UNIVERSITY OF SARGODHA
OFFICE OF THE REGISTRAR
(ACAD BRANCH)

NOTIFICATION

On the recommendations of Academic Council made in its 24% (1/2025) meeting heid on
26.08.2025, the Syndicate in its 72™ (4/2025) meeting held on 12.09.2625 has approved the
revised curriculum of following programs for implementation w.e.f. Fall 2025.

I BS in Geoclogy (Annex-‘A’)
I1. BS in Environmental Sciences (Annex-‘B")
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BS Geology
w.e.l Fall,2025



I, Title of Degree Program: BS in Geology

2. P'rogram Learning Objectives:

he 13% Geolopy program s structured 1o help students become knowledveable about the
Earth's processcs and history,

Through this progrum. students lesrn bow W analy e and solve
problems related w the Foeih's dynsmics. They also develop skills Jike identilying dilicrent yypes ol

rachs and minerals. using gavanced {,cu[uu:ul toals and rechmelogics, and inwerpreting geologicad
mups and dats. The program aims o equip students with prctical abilities in leldwork, research,
and duta analy sis. which wan be applicd 10 real-world geologicat challenges. These secomplishments
will prepare students Lo careers in lields like as encrgy resources oaploralion, minera] resources

explovation,

Mega strociure and Dums  constructiaon,

management and secharards studies,
3. Program Struclure:
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equirements:

| Degree Completion _
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5. Compulsory Courses:
! Course Code

Course
Cudle
URCG-3112
URCG-3 114
URCG-3t 10
URCG-53118
URCG-3119
URCG-5120
URCG-3121

CURCG-53103

URCG-5126
URCG-3122
URCG-5123

URCG-512¢
URCG-5125

{ URCG-5129

URCG-3151
URCG-5130

HRCG-5132
URCG-3127

| Coursel e

[Basic Scicnce
Scienee of Sociviy-1
Funetional Eoglisiy
Expository Writing

Islumic Studics (OR)

feligivus Education/Lihics

ideulogy wd Constitation ol Pakistan
Applications of tntarmation wnd
Comunumication Teehirologivs (ICT)

Lntreprencurship
Iehim-e-Quran-Iy
lirhifes-t

Fehme-a-Quran- 11,
Lihies-1I

| Seewt ol the Holy Prophet 1SAW )

URCG-3128 | Pakistin Stulivs

G Courses Credit Howrs Tutal |

Course Title

Fubbes, Wisdom Literstore und LT

Exploring Quaniizative Skills
Tonls for Quantitative Reasoning

Civies and Community Engagemen
Understinding of Holy Quisin-1/

Uaderstunding ol ety Quren-11:

GLEOL-310)
GLOL-3102
GEOL-2103
QLO-310
GEOL-5105
GLEOL-5100
GLEOL-3107

Fundimennd o Geology
Geumorphuiugy
Mirwerelogs

Paleotne lugy
Stratizraphs

Guological Fieidwork-1
Environmental Gealog,

| e
Credit | Prerequisile |

]I(Jlll'_\!
2-0) Nil
| J2-1) Mit
2 Nil
| 33-0) Nil
|30 Nil
TS %) 0 B NTT]
Hi-0 4 Mil
W2-0) N
212-0n Nl
32-1) Nil
CxEw | il
L 2(2-0) Nil
I Nl
1K0-1) Nil
1(1-0) Nil
WERTN Nil
35

P Creuit

surluce wid subsurlface waler resources

Mininam 4-Years (8-Semeslers), Maximun 6-Years (12-Semesters)

Atleast 3% Morks in TISSC (Par [41)

I- IS¢ (Pre-Unginecring ) FSe (Pre-Medicat)

- LCS { with combination ol atleast any two subject i Matl. 1My sies.
Chemistry and Biology)

= DAL {151 & 2l Yeur) 3 scols roserved

V- Itermedinte (Part 1711) with Geolouy 3 scats reserved.

Students are requived to study 139 eredit hours and pass all courses of BS

. program for the completion of this degree as notified below sceuring a

| minimune CGPA 2,5 aut o 408 1o oblain cdegree alier ¥ semesiers,

4. Genernl Edvcation {Gen L) Requirements: (Mandalory/Core Curses):

Prervetjuisite I

|
Hutirs i
303-00) I Mil
3(3-U) i Nil |
(310 Mil |
20 Nil :
S{a-1) } Nil
22 Nil
33-0) | Nil
1A
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LYl

| 8 | GEOL-5108 | Sedineniology | 32-h Nl
9. 1 GEOL-SI09 | Petrology 30 Nil
10, @ GUOL-511u | GIS and Remote Seasing LA-n Nl
i. GLOL-ot11 ¢ Geotectonics | 32-h il
12, | GEOL-5112 § Strueturl Geology ) 13 I ~il
13, GEOL-5113 % Geological Pieldwork-lHl 2A0-2) il
B E GEOL-6111 ! Geophysics 332-1 Nil
15, GEOL-6115 ' Geochenisiry 3i2-1}) il
o L Glol-ello [ Petroleun Geology 3t2-1) Ml
17. GUOL-6117 | Lngincering Ceology ' 320 il
18. GlOL-6118 | llydiopeolopy 343-0) NIl
19, CiEOL-6119 Gueolopy ol Pakistin 3(3-0) Nl J
24. GEOL-C170 | Geologicak Fieldwork. 111 [ 21U-2) il i
21, GLOL-61Z] Sueguence Stratiyraphy | 3(2-1) il
| 22, | GEOL-6122 | Scientilic Writing and Rescarch Melhods | 313-y Nil
23, GEOL-6123 | Geolopical Fieldwork 1V ‘ 2(0-2) Ml
24 GLOL-61 21 Al und Computitional Geology | a2-1) | Nil
| ~Major Compuisury Courses Credit Housrs Toml [ 6B
6. Mundalory Llective Courses (Specinlizalivas )
Specinlization 1 : Mineralooy
5r i Course Cude Cuurse litle Credit | Prerequisile
 No. . Ilours __
1 GlEOL-6130 Analvtical Technigues in Mineriloey G-y Mil
2 Gh0O1.-6131 r\ppllui Mineralogy-Petrology 35-U) Nil
3 CLOL-6137 Chiy Mincralogy and Soil Chemisiry 13054 it
|4 L GLOL-6133 Crystal Chemistry and dineral Swructuies ERIER) Nil
5 GLEOL.-6134 Gamology 33 Nil
6 GLOL- 6135 Gueochemistey | 3(3-0) Nil
7 GEOL- 6136 lgneous Pettobopy X3-0) | Nl
8 GLEOL- 8137 Sedimentary petrolops -0 | Nl
9 GLOL-61a8 Hare earth und pkitinunt group 3i3-0) | i
10 GEOL- 61539 tdostrial Mineratogy | 3(3-0) il
11 GLEOL- 6140 Mineral prospecting, 330 il
12 GLOL- 6111 | Mineral depusits 313-0) _Nil b
LivEjer Elective Cuourses Credin TRunres Towl- | 2} |
Speciilivation I Engineering Geulogy
| Sr. | Course Code -I Coorse Title ! Credit | Prerequisite
No. | ' | Hours
! | GLOL-6115 ‘ Soil Meclanics and Foundaion Engineering JtJ U} Nil
2 GLOL-6116 Ruck Mass Classification & Geowechnicy! (3-1) Mil
: Engincering ' !
3 | GEOL- 6147 Soil Maechanics and Foundation Engincering G0y Nl r'
f:2! CGLOL-6118 | Geoteetinicul Engineering, | 3(3-0) [ Nl
|3 CGEOL- 60w Coiwrete and Asphalt Technotowy 1 HI-) | il
fo | GEOL-6150 | Dwn and Reservoir Engineering Geolowy | 350 Mil
L7 P GLEOL-6151 | Geomeclnmivs IR Y Nil
8 | GEQL-6152 Aperegote and Duilduie Muaserial in Pakistn | 33-10) Mil
9 | GLOL- 6125 Tonwiel Engmeering and Underground | ETREH til
! Lxcavation
{1] | GLOL-6151 Landslide Hazard Analysis and Midealion 313-4) MNil ’
1l : GLOL- 6155 Slope Slability Anlysis 3(3-U) Nil
12 GLEOL- 6136 Adand Daga Analviic in Geolechnical 3ts-U) Nil
LEngineering | 1 2
[‘\fl.ljurl leclive Courses Credit Hours Total® 24
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1 GEOL-6160

L GLOL-6161

CGLOL-6162

L GLOL-6163
L GEOL= 61

GEOL-6163

1 GEOL-6166

[ GLEOL-81067

| GLEOL-6168

P GLEOL- 6169
L GLEOL-6170
GlOL- 6171

Majur Elective Conrses
Specializalion LY : Geophysics
Course Code

GLOL-6173

GLOL-6176
GLOL-6177
GEOL-6178
L GLEOL-6179
GEOL-6150
GLOL-6181
GLOL- 6182

| GLOL-6183

GLOL-6141
| GEOL- 6185
GEOL-6186
GIOL-6187

ClIEM-5110
ClHEM-5102
PHYS-310]
STA-312)

GrOG-51u
GLEOG-6118
MATH-GI3Y
MATT614D
MATT-GES]
GEOG-5101
GLOG-3112

GLOL-6190

Specialization 11 Peiroleum Geulogy
Course Code

Course Tille

B3usin Aalysis

Petrvleum Lnglneering

Reservoir Geology

Pevruleunt Geeloyy ol Pakistin

Alund Muchine Learning ind Iydrocabon
LZaphoralion

Geoneelanics in Petroleum System

Livdrocarbon Geochemisiry

OtTshore il and Gas Exploation

Petrolewsn Sysiem Modeting
Uneonventional ydrocarbon Resourees
well log Interpretation and Petrophysicul
Aoanalysis

Credit Hours Tolal®

Course Title

AL & Machine Learning, i Explosation
Creopiveics

Applicution of Remote Seasing in Geophysics
Borehole Geophysics & Logging Techn s
Geoplysicul Data Processing & Interpreiation
Guophysical Inversion Techimiques

Gravity & Magnetic Exploration Metlieds

I lvdro Geophysics

Induced Seismivity & Resevvoir
Characterization -

Marte Geophysics & Oceanie xplortion
Nuear Surlace Geophy sics

Iuck Physics & Petrophysical Andlysis

| Seisinic Rellecton Technigues

[ Seismolupy & Lavthiguake Physics

Lijor Llective Cooeses Credil Lours total®

L Interdisciplinary/Allied courses: miniiom [ 2 credit hoors:
__tmerdieiplinany Alticd cowses witl be offered after il seester iaximin
GLOG-5101
LRCW-S07
URCM-5108

Fundwmentals ol Geography
| Mathematics |
| Muntheematics 1
Physical Cliemistry
lnorganic Chemisiry
Mechanics
Iraductiony o Sesisis
Climawlowy
Lnvironmental Geowrapley
Fluid Nechanics-1
Fluid dlehinics-1l
Heat Transler
Mip Work
Principles of Cartography

teservoir Charuelerizntion wnd Rock Propertics

Total Tnlerdisciplinuey Conrses Credit Hours |

Capstone project: NMisimum U3 credit howrs:
| L

Capstine Project

Creadil
Hours
33-0)
3(3-U
30
MREIN
33 W)

351y
RIRET)
35-0)
3(3-0)
3(3-u)
33-u)
JU3-)

2

Credit
Hours
(3 U

(30}
3{3-U)
33
3 a-U)

IR TN

330
S}

Jovenae
3(3-h
M3-U)
(-t
3(3-0)
33-4)
33-4)
3{3-4)
W3-0)
330

5(3-Uy |

S0
S5-1) |

| 32-1) 1
|

S01-20 1

| 3U-3}
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Nil
Nil
Nil
il
Nil

Nil
il
Nl
Nl
~Nil
il
Nl

' Prerequisite
Nit

Nil
Mit
MNit
Nil
MNil
=il
NH

Nil
Wil
| el
' Nl
| Nib
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Schesue ol Soadics
BY in Geology

Semesier-] ) i L
Category Course Course Title . Crualit i Pre-Requisite

Code | lours e

~ GE-l URCG-3118 < Functional Enelish 33-0) | Nil

G2 URCG-2 105/ 5 Islamie Studivs ¢OR) 202 ! Nil

URCG-5126 | Religious Education/Lithics
Gls-3 URCG-3123 | Applications ol Inlormation  and 3z-n Nil
; Comununication Fechnologivs (107
Gli-1 URCG-3129 | Understanding of Holy Quran- L(0-1) | Nil
[ ehin-e-Qurun-1 |

URCG-5131 | thics-| ! —
_Major-1 | GEOL-3101 | Fundamentals ol Geology 3(3-0) i______ Mil
_Major-2 | GEOQL-3102 | Geomurphology 303- Nil
Major-3 | CLEOL-21053 | Mineralogy 330y il

Semester Tomd Credit Flowrs: 18

Seniester-11

Cutesory Conise Course Tille Credit Bours | Pre-dtequisile
| Cude
Gl-3 1 URCGS3112 | Fables. Wisdom Literatuee and LPIC 202-U) Nil o
| GE-6 ! UHRCG-5116 | Science of Society-1 ' 2201 Nil
i GE-7 URCG-3120 | Exploring Quantitative Skills 3(3-00 Nil
GE-8 URCG-3130 | Understanding ol | loly Quran-l 10-1) Ml

Febime-e-Quran-J1
URCG-3132 | Ethies-11

GL-15 | URCG-3128 | Pukistan Studics "oy J N
Masfor-| GLEOL-3104 ] Paleomalogy 320 Mil
Muajor-3 | GEOL-3105 | Sratigraphy 3¢3-0) Mil
Major-6 | GEOL-3106 | Geolugical Vieldwork-) u-2) NIl

Semester Tolal Credit Hours: 18

Semester-111

Culegory Course [ Course Title Credit Hours | Prc—l{uquisi'w
L Code | | o
GE-Y URCG-5i27 | Seer ol the Holy Prophet (SAW) | 1H-m T il
GE-10 | URCG-3119 1 Expository Writing ! 3(5-0) | Nil
Gl-tt | URCG-5121 [ Touls tor Quantittive Reasoning 33-0) ] Wil
Gb-12 T URCCSI22 | Ideology and Constitulionof Pakistan 2i2. : Mil
_ Major-7 | GLEOL =3107 | Envirenmental Geology 3(3-1) ; Mil
_Major-¥ | GEOL-3108 | Sedimentology 3240 Nil
Major-0 | GLOL-3109 | Perrologs 3-y | Nil

|
Scwester Tolad Credit Hours: 15

Semester-1V

! Catepory | Course Course Tille Credit l’rl.--l-!cq_um.
Cuode tHours
GLE-13 0 P URCG-3 1 | Basic Seence 32-1) | NIl
GL-11 [ URCG-3124 | Eneprencurship 220 : Nil
GL-13 URCG-3125 | Civies und Cormemity Engagement 2(2-0) Nil _
NMujor-10 | GEOL-5110 | GIS and Remowe Seasing W2-h : Nil :
[Major 1L T GEOL-31HE | Geoleclonies 3(2-1) Nil
Major-12 1 GEOL-3112 | Structunl Geology 3(2-1) l il
Major-13 1 GEOL-3113 | Gewlogical Fieldwork-1 0-3 il
Semester Total Credii [lours: 18
—
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sSemesier-Y

Culegury | Cowrse Code | Course Tille Credit Pre-Requisite
[ __| S _ ' Cilours
Major-14 | GEOL 6114 | Geophysics C32-1 Nii
Major-i3 GEOL-6YE5 | Geochemistiy 363-U) Nil
Major-16 GEOL 6116 | Petroieum Geolopy 321 il
Major-17  J GLOL-GHT Logincering, Geeloyy W21 Mil
131 b | “lmwerdisciplinary Allied course-1 | 303+ Ml
1t2-2 | ====- Prhmerdiseiplinary/ Allied course-| §3I3-1) Wil
Semester Total Credit Hours: (8
Jsemester-¥I1 e
Category | Course [ Course Title I Credil Pre-Reyoisite
L | Cuile . ¢ Heurs =
Najor- 18 GEQL-0118 | Hvdrogeolopy | 3(3-0) NIl
| Major-19 0 GLOL-6119 Guology ol Pukistan [ 3(3-0) Wil
Major-20 - GEOL-6120 | Geologica! ickl Wok-111 | 206-2) Nil
Major-21 " GLoAa,-61 NN | Blective 1% 303-G) Nk
-3 - Fneddisciplinary Allied course-110 | 5(3-0) Nil
| [{ - *lnterdisciplinaey Aflied course-1Y | 33 Ml
Semwester Lotal Credil Hours: 17
Semester-VIE o
Cutegory Course ' Cuurse Title FCredit ' re-Requisite
1 Code 0 S Leuars _—
| whijor-22 GEOL-6I21 | Sequence Stratigraphy ! 32-1 1l
lajor-23 GEOL 6177 | .\-cwnn'hlc Writing and  Resewich 3 (3-0)
. - Mvthods '
Magor-21 L GLot-6123  Geological FField Work-1V P2 0-2) il
| Mujor- 23§ GLOL-6IXX | Clective I 3030 Nil
Major-26 | GEOL-61XX | Elective 111 RREEY) Nil
Major-27 | GLEOL-61XX | Elective 1V [ 3i3-0) } N
Semester Toun! Cradit Hours; 17
_Semester-VAIL_ — — _ S
Catepory "Course Course Title Credil Pre-Reqguisite
Cuode Ll urs
Nlujor-28 GEOL-6124 1 Al and Computational Geolopy 31-2) Nl
Major-14 CEOL-6IXX | Elective ¥ 1 3-0 Nil
Mlzjor-30 GLOUL-GIANX | Elective VI N 13130y Nt
Mgjor-31 | GEOL-6INX | Elective Vi1 | 5i0-3) il
| Compulsory | GLEOL-6190 | Capsione Project " 3(U-3) Nl

Semester Total Credit Houes: 13

Degree Prugram Total:

139

Note: In secordanes with Revised Cunicula for Geology Depree Provrams notilied vide letler o,
HEC/CH/NCRC/GEOLOGY2025/7167 dated April 10U, 2023, 3 credit hours supervisad nteroship
is reguired or can be wepluced by two Geolopieal Field Works (aitimom 2 eredits cach) uider the .
supervision ol Tacaly,

*To be oltered from Interdisciplinery/ Allied courses
** To be oltered [roin respective speciatizations courses sroup list depending upon aviilible resources

al department

N'l-F —_— -
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[urcesus | Functional English [ 33-0) |

The course aims at providing understanding of & writer's goal of writing (i.e. clear, organized and
effective content and to use that understanding and awareness for academic rending and writing. The
objectives of the course are to make the students scquire and master the grammatical academic
writing skills. The course would enable the students to develop argumentative writing techniques,
The students would be able to logically add specific details on the topics such as facts, examples and
statistical or numerical valucs. The course will also provide insight to convey the knowledge and
ideas in an objective and persuasive manner. Furthermore, the course will alse enhance the students*
understanding of ethical considerations in writing academic assignments and topics including
citation, plagiarism, formatting and referencing the sources as well as the technical aspects involved
in referencing.

Contenty

R R

Developing Analytical Skills

Transitional devices (word, phrase and expressions)

Development of ideas in writing ;

Reading Comprehension ;.

Precis Writiog

Developing argument

Sentence structure: Accuracy, varistion, sppropristeness, and concisensss
Appropriate use of active and passive voice

COrganization and Structure of 3 Paragraph

10. Organizotion and structure of Essay
L. Types of Essays

Re

de

Bailey, S. (2011). Academic writing: A handbook for intemational students (3rd ed.). New York:
Routledge.

Eastwood, J. (2011). A Basic English grammar. Oxford: Oxford University Press. f
Swales, r{[ M., & Feak, C. B. (2012). Academic writing for graduate students: Essential tasks and
skdifs (3" ed.). Amn Arbor: The University of Michigan Press.

Swan, M., {2018). Practical English usage (8™ ed.). Oxford: Oxford University Press.

Suggested Readings:

o

Ly

Biber, D., Johaosson, §., Leech, G., Conrad, S., Finegan, E., & Quirk, R. {1995). Longman
grammar of spoken and wrirten English, Harlow Essex; MIT Press.

Cresswell, G. (2004). Writing for academic success. London: SAGE, =
Johnsen-Sheehan, R, (2019). Friting today. Don Mills: Pearson.

Silviz, P. L. (2019). fiow 1o write a lot: A practical guide to productive academic writing.
Washingion: Ametican Psychological Association

Thomson, A. J., & Martinet, A. V. (1986). 4 Practical English Grommar. Dxford: Oxford
University Preds
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| URCG-5105 | Isiamic Studies (Compulsory) | 2(z-0)

Eneratfacrnry-cemipinlvery fasmikfon coirse
Islemic Studies engages m the siudy of Islom as a wexwol tradition inseribed in the fandumentol

sunrves il Islum: Quraan and Hadith. history-mnd particulor cultural contexts. The anzs seeks 1o
provide an introduction 10 and a specialization in islum through a large vasiely ol expressiong
iliterury. poctic, social, and political) and through a variety of methuds (Blerry crilicism,
hermeneuiics, history, sociology, snd anthropelogy). It ollfers vppartunities Lo gel Sully
itroductory fuundational basis of Islam in felds that include Queaamc siudies, Fludith and
Se¢ewan ol Prophet Mubammad (PBUH), Islunic philosophy. and Islamie law. culiure and
theolugy through the texrual study of Quraan and Sunngh, -
*  luimake studenis undersmnd the relevance and pragmatic significance of sl in theirlives.

I make leamers comprehend the true spiril of Iskan with reference Lo imodemworld.
To generate a sense of [slamic principles as a code of living that guarmprce the effective solutions 1w

the current chalienges ofbeing.
To provide Basic mformalion aboul lslamicSiudles

[ ]
* o vnlianee understanding of the students regarding lslamicCivilization
¢ I'o nnprose Studeins skill 1o perfonm priyers and cihorworshipa ! )
= Toeolance the skl of the students for undersianding the issues related o faith and religious life.
Contents
1.Intreduction to Qur'aanic Swdies Al Aiad
SYEREE NIE 8] %

1) Basic Concepls of €Jur’aan
2) History of the eompilation of Qusaa Aoiicatfhe

31 Uleant-ul-Qur'aai ._-,'f;"‘lrﬂ-'

AT i 181 c T e D150 286-284.5- Lo @iisr L7 s Ve TP ad ol S A0l

o

i 1532151 =t f et 159 -56.40,33 -32.21.6 2T 7 rcl 1-1 T e 17763 -
53.:4T-4Jl(’-201:;7ur'v! [4-1224 01192 - 19021 7gs U 20 -1 B2a T 2014 -1 2T

Z, Introduetion to [ ladith RPN )

1) Legal Status of Hadith PN . ”
2) History of the campilation of Hudiih Lowplr G

3) Classifiations of Hadith pud L.

y
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3. Sirah of the Prophet (PBU) Hpdie
I. Significance of Seerah Sudies e P L S
2. Propheti¢ principles of Character builling Gk-"'dx'l'-'/.‘l’.‘!a;z',g

Ve oo st corimzg e B Sidd Juieg BUS TR S N v P S

S e LHERS S0k
4, fslamic Culture & Civilization g it
13 Basic Concepts of 1skamic Civilizatian Pl ST
7y tlistorical evaluation of [slamic Civilization AL i e "
1) Salicit feature of [slamic Civilization t.-.-l..-r-""ul;l}gf;.,f_j,"duﬂ
4y Islamic Civilization and Contemporary lssues UL 2 b i) f e I (S

yt B pAS ST b F R }";:CrJLJH:.u.;.iia..—-i?idi'ulﬂ,ily-u""ﬁ._.ajjum P Lonid S
e :rt.,l;_fu’u;WLCr,bG;u-,nﬁl._:-?.a."'.{;

Pre-Reguisie: Ml

Recmnmended Bovks
1) Hameed ullahMuhamnad, —Emergence uflslam IR Islamabad ;.
7y Flomeed uliah Mubammed, —Musliin Conducr ofStote /

33 Haneed ulluh Mubammad, _Introduetien talslon
4) Ahwad Vason, —Principles of Islamic Jurisprudence, lslamic Rescerch tnstilute, tmemational Islam

University, tslomabad (1993) )
§) Dr.Muhammad Yia-ui-Hagq,—Introduction to Al Sharia Al Jslaumia, Allama Igbel Open Liniversity.

Istarmubad{2001)
qy  Dr. Muhamnad Shahbaz Man), Tekeeemal-e- lslain

/




[urcesizs | Religlous Education/ ETHICS [22.9) |

Course Contents:

1. Meaning and Scope of Ethics.
2. Reletion of Ethics with:
(2) Roligion
(b) Science
(c) Law
3. Historical Development of
Morality: (a). [nstinctive
Moral Life.
(b). Customary Morlity,
(c). Reflective hMorality.

4. Moral Theories:
{a). Hedonism (Mill)
(b). Inniitionism
{Butler)

(c). Kant's Moral Theory.

5. Moral Ethics and Sociery.
{a). Freedom and
Respoosibility. [b). Tolerance

(e}, Justica
{d). Punishment (Theories of Punishment)

6. Moral Teachingd of Major
Religions: a). Judaism
b), Christinnity

c). Islam

7. Professional Ethics:
a). Medical Ethics
b). Ethics of
Students

¢). Ethics of Teachers
d}. Business Ethics

Recommended Texia:
1.William Lille. An Introduction to Ethics., London Methiten & Co. latest cdition.
2. Titus, H.H, Ethics for Today, New York: American Book, latest edition.
3. Hill, Theimag, Ethies in Theory 2nd Practice. N.Y, Thomas Y, Crowel, latest edition
4. Ameer Ali, 8. The Ethics of Tslam. Culcutta; Neor Library Publishers, latest edition

5 Donatdene, D M. Smdisg in Myslin FEibie: * podis Tt adition & T2 TR A T

Ta'aruf-e-Akhlagiat. Karachi: BCC&T, Karachi University of
M ‘F /J (_
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| URCG-5123 | Applications of Information & Communication Technologles ACT) | 3 (2-1) |

Tha course introduces students to information and communication technologies and their application in
the workplace. Objectives include basic understanding of computer software, hardware, and associated
technologies. How computers can be used in the workplace, how commmmications systems can help
boost productivity, and how the Internet technologies can influence the workplace. Students will get
basic understanding of computer software, hardwars, and associated technologies. They will also learn
how computers are used i the workplacs, how communications systems can help to boost productivity,
and how the Intemet technologiea can influence the workpiace.

Cootents

Inivoduction, Overview of Informaticn Technology.
Hardware: Comaputer Systerns & Components, Storage Devices.
Software: Operating Systems, Programming asd Application Software,
Databases and Information Systems Networks,
File Processing Versus Database Management Systems.
Data Commmmication and Networks,
Physical Transimission Media & Wireless Transmission Media,
Applications of smart phone and usage.
The Internet, Browsers and Search Engines,
10. Websites and their types.
1. Email Cotleborative Computing and Sacial Networking.
12, E-Commerce.
13. IT Security and other issues.
14. Cyber Laws and Ethics of using Social media.
15. Use of Microsoft Office tools (Word, Power Point, Excel) or other similar tools depending on the
OpeTating system.
16. Other IT tools/software specific to field of study of the students if any,

DEARA LD M=

Recommended Texts::

1. Discovering Computers 2022: Digital Technology, Date and Devices by Misty E. Vermaat,
Susan L. scbok; 171 edition.

Suggested Readings:
l. Computing Essentials 2021 by Timothy J. O"Lzary and Linda I. O'Leary, McGraw Hill Higher
Education; 26! edition, /
2, Computers: Understanding Technolegy by Fuller, Floyd; Larson, Brian: edition 2018,

e ab
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[ORCG-5129 | Understending of Hely Quran-I [ 1(1-0)

]

Couy

Course Book: Meallim ul Quron (Vohs

ge Pile; Understanding of Quran — |

t?"{/a) » IJ)J;J."')L-‘('_',;{)(I ’

vodel Course Qutline
for the Course Understanding of Quran - |

me 1,2 & 3) by Or Ubiakd ur HKuhmon

Cradit Hours: 1 (0-1]
contact Hours: 3 per waek
Waeks: 15-16 {45-18 hours}

Course Learning Outcomes:

oy the end of this cott

L

B

rse, students will be abfe to:
Davelop the abillty to understand Liasic words of {
Jo not contaln verbs unit 1 tn 5 of Muollim ui Qu
prasent tense (first half of unit & of Mualllm ul QGuran Oook).

Acquire  strong feundation for understanding long verses of the Quran with clarity.
Comprehend Curanic vocabulary, particlas [operative & non operdlive porticlas)
rormpounds [adjective & passessive compound), pronaui’ [sinqular B plural) and types
of plural through hundreds of Quranic sentences.

d understand different styles of Ouranic sentences,
double emghalic septence, negalive sentcnce,

he Quran, phrases and sentences that
ran Book) and then sentences having

Rocognize an jnciuding nomuinal

sentence, emphatlc  $entence,
interrogative sentence, o3th =based senlences.

Strengthen undarstanding of fundamental Quranic lingulstic styles, oaprassions 3nd

idioms.,

undevrstand &t least 300 4 % of aach paga of the holy Quran.

Provision of materlal, content and books: J

paper book: All vaolumes are avallatte in printad baok farm,
Tutorlal videos: Teaching video of ach lesson available on You Tube.
Conflrmation Vidaos: A compicte serles of confirmartion videes of all lessans is available

in which the student can confirm his answers,

A fitpboaht A flipbook aditlon i5 alsa accessible,

Helping materlal: Helping matertal far the teochers like quizzes, guestion papers and

images  uvallableon wehsile,

I‘.".



Course Qutlina:

G4
e

-~

Weeks | Lectured | Unlts Lessons Azsignments/Home Unpgulstic Rules
1.5 hrs) Task
1. 1. L 13 Writing the meaning of | Praper Noun Mascuilne &
Quranic words Femiming /
Lesson 1-8
2. i 314 Writing 1hie meaning of | Twea kings of plural
Quranic wards Concept of (1) “And”
9-14 Common Moun
1. f. L 15-17 | Witing the meaning of Demonstrative Noun [This &
Quranic words, phrases | That for Masculine (n3a o13a)
& transiatlon of D=monstrotivé Moun [This &
Sentences That for Feminine)
15-17 (5 L)
? 1 1819 | Wriling the meaning of | Lsam far emphasis (4510 )
[ Quranikc words, Superlative Degree like Sl
Revislon | phrases & tronsiatlon | Revision of oil Quranic
jUnit 1) of Sentences Sentences
17-19
Quiz
3. 1. Unik2 1-3 Writing 1the meaning of | Emphatic Particte &t
Quranic werds, phrases | Preposition *For~ | =)
B translation ef Prepasition {3}
Sentences
1-3
. 2 3-6 Writing the meaning of
Curanic words, phrases | Prepositian [ 3 -0 ==
& lranslation of i
Sentences
4-6
+, 1. 2 7-9 Writing the meaning of | Preposition [+}
Quranic words & Absolute Negation Particle
translation of Exceptive Particle { Y
Sentences il 4gud L) (Y0
[ -9
? i 18-13 Writlng the meaning of | Subordinating
&% Quranle words, phrases | Conjunalonisl), Was {us),
evision & translation of vocative Partile(sid < o)
{Unit ) Senlences
19-13
Quie P
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P
r

i
5 i Unt 3 17 Wrilog Ine meaning of | Guran e Adp-rirve
’ [laraiic pAvaces Campaowias
1-2 {rpmyey ]
1. 1 35 Wilting Lhe meamng ol Quranic Ifusse-.:uve
Quianic phrases & Constructhiun
cranslation of {4 sn y e ]
cenlences
35
G, ] 3 5.7 | wniing tle meaning o! | Qurame Possesswe
Quranle phrase Comstruchion
transkation ef [ s ) o]
sentences
5-7
2. 3 B10 | Writing the meaning of | Active Participle [U="a8 ~},
(A Quranie phrase & passive Participle [Jsdad ),
Revislan wranslation of pual [
[Unit 3) sgntences
4-10
Qulz
1. N Unic 4 1-1 Yiriting the meaning of Personal Pronpun Hel
Qurarie phiasa & Jrania)
transhation ol Possessive Pronoun His =
sentences lalalt}
1-2
3 4 34 Writing the meaning of | Possessive Fronaun with
Quranl¢ phrase & prepositions
translatlan of like et
sentences Fronoun "His" with
3-A prepasitions hikg «s o 14
4 4 5.8 | Writing the meaning of | Personal Proneun Youl =~
Qurankc sentences et}
5-3 Potsossive Pronoun Your <
S |
Passessive Prangun with
prepositicns
b bk vl
: Pronoun “your” eln
[ prepusitions ke < = ol
z __"_jlltl Tarm - R



7

4] :'

personzl Pronoun She| A l

Cwranle phrases,
saptences & verses
9-11

3. 1. 4 9-11 Writing the meaning of
Quranic phrases & | esiiaf)
sgntences Passessiva Pronoun Her
9-12 il
Possessive Pronoun with
prapositions
like oy oA
pranoun “Her” with
prepasitions lke L
2. L} 13-16 | Writing the meaning of parsonal Pranoun i { ]
Qurinic phrases & Usdiall)
senl&nces Possessive Pronoun Her o
13-16 el
Possessive Pronoun with
prepositions
like Low LPTOMOUN “My”
with prepositions like r
10, 1 4 17 Reviston of all Quranit | Advarh {(ka}
E sentencas of Unit 4
Agwision AQuiz
Unit 4
1. Unit § 1-2 Writing the meaning of § Masculing Plural
GQuranie phrases & Sl a g phedl 0 g
sentences el i g gt B
1-2
11 1. 5 34 Writing the meaning of | Possessive Construction with
Quranic phrases & Plurals
seniences Bl Gyl el S3all pan
3-4
> 5 56 Writing the meaning of | Personal Pronoun They{ ¢
Quranie phrases, Uadiall}
sentonces B verses Postessive Pronoun Their -+
5-5 Lsiall)
1. 1. 5 7-8 Writing the meaning of | Possessive Pronaun with
Quranic phrases, prepositians
sentences & verses likg i GiPronoun Thek”
7-B with prapositions ke
2, 5 311 | Writing the meaning of | Personal Pranoun You | =

| il
Posjessive Fronoun Your &
il

Fossasslve Pronoun with
jrepositions ]




B

d5o
i /’?

