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General information about the course Jiall ¢ daladl il slaall

JJM‘ e.u\ . LA
L Course Title Geology of Yemen Craddl dua ol g
Aad g )Rl 3ay
2. Course Code and Number PNR313
Credit Hours aalizall Cilelud) sy
3 U8l Badiaall cile Ll &l _palaa g.h& O bal/ gy Tot:a\f
' Credit Hours Lecture | Practical | Seminar/Tutorial Training
2 1 - - 3
4, e X 3" Level, Second Semester il Juadl (i) ¢ giaal)
Study Level and Semester
5 (S35 ) Lhal) ALl cildlaial)
' Pre-requisites (if any) General Geology (1)PNR1114ale 4 sl sa(1)
- 1) Asalaal) ciludhial)
6. (G290 fabaad &5 Non s
Co-requisites (if any)
A Al Gy o)) gali Geosciences 4 glgall aglal)
7. Program (s) in which the course is offered ;'\_ds !I:” ]
ool (i Aad . et
8. Language of teaching the course Eng“Sh X ‘
A ) aldai .
9. Study System Semester 2
0 A (5 (la daaalal) 3 ) gall g J g5 448
' Location of teaching the course Faculty of Petroleum and Natural Resources
" Al g (5)2a A Prof. Dr. AbdulKarim Al-Subbary gjtall a8l e 3.1
' Prepared by Associate Prof. Khaled Khanbari &3 daaa A& 35 )
' Date of Approval

Course Description Addl diay

A YL ) ) Rl e

el ) Rl g

This course gives an introduction to the geological
history andthe stratigraphic column of Yemen from
the Precambrian until now. Paleozoic-Mesozoic-
Cenozoic tectonics, structural and Sedimentary
Basinsas well as the Rifts of the Red Sea and Gulf of
Aden are also covering.

The course as well explain, the Basements, volcanic
and sedimentary cover with an interest in describing
the rock units, their composition, structure, minerals,
fossils and their economic importance,to identify and
determine the sequence of processesand history of the
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earth's crust along all Yemeni territories including Lo hi B3 el ua Loy Aial) ‘,a\,‘\z\
Socotra island
Course Intended Learning Outcomes (CILOS)_iall alad cila j3s
:After completing the course, the student will be able to || ¢ o 1A iUl ¢y 985 g s R4l d) ) (pa £l day

al. | Describe the geological history and the ) Akl aganll g A fgal) Wl gy | - al
stratigraphic column of Yemen

a2. | identify geological field relationships and Gl iy Ao ol o) Ailasal) cBDlal) 3aay | —a2
interpret them in the context of stratigraphic ALkl sl )
settings

bl. | Distinguish between the Lithostratigraphic units || 2 Judedll cliles g 3uall U8l Glaag o Jaas | —b1
and the sequence processeswithin the different AQlSal) A ol gaad) ) il
geological periods.

b2. | create, and assess hypotheses of the earth de gara pladiuly ) gduall gkl ciluda B oy g (pidy | - 2
evolution using field based data sets to solve JSUiial) Jad duiiaal) culid)
problems

cl. | Interpret geological evolution and processes Bl (e cllaad) g o2 ol gaad) okl pudy | -l
from field relations Agilasal)

c2. | explain the development of key concepts in|| (>slssad) Sl & dacwi ) aalial) johai gy [ - €2
geological thinking

d1. | Present geological data on a map and Gl el adlig Ay A o A gl g lily el | - d1
summarize geological interpretations in a GgiSa y i A da ol gaad)
written report.

d2. | Work in a team efficiently to produce a || cAihaiell & olgan Lay & ZUSY BoUSy (30 & Jary | - 2
geological map of a region, using appropriate || z s e slaall Jua g1 g dnaliall geal_all aladiuly
software and report information clearly to the waadia ) ggandl )
specialist audiences.

ralipall alail) Cila Aia pa ) jial) aled Cily Aia dag) ga

Alignment of CILOs (Course Intended Learning Outcomes) to PILOs (Program Intended Learning Outcomes)

JJM\QASJM\M\Q\@J&A @AUJ,\S\QA'&AJA‘M\M\QI@JLA
(Course Intended Learning Outcomes) (Program Intended Learning Outcomes)
(L 1 3y o LS eyl s yia qen iS3)

Describe the geological history and the Express knowledge and understanding of geological-

al | stratigraphic column of Yemen A1l | specific theories, paradigms, concepts and principles, in
addition to general literature and basic science.

identify geological field relationships and Explain fundamental geological principles and concepts
a2 | interpret them in the context of stratigraphic A2 | intheoretical, practical and vocational situations and the

settings possibility of applying them.

Distinguish between the Lithostratigraphic units Integrate synthesized geological data on a range of
bl | and the sequence processeswithin the different B1 | spatial and temporal scales to allow for scientific

geological periods. interpretations.

create, and assess hypotheses of the earth Explore knowledge and skills in solving geological and
b2 | evolution using field based data sets to solve B2 | environmentalproblems logically and professionally.

problems
cl | Interpret geological evolution and processes from | C1 | Demonstrate the ability to identify rocks, minerals, and
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field relations different structure in the field and in the lab.

explain the development of key concepts in Apply new and established technologies with efficiency

geological thinking C2 | to collect and interpret geological data, recognizing their
strengths and limitations.

Present geological data on a map and summarize Elucidate the necessary skills of practicing responsible

geological interpretations in a written report. D2 | and personal characteristics with discipline, and ability
in making decision.

