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Student Learning Objectives During this module you will:

1. Describe periodicity in the chemical characteristics of elements listed in order of
increasing atomic number or mass.

2. Predict element substitutions in minerals using chemical characteristics
(electronegativity, ionic size, valence, etc.), and define element substitutions in
common solid solution series as simple, coupled, omission, or interstitial.

3. Hypothesize which minerals have similar characteristics (physical and optical
properties) on the basis of their chemical formulas, thereby demonstrating
understanding the importance of anionic groups.

4. Demonstrate understanding of phase diagrams for any one-component system:
anticipate reactions that occur due to a change in temperature or pressure, describe
difference between displacive and reconstructive polymorphs, discuss element
ordering on atomic sites in the formation of polymorphs.

5. Identify primitive and non-primitive unit cells.

5alall @ladl ol e
EWNINY]

Students will

e Explain how element combine and pack to form minerals and how different
ions can be substituded in crystal latices. e Explain the principle of mineral
classification and assign minerals to a mineral group by their chemical formula.
e Describe crystal structure, crystal growth, and the types of structural defects
that occur in minerals.

Use a phase diagram to calculate the crystal composition of a substitutional
solid solution in a partial melt at different temperatures.

o Classify silicates minerals according structure.

oLyl Obgisall

Indicative content includes the following.

e Introduction of Minerals chemistry [5 hrs]

e Interior of the Earth [7hrs]
The interior of the Earth is made up of three parts: crust, mantle, and wlsl. The inner wlal is
found to be in a solid state, and the outer (s«lsl is in a liquid state. The outermost layer of Earth
is called the crust.

e  Composition of the Crust Rocks [8 hrs]
About 98% of the total crust is made up of eight elements as oxygen, silicon, aluminium, iron,
calcium, sodium, potassium, and magnesium. The rest is constituted by elements like titanium,
hydrogen, phosphorous, manganese, sulphur, carbon, nickel and others.

e Genesis of Minerals [7 hrs]
In mineralogy, genesis refers to both primary crystallization and the subsequent history of
minerals, which may include structural transitions, changes in y.uadlure (e.g., grain
coarsening), exsolution processes and chemical reactions (e.g., oxidation).

e The Sedimentary Environment [8 hrs]
The sedimentary environment is the specific depositional setting of a particular sedimentary
rock and is unique in terms of physical, chemical, and biological characteristics. The physical
features of a sedimentary environment include water depth and the velocity and persistence of
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currents.

e The Igneous & Metamorphic Environment [10 hrs]
lgneous rocks form as molten rock cools and solidifies. Two environments are distinguished:
underground - in which case the melt is called 'magma' and the rock that results from its
solidification is described as 'intrusive'.

Metamorphic rocks form when rocks are subjected to high heat, high pressure, hot mineral-
rich fluids or, more commonly, some combination of these factors. Conditions like these are
found deep within the Earth or where tectonic plates meet.

e Geochemical classification of elements, valence number, chemical bonds, crystal
properties [10 hrs]
Elements are commonly divided into major, minor and trace elements. Major elements are
considered to be primary structural elements in major minerals, typically with concentrations
above 0.2-0.4%.

e Silicate minerals [8 hrs]
Silicate minerals are the most common of Earth's minerals and include quartz,
feldspar, mica, amphibole, pyroxene, and olivine. Silica tetrahedra, made up of silicon
and oxygen, form chains, sheets, and frameworks, and bond with other cations to form
silicate minerals.

e Coordination & Coordination Number [7 hrs]
the number of points of attachment between the ligands and the metal.

e Crystal Structure [10 hrs]
A crystal structure is defined as the particular repeating arrangement of atoms (molecules or
ions) throughout a crystal. Structure refers to the internal arrangement of particles and not the
external appearance of the crystal.

e  Atomic Substitution & Solid Solutions [8 hrs]
Substitutional solid solutions are those in which the atoms of the minor component
(solute) are substituted for the atoms of the major component (solvent) on the lattice
positions normally occupied by the solvent atoms.

e Formation and Growth of Crystals [8 hrs]
Crystal growth is a major stage of a crystallization process, and consists of the addition of new
atoms, ions, or polymer strings into the characteristic arrangement of the crystalline lattice.

e Crystallization of Solid Solution [7 hrs]
Crystallization is a process or unit operation of producing crystals or crystalline substances. It
can occur from melts, solutions, or vapors. Crystalline solids need not be single crystals. Usually
they are composed of an aggregate of crystals, which can be distinguished as separate entities
under the microscope.

e Phase Rule and the Chemical System [7 hrs]
The phase rule describes the possible number of degrees of freedom in an enclosed system at
equilibrium, in terms of the number of separate phases and the number of chemical
constituents in the system. It was deduced by J.W Gibbs in the 1870s.

e Crystal Growth [8 hrs]
Crystal growth is a major stage of a crystallization process, and consists of the addition of new
atoms, ions, or polymer strings into the characteristic arrangement of the crystalline lattice.
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The main strategy that will be adopted in delivering this module is to encourage students’

Strategies participation in the exercises, while at the same time refining and expanding their critical

thinking skills. This will be achieved through classes, interactive w)l=ss.

Y/ leyll) / gl) | g Due | Aadyall elatll olayies
40 g3 blxial 2 10% (10) 3and 12 LO #1, #2 and #10, #11
4,04 Sl 2 10% (10) Sand8 | LO #3, #4 and #6, #7
@3@‘ Mﬁﬂ‘
Projects / o< . 1 10% (10) Continuous | All
5 1 10% (10) 13 LO #5, #8 and #10
L?&wﬂl Olial 2hr 10% (10) 7 LO #1 - #7
94«214.]" S| ‘W“““ |
Sledl el 2hr 50% (50) 16 All
S o) 100% (100 Marks)

l.c}.«.w| VYol O g0 g_,JUa.U LS“"J"U‘ Joxd

el I Il elanial gl Josxd! 64 Lee gl IUal) @atiall gyl Josell 4
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el

o 1 Introduction of Minerals chemistry

gs¥12 | Interior of the Earth &Composition of the Crust Rocks

gorud! 3 Genesis of Minerals

gs=J14 | The Igneous Environment

gorud! 5 The Sedimentary Environment

g9l 6 The Metamorphic Environment

gouud 7 Geochemical classification of elements, valence number, chemical bonds, crystal properties

Eouu)! 8 Silicate minerals

;. 99 Coordination & Coordination Number
5,5.04

g1 10 | Crystal Structure

gl 11 | Atomic Substitution & Solid Solutions

g1 12 | Formation and Growth of Crystals

gwd 13 | Crystallization of Solid Solution

g9 14 | Phase Rule and the Chemical System

g 15 | Crystal Growth

el (£ ) Zlgial

e g5

g=J1 | Jaec 1: Minerals Groups

o1 2 @ 2: Chemical formula of mineral

goredl 3 e 3: Example for chemical Formula of minerals
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ol 4 <= 4: Example for chemical Formula of minerals

gowud! 5 <= 5: Example for chemical Formula of minerals

o)1 6 <= 6: Example for chemical Formula of minerals

o1 7 <= 7: Example for chemical Formula of minerals

gorud) 8 <= 8: Example for chemical Formula of minerals

g=d19 | _Le : Coordination number

ge=d110 | _ie 10: Drawing crystal structure

go+«J 11 | 1 11: Minerals Test Blow pipe & Charcoal

goed112 | L 12: Bead test

ged113 | L 13: Flame test

o)) 14 <= 14: Spectroscopic Techniques: XRF

ged115 | _Le 15: Spectroscopic Technigues: XRD

L)“‘:.’.)"'U‘”ﬁ M\JJL@A

SRV Avai < le in the Library?
Olelsdlg Oalandl slasS
Lgllaall yalaall Juez JWS Usles
plxe ks e
L2 (9o 5edl sobadll
g ASIYI a8l g0ll https://www?2.tulane.edu/~sanelson/eens211/crystal_chemistry.htm
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Syl Lalases

Group Grade BeRt:i] Marks % Definition

A - Excellent Sl 90 - 100 Outstanding Performance

B - Very Good [SEANVES 80-89 Above average with some errors
Success Group

C - Good da 70-79 Sound work with notable errors
(50 - 100)

D - Satisfactory augio 60 - 69 Fair but with major shortcomings

E - Sufficient Jgute 50-59 Work meets minimum criteria
Fail Group FX - Fail (Adlaadl 08) Cwoly | (45-49) More work required but credit awarded
(0-49) F - Fail sl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the

automatic rounding outlined above.
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The student will be able to relate igneous rocks to plate tectonics. understand basic petro
genetic processes and he will be able to interpret information derived from thin-section and
hand-specimen analysis.

Igneous rocks are also very important because their mineral and chemical makeup can be used
to learn about the composition, temperature and pressure that exists within the Earth's mantle
and much about the tectonic environment, given that they are closely linked to the convection
of tectonic plates.
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e |dentify igneous rocks using hand specimens and a petrological microscope.
e Define the characteristics of an igneous rock.
e Discuss the role of melting and subsequent cooling in the rock cycle.

e |dentify the tectonic environment

doli Y wbgisall

Indicative content includes the following.

e Source Anatomy of the earth [5 hrs]
Magma is extremely hot liquid and semi-liquid rock located under Earth's surface. Earth has a
layered structure that consists of the inner s, outer s«lsl, mantle, and crust. Much of the
planet's mantle consists of magma. This magma can push through holes or cracks in the crust,
causing a volcanic eruption.

e Magmatic and Plate tectonics [10 hrs]
Igneous rocks form from magmas, and most magmas are associated with plate tectonics. Mafic
(basaltic) and ultramafic magmas form along the divergent mid-oceanic ridges and are major
components of new oceanic crust.