. like (S o
3. 1. 12.18 | Yritng the meaning af | Pranoun “Your™ with
Nuranic phrases & prepositions likae o5
santonces & verses Parsonal Pronoun Wa {02
12-14 hemii)
Possessive Proneun Our u
aially
2. 15-16 Writing the meanlng Fossesuve Pronoun with
of Quranic seniencas & prepasitions
verses like or A
1516 Pranoun "Our® with
preposittons like W
4. i 17-18 wWriting the meaning of | Demonstrative Pronoun
Quranic sentences & | These, Those [ rad gl ~eY g}
Verses
17-18 .
2 1523 | Writng themeaninged | [+ 4 o Al b
Quranic sentences & | oS s okl
YessEs 1[_,’...'- q-'.\'uh.g |.a.ﬂ“ ‘I.?‘ﬁ M "
19-13 I TR T e
|J.,....-.-u_|fl;| ALl u:ll_,:‘
[ e R e
L5, 1. Revision Quiz
umit 5
7. 134t | Writing the meaning of | intraduction of Present
Page 16} Quranic Verbs Tensefp sisa dab) &
&Transkation of Verbal Sentence [ Ll Xhs)
Quranic Sentences & | Present Tense
veres plag 3aall Lopem p _hiaalt uit
1-3}
6. 1. 3 [Ffrom | Transiation of Quronic | Fresent Tensg
Page 17) Sentences & Verses plag 3 el A At Uik
& 4-5 3-5 =l
Z G Translation of Quranic | Present Tense
Sentencas B Verses | &bl Sipea p fuiedl Jod
grpalu

"’F‘_.F




[UREC-3131 | Ethica-1 T1(1-0) ]
Elhicsl URCo-5111 L{o-1)
1-Conrre Deseripean

Ethicy-| course by deaigned 1o provide smadeay with § comprehensive wadsostandiag of shical principles,

thitking siltx o mrvigris morl dijeevees, This course will afsg crssbla (e studenis 1o Lotces wak other religtous
e neities with homan stio, inchusive and holisthy pproech
1= Lednlag Objectives

“Thds cours

g to;

}. lntroduce smdrmis fa Lhe fundsmental concrpts, scope, &nd imporamcs of eshics.

2 Explors the relotionskip betwees ive, mulify, and socil valucs. iy

1 wp:mmumﬂwwdmwmmm
wolleciive life.

3, Shudy the role of csajor rellioes pres Intho worad development ot b fety eod eabis
Lo appty vl priedpics R perecoi developeme, coallet epo xios, £ social ELIERT:
3= Learnlog Dolcomn
By the end o f the cocte, studemy will be sbls b
L

L
.-—...,1\ 1:
5

5 tachents s#ill e able Lo idesitfy and aaslyre rajor cihical theores, values, aod thels <cop in social and
individunl fif

D Mizcend i btween baw sed ithics, o zealy2s ther inferredathonstip.

[eniidy types of virkuomt ad bumen) nhics and assen el sociad ispacts. .

Earmiing U elen] tacirngs of majar relbglons ted Chelr relevaacs i onLemposasy J05eRY:

gy etbical princlpics ko eddrchd modem challzngss la personal end prafeasioos) [1Fe.

J-Conrss Stroomre

1. Ia

tye |

Croup discussiond sod Sebatzs

1. Reflextiod papess ol prosenatoss
3. Aadpnments sod Gz,

Courta Contenh

Uit 1z Tnisedpctien 28d Foadamealasls o ELSWS
1. Literal end wermipg logicil definition of edizs
1. Litcral aod icomiog bogles defimition of viliis
1. Relntionship bevwemn lavw ood cihdca

4 Need, svpstines, and srops

ol riles

it 25 Typen of Exkics ane Thekr lupaes m= Ssckeiy
2 Wirtsouy ethicr coneepr, ypes, b, £xt futzociey
. lmmarn} ethics concest, fyped, md hems
Rl of cibicy in social 8 forment ond cxtubilshmimi of peers
%5 11 3: Virtooas Bibles (Akhlagetxtanak)

+  Cencepg, noal, aod

af virtoous cthics

Lovpogtanc '
+  Seopa el vEmrus ctfrlcs o the light of seligovs
+ Majorviiues i myeled and non-revesded relfgions

of vinrous cihics on fodividosd and collecdv (i

Uai 41 Fmmarsl Bthicd (Akbilag-e-Haaiixh)
1 Coacept of immord chie
+ Zocid problems espded by immoral edilcy
. Procicyl conseqacaces of (mmose] edicy
v .\.hjnrﬁnﬂ.nmﬂkdm:nﬂwﬂldrdtuiuu
Unie 5¢ Rola of Werkd [elizious Figarss id Meral Developreeat
« Prophel Mes (ATY: nirodusdon, mireles, and role i moral refincmens
+  Prophet fenn (AS): Iatroduciben, mircles, and role 1n moral pelincmenl
« Prophal Mubsmmad {#); (ntreducilon, mimeles, eod mlg o masl efiement

Texihnak

I Jeuts, T, (2002), Erhico-fefighuay Conrerts in dhe (urion. MitG IH-Quzen's Uaiversiy Press
Suygeried Resdlags

i. Trert, 8, [1005), dlovalily: s Notore wad Jusiliieorion, Oxfand University Fress.

sk
]

3

A

- Natlaiyre, A (200T). Aflem Wirrue: A Srusy in Moral Theury. Univenslty of Noire Cume Preis.

S [P | TR ] T NSRS O e - P G o

g, 3. 1L (1004). The Hran of biame Ewturiag Fodues for Husianiny. Haper Qe
Besuctumg, T, L., & Chllfcm, J. B 2019 Fetnclples of Blomadical Ethitcs. Oxford iniversley Preat.
Vasn, 7 (2000}, Eihics tn filame Kep Conorpta mmd Cundemypeanry Choflangss, [sipm=s gsear Tnsdiia

Sipe e




[ GEOL-5101 | Fundamentals of Geology | 3(3-0) |

Course Brief:

This course is designed to acquire the knowledge sbout the basic concepts of geology. This will
help the students to get knowledge sbout various types of rocks, minerals and the processes of
their formation. Geology ia the corc discipline of the earth sciences and encompasses many different
phenomena, including plate tectonics and mountain building, volcances and earthquakes, and the
long-term evolution of Earth's atmosphere, surface and life.

Course Learning Objectives:

The goal of the Geology undergraduate progmm is to equip students with the fundamental
Imowledge of the diverse fields of Geology (encompassing Geomorphology & Surface Processes,
Hydralogy & Low-Temperature Geochemistry, Sedimentology & Paleoecology, and Tectonics and
Solid-Earth Processes). In additton, it is critical that students learn te think likc s scieotist and to
apply the scientific method in their coursework and in their lives. It belps o knew the geologic
time scale and place important geologic events in 8 temporal framework

Course Contents:

Intreduction and scope of geology; importasnce and relationship with other sciences;
History and philosophy of geology; Earth as a member of the solar system;
Earth’s origin, age, composition and internal struchire;
Introduction to plate tectonics, [sostasy; mountain building processes;
Earthquakes and volcanoes; weathering and erosion;
Introduction, identification and classification of rocks and minerals;
Sedimentary, igneous and metamorphic structures;
[ntroduction to fossils in sedimentary rocks;
Introduction to folds, fauits, joints, cleavage, [oliation, lineation and unconformities;
. Geologicat Time Scale; Law of Superposition, present is key to the past and Law of Faunal
Succession;
. Concepl and techniques of geological dating, relative and absolute dating; evolution of life on
earth;
12. Use of Bruaton Compass and GPS, elc.

.

N Y A E

=3

—
—

Recommended Texts:

l. Pluomner, C. €, Carlsen, D. H., &Hammersley, L. (2016). Physical geology. New York:
McGraw- Hill.

2. Plummer, C. C,, McGeary, D., & Carlson, D. H, (2000, Physical Geology: Earih Revealed, New
York: MeGraw-Hili.

Suggested Readings:

1. McGeary, D, Caslson, D. H., & Plumimer, C. C. (2011). Plysical geology. New York: McGraw-
Hill.

Smith, G., & Pun, A, (2013). How Does Earth Work? Physical Geology and the Process of
Science: Pearson New International Edition. London: Pearson Higher Education.
3. McClay, K. R, (1999). The mapping of gealogical sirucrures, Hoboken: John Wiley & Sons.

ot //_M,
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[ GEOL-3102 | Geomorpholegy [3(3-0) ]

Course Brief;

This course i1 designed to acquire the knowledge about the formation of various landforms on the
surface of the carth. This will help the students to undersiand the processes by which the various
types of structures doveloped on the earth surface due o erosional and depositional processes. In
addilion, it is critical that students leam to think like a scientist and to apply the scientific method in
their coursework and in their lives, [t helps to know the geologic time scale and place imponant
geologic events in a temparal framework. Identify and interpret common fossils, common rock-
forming minerals and rock-forming processes, Interpret environments of deposition of sedimentary
rocks, [dentify common rocks and fnterpret them with respect to tectonics.

Course Contents:

el A el ol

Geomorphological processes

Weathering and erosion

Glaciers and their erosional and depositional landforims

Geological work of wind and associated features

Erosionsl and depositional work of surface and subsurface water

Valley and base-level development end its types

Drainage pattern, stream and erring and development of flcod plains

The erosional nod depositional work of sea

Development of coastal landform: Geomorphic cycles and associated landforms produced by
tecionics and voleanic activity

10. Introduction to tectonic geomorphology
1. [ntreduction to topographic maps
12, Acrial photographs and satellite imageries

Lab, Work

L.
2.

[dentification of geomorphic features by using topographic maps,
Relief maps and inierpretation of 3D relicf diegrams on computes.

Recommended Texty;

1.
2.

Summerfield, M. A (2014). Global geomorpholagy. Vale of White Horse: Routledge.

Bierman, P. R., Monigomery, D. R., & Massey, C. A. (2013). Key Concepis in Geomorphology-
NSF supports commuaity-based creation of a pew style of textbook In AGU Fail Mesting
Abstracts.

Suggested Readings;

1.

Adrian, A, (2012). Imroducing geomorphology: a guide to landforms and processes. London:
Routledge.

2. Gregory, K. I., & Lewin, I. (2014). The basics of geomorphology: key concepry. London:

:.

Routledge.

Mpzee A {2052 Tesnop’ ok 5. Leadon; Reatledze
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GEOL -5103 Mineralogy 3(3-0)

Course Briel:

This course is a graduats l=ve| course of Minerelogy. As mineralogy is the sub disciplins of geology
which deals with the study of minerals. So the course is designed to acquire the knowledge about the
physical and optical properties of various rock forming minerals and related phase diagrama, This will
help the students in leamning bow vanous silicate and non-silicats minernls can be identified and how
these are formed during different P-T conditions.

Course Learning QObjectives:

This course will equip students with the important traditionel contert of mineralogy including
crystallography, chemical bonding, controls on mineral structure, mineral stability, and crystal growth to
provide a foundation that enables students to understand the nature and ocowrrence of minerals, Physical,
optical, and X.ray powder diffraction techniques of mineral study will alse be described in detail,

Conrze Contents:

Introduction to mineralogy and crystallography

Classification of minerals

physical and optical propertics of the common silicate dnd non-silicate mineral group
study of internal structiire of minerals

Isomorphism, polymorphism and pseudomorphism

crystal systems

Elements of symmetry

Crystal notation

Snudy of normal classes of cryswilographic systems,

. erystal chemistry paragenesis

. introduction to X-Ray difffactometry and universal stage and their applicabion
. Phase equilibrium studies

. one component, binary and termary system

Lab. Work

Megascopic and microscopic identification of common rock forming minerals

Costruction and interpretation of phase diagrams from piven experimental data

Lab work related to XRD and Universal stage.

Recommended Texts:

Blackburn, W. H., & Dennen, W. H. (1994). Principles of mineralogy. New York: McGraw-Hill.
Dang, J. D. (2004). Manuel of Mineralogy. Hoboken: John Wiley.

Suggested Rendings:

Nesse, W. D. (20168). Introduction o mineralegy, Oaford; Oxford University Press,

Nesse, W. D. (1991). Introduchion to optical mineralogy. Oxford: Oxford University Press.
Pichler, H., & Schmitt-Riegraf, C. (2012). Rock-forming minerals in thin section. Berlin: Springer
Science & Business hedia.




L uRCG-5112 Fables, Wisdom Literiture and EPIC | 2(2:]-;1/

The course will enabic studens 1w explore human exspericnices, cultivate an spprecialion ol the past,
enrich their capacity to pacticipale - the lile of their thmes, and cnable an eogagement with other
cultures and civilizations. both ancicm and modern. Buy independemby of any specilic application, the
study ol these subjects teaches understunding and delisht in e highest achievements ol huwimanity. The
three components ol the course. including tubles, wisdom literature and epic. will enable the learners 1o \//
explore and underskind the classic tradivion in litersture, Development ol persomal virtue, o deep Suli
elhic and un unwavering concern [or the permanent over the eeting and the ephenerat are some ol the
key themes explored in the contents it will develop an inthoale comection between et and life.

Course Conleits:

[ lubles

The Fables of UBidpai

The Lion and the Bull

The Risg-dove

The Owls and the Crosws -

Selected poum Trom Bung-i-Dara \/
Gulistan-e- Sa™di

Ten hikuyal froan Joho I, Plavs, Uhe Golisan -

12

3. bpic THE SHATENANMA OF FIRDAUSI

Recummendyer] Texis:

1. John I. P UI876). The Grdistenr: or, Rove Gurden of Shaiklr Mustilie ol By Sa ol of

Shrruz. /
Londen: Wan. 11 Allen,

Chislii, ¥.5. (199 1), Sircrerft-i beerg-fodurer, Lahawr: Makiaba q @ one-1 insaniyat -

1

Supeesied Readings:
[ Thackston. W. (2000). A Milleonium ol Classival Persion Foetry. daryland: Toes
Publishers,

2. Wood R (2013). Kalika and imna: Fables of Conllict and Intrigee. United Kingdom:
Meding
Publishing. Limiwed,
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URCG-5116 | Science of Society-1 | 12.0) |

Course Description:

This course will introduce students with the subject matter of social science, its scope, nature and
ways of leoking at social phenomenon. It will make the participants acquaintance with the
foundations of modern society, state, law, knowledge and sclfhood. While retaining a focus on
Pakistani siate ond sociaty, students will encounter theoretical concepts and methods from
numerous soctal science disciplines, including sociology, politics, economics anthropology and
psychology and make them leam to think theoretically by drawing on examples and case studies
from our own social context. Students will be introduced to the works of prominent social theorists
from both western and non-western contexts, Instruction will include the use of written texts, audio-
visusl atds and ficld visits,

The course has following outcomes:

It will

Infroduce student with the nature of human soctal behavior and foundations of human group
life

Analyzs the reciprocal relationship between individusls and socicty.

Make student aware with the natire of sociclies existing in modemn world

Make students familiar with the philosophy of knowledge of soctal sciences [ntroduce
students with the works of prominent theories explain human group behavior

Help students to understand the foundations of society including culture, socialization,
politics end economy

Introduce students with various dimensions of secial inequalities with reference to gender, ¥
race, ethnicity and religion

Make them awere about the understanding of various themes periains to social science in
local contaxt
Help them recognize the difference between ubjcch'vc identification of cmpirical facts, and
subjective formulation of opinionated arguments

Course Duitlines;

ll

ITntraduction to Soclal Sciences

Social world, Human Social behavior, Foundations of socicly

Evolution of Social sciences

Philosaphy of Science

Scope and oature of social sciences

Modernity and social sciences

Branches of social science: Socialogy, Anthropology, Political Science, Economics

Society and Commuonity, Historlcal evoloiion of Soclety

Types of Societies
Foraging society, Horticulmral society, Pastoralist society
Agrarian societies, Indusirial society, Postindustrial society ’

2. Philusophy of Knowledge in social Science and soclal inquiry

Understanding social phenomenon
Alternative ways of knowing

Science asa source 1o explore social reality
OLJ-LH T}, Vialaeeliee olettin
Positivism vs nterpretivism

Idea of Cullure, Assumptions of Culture

Qualitative vs Quantilative //M
3. Culture and Soclety —
| | -F




Types, Components, Civilization and culture
Individual and culture. Cultural Ethnocentrism, Cultural Relativism
Cutlook of Pakistani culturs
Global Flows of culture, Homogeneity, Heterogeneity
4 Soclal Stratification and Social inequality
Dimensions of inequality, Social class
Gender, Race, Religion, Ethnicity, Caste
Pasterns of social siratification in Pakistan
Class, caste system in agrarian society
Ascription v8 Achievement, Meritocracy
Global stratification in modern world, Global patterns of inequality
5. Pmnlul:lty, Self and Socialization
Concept of self, Personality
Nature vs Nurture, Biological vs Social
Development of Personality
Socialization as a process, Agents of socialization
Socinlizabion and selfgroup identity
6. Gender sud Power
. Understending Gender
Social construction of Patriarchy
Feminism in Historical context, Gender Debates
Gender and Development
Gender issues in Pakisiani society, Women Participation in politics, économy and
education
Toward a gender sensitive society, Gender mainstreaming
7. Pnk{ltan State, Soclety, Economy and Polity
. Colonialism, colonial legacy, National identity
Transformation in Pakistani society: Traditionalism va Modemism
Economy, Informality of Economy, Modem economy and Pakistan
Political Economy, Sociclogy of Economy

Recommended Texty:

1. Giddens, A. (2018). Sociology (111 ed.). UK: Polity Press.

2. Henslin, J. M. (2018). Essentials of Sociology: A Down-to-Earth Approach (181
Edition) Pearson Publisher,

3. Macicnis, J. J. (2016). Slmolngy(lﬁm ed.). New Jersay: Prantice-Hall.

4. Qadeer, M. (2006) Pakistan - Soctal and Cultural Transformation in 8 Muslim Nation,

5 Smelser, NJ. and Swedburg, R, The Handbook of Econemic Sociology, Chapter | ‘Introducing
Econemic Seciology’, Princeton University Press, Princeton.

6. Systems of Statification | Boundless Sociology (no  date).  Availabla

at:

https:Heourses lumenlearning. com/boundlcss-sociology/chapter/systems-of-stratification/

7. Jalal, A. (ed) (1995) “The colonial legacy in India and Pakistan’, in Democracy and
Authoritarianism in South Asia: A Comparative and Historical Perspective. Cambridge:
Cambridge University Press (Contemporary South Asia)

8 Zoidi, 8. A. (2015) Issues in Pakistan’s Economy: A Political Economy Perspective, Oxford
University Press. Chapter 26

Y. Addwar, Sono 4 2007) she Poubos ot Commun sense: State, sovety and Custure 10 #akista.
Cambridge; Cambridge University Press.

10.  Smelser, NJ. and Swedburg, R., The Handbook of Economic Sociclagy, Chapter | *Introducing

Economic Sociology’, Prineston University Press, Princeton, ”,’__M
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URCG-5120 | Exploring Quastitative Skills [ 33-0) |

This is an introductory-level undergraduate course that focuses on the fundamentals related to the
quantitative concepts and analysis. The course is designed to familiarize students with the basic
concepts of mathematics and siatistics and to develop students’ abilities to analyze and interpret
quantitative information. Through a combination of theoretical concepts and practical exercises, this
course will alzo enable students cultivate their quantilative literacy and problem solving skills while
effectively expanding their academic horizon and breadth of knowledgs of their specific major / ficld
of study.

Course Learning Ouicomes

By the cnd of this course, students shall have:

1. Fundamental numerical literacy to snable them work with numbers, understand their meaning and
present data accurately; .

2. Understanding of findamental mathematical and statisticnl concepts;

3. Basic ability to interpret data presented in various formats including but not limited to tables,
graphs, charts, and equations cic.

Conients

1. Numerical Literacy:

L. Numbers system and basic arithmetic operations;

it. Units and their conversions, dimensions, ares, perimeter and volume;
iii. Rates, ratios, proportions and percentages;

iv. Tyvpes and sources of data;

v. Measurement scales;

vi. Tabular and graphical presentation of data;

vii. Quantitative reasoning exercises using number knowledge.

L

2. Fundamental mathematical concepta:
i. Basics of geometry (lines, angles, circles, polygons eic.);

il. Sets and their operations;

iil. Relations, functions, and their graphs;

iv. Exponents, factoring and simplifying algebraic expressions;

v, Algebraic and graphical solutions of linear and quadmtic equarions and inequalities;
vi. Quantilative reasoning exercises using fundamental mathematical concepts.

3. Fundamental Statistical Concepts:

i. Population and sample;

il. Measures of central tendency, dispersion and data interpretation;

iti. Rules of counting (multiplicative, permutation and combination);

iv. Basic probability theory;

v. Introduction to random variables and their probability distributions;

vi. Quantitative reasoning exercises using fundamental statistical concepts.




'L

Recommended Texts

1. Sevilla, A, & Somers, K. (2012). Quantitative reasoning: tools for today’s informed citizen. New
Jersey, John Wiley & Sons.

2. Burzynski, D., & Ellis, W. (2008). Fundamentals of mathematics. USA, Saunders College
Publishing.

Suggested Readings

1. Zaslow, E. {2020). Quanritative reosoning: thinking in numbers. Cambridge, Cambridge
University Press. v
2. de Mesquits, E. B, & Fowler, A. (2021). Thinking clearly with data: 4 guide to guantitative
reasoning and analysis. New Jerscy, Prineeton University Press.

3, Bennett, J., & Brggs, W. (2019). Using & understanding mathematics: a guaniilative redsoning
approach. Pearson.

4, Rosen, K. H., & Krithivasan, K. {2012). Discrete mathematics and its applications {Vol, 6). New
York: McGraw-Hill.

5. Chatfield, C. (2018). Statistics for technology: a course in applied statistics. Routledge.

6. Lock, R, H., Lock, P. F., Morgen, K. L., Lock, E. F, & Lock, D. F. (2029). Statistics: Unlocking
the power of data. New Jersey, John Wiley & Sons.
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| urcgsizs | Pakistan Sadies | 2209 |

This course is designed to provide studenis with a comprehensive exploration of Pakistan's
identity, spanning geographical, historical and cultural dimensions. It delves into the diverse
landseepe, ancient civilizations, and rich cultural heritage that define Pakistan. Moreover, it
examines the socie-cultural and political transformations in Pakistan over time including
democratic transitions and military interventions. The aim of this course 8 1o inculcate in
students a nuanced understanding of Pakistan’s past, present, and potential future trajectories,
enabling them to critically evaluate the complex dynamics shaping the nation’s development.

Course Learning Qutcomes
By the end of this course, student will be able to:

1. Have enhanced knowledge of the geographical, historic?l and political aspects of Pakistan,
2. Understand the society and cultural of Pakistan.

3. Understand and explain the scio-economics developments in Pakistan.

4, Explore contemporary issues and challenges faced by Pakistan and their implications for the
future.

Contents

1. Introduction to Pakistan:

. Geographical location and significance. ‘

. Historical background: Ancient civilizations in the region.
. Factors leading to the creation of Pakistan

2. Politdcal History of Pakistan:

r

. Farmative phase

. Military interventions and democratic ransitions.

3. Geography of Palistan:

. Physiography: Mountains, plains, plateaus, deserts, valleys and coastal areas,
. River system: Indus river and ita tributanes: v

» Climatic regions of Pakistan,

4. Society and Culture of Pakistan:

. Socio- cultural diversity.

’ Language and literarure of Pakistan.
5. Economics Development of Pakistan:

. Agriculture and industrial secters of Pakistan.

» Economic challenges of Pakistan. \

&, Contemporary Issues;

* Foreign relations of Pakistan,

. Security challenges: terronisin, extremism, regienal conflicts.

- Environmental problems and sustainable development (SDGs). /
. Media and social change,

-




SUGGESTED READING MATERIALS

1. “Jinnah of Pakistan™ by Stanley Wolpert
2, “The sole Spokesman: Jinnah, the Muslim League, and the Demand for Pakistan® by Ayesha
Jaial

3. “The struggle for Pakistan” by Ishtiaq Hussain Qureshi

4. “Pakistan, the Formeative Phase, 1857-1948" by Khalid B. Sayeed

3. “Pakistan Studies: A Book of Readings” by Sikandar Hayat

6. “Constitutional and Pelitical History of Pakistan™ by Hamid Khan

7. “Trek to Palkistan” by Ahmad Sased and Kb, Mansur Sarwear

3. “Pakistan: A Modern History” by Inn Talbot

9. “Politics in Pakistan: The Nature and Direction of Change” by Khelid B. Sayeed e
10. “Physical Geography of Pakistan” by Umar Jahangir

11. A Geography of Pakistan: Environthent, people, and Economy” by Fazle Karim Khan

12. “Pakistan’s Foreign Policy: An Historical Analysis” by S.M. Burke

13. “Separatism in East Pakistan” by Rizwan Ullah Kokab

14, “Being Pakistani: Society, Culture and the Ans” by Raza Rumi

13. *“Fakistani’s Culture Heritage: Socio-Economic and Technological Aspects” edited by Abdul
Jabbar Khan

16. “Language and Politics in Pakistan™ by Tariq Rahman

17. Sociology™ by Horton and Hunt

13. “Paldstan in the Twentieth Century: A Political History” by Lawrence Ziring

19. “Ecenomic Development of Pakistan™ by Ishrat Husain

20, “Issued in Paldstan’s Economy” by 8. Zaidi
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| GEOL- 5104 | Paleontology ERE

Course Brief:
This course is designed to acquirs the knowledge sbout the various types of fossils and their

significance. This will help the students to understand various morphological features of fossils;
their classification, identification and distribution in geologic time. This course will provide
interested students with 2 betier understanding of one of the mest valusble tools in
stratigraphic and paleo environmentel analyses, fossils. The course will inwoduce the major
marine and non-marine invertebrate taxonomic groups fourd in the fossil record and what we
know about them — their stratigraphie range, modes of life, and environmental preferences. This
course is designed to acguire the lmowledge about the various types of fossils and their
significance.

Course Learning Objectives:

This course will help the students to understand various morphological features of fossils;
their classification, identification and distribution in geologic time. The muain objectives of
this subject are to identify the msjor fossil invertcbraie groups and their stratigraphic and paleo
environmental significance, to spply the techniques uwsed in the processing of samples for
paleontological analyses, to apply Fossil data analyses and statistical applications used for
biostratigraphic and paleco covirommental interpretation, to use paleontological data o solve
biostraligraphic, paleo environmental, paleo ecological, environmentsl, and ecologicel problems.
Course Coptents:

Introduction to fossils and their significance;

Modes of fossilization,

Study of morphology, mange and broad classification of major invertebrale phyla i

. Coelenterata, Brachiopoda, Molluscs, Arthropeda (trilobite) and Echinodermata (echinoidea);

Introductien 1o micro fossils;

Introduction to paleohotany;

6. Introduction and classificetion of major vericbretes i.c. mammals, amphibiang, reptiles
and picies;

7. Introduction o Micropeleoniology i.e. Foraminifers, Briozone, Ostrocodes and Corodonis etc.

8. Index fossils;

9. Introduction io major invertebrate and microfossils of Paldstan.

Recommended Texts:

1. Moore, R. C,, Lalicker, C. G., Lalicker, C. G., & Fischer, A. G. (2000). Imertebrate fossils.
New York: McGraw-Hill,

2. 'Woods, H. (1926). Palacontology, inverfebrore, Cambridge: CUP Archives.
Suggested Readings:

. Raup, D. M., Raup, D., & Stanley, 5. M. {1978). Principles of paleoniology. New
York; Macmillan,
2. Clarkson, E. N. K. (2009). Invertebrate palacontology and evoluiion. Hoboken: John
Wiley & Soms,
3. Levintom, J. 8., & Levinton, 1. 8. (2000}. Genetics, paleontology, and
macroevolution,
Carmbridae: Cambridoee Univerriny Brege
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| GEOL - 5105 | Stratigraphy | 33-0)

Course Brief:

This course is a graduate course of siratigraphy. The rocks are formed during the full geological
time from eldest Precambrian to Recent Quaternary, This course is designed o understand the
basic division of geological tme scale (GTS). Different lithe, bio and chorono stratigraphic
divisions of time scale. This course is designed to acquire the knowledge about the various
stratigraphic successions formed during different geological time.

Courye Learning Objectives:
This course will help the student to understand the statigraphic set up of various regions,

especiaily Polistan. [nitially, the basic principles and laws of stratigraphic will be teach in the
class.. Then the application of these laws/ principles is used to evaluate the structures and
correlations of different geological featires formed during the geologieal time will be understand
by the students. This course alse includes the pricciples of correlations.

Course Contenty:
1. Principles of stratigraphy;
2. Lawa of superposition and faunel succession;
3.Geological time scale with divisions;
4.Clessificetion ond nomenclaturs of stratigrphic units
5.Lithostragraphic
6. Biostratigraphy and chrono siratgraphic units; contacts; litho-and-biofacies;
7. Principle of statigraphy correlation;
8.Stratigraphy code of Palastan;
9.0utline of strafigraphy of Pakisian; principles eof biostraligraphy and biosiratigraphy
Zones; biostratipgraphy techniques and procedures; biostratigraphy of Pakisten,

Recommended Texts:

I. Sbeh, S. L (2000). Stratigraply of Pokisian. Quetta: Geological Survey of Pakistan.

2. Kazmi, Al 1L, & Abbasi, L A (2008). Srrangraphy & historical geology of Pakdstan.
Peshawar: Department & Mational Centre of Excellencs in Geology.

Suppested Readings:

1. Boggs Jr, S, (2014). Principles of sedimentology and strotigraphy. London: Pearson Education.

2. Kazmi, A. H., & Abbasi, L A. (2008). Stratigraphy & kistorical geology of Pakistan.
Peshawar: Department & Mational Centre of Excellence in Geology.

3. Shah, S. M. L [1980). Stratigraphy and economic geology of Cenrai Salt Range.

Quetta: Geological Survey of Paldstan.
M . F /



| gEOL - 5106 | Geological Fleldwork-1 | 20-2) |

Course Brief:

This courss is designed to identify various types of rocks, field stratigraphy, fossils,
structural features and landforms in the field. This will help the siudents to understand various types
of criteria to recognize rocks and other geological features in the field The course emphasizes the
basic skills essential to identify rocks according to different aspects, comrelstion & features also to
locate yoursed§ ip the feld and make essential field observations snd measurements.

Course Learning Objectives:
The geological feld build confidence and practical knowledge in the students to elsborate

geological structures in the field doring their feld survey, which will give them more smergy
for the future. As peology is the subject of field and to explors the earth which is not possible
without fieldwork. During the first two years, students will perform about twoe wecks of
fieldwork [t will lead to becoming familiar with major rocks and basic geological mapping
techniques. Each field wip will be followed by repont writing and Viva Voce / Evaluation,

)

Field based exercises

[dentification different rock types.

[dentification of different geological features
[dentification of different geomorphic features
Identify different mass wasting phenomenon in field
Basic concept of relief and clevation

Essential field observations and measurements
Utilization ol dilfereot types of maps in ficld

9. Topographic maps

10. Besic geological mapping techniques

11. Eech feld trip will be followed by report writing and Viva Voce / Evaluation,

R

Recommended Texts;

l. Coe, A. L. (E&). (2010). Geological fleld technigues. Hoboken: John Wiley & Sons.
2. Lambert, D, (2000). The field guide to geology. Mew York: Infobase Publishing.

Sugpested Readings:

1. Barnes, J. W, & Lisle, R, J, (2M 3). Basie geological mapping. Hoboken: John Wiley & Sons.
2. Lahes, F. H. (2000). Field geology. New York: McGraw-Hill.
3. Compton, R R, & Compion, . R (2000). Geology in the Field. New York: Wiley.
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[urcG-s119 | Expository Writing | 33-0) |

This course prepares undergraduntes io become successful writers and readers of English. The
course helps students develop their fundamental language skills with a focus on writing so that they
can gain the confidence to communicate in oral and written English outside the classroom. The
course is divided into five units and takes a Project-based Lenming approach. Unit themes target
the development of 21 cenmuy skills and focus on self-reflection and active community
engagement. The course completion will enable the students to develop communication skills as
reflective and self-directed learners. They will be ablc 1o intellecrmally engage with different stages
of writing process, and develop analytical and problem-solving skills to address various
community-specific challenges.

C nis;
1. Self-Reflection
Introduction to the basics of the writing process
[ntroduction to the steps of essay writing
Prewriting activities: Brainstorming, listing, clustering and freewriting
Practicing Crutlining of the essay
2. Personalized Leaming
Leamning Process, Leaming Styles, Goal Seiting and Learning Plan
3. Oral Prescotation
Structure and Significance, Content Selection and Slide Presentation, Peer Review
4. Critical Reading Skills
Introducing Authentic Reading {Dawn and non-specialist academic booke/texis)
Reading Strategies and Practice: Skimming, scanning, SQW3R, Annotating, Detailed
reading and note-taldng, Standard Test Practice: TOEFL and I[ELTS, Model Review
Reports and Annotated Bibliographies
5. Community Engagement
. Studeat-led brainstorming on local versus global issues, Identifying research problems
Drafting research questions, Drafting interview/survey questions for community research
(in English or L1}
Engaging students in Critical reading, Presenting interview/ survey information, Field
work
- Wnting Commumity Engagerent Projoct
6. Letter to the Editor
Types of letters, Format and purpose of [etter 10 the editor, Steps in writing letier-to-editor
Becommended Texis:

1. Bailey, 8. (2011). Academic writing: A handbeok for international students (3ed ed.). New
York: Routledge.

2. Swales, I. Mr.a & Feak, C. B. (2012). Acodemic writing for groduate students: Essential tasks
and skills (3'% ed.). Ann Arbor: The University of Michigan Press.