Work in a team efficiently to produce a geological

map of a region, using appropriate software and D2 _

report information clearly  to the specialist

audiences.

as 9811 g alail] g autail) Ciliasil il alail) cla JAedas) ga

Alignment of CILOs to Teaching and Assessment Strategies
2 5810 galail) g anbaitldas) yiabs(agdll g i jlaall) ) jiall alad cila 3 dagl ga 2¥ g
First: Alignment of Knowledge and Understanding CILOs

gl g &b jral) /4 all iy i Al 5 aulaild sl i) s At i)
KnowledgeandUnderstandingCILOs TeachingStrategies AssessmentStrategies
al- | Describe the geological history and the Lectures
stratigraphic column of Yemen Dialogue and discussion | Examinations,
a2 - | identify geological field relationships and Self-education Assignments,
interpret them in the context of stratigraphic | Collaborative learning Oral presentations
settings
2 81 9 (o I ) aly(Aaia 21 i lgeall) ) Rall alat cila i dag) ga; il
Second: Alignment of Intellectual Skills CILOs
A ll) ol lgall /5 el s i Al 5 aalaild ] i) s L) i)
IntellectualSkillsCILOs TeachingStrategies Assessment Strategies
b1 - | Distinguish between the Lithostratigraphic | Lectures Mid-term test
units and the sequence processes within Dialogue and discussion Monthly duties
the different geological periods. Practical exercises Oral presentations
b2 - | create, and assess hypotheses of the earth | Self-education - Homework
evolution using field based data sets to Field training
solve problems
2 58 9 G L) iil(Btlant) g Aigrall ) Jlgall) Rl alas s e dag) gag WIS
Third: Alignment of Professional and Practical Skills CILOs

Professional and Practical Skills CILOs

daleall g duigal) il jlgal) /y8al) o i

adail) g axdaifida) yin

TeachingStrategies

g A i)
AssessmentStrategies

in geological thinking

Self-education
Collaborative learning

c1- | Interpret geological evolution and Lectures Achievement tests
processes from field relations Dialogue and discussion Presentations
c2- | explain the development of key concepts | Practical exercises Short essays

Oral question
Reports
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| | Final Exam

2 9811 5 (i) iy (Aalad) il jlgall) ) jiall alad cila i dag) ga slag) )
Fourth: Alignment of Transferable (General) Skills CILOs

A al e
Transferable (General) Skills CILOs

aail) g anbailidans) i

TeachingStrategies

g8} Aas) i)
AssessmentStrategies

d1- | Present geological data on a map and Lectures
summarize geological interpretations in | Brainstorming Achievement tests
a written report. Lab Experiments Case Studies
d2- | Work in a team efficiently to produce a | Presentation Presentations
geological map of a region, using | Project Reports
appropriate  software and  report
information clearly to the specialist
audiences.
Course Content_dall (s gisa
Theoretical Aspect bl cilal) cile g 90
“9; cile L) .
A [ s g /s ) e gua gal s il s g gal ol VAT Bty
Order Topic List/ Units Sub Topics List Nur(;wfber Contact | (C|LOs)
Weeks Hours
_ Geological map of Yemen al a2
Introduction Stratigraphy of the geological column 1 2 bl.cl,c2
: Rock units
Basem;r]]_t Eﬁ\rablan Basement terranes in Arabian Shield 1 2 bil,iz,z
ield) Tectonic evolution CLC
Geological setting of the basement in
the northern and western part of
Yemen
Tectonic events of the basement in
Basement rocks of the northern and western part of 1 2 al,a2,
Yemen Yemen bl,cl,c2
Lithostratigraphic units of the
basement in the northern and western
part of Yemen
Lithostratigraphic units of the
basement in the southern and eastern
part of Yemen
Basementrocks of Lithostratigraphic units of the 1 2 al,a2,
Yemen basement of Socotra Island bl,c1,c2
Precambrian Terranes in Yemen
Deformation history and tectonic
evolution of the basement rocks

Assoc.Prof. Adel Al-
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- Plate tectonics and volcanism
. .ol - Characteristic magma series al,az,
5 Volcanic activities associated with specific tectonic 1 2 bl,cl,c2
settings
- Location and thickness
5 Yemen Trap Series |- Rock units 1 2 al,a2,
(Tertiary volcanic) |- Age of Yemen Trap Series bl,cl,c2
- Extension and Magmatsim
- Location and thickness
Yemen Volcanic - Lithology and age 12
7 Series(Quaternary | - Quaternary volcanic fields 1 2 bi Ci 52
volcanic) - Geothermal activities e
- Stratigraphic Settings of the
Sedimentary rocks units and its
Economic importance in Yemen
- The Sedimentary Basins of Yemen
8 Introduction to the | ® Ghabar Group(Infra-Cambrian- 1 2 ala2 bl
. Earliest Paleozoic):Stratigraphy of Y
Sedimentary cover the geological column
of Yemen e Qinab Group(Infra-Cambrian -
Lowest Cambrian): Volcano—
sedimentary succession
* Wajid Formation (Cambrian -
Sedimentary cover Carboniferous): Quartz sandstone.
: * Akbarah Formation (Late al,az,
9 of the _PaIeOZOIC Carboniferous-Permian): Geological 1 2 bl,cl,c2
Sediments history, Sedimentary Succession and
Rock Units
» Kuhlan Formation (Lower— Middle
Jurassic): Geological history,
Sedimentary Succession and Rock
Sedimentary Units 1 2 bil,iz'z
cover of the * Amran Group (Middle Jurassic- Che
Mesozoic Lower Creta(_:eous): Car_b_onate _
10 ) marl/shale with evaporitic succession.
Sediments « Tawilah Group (Cretaceous):
Geological history, Sedimentary
Succession and Rock Units al,az,
. 1 2 b1,b2,
» Mahra Group (Cretaceous): olc2
Geological history, Sedimentary '
Succession and Rock Units
Sedi « Hadramawt Group (Paleocene- al a2
1 edimentary Middle Eocene Geological history, 1 2 b b2
cover of the Sedimentary Succession and Rock cl’ c2,
Cenozoic Units ’
» Majzir Formation (Paleocene-Lower 1 2 al,az,
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Sediments Eocene): A shallow marine-littoral bl,b2,
sandstone succession. cl,c2

