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Abbreviations and annotations

CP Credit Points, ECTS credits

ECTS European Credit Transfer and Accumulation System
h hours

SoSe summer semester

SWS contact hours

WiSe winter semester

WP compulsory elective course/module

P mandatory course/module

1. The ECTS credits assigned in the Module Catalogue are designated as follows: Credit Points not
listed in parentheses are awarded when the pertinent examination of the module or module parts
have/has been completed successfully. Credit Points in parentheses are listed for calculatory
purposes only.

2. The semester for taking a module can either be binding or may be considered as a
recommendation, depending on the applicable data in Anlage 2 of the Prufungs- und
Studienordnung for your Programme. In this Module catalogue, the options are indicated as
,scheduled semester” and ,,recommended semester”.

3. Please note: The Module Catalogue is merely intended to serve as an orientation whereas the

provisions of the applicable version of the Prafungs- und Studienordnung (in German only) of your
Programme are legally binding. See: www.Imu.de/studienangebot and select your Programme.
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Module: P 1 Heterogeneous Systems

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS

type hours hours

Lecture P 1.1 Heterogeneous Systems WiSe 30 h (2 SWS) 60 h (3)
(Lecture)

Exercise P 1.2 Heterogeneous Systems WiSe 30 h (2 SWS) 60 h (3)
(Exercise)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type Mandatory module with mandatory courses
Usability of the module in None

other Programmes

Elective guidelines None

Entry requirements None

Semester Scheduled semester: 1
Duration The completion of the module takes 1 semester.
Content The module focusses on the understanding the principles of

phase stability and phase transformations/reactions in
heterogeneous systems. Lecture combined with exercise will
elucidate the empirical description of heterogeneous systems
with phase diagrams in temperature-stress -composition, eH,
pH and time, highlight the fundamentals of the quantitative
thermodynamic and kinetic background, and train the
students in application of the principles and fundamentals of
the experimental analytical methods to explore phase
stability and phase reactions. A few hands-on examples for
processing phase analytical and chemical-analytical data will
be used for training in the exercises.

Learning outcomes

30 09 2019

The goal of this module is to guide students into the modern
approaches to the complex physico-chemical processes and
states in/of Earth systems and in man-made materials
systems. The students will acquire skills and competence in
the theoretical, experimental, and analytical approach to
multi-component- and multi-phase systems. Analytical tools
will be taught only to the level of understand—ding which
analytical objectives can be reached by which method. To
reach a certain level of proficiency in the various techniques
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is the goal of later, advanced and specialized courses and the
thesis work.

Type of examination

Written exam

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module examination
(or the examination of pertinent mandatory and potential
elective compulsary module parts) has/have been completed
successfully.

Responsible contact

Prof. Dr. Wolfgang W. Schmahl

Language(s)

English

Additional information

30 09 2019

Grundlagen-Orientierungs-Prifung (GOP)

As mindset and the skills in approaching complex systems
are of basic importance in the field of Geomaterials and
Geochemistry, be it in industry or fundamental sciences.
Thus the exam to this module serves as GOP.
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Module: P 2 Petrophysics

Programme Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours

Lecture P 2.1 Petrophysics (Lecture) WiSe 30 h (2 SWS) 60 h (3)
Exercise P 2.2 Petrophysics (Exercise) WiSe 30 h (2 SWS) 60 h (3)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type Mandatory module with mandatory courses

Usability of the module in other MSc Geophysics (PStO 2019), MSc Geology (PStO 2015)
Programmes

Elective guidelines None

Entry requirements None

Semester Recommended semester: 1

Duration The completion of the module takes 1 semester.
Content This module investigates the physical properties of rocks

(and other geomaterials) such as for instance porosity,
permeability, elastic and mechanical properties, thermal
and electrical properties.

P2.1 Petrophysics (Lecture)

The students are introduced to the theoretical background
of petrophysics. Petrophysical properties are explored in
the light of the different rock types. The properties are
discussed individual as well as against each other.
Methods of measuring these properties (direct or indirect
are discussed) are discussed and examples for the usage
of petrophysical properties in different fields of
geomaterials and geoscience are given.

P2.1 Petrophysics (Exercise)

The students will be introduced to some of the laboratory
methods explained in P2.1 and will train to apply these
methods in laboratory exercises; they will learn to
interpret and discuss the results of their measurements.

Learning outcomes At the end of the module the student are familiar with
petrophysical properties of different rock types. The
students will be able to understand or interpret
petrophysical parameters of different geomaterials. The
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students can apply methods they learned in the practical
part of the module.

