UNIT 12

MINERAL FUELS|

Structure
12.1 Introduction 12.4 Atomic Minerals
Expected Learning Outcomes Uranium
12.2 Coal Thorium
Varieties and Ranks of Coal 12.5 Rare Metals and Metalloids
Constitution of Coal Rare-Earth Elements
Origin of Coal 12.6 Activity
Coal Bed Methane (CBM) 12.7 Summary
Distribution 12.8 Unit End Questions
Lignite Deposits 12.9 References
12.3 Petroleum 12.10 Further/Suggested Readings
Origin of Petroleum 12.11 Answers

Migration and Accumulation
Mode of Occurrence

Distribution

12.1 INTRODUCTION

In the previous units you have studied about physical and chemical properties of ferrous and non-
ferrous ores and industrial minerals used in refractory, fertilizer, abrasive, glass and ceramic and
cement industries. Coal and petroleum are fossil fuels which have been widely used as source of
energy since the time of industrial revolution. We have discussed about coal and petroleum in Unit 15
of BGYCT-133. In this unit, we will discuss about origin, occurrence and distribution of coal, lignite
and petroleum in India. We will also discuss about atomic minerals, rare metals and rare Earths.
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Expected Learning Outcomes

After reading this unit you should be able to:

% define the origin, varieties, and ranks of coal,

*

/
*

discuss origin, formation and mode of occurrence of petroleum;

-,

7
0.0

identify Indian occurrences of coal, lignite and petroleum; and

.0

«+ discuss atomic minerals, rare metals and rare-earth elements.

12.2 COAL

Coal is one of the principal fossil fuels and is a primary source of energy as well
as power. Coal is an extremely complex heterogeneous material that is difficult
to characterise. Coal is, in fact, a rock derived from a variety of plant materials
which have undergone a variation of physical and chemical transformations.
Instead of minerals, it contains macerals. Coal may be defined as plant debris
that has experienced significant changes in the physical properties and
chemical composition due to various biochemical and geological processes.

Chemically, coal is composed of various proportions of carbon, oxygen and
hydrogen with small amounts of nitrogen and sulphur. Carbon is the main
component of coal and it varies in peat <40%, lignite 40-55%, bituminous 40-
80% and anthracite 80-95%. Besides these, coal may contain varying
proportions of mineral matter.

12.2.1 Varieties and Ranks of Coal

The process of the transformation of the plant material into coal may be
complete or may be arrested at any one of the stages, thus giving rise to coals
of varying maturity. This is termed as rank of the coal. Though, the process of
formation of coal is sedimentary, but increasing pressure and temperature
plants/vegetation lead to certain degree of metamorphism which control the
rank and grade of the coal.

The transformation of vegetable matter into coal is brought about in two stages:

(i) Peat-forming (or biochemical) stage: In this process, humic substances
i.e., the matured organic matter is decomposed from plant remains.
Huminification results from progressive oxidation by the addition of oxygen
from oxygenated water. Thus, lowering the groundwater table, pH values of
the water in the peat, and peat temperature. In the presence of oxygen,
microorganisms and fungi outbreak the organic substance that binds the
cells, fibres, and vessels of wood and converted to humic substances
(Fig.12.1). This process is called humification process.

(i) Geochemical stage: It is the conversion of peat into higher ranks of the
coal and the process is called coalification process. In this process the
alteration of vegetation to form peat is succeeded by the transformation of
peat through lignite, bituminous to anthracite coal (Fig.12.1). The degree of
transformation or coalification is termed as the rank of coal.


https://www.sciencedirect.com/topics/engineering/groundwater-table
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Fig. 12.1: Coal formation stages: a) Humification; and b) Coalification. (Source:
modified from http://smtc.uwyo.edu/coal/swamp/anatomy.asp)

The percentage of carbon, hydrogen, volatiles and moisture contents determine
the rank of the coal. The rank of the coal defines degree of transformation of
wood into coal through the natural processes of deposition, compaction and
biochemical changes.

Coal is divided into four major classes in order of progressive maturity:

Peat, Lignite, Bituminous, and Anthracite (Fig. 12.2). The rank of coal from Peat
to Anthracite shows a gradual increase of carbon content and decrease in
volatiles, oxygen, hydrogen and water, about which you have already read in
Unit 15 of BGYCT-133 course. Let us recapitulate.

i) Peat: Itis the first stage in the formation of all coal types. Itis an
accumulation of partly decomposed and distinguished organic material
derived mainly from woody parts of the plants. Its colour varies from light
brown to dark brown. It varies in consistency from a fibrous, matted, porous,
turf-like material to a soft, plastic mud type coal. In India peat is found in
Nilgiri Hills in Tamil Nadu and some parts of Jammu and Kashmir.

i) Lignite: It is the next stage in the formation of coal from peat. It is an
immature coal. It is sometimes called ‘brown coal’ because of its
characteristic brown colour. It is compact and earthy in texture and contains
impressions and remains of woody matter and leaves (Fig. 12.2a). in India
the lignite deposit is reported from Tamil Nadu, Pondichery, Kerala, Gujrat,
Rajasthan and Jammu and Kashmir.

iif) Bituminous: It is also known as common coal and is the important variety
of commercial coals. Bituminous coals are brittle, dense, dark in colour, well
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jointed and often show well-defined bands of bright and dull material (Fig.
12.2b and c). The bituminous coal types are compact in structure and
usually break into prismatic and cubical blocks when struck with hammer. In
India Bituminous coal deposit is found in Jharkhand, Odisha, West Bengal,
Chhattisgarh and Madhya Pradesh.

Anthracite: It is a coal of the highest rank in which organic source has been
completely transformed into carbonaceous substance. It is very hard and jet
black in colour and compact in structure (Fig. 12.2d). In India anthracite is
found in small quantity in Jammu and Kashmir.

(b)

Fig. 12.2: a) Lignite; b) Bituminous; c) Sub-Bituminous; and d) Anthracite coal.

(Photo credit: Dr. Bikash Gogoi, Guahati University)

12.2.2 Constitution of Coal

Coal is not homogenous substance; it is composed of a number of bands.

a)

Macroscopic Unit of Coal:

The term lithotype is applied to different macroscopically identifiable layers in
the coal seams. Stopes (1919) proposed four lithological types (lithotypes) for
describing humic coals. The coal bands are classified into four lithotypes,
namely, vitrain, clarain, durain, and fusain (Table 12.1).

Vitrain: Brightest portion or band of a coal and usually it occurs as a thin
band. It is jet black in colour, glassy, vitreous material with a brilliant lustre.
Vitrain breaks into fine angular fragments and is commonly with a conchoidal
fracture. Vitrain is found in most the humic coals and usually consists of the
microlithotype vitrite.

Clarain: Less bright than vitrain and it occurs in bands of variable
thicknesses. It has bright colour and silky lustre and does not show
conchoidal fracture. Clarain comprises of alternating thin layers often 1mm. It
can include the microlithotypes vitrite, clarite, durite, fusite and trimacerite.
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o Durain: Dull coal and occurs as thick bands. It is hard, greyish black in
colour and breaks with irregular surface. It shows lustureless rough irregular
fracture. Durain comprises of lenses thicker than 3 —10 mm. Durain is less
common than vitrain and clarain in humic coals. They may occur as
extensive layers within a coal seam. Durain is composed of the
microlithotypes durite and trimacerite.

e Fusain: Black in colour, powdery in nature, occurs as patches and wedges
and shows fibrous structure. It is more friable than clarain. Fusain is
distinguished by its woody fibrous tissues when seen under the microscope.
Fusain occurs in coals as lenses which may be several millimetres thick.
Fusain is a minor lithotype composed of the microlithotype fusite.