Physical properties of magma |
The properties of magmas include temperature, density, viscosity, gas content and abundance.

e hadllures and structures of Igneous rocks [10 hrs]
The Luadlure of an igneous rock (fine-grained vs coarse-grained) is dependent on the rate of
cooling of the melt: slow cooling allows large crystals to form, fast cooling yields small crystals.

The structure of an igneous rock is normally taken to comprise the mutual relationships of
mineral or mineral-glass aggregates that have contrasting ,.uasllures, along with layering,
fractures, and other larger-scale features that transect or bound such aggregates.

e Classification of Igneous rocks [5 hrs]
Igneous rocks can be divided into four categories based on their chemical composition: felsic,
intermediate, mafic, and ultramafic.

e MORB and depleted mantle [5 hrs]
The depleted mantle is the part of Earth's mantle from which basaltic melt has been extracted
in one or multiple melting events at, for example, mid-ocean ridges, hot spots, or island arcs.

e Evolution of depleted mantle , Evolution of the Enriched mantle [10 hrs)
The depleted mantle (DM) has undergone a complex geological evolution. Depleted mantle
that has formed at mid-ocean ridges, hot spots, or island arcs is transported with the overlying
oceanic crust and eventually subducted at convergent plate margins.

Enriched Mantle — region in the mantle that is enriched in incompatible trace elements with
respect to a primitive mantle model.

e Island arc basalts, Concept of Hot spot [10 hrs]
Anisland arc forms at a converging plate boundary where one oceanic plate sinks beneath
another oceanic plate. A hot spot volcano forms in continental or oceanic crust where magma
from the mantle erupts. Hot spot volcanoes often are far from plate boundaries.

e Mantle Plumes — Theory and structure [10 hrs]

A mantle plume is posited to exist where super-heated material forms (nucleates) at the (gll-
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mantle boundary and rises through the Earth's mantle.

e Trace element characterization of mantle domains [5 hrs]
In analytical chemistry, a trace element is one whose average concentration is less than 100
parts per million (ppm) measured in the atomic count or less than 100 micrograms per gram.

e Phase relations of silicates and silicate melts , Binary and ternary systems
[10 hrs]

The term phase refers to any compositionally and physically distinctive substance. Phases may
be solids, liquids or gases.

binary forms have two large sections (we hear that B merges with the following A), while
ternary forms have three large sections

e A physical-chemical system having three components. [10 hrs]
A system with two components is termed as a Binary system. Binary phase relations can be of
different types such as a solid solution, eutectic system, and a eutectic system with a peritectic
reaction.

Partial melting, Magmatic differentiation — Crystal fractionation, gravitational settling, flow
Partial melting is the transformation of some fraction of the mass of a solid rock into a liquid as
a result of decompression, heat input, or addition of a flux.

Fractional crystallization refers to processes which separate crystals from liquid.
Gravitational settling is one of the most efficient means of separating solids from surrounding
liquid.
Flow structures in igneous rocks are formed in the fluid stage.
o Differentiation, flow crystallization, filter pressing, liquid immiscibility [10
hrs]

In geology, igneous differentiation, or magmatic differentiation, is an umbrella term for the
various processes by which magmas undergo bulk chemical change during the partial melting
process, cooling, emplacement, or eruption.

e Zone melting Contamination [10 hrs]

Igneous rocks form through the crystallization of magma. There is a considerable range of
melting temperatures for different compositions of magma. All the silicates are molten at
about 1200°C and all are solid when cooled to about 600°C.

e  Mixing of magmas [5 hrs]
Magma mixing or mingling is a popular hypothesis, generally proposed in terms of blending
between a crustal melt and mafic material from the mantle that caused that melting.

¢ Role of Volatile components, Pyroclastic rocks [10 hrs]
Water and carbon dioxide are the most abundant volatile components in terrestrial magmas.
As they absolve into magmatic vapor, they promote magma buoyancy, accelerating ascent and
modulating eruptive dynamics.

Pyroclastic rocks have characteristics of both igneous or sedimentary rocks. They are composed
exclusively of volcanic materials, yet are made up of fragments and grains like sedimentary
rocks, and may be reworked by wind and flowing water.
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The main strategy that will be adopted in delivering this module is to encourage students’

Strategies participation in the exercises, while at the same time refining and expanding their critical

thinking skills. This will be achieved through classes, interactive «l=3s.
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e 1 10% (10) 13 LO #5, #8 and #10
L?&wﬂl Ol 2hr 10% (10) 7 LO #1 - #7
L”;L@_;..H OliaY| 2hr 50% (50) 16 All

S o) 100% (100 Marks)
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Ent

ol 1 Magma definition, Source Anatomy of the earth

Esdl 2 Magmatic and Plate tectonics, Physical properties of magma — geothermal gradient, heat source,
Igneous activity at the present day

o)1 3 Jsadllures and structures of Igneous rocks

gl 4 Classification of Igneous rocks

g«J'5 | MORB and depleted mantle

s 6 Evolution of depleted mantle, Evolution of the Enriched mantle

goed 7 Island arc basalts , Concept of Hot spot

o)) 8 Mantle Plumes — Theory and structure,

&#«Y9 | Trace element characterization of mantle domains

¢#«J110 | phase relations of silicates and silicate melts , Binary and ternary systems

goed11 | partial melting ,Magmatic differentiation — Crystal fractionation, gravitational settling, flow

gored) 12 Differentiation, flow crystallization, filter pressing, liquid immiscibility

goJ13 | 70ne melting Contamination

¢eY114 | Mixing of magmas

ge=J115 | Role of Volatile components , Pyroclastic rocks
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o Ent
g1 | _Le 1: Introduction to Igneous rocks
g 2 e 2: Classification of igneous rock
ged13 | e 3: Felsic rocks
gd14 | e 4:Intermediate rocks
geY15 | e 5:Mafic rocks Ultra mafic rock
gd16 | e 6: Ultra mafic rock
gI7 | e 7: Intrusive igneous rocks
gorud) 8 <= 8: Extrusive Igneous rocks
i) <= 9: Thin section Felsic rocks
ge¥110 | e 10:Thin section intermediate rocks
ge¥111 | e 11: Thin section mafic and ultramafic rocks
goedI12 | L 12: CIPW
g 13 | e 13: CIPW
g 14| e 14:CIPW
geedI15 | L 15: CIPW
WJJﬂb M\)JL&A
BRI Avai_< le in the Library?
Lgllanll jolaall
& e 3l yabasll Igneous Rocks and Processes A x5 Guide
g ASIYI a8l gall Geology.com
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Group Grade BeRt:i] Marks % Definition

A - Excellent Sl 90 - 100 Outstanding Performance

B - Very Good [SEANVES 80-89 Above average with some errors
Success Group

C - Good da 70-79 Sound work with notable errors
(50 - 100)

D - Satisfactory augio 60 - 69 Fair but with major shortcomings

E - Sufficient Jgute 50-59 Work meets minimum criteria
Fail Group FX - Fail (Adlaadl 08) Cwoly | (45-49) More work required but credit awarded
(0-49) F - Fail sl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the

automatic rounding outlined above.
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applications

To gain knowledge about:

The basics of Hydrology as one of the Geology branches.
2. Importance of Hydrology, major aspects of Hydrology, divisions, and

3. The basic hydrological processes and terminologies
The role and career paths of a hydrogeologist.
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The water cycle and its components.

o

Estimation of hydrological processes such as precipitation, evaporation,
infiltration, Runoff, etc.

7. Flood and flood types and flood management.

8. The basics of groundwater hydrology.

dalol ‘d:.le ESE )
duly!

Appreciate that water is the most important substance on the earth andis a
key factor for human existence and influencing the process of civilization.

2. Define and explain fundamentals about the definition and subjects of
hydrology, hydrological cycle, and hydrological processes.

3. Explain basic terms about precipitation and perform data calculation of
average precipitation, and how to present the rainfall data

4. Explain basic terms about evaporation and evapotranspiration, how to
calculate evaporation, and list the factors which affect evaporation.

5. Explain basic terms about infiltration and analyze them, define infiltration
rate and capacity

6. Define infiltration and factors affecting infiltration and how to perform
measurement of Infiltration.

7. Define the basics of Flood types, impacts, and Flood control and protection
methods.

8. Appreciate the importance of groundwater, define basic terminology about
groundwater, types of aquifers, explain basic terminology about groundwater

9. Problem-solving through working on a range of hydrological data.

10. Learning how to estimate the main hydrological processes.

dyolinYl ©bgisall

Indicative content includes the following.

Introduction to Hydrology, Hydrologic Cycle, Hydrological Processes, Hydrologic
Balance (Budget), Major Aspects of Hydrology, Applications of Hydrology, [15 hrs]

Water losses: Precipitation, Forms are Precipitation, Measurement of rainfall,
Presentation of rainfall data, Average of Rainfall Calculation, [15 hrs]

Evaporation, Influencing Factors on Evaporation, Transpiration, Evaporation
Measurement, Empirical Evaporation Formulas, [10 hrs]

Infiltration, Factors affecting infiltration, Measurement of Infiltration. [15 hrs]
Runoff, Factors affecting Runoff, Classification of streams, Stream Order, [10 hrs]
Hydrograph, Factors affecting the Hydrograph, Hydrograph Components. [15 hrs]

Floods, Types of Floods, Floods Impacts, Flood Design, Flood Control and Protection
[15 hrs]
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Groundwater, Types of Aquifers, Groundwater movement, Darcy’s Law, Springs: [30

The main strategy that will be adopted in delivering this module is to encourage

Strategies students to participate in the 8,5lxs s and exercises and expand their thinking skills.