Type of examination Written exam or oral examination

Type of assessment The successful completion of the module will be graded.
Requirements for the gain of ECTS credits will be granted when the module

ECTS credits examination (or the examination of pertinent mandatory

and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact PD Dr. Bettina Scheu
Language(s) English
Additional information None
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Module: P 3 Applied Mineralogy

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours

Lecture P 3.1 Glass and Ceramics WiSe 30 h (2 SWS) 60 h (3)
Exercise P 3.2 Polarisation Microscopy WiSe 30 h (2 SWS) 60 h (3)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type Mandatory module with mandatory courses
Usability of the module in other None

Programmes

Elective guidelines None

Entry requirements None

Semester

Recommended semester: 1

Duration

The completion of the module takes 1 semester.

Content

30 09 2019

The module will focus on modern concepts and techniques
in applied mineralogy with an emphasis on the properties
of glass, ceramics and natural polyphase crystalline
Geomaterials. These materials and techniques are of
fundamental significance equally for materials processing
technologies and various disciplines in several
Geosciences.

The lecture on Glass and Ceramics (P 3.1) will focus on the
understanding of structure-property relations of glassy and
polycrystalline inorganic non-metallic materials.
Preparation of glass, i.e. reasons for suppressed
crystallization in typical glass-forming systems, will be
treated as well as the most important properties used in
technical applications. Chemical aspects will be discussed
using basic knowledge in thermodynamics and kinetics of
phase transitions. In the broad field of ceramic materials,
three main groups are presented: (i) traditional silicate
ceramics like earthenware, stoneware and porcelain, (ii)
oxide ceramic, and (iii) non-oxide ceramic materials. These
advanced ceramics will be discussed in combination with
their physical properties to be used in technical devices.
Various kinds of sintering mechanisms are explained
depending on the specific ceramic material. A short
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presentation of the science and technology of building
materials is included at the end.

In the exercise (P 3.2) advanced techniques of polarized
light microscopy, using for example the compensator plate
and an U-stage, will be introduced and applied to
characterize the microfabric of mineralogical samples,
including mineralogical, structural and textural
characteristics. The exercise will build upon the basic
knowledge already present from the Bachelor’s degree and
represents the link to the module P3 “high resolution
microscopy” in the second semester. Students will be
trained to use polarized light microscopy as a powerful,
effective and cheap tool for the microfabric analysis, for
example to judge grain parameters, porosities, the
distribution and textural characteristics of mineralogical
phases and to measure the 3D-orientation of planar
elements and optical axes. The students will work project-
oriented on specific samples.

Learning outcomes

The students will deepen their knowledge on the
characteristic properties of glass and ceramic as well as
the microscopic techniques to characterize the microfabric
of mineralogical samples. The students will understand
how structural properties of technical and natural materials
determine their possible use in modern technology. The
goal is to enable students to learn, understand and
critically discuss the usage and limits of advanced
techniques in polarized microscopy.

Type of examination

Written exam or oral examination or exercise portfolio

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module examination
(or the examination of pertinent mandatory and potential
elective compulsary module parts) has/have been
completed successfully.

Responsible contact

Prof. Dr. Peter Gille

Language(s)

English

Additional information

30 09 2019

None
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Module: WP 1 Materials Science |

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS

type hours hours

Lecture WP 1.1 Fundamentals in WiSe 45 h (3 SWS) 75 h (4)
Materials Science (Lecture)

Exercise WP 1.2 Fundamentals in WiSe 15 h (1 SWS) 45 h (2)

Materials Science (Exercise)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses.

Usability of the module in other
Programmes

Master Physik, Master Chemie

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester Recommended semester: 1
Duration The completion of the module takes 1 semester.
Content Materials Science | is an interdisciplinary series of lecture

units and exercises given or supervised by lecturers from
different faculties of LMU, TUM, and local industry. The
attending students likewise come from different fields
(mainly geomaterials and geochemistry, chemistry,
physics). The exercises are lab experiments and
information research including patent information.
Material Science | (winter semester) gives an overview into
ancient and modern materials classes, covers
fundamentals of structural, mechanical, magnetic,
dielectric, transport, and thermal properties, and
highlights important analytical techniques. Materials
Science Il (summer semester) discusses specific topics in a
similar interdisciplinary way.

Learning outcomes

30 09 2019

Getting an overview and fundamental skills and knowledge
in materials science: material properties and their
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optimization by selection of appropriate chemical systems
and processing techniques.

Type of examination Exercise portfolio

Type of assessment The successful completion of the module will be graded.
Requirements for the gain of ECTS credits will be granted when the module

ECTS credits examination (or the examination of pertinent mandatory

and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact Prof. Dr. Wolfgang W. Schmahl
Language(s) English
Additional information None
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Module: WP 2 Advanced Structural Studies |

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory)
type
Lecture WP 2.1 Structure

Determination (Lecture)
Exercise WP 2.2 Structure

Rotation Contact Self-study ECTS
hours hours

WiSe 30 h (2 SWS) 60 h (3)

WiSe 30 h (2 SWS) 60 h (3)

Determination (Exercise)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

None

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester Recommended semester: 1
Duration The completion of the module takes 1 semester.
Content WP 2.1 In this lecture the students learn the fundamental

diffraction theory, the stepwise in conducting single
crystal diffraction, followed by methods for structure
determination and refinements. On this purpose,
mathematical backgrounds are elucidated particularly for
Fourier synthesis, Direct Method, and Least Square
method.