Humic coals are composed of a diversified mixture of macroscopic plant debris
with typical banded appearance. Sapropelic coals are composed of a restricted
variety of microscopic plant debris and represents homogeneous appearance.
Principal lithotype compositions of the coals are summarised in Table 12.1.

Table 12.1: Composition of lithotypes of humic and sapropelic coals.
(Source: McCabe, 1984)

Coal types | Lithotype Composition

Vitrain Vitrinite macerals with 20% exinite

§ macerals.

o Clarain Variable.

S

7 Durain Mainly inertinite and exinite macerals.
Fusain Mainly fusinite.
Cannel coal Fine maceral particles usually dominated

by sporinite.

Sapropelic
Coal

Boghead coal | Dominated by alginate.

b) Microscopic Unit of Coal:

The coal constituents may be distinguished into number of units under the
microscope. The pioneer worker of coal petrology was T. W. Witham who in
1813 first studied coal under the transmitted light microscope and identified
cellular plant tissues and proved that the coal is of vegetal origin. Microscopic
examination of coal revealed constitution of the coal types. Each microscopic
constituent of a coal is termed as ‘maceral’. It can be defined and described by
means of its morphology, structure, reflectivity, micro-hardness and
composition. All macerals are classified into three main groups: vitrinite, exinite
(or liptinite) and inertinite. However, coals may be made up largely of a single
maceral or, more usually, associations of macerals.

e Vitrinite (or huminite): This is the most frequent and important maceral
group, occurr in bituminous coals. Vitrinites are the remains of the humic
plant substances, primarily lignin and cellulose. Vitrinite group of macerals is
further sub-divided into Telinite and Collinite (Fig. 12.3c) macerals.

e Exinite (or Liptinite): Exinite is distinguished from the vitrinite by its higher
hydrogen content. Exinite represents the remains of the hydrogen-rich plant
109
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materials such as cutins, resins, fats, waxes, and sporopollen. Macerals of
this group are identified by brown red colour and distinct morphology. Both
the properties vary very much. Exinite group of macerals is further sub-
divided into Sporinite (Fig. 12.3a), Cutinite (Fig. 12.3a), Suberinite, Resinite
(Fig. 12.3a), Alginite, Liptodetrinite, Fluorinite, Bituminite, and Exudatinite
macerals.

Inertinite: In most of the cases, it consists of the same original plant material
as vitrinite, but have been oxidised prior to coalification i.e., supposed to be
inert during carbonisation reaction. Inertinite group of macerals are further
sub divided into Fusinite, Semifusinite (Fig. 12.3b), Macrinite, Micrinite,
Sclerotinite (Fig. 12.3b and d), and Inertodetrinite macerals.

Fig. 12.3: Microphotographs: a) Cutinite, resinite and sporinite in vitrinite; b)

sclerotinite and semifusinite band in vitrinite; c) collinite in vitrinite; and
d) multicelled sclerotinite in vitrinite. (Photo credit: Dr. Kakoli Gogoi)

The original classification of maceral groups is referred to as the Stopes—
Heerlen System (ICCP, 1963, 1971, 1975, 1993). Stopes—Heerlen
classification of maceral groups is given in Table 12.2. The composition of the
microlithotypes is listed in Table 12.3 and their interrelationship is shown in Fig.
12.4.

Table 12.2: Stopes—Heerlen classification of maceral groups, macerals

and submacerals of hard coals. (Source: Ward,1984)

Maceral Groups | Macerals Submacerals
Vitrinite Telinite Telocollinite Gelocollinite
Collinite Desmacollinite Corpocollinite

Exinite (liptinite) Sporinite
Cutinite
Suberinite
Resinite
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Alginite
Liptodetrinite
Fluorinite
Bituminite
Exudatinite

Inertinite Fusinite
Semifusinite
Macrinite
Micrinite
Sclerotinite
Inertodetrinite

Table 12.3: Composition of microlithotypes. (Source: McCabe, 1984)

Microlithotype Composition
Vitrite Vitrinite >95%

Liptite Exinite >95%

Inertite Inertinite >95%

Fusite Inertite with no macrinite or micrinite
Clarite Vitrinite and exinite >95%

Durite Exinite and inertinite >95%
Vitrinertite Vitrinite and inertinite >95%
Trimacerite Vitrinite, exinite, inertinite, each >5%

Vitrinite

Duroclarite

Vitrinertoliptite Clarodurite

Liptite Inertite

Durite
7 7 6 5 7 4 = g T P—— g T ~r v

Liptinite 25 50 75 Inertinite

Fig. 12.2: Diagrammatic representation of microlithotypes classification. (Source:
Bustin et al., 1983)
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12.2.4 Origin of Coal

It is generally believed that most of the coals are derived from the plants that
grew in and adjacent to somewhat swampy or marshy lands in warm and humid
regions. Coal originated as a result of long burial of vegetable matter, formed
by decay of plant material under a thick cover of sediments (Fig.12.3). Coal
deposits have been formed both in fresh water and in brackish water. Usually
there are two theories proposed for the mode of accumulation of the plant
materials to transform into coal. They are

1. In-situ (autochthonous) theory: According to this theory, the coal forming
material was deposited and transformed where it grew. As the land was
sinking slowly, the accumulated vegetation matters went under water
gradually. In the course of time, the rate of sinking of land was increased and
coal forest was submerged under water. Again, land along with the coal
forest arose out of water after sufficient time. Subsidence keeping pace with
the sedimentation. This process of deposition continued in layers and
undergone geo-chemical changes to form coal seams. Such coals are
considered to be autochthonous coals, which generally have relatively much
less mineral matter.

2. Drift (allochthonous) theory: Coal seams are believed to be formed out of
plants and trees which grew millions of years ago and fell down due to
tectonic activities. Gradually, ground subsided and the plant material drifted
to considerable distance by flow of water from their original site of growth
and re-deposited as peat. This process of deposition continued for millions of
years in layers and undergone geo-chemical changes such as heat, bacterial
decay, pressure, etc., to form coal seams. Such coals are considered as
allochthonous coals, which are usually very rich in mineral matter. The coal
seams of India are of drift origin.

(@)

Stagnant Water|
Organic Matter and Peat
(c) (d)

_ Sedimentary Rock —————

Bituminous/ Anthracite Coal

Fig 12.3: Formation of coal: a) accumulation of organic matter within a swampy
area forms a layer of peat; b) the organic matter is buried under
sediment and is compressed; c) with greater burial, lignite coal
forms; and d) at even greater depths, bituminous and eventually
anthracite coal form. (Source: modified from https://opentextbc.ca/
geology/chapter/20-3-fossil-fuels/)
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e Watch the following video to know more about sedimentary ore
deposits.

¢ Introduction to ore deposits

Link: http://egyankosh.ac.in//handle/123456789/53454

o Classifications of Ore Deposits

Link: http://egyankosh.ac.in//handle/123456789/53455

12.2.5 Coal Bed Methane

Coal Bed Methane (CBM) is an unconventional form of natural gas found in the
coal deposits/ seams. The term refers to methane adsorbed into the solid
matrix of the coal. The methane is in a near-liquid state, lining inside the pores
within the coal (called the matrix). The open fractures in the coal (called the
cleats) also contain free gas or can be saturated with water. CBM is formed
during the process of coalification. Varied methods of recovery make CBM a
stable source of the energy. It can be recovered from underground coal before,
during, or after mining operations. It can also be extracted from unminable coal
seams. Extraction requires drilling wells into the coal seams and removing
water contained in the seam to reduce hydrostatic pressure and release
absorbed and free gas out of the coal. It is also called 'sweet gas' because of its
absence of hydrogen sulphide.

