ˆõÔú

xyÑ˛yÓ˚ñ xyÑ,˛!ì˛ Á ÜúòyˆÏB˛Ó˚ v˛z˛ôÓ˚ !ò¶≈˛Ó˚ Ñ˛ˆÏÓ˚ ¢yïyÓ˚í

!üúyÎ˚ ÌyÑ˛ˆÏì˛ ˛ôyˆÏÓ˚ òyñ ì˛yÓ˚y Alkaline rock-~ fl˛iyò

˛ôyÎ˚– ì˛y£z ~Ó˚y ¢yïyÓ˚í Zironium, Niobium, REE
ïyÓ˚í Ñ˛ˆÏÓ˚ ÌyˆÏÑ˛– ~£z õƒyÜõy ÎÖò Á˛ôˆÏÓ˚ ÁˆÏ‡˛ ì˛Öò

òyòy ˆ¶˛Ôì˛ Ñ˛yÓ˚ˆÏíÓ˚ ö˛ˆÏú ˆõÔú=!ú ˛ô,ÌÑ˛ £ˆÏÎ˚ ÎyÎ˚–

ö˛ˆÏú ~ˆÏîÓ˚ xyúyîy¶˛yˆÏÓ üòy_´ Ñ˛ˆÏÓ˚ ïyì%˛ !ò‹Òyüò ¢Ω˛Ó

£Î˚–



2V !üúyÎ˚ xyÓ£!ÓÑ˛yˆÏÓ˚Ó˚ ö˛ˆÏú ¢,‹T ˛ôúú

òî#ì˛úñ ¢õ%oì˛úñ Óm#ˆÏ˛ô ãõy £ˆÏì˛ ˛ôyˆÏÓ˚– «˛ˆÏÎ˚Ó˚ ö˛ˆÏú

ˆÓ!ü áòc !Ó!ü‹T ˆõÔú Sˆ¢yòyV =!ú ~Ñ˛fl˛iyˆÏò ãõy

£ Ï̂ú ì˛y Ï̂Ñ˛ Placer deposite Ó Ï̂ú– ˆì˛õ!ò monzonite
ˆÎˆÏ£ì%˛ ÈREEÙÈ~Ó˚ ~Ñ˛!›˛ ≤Ãïyò v˛zÍ¢ ì˛y£z ~Ó˚ placer
desposit ~ REE ˛ôyÁÎ˚y ÎyÎ˚–

3V !òÁ!ÓÎ˚yõñ £z!›˛ΔÎ˚yõ £zì˛ƒy!î ˆõÔú=!ú

ˆÑ˛yÌyÁ ˆÑ˛yÌyÁ  ˆ˛ôÜõy›˛y£z›˛ Ü‡˛ˆÏò ¢y£yÎƒ Ñ˛ˆÏÓ˚– ~Ó˚y

granitic introusion-~ Óy£zˆÏÓ˚Ó˚ !îˆÏÑ˛ ÌyÑ˛ˆÏúÁ

ÖòòˆÏÎyÜƒ òÎ˚ñ ˆÑ˛Óú òõ%òy ¢Ç@˘Ã£ Ñ˛Ó˚y £Î˚ ~Öyò

ˆÌ Ï̂Ñ˛–

4V e´yhs˛#Î˚ ãúÓyÎ˚%ˆÏì˛ !üúyÓ˚ Ü¶˛#Ó˚

xyÓ£!ÓÑ˛yˆÏÓ˚Ó˚ ö˛ˆÏú úƒyˆÏ›˛Ó˚y£z›˛ Ü!‡˛ì˛ ~Ñ˛!›˛ !ò!î≈‹T Soil
profile ˆîÖy ÎyÎ˚– ¶˛yÓ˚# ˆõÔú=!úÓ˚ ÈResidual
depositÙÈ~ ˆÌˆÏÑ˛ ÎyÓyÓ˚ ãòƒ ~›˛y Ü!‡˛ì˛ £Î˚– ~¶˛yˆÏÓ£z