WP 2.2 The exercise contains sample preparation for
single crystal diffraction, density determination,
absorption corrections, data collection on a four-circle
single crystal diffractometer, data reduction and structure
analysis. The obtained structure model will be plotted and
further discussed about structure properties.

Learning outcomes

30 09 2019

WP 2.1 Students are able to comprehend the principle of
diffraction from solid-state matter and how to collect
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intensities at 3-dimensional reciprocal lattice points, i.e.
reflections. By mathematical deals with positions and
intensities of reflections, the atomic arrangement in the
real space is delivered.

WP 2.2 Students can prepare and mount samples. They
independently collect and correct single crystal diffraction
data, followed by data evaluation. With the obtained
model, they can predict and/or explain physical properties
of the structure of interest.

Type of examination

Written exam

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module
examination (or the examination of pertinent mandatory
and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact

Prof. Dr. Sohyun Park

Language(s)

English

Additional information
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None
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Module: WP 3 Volcanology |

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours

Lecture WP 3.1 Volcanology (Lecture) WiSe 30 h (2 SWS) 60 h (3)
Exercise WP 3.2 Volcanology (Exercise)  WiSe 30 h (2 SWS) 60 h (3)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

MSc Geology (PStO 2015)

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester

Recommended semester: 1

Duration

The completion of the module takes 1 semester.

Content
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This module investigates the concepts of magmatic
processes holistically, starting from partial melting and
magma movement to the plethora of dynamic processes
during magma ascent, leading to the observed variability
of eruptive phenomena.

WP3.1 Volcanology (Lecture)

The students are introduced to magmatic processes
from the roots (partial melting) to the results (volcanic
deposits). They will be shown how petrological,
geochemical and petrographical analysis will shed light
into mantle and crustal processes during melt formation
(host rock, degree of partial melting) and magma
migration (ascent velocity, ponding) as well as how to
decipher eruptive as well as transport processes and
environmental conditions via deposit analysis. Analytical
methods are revised or introduced.
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WP3.2 Volcanology (Exercise)

The students will be introduced to analogue
laboratory experiments to mimic material properties
relevant to magmatic processes (e.g. viscosity, rheology)
as well as methods of investigation for volcanic deposits.
This will base on the theory learned in P3.1 and increase
the comprehension.

Learning outcomes At the end of the module the students will be familiar with
the plethora of boundary conditions affecting magmatism
and volcanic activity as well as the related deposits.

Type of examination Written exam or oral examination

Type of assessment The successful completion of the module will be graded.
Requirements for the gain of ECTS credits will be granted when the module

ECTS credits examination (or the examination of pertinent mandatory

and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact Dr. Ulrich Kuppers
Language(s) English
Additional information None
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Module: WP 4 Geochemistry |

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours
Integrated WP 4.1 Isotope Geochemistry WiSe 30 h (2 SWS) 60 h (3)
learning

activity

Integrated WP 4.2 Geochronology WiSe 30 h (2 SWS) 60 h (3)
learning

activity

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

MSc Geology (PStO 2015)

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester

Recommended semester: 1

Duration

The completion of the module takes 1 semester.

Content

30 09 2019

This module introduces the principles of isotope
geochemistry and emphasizes its cross-disciplinary range
of applications within the earth sciences.

WP 4.1 Isotope Geochemistry

An introduction to the most important isotope systems to
earth science with emphasis on theoretical principles and
applications. This course explores the differences between
traditional stable isotope (O, C, N, S, H) and non-
traditional stable isotope (Mg, Fe, Ti, U, etc.) geochemistry
and provides students an overview of which isotope
system is best suited to trace specific geological processes
throughout Earth’s major geochemical reservoirs. Selected
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case studies and seminal papers on low- and high-
temperature isotope geochemistry are discussed in class.

WP 4.2 Geochronology

An introduction to the physical fundamentals of radiogenic
isotope geochemistry including radioactive decay and how
absolute ages can be retrieved from geological materials.
The most important decay systems such as K-Ar-Ca, Rb-
Sr, Sm-Nd, Lu-Hf, Re-Os and U-Th-Pb as well as
commonly used cosmogenic nuclides are explored in
depth.

Learning outcomes

Development of a comprehensive understanding of the
most important isotope systems used in geochronology
and stable isotope geochemistry. Students learn to
critically evaluate and accurately process isotope
geochemical data as well as to select the appropriate
isotope system(s) to solve fundamental geological
problems.