The Gondwana sediments of the eastern India host the bulk of India’s coal
reserves and all the current CBM producing blocks. The majority of the best
prospective areas for CBM development are in eastern India, situated in
Damodar Koel valley and Son valley. The CBM projects exist in the Ranigan;
South, Raniganj East and Raniganj North areas in the Raniganj coalfield, the
Parbatpur block in Jharia coalfield and the East and west of the Bokaro
coalfields. Son valley includes the Sonhat North and Sohagpur East and West
blocks.

12.2.6 Distribution

The important periods of coal formation was during Carboniferous to Permian.
The other period of coal formation was during Cretaceous to Upper Pliocene
times. The coal deposits, although exist in nearly every part of the world, but
commercially exploitable coal reserves are found mainly in China, USA, India,
Australia, Indonesia, Russia, Canada, South Africa, Columbia, Kazakhstan and
Ukraine. Permian coals are less wide-spread, but are abundantly found in India
and to some extent in China, Russia, South Africa, and Australia.

India is one of the five major producers of the coal in the world. On the basis of
the occurrence of coal relative to geological age, coal deposits of India are
classified into two groups: Gondwana Coals and Tertiary Coals. Lower
Gondwana coals of India are of Permian age. Most of the Tertiary coals of India
are of Cretaceous to Upper Pliocene times. The major coalfields of the country
are situated in Damodar, Mahanadi, Godavari and Son-Narmada valleys. You
have already read about Gondwana and Tertiary Coals of India in Unit 15 of
BGYCT-135. Let us recapitulate.
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i) Gondwana Coals: About 98 percent of the coal is annually produced in
India that comes from formations of the Lower Gondwana sequence (200
million years old) of the Permian age. The Lower Gondwana coals are
mainly of bituminous type. The major coalfields occur in Jharkhand, West
Bengal, Odisha, Maharashtra and Madhya Pradesh (Fig. 12.6). These are:

¢ Jharia, Bokaro and Rajmahal Coalfields of Jharkhand: The Jharia
coalfield is located in the Dhanbad District of the Jharkhand and is regarded
as the most important coalfields of India. The Bokaro Coalfield spreads
about 65 km from east to west and 10 to 16 km from north to south of Bokaro
District of Jharkhand. They contain some of the thickest coal seams. The
Rajmahal coalfield is another important coalfield located in the Jharkhand. It is
situated along the western side of the Rajmahal Hills in the north to Birbhum
District of the West Bengal in the south.

¢ Raniganj Coalfields of West Bengal: One of the largest coalfields of the
country. Most of the coalfields are in the Raniganj area in the Burdwan
district in West Bengal. They extend to adjoining areas of Jharkhand. These
coalfields are spread over an area of 1550sq.km.

e Singrauli Coalfield of Madhya Pradesh: It is one of the most important
coalfields of the Madhya Pradesh. This coalfield lies partly in Madhya
Pradesh and partly in Chhattisgarh mostly in the basin of the Son River. It is
spread over an area of 2002 sg. km., containing five coal seams.

e Talcher Coalfield of Odisha: This is the most important coalfield of Odisha
and is located in Angul District of Odisha. It is spread over an area of more
than 500 sg.km (Fig. 12.4).

Fig. 12.4: Open cast mining at Lakhanpur coal field of Jharsuguda, Odisha. (Photo
credit: Premasil Patra)

ii) Tertiary Coals: These coals are found in the states of Assam, Meghalaya,
Nagaland, Arunachal Pradesh, Himachal Pradesh, West Bengal, Rajasthan,
Kerala and Jammu and Kashmir (Fig.12.7). Tamil Nadu and the Union
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Territory of Pondicherry also have Tertiary coal reserves. Tertiary coals of
Assam are spread in Makum (Fig. 12.5), Nazira, Mikir Hills, Singrimari and
Dilli-Jeypore. In Meghalaya, coal deposits occupy in the areas of Khasi,
Jaintia, and Garo Hills. The Tertiary coal of Jammu and Kashmir are spread
in Kalakot and surrounding regions in Jammu, and south of the Pir Panjal. In
Himachal Pradesh, coals are found in Chamba district.

Fig. 12.5: a) Tirap Open Cast Mine; and b) Tipong Open Cast Mine, Margherita,
Assam. (Photo credit: Dr. Kakoli Gogoi)
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Fig. 12.6: Map showing major Gondwana Coalfields of India. (Prepared by Rohit

Kumar)
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Fig. 12.7: Map showing major Tertiary Coalfields of India. (Prepared by Rohit
Kumar)

12.2.6 Lignite Deposits

Lignite is predominantly occurring in all the European countries. Lignite
deposits also occur in Germany, which is known to be the biggest deposits
followed by China, Russia and United States. In India important deposits
reported so far are in the tertiary sediments in the southern and western parts
of the Peninsular Shield particularly in Tamil Nadu, Pondicherry, Kerala,
Guijarat, Rajasthan, Jammu and Kashmir (Fig. 12.8). Of these, the Neyveli
Lignite field in Cuddalore District of Tamil Nadu is the most important and are
the largest deposits of lignite in south-east Asia. Neyveli Lignite field is spread
over an area of > 480 sq.km. Bagrakot and Tindharia in West Bengal and
Bikaner in Rajasthan are other notable deposits.

116



L OO
70 0l'0' E 80°0"0"E 90“0"0"E
Major Lignite deposits of India N
2 a1
achal Pradesh
z Qhagdigar?
-S
1 Déki

T
20°0'0"N

Legend
= Goaifielin Andamangd Ni.cobar
[: State Boundary ] ’
_g [ ndia d
¥ Lakshadwoep 1. Shaliganga 9. Jhagadia
2. Nichahama 10. Palana
o [ # e | veokmiES Chowkibal 11. Gurha
4. Tindharia 12. Barsinghsar
5. Bagrakot 13. Khari
6. Bikaner 14. Varkala
§ 7. Neyveli 15. Quilon
8. Panandhro

Fig.12.8: Map showing major Lignite deposits of India. (Prepared by Rohit Kumar)

SAQ 1

a) Three groups of macerals are : and

b) The process of conversion of peat into higher ranks is called

c) is also called 'sweet gas' because of its absence
of hydrogen sulphide.

d) Coal deposits of India are classified into two groups as and
coal.

12.3 PETROLEUM

Petroleum popularly known as liquid gold, also called rock oil and black gold.
Petroleum occurs widely in the Earth as gas, liquid, semisolid, or solid, or in
more than one of these states at a single place. Hydrocarbon is a term often
used interchangeably with petroleum for any of its forms. Petroleum is a

Mineral Fuels

117



Block 3 Metallic and Non-Metallic Mineral Deposits

complex mixture of hydrocarbons and some other compounds that occur in a
liquid form, entrapped within the rocks of the surface of the earth.

Chemically, petroleum is a complex mixture of hydrocarbon (i.e., hydrogen and
carbon) compounds, with minor amount of nitrogen, oxygen, and sulphur as
impurities. Liquid petroleum is called crude oil (Fig. 12.9). It consists chiefly of
the liquid hydrocarbons, with a variable amount of dissolved gases, bitumen,
and impurities. In some cases, traces of metallic elements like vanadium and
nickel are also found in the crude oil. The crude oil is brownish black in colour
with a greenish tinge. It is immiscible with water and floats on it. But it is soluble
in naphtha, carbon disulphide, ether, and benzene. It has a characteristic odour
typically petrol-like smell or rotten egg odour. Petroleum gas is commonly called
natural gas. Petroleum gas consists of lighter paraffin hydrocarbons, of which
the most abundant is the methane gas (CHa).