xyÎ˚ò ˆüy°Ïí Ñ˛ Ï̂Ó˚ REE xy Ï̂@¿Î˚ !üúy ˆÌ Ï̂Ñ˛ â%§̨ £ẑ ÏÎ˚ â%̨ §£ẑ ÏÎ˚

REE ¢õ,k˛ xyÑ˛!Ó˚Ñ˛ ˜ì˛!Ó˚ Ñ˛ˆÏÓ˚ Îy ˆÌˆÏÑ˛ xÌ≈˜Ïò!ì˛Ñ˛

¶˛yˆÏÓ Ö!ò Öòò ¢Ω˛Ó–

5V ~äÈyv˛¸yÁ ˆúÔ£ÈÙÈx:y£zv˛ñ ì˛yõyñ ˆ¢yòy

xyÑ˛!Ó˚Ñ˛=!ú xòƒ xyÑ˛!Ó˚Ñ˛=!úÓ˚ ˆÌˆÏÑ˛ ¢yõyòƒ xyúyîy

£ˆÏÎ˚ ÌyˆÏÑ˛– ~ˆÏì˛ REE ˛ôyÁÎ˚y ˆÜˆÏúÁ ì˛y !ò‹Òyüò

˛ôk˛!ì˛ Óy REE ¢¡ôˆÏÑ≈˛ ˆÓ!ü ì˛Ìƒ ãyòy ¢Ω˛Ó £Î˚!ò–

~äÈyv˛¸yÁ Ñ˛yfi›˛≈ Ó:y£zv˛ñ ¢yõ%!oÑ˛ ö˛¢ˆÏö˛›˛ÈÙÈ~

REE ˛ôyÁÎ˚y  ˆÜˆÏúÁ !ò‹Òyüò ˛ôk˛!ì˛ ~ÖòÁ

xòy!Ófl˛,Òì˛–

REE !ò‹ÒyüˆÏòÓ˚ ¢õ¢ƒy¢õ)£ ≠ÈÙÈ ¶)˛cˆÏÑ˛ ≤Ãâ%˛Ó˚

˛ô!Ó˚õyˆÏí REE ˛ôyÁÎ˚y ˆÜˆÏúÁ ~Ó˚ ïyì%˛ !ò‹Òyüò

˛ôk˛!ì˛Ó˚ ã!›˛úì˛yÓ˚ Ñ˛yÓ˚ˆÏí !ÓK˛yò#ˆÏîÓ˚ !òˆÏâ˛ Ó!í≈ì˛ òyòyò

x¢%!ÓïyÓ˚ ¢¡ø%Ö#ò £ˆÏì˛ £Î˚ ≠ÈÙÈ

1V ≤ÃyÎ˚ ¢Ó ïyì˛Ó xyÑ˛!Ó˚ˆÏÑ˛ ˛ôÎy≈Æ ˛ô!Ó˚õyˆÏí

ïyì%˛ v˛z˛ô!fl˛iì˛ ÌyˆÏÑ˛ñ ˆÎõò SphaleriteÙÈ~ îhfl˛y– !Ñ˛ls˛

REE xyÑ˛!Ó˚ˆÏÑ˛ ˛ôÎy≈Æ ˛ô!Ó˚õyˆÏí ïyì%˛ ÌyˆÏÑ˛ òy ÓˆÏú ~Ó˚

ˆÌˆÏÑ˛ ïyì%˛ !ò‹Òyüò ÓƒÎ˚ ¢yˆÏ˛ô«˛–

2V ˆÑ˛yò REE ïyÓ˚íÑ˛yÓ˚# xyÑ˛!Ó˚ˆÏÑ˛ xˆÏòÑ˛

¢õÎ˚ ˆì˛ã!fl˛;˛Î˚ ˛ôîyÌ≈ !õˆÏü ÌyˆÏÑ˛– ì˛y£z ~Ó˚ Ö!ò Öòò

«˛!ì˛Ñ˛yÓ˚Ñ˛ Á Ñ˛‹T¢yïƒ £Î˚– ÖÓ˚â˛ ¢yˆÏ˛ô«˛ £ˆÏúÁ ~£zÓ˚Ñ˛õ

xyÑ˛!Ó˚Ñ˛ ˆÌˆÏÑ˛ !ò‹Òyüò ¢Ω˛Ó £ˆÏÎ˚ˆÏäÈ–

3V xyÑ˛!Ó˚ˆÏÑ˛Ó˚ !Ó!¶˛ß¨ì˛yÓ˚ Ñ˛yÓ˚ˆÏí ˆÑ˛yò ¢yïyÓ˚í

≤Ã!e´Î˚yÎ˚ REE ïyì%˛ !ò‹Òyüò ¢Ω˛Ó òÎ˚– ö˛ˆÏú !Ó!¶˛ß¨

fl˛iyˆÏò !Ó!¶˛ß¨ xyÑ˛!Ó˚ˆÏÑ˛Ó˚ òõ%òyÓ˚ ˛ôÓ˚#«˛y!òÓ˚#«˛y Ñ˛ˆÏÓ˚

òì%˛ò ¶˛yˆÏÓ !ò‹Òyüò ¢õÎ˚ Á ÓƒÎ˚¢yˆÏ˛ô«˛–

REE Ö!ò Öòò ≠ÈÙÈ ~ì˛ ¢õ¢ƒy ¢ˆÏ_¥Á !ÓK˛yò

REE Ö!ò ˆÌˆÏÑ˛ !òˆÏ¡¨y_´ ≤Ã!e´Î˚y=!ú myÓ˚y REE
v˛zÍ˛ôyîò ÷Ó˚& Ñ˛ˆÏÓ˚ˆÏäÈ–

1V ≤ÃÌõ ˛ôîˆÏ«˛ˆÏ˛ô£z £ú REE Ö%§ˆÏã ˆÓÓ˚ Ñ˛Ó˚y–

£z£y î%¶˛yˆÏÓ Ñ˛Ó˚y £Î˚ ...