+ Shihr Group (Oligocene-
Pliocene): Geological history,
Sedimentary Succession and Rock
Units

e Tihamah Group (Middle-Upper
Miocene): Geological history,
Sedimentary Succession and Rock

Units
¢ Geological setting of Socotra island

The Geology of o Stratigraphy and Sedimentary cover al,az,
12 Socotra of Socotra island 1 2 b1,b2,
Archipelago e Caves and Paleoclimate of Socotra cl,c2

island

Lladl) cilelad) 5 aulul) 22
Number of Weeks /and Contact Hours Per Semester 14 28

Practical Aspect (if any) (< 0f) 4deaad) cle gua gall

B e el
a0 il / Cutall) /agland) c plasil) ) Ldadl) | Al il i Ssay
Order Practical / Exercises/Tutorials topics Number Contact Course ILOs
of Weeks Hours
1 Interpretation of geological maps of Yemen 1 2 al,a2, bl
2 Description of Basement rocks (Gneiss unit) 1 2 al,a2, bl
Description of Basement rocks (Meta-volcanic and
3 Meta-sediment belts) . 2 al,a2, bl
4 Descr!ptlon of Basement rocks (Granitic 1 9 al.a2. bl d1.d2
Intrusions)
5 Description of Tertiary volcanic rocks 1 2 al,a2, bl, cl1,d2
6 Description of Quaternary volcanic rocks 1 2 al,a2, bl
. Geolo_giqal & Strat?graphic Settings _of Yemen, al a2 blb2
7 De§cr|ptlon of Sedimentary Succession and Rock 1 2 ’ 1 02’ ’
Units cl,
« Origin and Description of Sedimentary Succession
8 and Rock Units of the Paleozoic Sediments : 1 2 al,ac21, gg’bz’
Wajid and Akbarah Formations ’
9 | . One day field practice observation of outcrops 1 2 All
« Origin and Description of Sedimentary Succession
10 and Rock Units of the Mesozoic Sediments: 1 9 al,a2, bl,b2,
Kuhlan Formation Amran Group, and Tawilah cl,c2
Group
« Origin and Description of Sedimentary Succession
11 and Rock Units of the Mesozoic Sediments: 1 2 al,ac21, E;’bz’
Medjzir Formation, Shihr Group and Tihama ’
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Group.
Review to the Geological & Stratigraphic Settings
12 | of Yemen: Rock units and its Economic 1 2 All
importance.
Ahadl) cleliad) g aulad) Alaa)
Number of Weeks /and Contact Hours Per Semester

12 26

Teaching Strategies alaill 5 aslail) <l s

Interactive lectures Lleldll) @ palaall =

Practical exercises e Cpjlad m
Self-learning A alail) .
Collaborative learning gladl) aladl)

Brain storm AN Charl)  w

Tasks and Assignments <lisil) g ddadiy)

3 el gl) /dldsal) il g gd [ S £ sa ) iy e
No Assignments/ Tasks et mﬁ‘ Lau) CILOs
Week Due (symbols)
1 NA - - - -
| | Total Score Al ) |l NA | | |
Learning Assessment pladl) ardi
HAaod L | alail) cly i
b ﬁgﬁﬂ\ PR A PRRA | &w\ da ) 49_)‘“! o CILOs (symbols)
No. Assessment Tasks Week due Mark Pmp%r]f'Foi?]:fL"m
Assessment
Jazall L_,é.hm\‘g Jgaall Weekly 5 3.3% All
1 Lab attendance and activities
(o) 2985 S (il Bi-weekly basis 5 3.3% al,a2,bl
2 | Exercises, reports and Quiz (practical)
3 () Juadll Ciai jLd) Week 6 10 6.6% al,a2,bl
Mid-Term Exam(practical)
ae) Jualll dgd s Week 14 30 20% al,a2,bl,cl,c2
4 o
Final Exam (practical)
(o) @l palaal) GLEES § ) guias Weekly 5 3.3% All
5 Lecture attendance and class
discussion (theoretical)
6 Quizzes (theoretical) (5 J2s8 Bi-weekly basis 5 3.3% al,a2,bl
(5 Juallll dinai i) Week 7 15 10% al,a2,bl
7 Mid-Term written exam (theoretical)
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(o) sy s Week 10 5 3.3% al,a2,bl, c2, d2
8 Project and Report (theoretical)
(6B Juadll Ags s Week 16 70 46.7% All
9 Final Exam (theoretical)
Total Ay 150 %100

Learning Resources alill jilas
() Al QAR 1 QLS and ¢ i) A ccalsall anl) APA adaS coa aa jal) (3 g5
Required Textbook(s) (¢sase & 45 Y)duwi ) aa) sall
1- Beydoun, Z.R., Mustafa A.L. As-Saruri, Hamed EI-Nakhal, Ismail N. Al-Ganad, Rasheed S. Baraba,
Abdul Sattar O. Nani and Mohammed H. Al-Aawah, (1998). International Lexicon of Stratigraphy, Asia,
IUGS Publication No. 34, Volume Ill, pp 6-46.
Essential Referencessaibual) aa) yall
1.Menzies, M., Al-Kadasi, M., Al-Khirbash, S., Al-Subbary, A., Baker, J., Blakey., S., Bosence, D.,
Davison, I., Dart, C., Owen, L., McClay, K., Nichols, G., Yelland, A. and Watchorn, F. (1994). Geology
of Yemen, In McCombe, D. A., Frentte, G. L. and Alawi, A. J., eds., The Geological and Mineral
Resources of Yemen: Yemen Ministry of Oil and Mineral Resources, technical report, 128 p.
2- Geukens, f.(1963). Geology of the Arabian Peninsula: Yemen. USGS ProfessionalPaper 560-B.p. B3.
3- Aladdl 4y ) ggand) ¢ pil) g bl pall gabe S ya ¢ oY) dadal) ¢ranll A gl g (41999 cdana g gl (g Sua (i A
Electronic Materials and Web Sites etc.<u i) a8l ga g duig 5N jibaal)
https://www.thefreelibrary.com/The+Geology+of+Yemen.-

Course Policies A B daial) Cilubuad) g Jayl gual)
1 | Class Attendance doagdatl) cildladl) ) gas

- Students are expected to attend classes regularly and promptly.

