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(1) Self Rotational 
speed on the 
equator is 
approximately 
1669.8 km/h. i.e. 
1669.8/3600 sec. = 
0.4638  km/sec.

(2) Orbital 
revolution speed 
around the sun, 
once ever 365.2425 
days is 107278.87 
km/h i.e., 29.8 
km/sec.

Speed facts of our 
Mother Earth:
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speed of light measured in a 
vacuum is 299,792,458 meters 
per second
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Earth's Tilt At Present Time (Now)

Earth's Tilt 13,000 years from Now

There were Wobblings of our 
Earth’s  axis during primitive 
times. Similar wobbling may also 
happen in future…

KNOWN FACT:  
Due to the Axial Tilt (23.5o), we 
have different seasons.
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          MTISC-0206G  -    INTRODUCTION TO GEOTECHNOLOGY ---- 3 credits
1.  Earth System Processes: 6hrs
Earth Sciences: Definition, Branches of Earth Sciences, Scope and importance of Earth 
Sciences
Earth System Processes: Origin, interior & age of the Earth – Plate tectonics – Formation of 
Continents & Oceans – Mountain building activities – origin of rivers – Physiography of the 
Earth.
2.  Lithology, Structure, Geomorphology: 12hrs
Lithology:  Rock forming minerals – Igneous, Sedimentary & Metamorphic Rocks – 
Stratigraphy.
Structure: Folds, faults, geotectonics and their significance.
Geomorphology: Various Geomorphic Processes – Regional Geomorphology of India – 
Geological Ecosystems.
3.  Natural Resources and Disasters: 12hrs
Natural Resources: Mineral Provinces of India and exploration strategies – Hydrocarbon 
provinces of India and exploration strategies–Water Resources and exploration strategies. 
Soil, Forest & Biomass and Marine resources. 
Natural Disasters: Geodynamic Processes and Natural Disasters (Seismicities – Landslides – 
Floods – Tsunami – Other Natural Disasters).
4.  Remote Sensing Based Mapping: 12hrs
Aerial Remote Sensing – Satellite Remote Sensing Principles – Digital Image Processing 
concepts – GPS based mobile mapping principles – Image interpretation principles for 
Geotechnology.
5.  Geoinformatics:  6hrs
Definition & Concepts – Input Sources (Satellite, Aerial & Ground based) -  Computer based 
Geospatial data base generation – data modeling on Natural Resources, Eco Systems & 
Natural Disasters – Information Systems.
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EARTH SYSTEM PROCESSES

UNIT-1

Earth Sciences: Definition, Branches 
of Earth Sciences, Scope and 
importance of Earth Sciences.
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Text Books:
1. Parbin Singh,2008: A text book of Engineering & General Geology, S.K.Katarria &  
  Sons, New Delhi.

2. Mahapatra, G.B., 2007: A text book of Geology, CBS publishers & distributors, 
New 
    Delhi.

References:
1. M.S. Krishnan, Geology of India & Burma, Higginbothams (P) Ltd., Chennai.  
1968.
2. George Joseph, Fundamentals of Remote Sensing, 2nd Edition, Cambridge 
University Press. 2005.
3. Arthur Holmes, Principles of Physical geology, Thomas Nelson & Sons, USA 
1964.
4. Gokkhale and Rao. Ore deposits of India, Thomson press, New Delhi, 1972.
5. Krishnaswamy, S. India’s mineral resources, Oxford and IBH publishing, New 
Delhi. 1979.
6. Edwin H. Pascoe, A manual of the Geology of India and Burma, Controller of 
Publication, Govt. of India, New Delhi. 1973.
7. Sinha. R.K., A Treatise on Industrial Minerals of India, Allied Publishers Pvt. 
Ltd., Chennai, 1967.
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8.     Alfred Harker, Petrology for students, University Press, Cambridge.

9. Read, H.H. Rutley’s Elements of Mineralogy, Thomas Murby & Co. London. 
1947.

10. Alexander N.Winchell, Elements of Optical Mineralogy, Vol.I & II, Wiley Easter 
Pvt. Ltd., Publishers New Delhi. 1968.