i) Greenfield Exploration : ~õò ˆÑ˛yò

Deposit Ö%§ˆÏã ˆÓÓ˚ Ñ˛Ó˚y ˆÎÖyˆÏò xyˆÏÜ Öòò £Î˚!ò–

ii) Brownfield Exploration : ˆÎ Ö!òˆÏì˛

xyˆÏÜÁ Öòò £ˆÏÎ˚ˆÏäÈ ì˛yÓ˚ â˛yÓ˚˛ôyˆÏü£z REE deposit
Ö%§ˆã ˆÓÓ˚ Ñ˛Ó˚y–

2V 2010ÈÙÈ~Ó˚ xyˆÏÜ ˛ôÎ≈hs˛ ¢Ó˚y¢!Ó˚ REE
Ö!òˆÏì˛ Öòò £Î˚!ò– ˛ô,!ÌÓ#Ó˚ ¢Ó≈Ó,£Í Ö!ò !â˛ˆÏòÓ˚ Bayan
Obo ≤ÃÌˆÏõ ˆúy£yÓ˚ Ö!ò !£¢yˆÏÓ ˛ôyÁÎ˚y ÎyÎ˚– ~äÈyv ¸̨yÁ

xˆÏòÑ˛ REE Ó£òÑ˛yÓ˚# Carbonatite deposit ≤ÃÌˆÏõ

!òÁ!ÓÎ˚yõñ ö˛¢ˆÏö˛ˆÏ›˛Ó˚ ãòƒ ˆÖ§yãy £ˆÏÎ˚!äÈú–

3V Deposit Ö%§ˆÏã ˛ôyÁÎ˚yÓ˚ ˛ôÓ˚ ~Ó˚ !v»˛!úÇ Ñ˛ˆÏÓ˚

≤ÃyÆ structural Á mineralogical data !ÓˆÏŸ’°Ïí Ñ˛ˆÏÓ˚

Î!î ˆîÖy ÎyÎ˚ deposit-!›˛ REE-rich ì˛ˆÏÓ ˛ôÓ˚Óì˛#≈

˛ôîˆÏ«˛˛ô ˆòÁÎ˚y £Î˚–

4V ~Öò Ö!ò Öòò Á ïyì%˛ !ò‹ÒyüˆÏòÓ˚ ˛ô!Ó˚Ñ˛“òy

Ñ˛Ó˚y £Î˚ Á ö˛ú xyüyò%Ó˚*˛ô £ˆÏú ¢Ó˚Ñ˛yÓ˚# xò%õ!ì˛Ó˚ ãòƒ

îÓ˚Öyhfl˛ Ñ˛Ó˚y £Î˚– ¢Ó˚Ñ˛yÓ˚ ˛ô!Ó˚Ñ˛“òy!›˛ ˛ôÓ˚#«˛y!òÓ˚#«˛y

Ñ˛ˆÏÓ˚ ¶˛yˆÏúy ö˛ú ˆ˛ôˆÏú xò%õ!ì˛ ˆõˆÏú Á !Ó!¶˛ß¨ ÓƒyB˛

ˆÌˆÏÑ˛ }í !òˆÏÎ˚ Ñ˛yã ÷Ó˚&Ó˚ ˆâ˛‹Ty Ñ˛Ó˚y £Î˚– ~Ñ˛ÓyÓ˚

£z!O!òÎ˚y!Ó˚Ç òÑ˛üyÎ˚ Ö!ò ˜ì˛!Ó˚ £ÓyÓ˚ ˛ôÓ˚ â˛›˛ãú!î

v˛zÍ˛ôyîò ÷Ó˚& Ñ˛Ó˚y £Î˚ ~ÓÇ ì˛y ú«˛ƒ õyeyÎ˚ !òˆÏÎ˚ ÎyÁÎ˚y

£Î˚–

5V Îì˛!îò òy deposit ˆü°Ï £Î˚ Öòò â˛úˆÏì˛

ÌyˆÏÑ˛ Á Öòò ˆüˆÏ°Ï ˆ¢£z fl˛iyò ˛ô%òÓ˚yÎ˚ ÓƒÓ£yÓ˚ˆÏÎyÜƒ Ñ˛ˆÏÓ˚

ˆì˛yúy £Î˚–

!ÓˆÏŸªÓ˚ Ñ˛ˆÏÎ˚Ñ˛!›˛ REE Ö!ò≠ÈÙÈ

i) California-Ó˚ Mountain Pass;
ii) !â˛ˆÏòÓ˚ Bayan Obo;
iii) v z̨›˛yÓ˚ Lisbon Valley;
iv) Alaska-Ó˚ Pogo;
v) Australia-Ó˚ Cawse £zì˛ƒy!î–