Students will learn the basic concepts of Hydrology in 8,5>=s s and apply these
concepts in B3 classes involving s experiments and exercises.

L gounl 10 J U g Ul gyl Josell

el I3 LIl elaziedl (golyldl Josdd! 64 Lee gl JUal) elatiall gyl Josell 4.2
Jnadll I LIl elaniadl e (gl Jozxd! 61 be gl CIlall platiall p& (ghlll ol 4
radd! I CIUall (SSI1 gyldl Josxdl 125

Y/ Ol / 5jlt) | gsd) Due | dagbyell eall cilysia
40 gy llial 2 10% (10) 3and 12 LO #1, #2 and #10, #11
dygds OUloxial 2 10% (10) 5and 8 LO #3, #4 and #6, #7
Projects / o< . 1 10% (10) Continuous | All
285 1 10% (10) 13 LO #5, #8 and #10
il Olisdl 2hr 10% (10) 7 LO #1 - #7
Gledl Oloxiedl 3hr 50% (50) 16 All

S ol 100% (100 Marks)
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el

gouwd 1 Introduction to Hydrology

gsdI2 | Precipitation

g9dI3 | Measurements of rainfall

gsdl4 | Average Precipitation calculation methods

¢sdI5 | Evaporation

godI6 | Infiltration

gV 7 | Mid-term Exam

gsd18 | Runoff

g9d19 | Hydrograph

g9Y110 | Floods

gs¥111 | Flood control

¢9¥112 | Introduction to groundwater

god113 | Types of Aquifers

gwd 14 | Groundwater movements

g 15 | Springs

g+Y116 | A preparatory g s before the Sleill (laieY)

23l (£ gl Zlgiall

et

o)l 1 Hydrological data

g2 | The mass curve of precipitation

Eoe 3 Hyetograph
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g4 | Average Precipitation calculation methods
gsMI5 | Evaporation calculation 1
¢ 6 | Evaporation calculation 2
Eouud 7 Infiltration calculation
gl 8 | e 8: Exam
g9 | Runoff calculation
g 10 | Hydrograph separation
gs+xd111 | Discharge
g 12 | Floods calculation
gwd 13 | Groundwater flow 1
g1 14 | Groundwater flow2
g 15 | Groundwater velocity
g9« 16 | Preparation of the el (laiaY)
w.lﬁ)n-a\l”j M\JJW
o]l Avai ks lein the Library?
Dgllanll yolasl! Hydrology, Principles, Analysis, Design by H. M. Raghunath No
1. Fundamentals of Hydrology by Time Davie
g (92 30)l yaladll 2. Engineering Hydrology by E.M. Wilson No
3. Advanced Hydrology by V.T. Chow
g ASIYI a8l gall https://www.usgs.gov/special-topics/water-science-school/science/what-hydrology#intro
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Group Grade BeRt:i] Marks % Definition

A - Excellent Sl 90 - 100 Outstanding Performance

B - Very Good [SENVES 80-89 Above average with some errors
Success Group

C - Good da 70-79 Sound work with notable errors
(50 - 100)

D - Satisfactory augio 60 - 69 Fair but with major shortcomings

E - Sufficient Jgute 50-59 Work meets minimum criteria
Fail Group FX - Fail (A laadl 08) Cwly | (45-49) More work required but credit awarded
(0-49) F - Fail sl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the

automatic rounding outlined above.
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1- The course provides an overview of landforms, landforming processes, and landscape
evolution.

2- In particular, it aims to shed light on various landforming processes and how these
depend on climate and tectonic regimes, and time.

3-  The course shall further convey an understanding of landforming processes on
different temporal and spatial magnitudes.

Balal) @l ol e
W]

On completion of the course the student should have the following learning outcomes defined
in terms of knowledge, skills and general competence:

Knowledge
The student can

explain principal terms, definitions and theories (e.g. conceptual approaches in
geomorphology)

describe landforms and landforming processes in different climate zones and tectonic regimes
explain different theories and models for landscape evolution

discuss the development of micro to mega scale landforms and their lifespans

assess the mode of formation, age and history for landforms in Norway

Skills

The student can

plan and carry out a geomorphological field investigation (incl. observation, interpretation,
248)

search and find relevant information to elucidate geomorphological problems

evaluate what information that requires citation in own essay JJsalls, as well as apply a
relevant tool for handling references

compare and discuss the formation of large-scale landforms involving both exogenous and
endogenous processes

General competence
The student can

apply a precise geological language to describe and discuss geological processes, phenomena
and theories

demonstrate the ability to function individually, in cooperation and ethically with others

acknowledge, evaluate and communicate the role of humans in, and our dependency and
impact on, the Earth system

accomplish field work in alignment with GEO¢s/UiB¢s health and safety regulations
use field-based techniques to obtain and work with Earth science data

use libraries and scientific databases to retrieve relevant information, including the proper
citation of sources
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Indicative content includes the following.
Introduction of Geomorphology
is the study of earth surface processes and landforms.

[10 hrs]

Topography

Topography is a term used to describe the Earth“s surface. Topography includes a variety
of different features, collectively referred to

as landforms.

[10 hrs]

Constructive and Destructive Processes
Constructive processes build landforms through tectonic and depositional processes.

[5 hrs]

Genetic Landform Classification

The genetic landform classification system groups landforms by the
dominant set of geomorphic processes responsible for their formation.
This includes the following processes and associated landforms

[5 hrs]

Orogenesis

Orogenesis is the thickening of the continental crust and the building of
mountains over millions of years and it translates from Greek as “birth of
mountains”, (oros is the Greek word for mountain).

[5 hrs]

Fractures and Joints
Joints occur where a rock breaks but there is no displacement or faulting associated

with the break ,Fractures are breaks in rocks that are often singular more random features
and are not associated with a set of joints

[10 hrs]

Lava Domes
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Lava domes are rounded, steep-sided mounds built by very viscous magma that is resistant to
flow and builds up forming a dome.

[5 hrs]

Volcanic Landforms: Extrusive Igneous

[7 hrs]

Volcanic Landforms: Intrusive Igneous

[7 hrs]

River Systems and Fluvial Processes

Rivers are one of the most dominant agents of landscape change because their flowing waters
are continually eroding, transporting, and depositing sediments.

[10 hrs]

Mountain Streams

Mountain streams are high-gradient, low-order streams sourced from springs, rainfall, or
snowmelt. They often contain a v-shaped valley, bedrock stream

bottom, rapids, waterfalls, and a very narrow flood plain.

[10 hrs]

Flood plains

Flood plains are the landform adjacent to the river channel that is influenced by modern river
processes. Flood plains are constructive, depositional landforms

created by stream flow and sediment deposition.

[10 hrs]

Karst Landforms

Karst is a term used to describe landscapes that are formed by chemical weathering process
controlled by groundwater activity. Karst landscapes are

predominantly composed of limestone rock that contains > 70 percent calcium
carbonate.

[10 hrs]

Aeolian Landforms
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Aeolian landforms are formed by the deposition of windblown sediments. The sediments are
generally sourced from deserts, glacial deposits, rivers, or

coastal shorelines

[10 hrs]

Coastal Landforms

Coastal landforms include a diverse array of shoreline and near-shoreline
features, as well as some coastal plain landforms far removed from the modern
ocean by long term sea-level changes. This section will explore both constructive
and destructive landforms formed by current coastal processes, as well as
marine related landforms that were formed during periods of higher sea level.

[10 hrs]

oadadlly elatll Solmilial

The main strategy that will be adopted in delivering this module is to encourage students’

Strategies participation in the exercises, while at the same time refining and expanding their critical
thinking skills. This will be achieved through classes, interactive «)l=s.
Lo sl 10 s gaen Illal) gyl Jo|
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ol 1 Introduction of Geomorphology
Eorud) 2 Topography
gored 3 Constructive and Destructive Processes
o 4 Genetic Landform Classification
o= 5 Orogenesis
s 6 Fractures and Joints
&%“‘3" 7 Volcanic Landforms: Extrusive Igneous
o)) 8 Lava Domes
@*“”y‘ 9 Volcanic Landforms: Intrusive Igneous
@7‘*"5” 10 River Systems and Fluvial Processes
¢+«J 11 | Mountain Streams
gs=112 | Flood plains
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fouud 13

Karst Landforms

¢e=«Y114 | peolian Landforms
gs=Y115 | Coastal Landforms
e et

o 1 Jes 1: Methods of studying Geomorphology
gowed) 2 Jws 2: Topography
@'-“"3“ 3 olas 3: Constructive and Destructive Processes
gl 4 e 4: Genetic Landform Classification
oI 5 s 5: Orogenesis
goeu) 6 s 6: Fractures and Joints
o1 7 L,J.a.c 7: Volcanic Landforms: Extrusive Igneous
gy 8 s 8:Lava Domes
@*“"3“ 9 L}Ar— 9: Volcanic Landforms: Intrusive Igneous
ﬁ%‘“}“ 10 L,J.ar- 10: River Systems and Fluvial Processes
g 11 Jws 11: Mountain Streams

ol 12 Jes 12: Flood plains

o) 13 Jes 13: Karst Landforms

gl 14 e 14: Aeolian Landforms

goesd 15 s 15: Coastal Landforms
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INTRODUCTION TO MINERALOGY AND PETROLOGY
S. K. HALDAR
Emeritus Scientist, Dept. of Applied Geology &
Environmental System Management, Presidency University,
Kolkata-700 073, and IMX Resources Limited, Australia.
g (9290l yoliandl Formerly, Hindustan Zinc Limited, Hindustan Copper Limited, No
ESSO INC and BIL Infratech Ltd, India.
JOSIP
Formerly 3Uwls, Head, Director, President and Dean,
Department of Mining, Geology and Petroleum Engineering,
University of Zagreb, Croatia
g ASIYI a8l g0ll Geology.com
oyl lalaseo
Group Grade el Marks % | Definition
A - Excellent el 90 - 100 Outstanding Performance
B - Very Good SEIRVES 80 -89 Above average with some errors
Success Group
C - Good NVES 70-79 Sound work with notable errors
(50 - 100)
D - Satisfactory uwgio 60 - 69 Fair but with major shortcomings
E - Sufficient Jgutn 50-59 Work meets minimum criteria
Fail Group FX - Fail (A laadl 08) Cwly | (45-49) More work required but credit awarded
(0-49) F - Fail sl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the
automatic rounding outlined above.
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9. Students will be able to reconstruct the biological traits of extinct organisms.