- The attendance should not be less than 80%.

- If the student has been absent, he is responsible for finding out any missed material by consulting
other students or going to the professor’s office hours.

2 Tardy AT gl

Attendance and arriving on time for the class are necessary. If the student is late, he will be

prevented from class.

3 | Exam Attendance/Punctuality Claia¥) byl pua
- According to the rules the student gets absent in the exam of the course.

4 | Assignments & Projects o bl g Cliadl)
Papers survey or projects should be submitted by the time detriment by the professor.

5 | Cheating iad)

According to the rules, cheating is a serious offense and will always result in an imposition of a
penalty.The penalties that can be started from the range of canceling the result of the course to
canceling the student’s admission.

6 Plagiarism Jadiy)
Plagiarism is a serious offense and will always result in an imposition of a penalty. The penalties
that can be started by making a zero mark for the work.

7 | Other policies s A alubu
The student should by a commitment by the rules inside class and university. Therefore, he is
Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
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| | expected to show respect for his classmate, instructors &others. |
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Course Plan (Syllabus): Geology of Yemen

Information about Faculty Member Responsible for the Course il iuf ¢ cila gira

) golmall ag Sl ae 3
Name Prof. Dr. Abdulkarim Al- )
Subbary (L sl AxiiSal) Cilelud)
GoMA deaa AW aa ) Office Hours
Associate Prof. Khaled
Khanbari
gl aB ) 9 Clsall Sana'a University slaia aals Gl | aa¥) | o) | SUDEN | sl ) | uedd)
Location&Telephone No. SAT | SUN | MON | TUE WED THU
P9 AN ) aalsubbari@yahoo.com
" E-mail k.khanbari@su.edu.ye

General information about the courseiall ¢ dals cila glaa

Sall aul “
N | SAd e ‘paad] Ana
Course Title Ol s sl s> Geology of Yemen
4ad g, 8al)

2 SUS! XA

Course Code and Number PNR313

CreditHoursdaizall e bu) sy
3 U8l Badiaall cile Ll <) _palaa g.hs o bal/ e eyl Tot.al‘
) CreditHours Lecture | Practical | Seminar/Tutorial | Training
2 1 - - 3

4 il Al Juadll g (s giaall 3% Level, second Semester Gl Juadl) (i) (5 giaal)

Study Level and Semester
S Pre-requisites J_&all A8l cilallaialf General Geology 4l 4 sl
6| co-requisite(<ag Of) dalaal) cildhiall Non 2 5Y

A Al Gy s ) gald Geosciences &gl gall aghll
7 Program (s) in which the course is offered ;\.\SS Ya'a
8 JoRall wgJ.ﬁw EnglISh Lﬁj.'.‘"?'“

Language of teaching the course
9 S AL G glsa Lol 8 ) gall g J g5l Al
) L-ocation of teaching the course Faculty of Petroleum and Natural Resources

Course Description_iall ciua g

This course gives an introduction to the geological | Suall 3gandly > glgadl g lill dadia (lucall 134 addy
history and the stratigraphic column of Yemen from | iy LS, oY) Aa g sl J8 L juand) (o Gaddl &
the Precambrian until now. Paleozoic-Mesozoic- | | gmnl) yo el Ay gullial gall g culas gil giSilia
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Cenozoic tectonics, structural and Sedimentary
Basinsas well as the Rifts of the Red Sea and Gulf
of Aden are also covering.

The course as well explain, the Basements, volcanic
and sedimentary cover with an interest in describing
the rock units, their composition, structure, minerals,
fossils and their economic importance,to identify
and determine the sequence of processesand history
of the earth's crust along all Yemeni territories

including Socotra island.

- bugiall gyigalls -l g g sdlll) Adbda
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Axia) o A Y B8R fo by cllead) Juded yaadl
o e B 0 il 8 Ly dladl) ol )

Course Intended Learning Outcomes (CILOS),Aal alad s )34

After completing the course, the student will be able to:

20 o 1,38 Ul () 685 g Rl Al 3 (e £ g any

al. Describe the geological history and the
stratigraphic column of Yemen

sl (Audal) 3 gandl g o ol gaad) o )l iua gy - a1

a2. identify geological field relationships and interpret
them in the context of stratigraphic settings

Gl (L paadli g A ol gaad) Ailanall BNl 33y g2
ALkl clalasy)

b1.Distinguish between the Lithostratigraphic units
and the sequence processeswithin the different
geological periods.

g.éd_‘.nluﬁ\ aliles g Aal) aaliil) Glaa g e Jmas —b1
AGNA dua gl gaad) ) il

b2.create, and assess hypotheses of the earth evolution
using field based data sets to solve problems

A gana ladialy il gl s b andy g (il D2
JSLial) Jad Agihagal) clibyd)

cl. Interpret geological evolution and processes from
field relations

4ailaall CBal) e cililaall g a flgad) ) ghaill judy 1

c2.explain the development of key concepts in
geological thinking

> Sl Sl (B A ) maldall ) gl 7 - 2

d1.Present geological data on a map and summarize
geological interpretations in a written report.