Suggested Readlnps:

l. Cresswell, G. {2004}, Writfng for academie success. London: SAGE,
2. Jobnson-Shechan, R (2019). Writing foday. Don Mills; Pearson.
3. Silvig, P. I. {2019). How to write a lot: A practical guide to productive academic writing.

Mazlrac et Alaesiya Dapstehe pizal Aaecd tion
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[URCG-s121 | Tools for Quantitative Reasoning | 333-9) |

This is a8 sequential undergraduate course that focuses on logical reasoning supported with
mathematical and statistical concepts and modeling / analysig techniques to equip students with
analytical skills and critical thinking abilities necessary to navigate the complexities of modem
world. The course is designed to familiarze students with the quantitative concepis and iechniques
required to interpret and analyze numerical data and to inculcate ability in students the [ogical
reasoping 1o construct and evaluale arguments, identify [allacies, and think systematically. Keeping
the pre-requisite course of Quantitative reasoning (I) ns its base, this course will ensble students
further their quantitative. Logical and eritical reasoning abilities to complement their specific
major field of study

Course Learning Outcomes

By the end of the course, student shall have:

1. Understanding of logic and logical reasoning:

2. Understanding the basic quantitative Modeling and Analyses. Y

3. Logical reasoning skills and abilities to apply them to solve quantitative problems and evaluate
arguments,

4. Ability to critically evaluate quantitative information to make evidence based decisions through
approprisle computational tools.

Contents

1. Logic, Logical and Critical Reasoning:

1. Introduction and impertance of logic,

it. Introductive, deductive and abductive approaches of reasoning,

1ii. Propositions, arguments (valid; invalid), logical connectives, truth tables and propositional
cquivalences,

iv. Logical fallacies,

v. Venn Diagrams,

vi. Predicates and quantifiers,

vii. Quantitative reasoning exercises using logical reasoning concepts and techniques.

2, Mathematical Modeling and Analyses: J
i. Introduction to deterministic models,

1, Use of linear function for modeling in real-world situstions,

ii. Modeling with the system of linear equation and linear solutions,
iv. Elementary introduction to derivatives in mathematical modeling,
v. Lincar end cxponential growth and decay models,

vi. Quantitative reasoning exercises using mathematical modeling,

3. Statistical Modeling and Analyses:
i. Intraduction to probsbilistic models,

il. Bivariste analysis, scatter plots,

iii. Simple lincar regression medel and correiation analysis,
iv. Basics of estimation and confideace intcrval,

v. Testing of hypothesis (z-test; t-test),

v1. Siatistical interence in decision making,
vil. Quantitative reasoning exercise using statistical modeling. F _//‘l}’




Recemmended Texts
1. Bennett, J., & Briggs, W. (2019). Using & understanding mathemarics: a quantijative raasoning

approach. Pearson.
2. Rosen, K. H., & Knthivesan, K. (2012). Discrete mathemarics and its applicarions (Vol. 6). New
York: MeGraw-Hill.

Suoggested Readings
1. Epp, 8. 8. (1990). Discreta marhemarics with applicagons. Woadsworth Publ. Co..

2. Budnick, F. 5., Quinn, §., Bowser, K., & Flaherty, E. H. (1993). Applied marhematics for o
business, economics, and the social sclences. New York: McGraw-Hill,

3. Bluman, A. (2014). Elemenrary Statistics: A step by step approach Pe. McGraw Hill.
4. Mann, P. S. (2007). Introductory seatistics. John Wiley & Sons.

5. Babones, S. (2013). Applied statistical modeling. (No Title).

6. Green, S. W., Wolf, L.k, Stewrat, B. W. (2022). SAT Study Guide Premium. Barrons
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| urcG-s122 | Idealogy and Constitutlon of Pakistan [ 2pmy |

Course Deseription:
This course focuses on ideological background of Pakistan. The course is designed to give a

comprohensive insight about the constitutional developments of Paldstan. Starting fom the
Government of India Act, 1935 till to date, all imporiant events leading to constitutional
developments in Pekistan will be the focus of course. Fatlure of the constitutional machinery and
leading constitutional cases on the subject. Moreover, students will study the process of governance,
national development, issues ansing in the modemn age and posing challenges to Pakistan. It will
alsa cover the entire Constiution of Pakistan 1973. However, emphasis would be om the
fundamental rights, the naome of federalism under the constitution, diswibution of powers, the rights
and various remedies, the supremacy of parlinment and the independence of judiciacy

Ontline:
= Ideology of Pakistan
Ideclogical mtionale with special reference to Sir Syed Ahmed Khan, Allama Muhammad Igbal and
Quaid-e-Azam Muhammad Ali Jinnah.
Two MNation Theory and Factors ieading to Muslim separatism.
» Constitotional Developments
Salient Feature of the Government of India Act 1935
Salient Feanure of Indian Independence Act 1547
Objectives Resolution
Salicnt Feature of the 1956 Constitution
Developments [sading to the abrogation of Constitution of 1956
Salient features of the 1962 Constitution
Cauges of failure of the Constitution of 1962
Comparative study of significant features of the Constitution of 1956, 1962 and 1973
+  Fundpmental rights
&  Principles of policy
s  Federation of Pakistan
President
Parliament
The Federal Government
+ Provinces
Governors
Provincial Assemblics
The Provincial Govemnment
» The Judicature
Supreme Court
High Courts
Federal Shariat Courts
Supreme Judicial Council
Administrative Courts and tribunals
s  Islamic Provisions in Constitution
*  Significant Amendments of Constitution of Pakistan 1973




Recommended Books:
1. Constitutional and Political History of Pakistan by Hamid Khan

2. Malmood, Shaukat and Shaukat, Nadeem. Constitution of the Islamic Republic of Pakistan, 3rd

re adn. Lahore: Legal Research Centre, 1996.

3. Munir, Muhammad. Conatitution of the islamic Republic of Pakistan: Being a Commentary on

the Constitution of Pakistan, 1973. Lahare, Law Pub., 1975. | P
4. Rizvi, Syed Shabbar Raza. Constitutional Law of Pakistan: Text, Case Law and Analytical
Commentary, Znd re edn. Lahore: Vanguard, 2005,

3. The Texx of the Constitution of the Islamic Republic of Pakistan, 1973 (as amended),

6, Fundamental Laws of Pakistan by A.K. Brohi
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| GeoL-5107 | Environmental Geology | g0 |

Course Brief:

This course iz designed lo acquire the knowledge about the role of geology in the envirommental
degradation, As a discipline, enviroamental geology deals with using geological knowledge to address
interactions between bumens and the physical cmvironment: the biosphere, the lithosphere, the
hydrosphere, and, to some degree, the atmosphere. Environmental geelogy is a multidisciplinary
subject that covers o broad range of topics, anging from Earth matcrisls and their use 1o Earth
processes, including natural hazards and their impact on humem lives. The environmental effects of
exploring Earth resources is also an integrel component of the course.

Courye Learning Obfectives:

This course will enable the students. to learn how the various geological processes and related human
activities are involved in coniaminating onr ecosystem managing geological and hydrogeological
resources such as fossil fucls, minerals, water (surface and ground water), and land use. Studying the
carth's surface through the disciplines of geomorphology, and defining end mitigating cxposure of
naturel hazards on huwmans managing industrial and domestic waste dispossl and minimizing or
eliminating effects of pollution, and performing associated aclivitics, often involving litigation.

Course Contents:

[ntroduction to environmental geclogy, management of natural resources, climatic chaoges.
Environmental controls for erosion, desertification and coastal degradation.
Introduction to environmental impact assessment and initial covironmental examination.
Environmental impact of mining, damd, reservoirs.

Environmental inpact of Highways, their assessment and controls.

Geological hazards such as floods, lnndslides.

Earthquakes, Isunamis, volcanoes.

Glaciers and shoreline processes and their remedial messures;

[ndustrial pollution, solid and liquid wesic disposal.

10. Groundwater contaminations.

11. River lake and marine pollution and their impact on humean health,

12. Clean sources of energy, introduction 1o acid mine drainage.

e R

Recommended Texts:

I. Pipkin, B. W, Trent, D. D, Hazett, R, & Bierman, P. (2013). Geology and rthe
Environment. Boston: Cengage Learning,

2. Knddel, K., Lange, G., & Voigt, H 1. (2007). Environmantal geology: handbook of field
methods and case studles. Amsterdam: Springer Svience & Business Media.

Suppested Readings;

I Montgemery, C W, (1992) Fevirsnnron'al feplnev Dubugue: W C. Rrovn Publishers

2. Ammand, N. A, & Polyakov, V. M. (2004). Rudic propaganon and remote seusing of the
environment, New York: CRC Press.

3. Pipkin, B. W, Trent, D. D., Hazlett, R., & Bierman, . (2013). Geofogy and the Environment.

Boston: Cengage Leaming. //M
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| GEOL-5108 | Sedimentology | 31 |

Course Briel:

This course is designed to acquire the knowledge about various types of sedimentary rocks and ther
digenesis. Sedimentary rocks illuminate many of the details of the eorth's history: effects of sea lavel
change, globel climate, tectonic processes, and geochemical cycles are all recorded o the
sedimentary strata of the earth This course will cover basics of fluid flow and sediment transport,
sedimentary strictires and textures, and forming the bridge between modem landforms end ancient

rocks' depositional sedimentary environments.

Course Learning Objectivea:

This course will help the students to understand the classification and depositional system of the
sedimenlary rock as well as the provenance of sediments and sedimentary structures. It's also coable
students to undersiand the role of tectonic for sedimentary rocks.

Introduction to sedimentology

Origin, transporiation and deposition of sediments

Texture of sedimentary rocks and their statistical pararmneters

Sedimentary structures, their classification, morphology, significance and paleocurrent analysis
Classification and description of sedimentary rocks

Provenance of sediments; diagenesis; concepts of sedimentary facies and facies association
Physical-chemical contrels of the sedimentary environmenis

Diagnostic features of glacial, eolian

Fluvial, lagoonal, acustrine, deltais, tidal, urbidites and manne environments

Tectonic controls of sedimeniation.

il B = R T

=

Lab, Work

1. Grain size anslysis of sediments and sedimentary rocks,

2. Megascopic and microscopic study of sedimentary recks for classification,

3. Use of ternary diagrams, discrimination diagrams for tectonic seiting,

4. Separation and idenfification of heavy minerals,

§. Study ol primary sedimentary structures and their uses in faciog or top bottom,
6. Rosc diagrams and paleocurrent apalysis.

Recommended Texty:

1. Prothero, D. R., & Schwab, F. (2004). Sedimentury geology. New York: Macmillan,
2. Pettijohn, F. 1., Potter, P. E., & Siever, R {2012). Sand and sandstone. Berlin: Springer Science
& Business Media,

Suggest adings:

Coggs Jn B2 i) rror sl 0 U0 camiten ey wind S anitt i whedun DEatad L b
Reineck, I E., & Singh, L B. (2012). Depositional sedimentary cnvironments: with reference io
terrigenous clastics. Berlin: Springer Scicnce & Business Medie,

3. Sclley, R C. (2000), Appfied sedimentology. Amsterdam: Elsevier. //_‘A
m-F—

o




[cEOL 5109 | Petrology [ 3@y |

Course Brief;

This course is a praduate level course of [gneolls - Mclamorphic Petrology. It i3 the study of magma and
the rocks that solidify from magma. The composition of igneous rocks and minerals can be determined
via a variety of melkods of varying eese, cost, end complexity. This course also includes the tectonic
activities related to magmatic processes and differeol types of igneous rocks on different tectonic
margins. . This courss also includes different rock structures which developed dus to metamorphism so
it’s beneficial for studenis to recognize different rock features in metamorphic rocks of feld area.
Memamerphic rocks are the most common rock type on Earth, and their study allows us to put constraints
on the pressure, stress and temperahie conditions in the crust and mantle. Metamorphism affects rocks in
different ways by changing their composition and shepes.

Coome Learning Objectives:

This course will enable students to undersinod the mechanism and factors affecting the mogma, its
magmatic cvofution and the rocks that solidify from magma. Students will [eam the composition of
igncous rocks and minezals It also cmebles students 1o understand the mechanism and iypes of
meismorphism as well as the factors ihat affest the process of metamorphism,

Course Contents;
1. Mantle-magma systems and source of magma
2. Physico-chemical foctors in magmatic evolution.
3. Tectonism-magmatismrelationship
4, lgneous activily related to convergent plate boundary and divergent plate boundary
environments
5. Intracontinental hot spots
6. Petrogenesis of igneous rocks
7. Ophiolites
8. Introduction to metamorphisim
9. Types, grades, zopnes and facies of metamerphiym
10. Metamorphic diffusion end differentiaticn
11. Metamorphism in relation to plate fecionics
12. Study of textures and structures of metamorphic rocks
13. Differentiation between metamorphism and metnzomatism
14, Paired metamarphic belts

Recommeénded Texts:

. Best, M, G.{2013). [gneous and metamorphic petrology. Honoken: John Wiley & Sons.
2. Hyndman, D. W, (2000). Petrology of igneous and metamorphic rocks. New York: McGrawHill.
3. . McBimey, A. R {1993). [gneous petrology. Burlington: Jones & Bartleit leamning.

Suggested Reading:
I. Gillen, C.(2012). Metamorphic geology: an inttoduction to tectonic sod
et mhie prcasses, Amsterdem: Speoger Soicrce & Mnsiness Media,

1. FPhilpotis, A, & Ague, I, (2009). Principles of igneous and metamorphic petrology.
Cambndge: Cambridge University Press.
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[ treG-sus | Basic Science R

Life, its characteristics, mstural science, biology and its breoches; [mportance of Flora & Fauna in
biodiversity; Importance of Matural Compounds in daily life, medicine and human health; Latest
developments in paturs] sciences (Biotechnology); Ecosystem and its components; Environment and
its componcnts; Pollutanis and their cffect on the environment (Greenbouse eff e ct, globel
warming, acid rains, water pollution end czone depletions «tc); Introduction to micro-organism and
its types (bacteria, fungi, viruses)

Practical;

1
2

EN

Field Survey of Flora & Fauna and their identification
Study of herbarium

Study of Museun E

Recommended Texts;

1.

Keddy, P.A. (2017). Plant ecology origins, processes, consequences. Cambridge, University
Press.

Capadell, J.G., Diaz, S., Heldmaier, G., Jackson, R.B., Levia, D.F., Schulze, ED. &
Sommer, U. (2019). Ecological studles. Springer.

Bhat, 8.V, Nagasampagi, B.A. & Sirakumar, M. (2006). Chemistry of Natural Products, Springer
Science

De, ALK (2019). Emvironmental Chemistry. New Ape Intermational Press w

‘Sn“ultd Readings:

L

2

3.

Fath, B. (2018). Encyclopedia of ecology. Elsevier,

Ajith, H.. Urmas, P, Pastur, G. M & Iw.mon L. R, (2018). Ecasystem services from
forest landscpes: broudsclaes consideration. | ®Edition. Springer [nternational Publishing AG.

Xu, R, Ye, Y. & Zhao, W. (2011). fntroduction to Natural Product Chemistry. CRC Press

4. Tayler, D.J,, Green, MP.O. & Stout, G.W. (1997). Biological Science 1&2. Cambridge University

Press

Tayler, MR, Snﬁon_ EJ., Dickey, DJ. & Hogan, KA (2020). Campbell Bivlogy: Concepts &
Connections (107 Edition). Pearson /
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| URCG-5124 | Entreprensurship | I(2-0) I

This course addresses the unique entreprencurial experience of conceiving, evaluating, creating,
maneging, and potentially seiling a business idea. The geal is 10 provide a solid background with
practical application of important concepts applicable lo the enbrepreneurial environment. -
Entreprencurial discussions regarding the key business areas of finance, accounting, marketing and
management include the creative aspecis of entieprencurship. The course mlics on classroom
discussion, participation, the creation of a feasibility plan, and building & business plaa to develop a
comprchensive strategy for iaunching and managing a new venmure,

ectives

i. To ephance the ‘entrepreneurial intentions’ of the siudents by improving their natural
willingness 1o start a business,
To understand the process of entreprencurship and learn the ways to manege it by working :
individualiy in the clags and in the form of groups outside the class to conduct Beld
asgi gnments,
3. To educate the students about the practical underpinnings of the entreprensurship with the aid

of practical agsignments and ides pitching.

[S]

Courye Contentis:
1. Background: What is an Organization, Organizational Resources, Management Fuoctions,
Kinds of Managers, Mintzberg’s Managerial
Roles,

Forms of Business Ownership: The Sole proprictorship, Partnership, Joint Stock Company
Entrepreneurship: The World of the Entrepreneur, what is an entrepreneur? The Benefits of
Entreprencurship, The Potential Drawbacks of Entreprencurship, Behind the Boom: Feeding

the Entrepreneuriai Fire.

4. The Challenges of Entrepreneurship: The Cultural Diversity in Entrepreneurship, The

Pawer of "Smali” Business, Putting Failure into Perspective, The Ten Deadly Mistakes of
Entregreneurship, How to Aveid the Pitfalls, Idea Discussions & Selection of student Projects, o
Islamic Ethics of

Entrepreneurship.

3. luside the Entrepreneurial Mind: From [dess ta Reality; Creativity, I[nnovation, and
Entrepreneurship, Creativity — Essential to Survival, Creative Thinking, Barriets to Creativity,
How to Enhaace Creativity, The Creative Process, Techniques for Improving the Creative

Wb

Process, Protecting Your Ideas, [dea Discussions & Selection of student Projects,
6. Products and techoology, ldentlfication opportunities

7. Designing a Competitive Business Model and Bullding a Solid Strategic Plan: Building a
srategic plan, Building a Competitive Advantage, The Strategic Management Process,
Formulate strategic options and select the appropriate strategies, Discussion about execution
of Students’ Project.

8. Conducting a Feasibility Analysis and Crafting 3 Winning Business Plan: Conducting a
Fensibility Analysis, Industry and market feasibility, Porter’s five forces model, Financial ¥
feasibility apalysis. Why Develop a Business Plan, The Elements of a Business Plan, What
Lenders and Investors Look for in a Business Plan, Making the Business Plan Presentation.
9. DBnilding a Powerfol Marketing Plan: Building a Guerrilla Marketing Plan, Pinpointing the
Taiget Market, Determuining Customer Needs and Waris trough Market Rescuich. riotting a
Guerrilla Marketing Strategy: How to Build a Competitive Edge, Feed Back & Suggestions on

Student Project, Islamic Ethics for Entrepreneurial

Murketing

e




10. E-Commerce and the Enweprenenr: Factors to Consider before Launching into E-
Commeres, Ten Myths of E-Commerce, Strategies for E-Success, Designing a Killer Web Site,
Tracking Web Results, Ensuring Web Privacy and Security, Feed Back & Suggestions on
Student Project.

11. Pricing Strategles: Three Potent Forcss: Image, Competition, and Value, Pricing Sirategies -
and Tactics, Pricing Strategies and Methods for Retailers, The Impact of Credit on Pricing.

12. Attracting Venture Capitalist: Projecied Finsncial Statements, Basic Financial Statements,

Ratio Analysis, Interpreting Business Ratios, Breekeven Analysis, Feed Back &Suggestions
on Student Projest,

13, Idea Pitching: Formal presentation, 5-minutes pitch, funding negotation and launching.

Recommended Texts:
1. Scarborough, N. M. (2011). Essentlals of entrepreneurship and small business management.
Publishing as Prentice Hall, One Lake Street, Upper Saddle River, New Jersey 07458..
v
Supgested Readingy:
1. Burstiner, L {1989). Smal{ lnsiness handbook. Prentice Hall Press,
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| URCG-5125 | Civics and Community Engagement | 22-0) |
Course Description:

The Civics and Community Eogagement course is designed to provide students witk an voderstanding
of the importance of ¢ivic participation, culture and cultural diversity, basic foundations of citizenship,
group identities and the role of individuals in creating positive change within their communitics. Thc
course aims at developing students’ knowledge, skills and attitudes necessary for active and responsible
citizenship.

Learning outcomas:

Afer completing this course, students will be able 1o

s Understand the concepts of civic engagement, community developmemt, mod social
responsibility.

Understand rights and responsibilities of citizenship

Understard cultural diversity in locel and global context

Analyze the significance of civic participation tn promoting socis] justice, equity, and
democracy.

Examine the historical and contemporary examples of successfil civic and community
engagement initistives,

» [dentify and assess community needs, assets, and challenges to develop efective strategies
for commuaity improvement,

»  Explere the ethical implications and dilemmas associated with civic and community
engagement.

e Develop practical skills for effective community organizing, advocacy, and leadership.

= Foster intercultural competence and respect for diversity in community engagement efforts.

= Collaborate with commumity organizations, stakeholders, and fellow students to design and
implement community-based projects.

»  Refleet on personal growth and learning through self-assessment and eritical analysis of

COMMUNIty engagement experiences.
Coorse Content:

Introduction to Civics & Community Engagement

Overvicw of the course; Civics & Community Engagement
Definition and impertance of civics
Key concepts in civics: citizenship, democracy, governance, and the ruleg of law
Rights and responaibilities of citizens
Cldunshlp and Community Engagetnent

W

Introduction to Active Citizenship: Overviaw of the [dess, Concepts, Philosophy and Skills
Approaches and Methodology for Active Citizenship
[dentity, Culttire, and Social Harmony

Concept and Development of Kentity, Group wentities

Components of Culture, Cultural pluralism, Multiculturalism, Cultural Ethnocentrism,

Culnural relativism, Understanding cultural diversity, Globalization and Culture, Social

Harmony,

Religious Diversity (Understanding and affirmation of similanines & differences)
Understanding Socio-FPolitical Polarization

Minorities, Social Inclusion, Affirmative actions

r - - i
oliealazal copiobe o 0700 vmal Eilopue

[nter-cultural dialogue (bodging the differences, promoting harmony)
Promoting intergroup contact/ Dialoguc

Significance of diversity and its impact
Importance and domains of Inter-cuitural dialogue //A'L

mk



Active Citizen: Locally Active, Globally Connected

[mportance of active citizenship ot national and global level

Understanding commurity b

[dentification of resources (human, natural and others)

Utilization of resources for development (community participation)

Strategic planning, for development (community linkages and mobilization)
Human rights, constitntionaliym and cifizens’ responsibilfties

Introduction to Human Rights
Hurman rights in constitution of Paldstan
Public duties and responsibilities
Constitutionalism and democatic process
Sndal Institutions, Social Groups, Formal Orgauizations and Bureaucracy

Types of Groups, Group identities, Organizations

Burcaucracy, Weber's mode] of Bureaucracy

Role of political parties, interest groups, and non-governmental orgamizations
Civlc Engagement Strategies

. Grassroots organizing and community mobilization

. Advocacy and lobbying for policy change

. Volunteerismy and service-learning opportunities
Soclal {ssues/Problems of Pakistan

Overview of major social issues of Pakistani society
Social Action Project

Recommended Books;

l. Kennedy. I K., & Brunald, A, (2016). Regional context and Citizenship education in Asia and
Europe. New Yourk: Routledge, Falmer.

2. Henslin, James M. (2018). Essentials of Sociology: A Down to Earth Approach (131 ed ).
New York Pearson Education
3. Macionis, I, 1., & Gerber, M.L, (2020). Sociclogy. New York: Pearson Education

s_wu.

L. Glencoe McGraw-Hill. {n.d.). Civics Today: Citizenship, Economics, and Youth,
Z. Megleby, D. B, Light, P. C,, & Nemacheck, C. L. {2020). Government by the People (16th ed.).
Pearson.

3. Sirianni, C., & Friedland, 1. (2005). The Civic Rencwsl Movement: Commmnity-Building and
Democracy in the United States, Kettering Foundation Preas.

4, Blocmraad, L (2006). Becoming a Citizen: Incorporating Immigrants and Refugees in the United
States and Cenada. Univerzity of California Press.

5. Kuyck, 1. (2007). Community Organizing: Theory and Practice. Fernwood Publishing.

6. DeKieffer, D. E. (2010). The Citizen's Guide to Lobbying Congress, TheCapitol Net.

7. Rybacki, K. C., & Rybacki, D. I. (2021). Advocacy aod Opposition: An Introduction
to Arpumentation (Sth ed.). Routledge.

8. Kretzmaoa, J. P, & McKnight, J. L. {1993). Building Communiries from the [nside Out: A Path
Towards Finding and Mobilizing s Community's Assets, ACTA Publications.

9. Patterson, T. E. (2005). Engaging the Public: How Government and the Media Can Reinvigorate
Amencen Oemocracy. Oxford University Press.

10, Love, N. 5., & Mattern, M., {2005). Doing Democracy: Activist At and Cultural Politics. SUNY
Press.




| GeoL-510 | GIS & Remote Sensing HEZEE

Course Briel:

This course is designed to introduce principles, concepts and applications of Geogmphic Information
Systems (GIS) and Remote Sensing (RS): a decision support tool for planners and managers of
spatial information and to obiain information on the carih from decimeter level to km level locally
and globally. The catalog description is to introductiop copcepls, terminology, methods of
Geographic Information System {GIS) technology and mapping science.

Course Lenrning Objectives:

The main Purposc and Objectives of Courde i3 to gain a basic, practical understanding of GIS
concepts, techniques and real world applications Class discussions, reading assignments, and class
lechures prepare students to develop a mapping pmjcct based on the sssumplions and
interpretations of dsta selecied by the student.

Course Contents:

Introduction to Geographical Information System

Data types, data models and structures

Data sources and capturing techniques

Displaying and manipulating spatial information

Introduction to the copeept of RS

Technology of Remote Sensing (Orbits, Satellites, Sensors and Platforms)
Agplications of Remole Sensing, satellite image processing cycle

Mosaicing and Information extraction (clagsification and vectorization)

Have a basic, proclical understanding of GIS concepls, fechniques and real
world Applications.

10, Have an undersianding of the technical language of GIS.

11. Know how GI3 is utilized in the larger context of business needs and T strategies.
12. Understand (he basic concepts of geography necessary to efficiently and

13. Accurately use GIS technology.

14. Understand basic GIS data concepts.

15. Have an ability to perform basic GIS analysis of concepts.

16. Have demonstrated a practical application of GIS.

17. Have practical experience using basic GIS {ools.

18. Have an understanding of GIS and its relationship to mapping software development.
I19. Have an appreciation of GIS career aptioas and how to pursue them.

by o=

© Mo n W

Recommended Texts:

1. Gupta, R P. (2017). Remote sensing geology. Heidelberg: Springer.
2. Chang, K T. (Z008). Intreducton o geegraphic informarion sysiems. Boston: McGraw-Hill.

Suggested Readings:

L Daakiio M, Cosuling, v 7 & Swoibiors, wa Bzl MW Donidiliote of geograpni
informanion science. Boen Raton: CRC Pregs.

2. DeMers, M. N. (2008). Fundamentals of geographic information systems. Hoboken: John Wiley

F//,_VL
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IGEOL-5lll I Geotectonics I 3{3-0) 7

Course Brief:

This course is designed lo acquire the knowledge about the various types of plate boundaries, 1heir
kincmatics and dynamics. The course comoprises reczut knowledge on structure and development of
the Earth, especially of ils crust and mantle. There are discussed older and new geological ideas
concerning development of the crusl, the accent is put on the plate tectonjcs,

Courye Learning Obfectives;

This course will help the students to understand the mountain building activity and changea that

occtrred on the earth with the passage of {ime. In particular, it describes the processes of mouatain

building, the growth and behavior of the strong, old cores of coptinents known gs crotons, and the

ways in which the relatively rigid plates that copstitute the Earth's outer shefl interact with each

other. Tectonics also provides a framework for understanding the earthquake and volcanic belts,
Course Contents:

Concept of geosyncline apd sedimentary basins

Sea floor spreading

Oceanic ridges and trenches

Continental nits

Intra-oceanic islandy

Hot spot and mantle plumes

Continental drifi and reconstruction

Concept of plate tectonics

Historical perspective

Mechanisnt of plate lectonics

Plates and plate boundaries

Relative and absolute plate motions

Extensional, compressionsl and trangpressional izctonics

14. Subduction zones

15. Transform and transcurrent faalts

16. [ntroduction to neo-tectonics and related hazands

17. Application of geotecionic in nelural resourcs explorations.

Lob Work
Specificd asstgnments/projects.

Recommended Texts:
Belousov, V. vV, & Maxwell, J. C. (2000). Aasic problems fn geotectonics. New York,
McGraw-Hill.

Keary, P., Vine, F,, & Panza, G. F. (2000). Global Tecionics. Hoboken: Wiley-Blockwell.

Suggested Readings

Turconte, D, & Schubert, G. (2014). Geodynamics. Oxford: Cambridge university press,
Belousov, V. V. (2000). Fundamemals of geotectonics. Moscow: Izdatel'stvo Nedra.
Cox, A., & Hart, R. B, (2009), Plate tecienics: how it works. Hoboken: John Wiley & Sons.
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| cEOL-suz | Structurs Geology E

Course Brief:

This cowrse i1 a graduate course of structiral geology. Different naiural structures of earth are
formed by the forces acting on the earth crust. This courss is designed to acquire the knowledge
about the deformational structmes aad their kinematics in the crust. This will help in understanding
the deformalional mechanism of various types of rocks and the mapping of the resultant structures.
The major forces its clessification is also included in this course. Different structures for example
fulds, faults, unconformities are formed by the forces acting on the surface of the earth.

Coupye Learning Objectives:
This course is designed to first undersiand the phenomenon by which these structures are formed,

their terminologies and classification of different structiures. The lab work is included to enhance
the knowledge about the proctical use of the spplications of cngineering for the purpose of
structural interpretations,

Course Contents;

Stress, concept, classes, Mohr circle of stress,

Strain, fypes of simain, measures of strain, siress-strain diggram

Factor controlling ihe mechanical hehavior of rocks

Fold Geometry

Mechanism of fold formation

Faulis

Clessification of faults

Folietion: Terminclogy, Classification

Lineation: Terminology, Classification
. Unconformity: Terminclogy, Classification
. Tectonstes
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Lab, Work

. Map Exercise and construction of geological crosg sections
2. Stercographic projections
3. Use of structural computer sofiware.

Recommend exts:

1. Twiss, R, J., & Moores, E. M. (1992), Strucral geology. New York: Macmilian,
2. Ragan, D. M., & Ragan. (2000). Structural geology. New York: Joha Wiley & Sons.

Supgested Readings

1. Davis, G. H., Reynolds, 8. J., & Kiwih, C. F. (2011). Structural geology of rocks and regions.
Burlington: John Wiley & Sons.
2. Park, R, G. (2013). Foundation of structural geclogy. London: Routledge,
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| GEOL - 5113 | Geological Flekdwork-1 B

Caonrse Brief;

The second year Geld work will be performed for about two weeks. This course is designed to
identify various typed of rocks, feld stratigrephy, fossils, structural features and lapdforms in the
field. This will help the students to understand various types of criteria to recognize rocks and other
geological features in the field. This course is designed o understand the geological mapping
techniques in the field. This will help the students in learning the use of field equipments and data
sequisition and preparation of geological maps and cross-sections.

Course Learning Ob (Z.H

This course will help the students to get knowledge about various structures, features and other
processes oocwrred in the field The main goal of this subject is to acquire the fundamental peological
ficld skill of mapping, The courss emphasizes the basic skills ¢ssential to identify rocks according to
different aspects , correiation & features also to Jocale yourself in the field and make essential fickd
observations and measurements. Geological field build confidence and practical knowledge in the
students to elaborate geological structures in the field during their field survey, which will give them
mare energy for the future,

Course Coitents:

Field baged exercizas;

Identification of major rocks.

ficld stratigraphy,

Fossils, )

Structures of Tgneous Rocks
Sinicture of Sedimentary rocks
Relief features

Contours and its typea

Regional and detailed mapping

10. Section measurement.

11 Basic geological mapping techniques,
12. Each field trip will be followed by report writing and Viva Voce / Eveluation

R N

Recommended Texis:

1. Coe, A, L. (Ed.), (2010). Geological field rechniques. Hoboken: John Wiley & Sons,

2. Lambett, D. (2000). The field putde to geology. New York: Infobase Publishing.

Supgesterd Readings;

LR s LW BTl LN Sacie pomlonds Foogening, Hohoken Tobkn Wity & Sunc,

2. Lahee, F. H. (2000). Field geology. New York: McGraw-Hill.
3. Compton, K. R., & Compton, R. R. (2000). Geology in the Field New York: Wiley.
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| GEOL - 6114 | Geophysics IETN

Course Brief;

Geophysics is the branch of Earth sciences which explores and analyzes active processes of the Earth
through physical messurement. The undergraduate and graduste programs are designed to provide a
background of fundementals in science, and courses to coordinate these fundamentals with the
principles of geophysics. This course is designed (o acquire the knowledge about the seismic waves,
seismic refraction, gravity, magnetic and electrical prospecting.

Courss Learning Obfectivey;

This course will dsmenstrate undesstanding of fundaroental physics concepts such as thermodynamics,
electricity, magnetism, work, and force in geophysics. This will help the students in learning the basic
techniques in geophbysics and the students will also work on the seismic images and interpretation of
subsurface structures. This course will enable students to predict the characteristic geophysical
signanures of different rock types and structures for a number of geophysical methods and choose
appropriate geophysical techniques for a given geologic environment and problem

q ;Oum QDB‘E ols:

Definition and relation of grophysics with other sciences
Classification and brief description of various branches of geophysics
Seismic reflection and refiaction Iechniques

Geomagnetism

Geoclectricity

Tectonophysics

Gravimetry

Geothermy and geodesy

Geophysical data acquisition, processing and interpretation
Applications of geophysicel techniques for exploration of mineral deposits
Oil, gas, subsurface water and enginesting works

Introduction to eanthquake seiswology and geodynamics of carth

Recommended Texts:

R N
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1. Robinson, ES., & Corub, C. (2000), Basic Esploration Geophysics, Hoboken: John Wi ley
and Scos,

2. Burger, H. R, Shechan, A. F, & Jones, C. H. (2000). [mroducrion io applied
geophysics: Exploring the shallow subsurface, Manhattan: WW Norton.