!îò Îì˛ ~ˆÏÜyˆÏFäÈñ REE ˆÌˆÑ˛ ˜ì˛!Ó˚ ¢yõ@˘Ã#Ó˚

â˛y!£îy v˛z_ˆÏÓ˚y_Ó˚ ˆÓˆÏv˛¸£z â˛ˆÏúˆÏäÈ– !Ñ˛ls˛ òì%˛ò Ö!ò Ö%§ˆÏã

ˆÓÓ˚ Ñ˛Ó˚y Á REE xyÑ˛!Ó˚Ñ˛ ˆÌˆÏÑ˛ ïyì%˛ !ò‹ÒyüòÈÙÈ~Ó˚ !îÑ˛

ˆÌˆÏÑ˛ REE Ö!ò Öòò xyãÁ ¶)˛ì˛ˆÏ_¥Ó˚ ¢ÓˆÏâ˛ˆÏÎ˚

xyˆÏúy!â˛ì˛ !Ó°ÏÎ˚=!úÓ˚ ~Ñ˛›˛y–





◊k˛yá≈ƒ

xïƒy˛ôÑ˛ ˆÜÔÓ˚#üÇÑ˛Ó˚ á›˛Ñ˛

ˆÜÔì˛õ Ñ%̨ õyÓ˚ ˆîÓ

ˆ≤Ã!¢ˆÏv˛™# !ÓŸª!ÓîƒyúÎ˚ S˛ô)Ó≈ì˛ò Ñ˛ˆÏúãVÈÙÈ~Ó˚

xyÑ˛°Ï≈í#Î˚ !ü«˛Ñ˛ì˛yÓ˚ ãòƒ x!Ófl˛øÓ˚í#Î˚ =!›˛ Ñ˛Î˚

õyfi›˛yÓ˚õüyˆÏÎ˚Ó˚ õˆÏïƒ xòƒì˛õ xïƒy˛ôÑ˛ ˆÜÔÓ˚#üB˛Ó˚ á›˛Ñ˛

Ö%Ó£z Ñ˛õ ¢õÎ˚ x¢%fl˛i ˆÌˆÏÑ˛ Üì˛ 5£z òˆÏ¶˛¡∫Ó˚ñ 2014ñ

Ñ˛ƒyúÑ˛y›˛y £y›˛≈ !Ñœ˛!òÑ˛ Á £¢!˛ô›˛yˆÏú ˆü°Ï !òÉŸªy¢ ì˛ƒyÜ

Ñ˛ˆÏÓ˚ˆÏäÈò– xïƒy˛ôÑ˛ á›˛ˆÏÑ˛Ó˚ fl˛ø,!ì˛ˆÏì˛ ~£z ◊k˛yá≈ƒ !úÖˆÏì˛

ÓˆÏ¢£z õˆÏò ˛ôv˛¸ú ¶)˛ì˛_¥ !Ó¶˛yˆÏÜ !òˆÏãÓ˚ ¶˛!ì≈˛ £ÁÎ˚yÓ˚

~ÓÇ Ñ˛ˆÏúˆÏã ≤ÃÌõ !îˆÏòÓ˚ Ñ˛Ìy=ˆÏúy–

1978– ›˛yòy òÈÙÈ!îò ïˆÏÓ˚ Ó,!‹TˆÏì˛ £§y›%˛ãú Ó%ˆÏÑ˛

!òˆÏÎ˚ Ñ˛úÑ˛yì˛y ˛ôy!Ó˚˛ôy!Ÿª≈Ñ˛ ˆÌˆÏÑ˛ ≤ÃyÎ˚ !Ó!FäÈß¨ £ˆÏÎ˚ ˆÜú–

ì˛yÓ˚£z õyˆÏG˛ ˆ≤Ã!¢ˆÏv˛™# Ñ˛ˆÏúˆÏãÓ˚ ¶)˛ì˛_¥ !Ó¶˛yˆÏÜ ¶˛!ì≈˛

£úyõ– x!òÓyÎ≈ Ñ˛yÓ˚ˆÏí Ñœ˛y¢ ÷Ó˚& £ú ˛ô)ˆÏãyÓ˚ ä%È!›˛Ó˚ ˛ôÓ˚ñ

xÌy≈Í òˆÏ¶˛¡∫Ó˚ õyˆÏ¢– ≤ÃÌõ !îòñ ≤ÃÌõ Ñœ˛y¢– ÷Ó˚& ~ÓÇ

ˆü°Ï £ú Ñ§̨ y›˛yÎ˚ Ñ§̨ y›˛yÎ˚– !Ñ˛ls˛ xyã Óú Ï̂ì˛ !mïy ˆò£zñ !Î!ò

!òˆÏÎ˚!äÈˆÏúò !ì˛!ò ¶)˛ì˛_¥ !Ó¶˛yˆÏÜÓ˚ xyÑ˛ÓÓ˚ Óyîüy £ˆÏúÁ

ˆ¢£z ≤ÃÌõ Ñœ̨ y¢ xyõyˆÏîÓ˚ õˆÏïƒ ˆ¢Ó˚Ñ˛õ ¢yv ¸̨y ãyÜyÎ˚!ò–

ÓˆÏ¢ xy!äÈ !mì˛#Î˚ Ñœ˛yˆÏ¢Ó˚ ãòƒ– Ñ˛yˆÏÓ˚y ¢yˆÏÌ Ñ˛yˆÏÓ˚yÓ˚

xyúy˛ô xy Ï̂úyâ˛òyÓ˚ ¢%̂ ÏÎyÜ ì˛ÖòÁ ˆ¢¶˛y Ï̂Ó £ Ï̂Î˚ Á Ï̂‡˛!ò–

!Ñ˛ä%È«˛í ÓyˆÏî£z ~ˆÏÑ˛ x˛ôˆÏÓ˚Ó˚ òyõñ fl˛%Òú £zì˛ƒy!î ãyòyÓ˚

≤ÃÎ˚yˆÏ¢ =Oò ÷Ó˚& £ú– ≤ÃyÎ˚ !õ!ò›˛ Ñ%˛!v˛¸ ˆ˛ôˆÏÓ˚yˆÏì˛£z ~Ñ˛

ˆ¢Ôõƒñ üyhs˛ñ !fl˛iÓ˚ñ !fl˛øì˛ õy‹TyÓ˚õüyÎ˚ Ñœ˛yˆÏ¢ ~ˆÏúò–

≤ÃyÌ!õÑ˛ xyúy˛ôâ˛y!Ó˚ì˛yÓ˚ ˛ôÓ˚ !ÓK˛yˆÏòÓ˚ ~Ñ˛ abstract
üyÖyñ ÚÑ,˛fi›˛yú!õ!ì˛ÛÈÙÈÓ˚ ¢)â˛òy Ñ˛Ó˚ˆÏúò– xyãÁ õˆÏò ˛ôˆÏv˛¸ñ