Table 12.2: Different states of petroleum.

State of Petroleum Examples

Solid Tar sands, natural asphalt, gibsonite, albertite,
grahamite, oil sands and oil shales.

Liquid petroleum Conventional light crude oil and heavy crude oll
condensate.

Gaseous Conventional natural gas, and unconventional

hydrocarbon (methane hydrate, swamp gas, coal bed methane,
shale gas).

Petroleum is the key fuel of modern times. Crude oil is refined and distilled to
fractionate a number of petroleum compounds such as petrol, diesel, kerosene,
propane, butane etc. Petroleum is used as a primary source of heat and
energy, as a basic raw material in the petro-chemical industries, automobiles
and engine fuels, used to generate electricity used in the manufacture of
fertilizers, insecticides, explosives, perfumes, chemicals, toilet products,
synthetic rubber, resins, textiles, medicines etc.

Fig. 12.9: Crude oil sample.
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L0 Watch the following video to know more about petroleum.
e Basics of Petroleum
Link: https://www.youtube.com/watch?v=xh-H6v4v080

http://egyankosh.ac.in//handle/123456789/73675

12.3.2 Origin of Petroleum

Petroleum and natural gas originate from organic material buried in marine
muds. It involves the reaction of carbides within the Earth to form acetylene and
subsequently produces natural hydrocarbons. Organic material buried in marine
sediments underwent chemical changes due to increased pressure and
temperature generated by overlying sediments to produce natural hydrocarbon.
Such hydrocarbons subsequently moved into porous sedimentary rocks known
as reservoir rocks such as sandstone, coarse sands, porous limestones,
conglomerates, dolomites and other argillaceous rocks. The hydrocarbons
accumulate to form oil pool. The source rock for petroleum are usually the fine-
grained muddy sediments or marl. They are rich in organic matter derived from
alteration of algae, bacteria or plant debris for their oxygen free decomposition
or conversion into petroleum. Slow oxygen free decomposition of plant and
animal remains of microscopic nature is considered to be the original source of
petroleum. Conversion of organic matter into petroleum hydrocarbons is mainly
due to bacteria which flourish in the upper mud of the sea floor.

12.3.3 Migration and Accumulation

Qil pools are accumulation of oil in large quantities in porous sedimentary
rocks. Almost all the petroleum pool exists within an environment of water, i.e.,
free, interstitial, edge and bottom water. Thus, the movement of petroleum is
intimately related to hydrology, fluid pressure, and water movement.

As petroleum is lighter (less dense), it tends to occupy larger space than
available. This results in the development of great pressure (fluid potential)
gradient which produces buoyancy pressure for the petroleum to migrate out of
the site of its origin. The migration of petroleum through the rocks is influenced
by the various physico-chemical parameters and the geological conditions as
well. The forces help in the migration of petroleum are due to compaction of
muds, gravity, capillary action, currents and buoyancy. Temperature and
pressure have a direct effect on the fluid properties, which in turn influence the
movement of fluids through the rocks. The geological conditions such as
lithology of the strata, structural features, aquifer conditions, geological history
of the area considerably control migration of the petroleum. There are two types
of migration:

e Primary migration: expulsion of hydrocarbons from the source rock.
e Secondary migration: long distance movement of the petroleum.

1. Primary migration: In primary migration the movement of oil takes place
from centre of the mature source rock to adjacent porous and permeable
carrier bed or rocks which are known as the store house of oil i.e. the
reservoir rocks. Petroleum exists as a separate phase by the end of primary
migration. In good quality source rocks, oil is transported as a separate
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phase. Depending on the direction of decreasing energy, primary migration
may be stratigraphically upwards or downwards (Fig. 12.10).

2. Secondary migration: In secondary migration, the movement of oil takes
place from the first reservoir to the second reservoir or on the surface of the
earth. The movement of a distinct oil phase is controlled by the interaction of
driving and counteracting resisting-forces. Secondary migration is lateral
within porous and permeable rock units. Petroleum accumulates when it
arrives in a position in which there is insufficient energy to move it further
(Fig. 12.10).

Seepage @ V

e

0

Accumulation

Depth (km)

Generation

Migration

4

Fig: 12.10: Diagram illustrating migration and accumulation of petroleum: 1)
petroleum generation in source rocks; 2) and 3) primary and
secondary migration of petroleum; 4) accumulation of petroleum in a
reservoir trap; and 5) seepage of petroleum at the Earth’s surface.
(Source: Redrawn from https://www.treccani.it/export/sites/default/
Portale/sito/altre_aree/Tecnologia_e_ Scienze_applicate/enciclopedia/ingles
el/inglese_vol_1/pag065-84ing3.pdf)

The most important factors that control the accumulation of oil and formation of
oil reservoirs are lithology and structural features of the rocks. Accumulation
takes place in porous and permeable rocks. The most suitable reservoir rocks
are loose, unconsolidated sands and porous sandstones. Igneous,
metamorphic and impervious sedimentary rocks do not form good reservoir
rocks.

There are two types of oil traps (Fig.12.11) which hold the accumulation of olil
from getting away from the place of accumulation. They are:

e structural traps, and
e stratigraphic traps
The combination of these two types of traps may also occur.

i) Structural Traps: Structural traps are the result of changes in the structure
of the reservoir rock and are formed chiefly as a result of folding and faulting.
Some of the most important structural traps are anticline (Fig.12.11a), dome,
monocline, faults (Fig.12.11b), fissures and salt domes. For example, Abquiq
pool in Saudi Arabia is a typical elongated dome fold. One of the important
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aspects of the structural features such as anticlines is that the structure
generally extends vertically through a considerable thickness of sedimentary
formations, thereby causing traps to form in all of the potential reservoir
rocks affected by them. For this reason, the drilling of structural traps
involves a good thickness of sediments and considered as good prospects
even though specific reservoir rocks or other features of the subsurface
stratigraphy may not be known in advance. For example, the structure of
Vallazza field, in Italy is faulted, over turned and recumbent anticline. In
India, Digboi oilfield is in a faulted elongated Anticline in Tipam group rocks.

Stratigraphic traps: Stratigraphic traps (Fig.12.11c) are the result of a
lateral variation in the lithology of the reservoir rock, or a break in its
continuity. Some of the important stratigraphic traps are, unconformities,
buried coral reefs, over laps etc. Nearly, all the stratigraphic traps possess a
certain amount of structural element. The only exceptions being some of
those in isolated lenses and organic reefs, which generally are traps without
a regional dip or to any arching or deformation. Many famous oil pools are
found in Mississipiian and Pennsylvanian sands. For example, Naharkatia oil
field, India is a series of small accumulations controlled by both stratigraphy
and structure, which is concealed beneath shelf facies.

STRUCTURAL STRATIGRAPHIC
Anticlinal Fault Facies Change

wlu & oailw i

=

al

: : (c)

Fig. 12.11: Schematic illustration of different types of accumulations in

petroleum traps, where (a) and (b) are the structural; and (c)
stratigraphic traps.

e Watch the following videos to know more about petroleum. To watch

these videos, you can also scan the QR Codes of these videos given
in page no. 4 to 10.