11. Lillesand, T.M. and Kiefer, P.W, Remote Sensing and Image Interpretation, John 
Wiley & Sons, New York. 1986.

12.  Burrough, P.A. Principles of Geographical Information Systems for Land 
Resources Assessment, Clarandone Press, Oxford. 1986.

13. Frank Press Raymond Siever: Understanding Earth (3rd ed). W.H. Freeman and 
Company.  New York .  2000

14.  B. J. Skinner and S.C. Porter: The Dynamic Earth – An Introduction to Physical   

       Geology 3rd   edition. John Wiley & Sons, New York. 1995

15.  P. McL. D. Duff : Holme’s Principles of Physical Geology (4th ed). Chapman & 
Hall, London. 1996.
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Homeworks:
1.What will be the self rotational speed of the objects  on earth surface located at 
Poles?

2.What is the rate of movement of our Universe - in terms of ……km/s ?

3.Why the wavelengths of 1mm to 1m range are called microwaves though there 
are waves having very small wavelengths ranging in micro meter (μm) or even 
1000 000 000 (1k lakh) times lesser , i.e., in nano meter (nm) size?

4.Why some wrist watches are called as Quartz watches? What is the use of 
Quartz in wrist watches?

5.Why the sky and sea appears blue?

6.Why the space appears black, even if you are above the day time part of the 
Earth?

7.What is the speed of  International Space Station (ISS )?

8.The shape of the candle flame in the Earth’s surface is like a Thilaham. Do you 
know the shape of it in ISS? 

9.Do you know our Indian sub-continent is moving? At what rate?

10.If so, then how long it has moved and where from?



GEOTECHNOLOGY - Definition

The combined study of application of 
Geoscientific methods and 
Geoengineering techniques 

 to the genuine and sustainable exploitation 
and utilization of Natural Resources (like 
mineral, water, hydrocarbon, geothermal resources, etc.) 
and mitigation, management planning and 
monitoring of Natural Disasters

by thorough understanding of Earth 
system processes.04/17/24 Intro2GeoTech - Dr. Palanivel K 11



EARTH SCIENCE
 DEFINITION

Any of the sciences that deals with the whole earth or it’s 
part is called as EARTH SCIENCE.

It is also known as Geoscience

Branches of Geosciences:
Geology, Meteorology, Oceanography
The first and the foremost discipline of Earth Science is 

Geology.
Geology describes the rocky parts of the Earth's crust (or 

lithosphere – where the mineral and all other resources 
are occurring), interior, origin, formation of landforms that 
covers the surface and its historic development. 

To understand the Earth System Processes, it is 
necessary to study …
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Major subdisciplines of GEOLOGY

Crystallography and Mineralogy 
Petrology, 
Geomorphology, 
Palaeontology, 
Stratigraphy, 
Structural geology, 
Geophysics,
Geochemistry, 
Engineering geology and 
Fuel Geology04/17/24 Intro2GeoTech - Dr. Palanivel K 13



Crystallography
 is the experimental science of 

determining the arrangement of 
atoms in Crystal solids. 

An eg. of closely 
packed lattice systemDiamond xal in 

Kimberlite rock – 
Octahedral – 
Isometric xal 
system

Kyanite-
Al2SiO5Triclinic

Quartz crystals

Ice crystals in plane

Aragonite –
Orthorhombic-
CaCO3

Beryl – Hexagonal 

Azurite

Definitions of Major Sub-disciplines, Importance 
and Further divisions in GEOLOGY

Quartz crystal is used as a most common Crystal oscillator in an electronic oscillator circuit that uses 
the mechanical resonance of a vibrating Quartz crystal to create an electrical signal with a very precise 
frequency. This frequency is commonly used to keep track of time as in Quartz wristwatches, to 
provide a stable clock signal for digital integrated circuits, and to stabilize frequencies for radio 
transmitters and receivers. 

Cluster of twinned Aragonite from 
Morocco –useful for sea life 
existence and maintains pH

Kyanite - Used in refractory and ceramic products, 
including porcelain plumbing fixtures and dishware, 
electronics, electrical insulators and abrasives, as a 
semiprecious gemstone, also as one of the index minerals

Diamond

04/17/24 Intro2GeoTech - Dr. Palanivel K 14

http://en.wikipedia.org/wiki/File:Kyanite_crystals.jpg
http://en.wikipedia.org/wiki/File:Rough_diamond.jpg
http://en.wikipedia.org/wiki/File:Fcc_lattice_4.JPG
http://z.about.com/d/chemistry/1/0/W/_/aragonite.jpg
http://z.about.com/d/chemistry/1/0/G/n/beryl.jpg
http://z.about.com/d/chemistry/1/0/Y/_/azurite.jpg


Physical Mineralogy
Physical mineralogy is the specific focus on 
physical attributes of minerals. Description 
of physical attributes is the simplest way to 
identify, classify, and categorize minerals. 