Ö%Ó£z ¢yõyòƒ Ó%G˛ˆÏì˛ ˛ôyÓ˚ˆÏúÁñ ¶˛yú v˛y_´yˆÏÓ˚Ó˚ ¢yõˆÏò

ˆ˛ôÔˆÏäÈ£z xˆÏòÑ˛ ˆÓ˚yÜ# ˆÎõò ˆÓü ¢%fl˛i ˆÓyï Ñ˛ˆÏÓ˚ñ

Ñ˛ˆÏúˆÏã ≤ÃÌõ !îˆÏòÓ˚ !mì˛#Î˚ Ñœ˛yˆÏ¢ xyõÓ˚yÁ õs˛fõ%ˆÏ?˛Ó˚

õˆÏì˛y ÁòyÓ˚ Ñ,˛fi›˛yú!õ!ì˛ÈÙÈÓ˚ ˆ¢£z ¢)â˛òy ÷ˆÏò!äÈúyõ–

xÓüƒ !mì˛#Î˚ÓyÓ˚ !òÎ˚õ òy ˆ¶˛ˆÏD !‡˛Ñ˛¢õˆÏÎ˚ ä%È!›˛ !îˆÏúò–

Ñœ˛y¢ ˆÌˆÏÑ˛ ˆÓ!Ó˚ˆÏÎ˚£z Ó˚&!›˛ò ˆîˆÏÖ ãyòúyõñ v˛z!ò !äÈˆÏúò

`GG' xÌy≈Í ˆÜÔÓ˚#üÇÑ˛Ó˚ á›˛Ñ˛ñ !Î!ò x“ Ñ˛ˆÏÎ˚Ñ˛!îˆÏòÓ˚

õˆÏïƒ£z ˛ô!Ó˚!â˛ì˛ £ˆÏÎ˚ ˆÜˆÏúòñ ≤ÃÌˆÏõ Prof. Ghatak Á

˛ôˆÏÓ˚ ¢Ñ˛ˆÏúÓ˚ !≤ÃÎ˚ ˆÜÔÓ˚#ÓyÓ% òyˆÏõ–

1939– 18£z ~!≤Ãúñ îü ¶˛y£zˆÏÓyˆÏòÓ˚ õˆÏïƒ

˛ôM˛Èõ ãò !£ˆÏ¢ˆÏÓ ˆÜÔÓ˚#ÓyÓ% ãß√@˘Ã£í Ñ˛ˆÏÓ˚ò ü£Ó˚ ˆÌˆÏÑ˛

î)ˆÏÓ˚ñ ≤ÃyÎ˚ x¢Fä¥Èú ~Ñ˛ ˛ô!Ó˚ÓyˆÏÓ˚– !˛ôì˛yÓ˚ â˛yÑ˛!Ó˚ ¢)ˆÏe

òyòy fl˛%ÒˆÏú ˛ôv˛¸y÷ˆÏòy Ñ˛ˆÏÓ˚ xÓˆÏüˆÏ°Ï Ñ§˛y!Ì ˆÌˆÏÑ˛

fl˛%ÒúÈÙÈã#ÓˆÏòÓ˚ Ü!u˛ ˆ˛ô!Ó˚ˆÏÎ˚ ~ˆÏ¢ ˆ≤Ã!¢ˆÏv˛™# Ñ˛ˆÏúˆÏã

≤ÃyÑ˛ÈÙÈfl˛¨yì˛Ñ˛ hfl˛ˆÏÓ˚ ¶˛!ì≈˛ £ˆÏÎ˚!äÈˆÏúò– !Ñ˛ä%È!îˆÏòÓ˚ ãòƒ

£zˆÏv˛ò !£®% ˆ£yˆÏfi›˛ˆÏúÁ !äÈˆÏúò– äÈyeyÓfl˛iy ˆÌˆÏÑ˛£z ì§˛yÓ˚

¶˛y°Ïyñ ÓƒÓ£yÓ˚ !Ñ˛ÇÓy xy Ï̂úyâ˛òyÎ˚ ˛ôy!Ó˚Óy!Ó˚Ñ˛ x¢Fä¥Èúì˛yÓ˚

äÈy˛ô ˛ôˆÏv˛¸!ò Ñ˛ÖòÁ– Ñ˛yÓ˚í ¶)˛ì˛ˆÏ_¥ xòy¢≈ SˆõãÓ˚V !òˆÏÎ˚

fl˛¨yì˛Ñ˛ Á ˛ôˆÏÓ˚ fl˛¨yì˛ˆÏÑ˛y_Ó˚ hfl˛ˆÏÓ˚ ˛ôv˛¸y÷ˆÏòyÓ˚ ˛ôyüy˛ôy!ü

!Ó!¶˛ß¨ !Ó°ÏˆÏÎ˚ !ÓˆÏü°Ïì˛É ˛ôîyÌ≈ !Óîƒy Á îü≈ˆÏòÈÙÈ~

ˆÑ˛Ôì)˛£úñ â˛â˛y≈ Á ˛ôy!u˛ì˛ƒ ÁòyˆÏÑ˛ ¢îy¢ã#Ó Ñ˛ˆÏÓ˚ Ó˚yˆÏÖ–

!ÓK˛yòÈÙÈ!ü«˛yÎ˚ !ì˛!ò Ñ˛Öò£z ˛ôÓ˚#«˛yÎ˚ ¶˛yú ò¡∫Ó˚ ˛ôyÁÎ˚yÓ˚