Basics of Petroleum

Link: https://www.youtube.com/watch?v=xh-H6v4v080
http://egyankosh.ac.in//handle/123456789/73675

Hydrocarbon Source Rock

Link: https://www.youtube.com/watch?v=JyvDHOnawfA
http://egyankosh.ac.in//handle/123456789/73674
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12.3.4 Mode of Occurrence

On the basis of nature of occurrences, petroleum deposits are classified into
two main divisions: surface and subsurface.

a) Surface: Petroleum occurs at the surface of the ground in a variety of ways.
Some surface occurrences may be thought of as currently active, such as
those that form seepages (Fig. 12.12), exudations of bitumen, those
associated with the springs, mud volcanoes and mud flows. Petroleum, gas,
or liquid asphalt that exudes in the form of springs and seepages may reach
the surface along fractures, fault planes, joints, unconformities, or through
any of the connected porous openings of the rocks. Surface oil seepages
may be of large dimensions. For example, surface deposits of oil and asphalt
in Southern California, Venezuela, Trinidad and Baku region of cover
hundreds of acres. Some of the common types of seepage are shown
diagrammatically in the (Fig. 12.13).

—

Fig. 12.12: Photograph of oil seepage, Namdang river, Assam. (Photo credit: Dr.
Kakoli Gogoi)

b) Subsurface or underground petroleum occurrences are broadly divided
according to their size as:

1) minor shows of oil and gas; and
2) oil and gas pools, fields and provinces.

Nearly, every exploratory well finds some indication of gas or oil, even if it may
be so minor that the well is abandoned as a dry hole. These are called minor
showings. Minor subsurface showings often furnish clues that lead to the
discovery of commercial deposits. Minor occurrences indicate the presence of a
source rock. They have also proved to be a valuable exploration guide.

Commercial petroleum deposits are classified as pools, fields and provinces.
These terms are useful to describe and locate various oil and gas
accumulations and occurrences. Pool is a body of oil or gas or both that occur
in a separate reservoir and under a single pressure system. When several
pools either structurally or stratigraphic are related to a single geologic feature,
the group of pools is termed as field. A region in which a number of oil and gas
pools and fields occur in a similar or related geologic environment, it is called a
petroleum province. For example, in many of the Middle East Pools, oil is
obtained from a single reservoir.
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Fig. 12.13: Sections showing the position of typical seepage positions in relation
to the underlying structure. Seepages are marked X, and oil and gas
pools are cross-hatched: Seepages a) at the outcrop of the pool and an
unconformity; b) along the outcrop of a normal fault; c) overlie a
faulted anticline; d) along the outcrop of a thrust fault; e) associated
with the diapir folding; and f) overlie a salt plug and the faults that
occur above this intrusion.

12.3.5 Distribution

Petroleum deposits are unevenly distributed throughout the world. The two
outstanding regions which have been termed the ‘oil axis’ or the ‘oil poles’ are
the Middle East region and the Gulf of Mexico-Caribbean region. The Gulf of
Mexico-Caribbean region includes the Gulf Coast province of the United States
and the provinces in Mexico, Colombia, Venezuela, and Trinidad. The Middle-
East region includes the provinces in Iran, Irag, Kuwait, Saudi Arabia, and the
Trans-Caucasus-Apsheron of the Russia.

Like many other countries, India is oil deficient country and imports huge
amount of oil to meet its demand. In India, basically 26 sedimentary basins
have been found which are proliferous in nature. Some of the important oil
reserves are found in Assam, Gujarat, Maharashtra and Rajasthan. Some of
the well-known oil fields of Western India are Ankleshwar oilfield in Gujarat,
Mumbai High (Arabian Sea offshore) in Maharashtra, the Cambay oilfield, the
Kalol oilfield (Fig. 12.14). There are some good potential oilfields that are also
found in the Arunachal Pradesh, Tripura, Nagaland, Andhra Pradesh and West
Bengal (Fig. 12.15).
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Fig. 12.14: Distribution of sedimentary basins of India.

Important oilfields of western India are the Cambay oil field, Ankleshwar oilfield,
Kalol oilfield, Nawagam oilfield, the Bombay High oil and gas field. The Cambay
Oilfield is situated in Gujarat and in the Cambay-Kalol area north of the Gulf of
Cambay. The oil deposits found in the rocks of Oligocene age. The occurrence
of oil is recorded in the off-shore region in the Arabian Sea. Ankleshwar Oilfield
is situated about 81 km. SSW of the Baroda town, South of the Narmada River.
The oil producing sands are of the Eocene age. The oilfield is situated on an
elongated doubly plunging anticline and dome. Coastal Qilfield are the oil-
bearing marine sediments of the Cretaceous and Tertiary ages and are the
source of oil found along the East Coast of the Peninsular India which includes
Andhra Pradesh, Tamil Nadu and Orissa Coastal areas.

e Watch the following videos to know more about petroleum province
and petroleum industry value chain. To watch these videos, you can
also scan the QR Codes of these videos given in page no. 4 to 10.

e Hydrocarbon Provinces
Link: https://www.youtube.com/watch?v=mflsO6Ehwsk
http://egyankosh.ac.in//handle/123456789/73677
e Petroleum Industry Value Chain

Link: https://www.youtube.com/watch?v=rIMIvHhb1OE
http://egyankosh.ac.in//handle/123456789/73676
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Fig. 12.15: Distribution of major oilfields in India. (Prepared by Rohit Kumar)

e Watch the following videos to know more about coal and petroleum
products. To watch these videos, you can also scan the QR Codes of
these videos given in page no. 4 to 10.

e Geology around us-Part |
Links: https://www.youtube.com/watch?v=F6cglc12wd0&t=301s
http://egyankosh.ac.in//handle/123456789/65950

e Geology around us-Part Il
Links: https://youtu.be/BtmJ8IOfxek
http://egyankosh.ac.in//handle/123456789/65950
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12.4 ATOMIC MINERALS

Atomic minerals are the most important among non-fossil energy resources
which are the minerals of the radioactive elements like Uranium (U) and
Thorium (Th). You have read about uranium and thorium in Unit 13 of BGYCT-
133 course. Another element, although not radioactive by itself, but extensively
used in the atomic mineral industry as regulators of nuclear reactions is
Beryllium. Uranium and thorium are the members of the actinide (Ac) series. In
the Periodic Table, U is the first member of Group VI B and Th is the last
element in Group IV B. Both the Th and U are markedly oxyphilic which means
close affinity to oxygen amongst anions. They are also biophilic due to this they
concentrate in organic compounds like humus, coal, petroleum and bitumen.
Atomic energy is produced by fission (splitting of the radioactive elements like
uranium) and or by fusion (like colliding and fusing of two deuterons to form
helium) of atomic nuclei, with matter being converted into energy in either
process.

They are predominately found in the form of Achaean Schist or Pre-Cambrian
rocks and placer deposits in a very low content in the world. In the magmatic
rocks, they usually concentrate in acidic, plutonic rocks which include
granitoids, pegmatite, rhyolite and acid tuffs. Sandstones, pyrite bearing quartz,
pebble, conglomerates and phosphatic and carbonaceous rocks are good hosts
for uranium minerals. They also occur in metamorphic rocks like phyllite and
schist. Thorium minerals occur generally in acidic igneous rocks and high-grade
metamorphic rocks.

Let us discuss the major atomic minerals.
12.4.1 Uranium

Uranium is not found in native state, but it occurs in combination with other
elements as compounds. Its Atomic Number is 92 and chemically represented
by U. It is a hard, white coloured and one of the heaviest metals of the naturally
occurring elements whose specific gravity is 18.68. Uranium (Fig. 12.16)
minerals are radioactive and consist of three isotopes: 238U, 2°U and 2**U.
Some other isotopes of uranium are 232U, 23U, 236U, 242U etc. The chief minerals
of uranium with their characteristics are given in Table 12.2.