Type of examination

Written exam or oral examination or scientific draft

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module
examination (or the examination of pertinent mandatory
and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact

Prof. Dr. Daniel Weidendorfer

Language(s)

English

Additional information
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None
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Module: WP 5 Recent Topics in Geosciences

Programme Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours
Seminar WP 5.1 Recent Topics in WiSe 30 h (2 SWS) 60 h (3)

Geosciences (Seminar)

For successful completion of the module, 3 ECTS credits have to be acquired. Class attendance
averages about 2 contact hours. Including time for self-study, 90 hours have to be invested.

Module type Compulsory elective module with mandatory course

Usability of the module in other None
Programmes

Elective guidelines The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 —WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements None

Semester Recommended semester: 1

Duration The completion of the module takes 1 semester.

Content Students read scientific publications on hotly debated
advanced topics in Geosciences with special focus on
volcanically relevant processes and material sciences. The
publications are chosen by the lecturers. The students
regularly prepare written summaries and will thereby
improve their experience in asking critical questions about
papers. They will actively participate in and lead group
discussions on case studies, which qualifies them to take
part in scientific discussions and prepares them to defend
their MSc thesis.

Learning outcomes At the end of the module the students will be have a
diverse insight into ongoing and cutting-edge research
topics and will have increased their capacity to critically
read scientific articles and compile coherent summaries.

Type of examination Term paper or scientific draft
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Type of assessment The successful completion of the module will be graded.
Requirements for the gain of ECTS credits will be granted when the module
ECTS credits examination (or the examination of pertinent mandatory

and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact Dr. Ulrich Kuppers
Language(s) English
Additional information None
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Module: WP 6 Advanced Geosciences |

Programme Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours
Integrated WP 6.1 Advanced Geosciences  WiSe 30 h (2 SWS) 60 h (3)
learning

activity

For successful completion of the module, 3 ECTS credits have to be acquired. Class attendance
averages about 2 contact hours. Including time for self-study, 90 hours have to be invested.

Module type Compulsory elective module with mandatory course

Usability of the module in other  See Additional information
Programmes

Elective guidelines The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements None

Semester Recommended semester: 1

Duration The completion of the module takes 1 semester.

Content The module includes an integrated learning activity on
topics in advanced geosciences. The course can be
selected from the regular course programs of a variety of
geoscience disciplines such as geology, hydrogeology,
engineering geology, geophysics, paleontology, or
geobiology. The content of the integrated learning activity
depends on the specific topic of the selected course. The
selected course focusses on methods or concepts, which
are apt to provide complementary aspects to the topics of
master program geomaterials and geochemistry.

Learning outcomes The students will be able to understand important aspects
of geology, hydrogeology, engineering geology,
geophysics, paleontology, or geobiology. The aspects will
complementary to the aspects of the master program
geomaterials and geochemistry. Due to this
complementarity, students will especially gain thorough
interdisciplinary knowhow. The interdisciplinary cross-
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links will particularly contribute to a significant widening of
knowledge that can be gained by the students.

Type of examination Written exam or oral examination or term paper or
scientifc draft

Type of assessment The successful completion of the module will be graded.
Requirements for the gain of ECTS credits will be granted when the module examination
ECTS credits (or the examination of pertinent mandatory and potential

elective compulsary module parts) has/have been
completed successfully.

Responsible contact Examination committee (current chair: Prof. Dr. Peter
Gille)

Language(s) English

Additional information The following procedure applies:

Students select a course from the offers of the various
disciplines mentioned above. Approval of the selected
course has to be requested from the examination
committee. Eligible courses particularly strengthen the
interdisciplinary cross-links between the advanced
geosciences disciplines on the one hand and the various
aspects of the master program geomaterials and
geochemistry on the other hand.
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Module: WP 7 Microthermometry

Programme Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS

type hours hours

Lecture WP 7.1 Introduction to WiSe 15 h (1 SWS) 45 h (2)
Microthermometry

Exercise ~ WP 7.2 Microthermometry WiSe 15 h (1 SWS) 15 h (1
(Exercise)

For successful completion of the module, 3 ECTS credits have to be acquired. Class attendance
averages about 2 contact hours. Including time for self-study, 90 hours have to be invested.

Module type Compulsory elective module with mandatory courses

Usability of the module in other TUM Master Ingenieur- und Hydrogeologie
Programmes

Elective guidelines The module can be chosen in compliance with the following
rules: With regard to the compulsory electve modules WP 1
— WP 32, compulsory electives with a total of 48 ECTS
credits must be taken. In doing so, compulsory elective
modules with a total of 12 ECTS credits should be taken in
the first semester and compulsory elective modules with a
total of 18 ECTS credits each should be taken in the second
and in the third semester.

Entry requirements None

Semester Recommended semester: 1

Duration The completion of the module takes 1 semester.
Content The course covers the petrographic and thermodynamic

foundations of fluid inclusion research and provides a
practical introduction to microthermometry. The main
topics are mechanisms of fluid inclusion formation,
microscopic description and evaluation of fluid inclusions,
isochoric-isoplethic behaviour of fluids during heating and
freezing, fluid phase equilibria of geologically important
unary (H20, CO2), binary (CO2-CH4, H20-NaCl, H20-C02)
and ternary fluid systems (H20-NaCl-CaCl2, H20-NaCl-KClI,
H20-NaClI-C0O2), equations of state, and an practical
aspects of microthermometry and other analytical
techniques.