Ayl Bl L3l 10. Students will be able to interpret the modes of life of fossil organisms.

or fossil assemblage.

11. Students will be able to reconstruct the taphonomic history of a given fossil

12. Students will be able to use the principles of taphonomy to predict what an
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"entire" community would have looked like based on preserved fauna.

13. Students will be able to determine evolutionary relationships among a set of
organisms.

14. Students will be able to gather and analyze phylogenetic information.

15. Students will be able to design a phylogeny of familiar objects, imaginary
fossils, or real organisms.

Balal) elatll Oolaryen
oyl

16. Recognize, interpret and explain the geological, climatic and environmental
processes that have shaped present-day landscapes and habitats.

17. Outline the major phases in the evolution of life on earth and describe key
events as preserved in the fossil record.

18. Describe the evolution of major groups of organisms and identify the
anatomical links between extinct and living life forms.

ol Y wbgisall

Indicative content includes the following.

Introduction and Paleontology and nature of fossils

Paleontology is the study of the remains of animals and plants which existed prior to
the present time. [15 hrs]

Sponges

The sponges are aquatic, dominantly marine invertebrates, which are ranked next
above protozoans in classification [15 hrs]

Coelenterates

The coelenterates are aquatic invertebrates of highly varied form which are the most
simply organized animals having well-developed body tissues. [10 hrs]

Bryozoans
The invertebrates called bryozoans are aquatic animals, of which the great majority
live in the sea and only a few kinds inhabit freshwaters. [15 hrs]

Brachiopods
One of the chief divisions of invertebrate fossils consists of the Brachiopoda. [10 hrs]
Mollusks

The name Mollusca (Mollusca, soft- bodied) are one of the main groups of
invertebrates, especially from the standpoint of paleontological study, is the
assemblage contained in the phylum Mollusca. [15 hrs]

Cephalopods

Most of the animals discussed previously are sessile or relatively slow-moving
invertebrates, crawling on the bottom or drifting about at the mercy of waves and
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currents. [15 hrs]
Pelecypods

The pelecypods are a division of mollusks which stands rather well apart from others
in having a skeletal covering that consists of two calcareous valves.. [15 hrs]

Arthropods

Animals called arthropods (arthro, joint; pod, foot) are invertebrates of highly varied
form, distinguished primarily by a segmented organization of the body and the
possession of a hardened external covering. [15 hrs]

osdadlly elatll Slimsilial

Students will learn the basic concepts in 8,2\>s s and apply these concepts in gulas

Strategies classes involving maps, seismic sections, and outcrop and subsurface log information.
Previous field courses will be made explicit reference to in order to provide linkage
from the field to the class.

Student Workload (SWL)
\.C«ﬁ._ﬂ.w‘ Vol O gunmo g.,JUa.U Lwa"U‘ LJ.A?E.”

el I LIl elaziedl (gelyldl Josdd! 64 L gl JUal) @latiall gyl Josell 4.2

diadl I3l LIl elaziadl p golyldl Jozd! 61 bee gl CIUall platiall p& (geylll ol 4
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e 1 10% (10) 13 LO #5, #8 and #10
L?a.,a.zjt Oliayl 2hr 10% (10) 7 LO #1 - #7
PYENLPWEL]
Sledl oladl 3hr 50% (50) 16 All
e 100% (100 Marks)
Sl (£ 9l zlgiall
gyl

Eoeud 1 Introduction to paleontology and nature of fossils
g9¥l2 | Type of preservation Unaltered Soft and hard Parts
Eoaud! 3 Type of preservation - Altered hard Parts
gsxdl4 | Type of preservation Altered hard Parts
g9dI5 | Sponge
Euu) 6 Coelenterates
Eoeud 7 Mid-term Exam
g9d18 | Bryozoans
gsN19 | Brachiopoda
¢9«d110 | Brachiopoda
g9«dI11 | Gastropoda
g9uN112 | Pelecypoda
g9d113 | Cephalopoda
gsd114 | Arthropoda
g9N115 | Arthropoda
gs+«Y116 | Preparatory ¢s.Yl before the (lgd!l Olxiadl
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Eouudl 1 Introduction to paleontology and nature of fossils

g2 | Type of preservation Unaltered Soft and hard Parts

Eouudl 3 Type of preservation - Altered hard Parts

gaudl4 | Type of preservation Altered hard Parts

g9l 5 Sponge

Euudl 6 Coelenterates

Eoud 7 Mid-term Exam

g9l 8 | Bryozoans

g9N19 | Brachiopoda

¢9«Y110 | Brachiopoda

¢oYl11 | Gastropoda

gaudI12 | Pelecypoda

¢9Y113 | Cephalopoda

g9l 14 | Arthropoda

gs«N115 | Arthropoda

g1 16 | Preparation of 3lgd! Olxied!

oyl @ladl Hobas
BRWINL Avai_l< le in the Library?
sgllasll olaal Moore R.C., 1979. Treatise on invertebrate paleontology. No
Geological Society of America. 594 P.

a9 ASIYI 28l g0l https://biodiversity.ku.edu/invertebrate-paleontology/publications
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Group Grade BeRt:i] Marks % Definition

A - Excellent Sl 90 - 100 Outstanding Performance

B - Very Good I dur 80 -89 Above average with some errors
Success Group

C - Good NVES 70-79 Sound work with notable errors
(50 - 100)

D - Satisfactory augio 60 - 69 Fair but with major shortcomings

E - Sufficient Jgsde 50-59 Work meets minimum criteria
Fail Group FX - Fail (A laadl 08) Cwly | (45-49) More work required but credit awarded
(0-49) F - Fail el (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the

automatic rounding outlined above.
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1- The course aims to equip the student with fundamental theory, and
different geophysical methods that are used currently in different
applications

2- The module will equip students with experience in a range of
geophysical methods, carrying out surveys and associated data

analysis and interpretation. How the various methods can be
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integrated will also be explored.

Saled) @laidl Ol y3en
Aoy

On completion of this course, the student will be able to:

1- understand the basic principles of different geophysical methods

2- Gain Gukd experience and understanding of some geophysical survey
techniques in the field.

3-Use of Integrated Geophysical Methods

ol Y wbgisall

Indicative content includes the following.

introduction on the theoretical fundamentals of geophysics, overview of the

geophysical techniques, definition of sensitivity and resolution and applicability of the
methods. Planning of a geophysical survey:

Gravimetric method:

Introduction on the physical principles of gravity, gravity measurements, ellipsoid and
geoid, gravimetric anomalies and main corrections, interpretative methods, regional
and local fields, anomalies due to bodies of different geometries, determination of
depth and mass, hints to direct and inverse modelling, fields of application and
limitations, study examples.

Geomagnetic method:

Introduction on the physical principles of geomagnetism, magnetic properties of
rocks and minerals, Earth's magnetic field and variations, measurement tools and
techniques, data processing and interpretation principles, modelling of anomalies
due to bodies of different geometries and magnetic properties, determination of
body depth, comparison with gravimetric method, fields of application and
limitations, study example

. [15 800 |

oalatlly @hard] @l

Strategies

e b.0l=0 s are given to transfer the course material to the student in a simple
and clear way

e discussion will be open at each class to help students express their thoughts
and ideas, and to improve theircommunication skills

e students will be given group 4;,¢é wllxisl to do team and individual research
work to broaden theirknowledge and put into practice the different theories
and concepts covered in the & xolxs s.
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Sledl oloedl 3hr 50% (50) 16 All
P 100% (100 Marks)
sz.la.dl L?cj..w}’\ EL@:&AJ‘
g2 9e))
Introduction to geophysics , classification , important and application of geophysical
E}f""}“ 1
methods.
Basic principles of Gravity method. Gravity survey design , Methods of correction gravity
Eouudl 2
data
gouwdl 3 Regional and residual anomaly , methods of separation anomaly,
Eowdl 4 Density and methods of density determination
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g5 | Methods of interpretation

g9l 6 Methods of interpretation

Eouud 7 Mid-term Exam

goudl 8 Magnetic methods , Basic principles Types of magnetization

goudl 9 Magnetic field , theories on origin of magnetic field , Geomagnetic Field Elements

¢9«Y110 | Components of the magnetic field, Temporal variations of magnetic field

gsN111 | Magnetic survey design, Methods of correction, Factors influence magnetic anomaly shape

¢9«Y112 | Introduction to electrical methods, Basic principles

¢9Y113 | Electrodes Configuration( Electrodes Arrangements ).