xÌÓy â˛yÑ%˛Ó˚# ã#ÓˆÏò v˛zß¨!ì˛Ó˚ ì˛y!ÜˆÏî Ó ì˛# !äÈˆÏúò òy–

ÓÓ˚Çâ˛ !ÓK˛yˆÏò ≤Ã!e´Î˚y¢õ)£ ~ÓÇ ˜ÓK˛y!òÑ˛ !ÓˆÏŸ’°ÏˆÏíÓ˚

!òÎ˚õyÓú# Á Î%!_´ñ xÌy≈Í ~Ñ˛Ñ˛ÌyÎ˚ !ÓK˛yòÈÙÈîü≈ò !äÈú

ì§˛yÓ˚ ~Ñ˛õye x!¶˛!∞ì˛– £Î˚ˆÏì˛y ≤Ãâ˛yÓ˚ÈÙÈ!Óõ)Ö õyò!¢Ñ˛ì˛y

x!¶˛õyò# ˆÜÔÓ˚#ÓyÓ%Ó˚ ã#ÓˆÏò Óyï ˆ¢ˆÏï!äÈú–

°ÏyˆÏ›˛Ó˚ îüˆÏÑ˛ ˆÜÔÓ˚#ÓyÓ% xïƒy˛ôòy ÷Ó˚& Ñ˛ˆÏÓ˚òñ

≤ÃÌˆÏõ ˆÓDú £z!O!òÎ˚y!Ó˚Ç Ñ˛ˆÏúÏãñ !üÓ˛ô%Ó˚ÈÙÈ~ Á ˛ôˆÏÓ˚

ˆ≤Ã!¢ˆÏv˛™# Ñ˛ˆÏúˆÏã– õyˆÏG˛ !Ñ˛ä%È!îˆÏòÓ˚ ãòƒ !ì˛!ò î)Üy≈˛ô%Ó˚

Ü¶˛ò≈ˆÏõr›˛ Ñ˛ˆÏúˆÏãÁ ˛ôv˛¸yò– xy!õ ¢_ˆÏÓ˚Ó˚ ˆüˆÏ°Ï Á

xyü#Ó˚ ≤ÃÌˆÏõ ÁòyˆÏÑ˛ !ü«˛Ñ˛ !£ˆÏ¢ˆÏÓ ˛ôy£z– ˆ¢£z ¢õÎ˚

S£Î˚ˆÏì˛y ~ÖòÁV xˆÏòˆÏÑ˛Ó˚£z !ÓˆÏü°Ï Ñ˛ˆÏÓ˚ õö˛fl˛∫ˆÏúÓ˚

äÈyeÈÙÈäÈye#ˆÏîÓ˚ Ñ˛yˆÏäÈ ˆ≤Ã!¢ˆÏv˛™# fl˛∫≤¿ñ ˆ≤Ã!¢ˆÏv˛™#ˆÏì˛ ˛ôv˛¸y

fl ∫̨≤¿¢%Ö ~ÓÇ ˆ≤Ã!¢ Ï̂v˛™# Ï̂ì˛ ˛ôv ¸̨y Ï̂òy fl ∫̨≤¿!Óúy¢ !äÈú– xyÓ˚

xyõyˆÏîÓ˚ fl˛∫≤¿¢õ)ˆÏ£Ó˚ Óyhfl˛ÓyÎ˚ˆÏò Î§yÓ˚y !äÈˆÏúò x@˘Ãí#

ì§˛yˆÏîÓ˚ õˆÏïƒ xòƒì˛õ ~Ñ˛ãò ˆÜÔÓ˚#ÓyÓ%–

î%¶˛y≈ÜƒãòÑ˛¶˛y Ï̂Ó ≤ÃyÎ˚£z  ÁòyÓ˚ !îò ÷Ó˚& £ Ï̂ì˛y ˆî!Ó˚ Ñ˛ Ï̂Ó˚–

ö˛ˆÏú !ü«˛Ñ˛ì˛y Á !Ó°ÏˆÏÎ˚Ó˚ ≤Ã!ì˛ ¢%ì˛#Ó  ›˛yò ÈÙÈ î%£zˆÏÎ˚Ó˚



¶)̨ !Óîƒy 5570
ˆÎyÜ¢)ˆÏeÓ˚ ö˛ú xhs˛ì˛ ¶)˛ì˛ˆÏ_¥Ó˚ ˆ«˛ˆÏe Ö%Ó ˆÓü# äÈy˛ôyÓ˚

Ñ˛y!ú õyˆÏÖ !ò– !Ñ˛ls˛ ˛ôyüy˛ôy!ü ÎyˆÏîÓ˚ ÜˆÏÓ°Ïíy˛ôe ¢yv˛¸y

ãyÜyì˛ñ ì˛yˆÏîÓ˚ xˆÏòˆÏÑ˛Ó˚£z Ñ˛yˆÏã ÁòyÓ˚ xÓîyò !äÈú

xòfl˛∫#Ñ˛yÎ≈– ˆÜÔÓ˚#ÓyÓ%Ó˚ Ó˚yÜ Ñ˛Ó˚y Óy Ó˚yˆÏÜÓ˚ Ó!£É≤ÃÑ˛yü