Learning outcomes At the end of the module, students are able to understand
fluid phase equilibria, to conduct microthermometric
measurements, to apply the newest computer programs, to
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analyze the phase changes and to evaluate the results in
terms of fluid composition and conditions of entrapment.

Type of examination

Scientific report

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module examination
(or the examination of pertinent mandatory and potential
elective compulsary module parts) has/have been
completed successfully.

Responsible contact

Prof. Dr. H. Albert Gilg

Language(s)

English

Additional information

30 09 2019

s. TUM, Introductory course to polarizing microscopy
required
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Module: WP 8 Selected Topics in Natural Sciences

Programme Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours
Integrated WP 8.1 Complementary Natural WiSe 30 h (2 SWS) 60 h (3)
learning Sciences

activity

For successful completion of the module, 3 ECTS credits have to be acquired. Class attendance
averages about 2 contact hours. Including time for self-study, 90 hours have to be invested.

Module type Compulsory elective module with mandatory course

Usability of the module in other  s. Additional information
Programmes

Elective guidelines The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements None

Semester Recommended semester: 1

Duration The completion of the module takes 1 semester.

Content The module includes an integrated learning activity on
topics in natural sciences. The course can be selected from
the regular course programs of a variety of natural science
disciplines such as physics, chemistry, biology, materials
sciences, or mathematics. The content of the integrated
learning activity depends on the specific topic of the
selected course. The selected course focusses on methods
or concepts, which are apt to provide complementary
aspects to the topics of master program geomaterials and
geochemistry.

Learning outcomes The students will be able to understand important aspects
of physics, chemistry, biology, materials sciences, or
mathematics. The aspects will complementary to the
aspects of the master program geomaterials and
geochemistry. Due to this complementarity, students will
especially gain thorough interdisciplinary knowhow. The
interdisciplinary cross-links will particularly contribute to a
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significant widening of knowledge that can be gained by
the students.

Type of examination

Written exam or oral examination or term paper

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module examination
(or the examination of pertinent mandatory and potential
elective compulsary module parts) has/have been
completed successfully.

Responsible contact

Examination committee (current chair: Prof. Dr. Peter
Gille)

Language(s)

English

Additional information

30 09 2019

The following procedure applies:

Students select a course from the offers of the various
disciplines mentioned above. Approval of the selected
course has to be requested from the examination
committee. Eligible courses particularly strengthen the
interdisciplinary cross-links between the general natural
science disciplines on the one hand and the various aspects
of the master program geomaterials and geochemistry on
the other hand.
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Module: P 4 High Resolution Microscopy

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory)

type

Lecture P 4.1 High Resolution
Microscopy (Lecture)

Exercise P 4.2 High Resolution
Microscopy (Exercise)

Rotation Contact Self-study ECTS
hours hours

SoSe 30 h (2 SWS) 60 h (3)

SoSe 30 h (2 SWS) 60 h (3)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Mandatory module with mandatory courses

Usability of the module in other
Programmes

MSc Geology (PStO 2015)

Elective guidelines

None

Entry requirements

None

Semester

Recommended semester: 2

Duration

The completion of the module takes 1 semester.

Content

30 09 2019

The module focusses on high resolution electron
microscopic techniques applied to the characterization of
the microfabric of Geomaterials, including chemical,
structural and textural characteristics. These techniques are
of fundamental significance in several Earth, biological and
environmental science disciplines as well as for material
design and material processing technologies. The
techniques represent the link between science and
technology of materials.

Students are introduced into state-of-the-art microanalytical
techniques performed in a scanning electron microscope
(SEM), including secondary electron (SE)-, backscattered
electron (BSE)- and cathodoluminescence (CL)- imaging as
well as Energy Dispersive Spectroscopy (EDS), EBSD
(Electron Backscatter Diffraction) and scanning transmission
electron microcopy (STEM). Students are also introduced
into the application of transmission electron microscopy in
Geosciences.

In exercises students will get hands-on experience on a
modern analytical SEM and will be trained to characterize
the microfabric on various different Geomaterials, including
the determination of grain parameters, chemical
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composition, spatial distribution of phases, crystallographic
and structural relationships between grains as well as
intragranular misorientation.

The primary goal is to enable students to apply modern
microanalytical techniques to acquire, judge and evaluate
crucial data on the microfabric (chemical, structural and
textural) characteristics of Geomaterials.

Learning outcomes

The goal of this module is for students to acquire knowledge
on state-of-the-art microanalytical techniques for the
characterization of microfabrics of Geomaterials. It is also to
enable students to learn, understand and critically discuss
the significance of the data as well as the limits of the
specific techniques. The students will be trained to apply
their knowledge on the techniques of high resolution
microscopy for solving scientific problems in view of the
characterization of microfabrics of Geomaterials.

