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1. List of courses in track:  SCIEART101, 201, 202, 302, 303   

SCIEART101 Introduction to Earth System Science  

 

Prerequisites: 

None, but a proven aptitude for scientific reasoning is recommended as well as high school 

physics, math and chemistry 

Brief Course Description: 

Content 

The course offers a broad overview of processes and phenomena of the earth system. Among the 

topics with which the students will become familiar are: crystallization, phase diagrams, 

mineral/rock properties and determination, structural geology, stratigraphy, sedimentation, sea-

coast interaction, rivers and streams, rock formation, rock cycle, solar system evolution models, 

plate tectonics, seismic tomography, seismic hazard assessment, planetary science, mantle 

dynamics, core dynamo theory, earth magnetism, radio-dating.  

 

Format 

The format is as follows: prior to fall break the course is taught in the form of lectures and 

exercises/practicals including a trip to the beach to study sea-coast interaction and sedimentation. 

In the fall break a field study is carried out in the Belgium Ardennes. After fall break, instead of 

lectures, students provide one another with answers to a list of prescriptive and factual questions 

by using mandatory private consultations with the instructor to create oral/visual presentations 

with full written (and referenced) transcripts. Students review each other’s presentations and study 

the answers therein for the exam.  

 

Output/assessment 

Assessment of student present-day knowledge of earth systems is thus ensured by practicals, 

presentations, review, fieldtrips and exams. Furthermore, the use of observational techniques and 

measurements and the interpretation of these data is assessed by an extended field report, which 

includes descriptions of the process and results of cross-section construction/mapping using the 

observations from the 2-day geological field trip in Belgium as well as discussion of the 

appropriate geologic and tectonic interpretation of the maps.  

SCIEART201 Earth System Spheres: Tools and Concepts  

Prerequisites: 

SCIEART101 and at least one of SCIMATH 101 (mathematics), SCIPHYS101 (physics), 

SCICHEM101 (chemistry), SCILABO101 (science laboratory) or ENGMATE101 (structures and 

properties) or another more advanced course in one of those disciplines. Supporting courses 

ecology, such as SCIENVI302 (marine biology) are a useful combination with this course for 

certain master programmes. 

Brief Course Description: 

Content 
This course will familiarize students with the theoretical concepts and tools that are essential to 

studying Earth processes in the various spheres, such as stable isotope fractionation, (paleo) 

climate, ocean circulation and element cycles, and also to assessing the potential effects of 

hazards, such as earthquakes and storms, asteroid impacts, sea-level rise, and CO2 increase. For 
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this purpose, students will be introduced to various software modeling tools and to spreadsheet 

analysis of large geophysical datasets. 

 

Among the most essential lecture/exercise topics that will be covered are: stable isotopes, redox 

and carbonate chemistry, interaction between spheres and chemical tracers (applied to paleo-

climatology and ecosystem monitoring); element/material/nutrient cycling (applied to carbon 

cycle and element of current interest); fluxes, forcings and perturbations (applied to global climate 

modeling); tectonic and chemical evolution of volcanism (applied to the Eifel excursion);  

extreme event hazard statistics (applied to storm and earthquake risk); energy and momentum 

conservation laws (applied to asteroid impact risk), atmospheric and crustal heat flows (applied to 

asteroid impacts and climate modeling), and time-series trend identification in ice/water/land 

geodesy (applied to Dutch sea level rise). 
 

Format 

The general format of the course is usage of the methodological components of earth system 

science via a series of topic-based lecture modules, exercises, and solution discussions. The course 

is complemented by a 2-day fieldtrip to the Eifel in Germany in which the influence of volcanic 

activity on CO2 emissions, geochemistry of mineral waters, seismic activity and potential for 

geothermal energy usage will be further discussed.  

 

Output/assessment 

The students will participate in preparing information for the fieldtrip and write an extended field 

report describing the relevant rock-mineral and structural analysis, the stages of volcanic activity, 

the cause of volcanic activity and the effect on (local) climate studied during this fieldtrip. At least 

one of the modules covering case studies of geologic hazards will result in short individual student 

papers that summarize the sources and magnitudes of the relative risk of various scenarios and 

persuasively motivate appropriate policy recommendations. Together with the exercises and an 

exam this will further ensure retention of the subject matter. 

