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1. INTRODUCTION

Department of Geology of the Faculty of Science intends to offer:
1. Undergraduate study program@eology, and
-Undergraduate study programimvironmental Sciences in collaboration
with
Departments of Biology and Geography of the Faculty of Science.

2. Graduate study program in :
- Geology (Geology and Paleontology andMineralogy and Petrology)
- Environmental Geology
- announce working on the programGeoarheology in collaboration with the
Faculty of Philosophy of theniversity ofZagreb;
3. Educational study program (Beology/Geography in collaboration with
Department of Geography of the Faculty of Science.

Reason for setting the program

The reasons for change of existing study programs, and setting the new ones in
undergraduate and graduate levels, we can find in demand for these studies in the
market, both in public and private sector respectively.

Undergraduate study program

We intend to create undergraduate study program following the fundamental
experiences from existing study programs having in mind to include the basic
knowledge in geology into the other natural scientific branches and vice verse. The
contemporaneousness of proposed study programs is reflected in similarities with
programs of other universities. The proposed programs are comparable with programs
of respectable universities in European Union, especially those in wider region. The
afores@d experiences we used as starting and comparable point when we set up our
study program. The mentioned universities are: Universigfi@ina
www.univie.ac.at/GeologjeCharles University Prague and University of Padova
http://www.geol.unipd.it

Graduate study programs

Graduate study programs continue on undergraduate programs and enable an
additional specialized knowledge in geology. These are traditional but brought up to
date graduate programs@eology and Paleontology, Mineralogy and Petrology.
Together with these traditional programs new graduate programs are offered from
scientific disciplires which have risen in last decades Ikevironmental Geology,
Geoarheology.

Educational study program in Geology/Geography

This study program is designed as a replacement for former widely acclaimed study
program for teachers in geology and geographieaDepartment of Geology and
Department of Geography at the Faculty of Science. New proposal is based on
modular approach in collaboration with Department of Geography of the Faculty of


http://www.univie.ac.at/Geologie
http://www.geol.unipd.it/

Science. In the same time, in a future this modular approach thygepsssibility of
combining of the geological modul with other natural science educational moduls.

Previous experiences of proposer

Department of Geology has taught basic geological programs in the high education
system since 1874 y. New proposed studresbased on these experiences and
previous experiences in scientific work and investigations of our staff which spent
shorter or longer time on specialization at the eminent international scientific
institutesand institutions of high education.

Possibé collaborators

Possible collaborators for the study but not institutions in the higteédnal system
are, as followslInstitute of Geology, Zagreb, Croatian Oil CompadiyfA, Croatian
Natural HistoryMu s e u m, R u dlastituteB losdititeofer bocéanography and
fishelies National Parks, Croatian Water Management, PLIVA, etc.

Study openness

The study is based on modular principle and in accordance with ECTS system and
enables vertical and horizontal mobility during tlstudy having in mind that
recommendation and supervision of coordinator or student mentor is provided.

Enclosure
Shematic outline of study program at Department of Geology of the Faculty of
Science

2. GENERAL DESCRIPTION

2.1 Program title
a) Undergraduate studyf Geology
b) Undergraduate studyf Environmental science
c) Graduate studgf Geology (Geology and Palaeontology)
d) Graduate studgf Geology (Mineralogy and Petrology)
e) Graduate studgf Environmental geology
f) Graduate studgf Geoarhaeology a collaboration with Faculty of
Philosophy has been established, and program is in preparation
g) Educational studpf Geology and Geography

2.2. Proposing institution:

University ofZagreb, Fadty of Science

Department of Geology
2.3. Duration

Undergraduate studies will last three years (6 semesters), and Graduate studies
two years (4 semesters). Educational study will last continuously 5 years (10
semesters).

2.4. Admission requirements



Entrance examination will be required for all undergraduate studies as well as
for educational study, for candidates with completed secondary (high school)
education. After successful completion of the undergraduate study in Geology
(baccalaureate), canditk is allowed to enrol into graduate studies of Geology
(Geology and Palaeontology, and Mineralogy and Petrology), Environmental geology,
or Geoarhaeology, as well as into graduate studies in related disciplines (depending on
admission requirements).

After successful completion of the undergraduate study in Environmental
science (baccalaureate), candidate is allowed to enrol into following graduate studies:
Environmental geology (Department of Geology, Faculty of Science), Environmental
Biology (Departmenhof Biology, Faculty of Science), Physical geography and
geoecology (Department of Geography, Faculty of Science).

2.5. Undergraduate study

After successful completion of undergraduate studies the baccalaureus/ea is
qualified for supporting and techaigobs in scientific, professional and educational
institutions, governmental (local/central) agencies, industry, nature protected areas
(national parks, nature parks..), etc. Thes
and field geological investigats, collection and analysis of samples, computer
processing and data sorting, support to the specialists, simple professahmatal
investigations, equipment maintenance etc.

Moreover, the baccalaureus/ea in Geology is allowed to enrol into graduate
studies of Geology, Environmental geology, and Geoarhaeology, as well as into
graduate studies in related disciplines, whereas the baccalaureus/ea in Environmental
science is allowed to enrol into graduate studies of Environmental geology,
Environmental Biabgy and Physical geography and geoecology.

In addition, after successful completion of undergraduate studies, the
bacalaureus/ea is expected to be able to enrol into graduate studies offered on other
faculties of thezagrebUniversty and/or abroad (e.g. Faculty of Mining, Geology
and Petroleum Engineering, Faculties of Agriculture, Forestry, Philosophy, Tourism,
Journalism, Traffic Engineering, Civil Engineering, Architecture etc.). We expect the
mobility towards and from other Empean Universities, based on student mobility
schemes and ECTS system.

2.6. Graduate studies

After successful completion of graduate study in Geology (Geology and
Palaeontology, and Mineralogy and Petrology) and Environmental geology, the
graduates areompetent for scientific and research work in the fields of geology and
environmental science, that require high degree of expert knowledge (management
and use of natural resourcewater, oil, metal and nemetal ores, control of
technological processesn cement i ndustry, ceramics, Syr
Moreover, graduates are expected to work in science and higher education in
appropriate fields (both in basic and applied research) and environmeatalbd
jobs in industry and public sector. The airgd skills should be applicable in wider
array of human activities.



After successful completion of graduate study in Geoarchaeology the
graduates are competent for quantitative analysis of archaeological materials and
other geoarchaeological research.

Undergraduate studies in veterinary medicine, agriculture, electric and
mechanical engineering could be sufficient for graduate studies in Geology,
Environmental geology, and Geoarhaeology provided some additional requirements
fulfilled, according to the ecision of the Departmental coun@lg supplementary
courses in chemistry, biology, geology not completed during undergraduate study).
Undergraduates in archaeology are allowed to enrol into graduate course in
Geoarchaeology under the same conditiorth@sindergraduates in Geology.

After successful completion of educational study in Geology and Geography
the graduates are competent for teaching in primary and secondary (high) schools.
This includes also the competence to prepare and develop schanllaytextbooks,
and other teaching materials. The skills obtained enable them to communicate science
in the publics, and to develop geotourism.

2.7. Only educational programs have unified undergraduate and graduate degrees, due
to juditional restriabns.

2.8. After successful completion of undergraduate study the candidates are awarded
academic degrees:
Baccalaureus/ea in Geology andBaccalaureus/ea in Environmental Science

After successful completion of graduate study the candidates are awaedinic
degreesMaster of Geology, Master of Environmental Geology, andMaster of
Geoarchaeology.

After successful completion of graduate educational study the candidates are awarded
academic degre@rofessor of Geology and Geography
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Undergraduate study of geology — Learning outcomes
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Underlying basis in geology

Basic krmowledge and understanding of the natural sciences (Physics,
Chemistry, Biology, Mathematics) underlying the study of Geology

Knowledge and understanding of the essential features, processes, materials,
history and the development of the Earth and life

Basic knowledge and understanding of the key aspects and concepts of
geology.

Knowledge of the common terminology and nomenclature and the use of
bibliography in Geosciences

An awareness of the wider spectrum of geological disciplines

Awareness amh understanding of the temporal and spatial dimensions in Earth
processes

Awareness of the applications and responsibilities of Geology and its role in
society including its environmental aspects.

Awareness of major geological paradigms, the extemeofogical time and

Plate Tectonics.

Knowledge and understanding of the complex nature of interactions within the
geosphere .

Appropriate knowledge of other disciplines relevant to geology .

Analysis, Design and Implementation

Ability to create ginple geological models

Some understanding of the complexity of geological problems and the
feasibility of their solution.

Understanding the need of a rational use of earth resources.

Basic ability in the formalisation and specification of problems whose solution
involves the use of geological methods.

Knowledge of appropriate solution patterns for geological problems.

Basic ability to describe a solution at an abstract level.

Knowledge of the range of applications of Geology

Ability to integrate field and laboratory evidence with theory following the
sequence from observation to recognition, synthesis and modelling
Appreciation of issues concerning sample selection, acgupasecision and
uncertainty during collection, recording and analysis of data in the field and
laboratory.

Ability to formulate and test hypotheses.

Technological, Methodological and Transferable Skills

Basic ability to become familiar with new gegical methods and
technologies.

Basic ability to apply appropriate technology and use relevant methods .
Ability to use simple quantitative methods and to apply them to geological
problems.
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Basic ability to independently analyze earth materials he tield and
laboratory and to describe, process, document and report the results.

Ability to undertake field and laboratory investigations in a responsible and
safe manner, paying due attention to risk assessment, rights of access, relevant
health and afety regulations, and sensitivity to the impact of investigations on
the environment and stakeholders.

Basic ability to combine theory and practice to complete geological tasks.
Ability to undertake literature searches, and to use data bases and other
sources of information.

Ability to receive and respond to a variety of information sources (e.g. textual,
numerical, verbal, graphical).

Ability to conduct appropriate experiments, to analyze and interpret data and
draw conclusions.

Basic awareness relevant statef-the-art technologies and their application.
Basic ability to solve numerical problems using computer andcoarputer
based techniques.

Basic knowledge of the application of information technology to geological
science.

Ability to use spreadsheet and wqmbcessing software.

Other Professional Skills

Ability to learn and study including effective time management and flexibility
Ability to work effectively as an individual and as a member of a team
Recognition of the need for, and engagement inmatiaged and liféong
learning

Ability to organise their own work independently

Basic ability to communicate effectively in written and verbal form with
colleagues, other professionals, customerd #me general public about
substantive issues and problems related to their chosen specialisation

Basic ability to prepare, process, interpret and present data, using appropriate
qualitative and quantitative techniques.



Graduate study of geology — Learning outcomes

E R

= =4

= =4

= =4

Underlying basis in geology

Advanced knowledge and understanding of the principles of geology.
Deeper knowledge of a chosen specialisation.
Critical awareness of the forefront of their specialisation.
Advanced understanding Barth system relevant to their specialisation.
Appreciation of the learning capacity needed to progress to independent
research.

Analysis, design and implementation

Ability to specify and complete geological tasks that are complex,
incompletely defind or unfamiliar.
Some ability to formulate and solve problems in new and emerging areas of
their discipline.
Ability to apply state of the art or innovative methods in problem solving,
possibly invdving use of other disciplines.
Ability to think creatively to develop new and original approaches and
methods

Technological, Methodological and Transferable Skills

Ability to design appropriate experiments, to analyse and interpret data and
draw conclusions integrating knowledge from different disciplines, and
handling complexity.
Ability to use advanced, and develop customised, quantitative methods.
Comprehensi® understanding of applicable techniques and methods for a
particular specialisation, and of their limits.
Awareness of the limits of current knowledge and the practical application of
the stateof-the-art technology.
Knowledge and understanding of t¢mgy to create geological models of
complex systems and processes.
Basic ability to contribute to the further development of geology in practice
and research.

Other professional competences
Ability to produce independent work in their professional seidntific fields.
Ability to manage and work effectively as leader of teams that may be
composed of different disciplines and levels.
Basic ability to work effectively and communicate in national and
international contexts.
Appreciation of the rolef geology in the development of knowledge, wealth
creation and improving quality of life.
Ability to evaluate performance as an individual and a team member.
Ability to identify individual and collective goals and responsibilities and to
perform in amanner appropriate to these roles.
Ability to evaluate critically professional and research papers.
Ability to plan and appropriate programme of continuing professional
development



3. COURSE LIST AND STUDY PROGRAMME

3.1. COURSE LIST

UNDERGRADUATE STUDY OF GEOLOGY

1. YEAR
1. semester ECTS 2. semester ECTS
I 1 i §e v | Mathematics | 2+1 4 I I i § e| Mathematics I 2+1 4
Soldin Chemistry | 2+2 5 Soldin Chemistry Il 2+2 5
Ti bl j a| General mineralogy 3+3 7 Paar Physics 3+2 6
Cvetko Physical geology 3+3 7 Bermanec| System of 3+3 7
TeSovi mineralogy
Sremac, General paleotology 3+3 7 Sp ol j|Fundamentals of 2+1 3
CosoVvi biology
Field course in 60 5
Geology | sati
13+12 | 30 16+9 30
2. YEAR
3. semester ECTS 4. semester ECTS
B u ¢ k o v | Historical Geology| 3+2 6 B u ¢ k o v | Historical Geologyl 2+2 4
|
T o ma $i | Mineral optics 2+4 5 Balen Igneous and 3+3 7
metamorphic
petrology
Pezelj Invertebrate 2+1 4 Baj r ak| Vertebrate 2+1 3
paleontology paleontology
Baj r ak| Micropaleontology | 1+2 3 Ko v ac¢i | Sedimentary 3+3 7
I petrology
Ma r k u § | Geophysics 2+1 5 Seminar 0+1 2
Me d u,n i | Principles of 2+2 5 Field course in 90 7
Ti bl j a| elemental and Geology Il hours
phase analysis
Seminar | 0+2 2
12+14 30 10+10 30




3. YEAR

5. semester ECTS 6. semester ECTS
Luzar Geological 1+6 6 Ha |l a m Geological 1+2 3
Oberiter mappingl mapping Il
T oml j el Structure 2+2 5 Pal i n| Geology of 3+1 5
geology and mineral deposits
tectonics
Luzar Software in| 2+2 5 Mi h a | | Engineering 2+1 4
Oberiter geology geology
Me d u n i | Geochemistry 2+1 4 Mrinjek Analysis and 3+2 5
interpretation of
facies
B a ¢ an i | Hydrogeology 2+1 4 Elective course 4
Elective course 4 Seminar ll| 0+2 2
Field course in 30 2 Field course in 105 7
Geology IIIA hours Geology IIIB hours
9+12 30 9+8 30




GRADUATE STUDY OF GEOLOGY (GEOLOGY AND PALAEONTOLOGY,
MINERALOGY AND PETROLOGY)

Up to 120 ECTS fronoptional coursdist for 4. i 5. year

4. YEAR
7. semester ECTS 8. semester ECTS
Mrinjek | Plate tectonics 2+0 3 Me d u n| Geostatistics 2+1 4
Sremac | Geology ofCroatia 2+0 2 Compulsory- 6
Hal a elective course
P al i | Quantitative and isotop| 3+2 7 Elective course 5
geochemistry
Compulsory- elective course 6 Elective course 5
Elective course 5 Elective course 5
Elective course 5 Field course in 75 5
Geology IV sati
Seminar IV 0+2 2
30 30
5.YEAR
9. semester ECTS 10. semester ECTS
Marjanac| Elements of scientifig 2+1 5
work
Elective course 5
Elective course 5 Elective course 5
Seminar V 0+3 3 Seminar 5
Individual field project| 0+7 | 12 Thesis 20
30 30




OPTIONAL COURSE LIST (Elective course list)
Elective course 3 hrs/week, obligatory 6 ECTS credits, others 5 ECTS credits.

Marjanac| Karst geology

obligatory for GEOLOGY AND PALAEONTOLOGY]

C o s o \ Paleoecology

obligatory for GEOLOGY AND PALAEONTOLOGY]

Balen Petrogenesis

obligatory for MINERALOGY AND PETROLOGY

Ti bl j Crystallography

obligatory for MINERALOGY AND PETROLOGY

J ur a q Environmental Geology

obligatory for ENVIRONMENTAL GEOLOGY

Marjanac| Geohazards

obligatory for ENVIRONMENTAL GEOLOGY

GEOLOGY AND PALAEONT

OLOGY

Baj r akt Selected topics
paleontology

of  vertebrat{ Moro Selected chapters forr
invertebrate paleontology

Co s ovi ( Geology and geochemistry of crude of Marjanac| Glaciology

Cvetko Micropaleontology I Marjanac| Field work in glaciology
TeSovi

Pezelj

Co s ovi (¢ Methods in paleontology Marjanac| Methods of remote sensing

geology

Jur ac i ( History of geology

Saf t i|] Geology of Fossil Fuels

Mezga Paleontological aspects of evolution | Sremac | Palaeobotany

Jur aci (¢ Marine Geology

Miracle | Zooarcheology

Applied geophysics

MINERALOGY AND PETROLOGY

Balen Rock Microstructure Pal i nKk Interpretation of geochemicg
data
Balen Microtectonics Ti bl j g Phase and elemental analysis
Prohi ¢
Bermanec Silicate mineralogy T o ma § i| Universal stage methods
Bermanec Nonsilicate mineralogy Me d u n i| Geochemistry of sedimenta
rocks

Kniewald, Gemmology Field techniques *MP*

Bermanec

Bermanec Mineral associations

ENVIRONMENTAL GEOLOGY

Bermanec, Environmental mineralogy Pr o hi § Environmental geochemistry

Bermanec Instrumental metods in Pr ohi ¢ Environmental law
environmental analysis

Kapelj Hydrogeochemistry an{ Ti bl j g Clay mineralogy
groundwater protection

Pal i nk| Geological aspects of was| Ahel Organic geochemistry lo
disposals pollutants

Me d u ni | Geochemical metodhs ¢ B o g un g Basics of pedology
environmental investigation

J Ut t n e | Introduction to geotechnology Ro mi ¢ | Biogeochemistry

Marjanac Methods of remote sensing | Miracle Zooarcheology
geology




3.2. STUDY PROGRAMME

UNDERGRADUATE STUDY OF GEOLOGY

1. SEMESTER

COURSE TITLE:Mathematics |

COURSE TEACHER/TEACHERS?PhD. Goranka Nogo, assistant professor, Faculty of scis
University of ZagrebCroatia

STUDY PROGRAMME:Undergraduate study Geology

YEAR OF STUDY:1

SEMESTER:1

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 5 professor
Exercises 1 assistant
Seminars

ECTS credits4

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Getting familiar with basics of linear algebra, especially its application.

LEARNING OUTCOMES:

1. Apply matrix calculus.

2. Solve a system of linear equations.

3. Calculate eigenvalues and eigenvectors of a linear operator.
4. Calculate and apply scalar, vector and mixed product.

DESCRIPTION OF THE COURSE:

Matrix algebra.Definition of matrix. Additon of matrix. Scalar multiplication of matrix. Mat
multiplication. Regular matrices. Some special matrices. Application ices

Determinants.Introduction. Determinants of 1st and 2nd order. Definition of permuatatior
definition of determinant of random order. Propertiegaplace expansion. Application
determinants in the system of linear equations.

Systems of inear equations. Matrix equation. Solution. Equivalent systems. Eleme
transformarions. Matrix rang. Gaussian elimination.




Vector spacelntroduction. Linear combination. Linear independance. Bast dimension.
Examples of vector spaces. Applicatiombatrices.

Products.Scalar product. Orthogonality. Examples and applications. Vector product. Def
and application. Mixed product. Application to volume calculation.

STUDENT OBLIGATIONS DURING THE COURSE:
Obligatory attendance at lectures andreises.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Attendance at 70% of exercises, at least 15% of scores at the preliminary exams.

EXAMINATION METHODS:
Two midterm test and oral exam, if needed.

COURSE(s) NEEDED FOR THIS COURSHone

COMPULSORY LITERATURE:
S. Lipschutz, M. Lipson: Schaum's Outline of Linear Algebra. McGrily 2001.

ADDITIONAL READING:
1. J.Ferguson: Introduction to Linear Algebra in Geol&pringer Verlag, 1994.
2. N. El ezovi ¢ :Elerhentnl89%.r na al gebr a.




COURSE TITLE: Chemistry |

COURSE TEACHER/TEACHERS: Dr. sZ e | | k a, assoclatdd professor, Faculty
scienceJniversity of ZagrebCroatia

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: £

SEMESTER: ¥

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises ) i

Seminars 2 assistant

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: The course of Chemistry | is based on modern concepts to introducing students
atomic and molecular structure and types of bonding, as well as in the kinetic theory as it
to the states of matter.

Stoichiometry- chemical calculation (seminars) is intended to introduce students in s
numerical chemical problems and applying natural laws.

This course is intended to supply a firm foundation for further course/es in chemistry.

LEARNING LEARNING OUTCOMES:
Upon successful completion of this course students should be able to:

- specify and explain states of matter, physical and chemical properties of matte
physical and chemical changes of matter

- explain eletronic structure of the atom and correlate the distribution of electrons with
orbitals with properties of element and its position in the periodic table

- define and distinct types of the chemical bonds and types of the intermolecular force

- undersand and apply the ideal gas laws

- distinctand explairenergiesof chemical reactions

- solve simple numerical problems

DESCRIPTION OF THE COURSE:

Matter and energy. Elements, compounds and mixtures. The physical states and ch
matter: sold, liquid and gas. Separation methadeemical nomenclature.

Laws in chemistry— conservation of mass, definite proportions, multiple proportions
Avogadros law. Daltons atomic theory. Atomic mass unit. Relative masses of atoms




molecules. Molecular mass. The mole. AvogadmumberChemical reactions and equations.

Structure of the atom. The electron. Thomsa@md Millikan'sexperiment. Radioactivity. Th
proton and the nucleufutherfords experiment. The neutron. Atomic number. Mass number.
mass spectrometer. Isotopes.

Electronic structure of atoms. Electromagnetic radiation. Line spectra. Plableickbody
radiation. Photons. Bohr theory. Wave mechanics. De Broglie postulhgewavelike propertie
of matter. Heisenbey'uncertainty pricipleS c hr 6 d i n @ne wave gunatiant grobabilit
density associated with finding the electron in some region of space. Quantum numbers: p
azimuthal, magnetic and intrinsic electron spin.

Periodic table of the elements. Mendeleev table of the elements (pmesliathout elements
Periodic law of Moseley. Patdiexclusions principle- "aufbau method". Orbital fillig and Hursd
rule. Main group elements, transition and inner transition elements. The variation of prc
with atomic structure: atom sizienization energy and electron affinity.

lonic bond.. Octet rule. Lewis formulas. Lattice energy. Bdaber cycle. Atomic and ioni
radius. Properties of ionic compounds.

Covalent bond. Lewis formulas/alence bond and molecular orbital tiyo Coordinate
covalent bonds and hibryd orbitals. Bond order and some bond properties. Delocalized m
orbitals. Polar molecules and relative electronegativity. Complex compounds.

Molecular structure. Shapes of molecules: octet rule, hibridizaind VSEPR theory. Form
charge. Bond energies. Properties of covalent compounds.

Intermolecular forces of attractioan der Waals forces. Hydrogen bondihgfluence on the
physical properties of compounds.

Metallic bond. Attractions betvem positive ions and an electron cloud. Band thdemyperties
of metals Crystal lattices- unit cell. Closespacked structures. Alloys. Conductors,
nonconductors and semicondutors.

The solid state. PropertieGrystal structure Y X-ray diffraction. Bragg's equation. Structut
of metalic, ionic and molecular crystals. The liquid state. Properties: surface tension and vis

Gases. Nature of gases. Ideal and real gas. Kinetic theory of gases. Combined gas layv
Charles' and Gayussacs law).ldeal gas lawVan der Waals equation of state for a real gas.
Dalton's law. Diffusion and effusin. Liquefaction of gagesmparing the properties of gases,
liquids and solids. Phase diagrams of pure substances.

Chemi cal reactions. Order and tvyplowryandc
Lewis concept. Neutralization. Oxidatiwaduction and precipitation reactions.

Thermochemistry. Heat and work, calorimetty.and II. law of thermodynamicEnthalpy.
Hess's law. Entropy. Gibbs free energy.

SEMINARES (O +2)
Measuring. Sl units and derived units. Density.

Formulas, molecules and ions. The mole, Avogadnumber. Percentage composition
compounds. Empirical and chemical forau

Chemical equation. Coefficient. Equivalents. Limiting reactant. Concentration. Molarity. \
Reaction in solutions. Stoichiometry in neutralizaton and redox reactions.




Preparing solutions with specific molar concentrations.

Simple gaslaws. Ideal gas law. Gayussacs law of combining volumes and Avogadr
principle.Daltons law of partial pressures.

Pressuresolubility law. Mole fraction. Molal concetracion. Raamltlaw calculation
Calculating with molal freezing poi depression and boiling point elevation constants. Osr
pressure. Colligative properties of electrolytes.

Specific heat and heat capacity. Enthalpy. Calorimetry. Standard heats of reactianlae
and hermochemical equations.

ConvertingK to K, and calculating withK. and K. Appl i cat i os principle.
Equilibrium calculations. Heterogenous equilibria.

Selfionization of water anghH. Acid and base ionization constants. Buffers. Hydrolysi
ions. Soliility products.

Stoichiometric relationships in electrolysis. Cell potentials.
Nuclear stability. Applications of radionuclides. Cardighdating.

STUDENT OBLIGATIONS DURING THE COURSE: seminar works

METHODS TO EVALUATE STUDENT PERFORMANCE: preliminary examens

EXAMINATION METHODS: writing and oral exam

COURSE(s) NEEDED FOR THIS COURSE: none

COMPULSORY LITERATURE:
|l . Fi Bipbvpéagnovi ¢, Opc¢a i anor g aigasdagebR99mi
P. W. Atkins, M. J. Klugston, N a Zagrebal99R.i z

M. S. Silberberg, Chemistry, The molecular nature of Matter and Change, II. izd., McGra
Boston 2000.

E. Pr o hiij&, Targa,eZagkeb 1988.
M. Sikirica, Stehiometrija, XVIII. izd.,

ADDITIONAL READING:
R. Chang, Chemistry, VI. izdMicGraw-Hill, New York 1998.
D. Grdeni ¢, Mo | e k kolska knjigaZagréeb<98a. | i I V. i zd




COURSE TITLE: GENERAL MINERALOGY

COURSE TEACHER/ TEACHERS: Associ at e
of Science

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: |

SEMESTER: |

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 orofessor
Exercises 3 assistant
Seminars

ECTS credits: 7

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Obtaining information about irnal constitution o
minerals and its correlation with mineral shape and properties, acquiring knov
necessary for understanding later courses

DESCRIPTION OF THE COURSE: 1. mineral definition, thoBmensional
periodicity, crystal lattice, unit celtrystal systems

2. morphology, symmetry elements without translation, crystal form, habit, zone

3. law of constancy of interfacial angles, spherical projection, stereogr
projection, Wulff net

4. theory of rational indices for crystal faces, notatidor planes and lines, poi
groups (HermaiMauguin symbols, names), general form

5. cubic crystals forms
6. forms in other systems, tetragonal and hexagonal system

7. holohedral classes of orthorhombic, monoclinic and triclinic systems, pro
with synmmetry determinations

8. crystal structure definition, atomic coordinates, symmetry elements with trans
9. Bravais lattices, space groups

10. chemical bondsrystal structure dependence, coordination number, coordin
polyhedron, isomorphism, patyorphism

11. solid solutions, exsolution, crystal defects

12. appearance of minerals (crystals, aggregates), density, cleavage, parting,
hardness, colour, streak, lustre




13. X-ray diffraction, Bragg law, Laue equations, principles of unit cetietisions
determination

14. division of minerals on optical properties (optically isotropic and anisot
materials), birefringence, optical indicatrix,

15. division of optically anisotropic materials (uniaxidiaxial, optically positive anc
negative) relief, colour, interference colours, extinction, observations in conve
light

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, prelimir]
exams consisting of theoretical part and crystal models projections, hom
assignments

METHODS TO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written exam based on crystal polihedra symm
determination, oral exam, final grade includes also results of prelim and hom
assignments

COURSE(s) NEEDED FOR THIS COURSE:

COMPULSORY LITERATURE: Klein, C. (2002): Mineral Science. John Wiley
SonsNew York, 641 pp.

Nesse, W.D. (2000): Introduction to Mineralogyxford University PressOxford,
442 pp.

Hibbard, M.J. (2002): Mineralogya geologist's point of viewMcGraw-Hill, New
York, 562 pp.

ADDITIONAL READING: Wenk, H:R. & Bulakh, A. (2004): Minerals, the
constitution and originCambridgeUniversity PressCambridge, 656 pp.




COURSE TITLE: PHYSICAL GEOLOGY

COURSE TEACHER/ TEACHERS: Bl anka C
professor, Faculty of Science

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: f'year

SEMESTER: i'semester

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 orofessor
Exercises 3 assistant
Seminars

ECTS credits: 7

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS:

Introduction to geology, acquainting with geological constitution of the Earth
processes in its interior, and on the surface. Study of basic rock types, ft¢
processes and structures. Study of Earth's inner dynamics, earthquakes and vo
Acquainting with environments, their characteristics, dynamics, sediments
geological role. Understanding the evolution of life on Earth and fossil t
Developing basic research skills in geology.