Smithsonite – 
Botryoidal habit

Garnet – 
Dodecahderal habit

Symmetry & Structures

Pyrite – Metallic Lustre

Satinspar – Silky Lustre

Haematite – 
Brown streak
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Economic Uses of 
Azurite – Blue paint - 
pigment, jewelry,   
Copper ore indicator

Fresh, unweathered stalactitic 
azurite crystals showing the deep 
blue of unaltered azurite

Azurite deposits on the 
interior surface of a geode

 For e.g., Copper carbonate (CuCO3)

It is a strong indicator 
mineral for the presence of 
copper ores – Malachite, 
Cuprite, etc. – 136 Cu mnls. 
exists in our Earth in total.

Azurite

Physical, Chemical and Optical Properties
General

Category Carbonate mineral
Formula
(repeating unit) Cu3(CO3)2(OH)2

Strunz classification 05.BA.05
Crystal symmetry Monoclinic 2/m

Unit cell a = 5.01 Å, b = 5.85 Å, c = 10.35 Å; 
β = 92.43°; Z=2
Identification

Formula mass 344.67 g/mol

Color Azure-blue, Berlin blue, very dark to pale 
blue; pale blue in transmitted light

Crystal habit Massive, prismatic, stalactitic, tabular
Crystal system Monoclinic Prismatic
Twinning Rare, twin planes {101}, {102} or {001}

Cleavage Perfect on {011}, fair on {100}, poor on 
{110}

Fracture Conchoidal
Tenacity brittle
Mohs scale 
hardness 3.5 to 4

Luster Vitreous
Streak Light Blue
Diaphaneity Transparent to translucent
Specific gravity 3.773 (measured), 3.78 (calculated)
Optical 
properties Biaxial (+)

Refractive index nα = 1.730 nβ = 1.758 nγ = 1.838
Birefringence δ = 0.108
Pleochroism Visible shades of blue
2V angle Measured: 68°, calculated: 64°
Dispersion relatively weak

Note: Hyperlinks of 
certain terms seen 
here are retained 
as such, so that 
you can get details 
for further 
understanding 
through internet 
connectivity…
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Petrology
 Igneous, 
 Sedimentary & 
 Metamorphic Petrology.
Igneous petrology - composition and 

texture of igneous rocks (rocks such as 
granite or basalt which have crystallized 
from molten rock or magma). – volcanic, 
Intermediate/Hypabyssal and plutonic 
igneous rocks. 

Basalt – Volcanic 
Igneous rock

Pillow Lava / Aa / Pahoehoe 
Lava / Volcanic Neck– 

Volcanic Igneous rocks

Orbicular Granite  & Gabbro – Plutonic 
Igneous rocks

Dykes & Laccolith– 
Intermediate / 
Hypabyssal 
Igneous rocks

Obsidian – 
Volcanic Glass

Pumice – 
Porous 
Volcanic rock
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Sedimentary petrology
Sedimentary petrology - composition and 

texture of sedimentary rocks (rocks such as 
sandstone, shale, or limestone which consist of 
pieces or particles derived from other rocks or 
biological or chemical deposits, and are usually 
bound together in a matrix of finer material). 