g9« 14 | Field Techniques of Measurements

¢l 15 | presentation and interpretation of resistivity data

g1 16 | Preparatory oYl before the 3lgd! Ol

il (£ gl zlgiall

g5l

Eoudl 1 Units and converting methods

Eouudl 2 International gravity equation

gsdI3 | Gravity corrections

gaudl4 | Gravity corrections

goed! 5 Bouger anomaly map

gl 6 Regional and residual anomaly

Eouud| 7 Methods of separation anomaly

Eodl 8 Mid-term Exam

gouudl 9 Magnetic storms
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g9¥110 | Diurnal corrections
goYl11 | Presentation of Horizontal profiling data
g9dI 12 | Qualitative Interpretation
g9N113 | Calculation of geometric factor
g9l 14 | Presentation of VES data ( three layer
g9«N115 | Presentation of VES data ( type of resistivity curves)
g1 16 | Preparation of 3lgd! Olxied!
oyl P.hﬂ\)&l,,m
ol Avai ks lein the Library?
- Dobrin and Savit,1988,Introduction to geophysical
prospecting
- Kearey ,Brook,1984,An Introduction to geophysical
Ggllanll jolasll prospecting No
- Parasnis, 1986, Principles of applied geophysics
- Reynolds, 1997,An introduction to Applied and
environmental Geophysics
4597591 28150l

126




Group Grade BeRt:i] Marks % Definition

A - Excellent Sl 90 - 100 Outstanding Performance

B - Very Good [SENVES 80-89 Above average with some errors
Success Group

C - Good da 70-79 Sound work with notable errors
(50 - 100)

D - Satisfactory augio 60 - 69 Fair but with major shortcomings

E - Sufficient Jgute 50-59 Work meets minimum criteria
Fail Group FX - Fail (Adlaadl 08) Cwly | (45-49) More work required but credit awarded
(0-49) F - Fail sl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the

automatic rounding outlined above.
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This course is designed to achieve the general objectives in the form of outputs that the student
is supposed to acquire after successfully completing the course, as follows:

1. The student learned about the different types of minerals using a polarizing microscope, based
on their optical properties resulting from their interaction with light.

2. ldentify the types of interference forms and the classification of minerals on their basis.

3. Identify the occurrence of important minerals and their distribution on the three types of rocks
and how to differentiate between minerals within the same rock sample.
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4. The student learns the systematic methods of studying minerals and their ,uuasllures using a
polarizing microscope.

Balel) @laddl Ol y3eo
dawoly I

Through the student's study of the mineral optics course, it is assumed that a number of
cognitive, intellectual and w3 outputs will be achieved, as follows:

A. Knowledge and understanding

After studying this course, it is assumed that the student has understood and recognized the
basic facts and information related to the optical properties of minerals and their applications, in
particular the following:

1 Learn the basics of mineral optics as a basis for the study of minerals and rocks.

2 Learn the techniques of the plane stage in the polarizing microscope in the study of transparent
minerals.

3 Learn the petrographic characteristics of rock-forming minerals as a basis for rock petrology.

4 Learn the systematic methods of studying minerals and their La=dlures using a polarizing
microscope and linking the relationship between the crystalline and chemical structure with the
optical properties of minerals.

B. Mental skills
By passing this course, the student is supposed to have acquired the following mental skills:

1 Understand the relationship between the internal (crystalline), chemical and optical structure
of minerals and their distribution.

2 Understanding and interpreting histological relationships and mineral assemblies under the
microscope.

3 Compare the change in the optical properties with the change in the crystal system and the
chemical composition.

4 Understand systematic methods for identifying unknown transparent minerals.

dyolinyYl wbgisall

Indicative content includes the following.

e Introduction of Mineral Optics [5 hrs]
Optical mineralogy involves studying rocks and minerals by studying their optical properties.
Today, most optical mineralogy involves examining thin sections with a petrographic microscope.
Petrographic microscopes have polarized light sources that illuminate a thin section.

e  polarizing microscope [7 hrs]
Polarizing microscopes are also referred to as petrology or geology microscopes. Polarizing light
is used with either transmitted and/or reflected light to view chemicals, rocks and minerals.
When viewing rocks and minerals thin sections of the sample are mounted on a slide for
examination.

e  Plane polarized and cross polarized Light-Isotropic [8 hrs]
Without the upper polarizer, we see a sample in plane-polarized light, also called PP light. With
the upper polarizer, we see it in cross-polarized light, also called crossed polars or XP light. Grain
size, shape, color, cleavage, and other physical properties are best revealed in PP light.

e Anisotropic Minerals Behavior of minerals in cross polarized light [7 hrs]
anisotropic mineral: A mineral with more than one principal refractive index. birefringence: The
mathematical difference between the largest and smallest refractive index for an anisotropic
mineral. biaxial mineral: A mineral with three principal refractive indices and two optic axes.
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e  Birefringence - Uniaxial and Biaxial minerals [8 hrs]
Birefringence is the phenomenon exhibited by certain materials in which an incident ray of light is
split into two rays, called an ordinary ray and an extraordinary ray, which are plane-(linear)
polarized in mutually orthogonal planes, or circular-polarized in opposite directions (left and
right).

e  Uniaxial Indicatrices - Orientation of indicatrices as per the section [10 hrs]
In uniaxial crystals, the optic indicatrix is an ellipsoid of revolution (with two main axes and a

circular horizontal plane). The direction of the optic axis (vertical axis or "c" axis) coincides with
the direction of the axis with greatest crystalline symmetry (quaternary axis).

e  Biaxial Indicatrices - Orientation of indicatrices as per the section [10 hrs]
The biaxial indicatrix has three principle axes, J«c eled a, B, and y. Directions that have refractive
indices between a and B, are referred to as a'. Directions with refractive indices between y and
are referred to as y'. Note that the  direction also must occur in the plane that includes a and y.

e Interference of light waves - Passage of light through doubly refracting minerals [8 hrs]
Double refraction, or birefringence, occurs in optical mineralogy when plane-polarized light
passes through an anisotropic mineral and emerges as two rays traveling at different speeds, the
difference between which is characteristic of a mineral.

e  Generation of interference colors [7 hrs]
The interference color is produced when the retardation between the waves of the crystal is
equal to a whole number of wavelengths corresponding to its complementary colour.

e Conoscopic or convergent polarized light - Generation of Uniaxial [10 hrs]
Conoscopic interference is generated when crystals are viewed between crossed polarizers with
converging monochromatic light.

e interference figures - Forms of interference figures related to sections [8 hrs]
Interference figures are a technique which can be used to help identify minerals using a
polarizing light microscope. In this chapter, we explore the a3 aspects of obtaining and
interpreting interference figures and other related observations.

e  Generation of Biaxial interference figures - Forms of interference figures related to
sections [8 hrs]
Biaxial interference figures are most useful for the determination of optic sign and estimation of
the 2V angle, both of which are useful diagnostic properties of biaxial minerals.

e  Optical accessories like mica, gypsum and quartz plates - Determination of Optic sign of
uniaxial and biaxial minerals [7 hrs]
accessory plate (sensitive tint) In optical microscopy, a plate used to determine the optical
properties of minerals. Quartz, mica, and gypsum are the common minerals used to determine
the slow and fast vibration directions that relate to the two refractive indices of an anisotropic
mineral.

e True and apparent optic axial angle, 2V and 2E, - Methods of determination of optic
axial angle - Use of Universal stage [7 hrs]
The angle between the two optic axes of a biaxial crystal; its symbol is 2V (less than 90 degrees),
2Vapoha » OF 2Vgamma , depending on whether the optic direction X or Z is in the acute bisectrix.
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Dispersion of light - its effect on interference figures

[7 hrs]

Interference figures are a technique which can be used to help identify minerals using a

Absorption of light by minerals - Scheme of pleochroism

polarizing light microscope.

[8 hrs]
A pleochroic mineral literally changes color as it is rotated on the microscope stage while viewed
using plane-polarized light and is described by the pleochroic scheme.

osdadlly elatll Slimsilal

The main strategy that will be adopted in delivering this module is to encourage students’

Strategies participation in the exercises, while at the same time refining and expanding their critical
thinking skills. This will be achieved through classes, interactive «l=3s.
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g2l

g1 | Introduction of Mineral Optics

gowud) 2 polarizing microscope

goendl 3 Plane polarized and cross polarized Light-lsotropic

gl 4 Anisotropic Minerals Behavior of minerals in cross polarized light

goeud) 5 Birefringence - Uniaxial and Biaxial minerals

g 6 Uniaxial Indicatrices - Orientation of indicatrices as per the section

o) 7 Biaxial Indicatrices - Orientation of indicatrices as per the section

o)) 8 Interference of light waves - Passage of light through doubly refracting minerals

o) 9 Generation of interference colours

£sdl 10 Conoscopic or convergent polarized light - Generation of Uniaxial interference figures - Forms of
interference figures related to sections

gs=«Y11 | Generation of Biaxial interference figures - Forms of interference figures related to sections

Eodl 12 Optical accessories like mica, gypsum and quartz plates - Determination of Optic sign of uniaxial and
biaxial minerals