3. Telford, W. M., Geldart, L. P, & Sheriff, R. E. {2000). Applied geophysica. Cambridge:
Cambridge University Press.

Sugpested Readings:

1. Dobrin, M.B. and Savit, C. H,, (2000), Inroduction to geophysical prospecting, New
York; McGraw-Hill.

1. Sharma, P.V., (2000), Geophysical methods in geology. New York: Flsevier.
T Rt By and Hrets L1 020005 ot fet piipian b empby gt Defare
John Wiley & Song,

4. Robert J. Lillie, (2000), Whole earth gecphysics: an Inroductory rextbook for geoiogists

and geophysicists, Upper Saddle River: Prentice Hall,
w ) {: //”p’
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| GEOL- 615 | Geochemlstry E

Course Brief;

This is the sub discipline of geology which deals with the study of the chemical composition of the
earth and its rocks and minerals, An element is material which has a particular kind of atom with
specific electronic structure and auclear chatge, factors that determine heir abundance in the rocks.
Regarding distribution, it can only have direct evidence on the compasition of the Earth's  crust
and indirect oo the mantle and core.

Course Learning Objectives:

The course is designed to acquire the knowledge about the distribution of elements in minerals and
rocks and their dispersion in different environmeats, This will help the students in leaming the
geochemical characteristic of various rocks and their role in mincral explortion. One of the poals of
geochemistry is to determine the abundance of elements in nature, as this information i3 esgential to
hypotheses development about the origin and structurs of our planct and the universe.

Course Contents:

Geochemistry of igneous, sedimentary and retamorphic rocks
Modal anaiysis for classification
Chemical characierization and identification of minerals
Classification and distribution of elements in the earth crust
Iniroduction to analytical geochemistry
Causes for geochemical diversity in the igneous rocks
Geochemtical characteristics of igneous rocks as petrogenctic indicators
Processes which modify the composition of primary magmas
Geochemical characteristics of different magma serics

10. Gecthermomety and grobarometry

11. Metasomatic processes and covironment,
Labs:

e N R

1. Charscterization of igneous rocks on the basis of their (8) medal and (b) chemical composition

2, Caleulation of normative composition from the major clement chemistry of igneous rocks

3. The use of major and trace element composition of igneous rocks as a means to determmine
their paleotectonic semting

4. Graphical representation of metamorphic mineral parageneses (ACF and AKF diagrams)

5. Prutolith of a variety of metamorphic rocks on the basig of their major and trace
element geochemistry

6. The use of mineral chemical data for cstimating pressure-teraperarure conditions of

tnetamorphizm,

Recommended Texts:s:

[. Rollinson, H. R. (2014). Using geochemical data: evaluation, presentation, interpretation.

Routledge.

2. Me3ween, H. Y., Richardson, 5. M., & Uhle, M. E. (2003). Geochemistry: Pathways
and processes. Columbin University Press.

Srec e oted Roadiqgg g
l. Kmuskopf, K. B., & Bird, D. K (1982). Introduction to gzochemustry (Vol. 72, No, 1).
New York: McGraw-Hiil,

2. Best, M. G. (2013). Igneous and metamorphic petrology, John Wiley & Sona.
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| GEOL- 6116 | Petroleum Geology T

Course Brief;

This course is designed to scquire the knowledge about the processes involved in the formation,
migretion and accummulation of petroleum in the rocks and drilling and well logging techniques for
pettophysical evaluation and production of oil and gas. With the changing nature of hydrocarbon
exploration and production, both conventional and unconventional hydrocarbens are considercd
The key concepts of the origin and generation of hydrocarbons, reservoir rocks and subsurface
reservoir structures (traps) are introduced, together with some of the key techniques used within the
industry (e.g. reservoir geolegy, petrophysics and formaticn evaluation).

Course Learning Objectivey;

This course will introduce students to the key issues susrounding being a geologist ia the petroleumn
industry. Practicel issues such as how hydrocarbon wells are drilled and how rocks are sampled in the
subsurface are also considered. This will help the students to learn about the global ocoumrrences of ail
and gas with special caphesis on Pakistan so thet they can cffectively use their knowledge in the
exploration and develapment of the country's energy resourees.

urse H

Introduction and history of hydrocarbon exploration

The namre and ¢ lassification of petroleum hydrocarbons

Origin, migration and sccunmulation hydrocarbon

Traps, seal and cap rocks

Source rock-zvaluation; Kerogene and its types

Reservoir recks characterization, reservoir fluid, reservoir conditions and dynamics;
tight reservoirs

Exploration. petrolsum cycle in Pakistan; prospeci and exploration in Frontiers arcas
[ntreduction to drilling operations, well site geology and mud logging

Well failure/suceess analysis

[0. Petrolewm prospect risk acalysis

11l. Nonconventional hydrocarbons

12, Intreduction to play fairways and petroleum system

ook e b —
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Recommended Texty;

1. North, F K, (2000). Petrofeum geology, Boston: Allen and Unwit.
2. Selley, R C., & Sonnenberg, S. A. (2014), Efements of Petroleum Geology.
Cambridge: Academic Press.

Suggested Readings:

l. Bjorlykke, K. (2010), Petroiewm geoscience: from sedimentary environments to
rack ahyeice. Amstendan Springer

2. Levorsen, A I & Berry, F. A. (2000). Geology of petroleum:. San Fanvisco; WH Freeman.

3. Hywc, N. . (2012). Nontechnical guide to petroleum geology, exploration, drilling, and
production. Tulsa: PennWell Books
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| GEOL-6117 | Engineering Geology T

Course Brief;
This course is a graduate course of engineering geology. This course is designed to scquire the
knowledge about the rock mechanies and their role in the construction of huge structure. The
constuction of buildings, underground cxcavations, dams on different rock masses like igneous,
sedimentary and metamorphic rocks requires the data of basic physical and geological and
geotechnical parameters. So, this course will help the students in learning various techniques for the
determination of physical and geotechnical parameters of soils and rocks for comstruction of
buildings and foundations, The building code of Pakistan for the construction of various strucrures
and buildings under various geological conditions is also jncluded in this course. Lab work is
also included to enhance the practical imowledge of studenis.

Course Learning Oblective:

This course enable students for how rocks work in construction. They will learn about different reck
iypes and how they affect building. Discover methods to find facts about recks and soil for building,
and understand building codes in Pakistan. Also, explore solving common construction issues and get
hands-on practice in the lzb.

LCourse Contents:

I

9,

Introduction to the enginecring geology and its application

Weathering, physical and chemical

Earthquekes, causes and inlensity scale

Rock mass classification

Geotechmical shudies of rocks and soils

Geological faciors and strength of rocks

Chemical and mechanical behavior of rocks

Geotechnical investigation; uses of sedimentary, igneous and metamorphic rocks as
construction material

Building Code of Pakistan

10. Dam and hmnel engineering
1. Common engineering problems and their remedial measures

Lad, Work

bl ol i B

Sieva analysis

Moisture, void ratios, porosity

Attgle of repose, and other geotechnical properties of soils.

Uniaxial and Triaxial Testing; tensile, compressive and shear tests of rocks.

Recommended Texts:

. Price, D. G. (2008). Engincering geoingy: principles and pracrice. Amsterdam; Springer Science
& Business Media.

2. Rell, F. G. (2004). Engineering geologv and consiruction. Boca Raton: CRC Press.

SugRestid Headings:

L. Bell, F. @G. (2016). Fundamenrals of engineering geology. Amsterdam: Elsevier.,
1, Beavis, F. C. (19853). Rack weathering, Engineering Geology. Melboume; Blackweli Scientific.
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| GEOL-6118 | Hydrogeology | 3009 |

Course Brief:

This course is a graduste course. Ons of the clestive advance level courses in the group of
specialization in Engineering Geology is Hydrology. This course is designed to acquire knowledge
about the exploration of groundwater resources and their management. This will help the students to
leern how to manage and conserve waler resources, how to overcome the acuts shortage of water
supply and elso how to maintain its purity for meeting the present demand as well as the demand of
the futher generntion. The process of inswlilotion of ube wells, its techniques, designing and
developmenls, Flow-pet analysis using pumping tests.

Course Learning Objectves:
Students will gain & wide understanding of hydrological processes and phenomens, including but not
limited to groundwester. Other associaied topics taught will equip them the crifical interrelationships
of groundwater with surface water hydmology and vegetation, smongst others. After corpleting
these courses, the students will be able to camry out their independent research oo the site
development for water issues.

Course Contenty:

The hydrelagic cycle

Adquifer system and types

Occurrence and movement of groundwater

Hydrological propertics of rocks and their messurements

Flugtuation of groundwater levels and couses

Recharge rad discharge of ground water

Groundwater explomticn by geological, bydro-geological and geo-phyzical methods and
remole sensing techniques

8. Well hydmulics

9. Tube well drillipg techniques, desigaing, development

10. Flow-net analysis and pumping tests, watet logging and causes of waler table declination

A o

Recommended Texis:

L. Davie, T. (2008). Fundamentals of kydrology. London: Routledge.
2. Hiscock, K. M. (2009). Hhydrogeology: principles and practice. Hoboken: John Wiley & Sons.

Readin

1. Todd, D. K., & Mays, L. W. {2005). Groundwarer hydrofogy. Hoboken: Welly.
2. Prickett, T. A., & Lonngunist, C. G, ([971). Selected digital compiiter techniques for
Slusauwaler desvwad cAalwtionng, Suikatin Qanoes Slate Yyl Savey) no. 53,

3. Franklin, I. A., & Dusseault, M. B. {19489). Rock engineering. New York: McGraw-Hill,
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[ GEOL-6119 | Geology of Pakistan )

Courze Brief:

This course is designed to acquire the knowiedge about the lectono-stratigraphy of Pakistan
with special emphasis on the tectonic clements and minerels end fuel deposits. It is the study
which describes the Mineral explomtion and its exploitation, exploration and developroent Oil
and Gas resources, Metallic and non-metallic mineral resotrces, suitable aggregate study for
construction moatarials, dams side studies, earthquake studies snd mega [nfrastructure related.
It also describes about the various tectonics elements for collisionnl, extensional and transform
platz boundary setting. From the formation of mighty Himalayas, it includes the detail
tectonosedimenltary, metamorphic and deformation mechanism. [t will also focuses on the
occurrences of Active Seismic Zones of Palastan and earthquake seismology scenaria.

Course Learning Objectives; .
This will help the students to learn about the interaction of regional plates and blocks such as
[ndian Plate, Arabinn Plate, Karakoram Plate, and Afghan Block through peological times and
their influence on the stratigraphy and mineral deposits of Pakistan. The core objective of this
subject is to provide the detail Geological and Tectonics Secting of Pakistan by introducing the
Geodynamecis setting of Pakistan,

Course Contents:

Physiographic and t2ctonic divisions of Inda Pak Plate and its descriptions.
Geology and stratigraphy of the Indian plate, Kerakoram plate.
Afghan block and Arabian plate,

Waziristan , Kohistan, Chogai and Ras Koh magmatic Arcs.
Sedimentary basins of Pakistan.

Makran subduction complex.

Chaman transform zone, arcs, oroclines snd suture zones.
Tertiary Himalayen and pre-Himalayan ocrogenic events.

9, Late Precambrian to Early Cambrinn Hazaran orogeny.

i0. Regional metamorphism (Himalayan and pre-Himalayan).

11. Main episodes of magmatism and their relotions to tectonics.
12. Economic minern| and fuel deposils of Pakistan.

e B

Recommended Texts:

1. Kazmi, A. H., & Jan, M. Q (1997). Geology and tectonics of Pakistan. Karachi: Graphic

publishers.
2. Bender, F.X. & Raza, H.A. (1997). Geology of Pakistan. Berlin: Oxford University Press.

Suppest adin

1. Farah, A., Abbas, G, De Jong, K. A., & Lawrence, R. D. {[984), Evolution of the lithosphere in

Pakistan. Tectonophysics, 105(1-4), 207-227.

7 Searle, M (NI Toilid e cenempnter a poplazioal sxnferarian of e Hiaminee Ka g baryr

wind Tiber, Oxford: Oxford University Press.

3. Kazmi, A. H., & Abbasi, [. A. (2008). Srafigraphy & kistorical geology of Pakistan . Peshawar:

Mational Centre of Excellence in Geoloxy.
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[GEOL-6120 | Geological Fieldwork- II1 [ 202 |

orse Brief;

This course is designed to understand the geological mapping techmigues in the ficld. This will help
the students in learning the use of ficld equipment and data acquisition and preparation of geological
maps and cross-sections. This cowse will heip the students 1o get knowledge about varicus
struchures, features and other processes ocourred in the field. The main goal of this subject is to
acquire the fundamental geolegical field skall of mapping. The course emphesizes the basic skills
essentinl to identify rocks according to different aspects, correlation & features also to  locate
yourself in the feld and make essential field observations and measurcments, Geological feld build
confidence and practical knowledge in the students to claborate geological structures in the ficld
during their feld survey, which will give them more energy for the filhe. As geology is the subject
of field and to explore the earth which is not possible without field work,

Course Lea v

The students wiil be able to camy out observation and plonting of peological information on
topographic shest. They will be able to siudy of geomorphic features in ficld and measurement of
stratigraphic sections. Independently camy out recogmition of structural features and study of
fossils, primary and secondary structures, This peological fisldwork exercise will enable students
to describe various features sedimentary, igneous and metamorphic rocks

Course Contents:

Field based exercises

Topographic sheets and its utilization in ficld

Observation and plotting of geological information on topographic sheet.

Study of geomorphic features.

Mensurement of stratigraphic sections.

Recopnition of structural features,

Study of fossils

Study of primary and secondary geological structures,

Field description of sedimentary, igncous and metamorphic rocks,

0. Report writing based on geological mapping of an assigned area and fieldwork Viva
Voce and Evalustion.

Recommended Texts:

bl o

=8 % o

1. Coe, A. L (Ed). (2010). Geological field technigues. Hoboken: John Wiley & Suns.
2. Lambert, D. (2000). The field guide to geology. New York Infobase Publishing,

Suggested Readings:

. Barnes, J. W., & Lisle, R. I. {2013). Basic geclogical mopping. Hoboken: John Wiley & Sons.
2. Lahesz, F. H. (2000}. Field geology. New York: MeGraw-Hill.
3. Compton, . R, & Compton, R. R (2000). Geology in the Field . New Yorke Wilcy.
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| GEOL-6121 | Sequence Stratipraphy | sgn |

Course Brief:

This course i3 designed to acquire the knowledge about various types of strotigraphic sequences and
their relation with the sen level changes. This will help the students to leam sbout the formation of
various scdimentary rock sequences during geologic dme. Within the course basic conceps,
principles and methods in sequence simbigraphy are presented, including how sequences cam be
subdivided into genetic units and which processes controls the sequence development through time.
The principles nre illustmted with cxamples and students may participatz the methods during
geological fieldwork in oulcrops. Students can describe and analyze sedimentary successions with
focus on interpretation of sedimentary environmenis and sequerice stratigraphy.

Course Learning Ob ves: ;

The geal of the course is t0 introduce the smudents to scquence strabigraphy and show how
sequence stratigraphy can be applicd to beiler understand how sedimeniary successions are
structured in a temporal-spatial perspective and which controls play part in this structure, They may
identify genetically related unils and their intervening discontiouity surfaces. And can assess which
control is instrumental for the stacking and geometry of sedimentary sequences.

Counrse Contents:

L. Sequence Stratigrapby = An Overview, Historical Development of Sequence Stratigraphy,
Sequence Stratigraphic Approach

2. Methods of Sequence Stratigraphic Analysis, [ntroduction, Facies Analysis: Outcrops, Core and
Modem Analogies, Well Logs, Scismic, Accommodation and Shoreline Shift, Allogenic Controls
on Sedimentation, Sediment Supply end Energy Flux, S8ediment Accommeodation, Shoreline
Trajectories.

3. Stratigraphic Surfaces, Types of Stratal Tormuinstions, Sequence Siratipraphic Surfaces

4. System Tracts includiog HST, FSST, LST, TST, RST

3. Sequence Models: Types of Stratigraphic Sequences, Pamsequences in Fluvial System,
Parasequences in Cozstal to Shallow Water Clastic System

6. Time attribute of Scquence Siratigraphic Surfaces

7. Hierarchy of Sequences and Sequences Boundaries

8. Discussions and Conclusions, Future Directions.

Reco T

. Camneanu, O. (2000). Principley of sequence siratigraphy. Amsterdam: Elsevier.
2. Miall, A. D. (2010). The geology of strafigraphic sequences. New York Springer Science &
Business Media.

Sugpested =

LSEh DM DO Toelnip M Raenied Shaoddcfetior T pans'mim weslog it
geophysicisis, and engineers. Amsterdam; Elsevier,
2. Emery, D. and Myers, K.J., (2000). Seguence Strasigraphy. Oxford: Blackwell,

3. Embry, A. F. (2009). Practical sequence srrarigraphy. Albena: Cansdian Society of Petroleum
Geologisis. /I/M
A




| GEOL6122 | Scientific Writing and Research Methods | 330 |

Course Brief:

This course introduces students to the fundamentals of scientific wriling and the systematic approach to
conducting research, It covers the principles of effective academic communication, research design,
data collection, analysis, and interpreiation. Emphasis i placed on writing research proposals, repoits,
and scientific papers, as well as developing skills for critical thinking, cthical research practices, and
literature revicw. The course preparcss students Lo plan and execute independent research projects and to
communicate scientific findings clearly and professionally, both in written and aral formats.

Course Leurning Objectives;
By the end of this course, students will be able to understand and apply key concepts in scientific

research and communication. They will learn to develop research questions, design studies, conduct
literature reviews, and analyze and present resuits in scientifically appropriate formats. Students will
gain practical cxperience in writing abstracts, proposals, and full-length papers, while adhering 1o
ethicel slandards and proper citation practices. The cowrse aims to stremgthen students’ abilities io
communicate their rescarch effectively end engage in scholarly discourse across scientific disciplines.

Course Centeats;

Intreductiop to scientific research and academic writing

Types of scientific research: qualitative, quantitative, and mixed metheds
Formulating research questions, hypotheses, and objectives

Literature review techniques and reference management tools

Research design and methodology: experimental and obscrvational studies
Data collection methods: surveys, experiments, ficldwork, secondary data
Introduction to basic stotistics and data analysis techniques

Ethical considerations in research: plagiarism, consent, integrity

Structure of scientific documents: IMRAD (Introduction, Methods, Resuitd, and Discussion)
10, Writing rescarch proposals and project plans

11. Drafting abstrocts, literaturs reviews, and methodology sections

12. Preparing and proscnling rescarch posiers and orel presentations

i3, Peer review process and responding to reviewer feedback

14, Citation styles and reference formatting (APA, MLA, Chicago, etc.)

15, Publication process and open-access platforms in scientific rescanch

© N B

Recommended Texts:

1. Creswell, LW, & Creswell, 1.D. (2018). Rescorch Design: Qualitative, Quantitative, and
Mixed Methods Approackes {5th ed.). SAGE Publications.

Alley, M. (2018). The Craft of Scientific Writing (4th cd.). Springer.

Hofimann, A5 (2016). Scientific Writing and Communication: Papers, Preposals, and
Presentations (3rd ed.). Oxford University Press.

4. Pechenik, J.A. (2016). 4 Short Guide ta Writing About Biology (9th ed.). Pearson,

2.
3.

Sugpested Readings:
1. Turabian, K.L. (2018}, 4 Manual for Writers of Research Popers, Theses, and Dissertations

{9th ed.). University of Chicago Press.
2. Silva, I'. (2007}, How to Write a Lot: 4 Pracdcal Guide 1o Productive deademic Writing, APA

LifeTools.
b /,,,,u_
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| GEOL-6123 | Gealogleal Fieldwork IV | o2

Course Brief;
This Geclogical fieldwork IV is desigoed for final-ycar undergraduate students 1o synthesize and
apply geological knowledge in 8 real-world setting. The course compriscs two integral components:

|. Lithostructural Mapping - Students will carry out defailed lithostructural mapping of a
designated area ot a [:10,000 scale, spplying skills in rock ideatification, swucmral
measurements, and geospatial documentation.

2. Specializadon-Oriented Fleld Work — Students will conduct focused field investigations
oligned with their chosen sreas of specialization (e.g., Sedimentology, Structural Geology,
Economic Geology, Engineering Gealogy, Hydrogzology, Petroleum Geology, tc.). The daia
collected will directly contribute to their final-year thesis projects.

The course aims to build core competencies in field observation, data recording, spatial reasoning,
and professional reporting.

Course Learning Objectives:

This course arms to develop students' advanced field skills through detailed lithostructural mapping
and specialization-based ficldwork Students will leam to idemtify rock units, measure structural
features, and produce gealegical maps and cross-sections at a 1:10,000 scale. In the second part, they
will conduct focused field investigations in their chosen spevialization—Engineenng Geology,
Geophysics, of Mineralogy——collecting data directly related o their thesis research. The course also
emphasizes field documentation, scientific interpretation, tenmwork, ond professional reporting
practices..

Course Contents:
Part [ - Lithestruciural Mapping:
. Selection and recomnaissance of field area,
Lithological unit identification and boundaries.
Measurement and analysis of strictural features (e.g., bedding, folds, fauits, joints).
Preparation of field notes, geological mops, and cross-sections.
Report writing and geological interpretation.
Part Il - Specialization-Based Field Work:

. Plznning and execution of a specialization-specific field study.

. Data collection methods specific to each specialization (e.g., sedimentary focieg
analysis, ore body sampling, hydrogeological surveys, geotechnical prefiling, reservoir
characterization, ctc.).

. Compilation of field data relevant 1o thesis objectives.

. Preliminary analysis and interpretation.

. Integration of field findings into thesis framework.

Recommended Texis:
l. Lisle, RJ., Brobham, P., & Barnes, .W. (2019). Basic Geological Mapping, 6th Edition.

Wiley-Blackwell.

2. Butler, RW.H. & Bond, C.E. (2022). Technigues and Applications of Structural Geology.
Cambridge University Presa,

3. Norbury, D. (2021). Soil and Rock Deycription in Engineering Practice, 2ud Edition,
Whittles Publishing.

4. Milsom, J. & Enksen, A. (2018). Field Geophysics, 5th Edition. Wilcy-Blackwasll.

5. Rolliosor, H.R & Pease, V. (2021). Lsing Geochemical Data: Evoluation, Presentation,
fnrerpretation, 2nd Edition. Routledge.

Surpested Rendings!
I, Burker, R. & Dixon, G. (2021). Field Avdrogeslogy, sth Edition, Wiley-Blackwell,
2. Sharma, P.V. (2019). Environmental and Engineering Geophysics, Reprint Edition. Cambridge
University Press.
3. Nesse, W.D. (2021), Introduction to Mineralogy, 3rd Edition. Oxford University Press.

- "



[ GEOL 6124 | Al and Computational Geology EnE)) |

Cou H

Al and Computational Geelogy explores the integration of artificial intelligence (Al), machine leaming
(ML), and advanced compttatonsal methads in the study of geological processes and Earth systeins.
This interdisciplinary course introduces students io the application of data-driven models, geostatistical
tools, and algorithms for solving complex geological problems. Topics include data preprocessing,
pattern recognition, predictive modeling, and image classification for grological mapping, resource
estimation, and hazard assessment. Through case studies and hands-on exercises, students will gain
practical experience using Al and computational tools to analyze large geological dstasets, automats
interpretation, and enhence decision-making in geoscience and energy sectors.

o ved:
This course anms 1o equip students with foundstional knowledge and practical skills in applying Al and
computational techniques to geoscientific problems. By the end of the course, students will be able to

" preprocess and interpret geoscience data, apply supervised and unsupervised leaming slgorithms, and
develop models for classification, regression, and clustering of geolopgical feahmes. Students will
undersiand the capabilities and limitations of Al in geological workflows and will be prepared to use
computational approaches for exploration, modeling, and environmental monitoting.

Coiirse Contents:
1. Introduction to computational geology and Al concepts
2. Overview of peoscience data types and sources
3. Fundsmentals of machine leamning: supervised, unsupervised, and reinforcement learning
4. Data preprocessing and feature engineering in geological datasets
5. Repression and clagsification models for reservoir and lithology prediction
6. Clustering and dimensionsality reduction techniques in mineral exploration
7. Neural petworks and deep learning for sersmic and image imterpretation
8. Remote sensing and image classification using Al techriques
9. Geostatistical modeling and simulation using Al-enhaneed tools
10. Time-series forecasting for geohazards and environmental monitoring
11. Natural language processing (NLP) for automated repert géneration in geology
12. Al in geospatial analysis and GIS int¢gration
13. Model eveluation, validation, and uncertainty analysis in geological applications
14. Case studies: mineral explotation, seismic interpretation, carbon storage, groundwater
modeling
15, Ethical considerations and limitations of Al in geoscience

Recommended Texty;
1. Libraries, J. (2023). Machine Learning and AI Applicasions in Geosciences. Elsevier.

2. Karpame, A., Ebert-Upboff, L, Ravels, S., Babaie, HA., & Kumar, V. (2018). Machine
Learning for the Geosciences: Challenges and Opportunities. IEEE Transactions on
Knowledge and Data Engineering.

3. Libraries, J. {2022). driificial Intelligence in Earth Science: Theory and Practice. Springer.

4. Libraries, J. (2020). Python Machine Learning for Gealogical Applicarions. Wiley.

3. Libraries, J, (2021). Compurarional Geosciences with Python: An Introduction to Modeling,
Machine Learning, and Data Analvsis. Springer.

Suggesied Readfngs:

1. Libraries, J. (2020). Geostatistics for Environmental and Geotechnical Applications, CRC
Press.

2. Libraries, J. (2019). Practical Machine Learning in Python for Earth Scientists. O'Reilly.

3. Journals: Computers & Geosciencer. Fournal of Geophysical Research: Solid Earth,
Geoscience Fronniers, Lavironmental Modeliimg & Software, Earth Scrence Informatics,

Remore Sensing, IEEE Gevsclence and Remote Sensing Letters.
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Specialization: Mineralogy
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L GEDOL-6130 [ Analytical Techniques in Mineralogy 39 |

Course Brief:
This course introduces students to the modern analytical tools and techniques used in Ihe identification
and characterization of minerals. Emphasis is placed on both qualitative and quantitative approaches,
helping students understand mineral structure, composition, snd properties using instrumental
methods. The course bridges theory with hands-on applications relevant to scademic research and
industry.
Course Learning Objectives;

¢ Understand the principles behind key analytical techniques used in mineralogy.

» Prepare mineral samples for instrumental analysis,

s Select appropriate analytical to0ls for specific mineralogical problems.

» [Interpret analytical data and relate them to mineral composition sad structure,

»  Apply multiple tectmiques in an imtegrated manner to solve geological questions.

Caourse Contents:

= [ntroduction to Analyfical Methods in Mineralogy

Optical Microseopy

X-Ray Diffraction (XRD)

Scanning Eleciron Microscopy (SEM)

Electron Microprobe Analysis (EMPA)

X-Ray Flucrescence (XRF)

Fourier Transform Infrared Spectroscopy (FTIR)} and Raman Spectroscop

Thermal Analysis (TGA, DTA, DSC)

Case Studies and Applications

Recommended Texts:
1. Introduction to Mineralogy™ by William D. Nesse — Chapiers on optical mineralogy and XRD,
2. “Modern Analytica) Geechermistry” by Robin Gill — Covers o wide range of analytical imethods.

Supgested Readings:
3. Quantitative Mineral Analysis” by P.I. Potts — Detziled treatinent of EMPA, XRF, and other
methods.
4. "Practical Guide to Optical Mineralogy” by R.P. Richends and B. Dyar — For microscapy
basics.
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[ GEOL-6131 | Applied Mineralogy-Petrology [33-0) ]

Course Brief:
Mineralogy and petrology are twa closely related ficlds within the realm of geology, but they focus on

different aspects of the Earth's materials. Both minemlegy and petrology are fundamental to
understanding the Earth's composition, history, and processes, and they play crucial roles in Selds such
a3 peology, environmental scicnce, materials science, and even archaeology.
Coorse Learping Objectivey;
As mineralogy is the sub discipline of geology which deals with the study of minerals. So the course is
designed to acquire the knowledge sbout the pbysical and optical properties of various rock forming
minerals and related phase diagrams. This will help the students in learning how various silicate and
non-silicate minerals can be identified and how these are formed during different P-T conditions. The
composition of igneous rocks and minerals can be determined via & veriety of metltods of varying ease,
cost, and complexity, The study of sedimentary rocks will help (he studems to understand the
classification and depositional system of the sedimentary rock as well as the provenance of sediments
and sedimentary structures. By studying of metamorphic petrology students will get fammliar with
melamarphic processes aod the resulting textures and structures in the rocks. Petrogenetic processes
such os recrystallization, contioucus and discontinuous reactions, mixed volatile reactions and
deformation are addressed.
Course Contenty:
[ntroduction to minerzlogy and crystallography
Classification of minerals
physical and optical properiies of the common silicate and non-silicats mineral group
introduction to X-Ray diffractormetry and universal stage and their application.
Tectoni sm-magmatisma relatonship
Origin, transportation and deposition of sediments
Texture of sedimeniary rocks and their statistical parameters
Classification and deseription of sedimentary rocks
Types, graded, zones and facies of metamorphism
10 Metamorphic diffusion and ditferentiation
11. Metamorphism in relation to plate tectonics
12. Study of textures and strisctires of metamorphic rocks.
Recommended Toxty;
[. Pettijohn, F. J., Potter, P. E., & Siever, R (2012). Sand and sandstone, Springer Science &
Business Media.
2. Blackburm, W, H., & Dennen, W, H. (1994). Principles of mineralogy. WCB/McGraw-Hill.
3. Best, Myron G. Igneous and metamorphic petrology. Jehn Wiley & Sons, 2013, -
Suggested Readings:
1. Wilson, B, M, (2007). fgneous petrogenesis a global lectonic npproach. Springer
Science & Business Media,,
2. Blatt, H., Tracy, R., & Owens, B. (2006). Petrology: igneous, sedimentary, and
metamorphic. bacmillan,
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[GEOL-6132 | Clay Mineralogy snd Soll Chemistry 3300 !

Course Brief;
This course provides an introduction to the fundamental concepts of clay minemlogy aod sail

chemistry, focusing on the structure, clagsification, and properties of clay minerals and their role in soil
systems, Students will explore the geochemical processes that govern soil formation, mineral-goil
interactions, mitrient cycling, and contaminent mobility.

Coome Learning Objectives:

1.

&

3.

Classify clay minerals and understand their structural differeaces,

Explain the role of clay minerals in soil formation md behavior,

Apply analytical techniques to identify ciay minerals.

Evaluate soil chemical properties, includiog nutrient availability and contaminant mobility.
Recognize the importance of clay minerals in industrial and environmental contextd,

Course Contents:

Rl S

7.
8.

Introduction 1o Clay Minerals
Classification and Structure of Clay Minerals
Clay Mineral Formation and Weathering Processes
Identification Techniques (X-ray diffraction (XRD), SEM, and thermal analysis)
Cation Exchange Capacity (CEC) and Surface Chemistry

+ Clay-water interactions

+ Adsorprion and desorption of nutrieats and poflutsnts
Soil Chemistry Fundamentals

s Soil pH, buffering, redox reactions

* Organic matter and nutrient cycling
Soil Colloids and lon Exchenge Reactions
Clay Minerals in Environmental and Industrial Applications

Recommended Texts:

7

ki
4.

fotroduction to Clay Minerals: Chemistry, Origins, Uses and Environroental Significancs” by
Velde, B.
Soil Chemisty" by Daniel G. Strawn, Hinrich L. Bohn, and George A. O'Connor.

a .
Clay Mineralogy” by Ralph E. Grim = Classic texr covering structure and identification.
Soils: Genesis and Geomorphology” by Randall J. Schaetzl and Sharon Anderson - Useful for
s0il processes and formation,
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[GEOL-6133__| Crystal Chemistry and Mineral Structures 1330 ]

Course Brief:
This course explores the principles of crystal chemisiry and the structural organization of minersls at
the atomic level, Studants will leam how atomic amangement, bonding, and chemical composition
determine mineral properties and stebility. The courss focuses on crjmallngmplm systems, symmetry,
unit cells, coordination geometry, and solid-solution mechanisms in minerals—laying the foundation
for understanding advanced mineralogical and geochemical processes.
Course Learning Oblectives:
Understand the fundamental stomic arrangements in minerals,
Interpret crystallographic data and describe mineral symmetry.
Apply crystal chemical principles to explain mineral properties.
Analyze structural varistions in silicate and non-silicate minerals.
» Understand how crystal chemistry impacts geclogic processes.
Conrse Contents:
1. Introduction lo Crystal Chemistry
2. [mpontance and scopeAtomic bonding in minerals (ionic, covalent, metatlic, van der Waals)
3. Crystallographic Concepts
4, Ionic Radii and Coordination Numbers
5. Sillcate Structures
6. Structurl classificetion of silicates
7. Tectwosilicates, inosilicates, phyllosilicates, eic.
8. Substitption and Solld Sclution jn Minerals
9, Isomorphism, coupled substitution, and zoning
10. Polymorphism and Polyrypism
11. Crystal Defects and Order-Disorder Phenomena
12. X-ray Crysiallography in Mineral Structure Determination
13. Applications in Petrology and Geochemisty
Recommended Texts:
1. [Iotroduction to Mineralogy" by William D. Messs — Chapters on crystal chemistry ond
strucrure.
2. "Structure and Bonding in Crystalline Materials” by Gregory S. Robrsr = Focus on bonding and
structure relationships.
Suggested Readings:
3. Minerals: Their Constitution and Origin” by Hans-Rodolf Wenk and Andrei Bulakh — Good for
visualiring mineral structures.
4, "Crystallography and Crystal Chemistry™ by F. Donald Bloss ~ Classic reference.
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[GEOL-6134 | Gemology

3300 |

Course Briels
This course introduces the science of gemology “the study of gemstones”, including their
identification, classification, propetties, and origins. Students will learn about natural and synthetic
gems, their formation, optical and physical characteristics, and the methods used in their svaluation
and certification. The course integrates mineralogical principles with practical gem-testing techriques
relevant 1o jewelry, trade, and scientific applications.