G gl (apdlig dday A o Ao gl g il agadie d1
Qe AT B A gl gl

d2.Work in a team efficiently to produce a geological
map of a region, using appropriate software and

(Adhiall A gl gan dday A LY BplS (3 8 (4 a2
) T sa s il glaall Jha s g daliall Tl ) aladialy

report information clearly to thespecialist oawadia ) sganl)
audiences.
Course Content_iall s gisa
Theoretical Aspect 4 kil cle g gall Ludii Uad
AN | (il e gua gall) cilas gl) Llualll) cle g gall £ saud) e L)
or Units Sub Topics Week Due | 4l
der Con. H
1 Introducti = Geological map of Yemen Week 01 2
ntroduction = Stratigraphy of the geological column e
: = Rock units
2 Baseméerr]l_t gﬁ\rablan = Basement terranes in Arabian Shield Week 02 2
leld) = Tectonic evolution
3 Basement rocks of | = Geological setting of the basement in the northern Week 03 9
Yemen and western part of Yemen ee
Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center

Matary
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= Tectonic events of the basement in the northern
and western part of Yemen

= Lithostratigraphic units of the basement in the
northern and western part of Yemen

Basementrocks of
Yemen

= Lithostratigraphic units of the basement in the
southern and eastern part of Yemen

= Lithostratigraphic units of the basement of Socotra
Island

= Precambrian Terranes in Yemen

= Deformation history and tectonic evolution of the
basement rocks

Week 04 2

Volcanic activities

= Plate tectonics and volcanism
= Characteristic magma series associated with
specific tectonic settings

Week 05 2

Yemen Trap Series
(Tertiary volcanics)

= Location and thickness

= Rock units

= Age of Yemen Trap Series
= Extension and Magmatsim

Week 06 2

Mid-Exam

Week 07 2

Yemen Volcanic
Series(Quaternary
volcanic)

= |Location and thickness

= Lithology and age

= Quaternary volcanic fields
= Geothermal activities

Week 08 2

Introduction to the
Sedimentary cover
of Yemen

e Stratigraphic Settings of the Sedimentary rocks
units and its Economic importance in Yemen
e The Sedimentary Basins of Yemen
# Ghabar Group
- (Infra—Cambrian-Earliest Paleozoic): Stratigraphy
of the geological column
# Qinab Group
- (Infra-Cambrian -Lowest Cambrian): Volcano—
sedimentary succession

Week 09 2

10

Sedimentary cover
of the Paleozoic
Sediments

* Wajid Formation (Cambrian -Carboniferous):
Quartz sandstone.

» Akbarah Formation (Late Carboniferous-
Permian): Geological history, Sedimentary
Succession and Rock Units

Week 10 2

11

Sedimentary
cover of the
Mesozoic
Sediments

» Kuhlan Formation (Lower— Middle Jurassic):
Geological history, Sedimentary Succession
and Rock Units

* Amran Group (Middle Jurassic-Lower
Cretaceous): Carbonate marl/shale with evaporitic
succession.

Week 11 2

« Tawilah Group (Cretaceous): Geological history,
Sedimentary Succession and Rock Units
« Mahra Group (Cretaceous): Geological history,
Sedimentary Succession and Rock Units

Week 12 2

12

Sedimentary

» Hadramawt Group (Paleocene-Middle Eocene

Week 13 2

Prepared by
Assoc.Prof. Adel Al-
Matary

Quality Assurance Unit
Assoc.Prof. Adel Al-Matary

Dean of the Faculty
Assoc.Prof. Bassim
AlKhirbash

Dean of the Development
& Quality Assurance Center
Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
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cover of the Geological history, Sedimentary Succession
Cenozoic and Rock Units
Sediments » Majzir Formation (Paleocene-Lower Eocene): A
shallow marine-littoral sandstone succession.
« Shihr Group (Oligocene-Pliocene): Geological
hlst'ory, Sedimentary Succession and Rock Week 14 9
Units
e Tihamah Group (Middle-Upper Miocene):
Geological history, Sedimentary Succession and
Rock Units
The Geology of ° Geol_ogical setting of S_ocotra island
13 Socotra ° _Stlrat:jgraphy and Sedimentary cover of Socotra Week 15 2
. islan
Archipelago e Caves and Paleoclimate of Socotra island
15 Final Exam Week 16 2
Ldadl) clelaad) g abuay) 220 16 30
Number of Weeks /and Contact Hours Per Semester

Practical / Training/ Tutorials/ Exercises Aspectselesd! quladl cile g ga 3l dad

a8 Cuoadl) / algall / daall e pula ga £ seud) idadl) o)
Order Practical/Tutorials/ Exercises Aspects et L Cont. H
1 | = Interpretation of geological maps of Yemen Week 01 2
2 | = Description of Basement rocks (Gneiss unit) Week 02 2
3 |" kI)Deelig)ription of Basement rocks (Meta-volcanic and Meta-sediment Week 03 5
4 | = Description of Basement rocks (Granitic Intrusions) Week 04 2
5 | = Description of Tertiary volcanic rocks Week 05 2
6 | = Mid-exam Week 06 2
7 | = Description of Quaternary volcanic rocks Week 07 2
o Geological & Stratigraphic Settings of Yemen, Description of
. Sedim%ntary Succes?]sio% and ROCE Units i Week 08 2
9 I Origin andDescription of Sedimentary Succession and Rock Units Week 09 )
of the Paleozoic Sediments : Wajid and Akbarah Formations
10 |+ One day field practice observation of outcrops Week 10 2
o Origin andDescription of Sedimentary Succession and Rock Units Week 11
11 | of the Mesozoic Sediments: Kuhlan Formation Amran Group, 2
and Tawilah Group
» Origin andDescription of Sedimentary Succession and Rock Units Week 12
12 of the Mesozoic Sediments: Medjzir Formation, Shihr Group and 2
Tihama Group.
13 Re_view to the Geologic_al & Stratigraphic Settingsof Yemen: Rock Week 13 5
units and its Economic importance.
14 Final Practical Examination Week 14 2
Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center
Matary AlKhirbash Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
Prof. Dr. Al Qaseem Mohammed Abas
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Lladl) cleludl g gl Alaa)
Number of Weeks /and Contact Hours Per Semester