Type of examination

Written exam or oral examination or written report or
presentation

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module examination
(or the examination of pertinent mandatory and potential
elective compulsary module parts) has/have been completed
successfully.

Responsible contact

Prof. Dr. Claudia Trepmann

Language(s)

English

Additional information
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None
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Module: P 5 Analytical Methods in Geochemistry

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS

type hours hours

Lecture P 5.1 Introduction to SoSe 15 h (1 SWS) 45 h (2)
Geochemical Analytics

Integrated P 5.2 Applied Geochemical SoSe 45 h (3 SWS) 75h (4)

learning Analytics
activity

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type Mandatory module with mandatory courses
Usability of the module in other  None

Programmes

Elective guidelines None

Entry requirements None

Semester

Recommended semester: 2

Duration

The completion of the module takes 1 semester.

Content
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This Module covers the range between classic wet-
chemical analytical methods to a selection of modern
instrumental techniques and their applications. Although,
classic wet-chemical methods lose more and more their
classic applications, a fundamental knowledge about this
classic analytical field and involved simple trial tests
guarantee a rock-solid foundation for first information of
composition of samples in the field. Classic analytical
methods allow the quantitative determination of any
sample material with unprecedented accuracy and
precision, and need no external standard to do so. No
modern analytical method can compete in this respect.
Some analytical methods are still based on classic methods
like the determination of the Fe2+-content of a sample by
dichromatometry, a standard method for the determination
of the Fe2+-Fe3+-ratio in combination with electron
microprobe analysis. A deeper view into modern
instrumental-analytical methods like Atomic- (AAS, AES),
molecular- (IR, RAMAN) and Fluorescence-Spectroscopy
(AES, RFA) demonstrate the capabilities and limitations of
modern instrumental techniques and their daily application
in analytical life.
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Learning outcomes

Fundamental skills in classic wet chemical analysis as a
standard-less, quantitative tool and a series of simple tests
for daily analytical life are explained and shown. Modern
analytical tools which are all reference based are
introduced and applications and limitations are
demonstrated. The students will learn to decide which
merthod will give the best results for his scientific question.

Type of examination

Written exam or scientific draft or term paper

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module examination
(or the examination of pertinent mandatory and potential
elective compulsary module parts) has/have been
completed successfully.

Responsible contact

Dr. Werner Ertel-Ingrisch

Language(s)

English

Additional information
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None
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Module: WP 9 Materials Science |l

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS

type hours hours

Lecture WP 9.1 Functional Materials SoSe 45 h (3 SWS) 75 h (4)
(Lecture)

Exercise WP 9.2 Functional Materials SoSe 15 h (1 SWS) 45 h (2)
(Exercise)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

Master Physik, Master Chemie

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester

Recommended semester: 2

Duration

The completion of the module takes 1 semester.

Content
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Materials Science Il is an interdisciplinary series of lecture
units and exercises given or supervised by lecturers from
different faculties of LMU, TUM, and local industry. The
attending students likewise come from different fields
(mainly geomaterials and geochemistry, chemistry,
physics). The exercises are lab experiments. Material
Science Il discusses specific topics of materials classes and
their specific field of application, and/or specific analytical
techniques. Typical themes covered, for example, are high-
performance alloys, shape memory, biomaterials,
engineering ceramics, glasses and rheology of melts,
organic semiconductors and photovoltaics, ionic
conductors and battery materials, ferroelectrics, liquid
crystals, polymers, block-copolymers, neutron scattering
and radiography, super-resolution optical microscopy,
STM and AFM.
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Learning outcomes With the example of specific materials or techniques
students get an overview on how certain materials
properties can be achieved and optimized, or which
specific and less-well-known methods are available to
achieve certain objectives in materials research. The lab
exercises provide the students with a certain degree of
proficiency in analytical methods.

Type of examination Exercise portfolio

Type of assessment The successful completion of the module will be graded.
Requirements for the gain of ECTS credits will be granted when the module

ECTS credits examination (or the examination of pertinent mandatory

and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact Prof. Dr. Wolfgang W. Schmahl
Language(s) English
Additional information None
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Module: WP 10 Crystal Physics

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS

type hours hours

Lecture WP 10.1 Crystal Physics SoSe 30 h (2 SWS) 60 h (3)
(Lecture)

Exercise ~ WP 10.2 Crystal Physics SoSe 15 h (1 SWS) 15 h (1
(Exercise)

Lecture WP 10.3 Thermodynamics of SoSe 15 h (1 SWS) 45 h (2)
Crystals

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

None

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 —WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester

Recommended semester: 2

Duration

The completion of the module takes 1 semester.

Content
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The module includes a lecture and a lab excercise on linear
physical properties of crystals as well as a lecture on
thermodynamics of crystals.