DESCRIPTION OF THE COURSHelation of Geology with o#tr natural sciences
Space, origin of the Earth, planets, asteroids, comets, meteors. Shape and cor
of the Earth. Minerals and rocks key elements of the lithosphere. Plate tec
boundaries, causes. Magmatism and volcanism: magmatic boges, df volcanic
rocks, volcano types, types of volcanic eruptions and their products, calderas
volcanic activity. Seismics: causes of earthquakes, wave types, principl
seismograph operation, seismogram, tsunami, seiches, intensity and eng
earthquakes, MGScale, Richter's magnitude, earthquake effects, role of subst
on earthquake effects, pestrthquake processes, applied seismic research in ge
Tectonics: bed, bedding plane properties, bed strike and dip, geological co
corcordance and discordance, folds (components, types, systems),

(components, types, systems), overthrusts and overthrusting mechanism.

processes: weathering (chemical, mechanical), origin of soils, slope processes
slumping, debris flow turbidity currents, rockalls), transport and erosio
Hj ul str é6m' s di agram, sedi mentati on

hydrologic cycle, rock porosity and permeability, types of water, water table, a
and batrrier, threats and protect of ground water, water in islands, types of sprir
Rivers: drainage systems, drainage basin and divide, stream characteristics,




graded profile, base level, river types, rivers and geological structures, flood
alluvial terraces, deltafGilbert-deltas, ordinary deltas), delta progradation, est
(origin, types), alluvial fans and fan deltas. Lakes: types, hydrology, sedin
response to badevel change, ecological threats. Karst: genesis, geomorph
(surficial and underground d&ures), hydrogeology of karst, origin of caves, ¢
morphology and tectonics, response to Hasel change, ecological threats, evolut
of karst. Snow, avalanches, geological role of avalanches. Ice: origin of glaci
ice properties, types of eccover on the Earth, glaciers (composition, movem
glacial geomorphology, glacial sediments (moraines, proglacial lake deposit
sedimentary bodies (eskers, drumlins, glaciofluvial and glaciomarine deltas),
sandar. Deserts: distributiorrjgin/causes, types, desert geomorphology, evolutig
desert landscape, sediments and sedimentary bodies (dunes, types of dune
ergs, desert hydrogeology, oasis, wadi, desertification in Mesopotany, wats
Middle East conflicts. Seas and Ocgamolume of seas on the Earth, chemistry
seawater, tides, sea currents, waves, wave erosion, ravinement, classification
coastal types and coastal geomorphology, effects of hurricanes and storms on
processes, carbonate platforms, deep physiography, processes and sedimen
various bathymetric zones, skeael change (relative, eustatic), types of depositi
basins. Earth physics: isostasy, glacioisostasy, heat (radiation, heat flux), mag
(cause, van Allen's radiation beltpaleomagnetism). Geological time: dating
geology (relative, radiometric), stratigraphical systems (geochronolo
chronostratigraphical, lithostratigraphical). Evolution of life on the Ez
fossilisation, types of fossils, faunal turnovers intkamistory. Environments an
facies.

STUDENT OBLIGATIONS DURING THE COURSE: Acquainting with rock type
solving problems/exercises in tectonics, seismics, and slope processes. Pe
colloquiums.

METHODS TO EVALUATE STUDENT PERFORMANCE: All exemgs
successfully completed, all colloquiums passed.

EXAMINATION METHODS: written and oral examination

COURSE(s) NEEDED FOR THIS COURSE: no prerequisites

Murck B.W., Skinner B.J. & Porter S.C. (1996): Environmental Geology, John \
& Sons,New York.

Plummer, Ch.C. & McGeary, D. (1991): Physical Geology, 5th. Ed., WC B
Publishers.

Plummer, Ch.C., McGeary, D. & Carlson, D. (2001): Physical Geology, 8th Ed
Graw Hill, Boston.

Tarbuk, E.J. & Lutgens, F.K. (1988): Earth Scierith. Ed., Merrill Publ. Company
Columbus.

ADDITIONAL READING:




COURSE TITLE:GENERAL PALAEONTOLOGY

COURSE TEACHER/TEACHERSPROF.DR.SC. JASENKA SREMAC, PMFPROF.DR.S
VLASTA Cco®swvi C

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY:I

SEMESTERII

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 PROFESSOR
Exercises 3 ASSISTANT
Seminars

ECTS credits7

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

DESCRIPTION OF THE COURSEGetting familiar with essential terms, principles &
applications of palaeontology. Shorview of the main fossil groups.

STUDENT OBLIGATIONS DURING THE COURSHRegular presence at lectures and exerc
preparation of independent tasks and essays.

METHODS TO EVALUATE STUDENT PERFORMANCHRegular presence at exercises, s
tests during the semester, successfully presented essay.

EXAMINATION METHODS:Written exam (test), oral exam.

COURSE(s) NEEDED FOR THIS COURSthysical geology

COMPULSORY LITERATUREDoyle,P.: Understanding Fossils. Wiley, Chiches
1996Raup,D.M. & Stanley, S.M. : Principles of Palaeontology. Freeman, San Fra
1978. Sremac, J. : Opc¢a paekxl®wt ol ogi j a. Skri

ADDITIONAL READING:Selected papers from scientific and scierqifapular magazines, da
from internet pages.




2. SEMESTER

COURSE TITLE:Mathematics I

COURSE TEACHER/TEACHERSPhD. Goranka Nogo, assistant professor, Faculty of scig
University of ZagrebCroatia

STUDY PROGRAMME:Undergraduate study Geology

YEAR OF STUDY:1

SEMESTER2

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistant
Seminars

ECTS credits4

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

LEARNING OUTCOMES:

1. Describe properties of elementary functions.

2. Give examples of elementary functions in science.

3. Give examples of sequences and series.

4. Apply differential and integral calculus in simple problems.

DESCRIPTION OF THE COURSE:

Sets. Definition of a mathmatical set. Basic operations with setdl. Finciples of mathematic:
induction. Setsi Q, R and C.

Functions. Definition of a function. Injective and surjective functions. Examples of functions

Sequences. Definition of a sequence. Algebra of sequences. Limit of a sequence. Prop
conveging sequences. Monotony. Some important limits.

Series. Definition of a series. Conditions of convergence. Criteria of convergence. Prope
convergent series..

Continuous functions. Definition of continuity. Properties of continous functions. riLaiytiof
elementary functions.

Differential calculus. Definition of derivative. Rulers for differentiation. Fundamentale thec
of differential calculus. Applications.

Integral calculus. Primitive function. Basic properties of indefinitive integral.




Methods of integration. Definitive integral. Applications to area and volume calculations.

STUDENT OBLIGATIONS DURING THE COURSE:
Obligatory attendance at lectures and exercises.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Attendance at 70% of exercises,edst 15% of scores at the preliminary exams.

EXAMINATION METHODS:
Two preliminary exams. Additionally,oral exam, if needed.

COURSE(s) NEEDED FOR THIS COURSHathematics |

COMPULSORY LITERATURE:
E. Mendelson, F. Ayres: Schaum's Outline of Calculus. McGHdw2001.

ADDITIONAL READING:
P. Javor : Matemati ¢c¢ka analiza 1, El ement




COURSE TITLE: Chemistry Il

COURSE TEACHER/TEACHERS: Dr.s£.e | | k a asSociatatl professor, Faculty of scier
University of ZagrebCroatia

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: £

SEMESTER: ¥

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 2 assistant
Seminars ) i

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: The course of Chemistry Il is based on concepts to introducing students in th
reaction and chemical equilibrium, properties of solutions, electrolytes: acids, bases an
electrochemistry, as well as knowledge of propsréind preparations of the elements of s, p, g
groups and his compounds.

Laboratory exercises are selected experiments chosen to introduce students to basic lab t
and skills in order to illustrate core chemical principles.

This course is intaded to supply a firm foundation for further course/es in chemistry.

LEARNING OUTCOMES:
Upon successful completion of this course students should be able to:
- specifyandexplaincolligative properties of the solutions

- distinct and explain chemical reactions in the voltaic and electrolytic cells

- distinctand explain reaction rate and chemical equilibrium

- describeandexplainproperties of the main group compounds

- identify different organic functional groups

- correlate structures of inorganic and organic compounds with their structure

- correctly perform common laboratory procedures and present experimental results

DESCRIPTION OF THE COURSE:

Chemical kinetics. Reaction rates. Collision and transitior skegory. Effect of concetratio
temperature, pressure, radiation and catalysts.

Chemical equilibrium. Reversible reactions. The equilibrium constarK,, K, and solubility
product Kso) . Le Epnriplé!l i er’




Solutions. Solubility of ioit and covalent compounds. Solubility of gases. Phase diag
solid/liquid, liquid/liquid and liquid/gas. Raowdt law. Colligative property: vapgressure
lowering, freezingpoint depression, boilirgoint elevation and osmotic pressure.

Electrolyte. lonization of water. Water dissociation conskgptpH. Dissociation constants f(
weak acid and bases. Hydrolisys of ions. Buffers. Indicators.

Electrochemistry. Electrochemical cell. Cell voltage. Hydrogen glass electrode. Staeds
voltage. Electromotive force (emf) series. Nernst equation. Electrode potentials and elec
Faraday laws. The corrosion.

Colloids. Types and properties. Hydrofobic and hydrofilic colloids. Nuclear reac
Radioactivity. Halflife period. Nuclear fusion and fission.

Hydrogen. Isotopes. Preparation and uses. Compounds of hydrogen. Noble gases. Pro
the alkali and the alkaline earth metals. Occurrence. Compounds.

Properties of 17. group of elementshe halogens. Occurrence. Preparation. The hydr
halides. The metal halides. Oxy acids of the halogens.

Properties of 16. group of elements. Occurrence. Preparation. Oxygen. Ozone.
Compounds. Air pllution.

Properties of 15. group of elements. Occurrence. Preparations. Nitrogen and pho
compounds.

Properties of 14. group of elementccurrence. Preparation. Carbides. Silicides. Oxi
Oxyacids of carbon and silicon. Silicates.

Properties of 13. group of elements. Occurrence. Boron and aluminium. Preparati
compounds.

The transition metals. Occurrence. General characteristic and periodic trends. Met
Properties of some important transition metals. Complexdgedfansition metals.

Organic chemistry. Classes and nomenclature of organic compounds. Aliphatic hydrog
Aromatic hydrocarbons. Chemistry of the functional groups. Petroleum. Polymers.

Biochemistry. Proteins. Enzymes. Carbohydrates. LijMdgleics acids.

EXERCISES: 0+2
Laboratory equipment. Measuring: mass and density.

Separations. Decantation. Filtration. Separation by selective precipitation of mi
Recrystallization. Fractional crystallization.

Determination of meltinggqnt. Measuring of the molar enthalpy.
Sublimation. Destilation.
Determination of the molar mass of carbon dioxide.

Chemical kinetics. Rate of reaction: effect of concetration, temperature and ca
Hydrolysis of ions.

Volumetric analyse. Determination quantity of the base in sample.
Instrumental method. Indentification of sample byay diffraction.




STUDENT OBLIGATIONS DURING THE COURSE: seminar works and laboratory practice

METHODS TO EVALUATE STUDENT PERFORMANCE: preliminary examens

EXAMINATION METHODS: writing and oral exam

COURSE(s) NEEDED FOR THIS COURSE: Chemistry |

COMPULSORY LITERATURE:

. Fi SBi pavip@novi ¢, Op§aa il dnolrlg actisdk,a ZHgeh
1995.

P. W. At ki ns, M. J . Kl ugston, N a Zagrebal99R.i z

M. S. Silberberg, Chemistry, The moleculatura of Matter and Change, Il. izd., McGraw H
Boston 2000.

R. Chang, Chemistry, VI. izdMcGraw-Hill, New York 1998.
M. Sikirica, B. KorpasCo | i g, Prpdked i kkeunm jiez, ol | .Zagreb,@003. |

ADDITIONAL READING:
E. Prohi ¢, GEagrkbel®B.j a, Tar ga,
D. Grdeni ¢, Mo | e k ul eknjiga,Zagrébsd8a. 1 i , I'v. izd




COURSE TITLE: PHYSICS

COURSE TEACHER/ TEACHERS: Professor

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 1st year course

SEMESTER: 2.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 professor
Exercises 2 assistent
Seminars

ECTS credits6

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES
KNOWLEDGE AND SKILLS:

The course examines the fundamental laws required for geological practice.
The lectures are accompanied with a number of demonstrative experiments
explaining fundamental physical laws. The basics to the geophysics methods
are also covered. Numerical clas$ated exercises are given.

LEARNING OUTCOMES:

Basic knowledge and understanding of the natural sciences (Physies)ying the
study of Geology

Understanding of physical concepts of geological problems arfddbibility of their
solution.

Ability to use simple quantitative physical methods and téyappm to geological
problems.

Basic ability to solve numerical problems using computemamecomputer based
techniques.

Basic awareness of physical principles of relevant-stiatbe-art technologies and
their application.

DESCRIPTION OF THE COURSEPhysics ( geology)

Mechanics

Definition of standards. Concept of vectors and scalars. Scalar product. Produ
two vedors. Kinematics: velocity , acceleration, kinetic energy, free fall and the
concept of potential energy. The first, the second and theNkindon's Law ( The
concept of mass, force). Gravitational force. Frictional faCmmservative and
nonconservative forces. The power. Momentum and its conservation. Harmoni
oscillations, damped and driven oscillations. The waves: the progressive wave,
standing wave, transversal and longitudinal waves. The basic concepts of hydrd
and hydrodynamics.




Heat and Thermodynamics
The concept of temperature, heat and specific heat. Thermal expansion. Phase
diagrams, phase transitions.Geothermic gradients and porosity of rocks.The firs
the second law of thermodynamics. The intearargy. Reversible and irreversible
transformations. Work in the isothermal, isobaric and adiabatic proccesses.The
circle. Entropy. The reversible Carnot circle. Blackbody radiation laws.
Electricity and Magnetism.

Co u |l elavih The electric field strength and potential. A dipole in electric field.
Current. Resistance. Work and power. Electric conductance. Capacitance.
Electromagnetic induction and the Lorentz force. Faralbgw of induction. The
transformer. Magnetiproperties of material. The oscillatory circuit. Resonance.
Electromagnetic waves.

Optics and Atomic Physics

The basic of optics. Mirrors and lenses. Microscope. Interference, diffraction an
polarization of light. Diffraction grating. Resolution of misompe, diffraction grating
and spectrometer. Bobhr model of hydrogen atom. Spectra. Planck radiation law
Photoelectric effdc Electron microscope. Laser.

STUDENT OBLIGATIONS DURING THE COURSE: Course attendance
controlled, two colloquia are offed during the semester; the studentesults or
colloquia are included into final note. Students receive the homework problem;

METHODS TO EVALUATE STUDENT PERFORMANCE: Evaluation includ
results of written colloquia, final written exam and oradmnation.

EXAMINATION METHODS: Written and oral examination

COURSE(s) NEEDED FOR THIS COURSE: Mathematics: vectors calcule
trigonometric functions, diferential and integral calculations

COMPULSORY LITERATURE:

P. Kul i §i ¢; M ediskarknijida dagreb, #1996p | i na, Sk
D. Horvat:Fizika, Odabrana poglavljagreb, HINUS,1999.

A. M. Tonejc:Predavanja iz Fizike za geologéetna skripta, Zagreb 2005.

ADDITIONAL READING:

P. Kul i $+Bar tVvol Henc¢Val ovi Zagrebpl98d.k a ,
N. Cindro, Fizi ka 2; El ektricitet i
M. Vari ¢ak, B. Ma r k @daci iz fizike, PM&y Zagnep; c

(skriptarnica)

E. Babi ¢, R. Krsnik, M. OC¢Cko: Zbirk
Zagreb, 1988.

B. Mi kul i ¢i ¢, E . Verni ¢: Zbirke zad




COURSE TITLE:Fundamentals of biology

COURSE TEACHER/TEACHERS: Prof. dr. sc. Biserka Primc Habdija

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: First

SEMESTER: Second

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistant
Seminars

ECTS credits3

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: To explain the key concepts of biology.

LEARNING OUTCOMES:

1) Understanding the genetics,, anatomical andphysiologicaliéy of organisms
based on knowledge of basic structural features of living organisms.

2) Knowledge and understanding of the plants and animals biogeography as a1
geological changes.

3) Understanding the ecological interactions as changersirinethe diversity anc
distribution of organisms.

4) Basic ability to combine theory and practice to complete tasks in whic
knowledge of biology is important for the interpretation in the geology.

5) The ability to integrate field findings (i.e.sk&las, fossils) with the theoretic
principles of systematic through observation, recognition and synthesis.

6) Ability to work effectively as an individual and team work in the preparation
presentation of seminars and research results.

DESCRIPTION OFTHE COURSE:

[1-3] Introduction: Chemical and biological evolution on the Earth. Prokaryotio
eukaryotic types of cells. The structure of DNA; DNA replication, transcription
translation: the basic concept.

[4-5] The reproduction and Mendelian imi&nce.

[6-7] The origin of species. Mechanisms of evolution. The evolutionary histo
biological diversity.

[8-12] Principles of systematic. Form and function of recent protista, plants
animals. Animal phylogeny.




Exercises Plant and animal call Mitosis. Body symmetry and life style of animg
Determination and binominal nomenclature. Morphological and anato
characteristics of Protista, Cnidaria, Mollusca, Annelida, Arthropoda, Echinode
and Chordata. Plants: form and function.

STUDENT OBLIGATIONS DURING THE COURSE: Homework and tests dul
the course.

METHODS TO EVALUATE STUDENT PERFORMANCE: Tests during the cour

EXAMINATION METHODS:

COURSE(s) NEEDED FOR THIS COURSE:

COMPULSORY LITERATURE:

1. Habdij a, ., Primcl Habdi jdakoBi ¢
Spol jar, M. , Mat oni € ki 4Protozdd.i M&azod
Il nvertebrata. F u n k ¢ Meridijani, $amobgrr280d.a

2. Mé&gdefrau, K. & Ehrendorfer, F.: BotanikaSistematika, evolucija
geobotani ka. Skolska knjiga, Zag

ADDITIONAL READING:
Books- gift of the SABRE Foundation (in libraries of Faculty of science), e.g.
Guttman, B. S.: Biology. McGraMill Publ., Boston, 1999.

Hopson, J.L. & Wessells, N.K.: Essentials of biology. McG#Hl Publ., New York,
1990.




COURSE TITLE: Field course in Geology |

COURSE TEACHER/TEACHERS: assoc. prof. Tihomir Marjanac, Faculty
Science

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 1

SEMESTER: 1

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 4 professor
Exercises

Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Field application of acquired knowledge. Individ
acquisition of geological observations, individual measuring and work on out
Editing of blind geological maps, of a given area.

LEARNING OUTCOMES:

Knowledge and understandimg the essential features, processes, materials, hi
and the development of the Earth through Precambrian and Paleozoic;

Awareness and understanding of the temporal and spatial dimensions in Earth
Precambrian and Paleozoic;

Awareness of majogeological paradigms, the extent of geological time and |
Tectonics;

Recognition of the need for, and engagement inrealiaged and lifong learning.

DESCRIPTION OF THE COURSE: Study of rock types and minerals in f
Learning on stratigraphic successions and geological composition of the visite
Measuring the attitude of beds and faults, reconstruction of folds after acquire
Study of slpe processes and their consequences. Application of basic geo
tools. Orientation in the field and by the map. Keeping individual field logs,
collecting samples. After the completed field course students prepare indi
written reports with ow observations, measurements and geological maps.

STUDENT OBLIGATIONS DURING THE COURSE: Regular attendance of
course, active participation, individual keeping of documentation.

METHODS TO EVALUATE STUDENT PERFORMANCE: Preparation of t




written repat.

EXAMINATION METHODS: Written

COURSE(s) NEEDED FOR THIS COURSE: Physical Geology / General Geolo

ADDITIONAL READI NG: Bahun S. (1993): Ge
Zagreb.




3. SEMESTER

COURSE TITLE: Historical Geology 1

COURSE TEACHER/ TEACHERS: Dr . Il van
Buckovi ¢, assistant professor

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 2nd

SEMESTER: 3rd

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 professor
Exercises 2 assistant
Seminars

ECTS credits: 6

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: The goal of the course is to introduce students t(
environmental and temporal dynamics of the Earth from the Precambrian to the
the Paleozoic, including evolution of the Precambrian and Paleozoic living worlg
compositon and relationships of Paleozoic rock units, with emphasis on thos
occur on the territory of the Republic of Croatia and neighbouring area.

LEARNING OUTCOMES:

Knowledge and understanding of the essential features, processes, materials
ard the development of the Earth through Precambrian and Paleozoic;

Awareness and understanding of the temporal and spatial dimensions in Earth
Precambrian and Paleozoic;

Awareness of major geological paradigms, the extent of geological time aeq
Tectonics;

Recognition of the need for, and engagement inrmatiaged and litdong learning.

DESCRIPTION OF THE COURSE: 1) Founders of Historical Geology;
Geological time scale; 3) Radiometric dating of rocks; 4) Origin of atmosphere
oceanicand continental crust; 5) Composition of Earth's cratons and shield
Beginning of life; 7) Life in the Proterozoic; 8) Proterozoic shields and Proter
ice ages; 9) Life in the Cambrian and Ordovician; 10) Paleogeography ¢
Cambrian and Ordowvian; 11) Life in the Silurian and Devonian; 12) Paleogeogre
of the Silurian and Devonian; 13) Life in the Carboniferous and Permian
Paleogeography of the Carboniferous and Permian; 15) Paleozoic succession
Dinarides.




STUDENT OBLIGATIONS DJURING THE COURSE: Regular attending to lectu
and lab sessions, and succesful passing of tests.

METHODS TO EVALUATE STUDENT PERFORMANCE: 5 written tests duri
the course.

EXAMINATION METHODS: Written and oral exam

COURSE(s) NEEDED FOR THIS COURSE:\Rital Geology, Paleontology

COMPULSORY LITERATURE:

Prothero, D. R. & Dott, R. H.: Evolution of the Earth. McG+iil
Science/Engineering/Math, 2001;

Levin, L.H.: The Earth Through Time. John Wiley & Sons, 2003;

Cooper, J.D., Miler, R.H. & Patterson, J.: A Trip Through Time: Principals of
Historical Geology. Merrill Publishing Co., 1990;

Wicander, R.Monroe, J.S.: Historical GeologyEvolution of the Earth and Life
Through Time. WeasPublishing Co., 1989;

Stanley, S.M.: Earth and Life Through Time. W. H. Freeman and Co., 1989;
Her ak, M. : Geol oZggrep,d990.Skol ska knjig

ADDITIONAL READING: Recent articles from domestic and international jour
that deal with subjects of this course




COURSE TITLE: Mineral optics

COURSE TEACHER/ TEACHERS: Nenad Toma
of Zagreb

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 2

SEMESTER: 3

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 5 lecturer
Exercises 4 lecturer
Seminars 0

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES
KNOWLEDGE AND SKILLS: training of studets for using polarising microscope
observation and recognition of optical properties of minerals, recognition and
determination of common rodkrming minerals, anticipation of relevant knowledg
and skills in using polarising microscope in mineralogaral petrologic
investigations

LEARNING OUTCOMES:

Knowledge and understanding of the optical properties of minerals in org
indentify them in an unknown sample.

Basic knowledge and understanding of genesis and alteration of minerals, ai
they refect to optical properties of minerals.

Ability to recognize common petrogenic minerals.
Ability to work with polarizing microscope.
Ability to recognize unknown minerals independently by using relevant literature

DESCRIPTION OF THE COURSE:

1. Nature oflight, reflection and refraction of light, index of refraction, optice
isotropic and anisotropic crystals, birefringence, optical indicatrix, polarisati
light, polarisation microscope, thin sections

2. Orthoscopic examinations without analyseremaf refraction, relief, Becke ling
pseudoabsorption, colour, pleochroism

3. Orthoscopic examinations with analyser: extinction (parallel, symmet
inclined), interference colours, determination of vibration direction of pola




accessory platedetermination of vibration directions for slow and fast wave,
of elongation

4. Conoscopic examinations: interference figures for uniaxial and biaxial cry
optic sign, determination of optic angle, optic axes angle dispersion

. Optical properties of isotropic minerals: spinel, garnet, leucite
. Optical properties of uniaxial anisotropic minerals: quartz, calcite, turmaline

5
6
7. Optical properties of biaxial anisotropic minerals: olivine and serpentine
8. Optical propertiesf biaxial anisotropic minerals: orthand clinopiroxene
9

. Optical properties of biaxial anisotropic minerals: amphibole (trerrexdii@olite
series, hornblende, glaucophane)

10. Optical properties of biaxial anisotropic minerals: mica (muscovite atitepi

11. Optical properties of biaxial anisotropic minerals: alkali feldspar (sani
orthoclase, microcline)

12. Optical properties of biaxial anisotropic minerals: plagioclase

13. Optical properties of biaxial anisotropic minerals: chlorite, epidote

14. Optical properties of biaxial anisotropic minerals: gypsum and anhydrite
15. Optical properties of opaque minerals

STUDENT OBLIGATIONS DURING THE COURSE: completion of all exercis
participation in preliminary exams

METHODS TO EVALUATE STUDENT PERFORMANCE: regular attendance
lectures and exercises, completion of all exercises, preliminary exams

EXAMINATION METHODS: written and oral

COURSE(s) NEEDED FOR THIS COURSE: General mineralogy, Syster
mineralogy

COMPULSORY LITERATURE:

1. Bari ¢, Lj. & Tajder, M (1967): M
knjiga, Zagreb

2. Medi morec, S. (iKa9r@eta skripta,rZageelh al n a

3. Pichler, H. & SchmitRiegraf, C. (1987). Gesteinsbildende Minerale
Duennschliff, Ferdinand Enke Verlag, Stuttgart, p. 230

ADDITIONAL READING:

1. Wahlstrom, E. E. (1979): Optical Crystallaghy, 5th ed., John Wiley & Son
New York, p. 488




COURSE TITLE:Invertebrata paleontology

COURSE TEACHER/TEACHER®® h D. bBur dica Pezelj, assi s

STUDY PROGRAMME:Undergraduate study of geology

YEAR OF STUDY:2.

SEMESTERS.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor
Seminars

ECTS credits4

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Description and lassification of various fossil invertebrate groups. Their major morpholo
characteristics, paleoecological requirements and evolutionary trends. Fossil inverteb
indicators of geological time and past environments.

LEARNING OUTCOMES:

Students will be able:

Identify the common groups of invertebrate organisms that dominate the fossil record.
Understand the trends in diversity and evolution of invertebrate through geological time.

Describe their morphological characteristics in orderetmgnize them in unknown sediment;
rocks and assign them to their proper orders or classes or even genera.

Use fossil invertebrate to determine geologic time.
Incorporate fossil invertebrate data in order to interpret and reconstruct depositionairaewir.o

DESCRIPTION OF THE COURSE:

. Introduction to the fossil invertebrates. Classification and geological ranges
. Parazoa: porifera, stromatoporoides, archaeocyatha

. Cnidaria: anthozoa

. Cnidaria: hydrozoa, scyphozoa, conuradiida, cubozoa

. Mollusca: polyplacophora, monoplacophora, scaphopoda, bivalvia I.

o O W DN P

. Mollusca: hivalvia II.




7. Mollusca: gastropoda

8. Mollusca: cephalopodanautiloidea, ammonoidea

9. Mollusca: cephalopodacoleoidea

10. Annelida, bryozoa

11. Brachiopoda

12. Arthropoda: trilobitomorpha

13. Arthropoda: crustacea, chelicerata, tracheata

14. Echinodermata: crinoidea, blastoidea, ophiuroidea, asteroidea, holothuroidea
15. Echinodermata: echinoidea, henichordata

STUDENT OBLIGATIONS DURING THE COURSE:
To attend thelass, to pass the test

METHODS TO EVALUATE STUDENT PERFORMANCE:
Written exams throught the semester

EXAMINATION METHODS:
Written and oral exam.

COURSE(s) NEEDED FOR THIS COURSE:
Physical Geology and General Palaeontology.

COMPULSORY LITERATURE:

Prothero, D.R.: Bringing fossils to life: An introduction to paleobiology. Wcb/Mc@tiatly New
York, 2003.

Chernicoff, S., Fox, H.A. & Tanner, L.H.: Earth: geologic principles and history. Houg
Mifflin com. Boston,New York, 2002.

Sremac, J.: Opcéa palZmemi1oed ogi ja. Skripta
Boardman, R.S.: Fossil invertebrates. Blackwell Sci. PBhlg Alto, 1987.

ADDITIONAL READING:
Textbooks about paleontology, recent scientific articles




COURSE TITLE:Geophysics

COURSE TEACHER/ TEACHERS: Dr. Snjeza

STUDY PROGRAMME: Undergraduate study of geology

YEAR OF STUDY: 2

SEMESTER: I

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 orofessor
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS:

Course introduce students to the broad spectrum of knowledge that can be obte
the application of basic principles of physics and mathematics to the study
Earth with special attention to the topics nearly correlated with geology.

LEARNING OUTCOMES:

Basic knowledge and understanding of fundamentals of Geophysics underlyi
study of Geology.

Knowledge and understanding of the complex nature of interactions within Phy
the Earth's interior and Geology .

Ability to undertake literatureemrches and other sources of information.
Basic knowledge of the application of geophysical methods to geological scien
Ability to work effectively as an individual and as a member of a team.

DESCRIPTION OF THE COURSE:

1. Introduction to the Earth li@pe and size, mass and density, the Moon
Earth's axis, the Earth's orbit, temperatures on Earth, atmosphere, or
Earth, origin of water on Earth, Earth's interdiormerly and today)

2. Coordinates on the Earth's surface (sphere coordirabteis and major circle
latitude and longitude, Earth as spheroid, geoid and geoid undulations, &
and depths)

3. Gravity (Newton's law of gravitation and force of gravity, centripetal
centrifugal forces, gravitation, Clairaut's theorem, measeménof gravity
accelerations, reduction of measured values of gravity acceleratic




correction for altitude, Bouguer's correction, topographical correction, ng
values of gravity accelerations, gravity field of the Earth, anomalies of g
field, tides)

4. Isostasy (concept of isostasy, Pratt's and Airy's theory of isostasy)

5. Seismicity and the sources of earthquakes (concept of seismipdtials
distribution and statistics of earthquakes, causes of earthquakes, sour(
types of earthquakes, earthquake mechanism and Reid's elastic r¢
theory, macroseismic method of earthquake investigatiorarthquake
intensity, macroseismic scalesoseismal maps, microseismic method
earthquake investigatienearthquake magnitude, microseisms, tsunami)

6. Seismic waves and Earth's internal structure (constants of elasticity, osc
and waves, wave equean, reflection, refraction, concept of seismogra
earthquake waves- body and surface, hodochrones and microseisn
method of epicenter determination, earthquake magnitude, investigatiq
Earth's interior, Moho discontinuity)

7. Earth's magnetismgéneral terms, the Earth's magnetic field, geomag
elements, magnetosphere and main field, magnetic poles, polar light)

8. Earth's internal heat (heat as energy transfer, heat flow, heat conductio
convection — adiabatic temperature gradient, asarement of the Earth
surface heat flow)

STUDENT OBLIGATIONS DURING THE COURSE:

After each lecture students have to do homework that will be discussed &
exercises. Many seminar themes are offered, as well as various numerical pr
with intention to get free from written part of exam.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Students have to participate the practical exercises and to perform a set task.