Eoud 13 True and apparent optic axial angle, 2V and 2E, - Methods of determination of optic axial angle - Use
of Universal stage

o)) 14 Dispersion of light - its effect on interference figures

goesd1 15 Absorption of light by minerals - Scheme of pleochroism
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ol Jos | Eouigall

g1 | Jee 1: Relationships

gored 2 Jes 2: Questions in relationships

g=J3 | Jue 3: Dispersion

g+J4 | i 4: Question in Dispersion

g5 | e 5: Polarized light

gy 6 Jee 6: Polarizing microscope

o1 7 e 7:Polarized microscope components

gorud) 8 Jes 8: Light Absorption And Color Transmission

goee)) 9 Jee 9:Study optical properties of minerals under microscope

gssdl 10 e 10: Study describing the groups of minerals that form the rocks, which include: ferrous silicate
minerals (olivine group - pyroxene group - amphibole group

gosedl 11 Jee 11: A study describing the groups of minerals that form the rocks, including: the mica group - the
chlorite group and serpentine) - the ferrous minerals

goudl 12 Jee 12: A study describing the groups of minerals that form the rocks, including: the metamorphic and
) additional minerals - the carbonate minerals that form the rocks.

g+I13 | Jie 13: Thin section of Igneous rocks

gl 14 e 14: Thin section of Sedimentary rocks

goesd1 15 ee 15: Thin section of Metamorphic rock
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A - Excellent kel 90 - 100 Outstanding Performance
B - Very Good I s 80 -89 Above average with some errors
Success Group
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(50 - 100)
D - Satisfactory Jaugio 60 - 69 Fair but with major shortcomings
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to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the
automatic rounding outlined above.
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To give students a broad introduction to and understanding of geological materials and their
Module Objectives creation, destruction, and change via the rock cycle. The focus will be to introduce the main
rock-forming minerals (silicates and non-silicates), their structures, chemistry, formation and
oyl Balad! Colun] identification. The main rock types will be introduced (igneous, sedimentary, and

metamorphic) and explored in the con_-uadl of their formation and alteration via the rock cycle
and associated major Earth processes. The module addresses the science of geological
materials at an introductory level and then applies this to mineral and rock-forming processes
in the con_asll of plate tectonics. The ability to describe and identify major rock-forming
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minerals and the major rock types will be a key &«=3 focus of the module.

Module Learning
Outcomes

Balel) @laidl Ol y3en
Ay !

Students will

1. Know of basic plate tectonic environments on the Earth and their relation to the rock
types developed

2. Be able to identify and describe a range of common rock-forming minerals using
physical and optical properties, and demonstrate how these collectively make up the
composition of a variety of rocks;

3. be able to identify and describe the three rock types (igneous, sedimentary and
metamorphic) in hand specimen and thin section and understand their modes of
formation;

4. Be able to use geological evidence to test hypotheses about the formation of rock
units and therefore constrain their associated environments.

5.Define the characteristics of a metamorphic rock.

6. Discuss the effect of heat, pressure and deformation on rocks.

Indicative Contents

Aol Y wbgisall

Indicative content includes the following.

e Metamorphic petrology Concepts and theory [5 hrs]
Metamorphic petrology covers the chemical and physical work done in natural systems in
response to changing physical conditions. Petrogenetic processes such as recrystallization,
continuous and discontinuous reactions, mixed volatile reactions and deformation are
addressed.

e  Types of metamorphism and their controlling factors [10 hrs]
The three types of metamorphism are Contact, Regional, and Dynamic metamorphism. Contact
Metamorphism occurs when magma comes in contact with an already existing body of rock.
When this happens the existing rocks temperature rises and also becomes infiltrated with fluid
from the magma.

e Common minerals of metamorphic rocks [5 hrs]
Some different minerals that are common in metamorphic rocks are: kyanite, garnet,
sillimanite, andalusite, and corundum. In addition, metamorphic rocks can contain
combinations of minerals that would never be found in ingeous rocks, such as quartz and
amphibole.

e Field observation, petrographic classification of common metamorphic rocks [10 hrs]
There are two main types of metamorphic rocks: those that are foliated because they have
formed in an environment with either directed pressure or shear stress, and those that are not
foliated because they have formed in an environment without directed pressure or relatively
near the surface with very little pressure at all. Some types of metamorphic rocks, such as
guartzite and marble, which also form in directed-pressure situations, do not necessarily
exhibit foliation because their minerals (quartz and calcite respectively) do not tend to show
alignment .

e  Metamorphic facies and facies series [10 hrs]
Metamorphic facies series were defined (Miyashiro, 1994) on the basis of pressure and

temperature gradients, both of which are related to the conditions of metamorphism and
tectonic setting. Five metamorphic facies series, assigned to three major groups, are
recognized.

e  Phase diagrams and graphic representation of mineral assemblages [7 hrs]
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Phase diagram is a graphical representation of the physical states of a substance under
different conditions of temperature and pressure. A typical phase diagram has pressure on the
y-axis and temperature on the x-axis. As we cross the lines or curves on the phase diagram, a
phase change occurs.

e  Prograde and retrograde metamorphism, Metasomatism [10 hrs]
Prograde metamorphism refers to the changes in a rock that accompany such increasing
metamorphic grade. Retrograde refers to decreasing grade as a body of rock cools and
recovers from a metamorphic or igneous event, and retrograde metamorphism describes any
accompanying changes.

e Deformation yuadlures and yuadlures related to recrystallization [10 hrs]
saallures are often developed during thermomechanical treatments of alloys and classified
into two types: one is the deformation J.uadlure caused by a severe deformation process such
as cold rolling, and the other is the recrystallization ,.u=asllure caused by a subsequent solution
(recrystallization) heat treatment.

e  Metamorphic reactions, elemental and PT conditions of isograds [10 hrs]
Metamorphic rocks form when rocks are subjected to high heat, high pressure, hot mineral-
rich fluids or, more commonly, some combination of these factors. Conditions like these are
found deep within the Earth or where tectonic plates meet.

e Regional and thermal metamorphism of pelitic rocks [8 hrs]
A pelite (from Ancient Greek mnAog (példs) 'clay, earth') or metapelite is a metamorphosed
fine-grained sedimentary rock, i.e. mudstone or siltstone.

e Regional and thermal metamorphism of basic and ultra-basic igneous rocks [7 hrs]
Regional metamorphism is metamorphism that occurs over broad areas of the crust. Most
regionally metamorphosed rocks occur in areas that have undergone deformation during an
orogenic event resulting in mountain belts that have since been eroded to expose the
metamorphic rocks.

e Regional and thermal metamorphism of impure, siliceous carbonate rocks [8 hrs]

Calcsilicates, metacarbonate rocks dominated by silicate minerals, are produced by
metasomatism during metamorphism of carbonate sedimentary rocks.

Calcsilicates may be in zoned skarns that develop adjacent to or around igneous intrusions.

e  Metamorphism of Granitoides, Charnokites and Migmatites [10 hrs]
Typically, granitoids occur where orogeny thickens continental crust either by subduction
yielding a continental arc or by convergence yielding continental collisions. Generally, the
evolution to granitoid magmas requires a thermal disturbance to ascent though continental
crust.

The charnockite series originally was assumed to have developed by the fractional
crystallization of a silicate magma (molten material). Subsequent studies have shown, however,
that many, if not all, of the rocks are metamorphic, formed by recrystallization at high
pressures and moderately high temperatures.

Migmatites form under extreme temperature and pressure conditions during prograde
metamorphism, when partial melting occurs in metamorphic paleosome. Components
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exsolved by partial melting are called neosome (meaning 'new body'), which may or may not be
heterogeneous at the microscopic to macroscopic scale.

e  Plate tectonic and 4 metamorphic processes [10 hrs]
All of the important processes of metamorphism that we are familiar with can be understood in
the con_ sl of geological processes related to plate tectonics.

e Examples of metamorphic rocks in Iraq [5 hrs]
The Iraqi territory is covered mainly by sedimentary rocks, Quaternary sediments and very rare
igneous and metamorphic rocks.

Strategies

The main strategy that will be adopted in delivering this module is to encourage students’
participation in the exercises, while at the same time refining and expanding their critical
thinking skills. This will be achieved through classes, interactive w)l=is.
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Projects / o< . 1 10% (10) Continuous | All
BEpY: 1 10% (10) 13 LO #5, #8 and #10
9&44;.]\ Olial 2hr 10% (10) 7 LO #1 - #7
Gledl Ol 2hr 50% (50) 16 All
S il 100% (100 Marks)
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150

g2l
goendl 1 Metamorphic petrology Concepts and theory
goeud) 2 Types of metamorphism and their controlling factors
ol 3 Common minerals of metamorphic rocks
goendl 4 Field observation, petrographic classification of common metamorphic rocks
goeud) 5 Metamorphic facies and facies series
g 6 Phase diagrams and graphic representation of mineral assemblages
goed 7 Pro grade and retrograde metamorphism, Metasomatism
o)) 8 Deformation yJsadlures and yJuacliures related to recrystallization
g9 Metamorphic reactions, elemental and PT conditions of isograds
o)1 10 Regional and thermal metamorphism of politic rocks
o 11 Regional and thermal metamorphism of basic and ultra-basic igneous rocks
goesd! 12 Regional and thermal metamorphism of impure, siliceous carbonate rocks
o 13 Metamorphism of Granitoides, Charnokites and Migmatites
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Plate tectonic and 4 metamorphic processes

gore)) 15 Examples of metamorphic rocks in Iraq
e g2l

ﬁﬁ'-“"y‘ 1 J=s 1:Introduction to Metamorphic rocks

ﬁﬁ'-“"y‘ 2 e 2: Type of Metamorphism

ol 3 e 3: Regional Metamorphism rocks

ﬁﬁ'-“"y‘ 4 Jee 4: Contact Metamorphism rocks

goxdI 5 e 5: Foliated rocks

gored) 6 e 6: Non-Foliated rocks

o)) 7 Jee 7: Metamorphism of sedimentary rocks

ol 8 es 8: Metamorphism of mafic and ultramafic

@*‘“3” 9 e 9: Thin section regional metamorphism

goed) 10 J=e 10: Thin section contact metamorphism

ol 11 e 11: Thin section Foliated rocks

el 12 s 12: Thin section non-foliated rocks

g+ 13 | Jac 13: ACF Diagram

g+Y 14 | L 14: AKF Diagram

o= 15 es 15: AFM Thompson diagram
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Group Grade el Marks % Definition
A - Excellent Jlal 90 - 100 Outstanding Performance
B - Very Good BEIRVES 80 -89 Above average with some errors
Success Group
C - Good NVES 70-79 Sound work with notable errors
(50 - 100)
D - Satisfactory ogio 60 - 69 Fair but with major shortcomings
E - Sufficient Jgutn 50-59 Work meets minimum criteria
Fail Group FX - Fail (Al 08) Cly | (45-49) More work required but credit awarded
(0-49) F - Fail ) (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the
automatic rounding outlined above.
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Module Objectives To gain knowledge about:

Gyl Baladl Colua]

19. The basics of Engineering as one of the applied branches of Geology
20. Importance of Engineering geology, major aspects of Engineering, and
applications, The role and career paths of Engineering geologists.