Fig.12.16: Secondary uranium associated with black shale. (Source: www.gsi.gov.in)
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Uranium is used in the production of atomic power, in the manufacture of
nuclear weapons, ballistic ships, submarines, in glass staining, for glazes, in
photography, for luminous paint and in dyeing. Uranite, carnotite, etc. which
contain radium (Ra) are also used in the treatment of cancer and in X-ray
apparatus.

Table: 12.2: Chief minerals of Uranium.

Names Chemical Characters

Compositions

1. Pitchblende 2U0O3U0O: 51-80% uranium content;

(Uraninite) Colour-black or brown;
Sp.gr. - 6.4-9.7; Hardness:5-
6
2. | Torbernite CU(UO)2P205 12H,0 | Hydrated phosphate of
(Copper uranium and copper; Colour-
Uranite) emerald or glass green;
Sp.gr. - 3.5

3. | Autunite (Lime | Ca (UOy), P20s.8H,0O | Colour-sulphur yellow; Sp.gr.
Uranite) similar to torbernite,
Hardness:2-2.5

4. | Carnotite K20.2U203.V205.2H,0 | Hydrous vanadate of
potassium and uranium;

Powdery form: Colour-yellow

5. | Uraconite Hydrated sulphate of | Earthy or powdery form:
(Zippeite) uranium Colour-lemon yellow or
orange

e Distribution: Over two-thirds of the world's production of uranium is from

mines of Kazakhstan. Other important uranium mining countries are Canada,

Australia, Niger, Namibia and Russia. In India uranium ores are known to
occur in several localities. Uranium found in different geological basins are
Singhbhum shear zone, Jharkhand; Cuddapah basin, Andhra Pradesh;
Mahadek basin, Meghalaya; Bhima basin, Karnataka and Delhi Supergroup
rocks of Rajasthan (Fig. 12.17). The Jaduguda, in the state of Jharkhand is
the first uranium deposit located in the country. It also occurs in Aravalli
rocks at Umia and Udaisagar in Udaipur district, the Delhi formation at Kho-
Dariba in Alwar district and at Khetri in Jhunjhunu district of Rajasthan.
Uranium bearing minerals also occur in the pegmatites in the Mica belt of
Bihar.

e Watch the following video to know more about radioactivity
property of minerals. To watch the video, you can also scan the QR
Code of the video given in page no. 4 to 10.

o Physical Properties of Minerals Depending on Forces
Link: http://egyankosh.ac.in//handle/123456789/73671
https://youtu.be/POWD1V85HyI

Mineral Fuels
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Fig. 12.17: Distribution of uranium deposits of India.
12.4.2 Thorium

Thorium is weakly radioactive unstable element which is chemically
represented by Th. It has an atomic number 90, atomic weight 232 and sp.gr.
11.3. 2%2Th is the most stable isotope of thorium and accounts for nearly all-
natural thorium, with the other five natural isotopes (?2’Th, 226Th, 22°Th, 23°Th,
B1Th, 22Th, and 2%4Th), occurring in traces. Thorium is a black or grey coloured
metal related to titanium and is usually associated with the cerium. Like
uranium it is not found in nature in free state. The commercially important
mineral of thorium is monazite. It is a phosphate of cerium metals and it is
industrially important for its thorium content. It contains small percentage of
thorium oxide and thorium silicate.

The chief minerals of thorium with their characteristics are given in Table 12.3.
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Table 12.3: Chief minerals of Thorium.

Names Chemical Compositions | Characters

1. | Monazite | (Ce,La,Nd,Th)(PO4,SiO4) | Small isolated grains; Colour-
pale yellow to red brown; Sp.gr.
— 4.6-5.4; Hardness-5.5

2. | Thorite Th.SiO4 Colour-black or orange yellow;
Sp.gr. -5.3; Hardness-4.5-5

3. | Thorianite | ThO2.U30g Colour-black; Sp.gr. — 9.3;
Hardness-6.5

Thorium is used in the atomic industry in X-ray apparatus, in the manufacture of
gas mantles, weapon, nuclear energy. It is used in high temperature resistant
application heat resistant crucibles, arc lighting element, high intensity lanterns,
arc welding, high end magnification lens, and in medicine.
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Fig. 12.18: Distribution of thorium deposits of India.
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e Distribution: According to United States Geological Survey (USGS)
estimate, the India, the United States, and the Australia possess large
reserves of thorium. Other important thorium mining countries are Canada,
South Africa, Brazil and Malaysia. In India thorium along with the uranium
occurs in the cerium minerals. Monazite, which is a constituent of the heavy
black sands occur on the sea coasts of India, from the Narmada estuary to
Cape Camorin and to Orissa coast. Allanite has been reported from some
parts of Tamil Nadu and Andhra Pradesh. Monazite is also widely scattered
on the Kerala Coast, Andhra Pradesh, Tamil Nadu and Odisha (Fig.12.18).

12.5 RARE METALS AND METALLOIDS

Rare Metals and Metalloids (RMs) are often confused with the Rare Earth
Elements (REEs). Rare Metals and Metalloids (RMs) share some common
features, but they are seldom found together with the Rare Earth Elements
(REES). Rare Earth Elements (REES) are different and we would discuss them
in the later sections. Metalloids exhibits properties in between, or that are a
mixture of metal and a non-metal. Metalloids have a metallic appearance, but
they are brittle. Chemically, they mostly behave as non-metals and can form
alloys with metals.

The RMs are tantalum, columbium (niobium), cobalt, zirconium, indium, gallium,
and lithium. They are also considered as critical or strategic metals due to their
use and importance in energy and technology applications.

e Tantalum and Columbium: Tantalum (Ta) and Columbium (Niobium-Nb)
invariably occurring together. They are typically found together in the ore
tantalite-columbite (Fe, Mn) (Nb,Ta)2O¢). The nearly pure tantalite is named
tantalite and pure niobite is columbite. Tantalum is primarily used for acid
resisting chemical ware, in capacitors for microelectronics due to its high
heat and electrical conductivity. They are used in vacuum tubes, special
steels, tools etc.

e Cobalt: Cobalt (Co) is a metal of strategic importance and also significant for
its magnetic property. It has the ability to impart hardness and corrosive
resistance to alloys at high temperature. It closely resembles to nickel in
appearance. Cobalt occurs as veins associated with chiefly copper and
silver. Cobalt is used in making strong metal alloys, batteries and
electroplating, samarium-cobalt magnets, blue pigments, in ceramic and
fertilizer industries, for making high speed anticorrosive steels etc.

e Zirconium: Zirconium (Zr) metal has great industrial importance. The name
zirconium is taken from the name of the mineral zircon. Zirconium metal is
obtained in crystals or in the powder form. Zirconium is used to create heat
and radiation resistant alloys. It is often used in nuclear power plants. The
metal is also used in flashlight, bulbs, electric tubes, X-ray filters etc.

e Lithium: Lithium (Li) is the lightest minor metal with sp.gr. 0.53 which is the
lightest solid element. It is regarded as strategic metal. Lithium and its
compounds have several industrial applications, including heat-resistant
glass and ceramics, in manufacture of lubricating greases, flux additives for
iron, steel and aluminum production, lithium batteries, air-conditioning and
refrigeration etc.
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e Indium and Gallium: Indium (In) and gallium (Ga) are the metalloids and
the two elements are chemically similar to each other. Indium is most notably
used in the semiconductor industry. It is used in the LCD displays for TV,
computer, and smartphone screens. Gallium is mostly used in electronics.
Gallium is used in the form of gallium arsenide to produce
microwave circuits, integrated circuits, LEDs.