14 28

Teaching Strategiesaiaill g asil) i) siu)

Ll ol yalaall -

Alee i -
A aladl
(Aoadl) aladl)
Learning Assessmentalail) aj 4
' |
¢ a8l ol sl (8 saul)ic o | A3l Vo) ‘f“"j : |
No Assessment Method Week Due Mark Pro%ggg:rﬁen';'”a
Jarall 8 bLiilly ) geanl) .
L | Lab attendance and activities Weekly 5 3.3%
(ee) SesS s ol el | : 0
4 Exercises, reports and Quiz (practical) Bi-weekly basis 5 3.3%
() Juail) i | .
. Mid-Term Exam(practical) Week 6 10 6.6%
(chee) Jadll Ailgd sl 0
5 Final Exam (practical) Week 14 30 20%
(A &l o) CLElES § ) g
5 | Lecture attendance and class discussion Weekly 5 3.3%
(theoretical)
6 | Quizzes (theoretical)(tas) ss Bi-weekly basis 5 3.3%
(A Juadll dhuai Jlaa) 0
v Mid-Term written exam (theoretical) Week 7 15 10%
() gariag S o
. Project and Report (theoretical) Week 10 > 3.3%
(s BI) Juadll Aty L3 0
. Final Exam (theoretical) Week 16 70 46.7%
Totalg saxal) 150 100 %

Learning Resourcesalaill jiaa
(o) s Q) 1y (U sl ¢ i) A cCilgall ansl) APA pUai i gl jall 3 53
Required Textbook(s) (csase & 45 Y)duwi I aa) sall

1. Beydoun, Z.R., Mustafa A.L. As-Saruri, Hamed EI-Nakhal, Ismail N. Al-Ganad, Rasheed S. Baraba,
Abdul Sattar O. Nani and Mohammed H. Al-Aawah, (1998). International Lexicon of Stratigraphy, Asia,
IUGS Publication No. 34, Volume IlI, pp 6-46.

Essential Referencessaibual) aa) jall

1. Menzies, M., Al-Kadasi, M., Al-Khirbash, S., Al-Subbary, A., Baker, J., Blakey., S., Bosence, D.,
Davison, I., Dart, C., Owen, L., McClay, K., Nichols, G., Yelland, A. and Watchorn, F. (1994). Geology
of Yemen, In McCombe, D. A., Frentte, G. L. and Alawi, A. J., eds., The Geological and Mineral
Resources of Yemen: Yemen Ministry of Oil and Mineral Resources, technical report, 128 p

Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center
Matary AlKhirbash Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
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2. Geukens, f.(1963). Geology of the Arabian Peninsula: Yemen. USGS ProfessionalPaper 560-B.p. B3.

3. Al 4y ) sgaall il g il all gabie S e ¢ A5V Axalall (el dan sl sn (21999 cdana (5 seii¥) (7 (3L A
Electronic Materials and Web Sites etc. s i) ad) g 9 4339 5N jalaal)

https://www.thefreelibrary.com/The+Geology+of+Yemen.-

Course Policies _all b daial) cilubud) g Jay) gl
Class Attendance dpalatl) clladl) ) guas
- Students are expected to attend classes regularly and promptly.
- The attendance should not be less than 80%.
- If the student has been absent, he is responsible for finding out any missed material by consulting other
students or going to the professor’s office hours.

Tardy Allal) ) guaal)
Attendance and arriving on time for the class are necessary. If the student is late, he will be prevented from
class.

Exam Attendance/Punctuality Claia¥) bl g
- According to the rules the student gets absent in the exam of the course.

Assignments & Projects o ldial) g Sl
Papers survey or projects should be submitted by the time detriment by the professor.

Cheating lad)

According to the rules, cheating is a serious offense and will always result in an imposition of a
penalty.The penalties that can be started from the range of canceling the result of the course to canceling
the student’s admission.

Plagiarism Jainy
Plagiarism is a serious offense and will always result in an imposition of a penalty. The penalties that can
be started by making a zero mark for the work.

Other policies s Al Slub
The student should by a commitment by the rules inside class and university. Therefore, he is expected to
show respect for his classmate, instructors &others.

Department: Petroleum and Natural Gas Engineering

. General information about the course

1 Course Title Enhanged Oil Recovery
ZL Liaal) 3kl
2 Course Code and Number PNGE 453
Credit Hours Total
3 Credit Hours Theoretical | Practical | Seminar/Tutorial | Training
2 1 3
4 Study Level and Semester Level Four — First Semester
5 Pre-requisites (if any) PNGE 351
Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center
Matary AlKhirbash Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
Prof. Dr. Al Qaseem Mohammed Abas
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6 Co-requisites (if any) N.A.

v Program (s) in which the course Petroleum and Natural Gas Engineering
is offered

8 | Language of teaching the course English

9 Study System Semester wise

10 | Location of teaching the course Faculty of Petroleum and Natural Resources

11 Prepared by Dr. Khaled Saeed Ba-Jaalah

12 Date of Approval

I1.Course Description:

Basic theoretical and design aspects of water flooding processes. Review of capillary phenomena and
relative permeability characteristics of reservoir rocks. Theory of immiscible displacement including
piston-like and frontal advance mechanisms. Injectivity analysis and performance prediction of linear and
pattern flooding. Principles of thermal recovery, chemical flooding and miscible gas displacement
methods, performance prediction. Advantages and drawbacks of each displacement methods. Selection
criteria for target reservoirs.