In detail, the courses include the following contents:

WP 10.1 Crystal Physics: Lecture

Basic concepts of tensors and representation quadrics and
their relation to crystal symmetry are presented. The
concepts are subsequently applied to strain, deformation,
stress, piezoelectricity and elasticity as examples for
tensors ranging from second to fourth rank.

WP 10.2 Crystal Physics: Exercise

Using an experimental setup, tensor components of an
anisotropic crystal property are measured quantitatively.
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WP 10.3 Thermodynamics of Crystals: Lecture

The lecture covers (i) fundamental models of the theory of
heat capacity in relation to electrons and lattice vibrations,
(i) briefly introduces thermodynamics of defects, and (iii)
discusses cooperative phase transitions in crystals and
demonstrates the use of Landau theory for their
description.

Learning outcomes The students will be able to understand fundamental
models of thermodynamical quantities and will be able to
treat the ansiotropy of physical properties of crystals
numerically. Furthermore, the students will gain
knowledge on how to measure anisotropic crystal
properties and how to interpret published data of crystal

properties.
Type of examination Written exam
Type of assessment The successful completion of the module will be graded.
Requirements for the gain of ECTS credits will be granted when the module examination
ECTS credits (or the examination of pertinent mandatory and potential

elective compulsary module parts) has/have been
completed successfully.

Responsible contact Prof. Dr. Guntram Jordan
Language(s) English
Additional information None
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Module: WP 11 Petrology

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours

Lecture WP 11.1 Petrology (Lecture) SoSe 30 h (2 SWS) 60 h (3)
Exercise WP 11.2 Petrology (Exercise) SoSe 30 h (2 SWS) 60 h (3)

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

MSc Geology (PStO 2015)

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 —WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester Recommended semester: 2
Duration The completion of the module takes 1 semester.
Content This module aims to significantly expand the students

knowledgeon the petrology of igneous and metamorphic
rocks. Lectures combined with excersises will elucidate
the petrology of the Earths’ crust and mantle. Petrological
processes will be placed in regional and global tectonic
context. The relationship between major elements as well
as trace elements of for instance igneous rocks with the
tectonic setting will be introduced or deepened. Methods
and principles of modern igneous and metamorphic
petrology will be introduced and discussed.

Learning outcomes
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At the end of this module students should have
complemented and expanded their knowledge about
igneous and metamorphic petrology. The students should
be capable to understand and critically discuss usage and
limits of petrological concepts and data in the scientific
literature.
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Type of examination Written exam or oral examination

Type of assessment The successful completion of the module will be graded.
Requirements for the gain of ECTS credits will be granted when the module

ECTS credits examination (or the examination of pertinent mandatory

and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact Prof. Dr. Donald B. Dingwell
Language(s) English
Additional information None
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Module: WP 12 Geochemistry I

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours
Integrated WP 12.1 Geochemical Cycles SoSe 30 h (2 SWS) 60 h (3)
learning

activity

Integrated WP 12.2 Experimental SoSe 30 h (2 SWS) 60 h (3)

learning Geochemistry
activity

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

MSc Geology (PStO 2015)

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 —WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester

Recommended semester: 2

Duration

The completion of the module takes 1 semester.

Content
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This module focuses on geochemical exchange dynamics
between Earth’s major reservoirs and introduces high-
pressure / high-temperature experimental techniques for
investigating phase equilibria and thermodynamic
properties of rocks and their constituents.

WP 12.1 Geochemical Cycles

Chemical and physical properties of elements and
molecules control large-scale exchange dynamics between
the Earth’s core, mantle, crust and atmosphere. This
course deals with geochemical cycling of geologically
important tracer elements through the dynamic Earth.
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WP 12.2 Experimental Geochemistry

This course introduces experimental techniques covering
a range of geologically relevant pressures and
temperatures that allow for investigation of physical and
chemical properties of Earth materials as well as
geochemical processes in the Earth and other planetary
bodies. A selection of the most common experimental
methods will be introduced including Tatm gas mixing
furnaces and the principle concept of oxygen fugacity,
internally and externally heated pressure vessels for
investigation of crustal magmatic systems, piston
cylinders, multi anvil presses and diamond anvil cells for
geochemical and geophysical research applications at
upper- and lower mantle P-T conditions.

Learning outcomes

Students learn to link observations obtained from
geochemistry, petrology, geophysics, and atmospheric
sciences that altogether form the basis for constructing
large-scale geodynamic models. The experimental
geochemistry course also focuses on how experimental
projects are designed in practice by discussing the pros
and cons as well as the technical limitations of each of the
covered experimental techniques. The aim is to train
students how experimental geochemistry and -geophysics
can improve our understanding of how the Earth and other
planets have formed and differentiated.

Type of examination

Written exam or oral examination

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module
examination (or the examination of pertinent mandatory
and potential elective compulsary module parts) has/have
been completed successfully.