12.5.1 Rare-Earth Elements

Rare-Earth Element (REE) is a group of 17 chemical elements in the periodic
table, consisting of lanthanides which comprise 15 chemically similar
elements, as well as scandium and yttrium. Since scandium and yttrium have
chemical properties similar to lanthanides, they are also included under REE.
The 17 Rare-Earth Elements (Table 12.4) are cerium (Ce), dysprosium (Dy),
erbium (Er), europium (Eu), gadolinium (Gd), holmium (Ho), lanthanum (La),
lutetium (Lu), neodymium (Nd), praseodymium (Pr), promethium (Pm), samariu
m (Sm), scandium (Sc), terbium (Tb), thulium (Tm), ytterbium (Yb), and

yttrium (). They are often found in minerals with thorium (Th), and less
commonly with uranium (U).

In India, monazite is the principal source of rare earths and thorium. Monazite
occurs in association with other heavy minerals such as ilmenite, rutile, zircon,
etc. in the beach and inland placer deposits of the country. The resources of
monazite occur in sates of Andhra Pradesh, Jharkhand, Kerala, Odisha, Tamil
Nadu and West Bengal (Fig.12.19). Large carbonatite deposits enriched in rare-
earth elements are found in Australia, Canada, South Africa, and in USA.

Rare earth metals and alloys that contain them are used in several modern
technologies ranging from computer memory, cell phones and televisions,
rechargeable batteries, catalytic converters, fluorescent lighting, to LED light
bulbs and also in wind turbines

Table 12.4: Rare-Earth elements in Periodic Table.

Group=»>1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Period
T
1 1 2
H He
2 3| 4 6 7 8 |9 |10
Li | Be C | N|O| F | Ne
3 1| 12 13 15| 16 | 17 | 18
Na | M Al P | S |[CI|Ar
4 19| 20 | 21 22 (23| 24 (25| 26 | 27 | 28 | 29 | 30 | 31 34 | 35 | 36
K | Ca | Sc Ti| V| Cr| Mn|Fe |[Co| Ni [Cu|Zn| Ga Se | Br | Kr
5 37| 38| 39 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 53 | 54
Rb|[Sr|Y Zr [Nb |[Mo | Tc |Ru|Rh | Pd|Ag | Cd| In | Sn 1 | Xe
6 55|56 (57 |,(72 |73 |74 |75 |76 |77 |78 |79 |80 |81 |82 | 8384 86
Cs|Ba|la Hf | Ta | W |[Re |Os | Ir | Pt [Au|Hg | Ti | Pb| Bi | Po Rn
7 87 | 88 | 89 4 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra | Ac Rf |[Db | Sg |Bh | Hs | Mt | Ds | Rg | Cn | Nh | FI |Mc | Lv | Ts | Og |
.| 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71
Ce | Pr | Nd |Pm|Sm | Eu | Gd| Tb Ho | Er | Tm | Yb | Lu
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Fig. 12.19: Distribution of rare metal and rare earth deposit deposits in India.

SAQ 2

a) What are the conditions necessary for the formation of oil pool?

b) and are not found in native state but it occurs in
combination with other elements as compounds.

c) Name two chief minerals of uranium and thorium each.

d) List the Rare-Earth Elements.

12.6 ACTIVITY

¢ Plot the distribution of important coalfields, lignite deposits and oilfields of
India in map of India.

o Prepare a list of Rare-Earth Elements and plot in the periodic table.
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12.7 SUMMARY

Let us sum up what we have studied in this unit.

Coal is one of the principal fossil fuels and is a primary source of energy and
power. Chemically, it is composed of various proportions of carbon, oxygen,
hydrogen with small amounts of nitrogen, sulphur and carbon being the
major components.

The coal bands are classified into four types, hamely, vitrain, clarain, durain,
and fusain. The constituents of coal may be distinguished into number of
units under the microscope, which are called macerals and are classified in
three groups: vitrinite, exinite (or liptinite) and inertinite.

Based on the rank of the coal is divided into four major classes: Peat,
Lignite, Bituminous and Anthracite in order of progressive maturity.

Petroleum is a complex mixture of hydrocarbons and some other compounds
that occur in a liquid form entrapped within the rocks of the surface of the
Earth.

The two types of oil traps which hold the oil accumulation from getting away
from the place of accumulation are structural traps and stratigraphic traps.

Uranium (U) and Thorium (Th) are atomic minerals. They are not found in
native state but it occurs in combination with other elements as compounds.

The Rare Metals and Metalloids are tantalum, columbium (niobium), cobalt,
zirconium, indium, gallium, and lithium. They are also considered critical or
strategic metals due to their use and importance in energy and technology

applications.

Rare-Earth Element (REE) is a group of 17 chemical elements in
the periodic table, consisting of lanthanides which comprise 15 chemically
similar elements, as well as scandium and yttrium.

12.8 TERMINAL QUESTIONS

Discuss the microscopic unit of coal?
Discuss briefly the origin of coal and petroleum.

Give a brief account of the geographical distribution of coal and petroleum
deposits of India.

What are atomic minerals? Discuss their Indian occurrences.

What are Rare-Earth elements?

Audio/video material-based questions

. What are hydrocarbon deposits?
. What is bituminous sedimentary process?

. What are the byproducts we get from petroleum?

A W N

. Discuss the factors that control deposition and preservation of organic rich
sediments.

5. What are the parameters to characterize a source rock?
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12.11 ANSWERS
SAQ1

a) Vitrinite, Exinite and Inertinite.

a) Coalification.
b) Coal Bed Methane (CBM)
c) Gondwana and Tertiary.

SAQ 2

a) Migration and accumulation, Suitable reservoir rocks, Suitable traps and
Retention.

b) Uranium and thorium.

c) Pitchblende (Uraninite) and Torbernite (Copper Uranite) are chief minerals
of uranium. Monazite and Thorite are chief minerals of thorium.

d) Cerium, dysprosium, erbium, europium, gadolinium, holmium, lanthanum, lu
tetium, neodymium, praseodymium, promethium, samarium, scandium, terbi
um, thulium, ytterbium, and yttrium.

Terminal Questions

1. Please refer to sub section 12.2.2.

2. Please refer to sub sections 12.2.4 and 12.3.2.
3. Please refer to sub section 12.2.6 and 12.3.5
4. Please refer to section 12.4.
5

Please refer to section 12.5
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Accessory
Minerals

Allotropy

Amorphous
Anhydrous

Basin

Beds

Bitumen

Blanket Deposit
Oolitic
Structure

Carbonates

Carboniferous

Carbonisation

GLOSSARY

Minerals which are present in a rock in such small amounts
that their presence or absence is not of much significance
when considering the mineral composition for classification
purposes.

It is the property of existence of some chemical elements to
exist in two or more different forms in the same

physical state, which may differ in the arrangement of atoms
in crystalline solids or in the occurrence of molecules.

Term applied to material lacking regular arrangement of
atoms.

A substance is anhydrous if it contains no water.

It is a depressed area like sea, lake or river where water
flows and brings with it the sediment that gets deposited
there.

They are the smallest layers in a sedimentary sequence that
can be distinctly seen as separate units. The thickness of a
bed varies from one rock unit to another. Thus, we have
terms like thick-bedded and thin-bedded denoting the nature
of beds in a rock.

Naturally occurring tar-like hydrocarbon mineral of indefinite
composition. It ranges in consistency from a thick liquid to a
brittle solid.

It is a flattened ore deposit whose length and width is more
than its thickness.