I11. Course Intended Learning Outcomes (CILOs):

After completing the course, the student will be able to:
al. | Understand the general rock properties and its relation to fluid flow in porous media.

a2. | Understand of the technical and economic constraints that govern the performance of a water
flooding project.
a3. | Understand the basic features and technical foundations of the most common EOR methods.

bl. | Compute the various rock properties.

b2. | Perform the principle of math, science and engineering to predict the performance of a linear
or pattern water flood in a homogeneous reservoir.
b3. | Select an optimum EOR method.

cl. | Analyze and interpret water flooding data and EOR data.

c2. | Develop recovery expectations and choose appropriate methods for improving oil recovery.

d1l. | Improve leadership skills and work effectively in teams.

d2. | Improve communication skills through writing and presenting an engineering report.

IV. Alignment of CILOs (Course Intended Learning Outcomes) to PILOs (Program

Intended Learning Outcomes) :

Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center
Matary AlKhirbash Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
Prof. Dr. Al Qaseem Mohammed Abas
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Course Intended Learning Outcomes Program Intended Learning Outcomes
al. | Understand the general rock properties and | Al | Demonstrate the concepts of basic science
its relation to fluid flow in porous media. and  mathematics related to field of

a2. | Understand of the technical and economic petroleum engineering.

constraints that govern the performance of a
water flooding project.

a3. | Understand the basic features and technical
foundations of the most common EOR
methods.

bl. | Compute the various rock properties. B1 | Use the principles of engineering in
developing solutions to practical petroleum
engineering and  select appropriate
computer software for modeling.

b2. | Perform the principle of math, science and
engineering to predict the performance of a
linear or pattern water flood in a
homogeneous reservoir.

b3. | Select an optimum EOR method. B2 | Evaluate well logs and well test operations
to identify maps of reservoir and select the
best method of petroleum recovery.

cl. | Analyze and interpret water flooding data | C1 | Carry out special engineering design in all
and EOR data. petroleum engineering projects.

c2. | Develop recovery expectations and choose | C3 | Deal with the high level of uncertainty in

appropriate  methods for improving oil definition and solution of petroleum
recovery. reservoir problems.

dl. | Improve leadership skills and work | D1 | Collaborate effectively within
effectively in teams. multidisciplinary teams under  stressful

environment and within constraints.
d2. | Improve communication skills through | D3 | Prepare technical petroleum reports.
writing and presenting an engineering
report.

V. Alignment of CILOs to Teaching and Assessment Strategies

First: Alignment of Knowledge and Understanding CILOs

Knowledge and Understanding CILOs Teaching Strategies Assessment Strategies
al- | Understand the general rock properties| - Lecture - Quiz
and its relation to fluid flow in porous| - Discussion - Oral questions
media. - Independent readings - Participation of
Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center
Matary AlKhirbash Assoc.Prof. Huda Al-Emad

Rector of Sana’a University
Prof. Dr. Al Qaseem Mohammed Abas
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a2- | Understand of the technical and| - Videos students
economic constraints that govern the - Examinations
performance of a water flooding
project.

a3- | Understand the basic features and
technical foundations of the most
common EOR methods.

Second: Alignment of Intellectual Skills CILOs

Intellectual Skills CILOs Teaching Strategies Assessment
Strategies
bl - | Compute the various rock properties. - Lecture - Quiz

Home work
Examinations

b2 - | Perform the principle of math, science| - Tutorial
and engineering to predict the| - Discussion
performance of a linear or pattern
water flood in a homogeneous
reservoir.

b3- | Select an optimum EOR method.

- Problem solving

Third: Alignment of Professional and Practical Skills CILOs

Professional and Practical Skills CILOs Teaching Strategies Assessment Strategies
cl- Analyze and interpret water flooding| _ Lecture - Quiz
data and EOR data. _ - Home work
c2-| Develop recovery expectations and| ~ '4tor ial - Examinations

choose appropriate methods for| - Discussion
improving oil recovery.

Problem solving

Fourth: Alignment of Transferable (General) Skills CILOs

Transferable (General) Skills CILOs Teaching Strategies Assessment Strategies
dil- Improve Ie_aders_hlp skills and| _ Project - Project evaluation
work effectively in teams. . .
d2- Improve communication skills | Oral presentation - Oral presentation
through writing and presenting | - Group discussions evaluation
n engineering report. . )
an engineering report - Small group working - Project report
evaluation
Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center
Matary AlKhirbash Assoc.Prof. Huda Al-Emad
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V1. Course Content:

A. Theoretical Aspect:

L Number
Order UEEte .L'St/ Sub Topics List of RIS (CILOs)
Units Hours
Weeks
. - Stages of recovery.
. Introduction - Development of water flooding. ! 2 a2
Fundamentals - Review of rock properties 1 2
of Rock and
2 Fluid : al, bl
. - Reservoir types. 1 2
Interaction
Flow of - Types of flow.
3 Immiscible - Fluids Permeabilities. 1 2 al, bl
Fluids - Residual Oil Saturations.
Prediction of - Fractional flow curve.
. 1 2
Linear - Frontal advance theory.
’ Immiscible - Linear water flood  performance azbzcl
Displacement - P 1 2
prediction.
Mid-term
5 Exam 1 2 al,a2,bl,b2,cl
Areal Sweep - Injection patterns and areal sweep 1 5
5 Efficiency efficiency. b2.cl 62
and Flood - Pattern water flood performance 1 5 e
Patterns prediction.
Thermal - Steam Injection
7 EOR - Hot Water Injection 1 2 a3,b3,c2
Methods - In-Situ Combustion
Miscible Gas - HC MIS-CIt-)le Flooderg. 1 5
8 Displacement - CO2 Miscible Flooding. a3,b3,c2
Methods - N2 & Flue Gas Flooding. 1 2
- Polymer Flooding.
Chemical i i 1 2
. Cloodi - Alkaline Water Flooding. 3 b3.c2
ooding - - a3,b3,c
Methods - Alkaline Water Flooding. 1 )
- Surfactant Flooding.
Number of Weeks /and Contact Hours Per Semester 14 28