Responsible contact

Prof. Dr. Daniel Weidendorfer

Language(s)

English

Additional information
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None

Page 38 of 85



LUDWIG-MAXIMILIANS-UNIVERSITAT MUNCHEN - LMU MUNICH

Module: WP 13 Advanced Geosciences Il

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS
type hours hours
Integrated WP 13.1 Theory in Advanced SoSe 30 h (2 SWS) 60 h (3)
learning Geosciences

activity

Integrated WP 13.2 Applied Advanced SoSe 30 h (2 SWS) 60 h (3)

learning Geosciences
activity

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 4 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

s. Additional information

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester Recommended semester: 2
Duration The completion of the module takes 1 semester.
Content The module includes two integrated learning activities in

the areas of advanced geosciences. The courses can be
selected from the regular course programs of a variety of
geoscience disciplines such as geology, hydrogeology,
engineering geology, geophysics, paleontology, or
geobiology. The contents of the integrated learning
activities depend on the specific topics of the selected
courses. The selected courses focus on theoretical as well
as applied concepts, which both are apt to provide
complementary aspects to the topics of master program
geomaterials and geochemistry.

Learning outcomes
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The students will be able to understand important
theoretical and applied aspects of geology, hydrogeology,
engineering geology, geophysics, paleontology, or
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geobiology. The aspects will be complementary to the
aspects of the master program geomaterials and
geochemistry. Due to this complementarity, students will
especially gain thorough interdisciplinary knowhow. The
interdisciplinary cross-links will particularly contribute to a
significant widening of knowledge that can be gained by
the students.

Type of examination

Written exam or oral examination or term paper

Type of assessment

The successful completion of the module will be graded.

Requirements for the gain of
ECTS credits

ECTS credits will be granted when the module examination
(or the examination of pertinent mandatory and potential
elective compulsary module parts) has/have been
completed successfully.

Responsible contact

Examination committee (current chair: Prof. Dr. Peter
Gille)

Language(s)

English

Additional information
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Students select a module from the offers of the various
disciplines mentioned above. Approval of the selected
course has to be requested from the examination
committee. Eligible courses particularly focus on
theoretical and applied aspects and strengthen the
interdisciplinary cross-links between the advanced
geosciences disciplines on the one hand and the various
different aspects of the master program geomaterials and
geochemistry on the other hand.
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Module: WP 14 Industrial Minerals

Programme

Master’s Programme: Geomaterials and Geochemistry
(Master of Science, M.Sc.)

Related module parts

Course Course (mandatory) Rotation Contact Self-study ECTS

type hours hours

Lecture WP 14.1 Introduction to SoSe 30 h (2 SWS) 60 h (3)
Industrial Minerals

Exercise ~ WP 14.2 Analysis of SoSe 15 h (1 SWS) 15 h (1
Nonmetallic Raw Materials

Field WP 14.3 Field exercise to SoSe - 60 h (2)

exercise Industrial Minerals

For successful completion of the module, 6 ECTS credits have to be acquired. Class attendance
averages about 3 contact hours. Including time for self-study, 180 hours have to be invested.

Module type

Compulsory elective module with mandatory courses

Usability of the module in other
Programmes

TUM Master Ingenieur- und Hydrogeologie

Elective guidelines

The module can be chosen in compliance with the
following rules: With regard to the compulsory electve
modules WP 1 — WP 32, compulsory electives with a total
of 48 ECTS credits must be taken. In doing so, compulsory
elective modules with a total of 12 ECTS credits should be
taken in the first semester and compulsory elective
modules with a total of 18 ECTS credits each should be
taken in the second and in the third semester.

Entry requirements

None

Semester

Recommended semester: 2

Duration

The completion of the module takes 1 semester.

Content

30 09 2019

WP14.1 Introduction to Industrial Minerals:

Definitions, economic and societal importance, occurrence,
genesis, mineral law and mining access, exploration and
exploitation concessions, mining methods, processing,
quality criteria, medical and environmental aspects,
applications.

The following commodities are explored in detail:
aggregates, cementitious materials, carbonates, gypsum,
anhydrite, salt, graphite, perlite, quartz, diatomite,
refractories, talc, pyrophyllite, zeolites, kaolin, bentonite,
fine ceramic clays and heavy clays.
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WP 14.2 Analysis of Nonmetallic Raw Materials:

The students learn to prepare sample for X-ray powder
diffraction analysis, especially of clayey materials. They will
conduct qualitative mineral identification studies and
quantitative phase analysis of complex mineral mixtures
using the Rietveld method. The use of portable X-ray
fluorescence analysis will be demonstrated.

WP14.3 Field Exercise to Industrial Minerals:

A focus of the field exercise will be a visit of actively mined
industrial mineral deposits in Central Europe. The students
will learn the adopted exploration and mining methods,
questions of mineral ownership, processing and
refinements and environmental issues. The students learn
representative sampling of ra