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Introduction to Geology deals with earth history, landforms, introductory aspect of minerals and rocks. It is a foundational course which is taken along with option in physics, mathematics, chemistry and biology to prepare student for advance geosciences courses.



COURSE CONTENTS
Lecture One:	History of the Universe and Earth 
Lecture Two:	Physiographic Features of the Earth
Lecture Three: Minerals: Classification, Properties and Description.
Lecture Four: Rocks: Classification, Properties and Description.














LECTURE ONE
HISTORY OF THE UNIVERSE AND EARTH 
1.0	Introduction
This topic addresses the big bang theory, galaxy, solar system, planet, layers of the earth and its composition. The earth system which includes Atmosphere, Hydrosphere, Biosphere and Geosphere will be discussed. The structure of the earth in terms of its compositional and mechanical layering such as Core, Mantle and Crust are introduced to form the bedrock for other geological lessons. 
Objectives
At the end of this lecture, students should be able to:
1. describe the earth history;
2. explain the earth’s structure and composition ; and
3. cope with other geology courses that will be introduced subsequently
Pre-Test
1. Write a short note on how the earth was formed.
2. Describe the earth structure and its compositions.
3. What is a solar system?

CONTENT
1.1	History of the Universe
A Belgian priest named Georges Lemaître first suggested the big bang theory in the 1920s when he theorized that the universe began from a single primordial atom. Matter as we know did not exist at the time of the Big Bang, only pure energy does. The four fundamental forces which include gravity, electromagnetic force, strong and weak nuclear forces were separated within a second. After 3 minutes, photons and neutrons began to fuse to form the nuclei of hydrogen and helium atoms and after about 300,000 years later the temperatures were cool enough for complete hydrogen and helium atoms to form. Photons then escaped from matter about the same time, and light existed for the first time.  In about 200 million years later, with expansion still occurring, stars and galaxies began forming from leftover matter (hydrogen and helium). Nuclear fusion in stars has reduced the original composition of 100% H and He to 98% and whenever a dying star explodes, the heavier elements created by fusion are blown into space to be recycled by newly forming stars. Then the overall composition of the galaxies gradually kept changing to the heavier elements. Our solar system is located in the Milky Way Galaxy, an Interstellar Cloud, known as Giant Molecular Clouds. The Milky Way is part of a cluster of about 30 other galaxies. The universe is made up of many galaxies which are made up of many stars.

1.3	Earth
The central bulge in the Milky Way galaxy is at the center and contains mostly blue stars, gas and dust. Our solar system is located in one of the spiral arms around the center bulge. The Earth is the third planet from the sun among eight planets in the solar system. Earth is an oblate spheroid, wider at the equator than at the poles. The Earth’s axis is an imaginary line that runs through the center of the earth from the North Pole to the South Pole, and is “tilted” with relation to this imaginary line 23.5⁰. One rotation about the Earth’s axis takes 24 hours.  This is called a day. Rotation about the Earth’s occurs from west to east.  (Counter clockwise)
The earth has a system that keeps it running. The systems are atmosphere, hydrosphere, biosphere and geosphere. The geosphere compositionally consists of the core, mantle and crust.
Core composed of iron and some nickel. It is divided into the solid inner core and the liquid outer core with 3,700°C - 7,000°C temperature.
Mantle is the most voluminous and contains solid rock, parts of which flow slowly, generally upward or downward depending on whether it is hotter or colder than adjacent mantle with 1,000°C to 3,700°C.
Crust compose of oxygen, silicon, and aluminum. It is thin but dense oceanic crust and thick but less dense continental crust with 0°C to 1,000°C temperature.

Bibliography
· Cosmology and the birth of the Earth, http://www.appstate.edu/~marshallst
· Earth, An Introduction to Physical Geology (9th Ed.) by Tarbuck & Lutgens
· Physical Geology Fifteenth Edition by Plummer C. C., Carlson, D. H. and Hammersley L.