EXAMINATION METHODS:

Students have a written exam that consists of 4 numerical dhdoPetical tasks
Those who collect enough points from theoretical tasks (at least 6 from possil
and are satisfied with an obtained mark from written exam do not have to take
oral exam. Final mark is an average of marks obtained in writtéorahexams.

COURSE(s) NEEDED FOR THIS COURSE:

COMPULSORY LITERATURE:

. Bul |l en, K. E. alntrdduction Ao. the Bhedryt of gedpBy8ic
Cambridge )
« KasumoviG@GplMa ,i 1@r7ilmi j enjena geofi i

(Idioi Opl a geofSvzeiukda)l i Zagreb Lay, TZ and T.€.BMallace
1995.Modern global seismologycademic Presg,oronto

ADDITIONAL READING:
» Garland, G.D.,1979ntroduction to geophysicsy.B. Saundes Co.,Toronto




e Turcotte D. L. aGeatlynaeicsCa&rnbidgebraversity Pread|
Cambridge




COURSE TITLE: PRINCIPLES OF ELEMENTAL AND PHASE ANALYSIS

COURSE TEACHER/ TEACHERS: professor,
DARKO TIBLJAS, Faculty of Science

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: I

SEMESTER: Il

TEACHING CONTACT HRS DELIVERED BY

METHODS PER WEEK (professor or assistant
Lectures 2 professor

Exercises 2 professor, assistant, research assista
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Acquiring basic knowledge on sampling proble
and possibilities and limitations of analytical methods

LEARNING OUTCOMES:

Knowledge and understdimg of the scientific and technical terminology in 1
domain of analytical chemistry.

Basic knowledge of both the fundamental as well as modern analytical meth
chemistry.

The basic ability to analyse the results of chemical analysis by meangsticsta

Knowledge and understanding ofrfy generation and their interaction with mal
(diffraction and fluorescence).

Knowledge and understanding of analytical techniques basedray diffraction and
fluorescence.

Capability of phase determinationom X-ray powder pattern by comparison w
data base.

DESCRIPTION OF THE COURSE:

1. Introduction, division and definition of quantitative chemical analysis, nume
parameters of quantitative analysis, phases of quantitative analysis

2. Fundamentals of sampling, basic statistical parameters
3. Sample preparation, Methods of sample dissolution and destruction
4. Wet chemistry methods: gravimetric and titrimetric methods




5.-6. electromagnetic spectrum, spectrometric methods, absoratidnemissior
methods, other methods

7. electroanalytical methods, fundamentals of redox reactions
8.-9. fundamentals of Xay diffraction, Xray spectrum, Xay - matter interaction

10-12. X-ray powder method, theory, instrumentation, qualitative phasé/sas,
Powder Diffraction File, principles of quantitative analysis

13. X-ray fluorescence analysis
14. fundamentals of electron microscopy
15. thermal analysis

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, prelimir]
exams, homework assignments

METHODS TO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written exam, final grade includes also results
prelim and homeworkssignments

COURSE(s) NEEDED FOR THIS COURSE: General mineralogy, Chemistry | &

COMPULSORY LITERATURE: Jones, M.P. (1997): Methoden der Mineralogie.
Ferdinand Enke Verlagtuttgart, 260 pp.

Skoog, D.A. & Leary, J.J. (1992): Principles of instrumental analyS@sinders
College Publishingi-ort Worth, 700 pp.

Skoog, D.A., West, D.M. & Holl e$kolf
knjiga, Zagreb, 951 pp.

Whiston, C. (1987): Xay metods, JohiViley & Sons,New York, 426 pp.

ADDITIONAL READING: Jones, M.P(1987): Applied mineralogy. Graham
Trotman,London, 259 pp.




4. SEMESTER

COURSE TITLE: Historical Geology 2

COURSE TEACHER/ TEACHERS: Dr . Il van
Buckovi ¢, assistant professor

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 2nd

SEMESTER: 4rd

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 2 assistant
Seminars

ECTS credits: 4

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: The goal of the course is to introduce students
the environmental and temporal dynamics of the Earth through the Mesozo
Cenozoic, including evolution of the Mesozoic anditiey living world, composition
and relationship of Mesozoic and Tertiary rock units, with emphasis on those
occur on the territory of the Republic of Croatia and neighbouring area.

LEARNING OUTCOMES:

Knowledge and understanding of the essefamtures, processes, materials, histor|
and the development of the Earth through Mesozoic and Cenozoic;

Awareness and understanding of the temporal and spatial dimensions in Earth {
Mesozoic and Cenozoic;

Ability to integrate field and laboratory elence with theory following the sequencs
from observation to recognition, synthesis and modelling;

Recognition of the need for, and engagement inrmatiaged and litdong learning.

DESCRIPTION OF THE COURSE: 1) Living world and paleogeography of the
Triassic; 2) Continental and epicontinental Triassic successions; 3) Tethyan Trid
successions; 4) Dinaridic Triassic successions; 5) Living world and paleogeogré
of the Jurassic 6) Epicontinental Jurassic successions; 7) Tethian Jurassic sucg
8) Dinaridic Jurassic successions; 9) Living world and paleogeography of the
Cretaceous; 10) Epicontinental and Tethyan Cretaceous successions; 11) Dina
Cretaceous successions; 12) Living world of the Tertiary; 13) Paleogeography &
climate of the Tdiary; 14) European and Dinaridic Paleogene successions; 15)
Tethian and Paratethian Neogene successions, Quaternary: ice ages.




STUDENT OBLIGATIONS DURING THE COURSE: Regular attending to lectt
and lab sessions, and successful passing of tests.

METHODS TO EVALUATE STUDENT PERFORMANCE: 5 written tests duri
the course

EXAMINATION METHODS: Written and oral exam

COURSE(s) NEEDED FOR THIS COURSE: Physical Geology, Paleontology

COMPULSORY LITERATURE:

Prothero, D. R. & Dott, R. H.: Evolution of the Earth. McGrail
Science/Engineering/Math, 2001;

Levin, L.H.: The Earth Through Time. John Wiley & Sons, 2003;

Cooper, J.D., Miler, R.H. & Patterson, J.: A Trip Through Time: Principals of
Historical Geolgy. Merrill Publishing Co., 1990;

Wicander, R.Monroe, J.S.: Historical GeologyEvolution of the Earth and Life
Through Time. West Publishing Co., 1989;

Stanley, S.M.: Earth and Life Through Time. W. H. Freeman and C®; 198
Her ak, M. : Geol oZggrep,d990.Skol ska knjig

ADDITIONAL READING: Recent articles from domestic and international jour|
that deal with subjects of this course




COURSE TITLE:Vertebrata paleontology

COURSE TEACHER/TEACHER®® h D. ZI| at an Bajraktarevi ¢,

STUDY PROGRAMME:Undergraduate study Geology

YEAR OF STUDY:2.

SEMESTERA4.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor
Seminars

ECTS credits3

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Training of candidates for the scientific and practical work related to vertebrate paleontolog

LEARNING OUTCOMES:

Proficiency and understanding of osteological fossil features tamutdior the evolution of life.
Fundamental knowledge and basic aspects of gwolof the fossil vertebrates.

Ability to recognize individual osteological findings of the shérequent fossil vertebrates.
Ability to interpret field and laboratory evidences paleoecological interpration.

Ability of self-determining of unknown parts of fossils with the help of literatures.

DESCRIPTION OF THE COURSE:

Fossil skeletons and fossilization of vertebrates in marine, freshwater and continental sedi
areas. The principles of classicayolutionary and phylogenetic systematics (kladogra
Characteristics of osteological materials and odontological parts (skeleton head and limk
teeth and other inorganic "formation.” Taxonomy of the most common vertebrate fossils pr
(from agnatha to gnathostomata, fish, amphibians, reptiles, birds and mammals, with peé
emphasis on the development of primates and the origin man). The main examples of evo
sequences, distribution and extinction. the role of vertebrates in raligsiphy.
Palaeobiogeography

STUDENT OBLIGATIONS DURING THE COURSE:
Regular attendance at exercises, taking tests, work assignments, seminar essays

METHODS TO EVALUATE STUDENT PERFORMANCE:




Consultations, test, exam

EXAMINATION METHODS:
Written and oral exam.

COURSE(s) NEEDED FOR THIS COURSE:
Physical Geologwnd General Palaeontolagy

COMPULSORY LITERATURE:
Benton, M.J.: Vertebrate Paleontology. Chapman & Halhdon 1998.

Chernicoff, S., Fox, H.A. & Tanner, L.H.: Earth: Geologic principles and history. Houg
Mifflin Comp. Boston,New York,2002.

Carroll, R.L.: Vertebrate Paleontology and Evolution. WFkeeman & ColNew York,1998.
Palmer, D.: Earth in 100 groundbreaking discoveries.Quercus Pub. Pic.London, 2011.

ADDITIONAL READING:
Scientific articles




COURSE TITLE: Igneous and metamorphic petrology

COURSE TEACHER/ TEACHERS: Dr . Dr az
Department of Geology, Faculty of Sciendajversity ofZagreb

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 2

SEMESTER: 4

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 orofessor
Exercises 3 assistant
Seminars

ECTS credits: 7

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Students achieve basic knowledge of igneous
metanorphic petrology needed for BSc level, i.e. classification and origin of con
igneous and metamorphic rocks together with their environment and s
description. Basic knowledge includes elements of laboratory and field work.

LEARNING OUTCOMES:

Basic knowledge and understanding of the natural processes underlying the s
geology and igneous and metamorphic rocks genesis.

Knowledge and understanding of the properties of minerals in order to evaluat
role and genesis in igneous and medgphic rocks.

Basic knowledge and understanding of genesis and alteration of minerals, af
they reflect environmental conditions.

Basic ability to apply appropriate technology and use relevant methods for rese
petrology.

Ability to use simple gantitative methods and to apply them to geological proble
Basic ability to combine theory and practice to complete geological tasks.

Basic awareness of relevant stafdhe-art technologies and their application.
Basic ability to prepare, process, meet and present data, using appropr
gualitative and quantitative techniques and packages.

DESCRIPTION OF THE COURSE:

1. Rock forming minerals, structure, texture, mode of occurrence. Intrusive, ve
extrusive rocks. Pyroclastic rocks.

2. Earth mineral and chemical composition, magma, macgricro- and trace
elements, mineral mode and norms, variation diagraragmatic series.

3. Classification of igneous rocks. Volcanoes.

4. Magma origin and evolution. Magma emplacement and relative age. M
crystallization and differentiation, crystallization and melting in binary and tel




systems. Influence of differemeological factors on crystallization process. Pa
melting.

5. Igneous rocks associations, plate tectonic in magmatic cycle.

6. Mantle, meteorites, petrology of terrestrial planets and satellites. Magmatism
active and passive continental margins.

7. Igneous rocks of divergent plate margins, rift, oceanic crust, upper m
Volcanism inside oceanic plates, fspots, lagred mafic intrusions, continent
alkalic magmatism, anorthosites.

8. Igneous rocks of convergent margins, island arc, continental magmati
ophiolite suite. Plate (continentabntinental) collision, granite.

9. Metamorphism, limits, factors, grade.

10. Type and classification of metamorphism. Prograde and retrg
metamorphism.
11. Protoliths and chemical composition of metamorphic rocks. Rock for
minerals, textures and structures of metamorphic rocks. Classificatsaheme anc
recommendatins.
12. Influence of pressure, temperature and fluids on the mineral assen
Metamorphic isograds, facies and facies series. Metamorphic belts.
13. Thermal, cataclastic, regional, sea floor, burial, impact, polyphase metamorj

14. Geotectonic $engs of metamorphism.

15. Application of equlibrium concepts to metamorphic rocks, geotermobaro
basics, age of metamorphismTR reaction paths.

STUDENT OBLIGATIONS DURING THE COURSE: short written exams after €
lecture block

METHODS TO EVALUATE STUDENT PERFORMANCE: passing of writte
exams

EXAMINATION METHODS: average of written exams, oral

COURSE(s) NEEDED FOR THIS COURSE: Mineralogy, Geology, Systen
mineralogy

COMPULSORY LITERATURE:

Best, M.G. (2003): Igneous and metamorphic petrotdghackwell Publishing, 729
Pp.

Blatt, H. & Tracy, R.J. (1996): Petrology. Igneous, Sedimentary and Metamer
W.H. Freeman and co., 529 pp.

ADDITIONAL READING: Hyndman, D. W. (1985): Petrology of Igneous &
Metamorphic RocksMc Graw Hill Inc., N. Y.,786 pp.




COURSE TITLE: Sedimentary petrology

COURSE TEACHER/ TEACHERS: Dr. sc. Jo

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 2

SEMESTER: 4

TEACHING CONTACT HRS | DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 professor

Exercises 3 assistant and professor
Field work professor and assistant

ECTS credits?7

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES
KNOWLEDGE AND SKILLS:

Students learn how to identify main sediment types, their textures and structure
how to interpret these data in terms of provenance as well as physical, chemica
biological processes within the ancient environments. They also learn to unders
the importance of diagenetic changes.
In the fieldstudent get knowledge on how to collect informations on sediments g
different sedimentary features, and how these data are used for understanding
origin of the sediments.

LEARNING OUTCOMES:

Knowledge and understanding of genesis and alteration of sediments and sedin
rocks, and how they reflect to physical and chemical properties of rocks.

Ability to recognize and interpret common sedimentary textures and structures.
Ability to recognizecommon types of sediments and sedimentary rocks,
macroscopically and by using polarizing microscope.

Distinguishing depositional environments, their properties and understanding of
dynamics.

Ability of independent research of sediments and sedangnbcks in the laboratory,
and in the field.

DESCRIPTION OF THE COURSE:

- Sedimentary cycle. Standard methods of study of sediments in the field and ir]
laboratory.

- Chemical and physical weathering. Breakdown products, newly formed miner
dissolved material. Sefbrming factors (climate, relief, substrate, vegetation).
Paleosols.

- Erosion, transport and deposition. Properties of fluids. Transport by fBedtoad
transport (gravel, sand). Bedforms and their stability. Suspension transport and
deposition. Sediment gravity flows. Rheological properties of flows and dominar
particlesupport mehanisms. Depositional features diagnostic for particular type
gravity flows.




- Primary depositional structures and their formation. Erosional structures. Post
depositional sedimentary structures. Biogenic structures. Paleocurrent analysis
- Clastic sediments:

A) Sandstones, conglomerates and breccias. Sediment tartutextural maturity.
Interpretation of textural parameters. Terrigenous detrital components (Q, F, Lt,
minerals, others). Matrix problem. Compositional maturity. The main sandstone
conglomerate types and principles of classification. Petesairincipal provenance
terranes in the context of plate tectonics.

Diagenetic processes and environments. Compositional modification. Modificat
primary porosity and permeability and their influence on quality of rocks as
hydrocarbon or water reseers. Sandstone and conglomerate bodies. Deposition
environments.

-B) Finegrained siliciclastic deposHsiudstones: textures, structures and mineral
constituents. Organic rich black shales. Diagenetic processes in mudstones. Mé
types of mudrocks. Degitional environments. Marls.

-C) Volcanoclastic deposits. Processes and products. Diagenesis.

- Carbonate deposits. Mineralogy. Limestones: skeletal andkalatal grains, lime
mud-micrite and their origin. Microbial processes and products. Limeséxtere.
Main types of limestonesprinciples of classification. Depositional and early
diagenetic structures.

Depositional environments: shallow marine including reefs, -t\egpr, noAmarine.
Carbonate diagenesis. Diagenetic environments. Marine, meteoric, burial diage
Neomorphism. Dolomitization, dedolomitization, silicification.

- Evaporites. Mineralogy (gypsum, anhydrite, halite). Depositional environments
Resedimentation. Diagenesiscrystalisation, dissolution, replacemditaporite
sequences.

- Chert petrology. Cherts of biogenic origin. Cherts of anorganic origin.

- Phosphorites: Mineralogy. Phosphorous as essential element of live cells. Ear
diagenetic origin of marine phplsorites. Depositional environments.
Resedimentation. Bone breccias. Guano.

- Sedimentary iron and manganese deposits. Environmental factors controlling 1
precipitation.
-Organic deposits. Coal: petrology, the rank stages of coal, formation andeoceur
of coal. Oil shales. Formation of kerogen. The principal phases of hydrocarbons
generation.

- Mineralogy, occurrence, genesis and geological meaning of bauxites and later
-How knowledge about sediments is used in human activity: excavationllinmne
different buildings, environments protection, mining etc.

Field work.

Preparation.Students learn how to use topographical and geological maps, how,
measure sections and record observations. Sediment types and structures expe
be encounted in the field are studied. Students read and discuss literature sour
consisting features characterising the area to be visited.

In the field Study of several sediment types, textures, sedimentary structures, b
planes and paleotransport orierdat Log measuring and sketching the outcrops.
Selected feature of modern sediments are studied.

The work is performed under close supervision of the faculty and consistent
discussion on the features studied. A part of the work consists in small exercise
while in the second part, small group of studert8)(@ork on small carefully




designed projects.

STUDENT OBLIGATIONS DURING THE COURSE:
Class exercises, preparation for lessons and exercises, writing essays and repd
Activity in discussions.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Activities in preparation, discussion, reading and field work, as well as the quali
the reports.

EXAMINATION METHODS:
Oral exam. Specific activities mentioned above are taken into account.

COURSE(s) NEEDED FOR THIS COURSE:
General mineralogy, Systematic mineralogy, Mineral optics, General palaeontol

COMPULSORYLITERATURE:

Tucker, E.M. (2001): Sedimentary Petrology. An Introduction to the Origin of
Sedimentary Rocks. Blackwell Science, 3. izd., 262G#xford.

Tucker, E.M. (2003): Sedimentary Rocks in the Field. John Wiley & ,Sbnzd.,
244 str. Chichester.

Collinson, J.D. & Thompson, D.B. (1993): Sedimentary Structures. 2. izdanje.
Chapman & Hall. 207 strL,ondon.

Adams, A.E., MacKeng,W.S. & Guilford, C. (1987): Atlas of sedimentary rocks
under the microscope. Longham Scientific & Techical, 104lsingdon

Ti sljar, J. (1994): Sedi meZageh.e st i |

ADDITIONAL READING:
Ti sljar, J. (2004): Sedi menittatl ozga | cpe
i strazi v d26jsta, Zagrelg r e b .

Tisljar, J. (2001): Sedimentol ogij a
i strazi v Xn3y5astr. Zagrgh. e b .

Pettijohn, F.J., Potter, P.E. & Siever, R. (1972): Sand and Sandstomgespri
XVI*618, Berlin.

Pettijohn, F.J. (1975): Sedimentary RodKarper & Row, Publishers, 3. izd., 628 s
New York

Leeder, M (1999): Sedimentology and Sedimentary Basins. From Turbulence tg
Tectonics. Blackwell Sciencg92.,0xford.

FIl dgel, E. (2004): Microfacies of C
Application. Springer, 976 stBerlin.




COURSE TITLE: Micropaleontology |

COURSE TEACHER/ TEACHERS: Prof . Dr .

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: Il

SEMESTER: \Y;
TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 1 PROFESSOR
Exercises 2 ASSISTENT
Seminars

ECTS credits3

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES
KNOWLEDGE AND SKILLS: Informing the students about the selection of the
most important representatives of the microfossils, their structure and their
biostratigraphical and paleological significance.

LEARNING OUTCOMES:

Basick nowl edge and wunder st andi angtionoof them
determination.

Proficiency in processes of solving of micropaleontological amdtiztigraphica
problems.

Ability of determination of he most important microfossils.
Ability to work in binocular lenses and microscope.
Ability to identify microfossils from different unknown samples of sedimentary rg

DESCRIPTION OF THE COURSE: A short historical review. The tasks
micropaleontology. Samplings, methods of preparation. Thgs ved fossilisation
optical methods and ways of observation of the microfossils; Morpho
organization, ways of life and the taxonomy (foraminifera; ostracodes; calpion
conodonts; calcareous algae; calcareous nannoplankton; radiolaria; matorasd
silicoflagellates; dinoflagellates; spores and pollen) and the evolution of the
important groups of microfossils in the geological time and space. The importa
the microfossils in biostratigraphy, paleoecology and oil exploration.

STUDENT OBLIGATIONS DURING THE COURSE: Alongside the lectures &
systemetical informing through microscoping the microfossils, practicing succ




preliminary exams related to the recognizing of the microfossil genus and s
according to the choice of thparticular tasks/seminars related to the most impo
groups of microfossils.

METHODS TO EVALUATE STUDENT PERFORMANCE: Ordinary attendance
the lectures, practice as well as dealing with preliminary exams, tasks/seminars

EXAMINATION METHODS: After active and properly accomplished prelimin;
exams at the practice ; tasks/seminarsan exam in writing with obligator
recognition of the microfossils in preparation (in slides) and a final oral exam.

COURSE(s) NEEDED FOR THIS COURSE: General palaeontology, phy
geology (Chemistry I, Mathematics 1)

COMPULSORY LITERATURE: Haqg, B. U. & Boersma, A.: Introduction to Mar
Micropaleontology, Elsevier, New York 1998. Bignot, G.: Elements
Micropalaeontology, Graham & Trotman Linb.pndon 1985. Riding, R. : Calcareo
Algae and Stromatolites. Springer Verl&grlin, 1991.

ADDITIONAL READING: Under additional literature we understand an e
election of the topical articles from the world's leading micropaleonthological jou
and Internet sites.




5. SEMESTER

COURSE TITLE:Geological mapping |

COURSE TEACHER/TEACHERSD r . sc. BOberitera serlion Eecurer (Faculty
Science)

STUDY PROGRAMME:Undergraduate study of geology

YEAR OF STUDY:3

SEMESTERS

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 1 professor
Exercises 6 professor
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Learning how to use geologica maps and make new geological maps.

Understanding theole of geological mappin@ solving geological problems

Ability to read topographic base maps.

Ability to read geological data from geological maps and esestions.

Ability to reconstrucbasicgeologicalstructuresn threedimensional spadey applying a
geometrical approach.

Ability to analyze geological daia order tointerpret the geologat structure of the subsurface.
Ability to construct graphic illustrations for visualizing geological data.

DESCRIPTION OF THE COURSE:

Introduction and history of geological mapping. Types of geological maps. Relations b
rocks: structures,texturesn@ tectonical movements, thickness of divided geological u
Recognotion of geological structures on the geological maps and on the field. Gr
presentation geological structures (profiles, diagrams). Preparations for geological m
(fotogeology, remote sensing). Field work. Cabinet work (analysis of the rocks, geological ©
and profiles, explanatory notes). Special maps.

STUDENT OBLIGATIONS DURING THE COURSE:
Regular attending to lectures and successful passing all excersises

METHODS TO EVALUATE STUDENT PERFORMANCE:




EXAMINATION METHODS:
Successful passing exsercise and obligatory progi@nasexam.

COURSE(s) NEEDED FOR THIS COURSE:
Pas@g all exames of previous years of study

COMPULSORY LITERATURE:
Bahun, %.0: k@edlio&nj agrebSIR98.l ska knji ga,

Barnes, J.W. & Lisle, R.J: Basic Geological Mapping (fourth edition). John Wiley & Sons|
England, 2004.

Bennison, G.M. & Moseley, K.A.: An Introdtion to Geological Structures & Maps. Arnold
member of the Hodder Headline Groupndon, 1997.

Bolton, T. & Proudlove, P.: Geological MafgsambridgeJniv. Press, 1989.

Butler,B:C:M. & Bell, J.D.:Interpretation of Geological Maps. Longman Scientific & Techn
1988.

ADDITIONAL READING:
Dimitri j evi ¢, M. : Ge oBeogiadd,d97& art i ranj e. I CS,

Powell, D.: Interpretation of Geological Structures Trough Maps (an introductory prd
manual). Longman Scientific & Technical, Group UK Ltd., 1994.




COURSE TITLE: Structure geology and tectonics

COURSE TEACHER/TEACHERS:

dr . sc. Bruno Toml j e broversitg of Zagrabs Fasultyao
Mining, Geology and Petroleum Engineering

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 3

SEMESTERS

TEACHING CONTACT HRS DELIVERED BY

METHODS PER WEEK (professor or assistant
Lectures 2 dr . sc. Bruno
Exercises 2 dr . sc. Bruno
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS:

The program of this course is designed to enable students to understand and ¢
the basic knowledge in structural geology and tectonics. Particularly, it is desig
develop analytical and deductive skills in: (1) description of deformationaitstes
in rocks and minerals; (2) classification of different types of deformational struc
(3) methods of structural data collecting, processing and presentation; a
structural data interpretation. Besides, the program is designed to emphagsisie
of structural geology and tectonics in a modern multi disciplinary exploratic
geosciences.

LEARNING OUTCOMES:

Ability to perform an independent descriptive, kinematic and dynamic stru
analysis of the most common types of deformationalctires in rocks and the
structural elements based on observations on outcrops, on aerial photogrdyj
reflection seismic sections

Ability to perform an independent structural measurements on outcrops in of
collect data on orientation of sutral elements with data presentation
stereographic projection dmprojection on structural map

Ability to perform an independent structural analysis of data presented on geo
maps with description of structural characteristics of analysed area

DESCRIPTION OF THE COURSE:
l. Lectures Definitions and goals of structural geology and tectoniesyole




VI.

VII.

VIII.

of structural geology and tectonics in a modern multi disciplir
exploration in geosciencesConcept of detailed structural analys
descriptive, kinematic and dynamic analysibasic idea and principle
ExercisesThe principle of stereographic projection of lines and planes

Lectures Homogeneous and ngromogeneous deformation. Coaxaadd
noncoaxial strain pure shear and simple shear. Concept of increm
and finite strain ellipse and strain ellipsoid. Stress ellipsoid, reso
normal and shear stresses on Mohr stress diagrams. Strefigin
relationships: rock behaviour, roté temperature, strain rate and time
brittle and ductile deformationExercises Characteristics and use

different kinds of stereonets: polar, Schmidt (equal area) and Wulf
Plotting the orientation of lines and planes.

Lectures Joints ad fractures— morphology, genetic classificatio
Tensional, compressional and shear joinfsint-face ornamentation an
associated microstructures. Development of antitaxial and syntaxial
Exercises The use of stereographic projection in struatugeology:
Measuring the angle between lines and planes (e.g. between
striations, mineral lineations, fault planes, etc.).

Lectures Relationship between major types of joints and principal s
directions. Methods for mapping of joints arftear fractures. Joints ar
fractures in folded and faulted rocks and regidbsercises The use of
stereographic projection in structural geology: Orientation of
intersection of two planes (e.g. conjugate fault planes, etc.), calculat
true and pparent dips of lines and planesthe use of method i
construction of structural crosections.

Lectures Faults— basic definitions, why and where they form. Fault rog
Types of faults, morphology and kinemtics. Determination of slip
faults. Exercises Stereographic projection and rotation about a horizg
and inclined axes (e.g. rotation of fold limbs, fault blocks, restoratic
tilted beds, etc.).

Lectures Dynamic analysis of faulting. Transition of faults into sh
zones with progmsive deformation- transition from cataclastic int
mylonitic rocks. Types of shear zones, why and where they f
Exercises HOUREXAM #1. PRINCIPLE AND USE OF
STEREOGRAPHIC PROJECTION.

Lectures Shear zones: sense of shear determinatiffset and deflection
of markers, shear sense indicatoExercises Structural analysis o
mylonitic rocks presented on photographs of oriented thin sect
Stereographic projection of joints and faultsdetermination of stres
directions.

HOUR-EXAM #2: JOINTS, FAULTS AND SHEAR ZONESExercises
Stereographic projection as a statistical teoldensity contouring ol
stereograms. Preparation and reading of density contour diagrams.

Lectures Folds— descriptive analysis of folds: geometric parts of folg
surface, layers and multilayers, fold size, attitude, cylindricity, symm
and style. Exercises Stereographic projection in analysis of folds




preparation of " B" anfadcylindricitydi ag

X. Lectures Fold classifications. Order of folds. Superposed fold
Exercises Structural analysis of superposed folding on photogrg
Construction of o di agr a m— raah

example of field data, Jart.

XI.  Lectures Kinematic analysis of folding: fundamental mechanisms
folding (flexural folding, passive folding and kink folding). Orientat
and distribution of joints and faults associated with folHgercises
Constructi on o festifatioh of doid ecygimdaciy— raah
example of field data, 1. part.

XIl. Lectures Foliations and lineations in tectonites. Morphologi
classification of foliations. Mechanisms of foliation developm
Foliations (cleavages) and folds. Transpositmifoliation. Exercises;
Structural analysis of different types of foliations on photograph
oriented thin sections.

XIIl. Lectures Classification of lineations. Fold mullions, boudinage
boudins— morphology, types of and mechanism of formatiBrercises:
Structural analysis of boudinage on photographs.

XIV. Lectures Introduction to tectonics: structural assemblages in reg
characterized by extensional, compressional and wrench {slile
tectonics— basic terminology, examples and analoguadels.Exercises;
Interpretation of seismic reflection profiles in regions characterize
extensional, compressional and wrench (stske) tectonics.

XV. HOUR-EXAM #3: FOLDS, FOLIATIONS, LINEATIONS AND
INTRODUCTION TO TECTONICS

FIELD EXCERCISES: Recognition and descriptive analysis of deformat
structures in regions composed of crystalline basement (metamorphic and ig
and in sedimentary rocks. Field data measurement and collection, recording of
field notebooks md presentation on stereoplots. Analysis and interpretatio
structural/tectonic history of the region based on collected data together wit
presented on published geological maps.

STUDENT OBLIGATIONS DURING THE COURSE:

1) Home works: completionof written answers and graphical solutions
exercises in stereographic projection, structural analysis of deforma
structures presented on photographs ansketsmic reflection profiles

2) Regular attendance to 3 heexams during the course. lase of preexcused
absence student is obliged to take the final exam which will be schedule
the course.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Completion of written answers and graphical solutions of exercises.




EXAMINATION METHODS:
1) 3 hourexams in written form (60% of final grade)

2) Completion of written answers and graphical solutions of exercises (20
final grade)

3) Final exam in oral form (20% of final grade). In case of absence from
then 1 howexams final exam is indbh written and oral form.