B. Practical Aspect (if any)

Prepared by

Assoc.Prof. Adel Al-

Matary

Quality Assurance Unit
Assoc.Prof. Adel Al-Matary
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Order Practical / Exercises/ Tutorials topics NIIFISET || (COTEEL Course ILOs
of Weeks | Hours
Calculate the various rock properties:-
- Fluids Permeabilities
1 - Residual Oil Saturation 2 4 bl
- Wettability calculation
- Capillary Pressure calculation
Estimating Displacement Performance
- Oil Displaced, N
2 - Production Rates, qo & Quw 2 4 b2,cl,c2
- WOR, FWO
- Time Required for Displacement
3 Prediction of Dlsp_lacer_nent Eerfprmance 1 9 b2,c1,c2
- Estimating Injection Rates
Immiscible Displacement in Two Dimensions —
Areal:-
- Displacement in a Five-Spot Pattern
. - Correlations Developed From Scaled 2 4 b2,c1,c2
Laboratory Models
- Streamtube Models
Reservoirs with Vertical Heterogeneity:-
- 2D Displacement in Uniform Stratified-
Reservoirs-Layered Reservoirs.
5 - Approximation of 2D Flow With 2 4 b2,c1,c2
Thickness-Averaged Properties .
- Vertical Equilibrium of Capillary &
Gravity Forces .
Injectivity and Injection Rates:-
- Injection Rates of Liquid Filled Patterns —
M=1
6 - Injection Rates of Liquid Filled Patterns — 2 4 b2,c1,c2
M#1
- Injection Rates of Depleted Reservoirs —
M#1
. . b1,b2,b3
Small project tat POia
7 project presentation 2 4 e102.d1 d2
8 Practical Exam 1 2 b1,b2,b3,c1,c2,
Number of Weeks /and Contact Hours Per Semester 14 28

Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
Assoc.Prof. Adel Al- Assoc.Prof. Adel Al-Matary Assoc.Prof. Bassim & Quality Assurance Center
Matary AlKhirbash Assoc.Prof. Huda Al-Emad
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VIl. Teaching Strategies:

1. Discussion

2. Group discussions
3. Independent readings
4. Lecture

5. Oral presentation
6

7

8

9

Problem solving
Project
Small group working
. Tutorial
10. Videos

VIIIl. Tasks and Assignments :

i Type of CILOs
No Assignments/ Tasks Assignment Mark | Week Due (symbols)
1 | Exercises & Home works personal 5 Byi)we_ekly b1.b2,b3.c1,c2
asis
2 | Small project Cooperative 10 12 b1,b2,b3,
cl,c2,d1,d2
| | Total Score dauall | 15 | | |
IX. Learning Assessment :
Proportion CILOs (symbols)
No. Assessment Tasks Week due Mark of Final
Assessment
1 | Exercises & Home works | BY:Weekly 15 10% b1,b2,b3,c1,c2
2 Quiz (1) W6 5 3.3% al,a2,b1,b2,cl
3 Midterm Exam W8 25 16.7 % 2132 h1 h? ¢l
4 Quiz (2) W12 5 3.3% a3,b2,b3,c1,c2
5 | Final Exam (practical) W 15 30 20 % b1,b2,b3,c1,c2,d1,d2
6 | Final Exam (theoretical) W16 70 46.7 % b1,b2,b3,c1,c2
Total 150 %100

X.  Learning Resources :

1- Required Textbook(s) :
1. Don W Green and Willhite G P, 1998, Enhanced Qil Recovery, SPE International, 553 pp.

Prepared by Quality Assurance Unit Dean of the Faculty Dean of the Development
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2. G. Paul Willhite, 1986,”” Waterflooding™’, Society of Petroleum Engineers, Textbook Series, Vol. 3,
Richardson, Texas.
2- Essential References :
1. F.F. Craig, 1993, ‘The Reservoir Engineering Aspects of Waterflooding’, Monograph Series Vol. 3,
Society of Petroleum Engineers, Richardson, Texas.
2. Larry W. Lake, Russell Johns, Bill Rossen & Gary Pope, 2014, Fundamentals of Enhanced Oil
Recovery, SPE, 496 pp.

3- Electronic Materials and Web Sites etc. :
1. Sites of society petroleum engineers. https://www.spe.org/en/
2. Journal of Petroleum Science and Engineering.
https://www.journals.elsevier.com/journal-of-petroleum-science-and-engineering

XI. Course Policies :
1 | class Attendance:

A student should attend not less than 75 % of total hours of the subject, otherwise
he/she will not be able to take the exam and will be considered as exam failure. If the
student is absent due to illness, he/she should bring a proof statement from university
Clinic. If the absent is more than 25% of a course total contact hours, student will be
required to retake the entire course again.

2 | Tardy:

For late in attending the class, the student will be initially notified. If he repeated lateness in
attending class, he/she will be considered as absent.

3 | Exam Attendance/Punctuality:

A student should attend the exam on time. He/she is permitted to attend an exam half one
hour from exam beginning, after that he/she will not be permitted to take the exam and
he/she will be considered as absent in exam.

4 | Assignments & Projects:

In general one assignment is given to the students after each chapter, the student has to
submit all the assignments for checking on time, mostly one week after given the
assignment.

5 | Cheating:

For cheating in exam, a student will be considered as fail. In case the cheating is repeated
three times during his/her study the student will be disengaged from the Faculty.

6 | Plagiarism:

Plagiarism is the attending of a student the exam of a course instead of another student.
If the examination committee proofed a plagiarism of a student, he/she will be
disengaged from the Faculty. The final disengagement of the student from the Faculty
should be confirmed from the Student Council Affair of the university or according to the
university roles.

7 | Other policies:
- Mobile phones are not allowed to use during a class lecture. It must be closed,
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otherwise the student will be asked to leave the lecture room.
Mobile phones are not allowed in class during the examination.

Lecture notes and assignments might be given directly to students using soft or
hard copy.
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