Cpurse Learning Objectives:

Identify end describe the physical and optical properties of gemstoness.
Understand the geological origing and formation conditions of gems.
Distinguish between namural, synthetic, and trested gemstones.

Apply standard gemological tools for gemstone testing and evaluation,
Recognize cthical issucs and market standards related to gemstone made.

Coarse Contents:

WE N R W

Introdection to Gemology (Definition, history, and scope of gemology)
Gemstone clessification and market overview

Formation and Occurrence of Gemstones

Geological environments of gem formation

Primary and secondary germn deposits

Physical and Optical Properties of Gemstones

Gem Identification Technlques

Syntheti¢ and Treated Gemstones

Common gemstons treatments and enhancements

IU Gemstone Cutding and Grading
{1. Major Gem Varleties and Their Mineral Groups

Recommegpded Texts;
Gemology” by Comneliua 5. Hurlbut and Robert C. Kammerling — Comprehensive introduction.

2. "Gems" by Cally Hall (DK Evewitness Books) — Excellent visual guide.

Suppgested Readings:

L.
2

Gemmology® by Peter G. Read - Practical techniques and theory.

"Field Guide to Rocks and Minerals”™ by Frederick H. Pough — Useful for field identification.

m-F -"’/M’
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| GEOL-6135 | Geochemistry [330 |

Courze Briaf:

This is the sub discipline of geology which deals with the study of the chemical composition of the
¢ath and its rocks ond minerals. This course is designed to acquire the knowledge about the
distribution of elements in minerals and rocks and their dispersion in different environments. This will
help the students in leamning the geochemical characteristic of various rocks end their role in mineral
exploration. One of the goals of goochemistry is to determine Lhe abundance of elements in nature, as
this information is essential to hypotheses development about the origin and structure of our planet and
the univérse. An clement is material which has a particular kind of atom with specific electronis
structure and puclear charge, factors that determine their sbundanee in the rocks. Regarding
distribution, it ¢can oaly have direct evidence on the composition of the Earth's crust and indirect on the
mantlc and core,

Course Learnin H .
Identify and interpret Earth materials, make quantitative measurements with approptiate uncertainties,
and communicate geochemical data effectively.

Course Contents;
I Development of geochemistry as a discipline

2.Compasition of metcorites and their Origin

3. Geochemical structure of the earth

4. Geochemical classification of elements

5. Polymorphism and pseudomorphism.

6. Metasomatic processes end environment,

7. Mobility ond dispersion of clements under different geochemical environments

8. Introduction of geochemisiry of igncous, sedimentary and metamorphic rocks

9. Gewchemical anomalies and their application in mineral exploration

1. Introduction to geochemical analytical techmiques

11. Geochemical cycles

12. Inroduction 1o orgunic geochemisiry, organic matter, types, and its importance in petrolenm
industry.

Lab. Work: Processing and interpretation of geochemical dats, Temary diagrams interpretation,

R ended Texts:

I. Krauskopf, K. B. (2000), Introduction to geochemisiry. New York: McGraw-Hill.
2. Masoe. B., {2000} Principles of geochemisiry. Hoboken: John Wiley and Sons.

Suppested Readings:

3. Rose, AW, Hawkes, HI. and Webb, J.S. (2000), Geechemistry in mineral exploration.
Tonbridge: Whitstable Litho Lid.
4. McSween, H, Y., Richardson, S. M., & Uhle, M. E, (2000). Geochemisiry: Pathways and

processes. New York: Columbia University Press.

"
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[GEOL-6136 | Igneons Petrology EETI

Course Brief:

This course is a graduate level course of igneous petrology. It is the study of magme and the rocks that
solidify from magma, The composition of igneous rocks and minerals can be determined via & variety
of rmethods of varying eass, cost, and complexity. The simwplest methed is observabon of band
samples with the nsked eye and/or with ahand lems. This can be used to gauge the geperal
mineralegical composition of the rock, which gives an insight into the composition. A more preciss but
still relatively inexpensive way to identify minerals (and there by the bulk chemical composition of the
rock) with a petrographic microscope. It enables smdents to understand the mechanism of magma
evolution a3 well as the factors affecting the mogmatic evolution, This course also include the tectonic
activities related to magmatic processes and different types of ignecus rocks on different tectonic

MErgins,

Coarse Learning Dbjectives:
[dentify and classify igneous rocks, understanding magma formetion and evolution, and interpret
geological procedses related to ipricous activity.

[gnecus rock associations

Petrogenedis of igneous rocks

Petrogenic provinces: Basaltic provinces, Granite-grenodiorite provinces and mafic-ultramafic

complexes

Tectonism-magmatism relationship

Igneous activity related te convergent plate boundary and divergent plate boundary environments

Iniracontinental hot spots

Continental rift relatad magmatism

Collisional and subduction environments and igneous activity

9. Dphiolites

10. Mantle-magma systems and source of magma

11. Physico-chemical factors in magmatic evolution.

12. Labs: Megascopic and microscopic identification and description of igneousrocks. Discrimination
diagrams.

Lab, Work: Processing and interpretation of geochemical data, Ternary diagrams inierpretation.

ot —
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Recommended Texts:

l. 1. Blai, H., Tracy, R. and Owens, D., 2005, W. H. Freeman and Co, Petrology: Igneous,
Sedimentary and Metamorphic by
2. Winter, J. D., 2001, Introduction to lgneous and Metamorphic Petrology, Preatice Hall.

Suggested Readingy:
3. Hyndmann, D. W, 1995Petrology of Igneous and Metamorphic Rocks, MeGraw-Hill.

4. Wilson, M., 1989, [gneous Petrogenesis.
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[ GEOL- 6137 | Sedimentary Petrolagy | 33-0) |

Course Brief;

This course is designed to acquire the knowledge about various types of sedimentary rocks and their
digenesis, Sedimentary rocks illuminate many of the details of the carth's history: efecis of sea lovel
change, global climate, tectonic processes, and geochemical cycles are all recorded in the sedimentasy
strata of the earth. This course will cover basics of fluid flow ond sediment transport, sedimentacy
struchaes and textures, and forming the bodge between modermn landforms and anciemt rocks'
depositionat sedimentary covironments. This will help the students to understand the classiScation and
depositional system of the sedimentary rock as well ss the provenance of sediments and sedimentary
strisctures. {t's also enable students to undersiand the role of tectonic for sedimentary rocks.

Course Leavping Objectives:

A Sedimentary Petrology course aims to provide students with a broad understanding of sedimentary
rocks, inciuding their formation, chamcteristics, and classification. Students should be able to
recognize and classify different types of sedimentary rocks, understand Lhe processes lhat create them,
and interpret their relationship to ancient geological environments.

Course Countents:

1 Introduction of sedimentary rocks

2. Ongin, transportation and deposition of sediments

3. Texture of sedimentary rocks

4. Structures of sedimentary rocks

5. Classification and description of sedimentary rocks

6. Provenance of sediments; diagenesis; concepts of sedimentary facies and facies association
7. Tectonic controls of sedimentation.

8. Eovironments of deposition of sedimentary racks,

Prothero, D. R., & Schwab, F. (2004). Sedimentary geology, New York: Maemillan,
2, Pettijohn, F. I, Potter, P, E., & Siever, R. (2012). Sand and sandstone. Berlin: Springer Science
& Business Media,

Suggested Readings:

1. Boggs Jr, 8. (2014). Principles of sedimentology and stretigraphy. London: Pearson Education,
2. Reineck, H, E,, & Singh, 1. B. (2012). Depositional sedimentary environments: with reference
to terrigenous clastics. Berlin: Springet Science & Business Media.

Recommended Texis:
L
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[ GEOL- 6138 | Rare Earth Elements & Platinum Group Elements (3¢ |

Brick;
This course introduces smudents to the geochemistry, mineralogy, and economic imponance of Rare
Earth Elements (REEs) and Platinum Group Elenients (PGEy). These critical elements are e3sental
for modemn technologies, including electronics, clean energy, aerospace, and catalytic systems, The
course coverd their geological ocourrences, eaplomtion techniques, extraction challenges, and glebal
supply dynamics, with a focus on sustainability and siralegic resource management,

Differentiate between light and heavy REFs and the six PGEs.

[dentify key host rocks and mincrals for REE and PGE deposits.

Understand the geological settings and genesis of REE and PGE mincralization.

Deseribe exploration and extraction techniques for these critical elements,

Agsess the economic, envirommental, and geopolitical aspecis of REE and PGE resources.

-

el ol N e

Introduction to REEs and PGEs

Geochemistry and Mineralogy of REEs

Geochemistry and Mineralogy of PGEs

Formation and Types of REE Deposits (Carbonatites, alkaline complexes, laterites, ion-
sdsorpiion clays)

Formation and Types of PGE Depogits (Layered mafic inlrusieons, placer deposits, ophiolite
complexes)

S. ECxplorstion Techniques for REEs and PGEs

6. Processing sod Extraction Technologies

7. Economic and Strotegic Importance

B. Environmental and Policy [ssues

il al /-

&

1. Atwood, D A (Ed). (2013). The rare 2arth elements: fundamentals and applications. Joha
Wiley & Sons.

2. Voncken, J. H. L. (2016). The rare earth clemenss: an introduction. Cham, Switzerland:
Springer Internations] Publishing.

Sugpested Readings:
[ Tha, A. R (2014), Rare earth materials: properties and applications. CRC Press.

3
d. Zereini, F., & Alt, F. (Eds.). {2012). Anthropogenic pintimem-group element emissions:
their impact on man and envirorment, Springer Science & Business Meidia.
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[GEOL-6139 | Industrial MineraSogy 330 |

Courae Briel:

[ndustrial Mioeralogy is the study of minerals that are used directly in industrial applications without
the need for extensive processing. This short course is designed to introduce undergraduate students to
the ¢copomic importance, properties, and applications of indusirial minerals in various sectors
including construction, agriculture, manufecturing, energy, and environmental industrics. Students will
learn how to identify and classify key industrial minerals, understand their formation and occurrence,
and evaluate their physical and chemical properties in relation to their industrial uses, The course will
also cover methoeds of exploration, mining, benefictation, and quality control, along with case studies
from local apd global contexts.

Course Learning Oh ves:
This course equip students with the knowledge and skills ta understand and apply various mineral
processing techniques, They aim to undersiand how mineral processing is used to extract valuable
matcrials from orcs and how it impacts suslainability and the environment

Courge Contents;

Introduction to industrial minerals sod rocks and their classifcation,

Grade and reserve estimation of deposits,

[mroduction to ore microscopy

Environment and processes of formation of I[ndustrial mineral deposits: magmatic

segregation, hydrothermal solution, metasomatism, sedimentation, evaporation, residus)

and mechanical concentration and metamerphizm,

Relationship of mineral deposits to plate tectonic settings,

Introduction of geological explomtion/prospecting,

Brief description of Industrial minerals such as fuel minerals, gemstonss, copper, lead,

zine, iron, gold, chromite, manganese, salt, gypstm, bauxite, sulphur, barite, fluorite,

clays, phosphorite, building and dimension stones, industrizl rocks and minerals,
" raicactive minerals and rocks with special reference to Pakistan,

Labs: identification and description of [ndustrial minerals, microscopic studies and lab exercises on

grade and reserve estimation from provided data.

Recommended Texts:

. Evans, A, M. (2009). An introduction to ecoromic geofogy and lts environwmental
impact. John Wiley & Sons.
2. Pohl, W. L. (2011}. Economic geology: principles and pracrice, John Wiley & Sons,

Suggested Readings:
1. Moon, C. J, Whateley, M. K, & Evans, A. M, {2008), Jnroduction 1o ntneral

explorasrion (No. Ed. 2), Blackwell publishing.
2. Evans, Anthony M. Ore geology and indusirial minerals: an introduction, John Wiley &
Suns, 2009,

B g -
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[ GEOL- 6140 | Mineral Prospecting =T

Couorse Brjef:

This course provides an introduction to the principles and methods of mineral prospecting—I1he initial
stage int the exploration and discovery of cconomically valuable mineral deposits. Students will leam

about various prospecting techniques including geological, geochemicat, and geophysical methods, as
wall as the interpretation of field data and identification of target areas for detailed exploration.

Course Learning Objectives;

A course in Mineral Prospecting aims to 1¢ach students the fundamental knowledge and skifls needed
for locating and evaluating mineral deposits. Students will lear about geological principles, mineml
identification, exploration techniques, and the economic significance of minerals.

Lourse Contents:
troduction to Mineral Prospecting

Types of Minernl Depasits
Classification and examples
[ndicators asnd controls of ore formation.
Geological Methods (Lithological, struchural & mineralogical indicators)
Geochemical Prospecting
» Soil, rock, stream sediment, and water sampling
s  Element dispersion parierns and pathfinder elements
7. Geophysical Prospecting Techniques
= Msagnelic, gravity, electrical, and seismic mcthods
s Interpretation of geophysical anomalics
8. Remote Sensing and GI1S in Prospecting
» Satcilite imagery and aerial photography
= [ntcgration of spatial data
9. Ficld Techniques and Sampling
» Traverse planning, mapping, trenching, ond pitting
= Sample collection, preparation, and documentation
10. Drilling and Logging Basics
» Coro and non-core drifling
s  Core logging and subsurface interpretation

e e

Recommen Texts;
1. Bthmer, M., & Kucera, M. (2013). Prospecting and exploranion of mineral deposits (Vol. 21).
Elsevier
I, " Reedman, I, I (Ed.). (2012). Technigues in mineral exploration. Springer Science &
Business Media.

Syggested Readings:
1. Ginzburg, L I. (2013). Principles of geochemical prospecting: technigues of prospectivg for
non-ferrous ores and rare metats. Elsevier.
2. Marjoribacks, R. (2010). Geological methods in mineral expioration and mining. Springer
Science & Business Medin.

M.F//JA
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[GEOL-6141 | Mingral Deposits [EEO

Course Briel;

As mioersl deposits are natural accummulations of minerals in the sarth crust, in form of one or several
mineral bodies which can be extracted at the present time or in an immediate fiture, So this course is
designed 1o acquire the knowledge about the formation of various types of economic mineral deposits
and their significance. This will help the students to understand the processes which are involved in the
genesis of various ores deposits, hydrocarbons, gemstones pnd other industrial minerals.

Courss [ earning Objectives;

A course on mineral deposits aims to provide sudents with a comprehensive undersiending of the
geological processes involved in the formatian of economic mineral deposits and their significance in
modemn society. Students will learn about 1be types of mineral deposits, their geological settings, and
the factors that determine their economic value.

Course Contents:

Introduction of minerals and mineral deposits.

Classification of mineral deposits.

Genesis, occutrence and important features of minerzl deposits,

Important features of porphyry deposits, Cu-Ni-Fe deposits, volcanic hosted massive sulphide deposits,

Mississippi valley type deposits, carbonalites, greisen deposils, skam deposits and placer deposits,

5. Descrition of few mineral deposits like chromite, platinum group elements, gold and uranium deposits, in
detail.

6. Occurrence, distributicn and ukilization of metallic mineral deposits in Pakistan.

ool b =

Recommended Texts:

. Kazmi, A. H., & Abbas, S. G. (2001). Matallogeny and Mineral Depaosits of Pakistan; Graphic Publ.
2. Plumles, G. 5. (1999). The covironmental geology of mneml deposits. The environmenial
geochemisiry of mineral depasits. Society of Economic Geologists. Part A, 71-116.

Su ;

1. Mitcheil, A. H. G., & Garson, M. 8. (1981). Mineral deposiis and global tecionic sertings. Academic
Press.

2. Dewing, K. E.L T. H, Tumer, E.L. L Z A. B. E. T. H, Hamnison, J. C., & Goodfellow, W. D. (2007).
Geological history, mineral cccusrences and mineral potential of the sedimentary tocks of the
Canadian Arctic Archipelago. Mireral Deposits of Canada: A Synthesis of Major Deposit-Types,
District Metatlogeny, the Evalution of Geological Provinces, and Exploration Methods: Geological
Association of Canada, Mineral Depasite Division, Special Publicarion, 5, 733-753,
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[GEOL - 6145 | Soil Mechanics and Foundation Engineering | 3(3-0) |

Course Briel;
This course is designed as an advanced elective in the field of Engineering Geology, focusing on the

behavior of 3oils and their relevance to foundation design. Students will gain Amdamental and applied
knowledge of soil properties, classification, and mechanical behavior under different loading
conditions. The course emphasizes real-world applications in foundation engineering, site investigation,
and soil improvement techniques, Case studies and sssignmenis will enhance understanding of soil-
structure interaction and the design principles for shallow and deep foumdations.

Co biectives;

Students will develop & comprehensive understanding of how soils behave under various loading and
environmental conditions. They will leamn to analyze and classify soils based on their engineeriog
properties and apply geotechnical principles in the design of different types of foundations. The course
will also equip them with the skills fo conduct essential soil tests and essess soil strength for
construction purpeses. Additionally, smudents will gain practical experience in interpreting geotechnical
reporis and usiog the deta to inform foundstion design decisions.

Course Contents:

Soil origin, formation, and classification systems;

Engineering properties of soils (consistency, permeability, compaction, consolidation);
Stress distnbution in doils;

Shear strength of soils and Mohr-Coulomb theory;

Bearing capacity of shallow and deep foundations;

Earlh pressure theonies and rotaining wall design;

Soil exploraiton methods and site investigation;

Ground improvement techniques for weak soils.

Lﬂb. Work: Special Assignments/Projects imcluding soil testing (Atlerberg limits, permeability,
compaction, triaxial testing).

R N

Recommended Texts;
1. Tatiya, R (2005). Civil excavalions and tunneiling: A practical guide. Thomas Telford.

2. Bickel, J. 0., & Tannes, D. N. (1982). Sunken tube tunnels. Tunnel enginecring handbook, 354-
304,

[. Bieniawalkd, Z. T. (1984). Rock mechanics design in mining and tunneling.
2. Prce, D. G. (2009). Engincering geology: principles and practice. Springer Science &
Business Madia.



v

Course Arief:

This cowrse builds upon the fundsmentals of Rock Mechenics, offering desper insights into the
classification of rock masses and their geotechnical behavior in enginesring projects, It explores key
systems of rock mass classification and their role in tunnel design, slope stability, and foundation
anglysis. Students will learn to 2ssess rock mass quality and stability using empirical, analyticel, and
observational methods, enabiing them to contribute to safe and efficient geotechnical designs.

Course Learning Objectives:

This course will equip students with the ability to understand and spply major rock mass classification
systems such ag RMR, Q-system, and GSI. They wiil [earn to anaiyze rock mass behavior in various
engineering applications including mnneling, mining, and slepe stability, Emphasis will be pinced on
developing effective geotechnical design strategies informed by clagsification outcomes. Students will
also enhance their competencies in field data collection and interpretation, ultimately preparing them to
independently assess and evaluate rock mass stability in real-world projects.

Overview of rock mass propertties and discontinuities;

Rock mass classification systems (RMR, Q-system, GSL ¢tc.);
Application of classification systems to design and stability analysis;
Empirical and analytical methods for rock slope stability;

Excavation end support design in tunneling and underground works;
Casa histories in rock engineering desigm;

[nstmumentation and menitoring in geotechnical engineering;

. Geotechnical reporting and interpretation for engineering applications,
Lab, Work:

Special Assignmenta/Projects involving classification exercises, slope analysis, and stability asscssment
using real ficld date and software tools.

AT B -

Reg . H
L. Tatiya, R. {2005). Civil excavarions and tunneliing: 4 procdceal guide, Thomas Telford.

2. Bickel, J. 0., & Tanner, D. M. (1982). Sunken tube tunnels. Turnel engineering handboeok, 354-
394,

di
. Rieniawski, Z. T. (1984). Rock mechanics design in mining and tunneling.
2. Price, D. G. (2009). Engineering geology: principles and practice, Springer Science &
Business Media.
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[ GEOL - 6147 | Soil Mechanicy and Foundation Engineering | 300 |

Conrse Brief:

This course provides a comprehensive introduction to the principles of soil mechanics and their
application in foundation engineering. It focuses on the bebavior of soif as a multi-phase material and
explores how its physical and mechanical properties influence geotechnical design. The course
intagrates classical mechanics and Nuid fow principles {e apalyze and solve problems related to soil
stability, strenglh, and deformstion. Foundation engineering aspects are incorporated to provide
practical context for analyzing bearing capacity, setlement, and design of shallow and decp
foundations.

Course Leargipg Oblectives:

Students will develop a strong understanding of the origin, classiGcation, and engineering behavior of
soils, along with the fundamental mechanics governing their response under various loading and
environmental conditions. By linking theoretical principles with practical spplications, the course
equips students with the skills necessary o evaluate soil properties, assess yround conditions, and
design safe and effective foundation systems, Emphasis will be placed on key geotechnical concepts
such as soil compaction, permeability, shear strength, consolidation, and bearing capacity, enabling
students (o approach foundation-related challznges with confidestce and technical insight.

Conrse Contents:
[ntroduction to Soil Mechanics and Foundation Engineering

Soil Formation and Classification Systems

Soil Sampling Techniques and Site Investigation

Soil Physical Properties: Grain Size, Moisture Content, Afterberg Limits
Soil Structure, Compaction, and Relative Density

Permeability ond Seepage Analysis

Shear Strength of Soils and Mohr-Coulomb Theory

Consolidation, Settlement, and Time Rate Analysis

. Bearing Capacity and Shallow Foundation Design

10. Introduction to Deep Foundations: Piles and Caissons

Laboratory Work: Determination of Index Properties, Moisture Content, Density, and Specific Gravity
Tests, Fermeability Test, Atterberg Limitsand Consolidation Test

Recommended Texts:
. Nelson, I, & Miller, D. J. (1997). Expansive Soils: Problems and Practice in Foundation and
Pavement Engineering. John Wiley & Sops,
2. Anewell, P. B., & Farmer, I. W. (2012). Principles of Engineering Geology. Springer.

e B ol S e

wa

3. Schofield, A., & Wroth, P. (1968). Crisical Stote Soil Mechanics. McGraw-Hill,
4. Adkinson, J. (2017). The Mechanics of Soils und Foundations. CRC Press
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| GEOL - 6148 | Geotechnicat Englieering | 3(3-0) |

Courde Brief:

Geotechnical Engineering is an advenced-level clective course designed for gradvate studenis
specializing in Engineering Geology. The course focuses on the behavior of earth materials and their
application in civil and infrastructure engineering projects. Students will study the fundamental and
applied aspects of rock and soil mechanics, site investigations, geological hazards, and geotechnical
considerations in infrastructure desipm and construction, Topics include seismic hazard assessment,
slope stability, landslides, groundwater characteristics, and evalustion of construction materinls,
Practical learning i3 enhanced through case shrdies, special assignments, and project work, with an
emphesis on field-based understanding end research-driven problem-solving in geoteéchnical sile
development,

Course Learning Qbjectives:

This course aims to equip students with an in-depth understanding of the principles and practices of
Geotechnical Enginesring. By the end of the course, students will be able to analyze and apply rock and
soil mechanics in the planning and construction of civil engineering structures. They will develop skills
in conducting geological and geophysical site investigations, evahuating natural hezards such as
landsiides and earthquakes, and understanding greundwater behavior in relation to éngineering projects.
Through exposure 1o real-world case studies and specialized assignments, students will enhance their
capability 10 assess construction materigls, perform hazard zopaton, and execute site-specific
geotechnical evaluations.

Course Contents;
1. [ntroduction to Geotechnicul Engineering aund its role in civil consiruction
2. Rock and scil mechanics — principles and applications
3. Geological considerations in fourdation and structural design
4. Earnthworks: roeds, tuanels, mines, dams, and bridges
5. Construction materials: sourcing, testing, and performance
6. Slope stability and anaiysis of mass movement
7. Seismicity aod construction in earthquake-prone zones
8. Landslide types, causes, mitigation techaiques
9. Groundwater: accwrrence, flow, and impact on construction
10, Case studies of significaat engineering projects in Pakistan

Recommended Texts:
1. Price, D. G. (2008). Engineering Geology: Principles and Practice. Sptinger.
2. Steffen, G. 5., et al. (2014). Georechnical Engineering of Dams. CRC Press.

Supgested Readings:
I. Bell, F. G. (2018). Fundamentuls of Engineering Geology. Elsevier.
2. Biyih, F. G, H,, & De Freitas, M, {2017}, A Gealogy for Engineers, CRU Press
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I GEOL - 6149 ] Concrete and Asphalt Technology l 33-0) |

Courss Brief:

This eourse provides advanced-level knowledgs of conereta and asphalt materials used in constnucton
cogineering, focusing on their composition, behavier, and performance under various enviroomental
and load conditions. The course explores the production, properties, testing, and quality control of
concrete and asphalt, as well as their applications in ¢ivil infrasttucture such a8 roads, bridges, dams,
and foundations. Students will gain insight into modem construction practices, sustainebility issues, and
the evaluation of performance through labaratory and field techniques. The course also emphasizes the
gipnificance of material selection, dumbility, and lifecycle performance to ensure long-Jasting
infrastructure solutions,

Courss Learning Ohbjectives:

Through this course, studenta will develop an in-depth understanding of the technological prineiples
behind concrets and asphslt as copstruction materials. They will explore the propertics of constituent
materinls (cement, sggregates, asphalt binders, admixtures), mix design procedures, curing metbods,
and performanes evalustion under different loading and environmental conditions. The course will also
cover the testing standards for mechanical strength, durability, and temperaiure susceptibility. Students
will learn about the behavior of these materials in real-world applications such as pavememts and
siructural elements, gain familiarity with quality control measures, and enalyze failures to propose
remedial techniques.

=]
=

e tents:
Introduction to concrete and asphalt materials in civil engineering
Cogstituents of concrele and asphalt cement, aggregates, bitnmen, admixtures
Mix design and proportioning methods (ACI, Marshall, Superpave)
Workability, setting time, curing, and compacticn
Mechanical properties: strength, stiffness, fatigue, and cresp
Durability: shrinkage, thermal cracking, moisture damage, aging
Field and laboratory testing procedures znd quality coairol
Asphalt pavements: types, design considerations, and performance
Concrete applications in infrastructure: reads, bridges, tunnels, dams

MmN —

Lab Work / Special Assignments / Projects: Mix design of concrele and asphalt, Performance
evaluation through lab tesis, Analysis of field case studies on failures and repair techniques

Recomniended Texts:
1. Neville, A. M. (2011). Properties of Concrere. Pearson Education.
2. Roberts, F. £, Kandhal, P. S, Brown, E. R, Lee, D. Y., & Kennedy, T. W. {1996). Flo: Mix
Asphait Materials, Mixture Design and Construction. NAPA Educatior Foundation.

Sugwes H
I, Mebis, P K., & Monteiro, P. 1. (2019), Concrere: Microstructure, Properties, and Materials,
MeGraw-Hill Education.
1. Manmlouk, M. 8., & Zanjewskd, ). P. (2017). Matericls for Civil and Conseruction Engineers,
Pearson,
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Brief:
This advanced clective course focuses on the geological and geotechnical considerations involved in
the planning, design, construction, and maintenance of dams and reservoirs. It explores the interplay
berween gealogical formations, hydrological conditions, and structural integrity. The course is dasignad
to equip students with the ihcorclical knowledge and practical skills required to conduct geological
investigations for dam and reservoir sites, assess geological hazards, evaluate construction materials,
and understand the engineering behavior of rock and soil masses under various stress sondilions.

Course Learning Objectives:

This course aims to provide students with en in-depth undersianding of the geological aspecis cssential
to dam and reservoir engineering. Students will learn how to evaluate geological conditions for site
selestion, assess the integrity and stability of foundation rocks and surrounding slepes, and identify
geobazards such gs seismicity, secpage, and Jandslides that can aHect dam safety. The course will also
develop students’ ability to imterpret and apply geophysical and geotechnical investigation dala,
corduct groundwater analysis, and evaluate the suiability of construction matenials, Case studies of
muajor dam projects, particelarly in Paldstan, will provide real-world context

Course Contents:
Introduction to dant and reservoir types and their engineering significance
Geological criteria for dam site selection end reservair besin evaluation
Reock sad soil mechanics applied to dam foundations snd abutments
Geophysical and peotechnical investigation mcthods for dom projects
Seepage analysis, grout curtain design, and reservoir leakege control
Seismicity, faulting, and their influence on dam sofety
Slope stability analysis for reservoir rims and dam abutments
Evaluation of construstion materisls: aggregates, clays, and rock fll
Environmentat and sedimentation issucs in reservorr geology

10 Case studies of dam {ailures and successful dam projects in Pakistan
Lab/Field Work: Special Assignments / Project Work / Case Study Presentations

e T

1. Fell, R, MacGregor, P, Stapledon, D., & Bell, G. (2014). Georechnical Engineering of Dans.
CRC Press.
2. Mays, L. W. (2010). Water Resources Engineering. Wiley.

Su i H
1. Price, D. G. (2008). Engineering Geology: Principles and Practice. Springer.
2. Bell, F. G. (2018). Fundameniair of Engineering Geology. Elsevier.




[cEOL-6151 | Geomechauics [ e |

Course Brief:

Geo-Mechaaics is an advanced graduats-level course designed to integrate the principles of geology,
<oil mechanics, and rock mechanics for applications in civil and geotechnical engineering. This course
provides in-depth knowledge of the mechanical behavior of easth materials, site characterization
techniques, hozard assessment, and the geotschnical considerations essential for infrastructure
development. Emphasis is placed on understanding ground response to loading, slope stability,
carthquaks geotectonic, and groundwater mechanics, all within the framework of real-world
applications. The course includes practical assignments, case studies, and project-based learning to
enhance appiied fesearch and problem-solving skills in complex geological sertings.

Course Learning Objectives:
This course aims to equip students with a comprehensive understanding of the mechanical behavior of

_ rocks and 3oils under various environmental and loading conditions, essential for civil and geotechnical

engineering projects. Studemts will explore lhe intemction between geological materials and
engineering structures through the lens of geo-mechanics, They will learn to apply cmpirical and
analytical techniques for evaluating slope stability, foundation conditions, end site-specific hazards. The
course also covers seismic site response, geophysical survey methods, groundwater characteristics, and
the use of modern tools for hazard zonation and termaip cvaluation. Through case studies, special
agsignments, and o project, students will gain hands-on experience in sulving engineering problems
related to site selection, construction design, and nsk mitigation

C ontente:
[ntroduction to Geo-Mechanics and its role in geotechnical enginesting
Rock and soil mechanics: stresg-stmin behavior, failure criteria, testing methods
Subsurface explomtion and site investigation techaiques
Slope stability and landslide mechanics: causes, analysis, and mutigetion
Earthquake geotectonic and seismic hazard analysis
Groundwater flow and its influence on soil behavior and slope stability
Geo-materisls in construction: evaluabion, suitability, and stendards
Hazard zooation mapping using analytical and empirical methoda

9. Applications of remote sensing and geopbysical tools in geo-mechanics
Practical Component: Special Assignments & Technical Report Writing, Indepeandent or Group
Project (Site Investigation & Design Proposal)

B O

Recommended Texts:
1. Price, D, G. (2008). Engineering Geology: Principles and Pracrice. Springer.
2. Sieffen, G. 8., et al. (2014). Geotechmicol Engingering of Dams. CRC Press.

Suppes H
1. Bell, F. G. (2016). Fundamentais of Engineering Geology. Elsevier.
2. Blyth, F. G. H, & De Freitas, M. HL. (2017). 4 Geology for Engineers. CRC Press.
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I GEOL - 6152 | Aggregate and Building Material in Pakistan I 3(3-0) }

Course Brief:

This advanced-level graduate course focuses on the evalualion, sourcing, and application of sggregete
and other construction matorials used in Pakistan's infrastructure and building industry. The course
introduces students to the origin, classification, geological characteristics, and mechanical behavior of
natural and processed construction materials including sggregates, stones, sand, cementitious materials,
and recycled alternatives. Special emphasis is placed on regional resources, quality assessment
techniques, environmental considerations, and sustainsble utilization. The course also explores
regulatory standards, testing protocols, and case studies of major infrastructure projects in Pakistan
where building materials play a critical role.

Course Learning Objectives:

Students will gain an in-depth understanding of the types, sources, and properties of sggregate and
building materinls in Pakistan. They will leam to cvaluatc material quality using geological,
grolechmical, and petrographic techniques, and understand the implicaticas of material selection oo
structural integrity zod environmental impact. The course enhances knowledge of local and
internntional standards for material testing, encourages critical assessment of resource sustainability,
and irains siudents in practical applications through case sudics and specialized assignments. Upon
completion, students will be capable of independently essessing and selecting appropriate materials for
construction projects, considering technical, economic, and environmental factors,

Introduction to aggregate and construction materials: types and classifications
Geological origin and distribution of building materials in Pakistan
Petrographic and geotechaical properties of aggregntes
Mechanical behavior of censtruction materials: strength, durability, wear resistance
Sourcing and quarrying techniques; environmental and regulatory issucd
Material testing methods (lab and field): Sieve analysis, impact and crushing value teats
Use of recycled and aliesnative materials in construction
Nationa} and international standards (ASTM, BS, AASHTO, PS) for material qualiry
Case studies: Performance of aggregates in major pttgecls across Poidstan

l[l Sustainability, resource manegement, and fuhure rends 1o building materials
Laby Waork / Adsigraments: Material sampling and testing, Site visits to quarries and construction sites,
Project: Evaluation of locally sourced aggregates for a proposed infiastructure site

WENE W N—

Recpmmended Texts:
1. Neville, A. M. (2011). Properties of Concrete. Pearson Education.

2. Mamlouk, M. 8., & Zaniewsld, J. P. (2016). Materials for Civil and Construction Engineers.

Pearson.

Suggested Readings:
1. Smith, D R., & Collis, L. (2001). Aggregates; Sand, Gravel and Crushed Rock Aggregaies for
Construction Purposes. Geological Society,
2. Pakistan Standards & Quality Control Authority (PSQCA) manuals on building materials,
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[GEOL-6153 |  Tuooel Engineering and Underground Excavation | 339y |

Courss Briefl:

This advanced graduate-level course focuszs on the principles, design, and construction technigues
associated with tunnels and underground excavations, It imtegrates geological, geotechnical, and
engineering concepts cssential for planning and executing underground projects safely and efficiently.
Emphasis is placed on site investigation, rock and soil behavior under excavation conditions,
excavation methods, ground support sysiems, monitoring, and risk management. The course also covers
case studies of major funneling projects, with particular atention to geological challenges and their
mitigetion. Students will sngsge in practical assignments and projects to develop skills needed for
modern tunnel engineering and undergroued constructon.