LECTURE TWO
PHYSIOGRAPHIC FEATURES OF THE EARTH 
1.0	Introduction
The physiographic features of the earth describes shape of the landscape and processes or events responsible for their development. The shape of the landscape is the outcome of the change in its relief (topography) and the associated structures (landforms). The processes responsible for landforms physically build or destroy the earth surfaces, and such processes include tectonics, volcanism, weathering, erosion/transport (by mass wasting, glacial ice, wind, and moving water) and deposition. 

Objectives
At the end of this lecture, students should be able to:
1. describe the earth’s surface and its features;
2. to identify different types of physiographic features of the earth ; and
3. explain processes responsible for the earth’s features
Pre-Test
1. What are physiographic features?
2. Differentiate between topography and landforms.
3. Mention 5 types of earth’s features.

 CONTENT
1.1 Topography
Topography is the shape of the land.  It describes the elevation, relief, and landforms on the earth surface which may be flat, sloping, hilly, or mountainous. Geologist examine topography using a variety of different materials ranging from paper topographic maps to digital elevation models developed using specialized geographic information systems commonly referred to as GIS
1.2 Landform
This is an individual topographic features exposed on the earth’s surface that varies in size and shape. It includes features such as sand dunes, rivers, mountains etc. Landforms develop over a range of different time-scales. Some develop rather quickly (over a few seconds, minutes, or hours), such as a landslide, while others may involve many millions of years to form, such as a mountain range. They are continually affected by a variety of earth-surface processes including weathering, erosion, and deposition. Earth scientists who study landforms are called Geomorphologists. 
1.3 Continental Landmasses 
Continental land area includes all of the crust above sea-level which is about 30% of the earth’s surface. The physiographic features on the continent are mountain ranges, plateaus, plains, and lowlands. Examples include the Rocky Mountains, Atlantic Coastal Plain, and volcanoes, glaciers, valleys, rivers, flood plains, lakes, marine terraces, beaches, and dunes. 
1.4 Ocean Landmasses
This region of the earth consists of the crustal areas below sea-level and occupies 70% of the earth’s surface. The main ocean basin features include continental shelves, slopes, abyssal plains, mid-ocean ridges, and trenches.

Bibliography
· Physical Geology Fifteenth Edition by Plummer C. C., Carlson, D. H. and Hammersley L.


















LECTURE THREE
MINERALS: CLASSIFICATION, PROPERTIES AND DESCRIPTION
1.0	Introduction
This subject is very important for every would-be geoscientist because minerals forms the basic constituents of the earth materials. Minerals will be geologically define from the general use or abuse by a non-geoscientist. Its classification base on origin, elemental composition and properties that differentiate them from others will be discussed.

Objectives
At the end of this lecture, students should be able to:
1. geologically define minerals;
2. describe the properties of minerals;
3. classify minerals in to their respective groups; and
4. identify basic rock forming minerals
Pre-Test
1. What is a mineral? 
2. List five mineral and explain their general properties.
3. What are Gem stones?
4. Mention two most abundant elements in minerals
 
CONTENT
1.1 Minerals
A mineral is a homogeneous, naturally occurring, inorganic, crystalline solid that has a specific chemical composition. Naturally occurring suggest that a mineral must form through natural geologic processes, inorganic means they are not composed of the complex hydrocarbon molecules that are the basis of life-forms such as humans and plants, specific chemical composition indicate that they have a chemical formula, and crystalline structure reveals atoms that make up the mineral are arranged in an orderly, repeating, three-dimensional pattern.

1.2 Mineral Compositions
Minerals are composed of atoms of elements bonded together in an orderly crystalline structure. Atoms are the smallest, electrically neutral assemblies of energy. They are matter that we know exist in the universe that consist of a central nucleus surrounded by a cloud of electrons. The nucleus contains positively charged protons and neutral particles called neutrons. An element is defined by the number of protons in its nucleus or its atomic number. About 98.5% of crustal mineral mass is from eight (8) elements namely, Oxygen 46.6%, Silicon 27.7%, Aluminum 8.1%, Iron 5.0%, Calcium 3.6%, Sodium 2.8%, Potassium 2.6%, Magnesium 2.1% and others 1.5 %. Minerals are usually compounds such as quartz (SiO2), Pyrite (FeS2) Olivine etc. (Mg,Fe)2(SiO4) or a naturally occurring element e.g. gold (Au), Copper (Cu), Diamond (C) etc. Minerals also possess a characteristic crystal structure and therefore exclude non-crystalline minerals such as glass.
1.3	Properties of Minerals
The properties of mineral depend on their chemical composition and crystal structure which can be diagnose through physical or chemical means. Some minerals could be characterize by taste, others by magnetic properties but their physical properties are the most relevant and they include external shape, crystal habit, cleavage, lustre, colour, hardness, streak, and specific gravity.