Ripple marks

Uprooted, twisted, 
cut and tilted 
Sedi. Rock Fossil rich

Top: Undisturbed but eroded;

Bottom: Carved tilted-stratum

Top: Current beddings;

Bottom: Breecia boulder

Mudstone-
tilted

Oil Shale
C

oa
l -

 B
itu

m
in

ou
s
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Metamorphic petrology

Metamorphic petrology - composition and 
texture of metamorphic rocks (rocks such as 
slate, marble, gneiss, or schist which started 
out as sedimentary or igneous rocks but which 
have undergone chemical, mineralogical or 
textural changes due to extremes of pressure, 
temperature or both) 

Mylonite

Marble

Slate RoofSlateQuartzite

Gneiss – 
Highly Deformed
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 Geophysics
   - the quantitative observation of Earth’s physical properties 
 Study of Seismic - Electrical – Gravity – Magnetic - Radiometric 

properties, Airborne geophysical survey, Well logging, etc.
 Geodesy - measurement of the Earth 
 Tectonophysics - physical processes that cause and result from plate 

tectonics 
 Geodynamics - modes of transport deformation within the Earth: rock 

deformation, mantle flow and convection, heat flow, lithosphere 
dynamics 

 Seismology - earthquakes and the propagation of elastic waves 
through the Earth 

 Geomagnetism
 Mathematical Geophysics -  development and applications of 

mathematical methods and techniques for the solution of geophysical 
problems 
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Geochemistry 
 Study of chemical properties of rocks and sediments useful for 

resources exploration and hazard management 
 study of the chemical composition of the Earth and other planets, 

chemical processes and reactions that govern the composition of 
rocks and soils, and the cycles of matter and energy that 
transport the Earth's chemical components in time and space, 
and their interaction with the hydrosphere and the atmosphere 

Isotope geochemistry: Determination of the relative and absolute 
concentrations of the elements and their isotopes in the earth and on earth's 
surface. 
Examination of the distribution and movements of elements in different parts of 
the earth (crust, mantle, hydrosphere etc.) and in minerals with the goal to 
determine the underlying system of distribution and movement. 
Cosmochemistry: Analysis of the distribution of elements and their isotopes in 
the cosmos. 
Biogeochemistry: Field of study focusing on the effect of life on the chemistry 
of the earth. 
Organic geochemistry: A study of the role of processes and compounds that 
are derived from living or once-living organisms. 
Regional, environmental and exploration geochemistry: Applications to 
environmental, hydrological and mineral exploration studies. 
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Geomorphology
 scientific study of landforms and the processes that shape them
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 Palaeontology
 investigates the whole history of life on Earth. It is the study of 

prehistoric life, including organism’s evolution and interactions with each 
other and their environments (their palaeoecology)  

 Stratigraphy
 studies rock layers and layering (stratification) 
 Lithologic stratigraphy / Lithostratigraphy
 Biostratigraphy 
 Chronostratigraphy 
 Magnetostratigraphy 
 Archaeological stratigraphy 
 Sequence Stratigraphy

 Structural geology
 Fuel Geology 
 Engineering geology
 …..
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Sahara desert – Sand rivers – from Google earth
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Sahara desert – Sand dunes – from Google earth

Parabolic Sand dune – sand hill – panoramic terrestrial photograph – To know the size of this hill (photo scale), 
see the two members are walking along the farther limb of this dune – shown by an arrow
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Ice desert – Ice rivers – Mt. Everest from Google earth
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Terrain view – 3D view - Ice desert – Ice rivers – 
Morains and ‘U’–shaped valleys are visible - Mt. 
Everest from Google earth04/17/24 Intro2GeoTech - Dr. Palanivel K 27



Water – with a very strong force and energy – can cut across the very hard rocks

04/17/24 Intro2GeoTech - Dr. Palanivel K 28



Water – develops different types of landforms in different areas
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Satellite Images of riverine landforms

Above – Delta formed by the River Nile, Egypt 

Left - Migrating Rivers – Related landforms – 
Oxbow lakes, Palaochannels, Meanders, etc. 04/17/24 Intro2GeoTech - Dr. Palanivel K 30



River Island - from Google earth – Can u guess, which 
area it is….
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Satellite Image of riverine landforms

Part of Middle Eastern Tamil Nadu covering Kolli-Pachchai hills (North), 
Cauvery Delta (East), Kodaikkanal, Kadavur and Sirumalai hills (SE)04/17/24 Intro2GeoTech - Dr. Palanivel K 32



Satellite Image of Coastal landforms

Part of Vedaranniyam area showing coastal landforms – Beach Ridges, 
Swales, Tidal and Mud flats, etc.04/17/24 Intro2GeoTech - Dr. Palanivel K 33