Course Fearning Objectives:

Upon completion of this courss, smudents will be able to understand and apply the fundamental concepts
of tunnel design and uoderground excavation, including geological and geotechnical site investigations,
They will gain knowledge of various sxcavation lechniques, rock mass classification systems, ground
suppert end stabilization methods, 2nd instrumentation for monitoring excavation safety. Students will
develop the ability to evaluste risks asscciated with different geological conditions and implement
appropriate mitigation strategies. The course prepares students {0 analyze complex underground
engineering problems, plan construction activities, and carry out independent research or professional
work in the field of tunnel engineering and underground excavetion projects,

Course Contents:
|. Inivoduction to Tunnel Engineering

Geological and Geotechnical Investigationa for Tunneling

Rock Mass Clessification and Stability Analysis

Excavation Methods

Ground Support and Reinforcement

Tunnel Design Considerations

Instrumentation and Monitoring

Construction Management and Risk Mitigation

., Case Swdies

Lab/Practical Work: Geological site investigntion exervises, Rock mass clnssification and stability
assessment, Design end analysis of tunnel support systems, Monitoring techniques simulation, Special
assignments/projects based on case studies

Recommended Texts:
1, Heek, E. (2007). Practica! Rock Engineering.
2. Bell, F. G. (2016). Fundamenials of Engineering Geology.

Suggested Resdings;
1. Brady, B. H. G., & Brown, E. T, (2006). Rock Mechanicr for Underground Mining.
4. Chapman, D. N., Metje, N., & Stark, A. (2017). frtreductfon 1o tunnel corrtruction. Crc Press.

L]

0 G A

M-F’/u"




[ GEOL-6154 | Landslide Hazard Analysls and Mitigation [ g0 |

Course Briefl:

This course focuses on the comprehensive study of landslides, their causes, mecharics, and impacts on
infrastructure and human senlementa, It covers the identification, analysis, and asdessment of landslide
hazards through field investigations, remote sensing, and geotechnical metheds. Emphasis is placed on
modern mitigation techniques and cngineering solutions to prevent or minimize landslide risks.
Students will also explore landslide risk zoning, case studies from various terrains {including Pakistan),
and the role of policy and planning in hazard management. The course integrates theoretical knowledge
with practical assignments and projects to prepare studeats for professional roles in hezard 2ssessment
and disaster risk reduction.

Course Learning Objectives:
This course aims to cquip students with a thorough undersianding of landslide pbenomens from both 2

scientific and engineering perspective. By the end of the cowrse, students will be abls to identify and
clagsify different types of landslides, understand the underlying geological and geotechnical processes
causing slope failures, and apply advanced field and remote sensing techniques to assess landslide
hazards. They witl develop skills in hazard zonation, risk analysis, and leam how to design and evaluate
effective mitigation and moriloting sirategies to reduce landslide impacts. Additonally, students will
gain practical experience through lab work and projects, enabling them to contribute to disaster risk
mansgement and infrastructure safety in landslide-prone regions.

- .
introduction to landslides: types, classification, and triggering factors
Gepiogical and geomorphelogical controls on landslides
Landslide mechanics: slope stability and soiffrock behavior
Field investigation techniques and landslide mapping
Remole sensing, GIS, and geophysical methods in landslide detection
Landslide hazard zonation and risk assessment models
Landslide mitigation strategies: engineering and bioengineering spproaches
Early warning systems and menitoring of landslide-prone areas
Case studies of significant landslides and disaster
ln Legal, environmental, and socio-cconomic aspects of landstide management
Lab Work: Field mapping and site investigation, Slope stability analysis using software tools, Remote
sensing and (IS applications in landslide hazard assessment, Project on landslide hazard zonetion rod
mitigation planning

R

Recommended Texts:
1. Cruden, D. M., & Varues, D. J. (1996). Landslide types and processes. in A, K. Tummer & R. L.
Schuster (Eds.), Landslides: investigation and mitigation. Transportation Research Board.
2. Schuster, R. L., & Highland, L. M. (2001). Landslide triggers and types. U.S, Geological

Survey.
Suggested Readings:

3. Highland, L. M., & Bobrowsky, P. (2008). The landslide handbook — A guide to understanding
landslides. U.5. Geological Survey,

4. Pradhan, 8. P, Vishal, V., & Singh, T. N. (Eds.). (2019). Landsiides: theory, pracrice and
modeliing. Springer [nternational Publishing.
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| GEOL - 6155 | Slepe Stability Anatysis Y

Course Brief:

Slope stability is an important enginesring consideration in easth and rock-fill dams, slopes of other
types of embankments, excavated siopes, and natural stopes m soil and soft rock. The purposs of this
course i3 to teach engineers, contractors and censtruction managers the fundamental concepts of slope
stability analysis, The course includes a review of the shear stremgth concepts, scepage analysly,
conditions of equilibrium and slope stability anelysis methods, Criteria are presented for strength tests,
analysis conditions, and factors of safety. Methods for analysis of slope stability are described and are

illusgrated by examples in the appendixes.

Courye Learning Obfectives:

The student will understand the basic concept of slope stability analysis; understand the basic design
considerations; Be familiar with slope stability anelysis and design procedure, Know how 1o verify
computer analyzcd and results; Be able to perform simple stope stability analysis; and Be able to present
the analysis and results cffectively.

Cou H

Introduction

Design Considerations

Design Criteria

Calculations and Presentations

Slope Stabilization and Supports
Slope Relinbility and Risk Assessment

SRS RS

1. Zheng, K (2020). Failure mechanism and stability analysis of rock slope, Springer Singaporo.
2. Duncan, J. M., Wright, S, G., & Brandon, T. L. (2014). Soif srrengrh and siope stability, John
Wiley & Sona.

1. Abramson, L. W.,, Les, T. 5., Sharms, 5., & Boyce, G. M. (2001). Slope srability and
stabilization merhods, John Wiley & Sons.
2. Duncan, J. M and Wright, §. G. (2005), Soil Strength and Slope Stability, John Wiley & Sons.
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I GEOL - 6158 | Al and Dltlﬂllllyﬂl: in Geotechnical Engineering l 3(3-D) |

Course Brief:

This course has been designed for student with major in engineering geology, This course explores the
intersection of artificial intslligence and geotechnical engineering. Leam how Al technologies cad
optimize site investigations, predict soil behavior, end enhance decision-making processes. Gain
practical skills in data analysis, machine Jeerning algorithms, and geotechmical modeling, Stay shead in
the industry by mastering the latest advancements in Al applications for geotechnical sngineering. Join
us and unlock the potential of Al lo revolutionize your projects and cureer,

Course Learning Objectives;

The students 1o will Apply Python programming language for reading i, processing, and ploiting large
datasets. Identify and format appropriate input and output formats for o range of machine learning
model, Identify and implement appropriatz machine leaming models (decision trees, support vector
machines, deep neural networks) for a given engineering problem. Understand and diferentiate
between various buzzwords such as machine leaming, data science, big data, artificial intelligence, ete.
Understand and critique limitations of various machine leaming models. Work in teams to tackle
geotechnical eugineering datasets fom data sciemce perspective.  Prepare, critique, present and
document code and rep.

Course Contents:

[ntroduction to geotechnical Engineering Al
Maochine Learning fundamentals

Data Processing and feature Engineering
Supervised leamning Algorithms
Deep leaming and Neural Networks
Geotechnical Data Analysis and Interpretation
Al Application in Geotechnical Engineering
Case study and Real-world Applications
Future Trends in Geoteclmical Epgineering Al

e o

Recommended Texts;
1. Ching, J. (2024). Bayesian machine learning in geotecknical site characterization. CRC Press.
2. Deo, R C., Samui, P, Kisi, O., & Yasecn, Z. M. {2020). Iniefiigent Data Analytics Jor
Decisian-2. Support Systems in Hazard Mirigation.
Sugpested Readings:
3. Zhang, L., Pan, Y., Wu, X., & Skibniewski, M, J. (2021). Artificial intelligence in construction
engineering and managemeni (pp. 231-256). Singspore:; Springer.
4. Kaveh, A. (2024), dppiicotions of aertificial newral networks and mochine learming in civid
erpineering, Springer.
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Mandatory Elective Courses

Specialization : Petroleum Geology




| GEOL- 6160 | Basin Analysis ' | 3@30)

ourse Brief:

This is an integrated course containing modules focusing on Petroleum Systems and Basin
Evalustion, covering both conventional and unconventional hydrocarbon resources. This course
covers a range of topics related to the various basins formation at plate marging and the key
potential of clements and processes of the petroleum system, including hydrocarbon gencration,
migration, accumulation and alieration. Techniques for source rock evaluation and assessing organic
maluration arc reviewed, and the mechanisms and cfficiencics of migration are reconstructed. It
focuses on thermal history modelling and basin analysis, which provides the basis for predicting the
timing and extent of petrolenm generation in sedimentrry basina,

Course Lea b

In this course, Srudents will explore Petroleum Syslems and Besin Evsluation, fooking st both
regular and unconventional energy sources, Students will study bow basins form, the elements of
petroleun systems, and processes like generation and movement, Techriques for studying source
rocks and maturstion are covered, along with migration mechanisms. The course emphasizes
thermal history modeling and basin analysis to predict when znd where petroleum is generated in
sedimeniary basins.

Lourse Contents:

1. The Foundstion of Sedimentary Basins,

2. Compositional and Rheological Zoning of Earth and Plate Motion, Classification Scheme
for Sedimentary Basins,

3. Types of Sedimentary Basins, Physical State of the Lithosphere, Stress and Strain, Heat Flow,
Conduction, Convection, Gravity end Isostacy,

4. Mechanism of Sedimentary Basin Formation Basin due to Lithospheric Stretching,
Basins due te Flexure, Geomctry of Deflection,

5. Flexural Rigidity of Oceanic and Continental lithosphere, Bnsins associaled with Strike
slip Deformation, The Structural Pattem of Strike slip Fault sysiem and Basin in Strike stip
zones,

Long term Eustacy and Epierogeny,

6. Allogenic Cootrols on  Sedimentation, Sediment supply, Energy Flux, Sediment
Accommodation, The Sedimentary Basin Fill and The Sediment Routing System,

7. The Basin Stratigropby, Process Stratigraphy, Driving Mechanism and Numerical
Simulation, Subsidence and Thermal History, Geohistory Analysis, Paleo temperatures in
Basins, Application to Petroleum Play Assesment,

8. Petroleum System Charge, The Reservoir, The Regional Topseal and Trap, Petroleum
System Modeling An Exploration Tool,

9. Thermal Conductivity, Specific Heat Capacity, Radiogenic Heat, SWI Ternperahures,

10. Risk Analysis in Bosin Modeling.
Labs: Stratigraphy columns and their correlation; textural data interpretation; paleoeurrent data
interpretanion; basin mapping metheds; clastic petro facies analysis.

Recommended Texts:

[. Allen, P.A. and Allen, IL.R. 1990 Allen, P.A. and Homewood. P and William G.D., 1986,
Basin analysis: Principics and Applications Blackwell Scientific Publications
2. Einsle, G., 1992, Sedimcntary Basin Evolution, Facies and Sediment Budget.

Suggested Resdings

1. Tucker, M.E., 1991, Sedimentary Petrology Blackweli Publications,
2. Kazmi, A.H and Abbasi, 1A, 2008, Stratigraphy and Historical Geology of Pakistan

Graphic Publishers, Karachi, Pakisian,




| GEOL-6161 | Petroleum Engineering T

Course Brief:

Perroleum engineering is a field of engincening concerned with the activities related to the
producticn of hydrocarbons, which can be either crude oil or patural gas. Exploration and
preduciion are deemed to fall within the upstream sector of the oil aod gas industry.
Petroleum geologyand geophysics focus on provision of a slatic description of the hydrocarbon
reservoir rock, while petroleum engineering fecuses on estimation of the recoverable volume of this
resource using a detailed understanding of the physicai behavior of oil, water and gas within porous
rock at very high pressure. The combined efforts of geologists and petroleum engineers throughout
the lifc of a hydrocarbon accumulation determine the way in which a reservoir is developed and
depleted, and usually they have the highest impact on field ¢«¢onomics.

Course Learning Objectives:
In this course, students will explore Petroleum Engineering, which deals with producing crude oil
and naturel gas. They will Jearn about two mein aspects: petroleum peology/geophysics that
deseribe the reservoir rock and petroleum cngincering that cstimates how much oil and gas can be
extracted, This involves understanding how oil, water, and gss behave under high pressure in porous
reck, They will understand how geologists and engineers work together to develop and manage
TeSETYOIrs, impacting their economic sucecsd.

Lourse Contents:

[niroduction to rig components

drilling methods and operations

types of bits; drilling fluids

composition and function

cementstion and casing operations

coring operations; vmud and wircle logging

well testing and completion

well producticn operations

. evaluation and analysis of well data i.c. well culting, cores, logs and production data
10. sccondary end enhanced oil recovery

Il. common drifling problems and preventive measures

12. HSE at well site,

Lab. Work: Study of omss properties of rocks, wire line logs, cores, well cuttings, DSTand MDT

pressure data.

Recommended Texts;

1. Dobrin, M. B,, & Savit, C. H. (2000). Introduction to geophysical prospecting (Vol. 4). New
York: McGraw-hil.

2. Burger, H R, Burger, D. C., & Burger, H. R (1992). Exploranion geoplysics of the shallow
subsurface (Vol, 8). Englewood Cliffs: Prentice Hall.

W NN ke

o

Suggested Readings:

1. Bieniawski, Z T. (2009). Engineering rock mass classifications: a complete manual Jor
engineers and geologtsts in mining, civil, and petrolewm engineering, New York: John Wilev &

J00S,
2. Sereds, N.G., & Solvyon, E. M. (1998). Drilling of Oil and Gas. Wells Mir Publications,

3. Darling, T.(2005). Bl logging and formasion evaluasipn, Amsterdam: Elsevier,
'/’/,L/I,,
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[GeOL - 6162 | Reservolr Geology HERT
Conrye Brief:

The main theme of this subject is to trains students to use modern measurement techniques, computational
methods and new geological concepls to obtain 8 quantitative understanding of the processes behind
reservoir rocks, These skills are useful not only in the petroleum industry but also in hydrogeclogy and
other related branches and in the search for new energy sources. The Reservoir Geology courses meshes
with the courses in petroleum Geology, petroleum engineering and geophysics. It will inttoduce the
fundamental concepts Rack Fluid Interaction, properties of Hydrocarbon and vilficlds fluids, reservoir
sedimentology, exploration geology, production geology and advance seismic interpretation.

Course Learning Objectives:
The students will learn in detail wire line log interpretation, reservoir charecterization and development
and ils integration :ngm:-:rmg This course leads toward from the Conventional modeling workflow to
conceptual geological medels. These helerogencities may be stiuctural, steatigraphie, sedimentologic
andror diagenetic on onigin, and often impact fow behavior and hydrocarbon secovery; heace, they must
be captured in reservoir models,

Courte Contents:

Reservoir rock types: clastics, carbonates, and non-marine reservoirs.
Reservorr propertics, depositional and diagenetic controls,

Fluid propertics and ibeir saturation.

Hydrocarbon distributing and fluid contacts,

Reservoir 2onation and thickness ompping.

Reservoir pore spaces canfiguration.

Mapping reservoir heterogeneity.

Reservoir estimation and ealeulation of reservoir volumetric, material balance and production,
declipe curve methods.

9. Appraizal and development of reservoir basic concepts.

10. Petrophysical evaluation; Introduction to Rescrvoir Engineering.

11. Core analysis,

12, Well logs and well testing.

PRSI O LA e b

Recommended Texts:

1. Bjorlykke, K. (2010), Pedrvleum geosclence: From sedimentary emvironmenis to reck physics.
London; Springer Science & Business Media.

2. Asquith, G. B., Kxygowslkd, D., & Gibsen, C. R. (2004). Basic well log analysis (Vol. 16). Tulsa:
American Association of Petroleurn Geologists.

Suggested Readingy;

1. Ellis, D. V., & Singer, J. M. (2007). Pel{ logging for earth scientists (Vol. 6892). Dondrecht:
Springer.

2. Gluyas, ], & Swarbrick, R. {2013). Petroleum groscience. New York: John Wiley & Sons.

3. Bijorlykke, K. (2010). Petroleum geoscience: From sedimenlary environments to rock physics.London:
Springer Science & Business Media,
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[GEOL-6163 __ | Petroleum Geslogy of Pakistan T

Course Brief:

Pakistan being a developing courtry is facing significant challengea of energy crises due to a deficit of
hydrocarbons. So, it is essential to explore and develop new oil and ges fields with increasing drilling
rale to meet cnergy fequirements. So the course is designed to understand the basic knowledge about
tectonics, depositional settings and lithostratigraphic divisions of the rocks of various geological
periods in Pakistan as well as to learr: about the cvaluation of petroleurn potentials of different basias.
This course covers a wide range of easth science subjects and their application to the full spectrum of
hydrocarbon exploration and production. It is designed for students with some industrial experience, as
well as for recent graduates seeking careers in the petroleum and allied service industries.

Coprze Learning Objectives:
In this course, students will learn about Petrcleum Exploration in Pakistan, addressing the emergy
crisis. The course focuses an assessing the potennial for finding oil and gas in different regions. It
covers various sarth science topics and their connection to hydrocarbon éxploration. Whether you bave
expericnes or arc a récent graduate, this course prepares you for carcers in the petroleun aad related
industries.

Course Contenty;

History of petroleum explomtion

New trends for petroleum exploiion

Tecionic fmmework

Sedimentary basins and their evolution and distribution

Sectonics, depositional settings and lithostratigraphic divisions of the rocks of variows geologieal

periods -

Facies development and their association in depositional basins such as Indus, Baluchistan and

offshore regions

Evaluation of petroleum potentials of different basins

Structural styles and petroleum play in the basins of Pakistan

Geothermal gradients nnd their maturity

0. Productive and potential cil and gas reservoirs and source rocks and their distribution in the
basins

L 1. Play Fairways and Petroleum System in basins; case studies.

bRl s

bl

Se®m=

Lob. Work : Case histories of ail and gas fields of Pakistan.

Recommended Texis:

. Kadr, L B. (1995). Petroleun geology of Pakistan. Karachi; Pakistan Petroleum Lirmited.
2. Kazmi, A. H., & Abbasi, L. A_ (2008). Stratigraphy & historical geology of Pakistan, Peshawar:
Department & National Centre of Excellence 1o Geology.

Suggested Readings:

1. Bender, F., & Raza, H. A. {1995}, Geology of Pakistan. Karachi: Oxford Press.
2. Hag, B. U., & Milliman, J. D. (1985). Marine geology and oceanograply of Arabian Sea and coastal
Pakistar, Karachi: Oxford University Press
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[ GEOL-6164 | Aland Machine Learning in Hydrocarbon Exploration | 3(3-0) |

The course will anempt how AL will change the way in the Oil aod Gas industry in the coming years.
Looling a¢ what is undesrway in other industries and guessing what type of projects are under development in
R&D departments in our industry. Use of data frem sensers, digital twins and other digital domaing during
seismic dsla acquisition, drilling, wircline and lopging operations, well testing, reservoir surveillance,
production and other oil field operations. How to optimize sustainable subsurface petroleum preduction using
Al and data science tools to realize nel-zero energy future. The courses will then focus on Deep Learning (DL)
and address all key aspects of developing and opplying the techmology 1o Oil and Gas projects,

ou H

Upon completion of the course, participants will have acquired detailed knowledgs of what deep learning is
exactly, how it works, and in which way it differs from traditional neurai networks that bave been used in the
industry during the last 30 years. They will understand which domains this can be applied to and for what type
of applications. And they will also understand what arc the main challenges, difficulties, and pitfalis when
developing new applications. Finally, they will have scen demonstrations of deep neural aetworks applied to
Exploration mnd Producton disciplines and will be able to evaluate how useful the technology could be for
their own domain.

Course Confents:

1. [ntroduction to the new A.L world: What's currently underway in R&D departrents?
2. Anificial Intelligence, Machine Leaming, and Deep Leamning: how do they differ and examples of
&0 applications
3. Acloser lock at Deep Leamning:
o What is it and how different is it from traditional neural nerworks?
o Typical workflow to design and develop a decp leaming application in an E&P project
o Common challenges, difficulties, and pitfalls in deep learning projects
o Saftwars tools and hardware required + Clond computing v3 io- house solutions,
4. Application to Geophysics and Geology: automatic fault identification with a DNN (Live)
5. Application to Production Engineering: detecting oil & gas opportunities with 8 DNM {live)
6. Conclusion - Key leamings

Recom 341 H

1. Crangany, C., Luchian, H., & Breaban, M. E. (Eds.). (2015). Artificial intelligent approackes in
petroleun geosclences (pp. 145-150). Switzerland: Springer International Publishing.

2. Shah, M., Kshirsagar, A., & Panchal, J. (2022). Applications of artificial imteliigence fAf) and
machine learning (ML) in the perroleum industry, CRC Press.

Suggested Readings:

1. Aminzadeh, F, Temizel, C., & Hajizadeh, Y. (2022). Artificial Inteliigence and Data Anafytics for
Energy Fxpleration and Produciion, John Wiley & Sona.

2. Aminzadeh, F., Temizel, C., & Hajizadeh, Y, (2022). Arificial Intelligence and Datg Analyrics for
Energy Explaration and Production, John Wiley & Sons,

m.F
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[GEOL-6165 | Geomechanics in Petrolenm System T

Brief:

Advanced Petroleum Geomechanics is desigoed for aiming te despen the expertise in the geomechanical
aspects of oil and gas operations. This course coverd confprehensive topics such as stress analysis, wellbore
stability, hydraulic fracturing, and reservoir geomechanics. Through a mix of theoretical insights and practical
spplications, participants will enhance their ability to predict subsurfacs behaviors, manage drilling risks, and
make informed decisions to improve praject outcomes. Ideal for geoscientists and drilling engineers this
cowrse combings technical kmowledge with real-world applications to elevate industry practices in
geomechanics.

Course Learning Objectives;
In this course, students will learn how to epply the basic concepts of gromechnnics 1o identify, predict
and mitigate against formation instability during drilling, completion and production.

Course Contents:

Essential Rock Mechanies Principles

Wellbore Stability Analysis

Lost Circulation and Wellbore Strengthening applications
Sand Production Management

Input to Hydraulic Frachure design

Salt instability

Geomechanical aspects of Hydraulic fractuno stimulation
Unconventional & Reservoir Geomechanics

. Planning for wellbore stability

Lab. Work : Case histories of oil ond gar fields of Pokisian.

NehE LN

©

Recommen T

1. Petroleum Related Rock Mechanics — Drilling Cperation end Well Design, Bemt 8. Acdooy &
Reza Looyeh, Elsevier, 2019
2. Nauroy, L. F. (2011). Geomechanics appliad ro the petroleim industry. Editions Technip.

Suggeated Rendlgy:

1. Zaback, M. D. {2010). Reservoir geomechanics. Cambridge university press.
2. Zoback, M. [, & Kohli, A, H. (2019). Unconventional reservoir geomechanics, Cambridge
University Press.
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| GEOL - 6166 | Hydrocarbon Geochemistry T

Course Brief:

This course starts with en introduction to petroleum geochemistry for the exploretionist and underiines
the uscs of geochemical dats. [t covers origins of organic matter, organic matler prescrvation, fale and
disgenesis, thermal maturity indicators, screening analysis, detailed analytical techniques, date
interpretation, oil to oil and oil to source correlation, hydrocarbon gases end basin modelling basics. Case
histories and example datesets will be discussed during the course. A number of differing techniques are
introduced and assessed in this course, Extensive use of data and examples from basing worldwide are
employed.

This course also covers reservoir continuity assessment (both oil and gas, vertical and Interal), alteration
of hydrocarbons within the reservoir, analysis of oil/gns/water within the reservoir, defining migration
pathway and seal competency, and compartmentalisation of hydrocarbon accumulations.

Courye Learning Objectves:

The course assumes a basic knowledge of geclogical principles, e.g. sedimentology / structural geology. The
course i3 integrated with practical exercises and real case studies to enhaoce the understanding of petroleum
geochemical analytical lechniques, data acquisition and data interpretation. Extensive practical exercises and
real case studies are conducted during the course to enhance the understanding of different techniques, their
implementations and - impartantly - sotne of the limitations of such data,

Cotrse Contents:

Formation of organic rich rock and source rock evaluation
Introduction Organic Matter in the Natural world

Thermal Maturity Determination

Calculation of Original Potential of Source Rocks

Advanced Analytical Techniques

Migration Connectivity Compartmentalisation

Hydrocarbon und Non-Hydrocarbon Gases

Introduction to Basin Modelling

. Reservoir Alteration

Lab. Work ; detail geochemical analysis of hydrocarbon and source rocks.

Recomimended Texts:

1. Hue, A, Y. (2013). Geochemistry of fossil firels: From conventiona! to unconventiona! hydrocarbon
systems. Editions Technip,
2. Waples, D. W. (2013). Geochemistry in petroleum exploration. Springer Scicoce & Business Media.

Suggested Readings:
1. Olah, G. A., & Molnir, A. (2003). Hydrocarbon chemistry. John Wiley & Sons.

2. Buryakoysky, L., Eremenko, N. A., Gorfunkel, M. V., & Chilingarian, G. V. (2005). Geology and
geochemismy of oil and gur (Vol. 52). Flscvier.
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[GEOL-6167 | Offshore oil and Gas Exploradon IR

Course Brief:

The offshore il and ges exploration would cover the geological principles behind hydrocarbon formation,
exploration techniques (seismic surveys, drilling), and the subsequent development of fields. This course
gives an averview of the offshore industry and an introduction to methods und technologies relating to the
development of offshore oil and gas fields. The intention of this course is to bring the E&P industry lo
undergraduates and non-technical and technical graduate in order lo promete and anract high caliber
personnel to the indusiry as well as help those within the industry have a deeper understanding of the overall
business. [t will also be of interest to non-technical personne! working in service industries to better
understand their busizess deelings with E&F companiss.

Coursg I earning Objectives:
After the courses the student shall, understand the business drivers in the otfshore oil and gas industry and

understand the importance of a veive chain perspective. Understand the impontance of multidiscipline work
and be aware of the varety of technical solutions that can be used. Bs aware of limitations and feasibility
issucs of specific solution and Understand that the suitability of specific solutions depends on the
circumstances

Conrse Contenty:

Geological and Geophysical Methods

Drilling Operations:

Hydrocarbon Explorstion and Preduction:

Business and Industry Context:

Specific Offshore Considerations (well completion, drilling platform, production facilities).

e

Recommended Texts:

1. John, F, Cook, M., & Graham, M. (2008). Aydrocarbon explorarion and producdon (Yol 53),
Elsevier.
2. Speight, J. G. (2014). Handbook of offshore oil and gay operationx, Elsevier.

Sugpested Readings:

3. Gudmestad, O. T, Zolotukhin, A. B., & Jarlsby, E. T. (2010). Perroleun resources with emphasis an
offshore flelds. WIT Press,

4. CGudmesiad, O. T., Zolotukhin, A. B., & Jarlsby, E. T. (2010). Petrolenwm rescurces with emphasis on
offshore fields. WTIT Press.
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[GEOL-6168 | Reservoir Characterization and Rock Properties [ 330 |

Co B

Principles and protocols for measuring fluid content, porosity, bulk volume, bulk density, particle density,
particle size distribution, surface area, permeability, pore size distribution, porosimetry, capillary pressure,
water retention cusve, relative permeability, imbibition, computed tomography scanaing, focused fon beam—
scanning ¢lectron microscopy, ditfusion (liquid and ges), end hydrocarbon production decline bebavior. These
messurements are widely used to charactesize oil and gas reservoirs. [nt addition, the oil and gas industry, the
common processes of exploration and production of shale resource, and Drillinginfo database, and scientific
and engineering software related to reservoir characterization.

Course Learning Objectives:

This course provides studenis e detziled understanding of the rock and rock-fluid properties-of oil and gas
reservoirs; an understanding of ihe Darcy equetion; an understamding of laboratory measarements of rock and
rock-fluid properties; and a basic undersianding of fluid flow in porous media. As a resuit of successful
examinations and assignmenty, the student will be able to: Determine porosity, discuss the factors which effect
porosity, and describe the methods of determining values of porosity. Define permeability and its determinants
and measurement. Idendfy compressibility of reservoir rocks and describe methods for determining values of
formation compressibility. Discuss effective and relative permeability; reproduce typical relative permeability
curves and show effect of sahmration history on relative permeability

Course Contents:

The rocks of the eanth - their composition and classification

Porosity and [Tuid storage capacity of rocks. Methods for measuring poresity.

Fluids saturations in porous media

Snturation distribution in the reservoir, determinadon of free water level and oil

Rock compressibility, overburden effects, messurements sod conmelaticns, presswre gradient and
temperature gradienis in oil and gas reservoirs.

Darcy’s law and permeability concept. Measurement of permeability,

Capillary flow; Peiseuille’s Law, viscous laminar flow; Bundles of capillarics

Gas flow in porous medis; ideal and non-ideal gases, Klinkenberg effect, noa-Darcy flow
Elastic, ncoustic, electrical, radioactive, and thermal properties of rocks,

TR

el s

Recommended Texts:
1. Genat, T. A. A O. (2020). Fundamentals of reservoir rock propertics. Springer [nternatienal
Publishing.
2. Aminradeh, F. (2022). Reservoir Characterization: Fundamentals and Applications, Volume 2.
John Wiley & Sons.

Suggested Readlogs:

1. Lake, L. (Ed). (2012). Reservoir characterizavion, Elsevier.
2. Dandekar, A. Y. (2006}, Pepaleun; reservoir mck and fluid properties. CRC press.
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| GEOL-6169__ | Petrolenm Systems Modeling EE

Course Brief:

This course inroduces petroleum system modsling, covering, the crifical elements and processes that govern
conventional and imconventional petrolewm resources. The students will leam to evaluate source rock, define
perroleum system, and develop basin modles using computerized modeling techaiques. Tha course focuses on
dala acquisition, model calibration, and uncertainty quantification, enabling to make informed decisions in
hydrocarbon exploration and reservoir characterization.

Course Learning Oblectivess

This cowsse provides students o detailed understanding the basic concept of source rock geochemistry applied
to conventional and unconventional resource plays. Also understand source rock geochemical measurements
and identifying the elements and processes that conirol petroleum system. Léaming how to coilect oil and rock
samples and how evaluate data quality.

Course Contents;

1. Basins and Petroleum Systems
2. Sowre rock formation processes
3. Recognition & evaluation of source rocks
4. Basic organic chemistry of oil and gas

5. Geological information from oil and gas analysis

6. Oil families": recognizing different chargs systems within a single basin
7. Burial history reconstruction

8. Heat flow and temperature

9. Generation & Migration of hydrocarbons

0. Surface geochemistry as exploration tool

Recommended Texts:

1. Haatschel, T., & Koauerauf, A, L (2009). Fundameniis of busin and petrolewm systems modeling.
Springer Science & Business Media.

2. Peters, K. E, Schenk, O., Hosford Scheirer, A, Wypgrala, B,, & Haoischel, T. (2017). Basin and
petfrofevm system modefing (pp. 381-417). Springer [nternational Publishing.

Sugpested Readings:

1. Ancheyta, J, (2013). Modeling of processes and reacfors for upgrading of keavy perolewm. CRC
Press,

2. Chiesicl, G. L. (2012). Principles of Petroleum Reservoir Enginecering: Volume 2 (Wal, 2), Springer
Science & Business Media.

.




[ GEOL-6170 | Unconventional Hydrocarbon Resources [ 30 |

Caurse Brief:

This course will provide an overview of the key issues and methods relevant to the exploration, assessment
and development of unconventional reservoirs. The course will focus on application of geomechanics in CSG,
tight gas and shale gas, deliverability and production forecasting; ficld development planning; and reserve
estimation/economics of unconyettional reservoirs,

Co 0 ved!

This course provides students a detniled understanding of and describes unique geological characteristics of
unconventional resources. Understand, describe and apply principles of geomechanics te unconventional
reservoirs including earth stresses, basic rock mechanical properties, fracturing mechanics, well-bore stability
and hydraulic fracturing as pertainiog to CSG, tight gas and shale gas reservoirs. Understand and describe koy
properties of coal seam gas (CSG), tight gas and shale gas reservoirs based oa log and general reservoir
characteristics, Understand, describe and apply the proper application of well testing and diagnostic fracture
injection testing in reservoir characterisation and stress profiling for unconventional reservoirs, Understend,
describe and apply economic evaluation to resource and reserve estimation for unconventional reservoirs,

Course Contents:

Overview of unconventional resources
Sampliog and laboratories measurement of shale
Future directions in unconventions] resources,
Reservoir characterization

Drilling and completion

Production and well performance

Economics and resource evaluation

Future trends and challenges.

L A ol e

Recommended Texts:

1. Ahmed, U., & Meehan, D. N. (Eds.). (2018). Uncomventional od and gus resources: explottation and
develfopment. CRC Press,

2. Hazra, B., Chandia, D., & Vishal, V. (2024). Unconventional Hvdrocarbon Reservoirs: Coal and
Shale. Springer.

Suppested Readings:

. Hue, A. Y. (2013). Geochemistry of fossii fueis: From conventional to unconventional hydrocarbon
systems. Editions Technip.