COURSE(s) NEEDED FOR THIS COURSE:
Physical geology

COMPULSORY LITERATURE:

1.G. H. DAVIS & S. J. REYNOLDS (1996) Structural Geology of Rocks and
Regions. 2nd ed., Johiwiley & SonsNew York, 776 s.

2. R. J.LISLE & P. R. LEYSHON (2004) Stereographic Projection Techniques
Geologists and Civil Engeers. 2nd edCambridgeUniv. Press, 112 s.

ADDITIONAL READING:

1. B. T OMLZO@NSIMtur@l geology. GROM with lecture slides.

2.J. G. RAMSAY & M. I. HUBER (1983) The Techniques of Modern Structural
Geology, Vol.1: Strain Analysis, Academic Press, ltandon, 307 s.

3. J. G. RAMSAY & M. I. HUEER (1987) The Techniques of Modern Structural
Geology, Vol.2: Folds and Fractures, Academic Press|Lbrjon, 309700 s.

4.V. KRANJEC (1992) Structural geology (I.), RGNEagreb, 138 s.




COURSE TITLE: GEOCHEMISTRY

COURSE TEACHER/ TEACHERS: FULL PROFE

NAME OF THE UNDERGRADUATE STUDY: UNDERGRADUATE STUDY IN
GEOLOGY

STUDY YEAR: Il

STUDY SEMESTER: 5

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor, assistant
Seminars

ECTS credits: 4

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Getting students acquainted with chemical elem
distribution in the Universe, the Earth magasystem (the Earth crust, mantle anc
atmosphere, hydrosphere and biospherand with rules which govern these distri

LEARNING OUTCOMES:

Knowledge and understanding of geochemical principles by which it is possible
solve specific geological problems.

Basic knowledge of the occurrence, abundance and distribution of chemical ele
in the Universe.

Knowledge of the importance of trace®lents in the interpretation of magmatic
processes.

Ability to explain the physicochemical mechanisms of the aqueous solutions.

Ability to explain the chemistry of the hydrosphere and its role in the weathering
the major rock types.

Ability to understad the interconnectedness of physical, chemical, geological an
biological processes in the major environments on Earth.

COURSE DESCRIPTION :
1. Definition, divisions, history and position of the geochemistry in natural scienc

2. Fundamentals of geochimal systems, geochemical variables, termodynamics
Kinetics;

3. Chemical elements, atomic quantum model, origin of elements;




4. Fundamentals of cosmology, origin, age and composition of the Universe;

5. Genesis, structure and composition of planedscgher bodies of the Solar syste
6. Origin of elements, theory of nucleosyntesis;

7. The Earth megasystem, definition of geosphere, theory of Earth structure;

8. Structure and composition of the Earth crust. Average element composition
Earh crust;

9. Structure and composition of the Earth mantle;
10. Structure and composition of the Earth core. Composition of the Earth as er

11. Geochemical system of the atmosphere, structure and composition
atmosphere;

12. The origin of varible constituents of the atmosphere, origin and evolution o
atmosphere, losses and additions to the atmoshere;

13. Geochemical system of the hydrosphere, Hydrologic cycle. The compotion
atmosphere;

14. Geochemical system of oceans; Conservatig nonconservative elements
oceans;

15. Geochemical system of the biosphere. The composition of biosphere.
processes in the biosphere..

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, prelimir]
exams, homework assignments

METHODSTO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written exam, final grade includes also results
prelim and homework assignments

COURSE(s) NEEDED FOR THIS COURSE:, Chemistry | and Il

COMPULSORY LITERATURE:
Prohi ¢,): Gokemijg, Tadga, $54 str.

ADDITIONAL READING:

Richardson, M.S. & McSween, Y.H. Jr (1989): GeochemistPathways and
processes, PrentieeHall, Inc, New JerseyWSA 500 str.




COURSE TITLE: HYDROGEOLOGY

COURSE TEACHER/TEACHERS:

D. Sc. Andrea Bacdani , Associ ate Prof
engineering

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 3.

SEMESTER: V.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 Andrea Bacani
Exercises 1 Jelena Parlov (assistant)
Seminars

ECTS credits: 4

DEVELOPMENT OF GENERAL AND SPECIFIC CRPETENCIES-
KNOWLEDGE AND SKILLS:

Understandig the main laws of groundwater movement and hydrogeological
characteristics of rocks. Getting knowledge to solve practical gmabimportant for
watersupply.

LEARNING OUTCOMES:

Knowledge and understanding of the basic hydrogeologic features, process
bast laws of groundwater movement.

Ability to assess the type of aquifer and flow based on data analysis of drillin
test pumping, and the ability to choose the appropnma&thod for calculing

hydrogeological parameters.

Ability to apply the calculated values of hydrogeological parameters for assess
hydrogeological characteristics of the aquifer and thailable groundwate
guantities.

Ability to assess the valigi of the well performance and optimal flow rates base(
the calculatd values of the well parameters.

Ability to assess the conductivity and storage capacity of karst aquifer based
analysis of the hydrograph recession.

DESCRIPTION OF THE COURSE:

What is hydrogeology. Historical development of hydrogeology. The relatio
between hydrogeologgnd other fields of geologyVater on the Earth and glob
balance of the water. Hydrologic cycle. Precipitation. Runoff. Evapotranspir
Infiltration and recharge. Base flow. Hydrologic equation. Origin of ground w
Porosity. Permeability. Classificat

extensions. The boundaHydraulio head aadr Hydradul
gradient. Hydraulicconductivity and Transmissivity. Storage properties of aqu




Specific yield of aquifer. Main equations of flow. Boundary conditions. Pumping
method. The Theis confined aquifer method. Codaeob modification. Th
HantushJacob leaky aquifer medd. Water table aquifers. Neuman method. Spe
capacity of the pumped well. Drawdown in the pumping well. Efficiency of
Principle of superposition. Bounded aquifers. Hydrogeology of karst. Groundwsg
a resources.

During the exercise hours sems calculate and solve problems connected
subject.

STUDENT OBLIGATIONS DURING THE COURSE:
Homeworks and two miterm exams.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Solved problems through the homeworks and passedamdexams.

EXAMINATION METHODS:

Written and oral exam. Miterms exams make 30% of grade, written exam 30%
oral exam 40%.

COURSE(s) NEEDED FOR THIS COURSE:
Mathematics | i Il, Physics, Physical geology.

COMPULSORY LITERATURE:

P.A.Domenico & F.W.Schwartz: Physicand chemical hydrogeology. J. Willey &
sons, 1997.

ADDITIONAL READING:

F.W.Schwartz & Zhang Hubao: Fundamentals of groundwater. J. Willey & sons
2003.
J. Bear: Hydraulics of groundwater. McGr&ill, 1979.




6. SEMESTER

COURSE TITLE: Geology of mineral deposits

COURSE TEACHER/ TEACHERS: prof.dr. L

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 3.

SEMESTER: 6.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (teacher or assistapt
Lectures 3 professor
Exercises 1 assistent
Seminars assistent

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIEE COMPETENCIES -
KNOWLEDGE AND SKILLS: The course is provided to get a student acqua
with geological and geochemical processes responsible for formation of m
depositsOre petrology and metallogeny is also an esakeeliement in reconstructio
of Dinaride evolution.

LEARNING OUTCOMES:

Basic knowledge strongly depends on the midaleool experience (high school
USA). In average bellow some colloquially accepted standards.

General howledge on materials, evolution of the Earth as a planet and the life
is raisedn the course of the study program.

The basic understanding of principles isuccessfully acquired. Terminology
nomenclature and use of bibliography are gradually improved to the level satisf
for undergraduate study.

One of the aimsf thecourse is to emphasizeterdisciplinaryconnectionsnecessary
for understanding ofomplexore forming processegnd contemporary problems
the environmental protection.

Global tectonics in explanation of metallogenic principles is widely in use.

DESCRIPTION OF THE COURSE:

1.Earth structure, origin of magma, elements of global tectonics, 2.o@ealf
Dinarides, 3. Deposits related to liquid magma processes, crystallisation differe
liquid segregates 4. Chromite, -80o sulphides (platinum), carbonatite, komati
diamond, nefelinite, titanomagnetite, apatite, -lategmatic (Kiruna type),5.




Postmagmatic, pegmatites, 6. Pneumatolites, (skarns, greisens), 7. Massive s
(Cypruss type), 8. Hydrothermal deposits (kataneseepi), Cuporphyries,
(cementation zone), 9. Higdulphidation, Lowsulphidation, (Bor, Majdanpel
Tr ep C a) hloogeConnetontto magmatism (Ljubija siderite deposit), SE
(FeV a r e §lgrija,g-Ce v | j a Kuwokd, Mississjppi valley Pz n  ( Me
Bleiberg, Olovo),11. Sedimentary deposit, Sabkha related,-§€hists, Ba_okve),
resistates (Au, Pt, diamonds, cassiterite), 12. Precipitatési(U o Wrts €dlorado
plateau type)hidrolysates (bauxites, laterites,-Mterites), 13. Metamorphogenic a
metamorphose deposits (/Aoesothermal), 14. Metallogeny and plate tecto
(Wilson Alpine cycle) in general, in Dinarides.

STUDENT OBLIGATIONS DURINGTHE COURSE: Obligatory lecture audien
and successful lab assignments,

METHODS TO EVALUATE STUDENT PERFORMANCE: colloquies, seming
mid-term exam are prerequisite for recognition of attendance.

EXAMINATION METHODS: After fulfilling of course obligation thg
overall mark is formed by final exam, written, and oral.

COURSE(s) NEEDED FOR THIS COURSE:General mineralogy, Systel
mineralogy, Petrology of igneous and metamorphic rocks, Geochemistry.

COMPULSORY LITERATURE:Evans, A.M.:Ore geology and industrial minera
Blackwell Sci.Puhl London, 1990, str. 389.

Sawkins, F.J.: Metal deposits in relation to plate tectonics. Springer Verlag, 19¢
460

ADDITIONAL READING: Ineson, P.R.: Practical ore microscopy, Longman €
sci.ser., 1989., str. 181.

Mar kovi ¢, S.: Hr vat ske mineral ne si




COURSE TITLE:EENGINEERING GEOLOGY

COURSE TEACHER/ TEACHERS: As si s tUaivetsity
of Zagreb, Faculty of Mining, Geology and Petroleum Engineering

STUDY PROGRAMME: Undergraduate study Geology

YEAR OF STUDY: 3.

SEMESTER: 6.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 S. Mihalidé
Exercises 1 S. Mihalié
Seminars

ECTS credits: 4

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: To learn the basiconcepts and terminology ¢
engineering geology related tengineering geological features and problems rel
to specific rock types; methods and results of megiing geological investigation; tf
role of engineering geological investigation in geotechnics/mining.

LEARNING OUTCOMES:
Knowledge and understanding of the essential characteristics of Earth materials
processes, important for djgations in geological and geotechnical engineering.
An awareness of the wider spectrum of disciplines of applied geology.
Awareness of the applications and responsibilities of Engineering Geology and
in society including its environmental aspgect

Basic ability in the formalization and specification of problems whose solution
involves the use of methods of engineering geology, soil mechanics and rock
mechanics.

Basic ability to combine theory and practice to congpérigineering geological task
Ability to conduct appropriate data analysis and interpretations and draw conclu

DESCRIPTION OF THE COURSE:

1. LecturesINTRODUCTION TO ENGINEERING GEOLOGY;
ENGINEERING GEOLOGICAL INVESTIGATION FUNDAMENTALS.
The Role of an Engineering Geologisteaents of an Investigation. Types ¢
Investigation;

Exercise: MECHANICS FUNDAMENTALS. Stress; Strain;
Lectures ENGINEERING SOIL. Describing Soil for Engineering Purposes
The Engineering Properties of Soils. Uses of Soil Science Classification;
ENGINEERING PROPERTIES OF ROCKS. Intact Rock. Rock Masses.
Engineering Classification of Rocks;

4. Exercise: ENGINEERING GEOLOGICAL DESCRIPTION OF

w N




ROCK/SOILS

5. Hour exam no. 1

6. Lectures CLASTIC SEDIMENTAY ROCKS. Geological Description.
Engineering Properties of Sandstones and Conglomerates. Engineering
Problems with Shales and Mudstones. Engineering Properties of Sites in
Sandstone and Shale; SOLUBLE ROCKS: LIMSTONE, DOLOMITE ANL
EVAPORITES. Geological Description. Solution Processes and Their Eff
Engineering Properties of Limestone and Evaporites;

7. Lectures PLUTONIC IGNEOUS ROCKS. Geological Description.
Weathering of Plutonic Rocks. Engineering Properties of Plutonic Rocks;
VOLCANIC ROCKS. Geological Description. Weathering of Volcanic
Rocks. Engineering Problems with Volcanic Rocks; METAMORPHIC
ROCKS. Geological Description. Weathering in Metamorphic Rocks.
Engineering Problems in Metamorphic Rocks;

8. Lectures RESIDUAL SOLS. Geological Description. Engineering
Properties; COLLUVIUM AND TALUS. Geological features. Engineering
Problems in Debris; COARSE GRAINED SOILS. Geological Description.
Engineering Features. Engineering Problems in Sands and Gravels.

9. Lectures CLAYS. Geological Description. Engineering Problems in Clays
LOESS. Geological Description. Engineering Properties of Loess; SOILS
COLD CLIMATE. Engineering Properties of Till, Fluvi&lacial Deposits,
Quick Clays and Permafrost. Engineering Prolsi@mSoils of Cold Climate.

10.Hour exam no. 2

11.Lectures SUBSURFACE WATER. Basic Hydrogeological Parameters.
Engineering Significance. Control of Subsurface Water; GEODYNAMIC
PHENOMENA. Risk and Geologic Forecasting of Hazard. Earthquake
Induced Procsses. Volcanic Processes. Landslides. Subsidence. Expans
Soils. Shoreline Processes.

12.LecturesINSTRUMENTATION. Instrument Components. Instrument Typ
and Applications. Planning an Instrumentation Program; ENGINEERING
GEOLOGI CAL EXPL ORAITEIR®BNK OGO LNYSEKND
| STRAZI VANJE. Engineering Geol og
Exploration; CONSTRUCITON USES OF ROCKS. Aggregates. Riprap a
Other large Rock Materials;

13.Exercise: GRAPHIC SLOPE STABILITY ANALYSIS. GEOMECHANICAL
ROCK CLASSIFICATICN.

14.Exercise: BOREHOLE LOG DESIGN. INTERPRETATION OF
ENGINEERING GEOLOGICAL UNITS.

15.Hour exam no. 3

STUDENT OBLIGATIONS DURING THE COURSE: Completion of exercises
regular attendance to three hour exams. Regular attendance in lecture
expecation.

METHODS TO EVALUATE STUDENT PERFORMANCE: Completed exerci
and positive grade of minimum 2 hour exams.

EXAMINATION METHODS: exercises (40% of final grade); and 3 hour ex:
(60% of final grade) during the semester. In case ofepoeised absencgudent is
obliged to take the final exam which will be scheduled after the course.




COURSE(s) NEEDED FOR THIS COURSE:
1. Johnson, R.B. & J.V. DeGraff (198®)inciples of engineering geologylohn
Wiley and So.New York, 497 p.

2. Goodman, R.E. (1993Engineering geology. Rock in engineering construdii
John Wiley and SoNew York, 412 p.

COMPULSORY LITERATURE:
1. Waltham, T. (2002)Foundations of engineiag geology, 2nd ed Spon Press,
London, 92 p.

2. Bell. F.G. (2000):Engineering properties of soils and rockBlackwell Science
Oxford, 482 p.

ADDITIONAL READING:




COURSE TITLE:Geological mapping Il

COURSE TEACHER/TEACHERSP h D. B o r -Olzeritet, weniarr lecturer (Faculty
Science).

STUDY PROGRAMME:Undergraduate study of geology

YEAR OF STUDY:3.

SEMESTERS.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 1 professor
Exercises > professor
Seminars

ECTS credits3

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Adopting of competences of interpretation and construction of geological maps

LEARNING OUTCOMES:
Knowledge of geological field work methods and understanding of their application.

Ability to apply specific approaches igeological mapping of sedimentary, magmatic
metamorphic rocks.

Ability to read data from specialized geological maps.

Understanding the application of remote sensing techniques and digital technology in ge
mapping.

Ability to analyze and syntls&ze diverse geological data in order to reconstruct the geold
structure of tectonically complex terrains.

DESCRIPTION OF THE COURSE:

1. Examination of general geological knowledge

2. Topographic maps

3.—7. Interpretation of geological maps

8. Spaial distribution of geological units

9. Lithostratigraphic nomenclaturethe

10. Guidelines for Geological map Gfoatia 1:50 000

11. Identification of geological structuresonstruction of geological profiles




12. GIS technlogy as a tool for construction of geological maps
13. Geological databases
14. Preparing for the fieldwork

STUDENT OBLIGATIONS DURING THE COURSE:
Preparing of field geological map on the basis of field exercises

METHODS TO EVALUATE STUDENT PERFORMANCE:
Monitoring student's performans during excerscises and compliting obligatory programs.

EXAMINATION METHODS:
Evaluation through the practical work and final exam.

COURSE(s) NEEDED FOR THIS COURSE:

Completed all courses in geology on 1st and 2nd years of study and Geological ma
(attended).

COMPULSORY LITERATURE:

Bahun, S. (1993): GeolosSko kartiranje
Dimitrijevi ¢, M. (1978): GeolosSko kartir
Freeman, T. (2005): Procedures in field geologjackwell.

Compton, R.R. (1985): Geology in the fieldohn Wiley & Sons.

ADDITIONAL READING:




COURSE TITLE:Facies analysis and interpretation

COURSE TEACHER/TEACHERS?hD. Ervin Mrinjek, assistant professor, Faculty of Scienc

STUDY PROGRAMME:Undergraduate study of geology

YEAR OF STUDY:3

SEMESTER®G

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 professor
Exercises 2 professor
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

The basic knowledge and skills on facies analysis and interpretaion realized on sagimen
successions and profiles.

LEARNING OUTCOMES:

Basic knowledge and understanding of the sedimentary processes in the various environm
Basic knowledge on sedimentary facies and identification competences.

Ability to apply appropriate methods and technology.

Basic ability of independent analysis the field and laboratory .

Basic ability to prepare, process, interpret and present data.

Ability to create sedimentary models.

DESCRIPTION OF THE COURSE:

1) Facies (lithofacies, biofacies, microfacies, discreptive facies, genetic facies),
assoa@tions, facies sequences, architectural elements and lateral profiles).

2) Facies models.

3) Sedimentary logs, drawing sedimentary logs.

4) Fundamental principles of sequence stratigraphy.

5) Sedimentary basins, sedimentary basins and plate tectonics.
6) Alluvial fans.

7) Rivers, characteristic facies and facies associations, glacial and glaciofluvial faci
environments.




8) Deltas, types of deltas, threepartite division of deltas, delta successions, fan deltas
deltas.

9) Clastic and carbotecoasts, coastal processes and environments.

10) Clastic and carbonate shelfs, carbonate platforms shelfal processes, shelfal fac
associations.

11) Estuary and incised valleys

12) Deepsea environments, deepsea turbidites, debritesipssiiand slides, olitostolith
contourites, pelagic and hemipelagic sediments.

13) Aeolian sediments and environments.

STUDENT OBLIGATIONS DURING THE COURSE:
Class attendance.

METHODS TO EVALUATE STUDENT PERFORMANCE:

EXAMINATION METHODS:
Exerciseswritten exam and oral exam.

COURSE(s) NEEDED FOR THIS COURSE:
Physical geologyHlistorical geology, Sedimentary petrology.

COMPULSORY LITERATURE:

Tisljar, J. (2004): Sedi mentologija kIl as
Ti sl jar, J. (tileAeB4k)o: s&eathijkehd ntgrae s

Tucker, M. E. 2001): Petrologija sedimenata.

Nichols, G. (2003): Sedimentology and Stratigraphy. Blackwell Science Ltd,

ADDITIONAL READING:
Walker, R.G. & James, N.P. (eds.)(1992): Facies modetsoGieal Association o€anada.




COURSE TITLE:Field work in geology 11IB

COURSE TEACHER/TEACHERSP h D. Josip Hal ami ¢, asso
Pal i, fulkpeofessor, PhD. Ervin Mrinjek, assistant professbniyversity of Science

STUDY PROGRAMME:Undergraduate study of geology

YEAR OF STUDY:3

SEMESTER®S

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures

Exercises 7 )

Seminars

ECTS credits?

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Obtaining skills for construction of geological maps, applications of aquired knowled
geology of mineral deposits and analyses and interpretation of facies.

LEARNING OUTCOMES:

1. Spatial orientation in the field

2. Reading of the topgraphical maps in the filed
3. Independently leading of the fieldbook

4. Teamwork

5. Construction of the geological map in the field

DESCRIPTION OF THE COURSE:

1. Field introduction

2. Individual work in field and camp

3. Introduction toory bodies structures

4. Introduction to structure of sedimentary rocks
5. Sedimentological logging

STUDENT OBLIGATIONS DURING THE COURSE:
Independent work on geological map of specific area

METHODS TO EVALUATE STUDENT PERFORMANCE:




Monitoring student's performance and completion of tasks during the field work.

EXAMINATION METHODS:
Evaluation of the final geological map of targeted area.

COURSE(s) NEEDED FOR THIS COURSE:

Enrolimentin courses Geological mapping I, Geology of maledeposits and Analysis af
interpretation of facies

COMPULSORY LITERATURE:

Bahun, S. (1993): GeolosSko kartiranje
Dimitrijevi ¢, M. (1978): GeolosSko kartir
Freeman, T. (2005): Procedures in field geologjackwell.

Compton, R.R. (1985): Geology the field- John Wiley & Sons.

ADDITIONAL READING:

Korbar et al. (2012): Guidelines for the construction of Basic geological map &fejngblic of
Croatia 1:50 000.




GRADUATE STUDY OF GEOLOGY (GEOLOGY AND PALAEONTOLOGY,
MINERALOGY AND PETROLOGY) AND GRADUATE STUDY OF
ENVIRONMENTAL GEOLOGY

7. SEMESTER

COURSE TITLE:Plate tectonics

COURSE TEACHER/TEACHERS?hD.Ervin Mrinjek, assistant professdfaculty of Science

STUDY PROGRAMME: Graduate study of geology and Graduate study of environm
geology

YEAR OF STUDY:1

SEMESTER:1

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 5 professor
Exercises 1 professor
Seminars

ECTS credits3

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Basic knowledge on plate dynamios (plane and sphere), basic knowledge on
magnetostratigraphy and Earth magnetism, basic knowledgeismology and plate dynamics.

LEARNING OUTCOMES:
Basic knowledge and understanding of the

Basic knowledge on teat@ plates, their boundaries, sedimentary and magmatic proces
boundary areas.

Representing the tectonic plates as a plane and representing their move on a plane.
Ability to use techniques needed for drawing circles movements on a sphere.

Understanig t he tectonic plate’s moving on tf
Understanding the link between plate motions and earthquakes.

Understanding paleomagnetism and its connection to plate motions.

DESCRIPTION OF THE COURSE:
1) Crust, mantle, core and plate structure.




2) Plate geometry and velocity.

3) Euler poles.

4) Isochrones and velocities.

5) Ridges and rifting, trenches and subduction, transform faults and fracture zones.
6) "Triple junctions" and their stability

7) Plate motion and velocity on sphere.

8) Earthquakes and plates.

9) Earthquakes at transfom faults, trenches and ridges.

10) Magnetism and isochrones, Earth,s magnetic field, rocks magnetization.
11) Reversals of the magnetic field.

12) Magnetostratigraphy.

13) Polar wandering and plate tiom.

14) "What drives the plates"

STUDENT OBLIGATIONS DURING THE COURSE:
Class attendance.

METHODS TO EVALUATE STUDENT PERFORMANCE:

EXAMINATION METHODS:
Exercises, written exam and oral exam.

COURSE(s) NEEDED FOR THIS COURSE:
Physical geology Structural geologgd tectonicspetrological courses.

COMPULSORY LITERATURE:
Kearey, P., Kleipes, K. A. & Vine, F. J. (2008): Global Tectonics. \WH&ckwel.
Cox, A. & Hart, R. B. (1986): Plate Tectoniedow It Works. Blackwell Pulishing.

ADDITIONAL READING:




COURSE TITLE:Geology ofCroatia

COURSE TEACHER/TEACHERSPhD. Jasenka Sremac, associate professor, PhD.
Ha | a assocCiate professor, Faculty of Science

STUDY PROGRAMME: Graduate studa of geology and Graduate study of environm
geology

YEAR OF STUDY:1

SEMESTER1

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 5 professor
Exercises ) i

Seminars

ECTS credits2

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Synthesis and upgrade of previous knowledge in tectonics, biostratigraphy and paleogeogr
the purpose of future ability of a graduate student to work in any regi©roafia.

LEARNING OUTCOMES:
Knowledge of the complex geologic, paleogeographic and geotectonic history of Croatian r

Synthesis of sedimentological and paleontological features of deposits from different gec
periods.

Knowledge of the development of earth sciences andowement of geological knowledge
Croatia.

Knowledge about the lithostratigraphic units with their potential concerning the investigatic
exploration of raw materials and energetic resources.

DESCRIPTION OF THE COURSE:
1. Geotectonic history d@roatia and the main structural units.

2. Karst Dinarides- early history and beginnings of development of carbonate plat
(CarboniferousPermian)

3. Karst Dinarides stressful events at the enfitbe Paleozoic era, the great extinction at Pern
/ Triassic boundary and slow recovery during the Triassic.

4. Karst Dinarides during the Jurassic and Cretaceaymsatform type of deposition.
5. Karst Dinarides in Cenozoic erérom tropics to thelacial period.




6. Internal Dinaridesthe edge of the platform and its specificity.

7. Northern Croatia during the Palaeozoic era.

8. Triassic events iNorthern Croatia.

9. Geological events ding the Jurassic and Cretaceouslorthern Croatia.

10. Cenozoic imNorthern Croatia. Formation of Paratethys and its evolution.
11. Croatia during the Pleistoceaad Holocene.

12. History of geological explorations @roatia.

STUDENT OBLIGATIONS DURING THE COURSE:
Class attendance.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Regular attendance of lectures, seminar essays, tests.

EXAMINATION METHODS:
Seminaressays, tests.

COURSE(s) NEEDED FOR THIS COURSE:

Finished undergraduate study of geology at the Faculty of Science or Faculty of Mining, G
and Petroleum Engineering

or Finished courses in Historical (Stratigraphic) lggy, Geological mapping and Structu
geology with tectonics.

COMPULSORY LITERATURE:
Basic geological map 1:100 000 with 74 sheets and explanatory text. Croatian Geological S

Croatian Geological Map 1: 300 000 with explanatory text. Croatiano@ieal Survey (2009
http://www.hgtcgs.hr/osnovngeoloskakarta.htm

Gori ¢an, S. ; Hal ami ¢-JudkovEelgasdvi €2005)
Triassic arebackarc system in northweste@roatia. / Blletin del a Soci ét é
France. 176 (2005) , 1: 2.

Pami ¢, J. (1997) : -dvrud vksaknosgk emesct ui rjiejneeC jsaa vis
192,Zagreb.

Pami ¢, J ., &002):PPeldoroi tedtonostratigraphic units of the northhwest and ¢
Dinarides and the adjoinirgouth Tisia. J.Earth Sci. (Geol. Rundschau), 91,538

Vozarova, A. ; EbnemerFH:G. ; KoSzaaedkerSk enyKr & T.
Al jinovi ¢, D. ; Novak, M. & Skaberne, D. (2
environments in the Circum Pannonian Region. // Geologica Carpathica, 60/04.71

ADDITIONAL READING:

Scientific and professional articles by Croatian and other authors concerning geologatd,
available in libraries of Faculty of Science and/or Croatian Geological Survey.




COURSE TITLE: Quatitative and isotope geochemistry

COURSE TEACHER/ TEACHERS: prof.dr. L

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4.

SEMESTER: 7.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistaht
Lectures 3 professor
Exercises 2 assistent
Seminars assistent

ECTS credits?7

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Knowledge of quantitative modelling of geochem
processes including isotopes is

the major goal of the course. It enables students to apply geochemistry in va
geological branches.

LEARNING OUTCOMES:

Study of quantitative and isotope geochemistry requires basic knowledge of p
chemistry, mineralogy and petrology. Accarglito the past experience int he frame
Bologna process, the fundamental knowledge is elaborated, but students s
solving geochemical problems by use of mathematical tools is not adequate.

In the progress of the course acquried skill is sigmtigaimproved by satisfactor
time devoted to students practice. Laboratory exercise would be another \
improve understanding of complex subjects, and their application in the fi¢
economic geology, petrology and geochemistry of environment.

Study program intensively uses Internet, great choice of text books and sci
journals.

DESCRIPTION OF THE COURSE:

1.Chemical equilibrium, 2. Acids and basis, buffers, (carbonate equilibrium, sea
as buffer, ion activity), 3. Carbonate sediments (hydrolysis, carst pheno
carbonate deposition, tuffa), 4. Kinetics (chemical weathering, cata
complexation),5. Structural chemistry (bond types, isomorphism, polymorphi
6.Colloids, (organic, silica, FEIn hydroxides, stability), 7.Clay minerals and s
8.Thermodynamic equilibria (phase rule, thermodynamic lows and functions},
pH diagrams, 10.Organic atter in sediments (diagenesis, epigenesis, maturé
genesis of oil and gas), 11. Magma (Nernst coef. of distribution, REE, ionic pot




phase diagrams), 1Z&5tabile isotopes, C,0,S,H, geothermometry, 13. Radiog
isotopes Rb/Sr, K/Ar, Ar/Ar, Urh-Pb, SmNd, ¢, geochronology, 14Historical
geochemistry.

STUDENT OBLIGATIONS DURING THE COURSE: Obligatory lecture audiet
and successful lab assignments,

METHODS TO EVALUATE STUDENT PERFORMANCE: colloquies, seming
mid-term exam are prerequisite for recognition of attendance.

EXAMINATION METHODS: After fulfilling of the course obligation the overg
mark is formed by the final exam, written and oral.

COURSE(s) NEEDED FOR THIS QERSE:General mineralogy, Systema
mineralogy, Petrology of igneous and metamorphic rocks, Geochemistry.