1.3 Classes of Minerals
Minerals are classified by their dominant anion. They are Silicates (SIO24-), Oxides (O2-), Sulfides (S-), Sulfates (SO42-), Halides (Cl- or F-), Carbonates (CO32-), and Native Elements (Cu, Au, C)

Bibliography
· Physical Geology 2016 Fifteenth Edition by Plummer C. C., Carlson, D. H. and Hammersley L.
· Minerals and Rocks by J. Richard Wilson 1st Edition © 2010 Richard Wilson & Ventus Publishing& bookboon.com 









LECTURE FOUR
ROCK: ORIGIN, CLASSIFICATION AND PROPERTIES
1.0	Introduction
The rock subject comes up after mineralogy class because rocks in the earth's crust and mantle are made up of mineral assemblages with chemical compounds, elements, molecular bonds which are formed from ordered atomic structures. Therefore, the origin, classification, and properties of rocks will be introduced in this lesson.
Objectives
At the end of this lecture, students should be able to:
1. define and describe rock;
2. explain the origin of different rocks
Pre-Test
1. What is a rock? 
2. Mention the three types of rock.
3. Describe process of rock formation.
4. Which of the rock is the most abundant and why? 
 
CONTENT
1.1 Rock 
A rock is a naturally formed, consolidated material usually composed of grains of one or more minerals. Rocks are grouped into three types based on their mode of formation. They are Igneous, Sedimentary and Metamorphic rock. 

1.2 Rock Cycle
James Hutton (1727–1797), the eminent 18th century gentleman farmer and founder of modern geosciences, authored the concept of the rock cycle, which depicts the inter-relationships between igneous, sedimentary, and metamorphic rocks. Magma is a molten rock that comes from the very hot earth’s core where temperatures are estimated to be greater than 5,000 oC. It forms an igneous rock. The igneous rock may then undergo weathering and erosion. The weathered fragments are then eroded, transported and deposited (usually on a sea floor) as sediment. If the unconsolidated sediment becomes lithified (cemented or compacted), it becomes a sedimentary rock. The rock is further buried by additional layers of sediment and the process can bury layers of rock in the crust to a depth of several kilometers. Tectonic forces are required to transport sedimentary (and volcanic) rock to lower levels in the crust. Heat and pressure increase with increasing depth of burial. If the temperature and pressure become high enough, as occurs in the middle and lower levels of continental crust, the original sedimentary rock is no longer in equilibrium and recrystallizes. The new rock that forms is called a metamorphic rock. If the temperature gets very high, the rock partially melts, producing magma and completing the cycle. See the illustration below
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Rock cycle. The arrows indicate the processes whereby one kind of rock is changed to another. For clarity, arrows are not used to show that metamorphic rock can be re-metamorphosed to a different metamorphic rock or that igneous rock can be remelted to form new magma. (Plummer and others, 2016).

1.2 Rock Classification
Rocks are generally classified into igneous, sedimentary and metamorphic rocks base on their mode of formation.
1.3.1 Igneous Rock
This rock forms from molten magma. Magma is conducted toward the earth’s surface either through convection or by hot mantle plumes. Fluidity or viscosity of magma depends on the percentage of its silica content and temperature. Silica rich is acidic magma while silica poor is basic magma. The acidic magma are more viscous, do not spreads but piles up at one place while basic magma poor in silica are less viscous, moves faster and occupies larger area. There are two types of igneous rock depending on where the magma solidify. They are extrusive or volcanic and intrusive or plutonic igneous rocks. The extrusive (volcanic) igneous rocks form when molten rock erupts from Earth's interior through a volcano or fissure and cools rapidly at the surface in form of lava and hence it does not have any specific shape. The intrusive (plutonic) igneous rocks are crystalline products of magma that has intruded into the crust and solidifies slowly beneath the surface. They are always coarse grained because their crystals are well set under the slow cooling process. Examples of this type of rocks are granite, diorite and gabbro.