2. Zoback, M. D., & Kohli, A. H. (2019), Unconventional reservoir gromechanics, Cambridge University
Press.

s
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LGEOL-6171 |  Well log Interpretation and Petrophysical Analysts | 3(3.0) |
Course Brief:

Petrophysics starts with imderstanding we are remolely sensmg the subsurface of the basins we are exploring,
Understanding the geology and characterizing the reservoir using core date and outcrop analogues, then relating
this inlerpretation back to the Jog data is critical. Starting with the basic logs (GR, Density, Neutron, Sonic,
Resistivity, efc.) acquired through wireline and memory downkole tools, we will learn the physics behind each
tool, and bow each tool measures an aspect of the reservor.  Exercises will be used to desenbe the calculation
of regervolr parameters (Vsh, Phit, Swt, ete) eommonly used in mapping of explomtion and development
plays. Core data will also be discussed and incorporated. If time permits, we will explore more cornplex toals
and readings.

Course Learning Objectives:

This course is targeted to all geescientists who want (o leamn bow {o interpret besic log curves and be able to
relats them back io the reservoir they are exploring. Understanding of basic rock types [sandstone, mestone,
dolomite, shals, etc.) and their constituent mineralogy and how pors space is represented in the subsurface will
be required.

Course Contents:

Introduction to Petrophysica
Fundamental Petrophysical Concepis
Well Logging Methods

Log Interpretation

Envitonmental Corrections

Data [ntegration

Borehole Imaging

Core Analysis

N

Recommended Texts:

. Asquith, G. B, Krygowski, D., & Gibson, C. R. (2004). Basic well log analvsis (Vol. 16, pp. 305-371).
Tulsa: American Association of Petroleum Geologists.
2. Cannon, 8. (2015). Peirophysics: a practical guide. John Wiley & Sons,

Suggested Readings;

1. Tittman, J. (2012). Geophysical well logging: excerpted from methods of experimental physics. Elsevier.
2. Al M. {2004). Petrophysical log analysis system. MCS,
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| GEOL- 6175 | Al & Machine Learning in Exploration Geophysies E

Ca Brief:

This course introduces the fundamental concepts of Artificial Intelligence (Al) and Machine Learning (ML)
with a focus on applications in exploration geophysics. Students will learn how modern AUVML tools are used
to enhance data acquisition, processing, interpretation, end decision-making in geophysical exploration. Tha
course bridges theory with practical application through real-world datasets and case studies, empowering
students to contribute to the digital transformation of geosciences.

Capurse Learming Objectives:
This course provides students with a foundational understanding of Artificisl Intelligence (AI) and Machine

Learning (ML) in the context of explomtion geophysics. Swudents will learn key ML techaiques—such a3
supervised, unsupervised, and deep leamning—and how to apply them to geophysical data analysis. Emphasis
is_placed on data preprocessing, model development, and performance evalustion using real-world
geophysical datasets. By the end of the course, students will be able to apply Al tools to interpret geophysical
data and critically assess their effectiveness and limitations in explomtion scenarios.

oo . H

Introduction to Exploration Geophysics
Foundations of Al and ML

Machine Leamning Algorithms

Deep Learning and Neurnl Networks
Applications in Geopbysical Data Analysis
Model Evaluation & Deployment
Emerging Trends and Case Studies

i

Recommended Texts:
1. Zhang, J. (2020). Machlne Learning in Geosclences: From Theory to Applications, Elsevier.

2. Géron, A, (2022). Hands-On Machine Learning with Scikit-Learn, Keras, and TensorFiow (3rd ed.).
OTReilly Media.

3. Zhou, C., & Ma, J. (2021). Arrificial Inrelligence in Geosciences. Elsevier.

4, Goodfellow, L, Bengio, Y., & Couarville, A. (2016). Deep Learning. MIT Press.

1. Mosavi, A., & Rabczuk, T. (Eds.) (2023). Mackine Learning for Subsurfuce Characterizotion,
Springer.

2, Al-Regib, G., & Amin, A. (2022). Af for Seismic Data Interpretation. Society of Exploration
Geophysicists (SEG).

3. Hu, G. (2021). *Applications of Deep Learning in Geophysical Explomation.” JEEE Geoscience and
Remole Sensing Mogazine

4, Ting, K. M, {2023). Foundations of Machine Learning for Predictive Geoscience. CRC Press,
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| GEOL- 6176 | Appcation of Remote Sensing in Geophysics HEE

Course Brief:

This course explores the principles, technologies, and geophysical opplications of remole sensing [t
cuphesizes how satellite, mirborne, and drone-based seneors are wsed to collect and analyze data for
subsurface and surface investigations. The course integrates theory with hands-on analysis of multispectral,
hyperspectral, LIDAR, InSAR, and thermal imagery to support geophysical interpreiations in arsas such as
mineral exploration, groundwater mapping, tectonics, and environmezital studies,

Coursz Learning Objectives;
This course provides students with a foundational understaniding of remete sensing techniques and their

applications in geophysics. Students will learn to acquire, process, and interpret data from various platforms
such as opticai, radar, thermal, and LiDAR. Emphasis is placed on integraling remote sensing data with
geophysical datasels for improved subsurface analysis. By the end of the course, students will be sble 1o use
modemn tools sod software 1o apply remote sensing in geophysical explomtion and critically assess data
quaiity end sensor capabilities.

Con :

Introduction to Remote Sensing

Imoge Acquisition and Scnsor Systems

Data Precessing and Image [nterpretation
Remote Sensing for Geophysical Applications
Data Integration and Case Studies

Recent Trends and Fuhure Directions

Bulh Ia Lok bl o=

Recom ed Texts:

1. Jensen, J.R. (2023). Remote Sensing of the Environment: An Earth Resource Perspective (3rd ed.).
Pearson.
2. Sabins, F. F., & Ellis, D. (2020). Remotz Sensing: Principles and Interpretation (4th od.). Waveland
Press.
3. Liilesand, T, Kicfer, R. W., & Chipman, J. (2022). Remotc Sensing and [mage Interpretation (8th
ed). Wiley.

Suggested Readingy;

. Gomez, C. (Ed)(2022). Remote Sensing for Geoscientists: [inage Analysis and Integration (2od ed.).
Elsevier.

2. Chuvieco, E. (2023}, Fundamentals of Satcllite Remote Sensing: Aa Environmental Approach {3rd
ed.). CRC Press.

3. Petropoules, G. P, & Srivasiava, P. K. (Eds.) (7021). Satellitz Remote Sensing for Earth System
Science: Metlods, Applications, and Case Studies. Springer.
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GEOL- 6177 | Borehole Ceophysics & Logging Technigues [ 3¢9 |

Course Brief:
This course provides an in-depth understanding of borehole geophysics, focusing on the principles,
techniques, and applications of geophysical logging for subsurfacs chamclerization. It introdusss
studeats to the theory and practice of various logging methods used in evaluating rock and fluid
properties within borcholes. Emphasis is placed on instrumentation, dats acquisition, and interpretation
in fields such as petrophysics, formalion cvaluation, mineral exploration, hydrocarbon assessment,
groundwaler studies, and geotechnical investigations. The course also includes Vertical Seismic
Profiling (VSP) and the integration of borchole data with surfice geophysical and gevlogical
information. Through case studies and lab work, students will develop hands-on expetience in log
analysis and real-world decision-making.

Course Learning Objectives:
The course aims to equip students with the knowtedge and practical skills needed to apply borehole

geophysics effectively in various geological and engineering contexts. Students will learn to select and
implement appropriate logging techniques, interpret borehols data for lithological and fluid analysis,
and integrate results with broader geoscientific investigations. By the end of the course, they will be
able to critically evaluate borehole logs and meke informed decisions in exploration, covironmental,
and peotechnical projects.

Course Contents;

1. Introduction to Borehole Geophysics

2. Fundnmentals of Geophysical Methods

3. Borehole Logging Techniques

4, Common Logging Methods and Applications
5. Advmeced Techniques

6. Petrophysics and Formation Eveluation

7. Wertcal Seismic Profiling (VSP)

B. Applications of Borshole Geophysics

9. Log Anolysis and Inierpretation

10. Case Studies

Lobs: Specified assignments on dats aequisition/pracessing and interpretation,
Retommended Texfs:

1. Ellis, D. V., & Singer, J. M. (2020). Well Logging (or Earth Scientists (2nd Ed.), Springer.

1. Kearey, P., Brooks, M., & Hill, I. (2002). An Introduction to Geophysical Exploration (Jrd Ed.).
Wiley-Blackwell.

3. Reynolds, J. M. (2011). An Introduction to Applicd and Environmental Geophysics (28d Ed). Wiley.

4, Asquith, G., & Krygowski, D. {2004). Basic Well Log Analysis (2nd Ed.). AAPG.

Suggested Readings:
Telford, W.M. Geldart, L.P. and ShemifT, R.E., (1990), Applicd Geophysics, 2nd Ed.

Cambmidge University Press. Combridee.
Ward, 5.1, (1990), Geetechnical and Environmental Geophysics, Vol. [-111 Sociery of Exploration

Geophysicists, Tulsa, Okla.
N'l l (: //-/LA
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Moone, P.L., (1986), Drlling Practices, Manual Pen Well.
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| GEOL- 6178 _| Geophysical Data Processing & Interpretation | 3a0

Course Brief:

This course provides a comprehensive foundation in the prnciples and practical techmiques of geophysical
data processing and interpretation. Emphasis is placed on uoderstanding the characteristics of raw geophysical
data, removing noise, applying signal cnhapcoment lechniques, snd interpreting processed resulls in
geological and geotechnical contexts. Covering seismic, gravity, magnetic, electrical, and electromagnetic
metheds, the courss integrates theorstical concepls with hands-on exercises and real-world datasets. It
prepares studenis to apply modern software tools, analytical workflows, and quantitative approaches to extract
meaningiul geological informaticn from geophysical surveys.

Course Learning Objectives:

This course 2ims to develop students’ capabilities in handling, processing, and interpreting geophysical
dstasety effectively. Students will learn how to assess dsts quality, apply appropriate processing techniques,
and use both qualitative end quantitative interpretation strategies. Through practice with various geaphysical
methads, they will gain the skills to extract subsurface features, delineate structures, and support decision-
making in resouree sxploration, environmental investigations, and engineering applications. By the end of the
coursa, students will be proficient in using indusiry-standard software and melhodelogies to transform raw
data into actionable gooscientific nsights.

Course Contents:

introduction lo Geophysical Data and Noise
Fundamentals of Signal Processing

Seismic Data Processing

Potential Fizld Data Processing (Gravity & Magnetics)
Electrical and Electromagnetic (EM) Data Processing
Geophysical [nversion Techmiques

Date Integration and Interpretation

Software and Practical Tools

. Applications and Cage Studies

Laboratory Component:

»  Exercises in filtering, spectral analysis, and inversion
»  Processing of real or synthetic geophysical datasets
L]
[ ]

R

Interpretation projects using commervial or open-source software
[ntegration of geophysical results with geological modcls

Recommended Texts:
. Yilmaz, 6. (2021). Scismic Data Analysis (2nd Ed.). SEG.
2. Hinze, W. I, Von Frese, R R B, & Sasd, A. H. (2013). Gravity and Magnetic Explomtion:
Principles, Practices, and Applications. Cambridge University Press,
3. Menke, W. (2018), Geophysical Data Analysis: Discrete Inverse Theory (4th Ed.). Academic Press.
4. Reynolds, J. M. (2011). A introduction lo Applied and Envitonmental Geophysics (2nd Ed.), Wiley.

Suggesied Resdinga:
1. Telford, W. M., Geldart, L. P., & Sheriff, R. E. (1990). Applied Geophysics (2nd Ed.). Cambridge

University Press.
2. Nabighian, M. N. (Ed.) (2005). Electromagnetic Methods in Applied Geophysics (Vol. 1 & 2). SEG.
3. Butler, D, K. (Ed.) {2005). Near-Surface G=ophysics. SEG.

P



[GEOL-6179 | Geophyslcal Inversion Techniques RETE

J

Course :

This course provides a comprebensive introduction to the theory and spplication of geophysical inversion, a
fundemental tool in quantitative subsurface imaging. Students will explore forward modeling, the
mathematics of inverse problems, and practical algorithms used in transforming geophysical dam into models
of easth properties. The course emphasizes both the conceptual understanding and numecrical implementation
of inversion across various methods inciuding gravity, magnetics, resistivity, electromagnetics, and seismic.
Through hands-on exercises and case studies, students will gain experience in sclecting sppropriate inversion
techniques, evaluating model reliability, and interpreting results in geological contexts.

Course Learying Obtectives;

This course aims to equip students with & deep understanding of the principles, strategies, and applications of
geaphysical inversion. Students will learn how to construct forward models, develop inverse solutions using
linear and noc-linear techniques, and assess the uncertainty and resolution of inversion results. They will gain
practical skills in applying inversion methods to rea] datasets and integrating inversion outcomes with
geological interpretations. By the cud of the course, students will be eble to critically analyze the performance
of inversion algorithms and apply them effectively in exploration, environmental, and geotechnical seitings.

tents:
Introdiction to [nverse Problems
Mathematica of Inversion
Model Parameterization and Resolution
Inversion of Potentinl Field Data
Electrical and Electromagnetic Inversion
Seismic Inversion
Toint and Constrained [nversion
Computaticnal Approaches and Algorithms
Applications ond Cose Studies

W P RN

Recommended Texty;
. Monks, W. (2018). Geophysical Dota Analysis: Discrete Jnverse Theory (4ih Ed.). Academic Press

2. Tarantola, A. (2005). Imeerse Problem Theory and Methods for Model Parameter Estimation. SIAM

3. Aster, R. C., Borchers, B., & Thurber, C. H. (2019). Parameter Estimation and Inverse Probiems (3rd
Ed.). Elsevier

4. Oldenburg, D. W,, & Li, Y. (2005). Jrversion for Applied Geophysles. UBC-GIF

Suppested Readinps:
1. Parker, R. L. (1994). Geophysical Inverse Theory, Prmeeton University Press

2. Zhdanov, M. 5. {2002). Geophysical Inverse Theory and Regulorization Problems. Elsevier
3. Tikhonov, A. N, & Arsenin, V. Y. (1977). Solutions of i-Posed Problerms. Winston
4. Toumals: Geophysics, Inverse Problems, Journal of Applied Geophysics, Explorarion Geophysics

ﬁmﬂ /f”fﬂ’lﬁ



GEOL- 6180 | Gravity & Magnetic Exploration Methods EREE

rief:
The aim of the course is 1o introduce varicus aspecis of gravity and magnetic method and familiarize the
shudent with them. The course is emphasizing the physicel concepts of each method. A conceptual review
of the governing laws gravity and magnetic methods wilt be provided. The course is intended to be a
practical, hands-on, feld-orieated course on the applications of gravity and maguetic methods to these
problems. For esch topic, the development will proceed from basic principles (theory) through
methodology and applications, to case historics. Applications will be emphasized; theory will be kept to
essentials, The basic principles and operational procedures of each method will be presented, aleng with
discussions of where the method is and i3 oot applicable. Case histories will be included to illustrate
applications.

ou i, ectives:

The learning objectives of this course is to teach students about gravity and magnetic methods. It focuses
on the physical concepta behind these methods and provides a review of the laws that govern them. The
course is practical and field-oriented, aiming to apply gravity snd magnetic methods ta real-world
problems. You'll start with the basics and move on to mcthedology, applications, and case studies. The
goal is 10 emphatize how these methods are used in various situstions, with practical examples illustrating
their applications.

Co H

Physical principles and basic theory of Gravity Mcthod

Gravity [nstrumentation and plennmg of the gravity survey and evaluation of errors
Rock densities and their measurements and Isostasy

Gravity dals acquisition amd processing;

Data intcrpretation and mapping to identify gravity anonalies

Gravity ; regional Gelds, residual anomalies and derivatives

Continuation of the gravity field and two and three-dimensionsl modeling;
Applications in petroleum industry and case historics

9. Physical principles and basic theory of Magnetic Method

10, Magnetic [nstrumentation end planning of the magnetic survey and evaluation of érrors
11, Rock susceptibilities and their meosurements

12. Magnelic daia acquisition and processing;

13. Dailz inierpretation sed mapping io identify magnetic anomalies

14. Magnetic ; regional felds, residual anomalies and derivatives

15. Contipuation of the magnetic field and two and three-dimensional modeling;

16. Applications in petroleum industry and case histories

e A S o

Recommended Texts:

1, Telford, W. M., Telford, W. M., Geldart, L. P., Sheriff, R. E., & Sheriff, R. E. (2012}, Applied
geophysics. Cambridge university press,

2. Reynelds, 3. M. (2011). An introduction lo applied and environmental geophysics. John
Wiley & Sons.

St od heauings:

1. Parosnis, D. 8. (2012). Principles of applied geophysics. Springer Science & Business Media.
2. Griffiths, D. H., & King, R. F. (2013). Appfied geophysics for geologisis and engineers: the
elementy of geophysical prospecting. Elsevier.
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[ GEOL- 6181 | Hydro Geophysics [ 33-0

Course Brief:
The course oo Hydrogeophysics is designed to provide students with a comprebensive undetstanding of

the 1heory, meathods, and practical applications of geophysical techniques in the field of groundwater
investigations. Studeats will be introduced to the fundamental principles of hydrogeophysics and leam
how geophysical methods can be used to messure and characterize subsurface properties relevant to
groundwater flow and oquifar charocterization. The course will cover topics such as water
content/porosity, hydraulic conductivity, hydrostratigraphy, and the integration of airborne and remote
seosing lechniques for hydrogeophysical studies. Through a combination of lectures, laboratory
cxcrcises, and Ocldwork, students will gain bands-on experience in dota collaction, interpretation, and
analysis using a variety of geophysical insirumenis and soflware tools.

Courye Leaning Oblectives:

This course focuses en Hydrogeophysica and teaches students nbout using geophysical techniques to
study groundwater. They leam the theery, methods, and real-world applications of these tools. The
course covers how lo measure and understand underground propemics that relate to groundwater
movement and oquifers. They will study topics like water content, conductivity, and hydrostratigraphy,
and also explore how airborne and remote sensing techniques con be integrated for groundwater
studies. Through lectures, labs, and fieldwork, will gein practical experience in collecting, interpreting,
and analyzing data using different geophysical instrumnents and software,

Course Contenty;

Introduction to Hydrogeophysics

Theory and metheds in hydrogeophysics

Measuring propertics of the subsuriace

Water content/ porosity

Hydraulic conductivity

Field measurements of properties

Hydrostratigraphy

Geophysical Technigques for groundwater investigations
Airborne & remote sensing hydrogeophysics

e el

Recommended Texts:
1. Burges, H.R., (2012), Exploration Geophysics of the Shallow Subsurface: Prentice-Hall,
Englewood Cliffs, NJ..
2. Dobrin, M.B., (2012),introduction to geophysical prospecting (2ad ed.): McGraw-Hill Book
Co., Mew York.

Suppested Readinps:

1. Kirsch, R. (2018) ,Groundwaier Geophysics — A Tool for Hydrogeology (2ad ed.): Springer-
Verlag, Berlin.

2. Rubin, Y., and Hubbard, §.5., (2012), Ilydrogeophysics: Water Scicnce and Technology Library,
Springer, Bertlin, .

1 Sharrr, PV 20T Facsdisapeerts’ aod Froieon o Geop bysien T leides Thnivepzity Pors,

Cambridge, UK.
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[ GEOL-6182 | Induced Seismicity & Reservoir Characterization P 3(3-0)

]

Course Brief;

This course introduces stodents to the (undameatal principles of induced scismicity and reservoir
characterization. [t focuses on the interaction between human activities (such as fluid injection and extraction)
and seismic activity, as well as on the techniques used 1o analyze and characterize geological reservoirs, The
course combincs geaphysical, geological, and engincering perspectives 10 provide students with s
multidisciplinary understanding crucial for subsurface exploration and energy development,

C L bfectives:

This course introduces students to the principles of induced seismicity and reservoir characierization. Studenrs
will learn how human activities influsnce seismic events and how lo monitor and interpret seismic dats. The
course also covers methods to assess reservoir properties using geophysical and petrophysical techniques.
Emphasis is placed on integrating data for reservoir analysis and applying risk asscssment stralegics to
manage induced seismicity in energy and envirommental projects.

Course Contents:

Introductien to Seismology and Reservoir Systems
Mechanisms of Induced Seismicity

Seismic Data Acquisition and Processing
Monitoring and Analyzing Induced Seismicity
Reservoir Chamcterization Fundamentals
Geophysical Methods for Reservoir Analysis
Geomechenics and Fracture Characterization

Risk Assessment and Mitigation

Integration and Case Studies

R

Resommended Texts:
1. Wiemer, S., [{iring, M.D,, Sellami, 8., & Dichl, T. (2020). [nduced Seismicity: Fundamentals and
Applications. Springer,
2. Zoback M.D. (2010). Reservoir Geomechanics. Cambridge University Press.
3. Mavko, G., Mukedi, T., & Dvoridn, J. (2009). The Rock Physics Hendbaak: Tools for Seismic
Analysis of Porous Media (2od ed.). Cambridge University Press.

Suggested Readlogs;

Nationa! Rescarch Couneil (2013), Induced Seismicity Potentigl in Energy Technologies.

Ellsworth, W.L. (2013). Injfection-fnduced Earthguakes. Science, 341(6142).

Foulger, G.R., et al. (2018). Global Review of Human-Induced Earihguakes. Earth-Science Roviews.
Yilmaz, Oz (2001). Seismic Data Analysis. Society of Explomtion Geophysicists.

Journals: Geophysics, Jowmnal of Seismelogy, International Journal of Rock Mechanics and Mining
Sciences, The Leading Edge.

L e



| GEOL-6183 | Maripe Geophysics & Oceanle Exploration ERT

Course Briel:

Marine Geophysics & Oceanic Exploration is a multidisciplinary course that focuses oa the use of geophysical
metheds to investigate the structure, composition, and dynamic processes of the ocean basing. The course
cxamines the geological evolution of the seafloor, including the origin of oceans and contipents, scafloor
spreading, heat flow, and magnetic anomalies, It also addresses modern techniques used in oceanic
exploration for scientific, resource, and engineering pusrposca. Students will explore how marine geophysical
surveys are designed and conducted, the types of instruments used, and how dats is mterpreted for mepping
seafloor features, exploring marine mineral and hydrocarbon resources, and assessing conditions for offshore
infrastructure, This course provides essential knowledge for understanding and exploring the world's oceans
and contributes to a wide rooge of scientific and industrial applications.

Coorse L i H

This course introduces students to the principles and practices of marine geophysics and oceanic explocation.
It aims to develop an understanding of scafloor structure and processes such as tectonics, maguetic anomalies,
drid heat flow. Students will learn to apply geophysical lechniques—including seismic, magnchc and grnwty
surveys—to investigate the ocean foor. The course also =ulpl1n.!m=s the role of oceanic explomiion m
resoufce assessment, envircnmental monitoring, end offshore engineering. By the end of the course, students
will be equipped to inlerpret marine geophysical data and undersiand its applications in both scientific
research and industry.

Course Contents;
1. Origic and evolution of oceans and esntinental margins
2. Ocean basin physiography and classification of scafloor features
3. Plats tectonics, scafloor spreading, nad the Vine-Matthews—Morley hypothesis
4. Occanic magnelic enomalics and geomagnetic time scales -
5. Heat flow in the oceanic crust: mecheanisma and measurements
6. Marine scismic methods: reflection and refraction technigues
7. Gravity and magnr.-hc survey techniques in marine euvironments
8. Bathymetric mapping and multibeam sonar systems
9. Design and objectives of menne geopbysical surveys
10. [nstrumentation used in masine geophysical and oczanographic surveys
1. Deployment and operation of instnuments at sea
12. Survey vessel layoul and integration of onboard equipment
13. Applications in resource explormation: hydrocarbons, gas hydrates, and seafloor minerals
14, Enviroamental studies and engineering investigations for offshore infrastucture
15. Emerging technologies in oceanic exploration: autonamaus vehicles, satellite altimetry, and decp-sca
sensors
Rerco Texts:

Harff, J., Meschede, M., Poiersen, S., & Thiede, J. (Eds.). (2016), Encyclopedia of Marine
Geosciences, Springer.
2. Riffenburgh, B. (Ed.). (2023). Encyciopedia of Ocean Sciences (3rd ed.). Academic Press.
3. Zobell, C.E., & Summeyer, 1. (2020). Marine Geophysics: Methods and Applications. Springer.
4. Cazenave, A., & Royer, 1.Y. (2001). Applicarions to Marine Geophysics. In Internatienal Geophysics,
Val. 69. Academie Press.
Suggested Readings;
1. Seibold, E., & Berger, W.H. (2017). The Sea Floor: An Introduction 1o Marine Geology (dth ed.).
Springer
1. SWART, P.K.(2012}. Marine Geology und Geophysics. [n Black Sea Gceanography, 351, 75.
}. Garnison, T. (2021). Uceanography: .4n Inviiation ro Marine Science (10th ed.). Cenguge Lca.mmg
4. Scrutton, R.A. (2022), Explaring Oceanic Crust: Geophysical Insights inio Deep-Sea Structures.

Wiley-Blackwell.
A- £ '_,_.——UL




[ GEOL- 6184 | Near Surface Geophyaics EET

Course Brief:
Near Surface Geophysics focuses on the application of geophysical methods to investigate the shallow

subsurface, typically within the upper few hundred meters of the Earth. This course explares how geopitysical
techniques are used 1o solve problems in environmental studies, engineering site investigations, archacology,
hydrofogy, and aatural hazard assessment. [t ¢mphasizes non-invasive methods for imaging subsurfaca
features such s soil layers, groundwater, voids, contamination zones, and huried objects. Through lectures,
case studies, and practical dnta interpretation, students will gain insighis into the principles and applications of
seismic, clectrical, electromagnetic, magnetic, and ground-penetrating radar fechniques tailored o near-
surface investigativns,

Course Learning Obiﬂﬁm;

This course aims to equip stadents with foundational knowledge and practical skills in near surince
geopbysical methods, Students will 1earn the physical principles behind geophysical techniques and bow they
are spplied to detect and characterize subsurface features relevant to covironmental, eaginecring, and
archreological investigations. The course will enhance students' ability to design, execule, and interpret
geophysical surveys, with an emphasis on solving real-world near-surface problems. By the end of the course,
students will be able to critically evaluate the approprizte methods for various site conditions and objectives.

Course Contents:
1. Introduction to near surface geophysics and its multidisciplinary applications
Physical properties of earth materials relevant to geophysics
Seismic refraction and reflection methods for shallow subsurface studies
Electrical resistivity and induced pelarization methods for environmental and enginsering use
Electremagnetic methods (EM) for detecting conductivity variations
Ground Penetrating Radar (GPR): theary, operntion, and intetpretation
Magnetic methods for locating buried ferrous objects and erchacclogical features
Gravity methods for shallow density anomalies
Data acquisition, processing, and inferpreiation lechnicies
1¢. Survey design and instrumentation for near surface applications
11. Iniegration of geaphysical data with grological and geotechnical information
12. Limitations, uncertaintics, and quality control in ncar surface surveys
13. Case studics in envirenmental site assessment, utility detection, and geohazard mapping
14. Regulatory end cthical considerations in geophysical investigations

WM R e

Recommengded Texts:
1. Reynolds, IM. (2011). An Introduction to Applied and Environmentai Geophysics (2nd ed.). Wiley-
Blackwell.
2. Kirsch, R. (Ed.). (200%). Groundwater Geophysics: A Tool for Hydrogeafogy. Springer.
1. Milsom, J., & Eriksen, A. (201 1), Field Geophysics (dth ed.), Wiley-Blackwell.
4, Butler, DK (Bd.). (2005). Near-Surface Geophysics. Society of Exploration Geophysicists (SEG).

Su; dings:

i. Telford, W.M., Geldart, L.P., & Sheriff, R.E. (1990). Appiled Geophysics (2nd ed.). Cambridge

University Press.

2. Nabighian, M.N. (Ed.}. (2005). Magnetic Methods in Geophysics. Socicty of Exploration
Geophysicists.
Aanan, A5 12009), Electromugaait Fraoiphes of Grotioa §'oiea 2neg Batas i Sround
Penetrating Radar Theory and Applications (Elsevier).
4. Socicty of Explorlion Geophysicisis Journals: The Leading Edge, Geaphysics, Near Surface

Geophysics
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[ GEOL- 6185 _| Rock Physics & Petrophysical Analysis [ 360 |
Course Brief;

Rock Physics & Petrophysical Analysis explorey the relationships between the physical and mechanica
properties of rocks and their behavior under varying geological conditions. The course intcgrates rock physics
theory with petrophysical data analysis to characterize subsurface formations. Students will leam how 1o
interpret well logs, core date, and scismic attributes to evaluate reservoir properties such as porosity,
permesbility, saturmtion, and lithology. Empbasis is placed oo the link between rock properties snd
geophysical measurements, supporting applications in hydrocarbon exploration, reservoir modeling, and
encrgy geoscience. The course combines theoretical concepls with practical analysis techiques 1o prepare
students for real-world subsurface evaluations.

Couyrse Learning Objectives;

This course aims to provide students with & strong understanding of the physical principles govemning rock
behavior and the interpretation of petrophysical data. Students will leam to analyze and integrate well logs,
core messurements, and seismic dats to estimaie key reservoir propertics. The course ¢nhances students'
ability to connect rock physics models with petropliysical measurements for subsurface characterization. By
the end of the course, siudents will be able to evaluate rock-fluid interactions, intetpret log responses, and
apply rock physics workflows in hydrocarbon and other subsurface resource studies.

Course Coptents;

Introduction 1o rock physics aed petrophysics: scope and applications

Elastic properties of rocks: stress, strain, bulk and shear modulus, Poisson’s ratio
Reck texture and mineralogy: impact on geophysical response

Wave propagation in rocks: acoustic and seismic wave behavior

Porosity, permeability, and fluid saturation: definitions and messurement methods
Electrical properties of rocks and Archie’s law

Wel) log interpretation: SP, resistivity, gamma ray, density, ocutron, and sonic lugs
Core analysis and leboratory measurement techniques

. Rock physics models; Gassmann’s equations, Hertz-Mindlin theory, and effective medium theory
10. Lithology and fluid discrimination using crossplots and log overlays

11. Seismic petrophysics: linking rock properties with seismic attributes

12. Velocity-porosity relationships and rock typing

13. Inversion techniques and uncentainty in petrophysical analysis

14, Applications in reservoir charaeterization, monitoring, and geomechanics

NS s N

Recommended Texis:
1. Mavko, G., Mukerji, T., & Dverkin, J. (2020). The Rock Physics Handbook: Tools for Seismic

Analysis of Porous Medin (3rd ed.). Cambridge University Press.

2. Tiab, D., & Donaldson, E.C. (2015). Petrophysics: Theory and Practice of Measuring Reserveir Rock
and Fluid Transport Properties (4th ¢d.). Gulf Professional Publishing.

3. Asquith, G., Krygowskd, D., & Gibson, C. (2004), Basic Well Log Analysis (20d ed.). AAPG Methods
in Exploration Series.

4, Schén, J.H. (2015). Physical Properties of Rocks: Fundamenials and Principles of Petrophysics (2nd

ed ). Elsevier.
Supgested Regdings:
1. Batzle, M., Han, D.-H., & Castagna, J. (2006). £lasric properties of reservoir rocks. In SEG
publications.

7. Awmeth P, Nulerii, T & Mavin 5 /7005 Oamiitative Seiseie Inteenrctetion, duphoine ock
Physics Tools to Keduce fneerpreation Risk. Cambridge University Press.
3. Humst, A, etel. (2000). Petrophysical Evaluation of Hydrocarbon Reservoirs. Geological Society,

London, Special Publicationa.
N} s F ____"—_—ld—



b=

| GEOL- 6185 | Sefsmic Reflection Technigues [ 300 |

Courze Brief:

Seismic Reflection Techniques is a foundational course in geophysical exploration, focusing onr the
acquisition, processing, and interpratation of seistic data to image subswrface peological structures. It
intreduces students to the principies of seismic wave propagation, reflection theory, and data collection in
both land and marine settings. The course covers each stage of the seismic workfllow—ffom survey design and
ficld ecquisition lo signal processing and strustural interpretation. Emphasis is placed on how seismic
reflection methods are used in hydrocarbom explomtion, eovironmental studies, and subsurface
characterization. By learning the technical and interpretive aspects of seismic reflection, students gain skills
crucial for careers in geoplysics, geology, and energy industries.

Courss Learping Objectives;

This course provides students with & comprehensive undemstanding of seismic reflection methods used ta
investignte the Earth's subsurface. Students will learn the physical principles of seismic wave behsvior, the
design of reflection surveys, and how to acquire and process scismic data. By applying interpretation
techniques, shlents will gain the ability 1o identify geological features such as faults, folds, and stratigraphic
boundaries. The course also develops students” critical thinking in evaluating data quality, resolving
ambiguity, and integrating seismic with geological information for sesource exploration and geotechnical
applications.

Course Contents:
[ntroduction to seismic reflection methods and their applications

Fundamentals of seismic wave propagation and reflection

Reflection coefficients and the seismic wavelet

Survey design: 2D vs 3D acquisitios geometnes

Field acquisition metbods and instrumeniation

Seismic datn formals and quality control

Sigunl processing: deconvolution, filtering, gain recovery

Velocity analysis and normal moveout (NMO) correction

. Stacking and migration techniques

10. Interpretation of seismic sections: horizons, faults, and stratigraphy

11. Synthetic scismograms and well tie methods

12. Seismic atiribute analysis for stratigrephic and structural interpretation
13. Limitalions and resolution in seismic refleclion imaging

14. Case studies in petroleum exploration, geohazard mapping, and shallow subsurface investigations
15. Integration with other geopbysical and geological data

bl e A L o

Recommended Texts:
I. Yilmaz, O. (2001). Seismic Data Analysis (2nd ed.), Society of Exploration Geophysicists.
2. Kearey, P., Brooks, M., & Hill, [. (2013). An Introduction e Geophysical Exploration (dth ed ).
Wiley-Blackwell.
3. Badley, M.E. (1985). Practical Ssismic fnterpretarion. International Human Resources Development
Corporation.