COMPULSORY LITERATURE:

1. Richardson, S.M. & McSween, Jr., H.Y.. Geochemistry, pathways
processes. Prentice Hall989., str. 488.

2. Prohi ¢, E.: Geokemija, Targa, 19

ADDITIONAL READING:

White, W.M.: Geochemistry, 2001.,
http://www.geo.cornell.edu./geology/classes/geo455/Chapters.HTML

Rollinson, H.: Using geochemical dana: evaluation, presentation, interpre
Longman group, 1995., str.350.




8. SEMESTER

COURSE TITLE: Geostatistics

COURSE TEACHER/ TEACHERS: Research g
Faculty of Science, Department of geology

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4

SEMESTER: 8

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 assisstant
Exercises 1 assisstant
Seminars

ECTS credits: 4

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: A student shuld be able to explain spatial variatig
of geological features on the basis of the quantitative methods of analy|
geological data. In addition to that, they should recognize patterns (model
structures in population on the basis of availalden@es. They are expected
interprete geologic phenomena, as well as to exercise control over the sa
procedures.

LEARNING OUTCOMES:

Knowledge and understanding the spatial variations of geological features on th
of the quantitative methodd analysis of geological data.

Ability to recognise the models and structures in population on the basis of av
samples. Ability to interprete geological phenomena.

Ability to devise the sampling procedures.

DESCRIPTION OF THE COURSE:
1. Basic cocepts in statistics: relevance of geostatistics, measuring scales

2. Definition of a set of data: population, sample, sampling frame, problems
geochemical data (censored values, outliers)

3. Theory of probability: basic concepts (probability laws,y@&as theorem
conditional probability)

4. Measures of central tendency: arithmetic mean, mode, median, quantiles

5. Measures of variability: range of variation, interquartile, mean devig




variance, standard deviation, coefficient of variation
6. Testng normal populations: central limits theorem, Shajitk W test

7. Correlation analysis: Pearson's coefficient of correlation, simple and m
linear correlation, partial correlation, rank correlation coefficients

8. Regression analysis: simple antlltiple regression, scatter diagram, led
squares method, regression diagnostics

9. Sampling design: a concept and size of a sample, a hierarchical sa
design based on an unbalanced sampling scheme

10. Analysis of variance: fest, poshoc tests (Scheffe, HSD for unequal N)

11.R-mode factor analysis: vector space model, problem of the numb
possible factors, interpretation of factor loadings' joint behaviour tow
variables

12.Cluster analysis: R-mode (classification of variables) and -nGpde
(classification of samples) based on hierarchical clustering, constructi
dendrogram

13. Formulating conclusions in statistics: accepting or rejecting ofhydbthesis
level of significance

14.Paramé&ic and nonparametric statistics: Walblfowitz, Kolmogorov
Smirnov and MamWhitney U tests

STUDENT OBLIGATIONS DURING THE COURSE: Regular attendance of
class lectures and especially exercises, solving homework problemslaaihs,
worked examples, data treatment of variables with the STATISTICA software).

METHODS TO EVALUATE STUDENT PERFORMANCE: Absence from exerci
must be less than 20% of the total titable, and homework results should
presented in written/elecmic form.

EXAMINATION METHODS: A short written exam followed by an oral exam.

COURSE(s) NEEDED FOR THIS COURSE: Mathematics 1 i I, Physical geol
Geochemistry.

COMPULSORY LITERATURE:

Pet z, B. (2004) : Os nov ne ars (Bastc istatistice
methods for nonmathematical people). Naklada Slap, Jastrebarsko, 384 pp.
Sosié, | . & Serdar, V. (1995) =: Uy

knjiga, Zagreb, 363 pp.

ADDITIONAL READING:

Davis, J. C. (1986): Statistics and data analysis in geology. John Wiley &Nsns
York, 646 pp.

StatSoft, Inc. (2003): STATISTICA (data analysis software system), versior




www.statsoft.con.




9. SEMESTER

COURSE TITLE: Elements of scientific work

COURSE PROFESSOR/PROFESSORS:
Prof. dr. sc. Ljubomir Babi ¢, Facul

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 5.

SEMESTER: 9.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 Professor
Exercises 1 Professor
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS:

Students become aware of the fundamental features of scientific work as to be
find and use scientific results successfully. The course aims at showing the vita
of science in modern society. Modern students should know how science works
how it is organized. The course is also intended to help students understand the
interrelationship between science, university and their own studies, as well as n
them better oriented as professionals, be it in science, education or industry.

LEARNING OUTCOMES:

Achievement of specific knowledge on the subject and competences which are
necessary for: 1) participation in scientific research, 2) writing research proje
proposals, formulating a hypothesis, 3) gathering and evaluating literature d
usage bdata bases, 4) writing reports and research papers, editing, 5) prese
of research results at meetings, 6) successful evaluation of research data, 7
learning hierarchy in science, and understanding of science policies.

DESCRIPTION OF THE COURSE:

Knowledge and scientific research. Information. Motives. Creativity and freedon

Scientific publications. Organization of a scientific paper. Primary and
publications. Bibliographic reference. How to find scientific information.

The character of thebservation. Recording observations. Role of experience
school. The necessity of being informed of the most recent publications. C
reading.

Why publish? Producing a manuscript for a scientific paper. Review prq
Revision. Oral presentatioRoster presentation.

Induction and deduction. Problem, hypothesis, theory. Paradigm and normal s
Falsification. Anarchistic theory. Historical, social and personal factors.




Specific aspects of scientific approach in geosciences.
Conditions for scietific work. Evaluation in science. Competence, elite, democt
Industry and science. Ph. D. Thesis. Scientific project. Scientific policy.

STUDENT OBLIGATIONS DURING THE COURSE:
Activity during discussions, regular completion of exercises and essays.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Activity during discussions, regular completion of exercises and essays.

EXAMINATION METHODS:
Oral; an important part of the grade is based on in class activity

COURSE(s) NEEDED FOR THIS COURSE:
None

COMPULSORY LITERATURE:

Schumm, S. A.: To interpret the Earth. Ten ways to be wi©ambridgeUniversity
PressCambridge, 1991.

Si | o,V Kakodastaviti, objaviti i ocijeniti znanstveno djelo. 4th ed. Medicing
nakladaZagreb, 1998.

ADDITIONAL READING:

Kuhn, T. S.: The Structure of Scientific Revolutiobsiversity of Chicago Press,
Chicago, 1962.

Oliver, J. E.: The Incomplete Guide to the Art of Discov€lglumbiaUniversity
PressNew York, 1991.

Sindermann, C. J.: Winning the Games Scientists Play. Plenum [Regs¥,ork,
1982.

Popper, K.: The Logic of Scientific Discoveijutchinson London, 1959.

Feyerabend, P.: Against Method: Outline on an Anarchistic Theory of Knowledg
New Left BooksLondon, 1959.

Lelas, S.: PromisSl|ljanj e znhagrebpl®990i . H

Petrovi ¢, G.: L dagietk#87. Skol ska knjig

Ravetz, J. R.: Scientific Knowledge and its Social Problems. 2nd ed. Transactio
PublicationsNew Brunswick 1996.

+ selected articles from various publications




COURSE TITLE:Individual field project

COURSE TEACHER/TEACHERSPhHhD. Tihomir Marjanac, associate professor; PhD. Mal
Kovaci ¢, associate professor, Faculty of

STUDY PROGRAMME: Graduate study of geology and Graduate study of environm
geology

YEAR OF STUDY:2

SEMESTER3

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures

Exercises 7 professor
Seminars

ECTS credits12

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Mastering field and laboratory research techniques in geology, authoring a geological n
explanatory notes.

LEARNING OUTCOMES:

Mastering skills for recognition and interpretation of lithologies in the field, measurem¢
tectonical elements and recognition of geological structures. Mastering skills and knowle
analysis and lithological and stratigraphical interpretatiortalflected rock and fossil sample
Achieving competences for preparation of field geological map, geological sections and
and preparation of a manuscript geological map and related explanatory report.

DESCRIPTION OF THE COURSE:
1) Students indidually perform preparation for the field research, study appropriate literatu
2) Students individually map given territory.

3) Students individually describe and analyse collected samples, study thin sections ut
microscope, determine litholo@f the sampled rocks, determine collected fossils and their ag

4) Students individually prepare a manuscript geological map of the studied area.
5) Students individuallly write a comprehensive report.

STUDENT OBLIGATIONS DURING THE COURSE:

Individual work in the field, obeying safety in field work, periodic reporting of work progres
dedicated mentor, obeying work and deadline schedule.




METHODS TO EVALUATE STUDENT PERFORMANCE:

EXAMINATION METHODS:

Monitoring individual work phases, review of field performance and map, review of w
report, grading of final report and geological map.

COURSE(s) NEEDED FOR THIS COURSE:
Geological mapping | and Il course, Field courses in geology.

COMPULSORY LITERATURE:
Bahun, S.: Geol o38ko Zageb,1993r anj e. Skol sk a

Barnes, J.W. & Lisle, R.J: Basic Geological Mapping (fourth edition). John Wiley & Sons|
England, 2004.

Powell, D.: Intepretation of Geological Structures Trough Maps (an introductory pra
manual). Longman Scientific & Technical, Group UK Ltd., 1994.

Dimitrijevi ¢, M. : Beamgad, 0038 o kartiranje. I

ADDITIONAL READING:

Explanatory notes of Basic geological maps, geological publications on Medvednig
Samoborsko gorje.




GRADUATE STUDY OF GEOLOGY (GEOLOGY AND PALAEONTOLOGY,
MINERALOGY AND PETROLOGY)

Obligatory course list for graduate studies

COURSE TITLE: Karst Geology

COURSE TEACHER/ TEACHERS: Prof . MI ad

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4

SEMESTER: 7

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistant
Seminars

ECTS credits6

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: To introduce students with geological backgroun
karst development. To teach them of the complexity of water circulation in
based mainly on examples from Dinaric karst. Emphasize the dependence
karstification proceson the geological structures and lithology.

LEARNING OUTCOMES:

Achievement of specific knowledge on the subject and competences whig
necessary for: 1) field study of karst, 2) study of water dynamics in kars
protection of waters in karst, 4uccessfully interpret the evolution of karst regio
individual karst phenomena in particular.

DESCRIPTION OF THE COURSE: History of karst research. Different approa
to the karst studies (speleologic, descriptive, genetic). Tectogenetic karstoztssi
(orogenic, epiorogenic). Water in karst (geochemical and hydrologic aspect).
areas in the world. Dinaric karst (lithostratigraphi, tectonics, kastification timefré
Morphologic evolution of karst.

STUDENT OBLIGATIONS DURING THE COURSE: Iatures and practice
exercises (optionat field work: hydrogeological phenomena, barrier types)

METHODS TO EVALUATE STUDENT PERFORMANCE:

EXAMINATION METHODS: Preliminary exams during practical exercis




midtermwritten exam, final oral exam

COURSE(s) NEEDED FOR THIS COURSE: chemistry, general geology

COMPULSORY LITERATURE:

1. Bahun, S. Juraci ¢, Indernal 6kBpia0 RMF: Ge

2. Ford, D., Williams, P. (1992): Karst geomorphology and hydrology. Chapn
& Hall, London

ADDITIONAL READING:

Herak, M., Stringfield, V.T. (1972): Karstmportant karst regions of the northe
hemisphere. ElsevieAmsterdam.

Bonacci, O. (1987)Karst hydrology with special reference to the Dinaric Kg
Springer VerlagBerlin, pp. 184.




COURSE TITLE: Paleoecology

COURSE TEACHER/TEACHERS: Prof. dosoViasta C

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 5

SEMESTER: 2

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor
Seminars 1 professor

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: Through paleoecological rules make an picture about evolution of biosphere
determination of cosequences of cological changes which happend today, and use
predicting futue.

LEARNING OUTCOMES:
Basic knowledge and understanding of the key aspects and concepts of paleoecology.
Knowledge and and understanding of the complex nature of interactions within the past bio

Ability to integrate field and laboratory evidence with theory following the sequence
observation to recognition, synthesis and paleoecological modeling.

Basic ability to combine theory and practice to complete paleoecological reconstruction.

Ability to use simple quantitative methods and to apply them to paleoecologicg
paleogeographical problems.

Ability to critically evaluate paleoecological analyses in the literature.




DESCRIPTION OF THE COURSE: (1) History of Biosfere: Marine and Terrestri
environments, Life modes and trophic strategies, Global changes in atmosphere, hydrosp
lithosphere, Geophysiology. (2) Environmental control on biotic distribution: the structu
biosphere, Limiting factors on thestlibution of organisms (light, nutrients, oxygen, temperat
salinity, substrate composition). (3) Taphonomy: preservation potential (the fidelity of {
assemblages), destruction (chemical, biological and physical) on sediment surface and b
sediment surface, Fossil lagersttaten, the taphonomy of plants and vertebrates. (4) 4
morphology: terminology, growth strategies, investigative methods (paradigm appg
experimental palaeoautoecology, computer simulation), Adaptation, Morpholagg
environments (Pre Vendian, Vendian, Tommotian, Cambrian, Paleozoic and modern biota
Trace fossils: Preservation and taxonomy of ichnofossils, Marine and marginal maring
fossils, Bioerosion, Terrestrial ichnofacies, Evolution of trassifs. (6) Fossils as environmen
indicators: Clastic shelves, Carbonate environments, Oxygen deficient environments, Envit
with high and low salinity, Firmness of substrate. (7) Populations and communities: Typ
dynamics of populations, Vatians in populations, Spatial distribution, Opportunist {
equilibrium species, Community structure, Numerical analysis of community, Comn
organization, Species diversity through time. (8) Paleobiogeography: Modern biogeog
Definitions of paleolmgeography, Controls on biogeography (Dispersal vs. Vicari
biogeography), faunal province through time, Paleoclimatology, Biogeography and evoluti
extinction. (9) Evolutionary paleoecology of the marine biosphere: Diversification event in
history (the origin of life, the earliest prokaryote, appearance of eukaryote and metazg
Ediacara fauna, Cambrian fauna and three great evolutionary faunas), Extinction (pattern
and recoveries). (10) Fossil terrestrial ecosystems: indigbtation s and earliest fossil record
animals and plants, terrestrial ecosystem through time.

STUDENT OBLIGATIONS DURING THE COURSE: Essay, project type of individug
work, exercises.

METHODS TO EVALUATE STUDENT PERFORMARE: Succesfully resolve projeq
tasks, active participation on exercises.

EXAMINATION METHODS: Oral exam.

COURSE(s) NEEDED FOR THIS COURSE:

COMPULSORY LITERATURE: Brenchley, P.J. & Harper, D.A.T., 1998, Palaeoecol(
Ecosystems, Environments and evolution, Champan & Hatidon

Prothero, D.R., 1998, Bringing fossils to life, An Introduction to Paleobiology, nsiedill

ADDITIONAL READING: Lieberman, B.S., 2000, Paleobiogeography, Using fossi
study global change, plate tectonics and evolution, Kluwer Acad. Press.

Internet izvori:

http://www.utexas.edu/cc/vislab/gallery/index.html
http://members.aol.com/macops/Raup.html
http://www.paleo.geol.vt.edu/geos3604/labs/EXERCISES/PALEOECOLOGY/paleo.htm

http://www.notam02.no/~oyvindha/compal.html



http://gpc.edu/-pgore/geology/historical_lab/micro_exercises.php

COURSE TITLE: Petrogenesis

COURSE TEACHER/ TEACHNR Balen, Bssistant [profess
Department of Geology, Faculty of Sciendajversity ofZagreb

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 5

SEMESTER: 8

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor
Seminars

ECTS credits: 6

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Advanced level of igneous and metamorg
petrology with emphasis on regime of rock genesis in the different geote
settings. Students achieve knowledge needed for research and work in laborat
field on master of geologyevel. After course students should be able to
scientific literature and have basics for interpretation of petrologic data.

LEARNING OUTCOMES:

Advanced knowledge and understanding of the natural processes underlying th
of geology and igneowsnd metamorphic rocks genesis.

An awareness of the wider spectrum of geological disciplines.

Ability to create simple geological models.

Knowledge of appropriate solution patterns for geological problems.

Ability to integrate field and laboratory evidena&h theory following the sequence
from observation to recognition, synthesis and modelling.

Basic ability to combine theory and practice to complete geological tasks.
Ability to undertake literature searches, and to use data bases and other source
information.

Basic ability to solve numerical problems using computer anecoorputer based
techniques.

Basic ability to work effectively and communicate in national and international
contexts.

Ability to evaluate performance as an individual and a teambaem

Ability to identify individual and collective goals and responsibilities and to perfo
in a manner appropriate to these roles.

Ability to evaluate critically professional and research papers.

Ability to plan and appropriate programme of continuingf@ssional development.




DESCRIPTION OF THE COURSE:
1. Importance of phase and chemical composition and microstructures in the ge
of igneous and metamorphic rocks.

2. Importance of trace elements and isotopes in the genesis of igneous and
metamorphic rocks.

3. Role of accessory minerals in the genesis of igneous and metamorphic rocks
4. Petrochemical and geochemical calculatioreasons, applicability, constrasnt
limits.

5. Norms- approach and use in the igneous and metamorphic petrology.

6. Specific software in the igneous and metamorphic petrology. Construction an
interpretation of various petrologic, phase, variation and discrimination diagram:
7.Petrc he mi c al calculations in the met
diagrams

8. Metamorphism and deformation. Growth and importancestégtonic,
intertectonic, sintectonic and pestctonic porphyroblasts.

9. Microtectonics. Geometry and crystallogrgs. optical elements. Necessity &f
dimension in thin section.

10. Geothermobarometry basics.

11. Age of igneous and metamorphic roeksinciples, basics and methods.

12. RT-t-D-X reaction paths, ideas, basics.

13. Igneous and metamdrip rocks in the aredP@nnoniarBasin, TisiaAlps,
Carpathians, Dinarides).

14. Volcanism in the area, potential hazard.

15. The “ gr dadeasteelugnrstatb of tharait.

STUDENT OBLIGATIONS DURING THE COURSE: seminar

METHODS TO EVALUATE STUDENT PERFORMANCE: seminar

EXAMINATION METHODS: short written exams after each lecture block, sem
oral

COURSE(s) NEEDED FOR THIS COURSE: Igneous and metamorphic petrolog

COMPULSORY LITERATURE:

Hibbard, M. J. (1995): Petrography to Petrogenesis. PrenticeN¢ail Jersey, 587
Pp.

Bucher, K. & Frey, M (2002): PetrogenesisMétamorphic rocks. Springer Verlal
341 pp.

ADDITIONAL READING:

Best, M.G. (2003): Igneous and metamorphic petrotdghackwell Publishing, 729
PP

Hyndman, D. W. (1985): Petrology of Igneous and Metamorphic Rocks. Mc Gra
Hill Inc., N. Y.
Brown, M. (2001): From microscope to mountain belt: 150 years of petrology an
contribution to understanding geodynamics, particularly the tectonics of orogeng
Journal of Geodynamics, 32, 1164.




COURSE TITLE: CRYSTALLOGRAPHY

COURSE TEACHER/ TEACHERS: Associ at e
of Science

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: IV

SEMESTER: VII

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 1 professor
Exercises > professor
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Gaining of complementary knowledge, to t
obtained from General mineralogy, for better understanding of crystallogr
principles

LEARNING OUTCOMES:

Knowledge of main properties of stereographic and gnomonic projection
capdility of their drawing;

Capability of crystal indexing by using gnomonic projection;

Knowledge and understanding of point and space group symbols;
Capability of determination of possible crystal forms for all point groups;
Understanding of space grougerring;

Capability of using point group data from International Tables for Crystallograph

Capability of mathematical defining of operations with Euclidian vectors, coline
complanarity and coordinates;

Capability of performing operations with Eigihn vectors and checking relatio
between objects in space using coordinates in general oblique coordinate syste

Capability of determining order and generators of point group by using stereog
projection of symmetry elements and point in gengoaition;

Capability of interpreting crystallographic concepts (lattice planes, Miller indice
Weiss parameters, zones and forms, symmetry, direct and reciprocal space an
point and space groups) in mathematical way;




DESCRIPTION OF THE COURSE: -2. Derivation of point groups and possil
crystal forms

3.-6. Crystallometry (twecircle reflection goniometer), gnomonic, stereographic
paralletperspective projections

7. Spherical trigopnometry

8.-9. Bravais latticeand space groupsprinciples of derivation
10-12. Reciprocal lattice, explanation ofray diffraction
13-15. Principles of matrix algebra

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, prelimir
exams, homework assignments

METHODS TO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written exam, final grade includes also results
prelim and homework assignments

COURSE(s) NEEDED FOR THIS COURSE: General mineralogy

COMPULSORY LITERATURE: BorchardOtt, W. (1995): Crystallography
Springer VerlagBerlin, 307 pp.

Rousseau, <ll. (1998): Basic crystallography, Jofley & Sons,New York, 414 pp.
Klein, C. (2002): Mineral Science, John Wiley & SoNew York, 641 pp.

Nesse, W.D. (2000): Introduction to mineralogy, Oxford University Préssord,
442 pp.

ADDITIONAL READING: Giacovazzo, C. (ed.) (2002): Fundamentals
crystallography, International Union of Crystallography, Oxford University P
Oxford, 814 pp.




COURSE TITLE: Environmental Geology

COURSE TEACHER/ TEACHERS: Prof . MI ad

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4

SEMESTER: 7

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistant
Seminars

ECTS credits6

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Students gain knowledge on geological compor
in environmental protection (geological hazards, groundwater, location and des
landfills).

LEARNING OUTCOMES:

Awareness of the applications and responsibilities of Geology and its role in s
including its environmental aspects.

Knowledge and understanding of the complex nature of interactions withi
geosphere .

Knowledge of the range of applications of Geology
Understanding the need of a rational use of earth resources.

Some understanding dfi¢ complexity of geological problems and the feasibility
their solution.

Basic ability to communicate effectively in written and verbal form with colleag
other professionals, customers and the general public about substantive iss
problems redted to their chosen specialisation

DESCRIPTION OF THE COURSH:he role of geology in environmental protectig
Basic concepts: environment, environmental protection, contaminaitution.
Interdicilinarity in environmental protectiokeological Hazards. Hydrological cycl
groundwater and its quality. Waste disposal and landfills. Erosion, floods, susy
matter and its sedimentation. Marine pollution and eutrophicatalrigtic Sea).
Geomaterials andrptection of geological heritage. The role of geology in phys
planning. Environmental protection strategies and sustainable development.




STUDENT OBLIGATIONS DURING THE COURSE: Lectures and practi
exercises (optionat field work: sediment landfillpiesometric field)

METHODS TO EVALUATE STUDENT PERFORMANCE:

EXAMINATION METHODS: Preliminary exams during practical exercises, midt
written exam, final oral exam

COURSE(s) NEEDED FOR THIS COURSE: chemistry, general geology

COMPULSORY LITERATURE:

3.Juraci ¢, M.: Geologija zaStite o
(http://geol.gfz.hr/Juracic/predavanja/index.html

4. Bell (1998): Environmental geology, principles and practice, Blackwell
Science, pp. 594.

5. Chamley, H.2003): Geosciences, environment and man. Developments
Earth & Environmental Sciences 1, Elsevier, pp. 527.

ADDITIONAL READING:

Mayer, D. : Kvaliteta i zaStita podz
voda i moa, Zagreb, 1993.
Montgomery, C.W. (1995): Environmental geology, Wm.C. Brown Communicat

Inc., pp.496



http://geol.gfz.hr/Juracic/predavanja/index.html

COURSE TITLE: Geohazards

COURSE TEACHER/TEACHERS:
Prof. dr . s ¢FacultyjofuSciencei r Babi ¢

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4./5.

SEMESTER: 7./8./9./10.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor & assistant
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS:

The course examines what are hazardous geological processes and how they i
humans and their aeities in the world which is increasingly faced with complg
environmental problems. Students will become aware of the consequences
geological hazards for human property and lives, as well as foreocaimmic
consequences. The influence of man omuaitlg hazardous processes is
explained. The cooperation with scientists and experts in other fields in desi
the approaches to assessment and solving of hazards and risk problems is
considered. The exercises, a project and the field project will lggvegportunity
to study and obtain practical skills with real life examples of hazardous proce
and features.

The course has an emphasis on the nature of various hazardous geological pro
with which students receive a good knowledge base needeainy commonly
used practices today such as Hazard Management, Environmental Impact
Assessment and Laridise Planning.

LEARNING OUTCOMES:

Achievement of specific knowledge on the subject and competences whig
necessary for: 1) the understanding of caused physics of individual geologic
hazard processes, 2) the understanding of effects of individual geological
processes, 3) the evaluation of risk associated with individual geological haza
design of hazard mitigation procedures and reuendations of safety measures.

DESCRIPTION OF THE COURSE:

Hazard and risk. Natural and technological hazards. Hazard parameters. Vulne
Prevention, defense, mitigation, recovery, management. Recurrence. Import




of secondary hazards imncling socieeconomic ones. Human factor. The role o
scientists.

The aspects mentioned above are discussed for each individual hazard type list
below.

Volcanism. Processes, products, and consequences. Secondary hazards: mass
movements, lahars, torrenflgods, fires, hydrographic changes.

Earthquakes. Processes. Role of geology of the area. Recognition of active faul
Secondary effects: liquefaction, groundwater, mass movement, floods, fires,
tsunamis. Mapping types.

Mass movements. Fall, creep, stigj sediment gravity flows, and combinations.
Recognizing activity of mass movements. Morphological changes. Mapping
movements. Snow and ice hazards. Subsidence.

Running water. River types and evolution. River parameters. Erosion and
accumulation. Sechent movement. Morphological changes. Floods and
alluviation.

Wind. Deflation. Transport and accumulation of sand and dust. Sources of sedil

Coastal hazards. Waves, currents and tides. Cliffs and beaches. Erosion and
accumulation. Effects of stormRiver mouths. Morphological changes.

The influence of global changes.

Environmental impact assessment.

Field project on active slides.

STUDENT OBLIGATIONS DURING THE COURSE:

Active participation in the solving of exercises, discussions and fieldworl&e
completion of all assigned work, including exercises, quizzes, essays, small cla
projects, and field project.

METHODS TO EVALUATE STUDENT PERFORMANCE:

Active participation in the solving of exercises, discussions and fieldwork; Re
compktion of all assigned work, including exercises, quizzes, essays, small clas
projects, and field project.

EXAMINATION METHODS:
Oral; an important part of the grade is based on in class activity

COURSE(s) NEEDED FOR THIS COURSE:
Physical Geology

COMPULSORY LITERATURE:

Smith, K.: Environmental Hazards: Assessing Risk and Reducing Disaster. 3rd
Routledgel.ondon, 2001.
Bell, F.G. Geological hazards. Spon Press, 1999.

ADDITIONAL READING:

Maund, J. G. & Eddleston, M. (eds.): Geohazards in Engineering Geology. Geo
Society,London, 1998.

Keller, A.E.: Environmental Geology. 8th ed. Prentice HaiperSaddleRiver,
2000.

Haughton, J.: Global Warming. 3rd €cambridge Univesity Pres€ambridge, 2004




Bolt, B.A., Horn,W.L., Macdonald, G.A., Scott, R.F.: Geological Haza&lwinger
Verlag,Berlin, 1975.

Allen, P. A., Earth Surface Processes. Blackw@kford, 1997.

Bobrowsky, P. T. (ed.): Geoenvironmental Mapping. Balkema, Lisse, 2002.
Morris, P. & Therivel, R. (eds.): Methods of Environmental Impact Assessment.
ed. Spon Presspndon, 2001.

Internet sources:

http://www.usgs.gov/science.htifil. S. Geological Survey)
http://www.consrv.ca.gov/CG$California Geological Survey)
http://www.fema.org/hazardéFederal Emergency Managment Agency, U. S.)
http://www.volcano.si.edy/Smithsonian, National Museum of Natural History)
http://www.ga.gov.au/urbariGeosciencéustralia)
http://yosemite.epa.gov/oar/globalwarming.nsf/content/index.(tms.
Environmental Agency)

http://www.elnino.noaa.go\{National Oceanic and Atmospheric
Administration, U. S.)

http://www.eurosion.org/index.htniEUrosion, European Commission)



http://www.usgs.gov/science.html
http://www.consrv.ca.gov/CGS/
http://www.fema.org/hazards/
http://www.volcano.si.edu/
http://www.ga.gov.au/urban/
http://yosemite.epa.gov/oar/globalwarming.nsf/content/index.html
http://www.elnino.noaa.gov/

Optional course list Geology (Geology and Palaeontology)

COURSE TITLE: Selected topics of vertebrates paleontology

COURSE TEACHER/ TEACHERS: Prof . Dr .

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: IV or V

SEMESTER: VIl orlX

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 PROFESSOR
Exercises 1 ASSISTENT
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Structures ofselectedjroups of vertebrates, studyif
of their anatomy, their narration in the perspective of evolution, biostratigraph
paleogeogeography

LEARNING OUTCOMES:

Proficiency and understanding of osteological fossil features tanporfor the
evolution of life.

Fundamental knowledge and basic aspects of gwolof the fossil vertebrates.

Ability to recognize individual osteological findings of the most frequiarssil
vertebrates.

Ability to interpret field and laboratory evidences paleoecological interpration.
Ability of self-determining of unknown parts of fossilith the help of literatures.

DESCRIPTION OF THE COURSE: The fossil foundings and fossilization
selectedyroups of the vertebrates (according to the interest of students). Comp
anabmy and selection of the most topic literature from the relevant world
domestic journals.

STUDENT OBLIGATIONS DURING THE COURSE: Alongside lectures an
sydematic introduction with the selected topic and materia, setting the
assignments, essays and leading a discussion.

METHODS TO EVALUATE STUDENT PERFORMANCEOrdinary attendance (
the lectures and practise aswell as ordinary participating in disassof the giver,




assignments and essays.

EXAMINATION METHODS: in writting and oral examination of the knowled
acuired

COURSE(s) NEEDED FOR THIS COURSIBasic paleontological and biologic
courses. A possibiltof hearing, except for the students of geology and paleont
and students of biology and veterinary medicine. According to menti
recognizing of related paleontological and biological courses.

COMPULSORY LITERATURE: Carrol, F.L.: Vertebrate patgology and
evolution. W.H. Freeman & CaNew York, 1998.

ADDITIONAL READING: Selection of the selected topic scientific articles from
world's and domestic journals and Internet sites.