Satellite Image of Structural Features

Block diagram of various rock layers 
undergoing platetectonic disturbances

We will see a different view of 
the similar such structural hill 

area viewed by another 
satellite called GeoEye in the 

forth coming slides
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Oblique 
Surface 
view 
showing 
landscapes 
above 
anticlinal 
structure

Vertical 
Cross 
Section of 
Block 
diagram 
showing 
the 
subsurface 
folded rock 
stratum

Above:Aerial 
photograph 
of Sheep 
Mountain - a 
doubly 
plunging 
anticline 
(NW WY). 
"V" s are 
pointing the 
direction of 
the plunges. 
Erosion due 
to the Gros 
Ventre River 
along the 
south flank 
resulted in a 
spectacular 
landslide in 
1925. 

Plunging fold interpreted into the subsurface.
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Sheep Mountain, Albany, Wyoming WY, United States – 
GeoEye satellite data viewed using Google earth
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Sheep Mountain, Albany, Wyoming WY, United States 
– viewed using 3D terrain option of Google earth
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This regional view shows the striking visual effect of the valley-and-ridge topography of the Appalachian 
Mountains as viewed from the International Space Station. The image shows more than 500 kilometers (300 miles) 
of this low mountain chain from northeast Pennsylvania (top right) to southern West Virginia, where a dusting of 
snow covers a patch of land (lower left). 
Sunglint reflections reveal details of Chesapeake Bay and the great bend of the Potomac River. Cities are difficult 
to detect from space during daylight hours, so the sickle-shaped bend of the river is a good visual guide for 
astronauts trying to photograph the nation’s capital, Washington D.C. The farm-dominated Piedmont Plateau is 
the light-toned area between the mountains and the bay. 
The Appalachian Mountains appear striped because the ridges are forested, providing a dense and dark canopy 
cover, while the valleys are farmed with crops that generally appear as lighter-toned areas. (Farmland is even 
lighter than usual in this image because the fields are fallow after the harvest.) Geologically, the valleys are the 
softer, more erodible rock layers, much the preferred places for human settlement. Not only do the larger rivers 
occupy the valley floors, but the soils are thicker, the slopes are gentler, and the valleys are better protected from 
winter winds. 
The rocks that form this valley-and-ridge province, as it is known, are relatively old (540 to 300 million years old) 
and were laid down in horizontal layers when North America was attached to Europe in the ancient supercontinent 
of Laurasia. During this time Gondwanaland—an ancient supercontinent that included present-day Africa, India, 
South America, Australia, and Antarctica—was approaching Laurasia under the influence of plate tectonics. The 
northwest coastline of modern Africa was the section of Gondwanaland that “bumped up” against modern North 
America over a long period (320 to 260 million years ago). 
The net result of the tectonic collision was the building of a major mountain chain, much higher than the present 
Appalachian range. In the process, the flat-lying rock layers were crumpled up into a series of tight folds, at right 
angles to the advance of Gondwanaland. The collision also formed the singular supercontinent of Pangaea. Over 
the following 200 million years, Pangaea broke apart; the modern Atlantic Ocean formed; and erosion wore down 
the once-high mountains. What is left 200 million years later are the coastline of North America and the eroded 
stumps of the relatively low, but visually striking mountain chain. 
Astronaut photograph ISS033-E-22378 was acquired on November 17, 2012, with a Nikon D3S digital camera using 
a 28 millimeter lens, and is provided by the ISS Crew Earth Observations experiment and Image Science & 
Analysis Laboratory, Johnson Space Center. The image was taken by the Expedition 33 crew. It has been cropped 
and enhanced to improve contrast, and lens artifacts have been removed. The International Space Station 
Program supports the laboratory as part of the ISS National Lab to help astronauts take pictures of Earth that will 
be of the greatest value to scientists and the public, and to make those images freely available on the Internet. 
Additional images taken by astronauts and cosmonauts can be viewed at the NASA/JSC Gateway to Astronaut 
Photography of Earth. Caption by M. Justin Wilkinson, Jacobs/ESCG at NASA-JSC.
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Carricitos  - Sierra Mountain, Monterry, United States – 
viewed using Google earth – Let us zoom a small 
portion (yellow rectangled) of this image 04/17/24 Intro2GeoTech - Dr. Palanivel K 41