Suppested Readings:

1. Telford, W.M.,, Geldar, L.P., & Sheriff, R.E. (1990). Applied Geophysics (2nd ed.). Cambridge
University Press.
Bavon, i, Sinn, &, & Redanas, T (2007), S0 sewsnits Jnicpratunein, Cainbidge Laiversity Presa,
3. Chopra, 5., & Marfitrt, KLJ. (2007). Seismic Afinbutes for Prosperi {denvificarion and Reservoir

Characierization. SEG.
iv? . F /”'Jﬂ’
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[GEOL- 6187 | Selsmology & Earthqaake Physles I 60 |

Course Brief:

Seismology & Farthquake Physics is a core gooscicnce course focused on the study of seismic waves and the
physical processes behind carthquakes. It explores the origin, propagation, and recording of seismic waves,
along with the mecbanics of faulting and stress in the Earth's crust. Students will learn how seismmologicnl data
is used 1o locate éarthquakes, delermine their magnitude, and analyze Earit's inlerier, The course combines
theoretical foundations with practical applications, including seismic hazard asscssment and the interpreiation
of global and regional seismicity. [t prepares students for carecrs in geophysics, hazard mitigation, and Earth
system science by equipping them with tools to understand and analyze seismic phenomena.

Course Learning Db|ectives:

This course aims to introduce students to the Fundamentals of scismology and the physics of earthquakes,
Students will understand the different types of seismic waves, how they are generatzd and recorded, and what
they reveal about Earth's interior, The course develops students” ability to analyze cartbqueke mechanisms,
compute magnitudes and locations, und assess seismic hazards. It also builds a foundation in fault mechanics,
stress accuntulation and release, and the seismic cycle. By the end of the course, studenls will be able 1o
interpret scismograms, use besic modeling techniques, and apply seismic dats to real-world geophysical
problems,

Course Contents:
. Introduction to seismology and casthquake scicnce

1
2. ‘Types and properties of seismic waves (P, S, surface waves)

3. Scismometers and seismic networks: instrumentation and data acquisition
4, Earthquake [ocation and magnitude determination

5, Seismograms: ioterpretation and waveform analysis

6. Theclastic rebound theory and earthquake cycles

7. Faull mechanics and rupture dynamics

8. Earlhquake focal mechanisms and moiment tensors

9, Seismic wave propsgation and Earth structure

10. Earthquake source models and scaling laws

11. Seismicity patierns and Guienberg-Richter relationship

12. Global tectonics and earthquake distribution

13. Seismic hazand, risk, and mitigation strategies

14. Induced seismicity and buman-triggered earthquakes

15. Recent case studies of major global and regional zasthquakes

Recommended Texty:
I. Steip, S., & Wysession, M, (2003). 4n Introducsion ro Seismology, Earthquakes, and Earth Structure.
Wiley-Blackwell.
2. Shearer, P.M. (2019). inrroduction fo Seismology (3rd ed.). Cambridge Untversity Press.
3. Aki, K., & Richards, P.G. (2002). Quamsitaiive Seismology (2nd ed.). University Science Books.
4. Scholz, C.H. (2019). The Mechanics of Earthquakes and Faulting (3rd ed.). Cambridge Universify
Press.

Suppested Readings;
I. Udlas, A., & Buforn, E. (2017). Principles of Seismology. Plane: Earth and Its Evolwiion. Cambndge
University Press.
20 Dutla, DA, e Drong, o 1258y Thearceoo! Tkl Sesoiogy Fofiee.ou dillvumlj Piuss.
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Interdisciplinary/Allied
courses:



|T';EOG- 5101 | Fundamentals of Geograpby | 3(3-0)

Course Briel:

‘This course is graduate-level course to exposc students with the founding principles of Geography
and pgeographical kmowledge. A systematic descriptive introduction o the diverse clements of
lendscape including geomorphic, climatic, and biotic elemears, human seitlement and land-use
patierns; cartographic approaches to the analysis of sclested processes of landscape change. This
course provides an opportunity for understanding part of the complex physical and biological
cavironment in which human beings live.

Courie i :

The students will learn about nature and processes of geo-system and its constituent parts: atmosphere,
lithasphere, hydrosphere and biosphere; structure and composition of the atmosphere: atmospheric
circulation, weather and climate, cnergy transmission, spatial variation of energy inputs snd cucrgy
budget; stricture and composition of the earth: tectonics and related processes; hydrological cycle and
il3 components: precipitation, cvapotrangpiration, groundwater, surfoce water and the oceans;
vegelation zones of the world: world soils, ecosystems, biomes, energy and matter flows.

1. Introduction, Defimitions, scope and branches of Geography
2. Roots of the discipline and basic geographic concepts

3, Themes and traditions of Geography

4, Tools of Geogrephry, The Universe, Galaxies and salar system
5, The Earth as & planct, Cclestial positions, its shape and size

6. Rotation, revolution and related phenomens

7. Sphercs of the earth, Lithosphere, Atmosphere, Hydrosphere
8. Biosphere

9, Man-environment interaction

10. Population

11. iajor Economic activities

12. Settlements

13. Paollution

Lap, Work

1. Comprehension of atlases
2. Map readmg skills, location of places
3. Features and relevant work related 1o topics of the theoretical section.

Recommended Texls
1. Arbogast, A. F. (2007).Discovering physical geogmphy.London: Jehn Wiley and Sons.
2. Christopherson, R W. (2009).Geo sysiems: an ntroduction to physical geography. New Jersey: Pearson
Prentice Hall,

Suppes n
1. De Blj, H. J and Muller, P. O, (1996).Physical geography of the global environmeat.London: John
Wiley and Sons.

-

2. suahier, A- (2015) iuwucenon to physical geography. Sew fomey: soiu Wity o Svio.
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[[URCM - 5107 | Mathematical v | 3(3-0) |

Course Briel:

The goal of Mathematics 1 is to prepare students for first-year Calculus. Helping studerts gaia proficiency in
their understanding and ability to utilize real-valued functions, the primary tocl in Calculus, accomplishes this
goal. Students are presented a broad set of ‘function teols’, including a geaeral understanding of function
properties together with a “library’ of commeonly used functions.

Ob H

This course intended that students will become skilled at recognizing the different families of functions and the
primary properties that set cach apart, are able to apply the general function properties to cach type of fuaction,
and are able to use the special set of algebraic slalls associated with each. Students are also expected 1o
become adept in ulilizing and interpreting the results from graphing calculstors, as an important inveatigative
tool.

Course Contepty:

Preliminaries

Real-number aystem, complex numbers

Introduction io sets, set operations, functions, types of functions.

Matrices Introduction to matrices, types, mairix inverse, determinants, system of linear equations,

Cramer's rule.

5. Quadmtic Equotions

6. Solution of quadratic equations, qualitative analysis of roots of a quadratice

7. Equations reducible to quadratic equations
B
9

B

. Cube roots of unity, relation between roots and coefficicats of quadratic
. Bequences and Series

10. Arithmetic progression

11, Geometric progression

12. Harmosde progression

13. Binomial Theorem

14. Introduction to mathematical induction

15. Binomial theoremn with taticnal and irrational indices.

16. Trigonometry, Fundamentals of trigonometry, Trigonometric identitics.

Recommended Texts:

I. Thomas, G. B., & Finney, A R (Z2003). Calcwins. Reading: Addison-Wesley.
2. Anton, H,, Bavens, L, & Davis, 5. (2005}, Colcrlus: 4 new horizon (Bth ed.). New York: John Wiley.

Swegested Readings:

1. Stewar, J. (1995), Calcuius (3rd ed.). Pacific Grove, California: Brooks/Cole.
2. Swokowskd, E. W, (1983). Calculus and onalytic geometry. Boston; PWS-Kent Company.
3. Thomas, G. B., & Finney, A. B (2005). Calewlus {1tth ed.). Reading: Addison-Wesley



v

| URCM — 5108 | Mathematics 11~ I 3(3-0) i

Coprse Brief:

Caleulus is the mathematical study of continuous change. It bas two major branches, differential calculus and
integral calculus. Bolh branches make use of the fundamental potions of convergence of infinite sequences and
infinite series to a well-defined limit. Modern calculus is considered to have been developed in 17th century .

Course Learning Oujectives:

This course in calculus is a gatewny lo other, more advanced courses in mathematics devoted to the study of
functions and limits, broadly called mathematical snalysis. Caloulus is used in every branch of the physical
sciences, apmerial seience, compuler science, medicine, demography, and in other fields. It allows one o go Fom
rates of change to the total change or vice versa, and many times in studying a problem we know one and are
trying to find the other. This course aims to provide students with the essential concepts ef mathematics and bow

these can be employed for analyzing real data.

nts:

Preliminnacies

Real-number line

Functions and their graphs

Solulion of equaticns involving absolute values, inequnlities.
Limits and Continuity

Limit of a function

Left-hand and right-hand limits

Continuity

Coptinuous functions.

10. Derivatives and their Applicalions

1. Differcutiable functions

12. Differentiation of polynomisl

13. Rational and transcendental functions, derivatives.
14, Intepration and Definite Integrals

15. Techmiques of evaluating indefinite integrals

16. Integration by substitution, integration by parts
17. Change of variables in indefinite integrals.

Recommended Texts;

I. Thomas, G. B., & Finney, A. R. (2005). Calculus. Reading: Addison-Wesley.
2. Anton, H, Bevens. L, & Davis, §, (2005), Calcuius: 4 new horizen (Bt ed.), New York: John Wiley.

Suggested Readings:
L. Stewart, L. (1995). Calculus (3rd ed.).Pactfic Grove, Califomia: Brooke/Cole.

2. Swokowsks, E. W. (1983). Calculus and analytic geometry. Boston: PWS-Kent Company.
3. Thomss, G. B., & Finney, A. R, (2005). Calruius (11th ed.), Reading: Addison-Wesley,

b i R S R Ll
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[ crHEMSs101 | Physical Chenistry [ 300 |

Course Brief;

This course provides foundation and basic Jevel knowledge of physical chemistry to under graduate students.
This foundation course covers intmoduction of physical chemistry slong with its application for learning
principles of physicochemical phenomenon. This offer complementary approaches to the fundamental
understanding of chemical systems. Students will scquire knowledge to ensble themselves to understand the
elementary mathermtics, physical state of matter, atomic structure, chemical thermodynammics, kinetic theory of
gases, collisicn theory of reactions, fundamental prciples and baws of thermodynamics, chemical equilibria
and chemical kinetics and investigaie the physical propatics of ideal/non-ideal binery solutions. Students wall
also be able to study the rates of reactions and perform related caleulations. Students will also be introduced
about basics of electrochenistty.

Course Lenrnlag Obijectives; .
The general goal of lcamimg this physical chemistry ¢ourse i3 to obtain a vision of matter-energy relationship
in physical and chemucal systerms. Learning cbjectives emphasized in  this cowrse involve developing an
understanding of basic principles of physical chemistry.

Courze Conents:

Elementary Mathematics: Logarithmic, exponential and tgonometric functions
Differentiation of elementary functions, Physical States of Mater

Atomic Structure, De Brogile cquation, Pauli Exclusion Principle, Hund's Rule,
Schrodinger wave equalion

Dipole moment,Chemical Thermodynamics, First and second law of thermodynanics
Chemical Equilibrium, Law of Mass Action and LeChatadier’s Principle.

Salutioms, composition, ideal and non-ideal selutions, Raoult's law.

Chenmenl Kinetics, change of entropy, Zero, first and second order resction, Archenius equation
. Electrochemistry, Conduciance, dependence of conductance

10. Kohlkausch's law and its applications

D E N n W -

Recommended Texrs:

. Atkdns, P, Paule, J.,, & Keeler, J. (2017), Aikins’ physical chemisiry. {Ilttl
University Press.

2. Kuhn, H., Forsterling, H., & Waldeck, D.H. (2009). Principles of physical chemistry. (Znd ed.). USA: Wiley
Publisher.

Suggested Readlngs

1. Akhtar, M.N., & Nabi, G. (2008). Text book of physical chemistry. Lahore: Imi Kitab Khawna.
2. Das, R.C., & Behera, B. (2003). Experimental physical chemisery, Delhi: Tawa McGraw Hill,

ed.). UK: Oxiord

F/M”
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CHEM-5102 | Inorganic Chemistry [ 360 |

Course Brief:

This course covers a range of general topics of inorganic chemistry. It will provide a uscful supplement to
the advanced courses specified in the department This coursé aims to cpable the students to achieve the
advence knowledge about the key introductory comcepls of chemical bonding, acid-base chentsty, and
properties of the representative and tramsition elements, as well as using this knowledge for qualiietive end
quantitative analysis of inorganic compounds during Jaboratory work. Leaming objectives emphasized in CHEM
5102 involve developing an understanding of basic principles of inorganic chesistry.

Course Learning Objectives:

It develop critical thinking skills ¢nabling students to solve chemistry problems that incorporate their
cumulative knowledge. Students learned in class to modern chemistry techniques which

give them oppertunities to upgrade their knowledge about advenced inorganic concepts. The essence of
this course is to develop smdy skills that siudents need to succeed in university-level chemistry courses
and preparation of students for professional positions in chemistry,

Course Com;nga-:
1. Penodic Table and Pericdicity of Properties
Redox potential, electrochemical scrics and its applications. Corrosion and electroplating,
Acid Base Equilibria: Acids and bases, relative strengths of acids, pH, pKa, pKb.
Hard and soft acid and Bases. SHAB Principle and its application.
BufTers, types buffer, Preparatica, Buffer capacity and spplications of buffers.
Chemical Bending, VBT, MOT, VSEPR. Special types of bonds
Chemistry of p-Block Elements
Production of pure sificon chips for solar energy cells.
9. Chemistry of d-Block Eleraents Wemer's theory, VBT, MOT and CFT
10. [somerism in coordination compounds,
11, Chelates, Classification and applications
12. Separation Techniques: General introduction and A pplications
I3. Principle, brief instrumentation{Flame cmission, Atomic Absorption, IR and UViVis).
14. Metallurgy of Al, Cr and U, fertilizers (Urea and Phosphate fertilizers) Cement and Sugar.

Regommended Texty;

I. Igbal, M. Z, (2015). Text book of inorganic chemisiry. Lahore: Timi Kitab Khana
2. Lee, J. D. (1996). Concise inorgunic chemistry. [5“' ed.). UK: Chapman and Hail

WS A

Su, 1:

1. Gruham, H., & Mas, H. (2000}, Chemistry in conrext. (5 d.). UX: Thomas Nelson Lid.
2. Philp, M. (1996). Advance chemistry, UK:  Cambridge Publishing.
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| pHYS-5101 | Mechanics- 1 HE

Course Brief;

Mechanics is all about motion of body. B deals with forees, motion, atress, soain ond further to the
laws of motion in incrtial frames specifically. This course also provides the studenis a broad voderstanding
of the physical principles of the classical dymamics, to describe mechanical cvents that involve forces
acting on macroscopic objects with quentitetive skills, to motivate them to think creatively and
crtically about scientific problems and experiments (thought as well reallife).

Course Fearning Objectives;
A student studying thia course will understand classical physics and wll also develop the skills to apply
principles to the practical life problems. Studenty arc encouraged to share their thinking with teachers and
the other students to examine different problem-solving strategics.
Course Contents;

1. Measuring things, displacernent, average velocity and speed, acceleration, constant acccleration, free fall

acceleration, graphical integration in motion analysis

Vectors and their components, adding vectors by compenents, multiplying vectors

Unit vector, vector representation of quantities, projectile motion, uniform circular motion

Relative motion in one dimension, relative motion in two dimensions

Newton's First and second law, some particular forces, applying newton laws, friction

Drog force, uniform circular motion, kinetic enargy, work and kinetic energy

Work done by gravitational foree, work done by a spring force

Work done by a general variable force, power, potentisl energy, conservation of energy

9. Conservation of mechanical energy, work done on a system by an externzl forcs

10. Conservation of energy, center of mass, newton’s second law for system of particles

11. Linear momentum, collision and impulse, momentum end kinetic energy in collision

12. Elastic collision in oac dimension, collisions in ono/two dimensions

13. Conservation of linear momentum and system with varying mass

14. Modulus of rigidity by static & dynamic method {maxwell’s needle, barion’s spparatus)

15. To determmne the value of *g” by compound pendulunykaler’s pendulum '

16. To study the consarvation of energy (hook’s law)

17. To determine efastic constants by spiral springs

18. To study the laws of vibration of stretched string using sooometer

19, Madulus of rigidity by static & dynamic method (maxweil's needle, barton’s apparatus)

WS A LN

Hec H

I. Halliday, D., Resnick, R & Walker, J. (2014), Fundamentais of physics (100 ed). New Yorkc
Wiley.

2. Halliday, D., Resnick, R. & Krane, K. S. (2003). Fhysies (5 ed). New York: Wiley.
Suggested Reodingy:

l. Young, H. D., Freedrman, R. A. & Ford, A L. (2019). University physics [ISI"t| ed.). New York:
Pearson.

2. Serway, R A & Jewelt, J. W, (2014). Physics for scientist and engineers {glh' ed.). Mew
York: Brooks/Cole.

3.0 Midsmacs, AT\ 3005 O pesimente Lomacdlons pipeT o s v e wdonice press.
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| sTAT-5121 | Introduction to Statistics [ s |

Counrse Brief:

This coursc is designed for under-graduate level. Slatistical analysis is a basic requirement in order
toanalyze Lhe phenomenon related to all sectors.

Course Learning Objectivey:

This course aims to produce skills reiated to descriptiveas well os inferential statistical analysis. Use of
descriptive, inferential, regression, sampling statisticshas vital importance to ooalyze and decision making
theories related to agriculture, economics andbusincss statistics etc.

Course Conlents:

Introduction to Statistics: Descrptive and [nferentinl Statistics,
Limitations of Statistics
Scope of Statistics
Variable, Data, Types of Variable and Data, Scales of Messurements,
Display of Data: Tabulation of Data, Graphical Display, Histogram, Bar Charts, Pie Chart,
Siem and Lenf Plots.
Measures of Central Tendency: Mean Medinn, Mods, Box Plot, and Application in Real Life.
Measures of Dispersion: Range, Quartile Deviation, Mean Deviation, Variance and Standard
Deviation, Coefficient of Varistion, Z-score and thex Application.
. Mormal Distribution: Norraal Distribution and its Application,
. Sampling and Sampling Distribution.
. Estimation:
. Hypothesis Testing
. Regression and Regression Analysis: Simple Linear Regression, Multiple Regression, Fitness
. Model.
. All the observational analysis will be carried out using M5 Excel and SPSS.

e i

— e e S bR e
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Recommended Texts:

1. Cheudhty, .M, &Kamal,S.(2010). eoroduction to statistical theory. (Parts [ &II). Lahore:
NmuKitabKlrana.

Walpole, LE. Mysters, RH. & Myers,S.L{1998). Probability and siatistics for engincers
ardscientisgs. New Yorlc Prentice Hall.

i~

Suppested Readinps

l.Mclave, J.T., Beoson, P.G.& Swtch.(2005) Statistics for business & ecoromics.New Jersey:
Prentice Hall,

2.Spiegel, M.R., Schiller, J.L. &Sirintvasan, R.L. {2000} Probability and staristics. New York: McGraw
Hill

3.Clark, G. M.,& Cooke, D, (1998). Basic coursc in statistics. London: Armeld.
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|GroG-5109 | Climatology | 3(3-0)

|

The course provides an overview of the physical processes responsible for detenmining giobal and

regional climate. This course gives & peperal introduction to meteorology and ¢limatology.

Meteorology topics include energy balapee, maoisture and cloud development in the atmospbers,

atmospheric dynaomcs, small and large scale circulations, storms and cyclones, and westher forecasting.

Climatology topics include the interaction between the atmospbere and ccesns over long time periods,

climate classifieation, and the potential for climstic change. It brings together information from rursl

communities, indigenous peoples and reszarch workers on how they usc agro- biodiversity to cope with

climate change.

Course Learning Objectives:

It stimulstes communication between agro-biodiversity rescarchers, users apd maintainers. [t identifies

tools and practices relevant to using agro-biodiversity for coping with climate change and making these

widely availuble. [t also promotes awareness of the vital role of agro-biodiversity i adapling to climate

change among key audiences, including donors, development sgeots and the global biodiversity

CORMUNILY.

Cagurse !:gnlggh"

Introduction

Key concepts in climatology and meteornlogy.

Structure and ¢composition of atmosphere,

Eleitents and factors of climate.

Insolation and Terrestrial heat budget,

Temperature distributios:.

Humidity and its types; Condensation and their forms, Precipitation, formation and their types.

Atmospheric Pressure and global pressure belis.

Atmospheric Circulation: (Upper and Lower) oir stebility and instability, storms; Cyclanes

(hunricanes, typhoons) and tornadoes

10, Air masses and fonts,

11. Classification of climates; critical study of the Koppen, Miller and Thormthwaite classifications of
major climates,

{2. Climate variability and climate change: Natural and anthropogenic; Greemhousc gasses; global
werming; acid rain, ozone layer depletion El-Nifo acd La-Nifia, impact on precipitation distribution.

13. Climatie regions of Pakistan and their charactenistics

14, Climatic data: sources, collection, analysis and presentation. Problems associated with dats
quality (spatial, temporal},

eCom Texts:

S Rl

1. Miller A. (2001}. Climatology. Haryzna: Shubhi Publications.
2. Barry. R (1998). dtmosphere, weather and climate, London: Routledge.
R 3
L. Shamshad, K.M. (1988). The meteorology of Pakistan. Karachi: Royal Book Ca,

2. Strahler, A. N. (1998). Elements of physical geography. Mew York John Wiley,
1. Diwan A, P. SArore. DK, (1995} (hied» of areon, New Yorks Tohn Wiley
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[ GEOG-6118 | Epvironmental Geography T 330 |

C Brief:

In this subject of Geography, students wil! leam sbout Ihe netural science, social science, and humanistic
understandings of the Farth’s enviroament. Environmental Geographers study the complex relationships
between humans and the natural environment over time and through space. This course will provide a
historical, geographical, nnd humanistic foundation for understsnding the environment and the plethora of
environmental issues that confront us at the beginning of this century.

Courye Learning Oblectives;

Major aim of this course is 0 produce environmentally aware studeats and to equip them with skills to

enable them to become fsture decision-makers on environtental matters in whatever ficld they wish to

purstie in the future, By studying this course students will be able to recognize what the issues are, and to

view them from a geographic perspective. They will recognizs the responsibilities they bave in relation to

other peopls, the environment, and sustaimability, and there will be opportunities to initiate personal

actiom

Course Contents:

Evolution of Environmentsal Studies in Geography

Comparative Advantage of Qeography

Concept of environmental management

Environment and Man interacticn, Ecosystem, natural rescurces

Important Cycles

Population explosion, The human impact on the environment

Environmental hazards, Types of Hazands

Major Environmental hazards and Problems in Pakistan: Floods, Earnbquake, Tsunami, Cyclones,

Landslides, Droughis, Deforestation and Desertification

9. Water-logging and Salinity

LD. Soil Ervsion

L1. Global Warming and ozane depletion

12. Environmental Pollution, Waste Manngement, Control and Mitigation Measures, Techoology,
awareness, Lepislation, Ethics

13. Pakistan Environmental Act

14, Mational Conservation Stralegy

15. Naticnal Environmental Quality Standard

Recommended Texts:

1. Amms, K. (2001). Eavironmental science. Philadelphia: Asunders College Publishing.
2. Basak, A. (2009). Environmental studies. Mew Delhi: Pearson.

Suppested "

1. Botkin, D, B. & Edward A. K. {2012). Environmental science. Hoboken: John Wiley & Sons.
2. Burton, I R, W. Kates & Gilbest. F. W. (2000). The envircnment as hazard, Karachi. Oxford
University Press,

e Nl C
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MATH-6139 Fluld Mechanics-I 3{3-0)

Thia course is the first part of the core level course on flitd mechanics. Fiuid mechenics is the branch
of physics concerned with the mechanics of (uids (liguids, gages, & plasmas) & the forces on (hem. It has
applications in a wide mnge of disciplines, inciuding mechanical, givil, chemical & biomedical engineering,
geophysics, oceanograpby, meteorology, & biology, The course of fluid mechanics is
introduciag fundemental aspects of fluid flow behavior. Students will leam properties of Newtonian fluids;
apply concepts of mgess, momentum & energy conservation io flows,

Contenty

1 Introduction: Definition of Fluid, basica equations

Methods of analysis, dimensions & units, Fundamental concepts
Fluid as a continuum, velocity field, stress field, viscosity, surface tension, deseription & classification of
fluid motions

Fluid Statics: The basic equation of fuid static

The standard stmosphere

Pressure variation in s statie fluid

Fluid in rigid body motion. Basic equation in integral form for a control volume
Basic laws for a system

Relation of derivatives 1o the control volume formmulation

10 Conservation of mass

11 Momiénium equation for inertial control volusme

12 Momentum equation for control volume with rectilinear acceleration
13 Momentum equation for control volume with arbitrary accelemtion
14 The angular momentum principle

15 The first law of thermodynamics

16 The second law of thermodynamics

17 Introduction te differential analysis of fluid motion

128 Conservation of mass

19 Stream function for two-dimensional incompressible flow

20 Motion of a fluid element (linematics), momennim equation
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l. Fox, R W..& McDonald, A. T. (2004). /niroduction to fluid mechanics (6” ed.), New York: John Wiley &
Sons.
2. White, F. M. (2006), Fluid mechanics (5= ed). New York: M. Graw Hill.

Sopgested Readingy

1. Granger, R. A. (1985). Fiuid meckanics (1* ed.). Montana: Winston Publisher.
2. Bruce, R, Rothmayer, A, P, Theodore, H. Q.,& Wade, W. H. (2013). Fundamenrul of fluid mechanics (7°
ed.). New York: Willey Son Publisher.
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MATH-6140 Fluld Mechanies-11 330

This course is the second part of the core level course on fluid mechanics. Fluid mechanics is concemed with
the mechanics of fluidg (lquids, gases, & plasmag) & the forces on them. This course coverd properties of
fluids, laws of fluid mechanics & cnergy relationships for incompressible fluids Studies flow in closed
conduits, including pressure loss, flow messurement, pipe sizing & pump Selection, momentum equation for
frictionless flow, Suler's equations, Bemonili equation- Intsgration of Euler's equation, laminar fow &
Boundasy layers.

Contents

Incompressible mviscid fow

Momextum equation for frictionless flow

Euler's equations

Euler's equations in streamiine coordinates

Bernoulli equation- Integration of Euler’s equation along a streamline for steady flow
Relatinn between first law of thermodynamics & the Bernouili equation
Unsteady Bernoulli equation-Integration of Euler’s equation slong a streamline
[rrotationz] flow, internal incompressible viscous flow

Fully developed laminar flow

Fully developed laminar flow between infinite paralle] plates

Fully developed laminar flow in a pipe

Part-B Flow in pipes & ducts

Shear stress distribution in fully developed pipe flow

Turbulent velocity profiles in fully developed pipe Mow

Energy consideration in pipe flow

External incompressible viscous flow

Roundary layers, the boundary concept, boundary thickness, laminar flat plate
Boundary lnyer: exact solution, momentum, integral equation,

Use of momentum intcgral equation for flow with zeTo pressure gradieat
Pressure gradient in boundary-layer flow
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Pre-requisite: Fluid Mechanies-I

Recommended Texts

1. Fox, R. W, & McDonald, A. T. (2004), Introduction to fluid mechanics (6" ed.). New York: John Wiley &
Sona.
2, White, F. M. (2006). Fuld mechanicy (3" ed.). New York: Me. Graw Hill.

Suggested Readings

I. Bruce, R., Rothmayer, A. P, Theodore, H. O.,& Wade, W. H. (2013). Fundamental of fluid mechanics (7*
ed,), New York: Willey Son Publisher.

T Makayame, Y PR Iptrodyetas te M meshoed Mady Dxferd Buttervarh Hefnemann Pablister

3. Granger, B A. {1985). Fluid mechanics (1™ ed.). Montana: Winston Publisher.
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[ MATH-6134_| Heat Transfer [33-0) |

Heat transfer is a discipling of thermal enginecring that concerus the generation, use, conversion, & exchangs
of thermal energy (heat) between physical systems. Heat transfer is classified into various mechanisms, such
as thermnl conduction, thermal coavection, thermal radiation, & transfer of emergy by phase changes.
The objectives of heat trapsfer include the following: Insulation, wherein across 2 finite terperature
difference between the system & its swrounding, the engineer seeks to reduce the heat transfer s much a3
possible, The learning outcomes of this course are: to explain the basics of heat transfer, to explain the
importance of heat transfer, to define the concept of boiling & condensation, to dsfine the concept of heat
exchangers, to explain heat transfer by conduction, to explain the Fourier heat conduction law, to define
thermal conductivity coefficient & diffusion coefficient, to explain heat transfer with convection, 10 explain
Newton's law, to explain free transport phenomenon, to explain the forced convestion, to explain heat transfer
by radiation.

Contenty

1 First law of thermodynamics

2 Second law of thermodynamics

3 Fourier's law of hest canduction

4 Newton's law of cooling

5 Encrgy equation

& Steady-State Conduction-Cne Dimension

7 Steady-State Conduction-Multiples Dimensions

8 Unsteady-State Conduction,

9  Principles of Convection

10 Empirical & practical Relations

11 Forced —Convection Heat Trnster

12 Natural Conveclion Systems

13 Radiation Heat Transfer

14 Laminar forced flow over a flat plate

15 Thermal boundary layer oo an isothermal flat plate
16 Thermal boundary layer an a flat plate with constant surface heat fhix

Recommended Texts

l. Holman, ]. P. (1996). [feat transfer (8% ed.). New York: McGraw Hill.

2. Kays, W. M..& Crawford, M. E. (1993). Convective heat & mass trarnsfer (3™ ed.). New York: McGraw
Hin,

1. Sadik Kakac. and Yamman Yener, {1595). Convective heat transter (2™ ed.). CRC Press United Stares of
Arperica

S adin

l. Incropera, F. I, & Dewilt, D. P. (1985). Fundamentals of heat & mass iransfer {27%ed), New York: Wiley.

2. Cenegel, Y, & Ghajar, A. J. (2015). Heat & mass transfer; Fundamentals & applications(5" ed.). New
VT \'1: 4";.--'. ‘['-’I:l

3. Lienhar [V, J. H., & Lienhar V, J. H. (2019). 4 heat transfer textbook(5® ed.). New York: Dover
Publications,

4. [ncropera, F. P (2006). Furdamentals of heat & mass rransfer (6" ed.), New York: John Wiley & Sons,
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[ cEoG.sid | Map Work T

l

Course Briel:
A unique aspect of geography is that it exposes students to a wide range of techniques for helping to
understand human and environmental pattems and processes. Mapmaking is the study and practice of
making representetions of the Earth on a flat surfoce.

Course Learning Objectives;

This study includes everything from the goilhering, evaluation and processing of source data, through
the intellectual and grophical design of the map, to the drawing and reproduction of the final dosument.
As such, it is & uniqus mixture of science, art and technology and calls for a variety of in-depth knowledge
and skills on 1he part of the cartographer. !

— Cours .

Maps
Elements and types
Principles and methods of map making
Reading and repreduction
Scale: types and their use
Grid reference and indexation,
Map projections
Cyhndrical
Conical
. Zenithal
., Construction, characteristics, and uses
. Enlargement and reduction of maps
. A study of ihe Survey of Pakiston maps
. Physieal and cultural features to be described and intespreled
. [nterpretotion of weather maps of Pakistan
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Recommended Texls;

1. Singh, G. (2009). Map work and practical geography. New Delhi; Vikas Publishing Honse Pvi.
Lid.

2. Singh, L. &RaghuN. S. (2000) Map work and proctical geograpky., New Delhi:
Kalyanipublishers,

Suggested Resdings:

1. Khan, M. Z. A. (1998). Text Book of Practical Geography. Drlhiz Concept Publishing
Company.

2. Bygott, J. (1952). 4n introduction to mapwork and practical gevgraphy. London: University
Tutorial Press.

1. Rvaett, L. {1955}, Mapiee-lr and practied esopraphy. London: Uriversity Tutorial
Press.
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|Geog-suz | Principles of Cartography BT

Course Brisf:
Cantography or mapmaking i3 the study and praclice of meking roprosentations of the Earth on a {Jat

surface, The discipline of cartography combines science, aesthetics, and technical ability to create a
balanced and readable representation that is capable of communicating information effectively and
quickly.

Course :

Cartography is a complex, 2n ever<hanging Geld, but at the center of it is the map-making process.
Viewed in the breadest sense, this process includes everything from ihe gathering evaluation and
processing of source data, through the intellectual and graphical desipgn of the map, to the drawing and
reproduction of the final document. As such, it is a umque mixture of scicuee, urt-and technology and calls
for a variety of in-depth knowledge and skills on the part of the cartographer.

ELourse Coptents:

1. Evolwion of Cartography

2. Basic geodesy, sphenical, ellipsoidal and geoidal earth, geographical and planer.

3. Coordinates, propertics of the graticule and geodetic position.

4. Map projections; Major types, merits and demerits of commonly used map projections.

5. Map Datum

6. Symbolization, symbol types and graphic variables

7. The symbolizetion problems, symbolizing graphic featuras.

8. Lettering principles.

9. Mapping statistical surfaces

[0. Themstic map, choropleth, dot map, isolines, area cartograms,

11, Principles of cartogrphic design, gencral design problems; design of map symbois

12. Basic procedure und designing of the thematic maps such as topographic, climatie, cconomic,
population, setilements, urbar mosphology ele.

13. Map production, form of map oufput, construction material, cutput options, composing

separations, proofing.
14. Introduction to Digital Cartography
15. Termain dota (Digital Elevation Model/ Digital Terrain Model)

Recommended Texts;

1. Singh, G. (2009). Map work and practical geography Karachi: Vikas Publishing House Pvt Lid.
1. Singh L. & Raghu nsadam, S. (2000), Map work and practical Geography. New Dellid; kalyani
publishers.

Sugpested Readings:

I. Ahmad.Z (1598). Text book of Pracsical geography. Cambridge: Cambridpe University Press.
2. DBygott, 1. (2000). 4n inpoduction o mupwerk and practical geography. University Tulorial
Press,

3. Bygoti, J. (Z000). Mapwork and prachical geography. New Delhi:University Tutorial Press
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