£ÁÎ˚y !äÈú î%ú≈¶˛ á›˛òy– ¢õÎ˚ ¢¡ôˆÏÑ≈˛ ì˛y§Ó˚ ~Ñ˛ xÎy!s˛fÑ˛

!â˛hs˛yïyÓ˚yÓ˚ ãòƒ xˆÏòˆÏÑ˛Ó˚£z õyˆÏG˛ õˆÏïƒ Ó˚yÜ £ˆÏì˛y– !Ñ˛ls˛

xyÿ˛Î≈ƒãòÑ˛¶˛yˆÏÓ !fl˛øì˛ ˆÜÔÓ˚#ÓyÓ%Ó˚ õ%ˆÏÖyõ%Ö# £ˆÏì˛£z

Óyîüy ˆÌˆÏÑ˛ ¢ys˛f# ¢Ñ˛ˆÏúÓ˚£z Ó˚yÜ ãú £ˆÏÎ˚ ˆÎì˛– î%˛ô«˛£z

ˆÎò ò#Ó˚Ó !Ñ˛ÇÓy ≤Ã¢D ˛ôyˆÏŒ›˛ ÓúˆÏì˛ â˛y£zì˛ñ Ñ˛!Ó üC

ˆáyˆÏ°ÏÓ˚ ¶˛y°ÏyÎ˚ÈÙÙÈ

ÚxˆÏòÑ˛ Ñ˛yˆÏäÈ ÎyÓ ˆ¶˛ˆÏÓ£z xˆÏòÑ˛ î)ˆÏÓ˚

~ Ï̂¢!äÈúyõ–Û

Óƒ!_´ ˆÜÔÓ˚#ÓyÓ%ˆÏÑ˛ äÈy!˛ôˆÏÎ˚ !äÈú !ü«˛Ñ˛

ˆÜÔÓ˚#ÓyÓ%– xÑ,˛!eõ ¢Ó˚úì˛yÎ˚ !Ñ˛¶˛yˆÏÓ !ì˛!ò ¶)˛ì˛ˆÏcÓ˚ õ)ú

!Ó°ÏÎ˚=!ú ˆÓyG˛yˆÏì˛ò ì˛yÓ˚ î%!›˛ v˛zîy£Ó˚í v˛zˆÏÕ‘ÖˆÏÎyÜƒ–

!ö˛ˆÏ”˛ ˛ôyÌÓ˚ ˆÌˆÏÑ˛ !Ñ˛¶˛yˆÏÓ pyroxene Á amphib-
ole ˆâ˛òy ˆÎˆÏì˛ ˛ôyˆÏÓ˚– Mineral grain £yˆÏì˛Ó˚ ì˛yú%ˆÏì˛

!ò Ï̂Î˚ ˆîÖ Ï̂ì˛ £ Ï̂Óñ Î!î Ñ§̨ y Ï̂â˛Ó˚ =!úÓ˚ õ Ï̂ì˛y Üv ¸̨yÎ˚ ì˛y£ Ï̂ú

ˆ¢!›˛ £ˆÏÓ pyroxene– xyÓ˚ Î!î ÈCylinderÙÈ~Ó˚ õˆÏì˛y

Üv˛¸yÎ˚ ì˛y£ˆÏú ˆ¢£z mineral £ˆÏÓ amphibole–

xyˆÏÓ˚Ñ˛!›˛ !ö˛ˆÏ”˛ !ì˛!ò ÜyäÈ˛ôyúyÓ˚ ˛ô!Ó˚Óì≈˛ò ú«˛ƒ Ñ˛Ó˚ˆÏì˛

ÓˆÏúò– ˆâ˛yˆÏÖ ˛ôˆÏv˛¸ñ üyú õ˝Î˚yÓ˚ ãDú ˆ˛ô!Ó˚ˆÏÎ˚ ~Ñ˛

òƒyv˛¸y ã!õñ ì˛yÓ˚˛ôÓ˚ xòƒ ïÓ˚ˆÏíÓ˚ ãDú– Ñ˛yÓ˚í›˛y !ì˛!ò

Remote Sensing-~Ó˚ õ)ú¢)e !îˆÏÎ˚ ÓƒyÖƒy Ñ˛ˆÏÓ˚òñ

xÌy≈Í Rock Type ˛ôyˆÏŒ›˛ ˆÜˆÏú ÜyäÈ˛ôyúyÓ˚ ïÓ˚íÁ

˛ôyˆÏŒ›˛ ÎyÎ˚–  3 ¢ÇÖƒy!›˛Ó˚ ≤Ã!ì˛ ¢Ω˛Óì˛≠ ÁòyÓ˚ xÑ,˛!eõ

¶˛yúÓy¢y !äÈú– Reference Frame ˆÓyG˛yˆÏì˛ 3 or-
thogonal axes !ÓK˛yˆÏòÓ˚ ≤Ã!ì˛!›˛ üyÖyÓ˚£z !¶˛!_hfl˛Ω˛–