Consisting of small spheroids or ellipsoids that resembles to
tiny fish eggs, e.g., oolitic hematite, chamosite.

A salt that is formed by the reaction of carbon dioxide with
another chemical substance.

A division of geological time from 345 and 280 million years

ago (m.y) and has a duration of 65 m.y. It is named from the
widespread occurrence of carbon in the form of coal in these
beds.

It refers to reduction of organic tissue to a carbon residue.
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Chemical
Composition

Cleat

Cleavage

Concretionary
and Nodular

Contact Deposit

Debris

Deposition

Epsom salt

Evaporites

Filling Deposit

Fissure

Fissure Vein

Flint
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Minerals have a definite (i.e., same) chemical composition
and expressed by a specific chemical formula (i.e., either
fixed or ranges within particular limits) and is homogeneous
(i.e., compositionally same) throughout its volume. Chemical
composition of quartz is expressed as SiOz as it contains
silicon and oxygen in a ratio of 1:2.

The vertical breakage planes or the open fractures in the
coal.

It is the tendency of a mineral to break/split in a systematic
way.

Spherical, ellipsoidal or irregular masses, e.g., flint.

This term is mainly used for mineral deposit occurring
between the two dissimilar rocks. This type of ore body
occurs at the contact of the sedimentary and igneous rocks.

Large fragments which arise from disintegration of rocks and
strata.

It is the laying down of material through natural processes.
The natural agencies may comprise water, wind or glaciers.
These agencies bring the material in suspension or solution
and deposit them in a basin.

It is also known as magnesium sulphate and is used in
gardening and agriculture applications to correct
magnesium deficiency in the soil.

Layered crystalline sedimentary rocks that results from
concentration and crystallisation by evaporation from an
aqueous solution.

Deposits which fill the cavities.

It is a crack or fracture in a rock by which its wall is clearly
separated. Fissure can be filled with mineral material.

It is the flattened ore body which is surrounded by one or
more fissures. Its two dimensions are bigger than the third
dimension. Fissure veins are important as compared to all
the cavity fillings. They are found in many ranges, in which
more than one metal or mineral can be found.

It is a lusterless, and coloured fine grained microcrystalline
silica displaying conchoidal fracture.



Formation

Fossil

Fusibility

Gas Cap
Galvanisation

Gangue

Glassy

Gossan

Hardness

Host Rock

Hydroxides

Humus

Incinerators

Iridescence

Khondalite

Any assemblage of rocks which have some common
character and are mappable as a unit.

A fossil is the remains of a plant or organism which are
preserved in rocks either fully or in parts through some
process.

The ease at which the material can be bonded together to a
temperature or amount of heat required to melt or dissolve a
material.

An accumulation of gas above an oil pool.
A process to protect from corrosion of an object.

It is the commercially worthless material that surrounds or is
closely mixed with wanted mineral in an ore deposits.

It is the term used for glassy texture developed in the
volcanic rocks.

They are signboards that point to what lies beneath the
surface. The word ‘gossan’ is a Cornish word and is used to
designate the oxidised outcropping comprising cellular mass
of limonite.

It is one of the most important diagnostic properties of
minerals. It is the resistance offered by a smooth surface of a
mineral against its scratching so it might also be said to be
its “scratchability”.

It is the rock which surrounds or encloses ore deposits and
like gangue it has no commercial value.

Hydroxide is a diatomic anion. It consists of an oxygen and
hydrogen atom held together by a single covalent bond.

Refers to the amorphous, colloidal matter which is present in
the soil.

A waste treatment process that includes
the combustion of organic substances contained in waste
materials. They are also known as thermal treatment.

Phenomenon of certain surfaces that appear to be lustrous
rainbowlike colour and gradually the colour tends to change
as the angle of view or the angle of illumination changes.

Khondalite is quartz—manganese-rich garnet— rhodonite
schist. It may also contain sillimanite and graphite.
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Luster/Lustre

Lenticular

Magmatic rock

Magnetism
Marine
evaporites

Minerals

Mohs’ scale

Natural Gas

Naturally
Occurring

Oil Sand

Oil Shale

Oolitic

Opalescence
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Lustre refers to the appearance of mineral surfaces to the
combination of scattered and reflected light. It may vary in
intensity from splendent (i.e., distinctly reflective as a mirror
e.g., quartz) to shining (i.e., indistinctly reflective e.g.,
hornblende, augite), glistening (i.e., shiny by reflection with a
sparkle, e.g., diamond) and glimmering (feebly reflective and
intermittent flicker) and also in type from glassy to resinous
to silky to waxy.

Lens like, flattened balls or pellets, e.g., many concretionary
and nodular minerals.

Magmatic rock or igneous rock is formed through the cooling
and solidification of magma or lava.

Some minerals display the property of magnetism (i.e.,
attraction or repulsion of magnetic materials to the mineral).

Ocean deposits form by extreme evaporation of seawater in
an open-water environment.

A mineral is a naturally occurring, solid substances and can
be made of one or more elements combined together.

Mohs' scale of mineral hardness is ordered by hardness,
determined by which minerals can scratch other minerals. It
is named after Friedrich Mohs, a mineralogist.

Refers to gaseous hydrocarbons, which may be found in
association with oil accumulations.

Formed in nature by some natural process. Substances
produced artificially in a laboratory are called synthetic
minerals (e.g., zeolite).

A term loosely applicable to any porous stratum which
contains petroleum or impregnated with hydrocarbons.

Kerogen-bearing, finely laminated brown or black
sedimentary rock that will produce liquid or gaseous
hydrocarbons on distillation.

More or less spherical concretions of the size of fish eggs
(0.1 to 1.00mm) form oolites and the structure is oolitic
structures.

The optical quality of reflecting light and changing colour like
the gemstone opal.



Ores

Oxides

Pebbles

Permian

Petrology

Physical
Property of
Mineral

Plasticity

Playa deposits

Pisolitic

Reserves

Resources

Seatearth

Silicates

Streak

Ore is defined as a naturally occurring mineral or aggregate
of minerals from which metal/metals could be extracted with
profit.

An oxide is a chemical compound with one or more oxygen
atoms combined with another element.

A clast of rock with a particle size of 4 to 64 mm based on
the Krumbein phi scale. They are considered larger
than granules and smaller than cobbles.

A division of geological time in the Palaeozoic Era between
299 and 251 million years ago.

Study of rocks and minerals in all their aspects such as their
mineralogy, texture and structure, origin, alterations and their
relationships to other rocks.

All minerals have some distinctive physical properties (such
as colour, hardness, nature of breakage, etc.) that are used
to identify and distinguish them from other minerals.

The quality of being easily shaped or moulded.

Flat-bottom depression found in desert basins
and adjacent to coasts within arid and semiarid regions that
are periodically covered by water.

In pisolite, the individual size of a spherical concretion is
bigger (>2mm) like that of a peanut and the structure is
pisolitic structures.

Reserves are ore that are economically feasible to mine and
for which there are no legal or engineering impediments to
mining.

Resources are ores that may potentially be extracted at
sometimes in the future.

It is the layer of sedimentary rock underlying a coal seam,
also called seat rock, or seat stone.

Silicate minerals are rock-forming minerals made up of
silicate groups (silicon-oxygen compounds) and are the
largest class of minerals.

Colour of a mineral in its fine powdered form is called streak
which is usually a constant physical property irrespective of
the presence of trace elements. Streak of a mineral could be
very different than the colour of that mineral.
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Swamps . An area of low-lying land that is frequently flooded. They are
considered a transition zone as both land and water play a
role in creating this environment.

Tenor . Itis the actual metal content present in an ore.
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