Carricitos  - Sierra Mountain, Monterry, United States – 
viewed using Google earth
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Escarpments, i.e., Steep sided portion of hills Structural 
Features shown both in satellite image, high oblique 

aerial photograph and terrestrial photograph
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3D view of Escarpments - Satellite Image and field 
photograph
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Note, there are multiple rock layers visible having alternating light and dark colours – each rock 
layer can be traced very well – Have a look on Western and Eastern side rock layers of this 3D 
image – Note the direction of ‘V’ point seen along either sides of drainages. If you are not clear, 
see the next slide showing a 3D image from lower elevation and high oblique angle (in which the 

distant hills are also appearing….)
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Doubly Plunging Syncline structure (i.e. inclined 
towards the center) of Carricitos  - Sierra Mountain, 
Monterry, United States – viewed using Google earth04/17/24 Intro2GeoTech - Dr. Palanivel K 48



Branches of Earth Sciences and Definitions:

Agro geology          -  Study of minerals of importance for forming 
agriculture, horticulture, etc.

Physical Geology     -  Concerned with the process and products of  
Dynamic Geology forces for evolution of Earth and its 

morphology

Physiography and
 Geomorphology       – Study deals with general configuration of the 

earth’s Surface – Landforms

Physiography – is the descriptive
Geomorphology – interpretation on the basis 

of landforms
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Petrology- Study of physical and chemical properties and constitution of rocks

   Petrography – study of mineralogical textural relationship

   Lithology – Physical characters and feature of rocks

   Petrogenesis – Origin and formation of rocks

Sedimentology  - Overall study of sedimentary rocks – its origin, processes of 
     sedimentary deposition and classification.

Palaeontology  - It deals with study of past life in the form of animal and plant 
fossils preserved in the rocks

Palaeobotony, palynology, micro palaeontology – study of fossils 
classification and nomenclature, morphology, relation with other 
organism, phylogeny (line of direct descent)
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Mineralogy - Study of minerals – its composition, physical 
  properties, crystal  structure, formation, 

    occurrence and classification

Crystallography – Branch of science concerned with the 
physical properties of crystals 

and their aspects

Palaeoecology – Palaeo environment and palaeo climate 
information through the fossils and the 
associated rocks.
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Structural Geology – deals with forms, arrangements and 
    internal structure of rocks 
    developed during rocks 
    formation and subsequently by 
    deformation – Tectonics and 

    global tectonics are related 
terms

Stratigraphy        - Study of various rocks Chronological 
succession, relative ages, correlation 
with each other in space and time 
(Palaeontology play vital role)04/17/24 Intro2GeoTech - Dr. Palanivel K 52



HISTORICAL GEOLOGY: Entire history of the Earth from its origin to 
present day

ECONOMIC GEOLOGY: It is the study of analysis of geologic bodies 
and materials that can be utilized profitably by 
man–Mineralization, Metallogeny

GEOCHEMISTRY: It is the Science of the distribution of chemical 

 elements in minerals, ores, rocks, soils, water 
and their ions and isotopes
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ISOTOPE GEOLOGY: Determination of ages of minerals and rocks 
using some radio active and stable isotopes of 
certain elements – establishing reliable 
chronology. 

          V-pb; K-ar; Rb-Sr; sm-We, Radio carbon and fission track 

ENGINEERING GEOLOGY:    Geology as applied to engineering practices 
      –Planning, designing, operation and 
      maintenance of civil engineering works.

HYDROGEOLOGY: Study relate to occurrence and movements of 
 subsurface water and related geological 

aspects of  surface waters. 
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ASSOCIATED DISCIPLINE:

ENVIRONMENTAL GEOLOGY: Study of geological impact on environment 
(eg. Mining Project, Solid and Liquid 
waste disposal etc)

MINING GEOLOGY: Study of geological aspects of mineral 
deposits with particular to problems 
related to its mining Prospecting, 
Exploration, Geological, Geochemical  
and Geobotanical survey etc)

MEDICAL GEOLOGY: Study of rocks and minerals with 
respect to health of living things, mainly 
humans (Toxicity of elements)
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EXPERIMENTAL GEOLOGY:  Lab based studies of rock formation.

PEDOLOGY: Study of soils which are the products 
(weathered rock) of rock decay. 