21. The physical properties of soils and rocks
22. The engineering properties of soils and rocks

23. Stress, Strain, Strength, and Deformations in soils and rocks

142




24. Physical state and Consistency of soil.
25. The main principles of Site Investigation and soil sampling.
26. Geohazards and engineering problems of soil and rocks.

ER{WNUPNESURUIESES
Aoy

11. Define and explain fundamentals about the definition and subjects of
Engineering Geology.

12. Appreciate the role of engineering geology in civil engineering works

13. Explain basic terms about the physical and mechanical properties of rocks
and soils.

14. Explain basic terms about site investigation and how to perform field site
investigation.

15. Learning how to perform soil sampling

16. Define the basics of geohazards, impacts, and mitigation methods

17. Problem-solving through working on a range of geotechnical problems.

18. Learning how to carry out tests to determine the physical and engineering
properties of soils and rocks.

Indicative content includes the following.

Introduction to Engineering Geology, The role of Engineering Geologist, Aspects of
Engineering Geology and Applications [15 hrs.]

Physical Properties of soils, Water content, Density, Unit weight, void ratio, degree of
saturation, etc. [15 hrs.]

Stress, strain, strength, deformations, Engineering Properties of soils, [10 hrs.]

oLyl ©bgisall
) Physical states of soils, Atterberg limits, Consistency of soils. [15 hrs.]
Site investigation, Site investigation stages, geotechnical & s [10 hrs.]
Soil sampling and boring methods, Geophysical methods for site investigation [15
hrs.]
Geohazards, [15 hrs.]
Engineering problems of soils [30 hrs.]
The main strategy that will be adopted in delivering this module is to encourage
Strategies

students to participate in the 8 5>« s and exercises and expand their thinking skills.
Students will learn the basic concepts of Engineering Geology in 85>+ s and apply
these concepts in @uki classes involving Jes experiments and exercises.
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Eoaedl 1 Introduction to Engineering Geology
g9¥12 | Physical properties of soils and rocks
¢sN13 | Engineering properties of soils and rocks 1
¢sdl4 | Engineering properties of soils and rocks 2
g5 | Soil states and consistency
gsdI6 | Site investigation
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Mid-term Exam

g9¥18 | Soil sampling

goeudl 9 Geophysical Methods in engineering projects 1

g1 10 | Geohazards 1

gs+Y111 | Geohazards 2

g9ud112 | Geohazards 3

gs¥113 | Slope Stability

g« 14 | Engineering problems of soils1

g 15 | Engineering problems of soils2

g1 16 | A preparatory g.s=¥) before the Algdl Olaia¥)

izl (£ oIl zlgiall

g2 gell

goed1 | e equipment

gseedI2 | Soil sampling

gswd3 | Moisture content

g4 | e Soil density

g5 | Field soil density

g6 | Soil compaction

g7 | Specific gravity

g8 | A 8: Exam

g9 | Liquid limit

g9« 10 | Plastic limit

gs+N111 | Shrinkage limit
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gowdl 12 | Grain size
g¥113 | Soil Classification
¢ 14 | Consolidation
g9« 15 | Shear test
gs+«Y1 16 | Preparation for the (A4l laday)
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3. G~k3 Engineering Geology by Steve Hencher
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Group Grade BeRt:i] Marks % Definition

A - Excellent Sl 90 - 100 Outstanding Performance

B - Very Good I dur 80 -89 Above average with some errors
Success Group

C - Good da 70-79 Sound work with notable errors
(50 - 100)

D - Satisfactory augio 60 - 69 Fair but with major shortcomings

E - Sufficient Jgsde 50-59 Work meets minimum criteria
Fail Group FX - Fail (A laadl 08) Coly | (45-49) More work required but credit awarded
(0-49) F - Fail sl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the

automatic rounding outlined above.
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28.

29.

30.
31.

. To examine controls on stratigraphic organisation of sedimentary strata
within a time framework.

To examine the means by which a time framework can be established in
sedimentary strata

To examine differences between lithostratigraphy and chronostratigraphy
and to communicate formal stratigraphic nomenclature.

To introduce the concepts of sequence stratigraphy

To enable students to produce well constrained interpretations of the ways in
which controlling processes operate to create stratigraphic organization and
architecture.

alel) @laidl Ol y3en
Aoyl

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

Appreciate the concept of geological time and the differences between
lithostratigraphy and chronostratigraphy.

Analyze stratigraphy in terms of space and time and to interpret likely
controls on stratal patterns.

evaluate the geological controls of stratigraphic development.

apply formal stratigraphic nomenclature to the geological record.

develop an interpretation of geological history and stratigraphic evolution
from a geological map.

problem solving through working on a range of data types to produce
integrated solutions.

Working with others through the sharing of maps and sections in &3 s and
developing solutions.

Learning how to draw a simple to complicate stratigraphic column.
Correlate between sections.

Draw sub-surface Stratigraphic sections

Learning all about cutting and ! stratigraphy.

ol Y wbgisall

Indicative content includes the following.

Introduction and Stratigraphic units

Stratigraphy from Latin stratum + Greek graphia, is the description of all rock bodies

formin

g the Earth's crust. [15 hrs]

Stratigraphic relationships

Stratigraphic laws and the effect of tectonic and erosions on starta [15 hrs]

Lithostratigraphic units - There is a hierarchical framework of terms used for
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lithostratigraphic units. [10 hrs]

APPLICATIONS OF LITHOSTRATIGRAPHY

Part of the definition of a formation is that it should be a ‘mappable unit’, and in
practice this usually means that the unit can be represented on a map of a scale of
1:50,000, or 1:100,000. [15 hrs]

Biostratigraphy [10 hrs]

Magnetostratigraphy:

The Earth’s magnetic field alternates between periods of normal magnetic polarity,

which is the field orientation of the present day, and reversed magnetic polarity. [15
hrs]

Subsurface Stratigraphy and Sedimentology - Geologists usually learn the principles
of sedimentology and stratigraphy from outcrop relationships in the field, but many
will work with subsurface data if they are employed as professional geoscientists. [15
hrs]

Borehole stratigraphy

Data from these sources can provide some indicators of the lithologies in the
subsurface, but a full geological picture can be obtained only by the addition of
information on lithology and facies. This can be provided by drilling boreholes
through the succession and either taking samples of the rocks. [30 hrs]

oalatlly @hard] @l

Strategies

Students will learn the basic concepts in éx>=0 s and apply these concepts in Gkl
classes involving maps, seismic sections, and outcrop and subsurface log information.
Previous field courses will be made explicit reference to in order to provide linkage
from the field to the class.
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L goanl 10 J U geumen Ul gyl ool

el I (Il elasial gl Josxd! 64 Lee gl JUal) @latiall gyl Josell 4.2
dnadll I CIlall elatiadl e (gl oz 61 be gl CIlall platiall g (geyld] ol 4
addl M CIUall SSI1 glyldl Josndl 125

8y Olydll) / 0jsl) | EediDue | dadyell elaill il
L gy blouial 2 10% (10) 3and 12 | LO #1, #2 and #10, #11
Lyeds OUloial 2 10% (10) 5and8 | LO #3, #4 and #6, #7
sl gl
Projects / o< . 1 10% (10) Continuous | All
Beex 1 10% (10) 13 LO #5, #8 and #10
faill el 2hr 10% (10) 7 LO #1 - #7
PYENLPWEL]
Sled! oladl 3hr 50% (50) 16 All
S o] 100% (100 Marks)
g9l
Eoaedl 1 Introduction to stratigraphy and sedimentary rocks
Eoeud] 2 Geological time units and Geologic time scale
gsNI 3 | Stratigraphic units
gl 4 Stratigraphic relationships
g9l 5 Lithostratigraphic units and facies
g9l 6 | APPLICATIONS OF LITHOSTRATIGRAPHY