 

SCIEART202 Applied Earth Science: Soils and Aquifers  

Prerequisites: 

SCIEART101 and at least one of SCIMATH 101 (mathematics), SCIPHYS101 (physics), 

SCICHEM101 (chemistry), SCILABO101(lab courses) and ENGMATE101 (structures and 

properties) or another more advanced course in one of those disciplines.    

Brief Course Description: 

Content 
There are two themes in this course: Soils and Aquifers which are becoming critical resources. 

Facing climate change and increasing world populations, food and water scarcity are related 

themes. The course will have a practical character: students will explore soils and water bodies in 

the laboratory and the field.   

 

In the lab and field, soil composition, health and properties will be addressed and the potential for 

various remediation strategies and prevention of soil deterioration and erosion. Lectures will be 

limited to soil formation, types, and analysis methods. Seismic and electromagnetic mapping of 

local fresh- and salt-water aquifers will be used to assess the threats of freshwater scarcity and 

saltwater intrusion and the potential of various geothermal energy and coastal defense strategies.   

   

Format 
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The general format of the course will be two seven-week sequences (one on aquifers and one on 

soils) consisting of brief introductory lectures fieldwork and analysis. An excursion to the Soil 

Museum at WUR may be included depending on opening times and student schedules.  [note: for 

May-June intensive versions of this course, these will be compressed into 2 intensive 2-week 

periods] 

 

Output/assessment 

Lab and field participation will be part of the assessment. Students write reports on lab and field 

findings. A quiz for each of the 7 week modules will enhance retention of matters discussed and 

addressed throughout the course. 

 

SCIEART302 Environmental (bio-)Geochemistry  

Prerequisites: 

SCIEART101 plus either SCIEART201 or a suitable, instructor-approved combination of other 

relevant courses from the Earth Science track and the other related tracks described in section 4 

below.  For some master programmes it is useful to combine this with SCIENVI302. 

Brief Course Description:   

Content            

This course focusses on the bio-geochemistry of natural waters (oceans, estuaries, freshwater 

bodies) and their interactions with rocks and minerals under near Earth-surface conditions. 

Furthermore, (waste)-water treatment and engineered processes to recover valuable resources 

from waste, as well as some anthropogenic resource cycles are topics of this course. The 

theoretical and practical knowledge taught in SCIEART201/202 will be supplemented by using 

advanced geochemical modeling tools such as Geochemist Workbench.  

Specific subjects that will be covered are marine geochemistry, water quality, water speciation 

and redox states of components, ore formation, bio-mineralization, adsorption and desorption, 

pollution of groundwater and resulting plumes, mineral dissolution and precipitation, basic 

process designs in water treatment and resource recovery, solid waste (organic, electronic, green 

energy, plastic) treatment and management. 

 

Format 

The course format will be an alternation between short explanations, assignments with 

geochemist workbench (GWB), a research project and demonstrations. Each year this course is 

taught, a theme will be chosen to specifically investigate in more detail by groups of students. In 

that sense the course has a research dimension. Among the themes that can be investigated are 

reactive transport, salination effects, ocean acidification and coral reef fate, critical element cycles 

for green energy, the environment impact of mineral exploration and extraction, waste 

management after natural disasters, electrochemical treatment of waste streams and more.  

 

Output/assessment 

Apart from presentations on publications to acquire skills in science communication in this 

field and demonstrate understanding, (GWB) assignments and an exam will guarantee an 

individual component in the course grade to complement the part that will be based on a 

group research paper.  If the NAV or EGU meetings are scheduled on dates that poster 

contributions can be made, a possible conference attendance may be incorporated. Of course, 

these are also conference where SEPR output can be presented. 
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Course benefits: 

● This course is an excellent preparation for masters programs in environmental science in general, 

geochemistry and chemical oceanography, ecology and environmental engineering.        

● Combined with SCIEART303 this course would allow you to acquire an all-round approach and 

helicopter view to the pressing issues of today.  