COURSE TITLE: Geology and geochemistry of crude oil

COURSE TEACHER/TEACHERS: Prof. dr . VI asta Cosovi

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 5

SEMESTER: 2

TEACHING CONTACT HRS DELIVERED B.Y
METHODS PER WEEK (professor or assistaht
Lectures 2 professor
Exercises 1 professor
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: To teach students how &valuatesedimentary basins as possible carriers of crud
and gas.

LEARNING OUTCOMES:

Knowledge and understanding of the sedimentological properties of reservoir and source r¢
their identification in logs, seismic profiles and cores.

Basic knowledge and understanding of genesis of crude oil and gas and how they are r
tectonic, stratigraphic characteristics of depenters.

Basic knowledge of thermal/maturation modeling.
Ability to define source rock facies, palaeoenvironreemtd geochemical signatures.
Ability to do geochemical evaluation.

DESCRIPTION OF THE COURSE:

(1) Basic considerations about crude oil and gas (geophysical methods, environments in wt
crue oil and gas appear, porosttaps) Exercises: determination of structural characteristics
seismic profiles, calculation of porosity) (2) Biosrtratigraphy and sequence stratigraphy
exploration of crude oil and gasExercises: how to use polen, nanoalgae, and forams in
reconstruction of environments in which crude oil and gas could be formed. (3) Models of
sequence stratigraphy for carbonate platfefmercies: Analysis of edimentary space from
geophysical profiles.

STUDENT OBLIGATIONS DURING THE COURSE: Colloquium after every lecture unit
Resolving of tasks from sequence stratigraphy




METHODS TO EVALUATE STUDENT PERFORMANCE: Succesfully resolve all task
active participation on exercises.

EXAMINATION METHOD S: writing exam.

COURSE(s) NEEDED FOR THIS COURSE: Physical geology, Historical geology | and
Chemistry | and II.

COMPULSORY LITERATURE: Emery, D. & Myers, K.J. ), 1996, Sequenc
Stratigraphy. Blackwell Science, 297 s@xford.

Miall, A.D., 1997, The geology of stratigraphic sequences. Spriinger Verlag, 43estn,

ADDITIONAL READING: Ercegovac, M.D., 2002, Geologija nafte. RGNF, 463
Beograd




COURSE TITLE: Micropaleontology Il

COURSE TEACHER/TEACHERS: Prof. dr . VI asta Cosovi

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 5

SEMESTER: 2

TEACHING CONTACT HRS DELIVERED B.Y
METHODS PER WEEK (professor or assistaht
Lectures 1 professor
Exercises > professor
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: Role of microfossil in paleoecology, paleooceanology, paleoclimatology
biostratigraphy.

LEARNING OUTCOMES:
Students will be able:

Knowledge and understanding the role of microfossils in paleoecology, paleoceano
paleodéimatology and biostratigraphy.

Apply knowledge of taxonomy and ecology to analyseevolution of foraminifera.

Apply statistical methods and relate the fossdard of foraminifera to its chronostratigraphide
palaeoenvironmental context.

Recognize various types of microfossils in unknown sample and use them to reconstr
interpret the history of the area.

Ability to become familiar with advanced micropaleontological methods.

DESCRIPTION OF THE COURSE:

(1) Foraminifers (Lifestyle aspects of foraminifers, techniques of sampling that are pertinen
consolidate and unconsoligatsediments; laboratory processing of samples, systemtics). (2)
Environmental applications of deep sea benthic foraminifers. (3) Benthic foraminifers as ind
of environmental change: margiramarine— shelf- upperslope environments. (4) Intertida
forminifers as environmental indicators. (5) Environmental applications of marine and fresh
ostracods. (6) Paleoceanographic applications of planktonic foraminifers and radiolaridr.
Environmental applications of diatoms, . calcareous oplankton, dinoflagellate and pollen. (1
Application of ecologically based statistics to micropaleontology.




STUDENT OBLIGATIONS DURING THE COURSE: Colloquium after every lecture unit
Seminar work using articles form miciapontology are which dealing witkdriatic Sea

METHODS TO EVALUATE STUDENT PERFORMANCE: Succesfully resolve all task
ans seminar work, active participation on exercises.

EXAMINATION METHODS: Oral exam.

COURSE(s) NEEDED FOR THIS COURSE:

COMPULSORY LITERATURE: Haq, B.U. & Boersma, A., 1998, Introduction to Mari
MicropaleontologyElsevier

Brasier, M.D., 1985, Microfossils. George Allen & Unwin

Haslett, S.K. (ed), 2002Quaternary Environmental Micropaleontology, Arnold/Oxford Ur
Press publ.

ADDITIONAL READING: Martin, R.E. (ed), 2000, Environmental Micropaleontology: ’
Application of Microfossils to Environmental geolod$luwer Academic/Plenum Publishers.

Molina E. (ed), 2002, Micropaleontologia. Coleccion Textos Docentes, no. 93, 634 str., Pre
Universitaias de Zaragoza.

Scott, D.B., Medioli, F.S. & Schafer, C.T., 2001, Monitoring in Coastal Environments Using
Foraminifera and Thecamoebian Indicat@ambridgeUniversity Press.

Sen Gupta, B.K. (ed), 1999, Modern foraminifera. Kluwer Academic Publishers.

Internet sources

www.nmnh.si.edu/paleo/foram

www.UCMP.Berkeley.EDU/fosrec

http://earthguide.ucsd.edu/eyh/links.html



http://www.ucmp.berkeley.edu/fosrec

COURSE TITLE: Methods in paleontology

COURSE TEACHER/TEACHERS: Prof . dr . VI asta Cosovi

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 5

SEMESTER: 1

TEACHING CONTACT HRS DELIVERED B_Y
METHODS PER WEEK (professor or assistant
Lectures 1 professor
Exercises > professor
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: To teach students how to make fenethic tree, how to define biozones, how ans w
biostatistics, and how to use some laboratory techincs

LEARNING OUTCOMES:

Basic ability in the formalisation and specification of problems whose solution involves the
paleontological methods.

Knowledge of appropriate solution patterns for stratigraphical and paleontological problems

Ability to integrate field and laboraty evidence with theory following the sequence fr
observation to recognition, synthesis and paleoecological modeling.

Appreciation of issues concerning paleontological sample selection, accuracy, precisi
analysis of data in the field and laborator

Ability to undertake literature searches, and to use data bases and other sources of inforn
paleontological interpretation (taxonomy, paleoclimatology, paleoecology, paleogeography)

Ability to interpret standard paleontological charts and splfitiostratigraphic range chari
phylogenies and cladograms; diversity analyses; etc.)




DESCRIPTION OF THE COURSE:

(1) Systematic &eontology (Exercise: An example of the Formal description of selected spe
(2) Systematics Il ( Exrecise: Indentify selected species, an example of benthic foraminiferg
Phenetic vs. Cladistic Classifications (Exrecise: How to make cladograihshanetic three); (4)
Biostratigraphy and biostratigraphic smpling, Reolution, Precision and Accurancy (Exercise
Correlations of geologicl logs based on index fossils and the global biotratigraphic standare
gunatitative biotratigraphy); (5) Biatitics and Diversity Indexes (Exercises: Multivar analysis
indexes, clusters); (6) Functional Morphology (Exrecises: Testing Raup's Functional Hypott
and anlysis of structural elements of larger foraminiferal tests); (7) Paleoecological interpret
(Exrecise: from selected sample rich in foraminifers interpret ecologic conditions); (8) Rese
Project on selected sample

STUDENT OBLIGATIONS DURING THE COURSE: During semester student resolve
tasks for each lectr@ne of them with assistance of teacher and another one as homewor
will be evaluated.

METHODS TO EVALUATE STUDENT PERFORMANCE: Succesfully resolve all tasks

EXAMINATION METHODS: Evaluation ofevery task together with evaluation of o
exam.

COURSE(s) NEEDED FOR THIS COURSE:

COMPULSORY LITERATURE: Prothero, d. 1998 , Bringing fossils to life. An Introduct
to paleobiology. WCB/Mc Gra Hill.

ADDITIONAL READING: http://gpc.edu/
pgore/geology/historical lab/micro_exercises.php

http://palaeeeletronica.org/2001_1/past/issuel Ot ht



http://gpc.edu/-pgore/geology/historical_lab/micro_exercises.php
http://gpc.edu/-pgore/geology/historical_lab/micro_exercises.php

COURSE TITLE: History of geology

COURSE TEACHER/ TEACHERS: l van GusSi ¢

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4th or 5th

SEMESTER: 8thl2th, optional

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 Professor
Exercises ) i

Seminars 1 i

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Students should be acquainted with controversie
ideas that occurred in the history of geological thought and should perceive g
as a unique natural and historical science, dependent on generakcidagial
circumstances iparticular periods of its history.

LEARNING OUTCOMES:

Basic knowledge and understanding of the key aspects and concepts in the hi
geology.
An awareness of the wider spectrum of geology as a scientific discipline.

Some understanding of the complexity of development of basic geological ideas

Ability to undertake literature searches, and to use data bases and other so
information.

Recognition of the need for, and engagement inrealiaged and lifong leaning

DESCRIPTION OF THE COURSE: The course should demonstrate the chrono
development of ideas in geology, their mutual controversies and opposition, res
of old ideas and their gradual submission to the newer ones.-$ciPngific epoch
(artiquity, Middle ages); B. Neptunists- vulcanists— plutonists; 45. catastrophist
— uniformitarianists; 6. ice ages (glaciations); 7. Age of the Earth; @zosynclina
theory— plate tectonics (including fixists and mobilists in the Alpine tectonit8)
11. Constraints of the uniformitarian approach and13pits role in other nature
sciences; 145. History of geology ifCroatia and neighbouring countries.

STUDENT OBLIGATIONS DURING THE COURSE:
Regular attendancd tectures, discussions on particular topics




METHODS TO EVALUATE STUDENT PERFORMANCE:
Regular attendance of lectures

EXAMINATION METHODS:oral exam

COURSE(s) MEEDED FOR THIS COURSE: General geology, Gen
paleontology, Systematic paleontology, Historical geology I, IlI; Petrology
magmatic and metamorphic rocks, Sedimentology.

COMPULSORY LITERATURE:
Hallam, A.: Great geological controversies, Oxford University Press, 1983.
Hallam, A: Revolutions in Earth Histor@xford University Press, 1982.

ADDITIONAL READING:
Selected articles from domestic and (predominantly) international geological jou




COURSE TITLE: Paleontological aspects of evolution

COURSE TEACHER/ TEACHERS: l van GusSi ¢

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4th or 5th

SEMESTER: 8thl2th, optional

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 Professor
Exercises 0 i

Seminars 1 Professor

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Students have to be familiarized with the fact
evolution is a real and permanently present proces sin the nature, occur
different levels, and that the theory of evolutidike any other scientific theory
should be permanently subject to testing and further developed.

LEARNING OUTCOMES:

Acquiring advanced knowledge and understanding to the study of the evolutio
the paleontological aspects.

Ability to think creative) to develop new and original approaches and metho
evolution research.

Awareness of the limits of current knowledge and paleontological techniqy
solving evolutionary problems.

Some ability to formulate and solve problems in new and emerging afehg
research on evolution.

DESCRIPTION OF THE COURSE: 1. History of the evolutionary thought
Cosmic evolution (origin of elements, etc.); 3. Chemical evolution; 4. Origin o
(current hypotheses); 5 Biological evolution (including Red Que@uothgsis, etc.)
6. Origin of eukariotes; 7. Evolution of Metazoa; 8. Speciation (allopatric speci

i sl and species, etc. ) ; 9. Phyl esttiecp
cumulative selection; 12. Internal selectrion (constraints, €t8); Notion and
examples of emer gence,; 14. Creation

forms, etc.); 15. Cultural evolution.

STUDENT OBLIGATIONS DURING THE COURSE: Regular attendance
lectures and seminars during the semester that ircclaaéive participation ir




educative process; homeworks (how to solve a problem); seminar works (us
recent scientific literature); continued checking of knowledge through the prelin
exams.

METHODS TO EVALUATE STUDENT PERFORMANCERegular attendance (
lectures and seminars; regular homework doing, presentation and explical
seminar works; passing of all preliminary exams.

EXAMINATION METHODS: oral exam

COURSE(s) NEEDED FOR THIS COURSE: General paleontology, Syste
paleontology (invertebrates and vertebrates)Historical geology I, 1.

COMPULSORY LITERATURE:

Skelton, P. (ed.): Evolutior a biological and paleontological approach. Addis
Wesley Pubshing Company, 1993.

Erben, H.K.: Evolution. Ferdinand Enke Verl&juttgart, 1990.
Kal afati ¢, M.: Osnove bioloSka evol

ADDITIONAL READING:

Dawkins, R.: Thévlind watchmaker. Penguin, 1991.

Dawkins, R.: Climbing Mount Improbable. Penguin, 1997
Selected articles from recent and classical literature (seminars)




COURSE TITLE: Marine Geology

COURSE TEACHER/ TEACHERS: Prof . MI ad

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4

SEMESTER: 7

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistant
Seminars professor and assistant

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Students gain knowledge about sea bottom
marine environment where most sediments are deposited. Emphasis on p
chemical and biological processes on sedimentation and diagenesis.

LEARNING OUTCOMES:
Basic knowledge and understanding of the nefationship of natural sciencs
(Physics, Chemistry, Biology, Geology) underlying the study of marine environn

An awareness of the wider spectrum of geological disciplines

Awareness and understanding of the temporal and spatial dimensions in
proaesses

Basic ability to describe a solution at an abstract level.

Ability to use simple quantitative methods and to apply them to geological probl
Basic awareness of relevant statehe-art technologies and their application
Ability to learn and studyncluding effective time management and flexibility

DESCRIPTION OF THE COURSELecturing: History of marine researct
Morphology and genesis of oceans. Sources and composition of marine sed
Lithogenous, hydrogenous and ¢pemous sediments. Physical oceanography releg
for genesis and sea sediment disposition (wave, current, tide). Sea wat
hydrogenous sediments. Coast, sea level processes and effects of sea level
Climates and sediments. Estuarine and-esiiarine water exchange currents &
their influence to the sea bottom. Organisms and sea bottom. Residencs
Sedimentation rates. Paleocanography. Pesga sediments. Mediterranean ¢
Adriatic Sea. Marine geological cagm@phy. Sedottom sampling and da
acquisition.




STUDENT OBLIGATIONS DURING THE COURSE: Lectures and practi
exercises (optionat field work: sediment sampling, sea bottom profiler)

METHODS TO EVALUATE STUDENT PERFORMANCE:

EXAMINATION METHODS: Preliminary exams during practical exercises, midt
written exam, final oral exam

COURSE(s) NEEDED FOR THIS COURSE: physics, chemistry, mineralogy, ge
geology

COMPULSORY LITERATURE:
1. Juraci ¢, M.: Geologija mora
(http://geol.gfz.hr/Juracic/predavanja/index.Btml

2. Selbold E. & Berger W.H.: The Sea Floor. An introduction to Marine geo
Springer VerlagBerlin, 1996.

ADDITIONAL READING:

Open University Course Team, ButterweHleinemannQOxford, 1997:
1 The Ocean Basins: Their Structure and Evolution
1 Seawater: Its Composition, Properties and Behaviour
1 Waves, Tides and Shallow Water Processes

Ocean Chemistry anideepSea Sediments



http://geol.gfz.hr/Juracic/predavanja/index.html

COURSE TITLE:Glaciology

COURSE TEACHER/TEACHERSPhD. Tihomir Marjanac, associate professor, Faculty
Science

STUDY PROGRAMME:Graduate study of geology

YEAR OF STUDY:1./ 2.

SEMESTER2./ 4.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 professor
Exercises ) )

Seminars

ECTS credits5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Familiarizing with glacial processes on the Earth, dynamics of glacial environments, (
products, variability of glacigenic sediments and sedimentary bodies, proglacial and per
environments, facies and products, learning on stratigraphy of Qasatedeposits irDinaric
Alps.

LEARNING OUTCOMES:

Achievement of specific knowledge on the subject and competences which are necessal
field study of glacigenic, proglacial and periglacial sediments, 2) thematical mappif
interpretation of geological relationships in the field, 4) recognitibite-induced deformations
5) recognition of icesculptured topography.

DESCRIPTION OF THE COURSE:

1) Introduction

2) Snow

3) Avalanches

3) Ice and glaciers

5) Glacial landscapes

6) Glacial and proglacial sediments

7) Glacial depositional bodies

8) Proglacial and periglacial sediments and environments
9) Facies of glacial and periglacial environments




10) Glaciotectonics

11) Methods of research and dating
12) Quaternary stratigraphy

13) Causes of glaciations

STUDENT OBLIGATIONS DURING THE CORSE:
Regular attendance of lectures, participating in Fieldwork in Glaciology course.

METHODS TO EVALUATE STUDENT PERFORMANCE:

Student work is being evaluated continuously during discussions on inaliatiidied problem
and motifs during lectures. Ability to link individual physical processes and their interactic
genesis of sediments, interpretation of climatic conditions after studied sediments &
competences evaluated at the final exam.

EXAMINATION METHODS:
Oral exam.

COURSE(s) NEEDED FOR THIS COURSE:
Physical Geology

COMPULSORY LITERATURE:
Glaciology course DVD provided by the course leader.
Easterbrook, D.J. (1988): Dating Quaternary Sediments. Geol. Soc. Am. Spec. Publ.

Lowe J.J. &Walker M.J. (1997): Reconstructing Quaternary Environments. 2nd ed. Lon
Harlow

Menzies J. (2002): Modern & Past Glacial Environments. 2nd ed. Butterworth Heinebndoira
Stepen, J. & PeteG. (1991): Quaternary Sediments. John Wiley & Saosdon.

ADDITIONAL READING:

Ehlers, J. & Gibbard, P.L. (2004): Quaternary glaciatierextent and chronology. Developme
in Quaternary science v.-15. Elsevier BV




COURSE TITLE:Field work in glaciology

COURSE TEACHER/TEACHERSPhD. Tihomir Marjanac, associate professor, Faculty
Science

STUDY PROGRAMME:Graduate study of geology

YEAR OF STUDY:1./ 2.

SEMESTER2./ 4.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures

Exercises 3 professor
Seminars

ECTS credits5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Familiarizing with External Dinaride areas which were affected with Pleistocene glaciation
of glacial landformes, study of glacigenic sediments, study of periglacial anédg@edglediments
study of iceinduced deformations (glaciotectonics).

LEARNING OUTCOMES:

Achievement of specific knowledge on the subject and competences for recognition and §
glacigenic, proglacial and periglacial sediments, competences foruthe aft sediments in field
lithofacial mapping, and competences for the interpretation of geological features and str
Recognition of specific deformations induced by ice, recognition of glacial and perig
landforms. Interpretation of geologldastory and climate changes.

DESCRIPTION OF THE COURSE:
1) Glacial landforms on souifelebit Mt.

2) Glacial sediments and sedimentary bodiegahka PaklenicaCanyon: moraines, glaciofluvig
sediments, glaciotectonics

3) Glacial sediments on Veliko Rujno: medial moraine, erratic blocks

4) Gacial sediments iMNovigrad Sea: moraines, proglacial lacustrine sedimentsmiagginal
sediments, paleosols, glaciofluvial sediments, permafrost

5) Glacial sedimets in Ravni Kotari: moraines, proglacial lacustrine sediments, glaciotectoni
6) Field research: mapping, logging, sampling of secondary calcite, sampling fossils

STUDENT OBLIGATIONS DURING THE COURSE:




Active patrticipation in fieldwork, performing gan tasks, possession of personal field equipr
and tools.

METHODS TO EVALUATE STUDENT PERFORMANCE:

Discussions on individual studied problems and motifs after each day in the field. Evaluz
based on activity during the course, quality of obs@matand measurements.

EXAMINATION METHODS:

Grading is equally based on performance in the field and written report.

COURSE(s) NEEDED FOR THIS COURSE:
Physical Geology

COMPULSORY LITERATURE:
Field manual prepared by the course leader.
Stepen, J. & Peter, G. (1991): Quaternary Sediments. John Wiley &lSowkn.

Lowe J.J. & Walker M.J. (1997): Reconstructing Quaternary Environments. 2nd ed. Lor
Harlow

Menzies J. (2002): Bdern & Past Glacial Environments. 2nd ed. Butterworth Heinen@xford

ADDITIONAL READING:
Scholary papers in Glaciology.




COURSE TITLE:Methods of remote sensing in geology

COURSE TEACHER/TEACHERSPhD. Tihomir Marjanac, associate professor, Faculty
Science

STUDY PROGRAMME: Graduate study of geology and Graduate study of environm
geology

YEAR OF STUDY:1./ 2.

SEMESTERZ2. / 4.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Familiarizing with remote sensing principles, methods, applications and limitations.

LEARNING OUTCOMES:

Achievement of specific knowledge on the subject and mastering skills for recognitig
interpretation of lithology, sedimentary bodies, tectoni¢eicsures, both in welexposed anc
poorly exposed terrains; skills to interpret aerial photographs and produce aypblatgical map
Students achieve competences and knowledge to use various photographic sources fc
sensingbased study; aerial ptographs, orthg@hotographs, singlehannel and mukthannel
satellite images.

DESCRIPTION OF THE COURSE:

1) Remote sensing, types, principles, application in Geology.

2) Waves, electromagnetic spectrum, colors, effects of atmosphere.
3) Sensors, pragties, resolution.

4) Photographing procedures, aerial phoitographs, satellite imagery, wave lengths, tyj
properties of images.

5) Aerial photographs, photograms.

6) Properties and types of satellite images.

7) Digital processing of satellite mges.

8) Visual interpretation of aerial and satellite images.




9) Application of aerial and satellite images in geology and environment protection.

10) Software for digital processing and analysis of satellite images.

11) Exercises in visual interprétan of aerial photographs,

12) Exercises in digital processing of multispectral satellite images.

13) Exercises in interpretation of stratigraphy and tectonics on selected satellite images.

STUDENT OBLIGATIONS DURING THE COURSE:
Regula attendance of lectures and solving given tasks at exercises.

METHODS TO EVALUATE STUDENT PERFORMANCE:
Monitoring activity during lectures and exercises.

EXAMINATION METHODS:
Oral exam.

COURSE(s) NEEDED FOR THIS COURSE:
Physical Geology, Physics, Glegical Mapping

COMPULSORY LITERATURE:
Remote sensing in Geology course DVD provided by the course leader.
Gupta R.P. (2003): Remote Sensing Geology. 2nd ed. Springer

Ol ui ¢ M. et al . (2002) : Sni manj e i Prirjdna.
HAZU i GEOSAT

Prost G.L. (2001): Remote Sensing for Geologists: A Guide to Image Interpretation. Ta
Francis.

Rencz A.N. (1999): Remote Sensing for the Earth Sciences: Manual of Remote Sensii
John Wiley & Sons

Donassy, Olgio&i & Tdoal) : Daljinska istra

ADDITIONAL READING:
Miller V.C. & Miller C.F. (1961): Photogeology. McGraw Hill




COURSE TITLE: Quaternary Geology

COURSE TEACHER/TEACHERS: assoc. prof. Tihomir Marjanac, Faculty
Science

STUDY PROGRAMME: Graduate study geology

YEAR OF STUDY: 4. /5.

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 3 professor
Exercises 0

Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Acquainting students with Quaterng
paleogeography and climate, stratigraphic divisions, research methods, se
types, and fosklife.

LEARNING OUTCOMES:

Knowledge and understanding of the essential features, processes, materials
and the development of the Earth and life during the Quaternary geologic perioc

Knowledge of the common terminology and nomenclature andsthef bibliography
in Quaternary geology.

Basic ability to apply appropriate technology and use relevant methods in Qua
geology.

DESCRIPTION OF THE COURSEQuaternary stratigraphy. Research meth
(field methods: study of outcrops, excavatiotaporatory methods. Dating metho
(radiometric,  paleo(thermo) Iluminescence, paleomagnetism).  Quate
paleogeography, environments (glacial, proglacial, periglacial;gramal: fluvial,
lacustrine, marsh, Aeolian, cave) and facies. Glaciation machelses of glaciations
glaciated areas (continental, marine). Deglaciation models, glacioisostatic re
eustacy. Quaternary flora and fauna (continental, marine, cave).

STUDENT OBLIGATIONS DURING THE COURSE:

METHODS TO EVALUATE STUDENT PERFORMANCE:

EXAMINATION METHODS: oral




COURSE(s) NEEDED FOR THIS COURSE: Physical Geology / General Geg
Historical Geology Il

COMPULSORY LITERATURE: Easterbrook, D.J. (1988): Dating Quatern
Sediments. Geol. Soc. Am. Spec. Publ. 227.

Ehlers, J. & GibbardP.L. (2004): Quaternary glaciations extent and
chronology. Development in Quaternary science w 3. Elsevier BV (ISSN 1571
0866, ISBN 0 444 51462 7)

Lowe J.J. & Walker M.J. (1997): Reconstructing Quaternary Envirorsnen
2"%ed. LongmanHarlow

Menzies J. (2002): Modern & Past Glacial Environmerfts.e2l. Butterworth
HeinemannQxford

Nilsson, T. (1983): The Pleistocene. Geology and Life in the Quaternary
Age. Ferdinand Enke Vergtuttgart

Stepen, J. & Peter, G. (1991): Quaternary Sediments. John Wiley & Sonj
London.

Walker, R.G. & James, N.P. (1992): Facies models. Response -tevek
change. Geological association@dnadaSt . J B46% (ISBN 091921649-8)

ADDITIONAL READING: selected papers from literature




COURSE TITLE: Selected chapters form invertebrate paleontology

COURSE TEACHER/TEACHERS: Doc. Dr. Alan Moro

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4

SEMESTER: 1

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 orofessor
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Introduce students with basic characteristics
invertebrates on example nfdist bivalves and benthic forams, as well as their us
paleontology

LEARNING OUTCOMES:

Advanced knowledge and understanding of carbonate platforamaatéristics an
facies belts with respect to the fossil assemblage.

Advanced understanding of mutual interaction betwen the sea level chang
sediments within sequnce stratigraphy as well as associated fossil communities

Advanced understanding oflagdons between microfossils and macrofossils wit
shallow water sediments on basis of the paleobathimetry.

Some ability to apply knowledge and understanding of shallow water biostratig
according to the different fossil remnants from Upper Cretecdeposits.

Ability to explain shallow water paleoenvironments during Upper Cretaceous.

DESCRIPTION OF THE CORSE: Invertebrates (taxonomy, with accent on rud
similarities and differences within differet groups, determination fo species), w
living (environments which invertebrates inhabit), relations between diffs
invertebrate fossils within the sanenvironment (different subtidal environments
rudists, environments of benthic forams, relaton between rudists and benthic fc
role of invertebrates for determination of environment and vettatatal exchange o
facies (invertebrates and palattimetry, change of fossil community through ti
and space, invertebrates as environment indicators) relation sedasgihtremain
(lateral exchange of different limestone types with respect to macro or microfo
work on individual task.




STUDENT OBLIGATIONS DURING THE COURSE: During course student v
have individual work as task, seminar or homework

METHODS TO EVALUATE STUDENT PERFORMANCE: continous wor
presence on exercises

EXAMINATION METHODS: writing and oral exame, notes from exersise

COURSE(s) NEEDED FOR THIS COURSBBasic paleontology, Systemal
paleontology, Micropaleontology 1.

COMPULSORY LITERATURE:

Prothero, D. (1998): Bringing fossils to life. An Introduction to paleobiolg
WCB/Mc GrawHill.

Skelton, P.W. (2002):TheCretaceous World. The Open Universit€ambridge
University Press, 360 pp.

ADDITIONAL READING:
www://http: geology.com

http://publishing.cambridge,org/resources/0521831121




COURSE TITLE: Geology of Fossil Fuels

COURSE TEACHER/ TEACHERS: Associ at e
Mining, Geology and Petroleum Engineering

STUDY PROGRAMME: Graduate study of geology

YEAR OF STUDY:

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 orofessor
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS:

Introduction to types fofossil fuels. Coal formation and classification. Examples
coal basins inCroatia and worldwide. Formation of oil and gas, conditions
accumulation of hydrocarbons in reservoirs. Petroleum basin€rgatia and
worldwide. Theory of basic exploration and mapping procedures in study of
fuel resources, and handa experience of the same through practical work in s
individual mapping projects.

LEARNING OUTCOMES:

Deeper knowledge of a system of geological exploration techniques used to de
subsurface composition and structure of dwmedring deposits and of hydrocarb
accumulations.

Some ability to solve problems in exploration of the deep subsutfxenalyse ano
interpret data and draw conclusions integrating knowledge from different disci
including results of geophysical exploration.

Ability to produce independent work- geological interpretation of -bgs,
construction of contour maps, geolodiaaosssections and correlation schen
including estimates of reserves in a coal basin.

DESCRIPTION OF THE COURSE:
LECTURES (in weeks)

1-2. Coal as an energy source, and as amaaterial in metallurgy and chemic
industry. Reserves and yearly prodostworldwide and irCroatia.




3-4. Organic and inorganic constituents of plant tissgarbonisation, biochemic:
and geochemical processes.

5. Classification of coal according to its practical value and carbonisation level
6. Coalbearing formations- depositional environments, theories of autochthor]
and allochthonous formation of coal beds.

7. Types of hydrocarbons.

8-9. Formation, migration and accumulation of oil and gasource rocks an
reservoir rocks.

10. Wader, oil and gas inside the hydrocarbon reservoir.

11-13. Geological operations in petroleum geological exploration.

14-15. Oil and gas reservoirs @roatia and worldwide.

EXERCISES (in weeks)

1-2. Coal depositsxploration methods geological, geophysical, drilling; mining
exploratory works. Analyses of coal.

3-4. Classification and categorization of coal reservegethods for reserve
estimation.

5-6. Project 1- Estimation of coal reserves.

7-9. Basic interpgtation of wireline logs.
10-11. Wellsite geology, samples and cores from oil wells.

12-15. Project 2—- Petroleumgeological graphic documents (correlation charts
subsurface maps)

STUDENT OBLIGATIONS DURING THE COURSE: Students have to finish
smdl (individual) projects, and submit the hardcopy. Their results will be grade
oral examination of the project content upon submission.

METHODS TO EVALUATE STUDENT PERFORMANCE: Projects 1 and 2
obligatory, their average grade acctaufor 50% of the total grade for the course.