LIMNOLOGY: Study of lakes, Ponds, Water bodies their 
physical, biological and ecological 
attributes evaluation.

GEOGRAPHY: Science of earth surface physical features, 
climates vegetation, soils and their 
distributions. 

METALLURGY : Science and Technology of extracting and 
purifying metals.
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ORE DRESSING: Methodology of Mechanical and other processes of 

 concentration of Metals and Minerals from ore.

GEOPHYSICS: Science of physical processes applied for studying 

 the various aspects of earth sciences encompassing 

 lithosphere, hydrosphere and atmosphere.

GEODESY: Science dealing with determining and measuring 

 precise of rock – particular the remnant magnetism 

 records during the formation of rock.
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OCEANOGRAPHY AND MARINE GEOLOGY: 

Scientific study of  the ocean in all aspects – its 

 relief, petrology, geochemistry, currents, waves, sea 

 bottom, coastal structure and land form (coastal 

 geomorphology)

METEOROLOGY: 

Science of Atmosphere – it’s a branch of Earth Science deals    

            about rain and temperature and its impact on distraction of    

            rocks .
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Why GEOTECHNOLOGY is important?

 The GEOTECHNOLOGY which includes the 
science of geology, is significant in
Locating water supplies, mineral resources, 
Understanding the development of life on Earth, 
Developing predictive models for earthquake, 

volcano, and tsunami activity, and 
Adding fundamental knowledge to the field of 

Earth and planetary sciences. 
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Geotechnology is important in

Determining building placement, 
Discovering resources such as gravel, 

building stone, oil, coal, water, gem 
stones and mineral deposits, 

Gaining knowledge of rock and mineral 
properties, landslide avoidance, 
erosion control, 

Determining planetary histories, and 
earthquake and volcano eruption 
prediction.
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IMPORTANCE OF GEOTECHNOLOGY

 Nearly everything we use in our daily life, from sidewalks 
to computers to homes, are constructed of components 
of rocks, or of plant material relying on the minerals in 
rock for growth.

 Earth Science plays a unique and essential role in 
today's rapidly changing world. 

 It is an integrated study of the Earth's history, 
composition and structure, its atmosphere and oceans, 
and its environment in space. 

 Knowledge of Earth Science is important because most 
human activities are related to interaction with the planet 
Earth. 
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Geyser@Calistoga, California 

Natural Resources – Exploration, Exploitation, 
   Conservation, Management

Natural Disasters - Mitigation, Forewarning, 
  Management,                          

                                   Damage 
Assessment

All these are possible. How?
 By understanding the Formation / Origin & conditions of Occurrence 

about the Natural Resources
 By understanding the causative / inducing / /parameters of Natural 

Disasters
 By understanding the Earth system processes
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Earth Sciences:   As discussed,

It is the science of understanding of our planet 
Earth: 

 its land, ocean, atmosphere, planets and animals
 its processes, its resources and its environment.

 Our lives and civilization 
depend upon 
 how we understand and 
manage our 
 planet.

EARTH SYSTEM PROCESSES
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Earth Processes affect us all
Weather pattern influence the availability of water resources
Natural Hazards can kill large number of people and cause 
damage to his properties. 

We in turn affect our planet
Growing population and related increasing demand for 
various natural resources
Improper development cause or trigger disasters.

So, in order to enhance our stewardship of our 
environment

We must proceed into the future with sound understanding of 
Earth Systems.04/17/24 Intro2GeoTech - Dr. Palanivel K 65



Earth Science Learning:
Exposures to think globally and act locally

 To make sound decisions about issues important to our lives 
 If you understand how the earth systems works

o Can make informed decisions
o Can resolve issues related to Natural resources, Ecosystems and 

Natural  disasters

So, 

    The future lies in the hands of Geoscientists / 
Geotechnologists.

04/17/24 Intro2GeoTech - Dr. Palanivel K 66



Earth Sciences Provides
An integrated and interdisciplinary approach
It includes and applies knowledge from biology, chemistry, 
physics, ecology and mathematics to tackle interdisciplinary 
issues.  
So, the earth sciences is considered as

“Mother of all Sciences”
Earth science education improves critical thinking skills
It offers a historical perspective and
Improves our ability to predict future events.