ˆ¢£z Reference !¶˛!_hfl˛Ω˛ Ñ,˛fi›˛yú!õ!ì˛ ˛ôv˛¸yˆÏòyÓ˚ ¢õÎ˚

!ì˛!ò Ó%ˆÏv˛¸y xyD%úñ ì˛ã≈!ò ~ÓÇ õïƒõyÓ˚ ¢y£yˆÏÎƒ

xòyÎ˚yˆÏ¢£z äÈyeÈÙÈäÈye#ˆÏîÓ˚ ˆâ˛yˆÏÖÓ˚ ¢yõˆÏò ì%˛ˆÏú

ïÓ˚ˆÏì˛ò–

~äÈyv˛¸yÁ Structural Geology, Ignous
Petrology ~ÓÇ  Metamorphic Petrology-
¶)˛ì˛ˆÏ_¥Ó˚ ~£z !ì˛ò!›˛ üyÖyÓ˚ ˆÎˆÏÑ˛yò ¢)e Á ¢õyïyò !ì˛!ò

¢õyò î«˛ì˛yÓ˚ ¢ˆÏD ˆÓyG˛yˆÏì˛ò Á â˛â˛y≈ Ñ˛Ó˚ˆÏì˛ò–

B.Sc. 3rd Year-~Ó˚ Field Work Ñ˛Ó˚ˆÏì˛

!ÜˆÏÎ˚!äÈ Ó˚yãfl˛iyˆÏòÓ˚ Jhamarkotra– ≤ÃŸ¿ !Ñ˛ Ñ˛ˆÏÓ˚!äÈúyõ

¢!‡˛Ñ˛ õˆÏò ˆò£z– v˛z_ˆÏÓ˚ ÓˆÏú!äÈˆÏúòñ Field-~ ~ˆÏ¢

!ì˛òˆÏ›˛ ˆâ˛yÖ ˆÖyúy Ó˚yÖˆÏì˛ £ˆÏÓ– ≤ÃÌõ!›˛ Îy ˆîÖ!äÈ ì˛yÓ˚

Á˛ôÓ˚ ~ÓÇ !mì˛#Î˚!›˛ Îy ˆ˛ô!Ó˚ˆÏÎ˚ ~ˆÏ¢!äÈ ì˛yÓ˚ v˛z˛ôÓ˚ !òÓk˛

ÌyÑ˛y â˛y£z– ì,˛ì˛#Î˚ ˆâ˛yÖ xÓüƒ£z ˆÖyúy Ó˚yÖˆÏì˛ £ˆÏÓ ~£z

î%£zÈÙÈ~Ó˚ ˆÎyÜ¢)e Ö%§ˆÏã ˆÓÓ˚ Ñ˛Ó˚ˆÏì˛– ˛ôÓ˚Óì˛#≈Ñ˛yˆÏú Ó%G˛ˆÏì˛

˛ôyÓ˚úyõñ !ì˛ò!›˛ ˆâ˛yˆÏÖÓ˚ xÌ≈ ÈÈÙÙÈ ÎÌye´ˆÏõ ì˛_¥ ¢Ç@˘Ã£ñ

ì˛_¥ !ÓˆÏŸ’°Ïí ~ÓÇ ì˛Ìƒ ˛ô!Ó˚ˆÏÓüò– xÌy≈Í !ÓK˛yˆÏòÓ˚ ˆÎ

ˆÑ˛yò üyÖyÎ˚ ÜˆÏÓ°ÏíyÓ˚ !ì˛ò!›˛ õ)ú v˛zˆÏjüƒ– xy¢ˆÏú

xyhs˛!Ó˚Ñ˛ì˛yÓ˚ ¢yˆÏÌ ¢yˆÏÌ ~Ñ˛ !ü“# ¢_¥yÁ ˆÜÔÓ˚#ÓyÓ%Ó˚

!ü«˛Ñ˛ì˛yÎ˚ !ÓÓ˚yãõyò !äÈú–

Üì˛ 5th November-~ Îyey ÷Ó˚&– ~Ñ˛ ü)òƒ

õyˆÏ‡˛ ~!ÜˆÏÎ˚ ÎyˆÏFäÈò ˆÜÔÓ˚#ÓyÓ%– !‡˛Ñ˛ ¢yõˆÏò ~Ñ˛!›˛ ~ÓÇ

ú¡∫¶˛yˆÏÓ î%̨ ôyˆÏü î%!›˛ ˆõy›˛ !ì˛ò!›˛ äÈyÎ˚y ˆÌˆÏÑ˛ ˆÜú ¶)̨ ì˛_¥

!ü«˛Ñ˛ì˛yÎ˚ñ ¢õyãˆÏ¢ÓyÎ˚ ~ÓÇ Ó˚yãò#!ì˛ˆÏì˛–

ÌyÑ˛úyõ xyõÓ˚y ¢Óy£z– ˆö˛Ó˚ Ñ˛!Ó üC ˆáyˆÏ°ÏÓ˚

~Ñ˛£z Ñ˛!Óì˛yÓ˚ ˆü°Ï úy£zòñ Ú~ÓyˆÏÓ˚ !‡˛Ñ˛ ¢£ã¶˛yˆÏÓ£z

xyÜ‰ˆÏú ˆòÓ !òÉfl˛∫ì˛yˆÏÑ˛Û ˛ôyˆÏŒ›˛ Ó!úÈÙÙÈ Ú~ÓyˆÏÓ˚ !‡˛Ñ˛ Óyïƒ

£ˆÏÎ˚£z xyÜˆÏú‰ ˆòÓ îy!Î˚c›˛yˆÏÑ˛–Û
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