1.3.2 Sedimentary Rock
These are secondary rocks formed from the loose fragments or detrital or clastic sediments produced by weathering of older rocks, transported, deposited and undergoes lithification (compaction and/or cementation of sediments). Weathering refers to the processes that change the physical and chemical character of rock at or near the surface. Weathering can be grouped into mechanical (Physical) and chemical processes. 
There four types of sedimentary rock. 
a. Clastic rocks- These are cemented fragments of pre-existing rocks. They are eroded or transported from weathering site commonly by currents of wind, water, and moving ice (glaciers) to a new locations (downhill or downstream) and deposited, buried and lithified. Clastic rocks are categorized into i. Rudaceous rocks- made up of rounded or sub-rounded pebbles and cobbles e.g. conglomerate; ii. Arenaceous rocks- made up of mainly sand e.g. Sandstone. These rocks are either accumulated by wind action or deposited under water action or marine or Lake Environment; and iii. Argillaceous rocks which are made up of clay size sediments e.g. Shale, mudstones, siltstones. 
b. Biochemical rocks- This is a sedimentary rock that organisms play a major role in their formation. Many organism have shells of CaCO3 (calcite or polymorph aragonite). Others have shells of silica. When the organism dies, its soft part rots away or turns to organic matters while their shells accumulate to form a biochemical sediments. The shell or skeleton can break into small fragments during transportation and forms calcium-rich sediment at their depositional environments. The common example of such carbonate rocks is limestone. 
c. Organic rocks- They consist of carbon-rich plant remains. The common examples are coal and lignite. It is formed from the remains of plants that grew in swamps or forest. The plant remains became buried and, after being subjected to elevated temperatures and pressures, were converted to the black combustible rock which consist of > 50% carbon. 
d. Chemical rocks- They form as result of precipitation of minerals from aqueous solutions. There are three main types of chemical sediments; Evaporites, Travertines and dolomite/chert. 

1.3.3 Metamorphic Rocks
Metamorphism (a word from Latin and Greek that means literally “changing of form”) refers to changes in rocks that take place in earth’s interior. The transformations of rocks occur in the solid state (meaning the rock does not melt) as result of heat and pressure which may give new textures, new mineral assemblages, or both. Metamorphic rock and can also be formed as a result of squashing or shearing. They can be identified through their textures, types of minerals and foliation (the alignment of platy minerals or alternating layers of light (felsic) and dark (mafic) minerals).

Types of Metamorphic Rocks
Metamorphic rocks are grouped into foliated and non-foliated categories.
a. Foliated Metamorphic Rocks
Foliation is the repetition of planar surfaces or layers in a metamorphic rock. The layers can be paper-thin or meters thick. This happens because when rocks are subjected to differential stress, platy minerals align or alternating light and dark layers form, giving the rock a planar fabric, called foliation. Examples of such rock are slate, phyllite, flattened clast Conglomerate, schist, gneiss, and migmatite.
b. Non-Foliated Metamorphic Rocks
These are metamorphic rocks that have recrystallized and/or neocrystallized but do not typically have a foliation (usually because grains are not sufficiently elongated). They are distinguished based on composition, but may be foliated if subjected to significant differential stress. Examples of such rocks are hornfels, amphibolite, amphibo quartzite, and marble.
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· Physical Geology Fifteenth Edition by Plummer C. C., Carlson, D. H. and Hammersley L.
· Minerals and Rocks by J. Richard Wilson 1st Edition © 2010 Richard Wilson & Ventus Publishing& bookboon.com 
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