EXAMINATION METHODS: Final oral examination is obligatory results make
50% of the total grade for the course.

COURSE(s) NEEDED FOR THIS COURSE: Physical geology, Historical geolc
and Il

COMPULSORY LITERATURE:

ADDITIONAL READING:

Thomas, L. (2002): Coal Geology. John Wiley & Sons L@hichesterEngland, 384
Pgs.

Whateley, M.K.G. & Spears, D.A., eds. (1995): European Coal Geology. Geolog
Soc. ofLondon Spec. PubNo. 82, 331 pgs.

Doveton, J.H. (1986): Log Analysis of Subsurface Geology. A likgrscience
PublicationNew York, 273 pgs.

Hobson, G.D. (1977). Developments in Petroleum Geology. Applied Science
Publishers Ltd.L.ondon, 335 pgs.




COURSE TITLE:PALAEOBOTANY

COURSE TEACHER/TEACHERSROF.DR. JASENKA SREMAC, PMF

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY:IV or V

SEMESTER:
TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistat
Lectures 2 PROFESSOR
Exercises 1 ASSISTANT
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

LEARNING OUTCOMES:

Understanding basic plant fossilization processes.

Basic knowledge on fossils from different plant groups and their stratigraphic span.
Understanding of causes and timing of plant evolution.

Ability to recognize plant fossils from hand samples, particularly from Croatian localities.

DESCRIPTION OF THE COURSE3etting familiar with essential terms in palaeobotany, n
fossil groups and general trends in evolution of plants.

STUDENT OBLIGATIONS DURING THE COURSHRegular presence at lectures and eises,
field exercises, independent tasks and essays.

METHODS TO EVALUATE STUDENT PERFORMANCERegular presence at exercis
successfuly done personal tasks, successfuly presented essay.

EXAMINATION METHODS:Written exam (test).

COURSE(s) NEEDED FOR THIS COURSEeneral palaeontology

COMPULSORY LITERATUREStewart, W.N.: Palaeobotany and the Evolution of Ple
Cambridge Univ. Press, Cambridge, 1990.Sremac,J.. PaleobotanikptaSKrirodoslovnoe
mat emati ¢ki fakultet, Zagreb, 1997.

ADDITIONAL READING:Selected papers from scientific and scierqifapular magazines, da
from internet pages.




COURSE TITLE:Applied geophysics

COURSE TEACHER/TEACHERS

STUDY PROGRAMME:Graduate study of geology

YEAR OF STUDY:IV or V

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (teacher or assistajt
Lectures 2

Exercises 1

Seminars

Laboratory

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Getting of fundamental knowledge from basic geophys
methods.

LEARNING OUTCOMES:

DESCRIPTION OF THE COURSE: Seismic exploratio@eneration and
propagation of seismic waves. Tirdestance graph for a layered medium.
Instruments and equipment: seisraources, detectors (geophones), seismograph
Refraction seismic exploration: data acquisition and processing, interpretation
methods, complications in refraction interpretation (the blind and hidden layers)
applications. Reflection seismic exploratiolata acquisition, data processing (the
static, the NMO and the residual corrections, the velocity analysis), seismic veld
measuring, interpretation of seismic reflection sections, migration, applications.

logging

STUDENT OBLIGATIONS DURING THE COURSEEvaluation of lessons i
framework of exercisefRRegular presence at lectures and exercpsestical exercises

METHODS TO EVALUATE STUDENT PERFORMANCH?reliminary exams.

EXAMINATION METHODS: written, oral

COURSHs) NEEDED FOR THIS COURSEhysics, Geophysics

COMPULSORY LITERATURE:

Griffits, D. H. & King, R. F.: Applied geophysics for geologists and engen
PergamonQxford, 1981

Parasnis D.S.: Principlesof Applied Geophysics Chapman and HallNew York,




1986

Sumanovac, F.: Geofiziéka istraziva
g e o | -oaftrk fakultet, Zagreb, 1999

ADDITIONAL READING: 1. Griffits, D.H. & King, R.F. (1981): Applied Geophysics f
Engineers and Geologists. Pergamon P@sfrd.

2. Sheriff, R.E. (1995): Exploration Seismolo@ambridgeUniv. PressCambridge.




Optional course list Geology (Mineralogy and Petrology)

COURSE TITLE: Rock Microstructure

COURSE TEACHER/ TEACHERS: Dr . Dr az
Department of Geology, Faculty of Sciendajversity ofZagreb

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4

SEMESTER: 7 (also possible in"Bsemester)

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 0

Exercises 3 professor
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Students achieve basic knowledge needeq
mineral, structure and texture identification in common rock types usicrgpsuope.
Classification of rocks using polarizing microscope.

LEARNING OUTCOMES:
Ability to work independently with polarizing microscope.
Ability to recognize unknown minerals independently by using relevant literature

Knowledge and understanding of the optical properties of minerals in order to
indentify them in an unknown sample.

Basic knowledge and understanding of genesis and alteration of minerals, and
they reflect to optical properties of minerals.

Ability to relate optical properties of minerals with their crystallographic and
chemical properties on advanced level needed for resolving petrological tasks.

Ability to undertake an investigation by application of appropriate procedures us
polarizing microscope.

DESCRIPTION OF THE COURSE:

1. Polarizing microscope. Rock forming minerals in igneous, sedimentary and
metamorphic roks.

2. Mineral, structure and texture identification, mineral relations and reactions. F
classifications, IUGS classification system and recommendations.




. Acid plutonic, volcanic and vein rocks.

. Intermediate plutonic and volcanic rocks.

. Basc plutonic, volcanic and vein rocks.

. Ultramafic magmatic rocks.

. Pyroclastic rocks and volcanic glass.

. Diagenesis vs. metamorphism. Sedimentary protoliths.
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. Very low grade metamorphism (VLGM).

10. Low grade metamorphism (LG).

11. Medium grade metamorphism (MG).

12. High grade metamorphism (HG). Anatexis. Ultrametamorphism.

13. Metamorphic rocks without preferred orientations (granofels, hornfels, marb
quartzite).

14. Equilibrium mineral assemblages, mineral reactions, gralphiesentation,
approx. determination of metamorphic conditions.

15. Specific textures and microstructures in sedimentary rocks.

STUDENT OBLIGATIONS DURING THE COURSE: individual reports includi
thin section descriptions

METHODS TO EVALUATE STUDENTPERFORMANCE: evaluation of individug
reports and thin sections description

EXAMINATION METHODS: average grade of all individual reports, oral exam

COURSE(s) NEEDED FOR THIS COURSE: Mineral optics, Petrology of ign
and metamorphic rocks, Petrologysafdimentary rocks

COMPULSORY LITERATURE:Vernon, R.H. (2004): A practical guide to Ro
Microstructure- Cambridge University Press, 594 p.

ADDITIONAL READING: Shelley, D. (1995): Igneous and metamorphic rg
under the microscope: classification, textures, microstructures and mineral pr
orientations. Chapman & HallLondon.




COURSE TITLE: Microtectonics

COURSE TEACHER/ TEACHERS: Dr . Dr az
Department of Geology, Faculty of Sciendajversity ofZagreb

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4

SEMESTER: 8

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 1 professor
Exercises > professor
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Students achieve knowledge needed for min
structure and texture identification in different rock types using microscope
oriented thin sections. Link between deformation and metamorphism on the
(microscopic) scale. Renstruction of simple geological events through analysi
deformation and metamorphism. Comparison and evaluation of data collec
different scale (thin section, haisize specimen, outcrop, regional scale).

LEARNING OUTCOMES:

Appreciationof issues concerning sample selection, accuracy, precision and
uncertainty during collection, recording and analysis of data in the field and
laboratory.

Basic ability to become familiar with new geological methods and technologies.
Basic ability to applyappropriate technology and use relevant methods .

Basic ability to independently analyze earth materials in the field and laboratory
to describe, process, document and report the results.

Ability to conduct appropriate experiments, to analyze andgreéedata and draw
conclusions.

Basic ability to work effectively and communicate in national and international
contexts.

Ability to evaluate performance as an individual and a team member.

Ability to identify individual and collective goals and resporigiles and to perform
in a manner appropriate to these roles.




Ability to evaluate critically professional and research papers.
Ability to plan and appropriate programme of cantng professional development.

DESCRIPTION OF THE COURSE:

1. Link between dermation and metamorphisfamicroscopic scale.

2. Basic approach and methods. Petrographic microscegiged, electron
microscope. Computer based image analysis.

3. Sampling, sample orientation, oriented thin section preparation.

4. Geometry and cryallography vs. optical elements. Necessity'®fi8nension in
thin section.

5. Deformation of rock forming minerals, effects in thin sections. Monomineral a
polyphase systems.

6. Foliation, lineation, preferred orientation. Mechanism of foliation ldgwveent,
influence and importance of geological factors, practical use of foliation in the e
reconstruction.

7. Mineral preferred orientation and shear sense determination.

8. Shear zones, mylonite, mylonitization and metamorphism.

9. Mylonite shearense indicators.

10. Porphyroblasts and reaction rims. Pretectonic, intertectonic, sintectonic and
tectonic porphyroblast growth. Inclusions, symplectites.diagrams.

11-15. Sampling in metamorphic rocks of Medvednica Mt. Oriented cutting anc
sections preparation. Determination of problem, possible approach, problem ¢
using oriented thin sections. Seminar.

STUDENT OBLIGATIONS DURING THE COURSE: field work, preparation
oriented thin sections, seminar

METHODS TO EVALUATE STUDENT PERORMANCE: field work, preparatio
of oriented thin sections, seminar

EXAMINATION METHODS: microscopic work on the oriented thin sectig
prepared by student

COURSE(s) NEEDED FOR THIS COURSE: Mineral optics, Igneous
metamorphic petrology, Petrology £#dimentary rocks, Rock microstructure

COMPULSORY LITERATURE: Passchier, CW. & Trouw, R.AJ. (199
Microtectonics.Springer Verlag, 289 pp.

ADDITIONAL READING: Vernon R.H. (2004): A practical guide to Ro
Microstructure- Cambridge University Press, 594 p.




COURSE TITLE:IMINERALOGY OF SILICATES

COURSE TEACHER/TEACHER®Prof.dr.scVladimir Bermanec, PMF

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4or5

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures > professor
Exercises 1 assistant
Seminars

ECTS credits5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES
KNOWLEDGE AND SKILLS: Getting familiar with a wider range of silicate
minerals, espiecially roeforming ones

LEARNING OUTCOMES:

Basic ability to independently analyzggicate mineralsn the field and laboratory an
to describe, process, document and report the results.

DESCRIPTION OF THE COURSE:

1. Crystatchemical properties of silicates
2. Olivine group

3. Garnet gropu

4. Group of aluminum silicates

5. Calcium silicates

6. Epidoe group

7. Beryl group

8. Tourmaline group

9. Inoslicates pyroxenes

10.Inoslicates amphiboles
11.Phyllosilicates- mica
12.Phyllosilicates chlorites
13.Phyllosilicates- group of kaolin- serpentine




14.Groups of feldspars and scapolites
15. Zeolite group

STUDENT OBLIGATIONS DURING THE COURSE:Attendance at classe
preliminary exams and seminars

METHODS TO EVALUATE STUDENT PERFORMANCERegular attendance
classes, preliminary exams and seminars

EXAMINATION METHODS: Written and oral exa with the results of th
preliminary exams.

COURSE(s) NEEDED FOR THIS COURSEBystem of Mineralogy, complete
pregraduate study of geology

COMPULSORY LITERATURE:SIlovenec, D., Bermanec, V. (2003): Sistemat
mineralogija— mineralogija silikata. Denon@agreb, 359 str.

ADDITIONAL READING:

Wenk, H:-R., Bulakh, A. (2004): Minerals their Constitution and Origin. Cambr
University Press, 646 pp.

Hibbard, M.J. (2002): Mineralogy A €logist's Point of View. McGrawill, 562
Pp.

Ramdohr, P., Strunz, H. (1967): Klockmanns Lehrbuch der Mineralogie. F.
Verlag, Stuttgart.




COURSE TITLEIMINERALOGY OF NON-SILICATES

COURSE TEACHER/TEACHER®Prof.dr.scVladimir Bermanec, PMF

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4or5

SEMESTAR STUDIJA:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistant
Seminars

ECTScredits 5

CILJKOLEGUA:Upt punj avanje znanja 0 minet
rudne minerale, njihovu genezu i kristalokemijska svojstva.

LEARNING OUTCOMES:

Basic ability to independently analyze nsiticate minerals in the field and laboratg
and to describe, prosg, document and report the results.

DESCRIPTION OF THE COURSE:
1. Groups of gold and platinum

2. Groups of sphalerite, galena and pyrite
3. Groups of sulphosalts

4. Groups of spinels

5. Oxides of aluminum and iron

6. Oxides of manganese

7.Borates

8. Groups of calcite and dolomite

9. Group of aragonite

10. Grroups of baryte and gypsum
11.Secondary sulphates

12. REE phosphates

13.Group of apatite

14. Pegmatite phosphates




15. Organic minerals

STUDENT OBLIGATIONS DURING THE COURSE:Attendance at classe
preliminary exams and seminars

METHODS TO EVALUATE STUDENT PERFORMANCERegular attendance
classes, preliminary exams and seminars

EXAMINATION METHODS: Written and oral exam with the results of f
preliminary exams.

COURSE(s) NEEDED FOR THIS CORSE: System of Mineralogy, complete
pregraduate study of geology

COMPULSORY LITERATURE:Bermanec, V. (1999): Sistematska mineralogij
mineralogija neilikata. Targa, Zagreb, 264 str.

ADDITIONAL READING:

Wenk, H:R., Bulakh, A. (2004): Minerals their Constitution and Origin. Cambr
University Press, 646 pp.

Hibbard, M.J. (2002): Mineralogy A Geologist's Point of View. McGidilN, 562
Pp.

Ramdohr, P., Strunz, H. (1967): Klockmanns Lehrbuch Mereraloge. F. Enke
Verlag, Statgart.




COURSE TITLE:Mineral associations

COURSE TEACHER/TEACHERS?hD. Vladimir Bermanec, full professor, Faculty of Scienc

STUDY PROGRAMME:Graduate study of geology

YEAR OF STUDY:1./ 2.

SEMESTER1./ 3.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS:

Familiarizing withthe environments where different mineral associations occur.

LEARNING OUTCOMES:

Ability to conduct appropriate experiments, to analyze and interpret data and draw cong
about mineral associations and parageneses.

DESCRIPTION OF THE COURSE:

Evolution of minerals. Forming of the Earth cosmic phase. Meteorites. Differentiatien
compositional layers. Magmatic activity. Magmatic environments. Associations of basalt
acidic eruptives. Pegmatites. Hydrothermal activity. Sediments: chemogenetgendtic.
Weathering and diagenesis. Microorganisms. Fossilization.

STUDENT OBLIGATIONS DURING THE COURSE:
Class attendance.

METHODS TO EVALUATE STUDENT PERFORMANCE:

EXAMINATION METHODS:
Written and oral exam.

COURSE(s) NEEDED FOR THIS COURSE:
Finished Undergraduate study of Geology.




COMPULSORY LITERATURE:

Bermanec, V. (1999): System of mineraleggnineralogy of norsilicate minerals. Targ&agreb,
264 pp.

Bermanec, V. and Slovenec, D. (2006): System of mineralagyneralogy of silicate minerals
DenonaZagreb, 359 pp.

ADDITIONAL READING:
Textbooks aboumineralogy.




COURSE TITLE: GEMMOLOGY

COURSE TEACHER/EACHERS: Prof. Goran Kniewald and Prof. Vladimir Bermanec

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4o0r5

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 professor or assistant
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: Upon completion of the course, students stidulve general and specific competen
requisite for a basic gemmological identification of a gem.

LEARNING OUTCOMES:

Knowledge and understanding of the physical and chemical properties of gem materials
Knowledge of the common terminology and nomenck&bf gem materials

Ability to identify the main gem materials

DESCRIPTION OF THE COURSE: 1. Fundamental concepts in gemmology 2. Geold
gemstone deposits Erystal optics ingemmology 4. Optical effects on gemstones 5. Co
theory— causes of gemstone colour 6. Gemmological instruments 7. Methods of gemstone
8. Common gemstones 9. Rare gemstones 10. Organic gemstones 11. Diagradihg and
imitations 12. Synthati gemstones 13. Imitiations, composites and gemstone treatmern
Cutting of gemstones and tzpes of cuts 15. Presentation of student projects

STUDENT OBLIGATIONS DURING THE COURSE: Regular attendance of course
completion of a written project paper.

METHODS TO EVALUATE STUDENT PERFORMANCE: Term test and final examination

EXAMINATION METHODS: Written and oral final exam. The final grade will include ma
given for the student's project paper.

COURSE(s) NEEDED FOR THIS COURSHIineralogy, Mineral ofics

COMPULSORY LITERATURE: Read. P. (1999): Gemmology,"2edition, Butterworth
HeinemannlLondon.




ADDITIONAL READING: Anderson, B.W. (1990); Gem Testing, " @dition (revised by
E.A.Jobbins). Butterworths & Ca.ondon.

Hurlbut, C.S. and Kammerling, R.C. (1991): Gemology. John Wiley and Sems)Y ork.




COURSE TITLE: Interpretation of geochemickita

COURSE TEACHER/ TEACHERS: prof.dr. L

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4.

SEMESTER: 7.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistent
Seminars assistent

ECTS credits: 5.

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: The course provides knowledge of geochem
interpretation of data obtained on igneous, metamorphic and sedimentary roc
convention, geochemical data are grouped as: major elements, trace eleme
stable and radiogenic isotopes. Each of these datalesgetermination of magm
source, way of formation, evolution (partial melting, fractional crystallizat
assimilation, etc.) and geotectonic setting. Metamorphic petrology is concerne
precursorrocks, and sedimentary petrology with provenande 3ubject deals wit
different kind of discrimination diagrams in use to solve H4mientioned problems.

LEARNING OUTCOMES:

The content of the course is linked to the interpretation of magmatic and metarn
rocks on the basis of geochemical data. The focus of the study is directed
numerical analysis of major and trace elements, rare earth elements, radioge
stable isotopes.

Work in classroom with small group of studestsables efficient contact and cont
of calculation performance. At the same time, field work in the vicinitZadreb
gives opportunity to collelct samples, te blaborated by classical and instrume
analyses in the department laboratory. The results are compared with those ¢
in previous studies, and contribute to the research performed and mentored
teacher.

DESCRIPTION OF THE COURSE: 1. Geocheal data, geological processes &
their geochemical significance, analytical techniques in data acquisition, sour
errors.2. Data analysis, correlation, regression, discriminant analysis, 3.Va
diagrams, rock classification, 4. Usage of tratements, geochemical control
element distributions, REE, spidéiagrams, PGE, Transitional elemedtagrams,
bivariant diagrams, modeling of data (vector diagram, partial melting, ¢




fractionation, AFC processes), 5. Geotectonic discriminatiisgrimination in the
group of basalts, andesites, and granites, 6.Radiogenic isotopes in geochrg
isochrone methods, errochrones, geochroneSHUR modelna starost, , blockir
temperature, crystallization temperature, metamorphic age, mineral. &gjiogenid
isotopes in petrogenesis, recognition of isotope reservoir, epsilon notation, i
correlation diagrams, mantgust dynamics, plumbotectonics, geodynamics, 8.5
isotopes in genesis of igneous and metamorphic rocks, Gadpes.

9.Sedimentary rocks, geodynamic setting, provenance od detrital component
Sr-isotope stratigraphy.

STUDENT OBLIGATIONS DURING THE COURSE: Obligatory lecture audiet
and successful lab assignments,

METHODS TO EVALUATE STUDENT PERFORMANCE: colloguse seminars
mid-term exam are prerequisite for recognition of attendance.

EXAMINATION METHODS: After fulfilling of the course obligation the overa
mark is formed by the final exam, written and oral.

COURSE(s) NEEDED FOR THIS COURSE:General mineralogy, Systel
mineralogy, Petrology of igneous and metamorphic rocks, Geochemistry.

COMPULSORY LITERATURE:

3. Rollinson, H.: Using geochemical dana: evaluation, presentg
interpretation. Longma 1995, str. 348.

4. Ragland, P.C.: Basic analytical petrolo@xford university press. 1989, s
370.

5. Winkler, H.G.F.: Petrogenesis of Metamorphic Rocks. Sprivgetag, 1979,
str. 348.

ADDITIONAL READING:
1. Myron G. B.: Igneous and metamorphic petrology. Blackwell, 2003, str. 729.




COURSE TITLE: PHASE AND ELEMENTAL ANALYSIS

COURSE TEACHER/ TEACHERS: professor,
DARKO TIBLJAS, PMF

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: IV or V

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY

METHODS PER WEEK (professor or assistant
Lectures 1 professor

Exercises 2 professor, assistant, research assista
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Obtaining additional information on methods
elemental and phase analysis regiured for independant analytical work

LEARNING OUTCOMES:

Knowledge and understanding of the scientific and technical terminology i
domain of analytical chemistry.

Ability to understand specific aspects of analytical methods in chemistry (the pr
of analytical precision, significant digits, figures ofnite

Ability to analyse the results of chemical analysis by statistical means.
Capability of performing ,classical

Knowledge and understanding of factors influencing the measured parameters
ray powder pattern and related abilibydvercome possible problems.

DESCRIPTION OF THE COURSE:
1. Qualitative and quantitative parameters of the analytical method choice.
2. Sampling plan design and selection of the best posible methods

3. Preselection of the analytical samples, methods aofipke dissolution an
destruction

4. Stehiometric calculations in the wet chemistry methods

5-6. Absorption and emission spectrometric methods, instrumental o
components

7.-8. Mass spectrometry methods, Moessbauer spectroscopy, nuclear ac




aralytical methods
9. Mineral separation methods

10-13. X-ray powder diffraction (factors influencing diffracted beam intensity,
cell dimensions calculation from powder patterns, powder pattern fitting techniq

14. X-ray fluorescence analysis (matproblem and methods for solving it, sam
preparation)

15. Electron microscopy (SEM, EBSD, chemical analyisis, electron diffraction)

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, prelimir
exams, homework assignments

METHODS TO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written exam, final grade includes also results
prelim and homework assignments

COURSE(s) NEEDED FOR THIS COURSE: Principles of elemental and
analysis

COMPULSORY LITERATURE: Jones, M.P. (1997): Methoden der Mineralogie.
Ferdinand Enke Verlagtuttgart, 260 pp

Skoog, D.A. & Leary, J.J. (1992): Principles of instrumental analysis. Saunders
College Publishing, Fort Worth, 700 pp.

Skoog D.A., West, D.M. & Holl er  h SkFollJs.
knjiga, Zagreb, 951 pp.

Whiston, C. (1987): Xay metods, John Wiley & Sondew York, 426 pp.

ADDITIONAL READING: Bish, D.L. & Post, J.E. (1989): Modern powd
diffraction. Reviews in Mineralogy, 20. Mineralogical SocietyAmfierica, 384 pp.

Jones, M.P. (1987): Applied mineralogy. Graham & Trotnhamdon, 259 pp.




COURSE TITLE: Universal stage methods

COURSE TEACHER/ TEACHERS: Nenad To ma Zagreh

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4th or 5th

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 1 lecturer
Exercises 2 lecturer

Seminars 0

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: Introduction to the principles of universal stage application in mineral research
should qualify students for their own research.

LEARNING OUTCOMES:

Knowledge and understanding of the advanced application of polarizing microscope equipf
universal stage.

Understanding the application of the universal stage microscopy methods in solving ge
problems.

Ability to relate optical properties aghinerals with their crystallographic and chemical propef
on advanced level.

Ability to undertake an investigation by application of appropriate procedures using pol;
microscope.

DESCRIPTION OF THE COURSE:

1. Multi-axis microscope (universal g&)
Adjustments of universal stage and thin sections
Determination of the vibration directions of optical inicatrix
Measurement of cleavage and twin composition planes
Plotting the results
Measurement and solution of twins
Determination bplagioclase chemical composition
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Refractive index corrections




9-10. Determination of plagioclase using universal stage
11-12. Determination of pyroxene using universal stage
13-14. Determination of amphibole using universal stage
15. Determination of topaz using universal stage

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, preliminary exams

METHODS TO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written and oral

COURSE(s) NEEDED FOR THISOURSE: General mineralogy, System of mineralogy, Min
optics

COMPULSORY LITERATURE:

1. Medi mor ec, S. (1998): Kristal namab e mé
fakultet,Zagreb

2. Saranc¢i na, ev@kov, WIN. (1885KIedrovski metoda (Opredelenie minerg
mikrostrukturnjii analiz), Nedrd,eningrad, p.

ADDITIONAL READING:

1. Zussman, J. (1977): Physical Methods in Determinative Miogy (2 ed.), Academic
PresslLondon, 720




COURSE TITLE: Geochemistry of sedimentary rocks

COURSE TEACHER/ TEACHERS: Research 4
Faculty of Science, Department of geology

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4 or 5

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 assisstant
Exercises 1 assisstant
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Discussion of chemical changes during all stage
sedimentary rock formation (weathering, transport, deposition, diagenesi
lithification).

LEARNING OUTCOMES:

Knowledge and understanding of basic geochemical processes of interaction g
sedimentary rocks, water and living / nlving organisms in terrestrig
environments.

Basic knowledge of the process of chemical weathering of sedimentary rocks (
limestone).

The ability to discuss the mode of transportation of metals in the surface envirof

Ability to predict the disastrous consequences of human activities on the s
environment.

DESCRIPTION OF THE COURSE:

Aquatic solutions: water/ice struce, water's solvent power, quantifying
composition of solutions

Aquatic chemistry: chemical equilibrium, the solubility product, ionic stren
activity coefficient, DebyeH U c k e | equation

Chemical composition of continental waters: chemistry of etesneith reference
to Ca, Mg and Na, ionic potential, weathering patterns

Basic chemistry of estuaries; chemical and lithological compositior]
sedimentary rocks regarding Goldich's weathering series; compos




variability of sandstones, shales andocaate rocks

Chemical weathering: hydrolysis, equilibrium solubilities in the system-8iO,
activities of different forms of dissociated silica, behaviour of alluminium and
during the weathering of silicates, gibbsite solubility

Calcium carbonatesolubility: the solubility products of calcite and aragon
carbonate compensation depth, equilibrium solubilities in the systespHED
Bjerrum's diagram, solubility of the carbonate minerals in a complex sy
(river, lake, sea), buffering systemjschungkorrosionbiomineralization

Weathering agents: carbon diokside, erosion of an average limestone f{
contribution of plant roots and microbiological degradation of organic matt
the weathering processes

Organic acids: their role in solutigorocesses, significance of chelates for
metal mobility, colloids, floculation

Oxidationtrreduction processes: Nernst equation, reduction potential, iror
manganese behaviour regarding electrochemistry, basic concept
thermodynamics and eleochemistry, different approach of chemists i
geochemists in expressing half reactions

Eh-pH diagrams: stability limits of water, stability fields of iron oxides:h
systems containing carbon diokside: stability of siderite regarding hen
magretite and dissolved iron

Diagenesis: definition of processes, kinetic factors, diffusion, Fick's
advection, Peclet's number, Darcy's law, kinetics of chemical reactions (
molecular level, general equation of diagenesis

Cementation: growth of odized surface layer, distribution of manganese
pelagic sediments, fossilization and growth of concretions

Fate of organic matter during diagenesis: geopolimers, reactions of 'dark
vitrinite reflection, time temperature index, Van Krevelen's wiayg sulfate
reduction, fermentation

Distribution of sedimentary rocks in time and space: assessment of the qua
sedimentary rocks, distribution of evaporites, Mg/Ca ratio in carbonate 1
‘dolomite problem’, selevel curve in response to thdate/dolomite ratio.

STUDENT OBLIGATIONS DURING THE COURSE: Regular attendance of
class lectures, exercises in particular, solving homework problems (calcul:
drawing the diagrams, discussing worked examples).

METHODS TO EVALUATE STUDENT PERFBMANCE: Absence from exercise
must be less than 20% of the total titable, and homework results should
presented in written form.

EXAMINATION METHODS: Oral exam.

COURSE(s) NEEDED FOR THIS COURSE: Chemistry | i Il, Sedimen
petrology, Geochemist.




COMPULSORY LI TERATURE: Prohi ¢, E.
Targa,Zagreb, 554 pp.

Krauskopf, B. K. (1979): Introduction to geochemistry. McGidiv Book
CompanyNew York, 617 pp.

ADDITIONAL READING: Brownlow, A. H. (1979): Geochemistry. Prenticill,
Inc., Englewood CliffsNew York, 498 pp.

Morse, J. W. & Mackenzie, F. T. (1990): Geocheryigif sedimentary carbonate
Elsevier, Amsterdam, 707 pp.




COURSE TITLE: Field techniques *MP*

COURSE TEACHER/ TEACHERS: Dr . Dr az
Department of Geology, Faculty of Sciendajversity ofZagreb

STUDY PROGRAMME: Graduate study Geology

YEAR OF STUDY: 4

SEMESTER: 8

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 0

Exercises 3 professor
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Aim of course is to train students in the individ
geological field techniquesneouraging individual (but tutored) field work a
mapping. During the course, students typically spend longer period in the
working on a variety of group and individual projects. Student applies previ
achieved knowledge how to describe roak®asure sections, and record geold
field data. After this initial introductory period, students conduct a series of sp
tests including laboratory work. This course is introduction in master thesis.

LEARNING OUTCOMES:

DESCRIPTION OF THE COURSHndividual (but also tutored) field work. Fie
work is focused on igneous and metamorphic complexes iGnbetia (Medvednica
Mo s | av a ¢ Eavonighdts.alnrer Dinarides) or in favorable circumstances
Alps and Carpathians. Field technique course ended with producing of geologic
and column. Written report includes field and laboratory data.

STUDENT OBLIGATIONS DURING THECOURSE: The course represents ong
the finishing steps in the master degree education cycle. Since it includes
guantity of individual work (especially in the field) one of the basic prerequis
psychophysical ability of student together witholidedge learned in basic cours
Sub steps in the course should be discussed with supervising professor befd
report submitting.