Past – Present – Future 

Earth Science Education is an inquiry based approach04/17/24 Intro2GeoTech - Dr. Palanivel K 67



Earth System Processes

Unlike the other experimental science (Physics, Chemistry) the   

geology depends on observing and studying features on the earth.

So it largely depends on theory and hypothesis mostly based on 

logical thinking on facts and features observable today.

 

“PRESENT IS THE KEY TO THE PAST”

That the processes that operate at present also operated in 

the past, but their intensity and rate vary – produce the 

same result.04/17/24 Intro2GeoTech - Dr. Palanivel K 68



A lot number of theories have been proposed by various 
scientists. But no single theory fully explained the origin of solar 
system with valid reasons for physical and chemical features 
exhibited by system

All the theories can be grouped under three heads:

1.Evolutionary Theories: These are based on later 
modification of pre-existing gas clouds. Forces responsible 
for it are all internal.

2.Multistar Theories: Based on the collision or close by 
crossing of two or more stars. External force.

3.Protosun Theories: Sun is supposed to form earlier and 
latter gathered the interstellar materials to form the disc.

ORIGIN OF EARTH
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NEBULAR Hypothesis

In 1975, Kant proposed a hypothesis for the origin of 
Earth. Later it was modified to suit the other 
requirements of the solar system by Laplace

This theory has been called as Kant Laplace’s 
Nebular hypothesis
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According to the Kant Laplace’s Nebular hypothesis theory

 A rotating disc of hot gaseous nebula had been the parent body of 
the solar system

 This nebula got cooled because of energy lost by radiation 
 The cooling of nebula lead to contraction and gravity
 This shrinking nebula started to rotate faster and faster in order to 

conserve angular momentum
 But at the boundary region of the nebula, because of rapid 

rotation, the centrifugal force become equal to gravitational force
 So, at this stage, materials of this region would maintain their 

orbital positions 
 But continued contraction of inner portion had separated from the 

outer stable region
 The outer rings, in due course condensed into a planet
 In this way all the planets were formed 
 The innermost materials become the Sun.
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AGE OF THE EARTH

04/17/2404/17/24 Intro2GeoTech - Dr. Palanivel KIntro2GeoTech - Dr. Palanivel K 7373



04/17/2404/17/24 Intro2GeoTech - Dr. Palanivel KIntro2GeoTech - Dr. Palanivel K 7474



04/17/2404/17/24 Intro2GeoTech - Dr. Palanivel KIntro2GeoTech - Dr. Palanivel K 7575



04/17/2404/17/24 Intro2GeoTech - Dr. Palanivel KIntro2GeoTech - Dr. Palanivel K 7676



Plate Tectonics 
 Lithosphere is broken into individual pieces 

called 
plates

 Plates move over the asthenosphere 
– as a result of underlying convection cells04/17/2404/17/24 Intro2GeoTech - Dr. Palanivel KIntro2GeoTech - Dr. Palanivel K 7777



PLATE TECTONICS:

Pieces of a Jig-saw puzzle of both continent and 
ocean often reinforced by geological and bio-
geographical considerations.

In accordance to sea floor spreading from oceanic 
ridges the Continents move aside

If one ocean grows the adjacent ocean should 
shrink but it is not the case in some plate.

This is due to subduction at the plate collision site.
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Plate Tectonic Theory

• at plate boundaries
– volcanic activity occurs
– earthquakes occur

• movement at plate boundaries 
– plates diverge
– plates converge
– plates slide sideways past each other
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Plate Tectonic Theory
• types of plate boundaries 

Transform

Divergent
Cont.-Cont.
Convergent Cont.-Ocean

Convergent
Ocean-ocean
Convergent
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Several lithospheric plates are recognized on Earth’s surface

Plate boundaries 

Divergent: plates move apart (e.g. down 
centre of Atlantic, and in south Pacific)

Convergent: plates pushed toward one 
another
(e.g. on west side of S. America)

Transform: plates slide alongside one 
another (e.g. San Andreas fault)04/17/24 Intro2GeoTech - Dr. Palanivel K 81



DIVERGENT BOUNDARIES

CONVERGENT BOUNDARIES TRANSFORM BOUNDARIES
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Evidences 
for Plate 
Tectonics
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Discovery of Sea-Floor 
Spreading 
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Continental Drift
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