151




Mid-term Exam

gouul 8 Biostratigraphy and classification of organisms
goeudl 9 Magnetostratigraphy
g9N1 10 | Subsurface Stratigraphy
g9Vl 11 | Processing of seismic reflection data
g9N112 | Interpretation of seismic reflection data:
¢9«N113 | Borehole stratigraphy
g9l 14 | Borehole cuttings
gord 15 | (owlul
g1 16 | Preparatory $s.Yl before the Jlgd!l Ol=ie)
g9l
godl 1 e 1: Stratigraphic units and rock symbols
Eouwdl 2 s 2: Stratigraphic relationships and unconformities
Eoudl 3 s 3: Stratigraphic relationships and included fragments
gl 4 s 4: Time-ordering of geologic events
goudl 5 e 5: Time-ordering of geologic events
Eoudl 6 L,me 6: Drawing a stratigraphic section
Eouud! 7 Jes 7: Drawing a stratigraphic section and correlation
g8 | Llos 8:Exam
god19 | las 9: LATERAL FACIES CHANGES
g9ud 10 ‘_,Lo.c 10: LATERAL FACIES CHANGES and Walther law
go2dI11 | Jes 11: LATERAL FACIES CHANGES and Transgression
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&&“’3” 12 L}As: 12: LATERAL FACIES CHANGES and Regression
g92dI13 | s 13: LATERAL FACIES CHANGES and MFS
goudl 14 s 14: Subsurface section drawing
gouud 15 s 15: Subsurface section and faults effect
g1 16 | Preparation of 3lgd! Olxied!
w‘)v\.ﬁb rxla.’dt).)l.,aﬁ
EEWEN| Avai ks lein the Library?
Koutsoukos E.A.M., 2005. Applied Stratigraphy. Springer. 486
digllaall jolasll b PP graphy. >pring Yes
o wosall laal Nichols G., 2009. Sedimentology and Stratigraphy. Blackwell \
: > o
©2 Publishing. 432 P.
459 ASIYI 2Bl gl http://www.agiweb.org/nacsn/code2.html
Sl alases
Group Grade el Marks % | Definition
A - Excellent el 90 - 100 Outstanding Performance
B - Very Good I s 80-89 Above average with some errors
Success Group
C - Good NVES 70-79 Sound work with notable errors
(50 - 100)
D - Satisfactory Jaugio 60 - 69 Fair but with major shortcomings
E - Sufficient Jgaie 50-59 Work meets minimum criteria
Fail Group FX - Fail (ddlaadl 8) Cwnly | (45-49) More work required but credit awarded
(0-49) F - Fail sl (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a
mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT
to condone "near-pass fails" so the only adjustment to marks awarded by the original marker(s) will be the
automatic rounding outlined above.
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Al yal) Balal) Calaai

43. Describe how sediments and sedimentary rocks are formed through
transport and deposition, with a basic insight into diagenesis and
petroleum geology.

44. ldentify the main types of sedimentary rocks, sx=<llures, ichnofacies
and sedimentary structures, and able to reflect on the implications of
their formation.

45. Describe the most important characteristics of continental and marine
sedimentary environments.

46. Understand stratigraphic principles such as lithostratigraphy,
biostratigraphy, chronostratigraphy and sequence stratigraphy.

47. interpretation of ancient environmental conditions in sediment source
areas and depositional sites.

48. Study the constituents, _x=<lures, structures, and fossil content of the
deposits laid down in different geological environments. By these
means the students can differentiate between continental and marine
deposits of the geologic record.

Ll al) Bakall alail) il A

1- Understanding how the sediments weathered, transport, and deposited.

2- An appreciation of the way in which Clastic Sedimentology and Petrography
relates to other aspects of Petroleum Geosciences and the Earth sciences.

3- Study the types of Clastic sedimentary rocks.

4- Understand theoretical concepts in Clastic Sedimentology and relate these to
specific problems or questions.

5- Work safely in the Field and assess related safety issues.

6- Undertake G«kai experimental work using appropriate equipment and
instruments.

7- Apply basic knowledge of x5 approaches.

8- Manage and manipulate numerical data from _es oratory work and work
productively with others in group Jes oratory experiments.

doald Y @iy giaall

Indicative content includes the following

- Introduction
The sedimentary cycle, Biological Weathering and Soil Formation, physical
weathering, Chemical Weathering, Physical properties of particles. [15 hrs]

- Methods of Particle Analysis
Interpretation of Particle Size Analyses, Porosity and Permeability, Direct and
Indirect methods of porosity measurement, Direct method of permeability
measurement. [15 hrs]
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- Primary or Depositional Porosity
Secondary or Postdepositional Porosity, Transportation and Sedimentation,
Stokes' law. [10 hrs]

- AQueous processes

Unidirectional Traction Currents, Bidirectional Tractional Currents,
Sedimentation from High and low-Density Turbidity Currents. [15 hrs]
- Eolian processes. [10 hrs]

- Glacial processes

Gravitational processes, rock fall, slides and slumps, mass flows. [15 hrs]

- The sedimentary structures
Biogenic sedimentary structures, Primary inorganic sedimentary structures,
Predepositional (Interbed) Structures. [15 hrs]

- Syndepositional (Intrabed) Structures
Massive Bedding, Flat-Bedding, Cross-Bedding, Ripples and Cross-
Lamination, Post depositional Sedimentary Structures, Vertical Plastic
Deformational Structures, Slumps and Slides, Miscellaneous Structures, Rain
Prints, Salt Pseudomorphs, Desiccation Cracks, Synaeresis Cracks, Sand
Dikes. [30 hrs]

oabatlly @l bl Aol

Strategies

This module has both theoretical and x5 examination which form the el

el s, Part of the (sasldl @udill s (continuous exams) are during the whll Jsadll
and another part is at the end of the bl Juadll .
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daadl) A Qlall alindl ol all Jasl) 64 Lo sl allall alaiial) sl all Jaall 4.2
daadll P& Qlall alatiall pe ol all Jaal) 61 e sanl Callall i) pe sl Hall Jaal) 4
Jeadll s Qllall S sl jal) Jeall 125
Al Hall Balall anas
R 8y Olydll) / 0jsl) | EediDue | dadyell eladll il
dun gy bilowial 2 10% (10) 4and 13 | LO #3, #4 and #10, #12
Lygds OUlowial 3 10% (10) 2,6and 10 | LO #2, #5 and #6, #9
el eattel
Projects / o< . 1 10% (10) Continuous | All
BOe:y 1 10% (10) 14 LO #4, #8 and #12
! Oloiedl 2hr 10% (10) 8 LO #1 - #6
warslall sl
Al ol 3hr 50% (50) 16 All
q&n o] 100% (100 Marks)
Lg)La.d\ = ) GL@.&A\
g2se)
ged1 | Introduction
g2 | The sedimentary cycle
g3 | Chemical weathering
¢4 | Chemical Weathering
g5 | Interpretation of Particle Size Analyses
¢ewd 6 | Measurements of Porosity and Permeability
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g7 | Secondary or Post depositional Porosity
¢ 8 | Secondary or Post depositional Porosity
gad19 | Aqueous Processes
g 10 | Sedimentation from Low-Density Turbidity Currents
gewd 11 | Gravitational Processes
g1 12 | Primary Inorganic Sedimentary Structures
g 13 | Syndepositional (Intrabed) Structures
¢ewd 14 | Cross-Bedding, Slumps and Slides
¢ 15 | Miscellaneous Structures
gsY116 | Preparatory g.s«¥ before the (gl (lada¥)
izl (£ gl zlgiall
&gl
gsdl1 | e 1: Introduction
gl 2
gorud 3 e 2- 5: Grain size analysis ((Mechanical Analysis) of Terrigenous Clastic sediments),
Fordl 4 Gravel, sand and mud
g9l 5
godl 6
Eouud 7
gsYI8 | e 6-10: Size analysis of silt and clay by pipette method
gousdl 9
gseu! 10
gedI11 | as 11- 15: Graphic presentation of size analysis data

159




Eouud 12

E}-,«-wlﬂ 13

&9{»«03” 14

gouud 15

gsY116 | Preparation of il plaiaY)

w‘)dﬂ\} (J:uj\ JJL.AA

JAadll Avai ks le in the Library?

- Selley R.C., 2000, Applied sedimentology, second
Lslladll bl edition, Academic press, 543p. Yes

ler o sall oLl - Nichols G., 2009. Sedimentology and Stratigraphy. No
Blackwell Publishing. 432p.

4 g yISIY) A8 gall https://libguides.dickinson.edu/sedstrat/internet

Gila Al alada

Group Grade e Marks % | Definition

A - Excellent Dbl 90 - 100 Outstanding Performance

B - Very Good las s 80 -89 Above average with some errors
Success Group

C - Good RIS 70-79 Sound work with notable errors
(50 - 100)

D - Satisfactory Lo gl 60 - 69 Fair but with major shortcomings

E - Sufficient Jsie 50 -59 Work meets minimum criteria
Fail Group FX - Fail (Aadbeall a8) (45-49) More work required but credit awarded
(0-49) F — Fail il (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for
example a mark of 54.5 will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The
University has a policy NOT to condone "near-pass fails" so the only adjustment to marks awarded by the
original marker(s) will be the automatic rounding outlined above.
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Group Grade geNvil Marks (%) | Definition

A - Excellent kel 90 - 100 Outstanding Performance

B - Very Good [SERVES 80-89 Above average with some errors
(S:(():(_:elsgoc)iroup C - Good Ve 70-79 Sound work with notable errors

D - Satisfactory lawgin 60 - 69 Fair but with major shortcomings

E - Sufficient Jgsdn 50-59 Work meets minimum criteria
Fail Group FX - Fail (Adlaadl 08) Cly | (45-49) More work required but credit awarded
(0-49) F - Fail Cannly (0-44) Considerable amount of work required

Note: Marks Decimal places above or below 0.5 will be rounded to the higher or lower full mark (for example a mark of 54.5
will be rounded to 55, whereas a mark of 54.4 will be rounded to 54. The University has a policy NOT to condone "near-pass
fails" so the only adjustment to marks awarded by the original marker(s) will be the automatic rounding outlined above.
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