METHODS TO EVALUATE STUDENT PERFORMANCE: course proposal




EXAMINATION METHODS: final report

COURSE(s) NEEDED FOR THISOURSE: depending on field and professor

COMPULSORY LITERATURE: depending on selected professor

ADDITIONAL READING: depending on selected professor




Optional course list Environmental geology

COURSE TITLE: ENVIRONMENTAL MINERALOGY

COURSE TEACHER/TEACHERS: Prof. Vladimir Bermanec and Prof. Goran Kniewald

STUDY PROGRAMME: Graduate study Environmental geology

YEAR OF STUDY: 4" or 5" year

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1

Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: Upon taking the course, students will acquire general and spemifipetencies aime
at a sound understanding of basic concepts and applications of environmental mineralogy.

LEARNING OUTCOMES:

Awareness and understanding of the temporal and spatial dimensions in Earth processes
Understanding the need of a ra@bnse of earth resources.

Knowledge and understanding of the complex nature of interactions within the geosphere .

Awareness of the applications and responsibilities of Geology and its role in society inclug
environmental aspects.

DESCRIPTION OF HE COURSE: 1. The nature and scope of environmental mineralo
Research methods in environmental mineralogy 3. Minerals and soil developments 4. Min
of marine sediments 5. The influence of microbes on minerals 6. Aerosols in the atmosy
Mineralogy of mine wastes 8. Suitability of minerals for environmental remediation purpg
Mineralogy in nuclear waste management 10. Mineralogy and cultural heritage 11. Ming
and human health 12. Presentation of student's project papers.

STUDENT (BLIGATIONS DURING THE COURSE: Regular attendance of classes, a
participation in colloquia and seminaries

METHODS TO EVALUATE STUDENT PERFORMANCE: Successful completion of assig
coursework and tasks

EXAMINATION METHODS: Term papers and written aodal final exam




COURSE(s) NEEDED FOR THIS COURSHIineralogy, Quantitative and isotope geology

COMPULSORY LITERATURE:

Vaughan, D.J. and Wogelius, R.A. (2000): Environmental Mineralogy. EMU Noteg
Mineralogy,E 6 t Uriversity PressBudapest, 434 p.

ADDITIONAL READING:




COURSE TITLE: INSTRUMENTAL METODS IN ENVIRONMENTAL ANALYSIS

COURSE TEACHER/TEACHERS: Prof. Gorami€wald and Prof. Vladimir Bermanec

STUDY PROGRAMME: Graduate study Environmental geology

YEAR OF STUDY: 4" or 5" year

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1

Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIESKNOWLEDGE AND
SKILLS: Upon taking the course, students will aicq general and specific competencies air
at a sound understanding of basic concepts and applications of instrumental met
environmental chemical analysis.

LEARNING OUTCOMES:
Knowledge of the common terminology and nomenclature of instrumerabfiaal methods
Ability to create necessary analytical methods

DESCRIPTION OF THE COURSE: 1. The role and importance of environmental che
analysis 2. Sampling procedures and classical methods of environmental anal
Spectrophotometric methed4. Electrochemicl methods of analysis 5. Mass spectromet
Methods for solid sample analysis 7. Gas chromatography 8. Analysis of water sam
Analysis of gaseous samples 10. Direct spectrophotometric analysis of gaseous air pollu
Analysis of sulfur dioxide 12. Analysis of carbon monoxide 13. Analysis of nitrogen oxide
Analysis of hydrocarbons 15. Analysis of particulate matter.

STUDENT OBLIGATIONS DURING THE COURSE: Regular attendance of classes, ¢
participation in colloquia ahseminaries

METHODS TO EVALUATE STUDENT PERFORMANCE: Successful completion of assig
coursework and tasks

EXAMINATION METHODS: Term papers and written and oral final exam

COURSE(s) NEEDED FOR THIS COURSEhemistry | and I, preferablnalytical Chemistry,
| and I, Fundamentals of element and phase analysis, all courses from semesters 3 and 4.




COMPULSORY LITERATURE:
Manahan, S.E. (1994): Environmental Chemist®e6ition, Lewis Publisher&oca Raton.

ADDITIONAL READING:




COURSE TITLE: HYDROGEOCHEMISTRY AND GROUNDWATEF
PROTECTION

COURSE TEACHER/TEACHERS: Sanja Kapelj, PhD, senior researbistitute of
Geology, Zagreb

STUDY PROGRAMME: Graduate study Environmental geology

YEAR OF STUDY: 4" year

SEMESTER: ¥ semester

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 orofessor
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS:

The course includes basic principles of hydrogeochemical characteristi
groundwaters and groundwater protection. Attention is focused on the
background and its practical application in governing and giagaof groundwate
protection.

LEARNING OUTCOMES:

1. Awareness of the applications and responsibilities of Geology and its r
society including its environmentaspects.

2. Ability to integrate field and laboratory evidence with theory following
sequence from observation to recibigm, synthesis and modelling

3. Ability to conduct appropriate experiments, to analyze and interpret dat
draw conclusions.

4. Basic ability to prepare, process, interpret and present data, using appr
qualtative and quaitiative techniques and packages

DESCRIPTION OF THE COURSE:

1-3. Basic principles of hydrogeochemistry: formation of natural water compos
precipitation, surface and groundwater; physical and chemical properties, i
composition;thermodynamic equilibrium in water solutions; dissolution of ga
liquids and solids in water, fractionation, diffusion and osmosis, vapour pre
dissolution of electrolytes, chemical kinetics and equilibrium (water dissociatio
pH, equilibriumin acid and base solutions, buffer solution, hydrolysis of sé




carbonate equilibrium (dissolution and precipitation, water hardness, open and
system of carbonate dissolution, dissolution of dolomites); stability of pri
silicates and weathewy products (weathering kinetics, mass balance, precipit
and dissolution); redox reactions (redox equilibrium, stability of dissolved
species, gases and mineralE€h-pH diagrams-oxidation of pyrite, oxidation an
reduction of ionic species oftrogen, sulphur, iron); basic chemistry of colloids, i0
exchange, adsorption; chemical composition of natural waters (gases, mai
biogenic substances, microelements, organic matter); 4. Natural radioacti
stable isotopes in soils, surfaaad %round waters isotopes of carbon, hydroge
oxygen, sulphur, nitrogen™C, ®H, 0, D, **C, 3s, *N), origin, geochemistry
application in water and soil studies; 5. Wageil-rock interaction: reactions i
unsaturated and saturated zone of aquifer (dissolution of gases, silicate
carbonates, oxidation of sulphides, cationic and anionic excharggic reactions)
influence of salinization of different origin; geochemical types of water)
Fundamentals of geochemical modeling of processes in natural wspexdation
models, mass balance models, reaefiath models; 7. Groundwater protectier
natural and anthropogenic sources of groundwater contamination, typ
contamination sources, types of contaminations and its behavior in the under
Aspects of alluvial and karst aquifer protectiedifferent approach; 8. Geochemig
aspects of groundwater protections, simulation of contaminant behavior
geochemical modeling; 9. Basic principles of contaminant transport mod
analytical and numerical models and its application110Groundwater protectio
and management: monitoring of t®a quantity and quality, vulnerability mappir
(intrinsic and specific), mapping and classification of hazards, risk assessmer
application in groundwater protection; 12. Overview of legislative on environm
protection, waste disposal and emissiof contaminants in the environme
protection of quantity and quality of groundwaters;-148. Criterions of groundwate
protection— case study analysis, determination of sanitary protection zones, st
influence on environment for different purgss

STUDENT OBLIGATIONS DURING THE COURSE: Regular attendance
lectures and seminars during the semester that includes active participa
educative process; homeworks (how to solve a problem); seminar works (us
recent scientific literaturejontinued checking of knowledge through the prelimin
exams.

METHODS TO EVALUATE STUDENT PERFORMANCERegular attendance
lectures and seminars; regular homework doing, presentation and explical
seminar works; passing of all preliminary exams.

EXAMINATION METHODS: Final exam in writing form, oral examination deper
on teacher evaluation or depends on student require.

COURSE(s) NEEDED FOR THIS COURSE: Chemistry, Geochemi
Hydrogeology

COMPULSORY LITERATURE:
Appelo, C.AJ. & D. Postma (1994). Geochemistry, groundwater and poll
Balkema,Rotterdam.

Levaci ¢, E. (1997): Osnove geokemi
fakultet Varazdin, 232 str.




Mayer, D. (1993): Kvalgt a i zasStita podzemni h v
voda i mora. 146 p., Zagreb.

Parkhurst, D.L. (1995): PHREEQComputer program for speciation, reactjuath,
advectivetransport and inverse geochemical calculations. \AR#SIOurces
InvestigationdReport 954227, USGSl.akewood,Colorado.

Plummer, L.N., Prestemon, E.C. & D.L. Parkhurst (1994): An interactive
(NETPATH) for modelling net geochemical reacisoalong flow path, Version 2.
USGS WateiResources Investigation Report9269,Reston Virginia.

Chapters in:

Bi ondi ¢, B, Bakal owit z, NHoetzl,Z M: a (1L995);
Hydrogeological aspects of groundwater protection in karstic &téh. COST
ACTION 65, Project, EU, Bruxelles

Fritz.P. & Fontes, J.C. eds(1980): Handbook of Environmental Isoto
Geochemistry. ElsevieAmsterdam.

IAEA (1983): Guidebook on Nuclear Techniques in Hydrology, Techical report <
No. 91, International Atomic Energy Agendfienna.

Soliman, M.M., La Moreaux, P.E., Memon,B.A., Assaaéf.A., La Moreaux,
J.W.(1998): Environmental Hydrogeology, Lewis Publishers, 386 str.

Vrba J. & Zaporozec, A. (ed)(1994): Guidebook on Mapping Groundwater
Vulnerability. Vol. 16/1994, IAH, Verlag Hinz Heisklannover.

Zwahlen, F. (ed.)(2004): Vulnerability and risk mapping for the protection of
carbonate (karst) aquifers. Final repe€OST Action 620. European Commision
Office for Official Publications of the European Communitiasxembourg.

ADDITIONAL READING:

Chapters in:

Boulding, R.J. (1995): Practical Handbook of Soil, Vadose Zone and Groundwa
Contaminationr Assessment, Prevention, and Remediation. Lewis Publishers, 94
Coplen, T.B. (1993): Uses of Environmental Isotopes. In: Regional Gidatdr
Quality, Edited by Alley, W.M., VamNostrand ReinholdNew York, 223254.

IAEA (1981): Stable Isotope Hydrology. Tehnical Report Series No. ZiEhna.




COURSE TITLE: Geological aspects of waste disposals

COURSE TEACHER/ TEACHERS: prof.dr. L

STUDY PROGRAMME: Graduate study Environmentaloldgy

YEAR OF STUDY: 5.

SEMESTER: 9.

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistent
Seminars assistent

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Mining, industry, energy production, nuclear poy
station, traffic, oil and gas pidaes and change in living habits of urban and r
population produce enormous quantity of all kind of wastes, some of them eve
and hazardus. Needs for construction of safe waste disposal sites requires
knowledge of geological characteristics of the terrain provided for that purpc
includes regime of underground water, retention capacity of artificial and n
membranes andills, geochemical and gemechanical features of landfill rock
evaluation of possible mineral resources and other qualities of the ground w
planned as the waste disposal. The course deals with modern technical solt
waste disposal construeti of solid, liquid, gaseous, hazardous and nuclear w
and geological prerequisite for their safe, lkdagm usage and final conservation.

LEARNING OUTCOMES:

To gain basic knowledge from the Law on Waste;

To gain knowledge of main types of wastes;

To gain knowledge of basic classification of hazardeous wastes;
To become acquainted with selection criteria for landfill sites;

To obtain basic knowledge of some special wastes; case study : Electr
Electronic wastes

DESCRIPTION OF THE COURSE:

1. Definition of the waste, kind of wastes (solid, liquid, gaseous, hazar
radioactive, communal, etc.), 2.Waste producer (industry, energetic plants, n
communal infrastructure, agriculture). System of waste disposals (unsorted, ¢
incineration, communal landfills, nuclear waste disposals (low, medium, high ac




wastes), 3. Incineration plant, , emission of pollutents and toxicants, dioxin, €
production, incineration products (ashes, smoke filtrates), 4. Communal solid
disposals: technical characteristics, geomembranes, leachate chemistry, |
balling, composting, geological characteristics of an ideal waste disposal, moni
transport of waste, remediation and conservation, case studies, 5. Industr
hazardous wasteisposal, sources, (industry, medicine, oil industry, metallu
pharmaceuticals), waste disposal preparation (air filtration, extraction, che
oxidation, membrane processes, adsorption on active carbon, liquefaction), bic
treatment, stabilation and thermal methods, 6. Radioactive waste disposals (ind
medicine, scientific activity, nuclear energy production, nuclear weapons, nat
radioactivity, ionizing radiation, measuring of radioactivity (dose and sie
biological effects, natural sources of radioactivity, radon problem, artificial sou
of radioactivity, level of exposure to radioactivity, 7. Solid waste disposal

selection of site, geological criteria, protection of underground water, lead
collection, geomduanical stability, remediation of soil, monitoring, GIS, case stu
8. Radiotoxicity, legislation, nuclear waste disposal, site selection, surfac
underground disposals, lemedium and high activity wastes, deep geological w
disposals, case stiesCr oat i a, NPS “Kr$8ko”, poss

STUDENT OBLIGATIONS DURING THE COURSE: Obligatory lecture audiet
and successful lab assignments,

METHODS TO EVALUATE STUDENT PERFORMANCE: colloquies, seming
mid-term eam are prerequisite for recognition of attendance.

EXAMINATION METHODS: After fulfilling of course obligation the overall mark
formed by final exam, written, and oral.

COURSE(s) NEEDED FOR THIS COURSE:General mineralogy, Syster
mineralogy, Petrology of igneous and metamorphic rocks, Geochemistry, Quan
and isotope geochemistry.

COMPULSORY LITERATURE:

LaGrega, D.M., Buckingham, P.l., Evans, C. J.: Hazardoast\Wlanagment
McGraw-Hill, 1994, str. 1145.

Murarka, I.P.: Solid waste disposal nause, Vol. 1., Vol. Il., CRC Press, 1981
str. 347.

Si monc¢i ¢, V. Svjetska iskustva u
1991., str. 472.

ADDITIONAL READING:
1. Chemley, H.: Geosciences, environment and man, Elsevier, 2003., str.52
2. Jahi ¢, M. : D e p Banajeyoel980.,sr. 443t i t a Vv O




COURSE TITLE: Geochemical methods of environmental investigation

COURSE TEACHER/ TEACHERS: prof.dr. L

STUDY PROGRAMME: Graduate study Environmental geology

YEAR OF STUDY: 4.

SEMESTER: 7,

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistent
Seminars assistent

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS. The course deals with investigatioh supergene
distribution of metals (trace elements) of natural and anthropogenic orig
atmosphere, hydrosphere, and pedosphere. It explains processes of anomaly ft
(mobilization, transport, fixation, geochemical barrier). Methods and techni
sampling, sample protection, instrumental methods of analyses, planning of sa
basics of statistical data treatment.

LEARNING OUTCOMES:

Knowledge and understanding of geochemical principles by which it is possi
solve environmental geochemiigaoblems.

Ability to plan, conduct and report environmental geochemical investigations.
Ability to carry out field and laboratory work in a safe manner.

DESCRIPTION OF THE COURSE:

1.Geochemical environment, dispersion, mobility, reactivity, 2.Priesimf trace
metal analyses (sampling, digestion, separation, analytical techniques: AABISC
XRF, GC, LC, polarography, etc., reliability, precision, accuracyQrg.deposits an
rocks as sources of natural pollutionSil origin, chemical weathering of rocks a
ores, soil classification, 5. Composition of natural waters;plEhmeasuring
techniques, complexes, solubility of minerals, catmions exchange processes
clays and organics (colloids), 6.Geochemical stigation of soil, 7.Anomalies i
natural waters, 8.Anomalies in stream sediments, lake and sea sedime
Geochemical exploration of drainage systems, 10.Vegetation, volatiles (partid
atmosphere), 11. Statistical treatment of data, 12. Mappidgirdarpretation, 13
Geochemical exploration of mineral deposits, 14.Geochemical search
anthropogenic polluter, case studies.




STUDENT OBLIGATIONS DURING THE COURSE: Obligatory lecture audiet
and successful lab assignments,

METHODS TO EVALUATE STWENT PERFORMANCE: colloquies, semina
mid-term exam are prerequisite for recognition of attendance.

EXAMINATION METHODS: After fulfilling of course obligation the overall mark
formed by final exam, written, and oral.

COURSE(s) NEEDED FOR THIS COLWBE:General mineralogy, Systema
mineralogy, Petrology of igneous and metamorphic rocks, Geochemistry, Quan
and isotope geochemistry.

COMPULSORY LITERATURE:

1. Rose, A.W., Hawkes, H.E., Webb, J.S.: Geochemistry in mineral explor
Academic press, 2nd ed. 1979., pp. 657.

2. Dean, J.R.: Methods for environmental trace analysis, Wiley, 2003., pp. 2

ADDITIONAL READING:

1. Watts S. & Halliwell, L. :Essential Environmental Science, Methods
Techniques, Routledgepndon and Newyork, 1996., str. 512.

2. Chamley, H.: Geosciences, environment and man, Elsevier, 2003, pp. 52

3. Aswathanarayana,. Useoenvironment, an intloction, Balkema, 1995, p
270




COURSE TITLE: ENVIRONMENTAL GEOCHEMISTRY

COURSE TEACHER/ TEACHERS: professor,

STUDY PROGRAMME: Graduate study Environmental geology

YEAR OF STUDY: IV

SEMESTER: 8

TEACHING CONTACT HRS DELIVERED BY

METHODS PER WEEK (professor or assistant
Lectures 2 professor

Exercises 1 professor, assistant, research assista
Seminars

ECTS creditsb

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Obtaining basic knowledge about environme
geochemistry, biogeochemical cycles of elements and global changes at the
The course deals with principles of behaviour and movement of pollutants
environment.

LEARNING OUTCOMES:
To gain basic knowledge of the environmental issues;

To become acquainted with the most important global environmental issues: ac
probl em; GIlobal warming and cl i mat.

To gain basic knowledge of poolution probkem carbonate terrains.

COURSE DESCRIPTION:

1. Glossary, introductory remarks, definition and basic concept of environn
geochemistry

2 -3. Environment in crisis; analysis of dynamic environmental system, equilib
geochemical system, feedbackchanism

4. Biogeochemical system of carbon

5. Greenhouse efect, greenhouse gases, efects, causes, consequences
6. Biogeochemical cycles of ozone and halogenides

7. Ozon layer depletion, ozone hole , causes, consequences.

8. Biogeochemical cycles of sulphand nitrogen

9. Acid rains, pH of rainwater, causes and consequences of acid rains

10-11 . Chemical time bomb, definition, explantionof cincept, prediction of C




examples
12- 13. Trace elemets and health, concept of geomedicine. examples
14- 15. Problems of trace element analysis in environemtal sciences.

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, prelimir
exams, homework assignments

METHODS TO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written exam, final grade includes also results
prelim and homework assignments

COURSE(s) NEEDED FOR THIS COURSE: Chemistry 1 i 2, Geochemistry

COMPULSORY LITERATURE:

Prohi ¢, E.. (1998): Geokemija, Targ
Berner, E.K. &erner, R.A.(1996): Global environment : Water, Air, and
Geochemical Cycles, Prentice Hall, INCSA

ADDITIONAL READING:

Schlensinger, HW. (1997): BiogeochemistryAn Analysis of Global Chage,
AcademicPressUSA, 587 str..




COURSE TITLE: ENVIRONMENTAL LAW

COURSE TEACHER/ TEACHERS: professor, ESAD

STUDY PROGRAMME: : Graduate study Environmental geology

STUDY YEAR: IV.ili V.

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY

METHODS PER WEEK (professor or assistant

Lectures 2 professor

Exercises 1 professor, assistant, research assistant
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIEEXNOWLEDGE AND
SKILLS: Getting the students quaainted with legal framework and legal concept of environmer
with the getting knowledge of the environmental policZnoatia and abroad.

LEARNING OUTCOMES:

To become acquainted with definitions and basic terms ;

To obtain knowledge about types pf environmetal protection;

To be acquainted with main theories in environmental protection;
To gain basic knowlledge about primary and secondary principles;
To become acquainted with basics of international environmemtal la
UN conferenceon Earth

To become familiar with most important conventions




COURSE DESCRIPTION:
1. Definition of environment, introductory and basic questions of the environmental law, philc
of the environment.

2. Environmental law as a conceptlats position in the legal system
3. Sources of the environmental law in the Croatian legal system
4. Environmental policy and strategy

5.-6. Protection of the special parts (national parks natural parks, etc) in the Croatian legal sy
7. Implementatio and surveillance of the environmental protection

8. Concept and definition of the sustainable development;

9. Permanent sustainable development and ecological modernization.

10.International legal concept of the environmental protection and preserohtite environment.
Development of international environmental law.

11-12. The most important international legal acts dealing with environmental protection.

13. Environmental law in the European community

14. Environment from the legal tax standpoint

15. Instruments of implementation and control of the environmental protection.

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, preliminary exams,
homework assignments

METHODS TO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written exam, final grade includes also results of prelim and
homework assignments

COURSE(s) NEEDED FOR THIS COURSE: Environmental geochemistry

COMPULSORY LITERATURE:

Lonc¢-Hdoi €at, O., Cvitanovi ¢, veldo,vi@GIl i Da, IOn
M. (2003) : Pravo okKagebsa, Organizator, 3
Carter, N. (2004) : Strategije zaStite ok




COURSE TITLE: CLAY MINERALOGY

COURSE TEACHER/ TEACHERS: Associ at e
of Science

STUDY PROGRAMME: Graduate study Environmental geology

YEAR OF STUDY: IV or V

SEMESTER:

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 1 professor
Exercises 2 professor and assistant
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Acaquiring knowledge on clay minerals classificatic
genesis, properties and methods for their investigation

LEARNING OUTCOMES:

Knowledge and understanding of basic crystallochemical characteristics o
minerals, and their genesis.

Knowledge and understding of most common procedures and methods of
minerals analysis.

Capability for separation of clay fraction. Capability for performing qualitative p
analysis on the basis of recordeday powder patterns by using apropriate softw
and literatue data.

Capabilitiy for logical thinking and for preparing written investigation report.

DESCRIPTION OF THE COURSE: 1. definition of clays and clay minerals, div
of clay minerals, properties of clays

2.-4. structures, chemistry and occurrences dfer@nt clay minerals group
(kaolinite, serpentinite, micas, vermiculite, smectite, chlorite, interstratified clays

5.-6. methods of sample preparation: rock disaggregation, chemical treatment, f
separation, sample preparation

7.-8. methods forlay minerals analysis: Xay powder diffraction method (qualitati
and quantitative analysis)

9.- 11. methods for clay minerals analysis: thermal methods leftapectroscopy
electron microscopy




12-14. clay minerals genesis, clay minerals transftiona during digenesis and ley
grade metamorphosis, Kiubler and Ark

15. usage of clays

STUDENT OBLIGATIONS DURING THE COURSE: attending classes, prelimir]
exams, homework assignments

METHODS TO EVALUATE STUDENT PERFORMANCE: fulfilled obligations

EXAMINATION METHODS: written and oral exam, final grade includes also reg
of prelim and homework assignments

COURSE(s) NEEDED FOR THIS COURSE: System of mineralogy, Principle
elementhand phase analysis

COMPULSORY LITERATURE: Moore, D.M. & Reynolds, R.C. (1997)-rXy
diffraction and the identification and analysis of clay minerals, Oxford Unive
PressOxford, 378 pp.

Brindley, G.W. & Brown, G. (180): Crystal structures of clay minerals and their
ray identification. Mineralogical Societizpndon, 495 pp.

ADDITIONAL READING: Clay sedimentology, Springer Vag,Berlin, 623 pp.

Wilson M.J. (1994): Clay mineralogy: spectroscopic and chemical determir
methods. Chapman & Hallpndon, 367 pp.




COURSE TITLE: ORGANIC GEOCHEMISTRY OF POLLUTANTS

COURSE TEACHER/TEACHERS: dr. Marijan Ahel Ruder BosSkov

STUDY PROGRAMME: Graduate study Environmental geology

YEAR OF STUDY: lll

SEMESTER: 5

TEACHING CONTACT HRS DELIVERED BY
METHODS PER WEEK (professor or assistant
Lectures 2 professor
Exercises 1 assistant
Seminars

ECTS credits: 5

DEVELOPMENT OF GENERAL AND SPECIFIC COMPETENCIES-
KNOWLEDGE AND SKILLS: Study of major types of anthropogenic polluta
methods for their determination and the most important processes, which gove
behaviour and fate in the environment

LEARNING OUTCOMES:
Understanding the basics of chemical contamination, especially organic pollutar

Understandingthe role of bigeochemical processes transport, distribution an
transformation of pollutants in environment.

Knowledge of critical paths for exposure toganic pollutants in environment
assess chemical contamination.

Knowledge of consequences of athropogenic influence on environment.
Knowledge of basics in analytical determination of pollutants in environment.

Knowledge of fundamentals of biogeochemicptocesses and their role
environment.

Understanding of processes involved in pollutants transfer in envirornufiision
and advection processes.

Knowledge of physica&hemical processes involved in distribution of pollutans
environment, especiallyeoaccumulation and bioaccumulation.

Knowledge of basic transformation processes chemical, photochemical ar
biological transformation of pollutants.

Knowledgeof procedures in assessment of pollutants behavior in environmer
assessment of environntal risks.




DESCRIPTION OF THE COURSE:

1. Introduction to environmental organic chemistrylefinition and relationship t
other disciplines of science;

2. Basic structures and nomenclature in organic chemistry; anthropogenic vs.
compounds; defition, classification and major types of pollutants;

3. A brief introduction to analytical chemistry of organic pollutants;
4. Thermodynamics and molecular interactions;

5. Main geochemical processes, which determine behaviour and distributi
organic pollutants in the environment and their relationship in real systems;

6. Transport and transfer of pollutartsliffusion and advection;
7. Distribution of organic pollutantsetween aquatic systems and atmosphere;

8. Distribution of organic pollutants in aquatic systemsolubility and partition
coefficients;

9. Distribution of organic pollutants in aquatic organism®ioaccumulation an
biomagnification;

10.Exchange of ollutants between sokghase and water~ sorption and
geoaccumulation;

11.Chemical transformations of pollutants;

12.Photochemical trasfiormation of pollutants;

13.Biological transformations of pollutants;

14.Modelling in organic geochemistry of paiénts;
15.Geochemical processes and environmental risk assessment;

STUDENT OBLIGATIONS DURING THE COURSE: lectures, seminars, homew

METHODS TO EVALUATE STUDENT PERFORMANCE: regular fulfilment
obligations

EXAMINATION METHODS: oral exame, collogia

COURSE(s) NEEDED FOR THIS COURSE: Chemistry | and Il

COMPULSORY LITERATURE:

Schwarzenbach, R.P.; Gschwend; P.M.; Imboden, D.§2003): Environmenta
organic chemistry, John Wiley & Sons, Indew JerseyUUSA, 1313 pp.

ADDITIONAL READING:

1. Baird, C; Cann, M. (2005) Environmental chemistry. W.H. Freeman and Con
New York, 652 pp.




3.3 Structure of the study program

Study prgram is organized by scheme 3+2 (with exception of Educational study)
presented on the graphical sketch and on the items 3.1 and 3.2. At present the basic
principle of the study program is “year by
program is, howeer, permanent improvement of the study efficiency, approaching
system “semester by semester t hrough pe.
knowledge by colloquies, tests, seminars,-teign exams, and final exams, according

to specificity of a particularaurse and choice of the teacher (item 3.2). Optional

courses are to be selected by suggestions of the student adviser or mentor.

3.4 List of courses acceptable from other study programs.

Students are free to choose courses from other study programsuly BaSciences,

as well as from related faculties, by assistance of student advisors, and constrained by
legislation of the University and Faculty of sciences.

3.5 List of courses performable in English language.
English can be a teaching language instead of Croatian in case of particular interest of
auditorium (more than 50 % of auditorium).

3.6 ECTS transfer criteria

ECTS credits achieved at other faculties, will be evaluated at the rate proposed by the
particdar study program but not against limitations prescribed by legislation of
University or Faculty of Sciences. The Education Council of Faculty of Science
restricts enrolment of 3 ECTS credits, from other faculties of the University, which
accomplish the tal of 60 ECTS credits, but in line with the course titaele of the

study program.

3.7 The completion of the study

In the case of a student decision not to continue into a higher level of educational
process

(graduate study) completion of the undergatdustudy will terminate with a defence

of a justifiable written assignment.

3.8 The students may get involve again into the educational process at the stage
whereupon the study process was interrupte
rights, foced by the University legislation.

4. Qualities of the study performance

4.1. Location of the study program performance

The study program will be executed in the building facilities of the Mineralogy and
Petrology institute and Geolo@galaeontology indtite of the Faculty of Sciences,
Faculty of Philosophy and Faculty of MinktgeologyPetroleum Engineering. A part

of the teaching will be performed in field in the frame of field courses.

4.2 Study rooms and laboratory equipment
Geological department fothe Faculty of Sciences consists of two institutes

(Mineralogy and Petrology institute and Geolggplaeontology institute).
Mineralogy and Petrology institute incorporates:



Three teaching rooms, surface area of the instituté g ert.

Geology and Palaeontology institute incorporates:

Two teaching rooms, surface area of the institutet @ent.

In recent time a new study space at the Horvatovac locality is available and relocation
of the insitute is going on. A new space facilities offer at disposal four teaching
rooms and a common space what significantly improves performance of the study
program.

The teaching rooms of the Geological department are equipped with presentation
facilities (mulimedia projectors, overhead projectors, slide projectors, video and TV
receivers). One of the rooms is provided for microscopy with tens of polarizing
microscopes, and tens of steteases.

The department posses two preparatory labs (with equipmesdrigple preparation,
sieving, sawing, grinding, polishing, centrifuge, sedigraph), chemical and XRD
spectrometer (powder diffractometer and XRF spectrometer), elauiowascopy lab

(with SEM), provided for research, teaching and diploma works. Fossieratiand

rock collections for study purposes are available as well. Library with 13500
entrances is at disposal. Use of 14 computers in the teaching process is routine.

With regrets one must admit that teaching space available in the Geology department
does not satisfy the present needs, a great deal of the microscopy facilities is out of
time.