● Environmental geochemistry and the practical applications, are a great addition to a 

chemistry or engineering track. 

 

SCIEART303 Resource Geophysics  

Prerequisites: 

SCIEART101+ SCIMATH101 + SCIEART201/202 [if necessary, discuss with the instructor 

possible Math/Physics/ComputerScience/Engineering course alternatives to the 

SCIEARTH201/202 prerequisite]  

Brief Course Description: 

Content 
The purpose of this course is to provide a strong basis for  understanding the impacts of new 

approaches to sustainable use of the subsurface and coast of the Netherlands. Applications that 

will be considered are:  assessing competing uses of underground aquifers for carbon 

sequestration and thermal energy extraction or storage; the impact of coastal engineering on sand 

erosion, dike strength, and saltwater contamination of fresh water reservoirs; and new remote-

sensing (GIS, passive seismology) for monitoring human-induced changes to the underground. 

Theoretical topics that will be covered as background to understanding these technologies are: 

hydraulic and thermal conductivity; electromagnetic, heat and seismic waves and diffusion; 

frequency-wavelength-resolution relations; electromagnetic potential field data acquisition 

and inversion; reflection and refraction tomographic imaging; indirect parameter retrieval 

from data; time vs frequency domain analysis; signal/noise amplification with stacking and 

interferometry. Darcy’s law flow in porous media; Mohr-Coulomb stability/failure of solids; 

multifluid aquifer dynamics, far-field and near-field tectonic subsidence dynamics;  coastal 

wave focusing, dispersion, and damping. 

 

Format 

The course format will be a series of three or four modules (depending on the topics chosen 

for the semester in question), each of which is built around the preparation of a resource 

opportunity/risk assessment (“white paper”) report .   Each module will start with an 

introduction to realistic geophysical problem, followed by a series of 4-6 course meetings in 

which hour-long lectures covering the relevant theory alternating with interactive workshops 

during which students are guided in planning, executing, and presenting the (computer-aided) 

calculations needed to prepare reports that answer their individually assigned research 

questions.   Each module ends with a brief classroom discussion and peer review meeting in 

which the different case study results the module are discussed.  

 

 

Output/assessment 
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The white paper geophysics problem analysis reports for each module will have equal weight 

and sum to 85-90% of the course grade, with the remaining 10-15% coming from a final exam 

that reviews the theoretical content.   Roughly 1/3 of the grade for each of the 3 or 4 papers 

will be based on the completeness and correctness of the quantitative analysis; 

appropriateness, clarity and correctness of figures and tables, and the clarity and correctness 

of the prose.  The clarity components of these grade will be assigned, in part, by peer 

assessment.  

 

Course benefits: 

● Combined with SCIART302 this course would allow you to acquire an all-round approach to 

addressing contemporary research questions in the geosciences.  

● Geophysical methods provide in-depth introductions to principles of (applied) physics and 

mathematics not otherwise encountered in the physics, mathematics, computer science and 

engineering tracks, and, therefore,  are an excellent complement to all of those tracks. 

 

 

Scheduling Information 

SCIEART101 is offered every year every fall.   

SCIEART201 and SCIEART303 are offered each odd year spring,   

SCIEART202 and SCIEART302 are offered each even year spring. 

Most courses in this track  include mandatory excursions, usually scheduled during the 

semester break or on holidays/weekends, or immediately after the formal end of the 

semester. For this reason students registered for Earth Sciences courses should not book semester 

break travel plans before the course excursion dates are published. 
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2. Overview of the track 

A. Track structure and content 

Overview 

This track introduces you to the broad field of Earth Science. Earth Science in general and in all 

its sub-disciplines is a very exciting and relevant field. You will never look at mountains, rivers 

and oceans in the same way after taking this track. There is a great demand for people with 

expertise in this field, because water, mineral and fossil fuel resources are decreasing. At the same 

time, environmental problems are increasing: water pollution, plastic soup, global warming and 

the seemingly increased frequency of earth quakes, tsunamis and hurricanes.  

Not all Earth Science branches are covered equally in the 5 courses in the track (for example: 

palaeontology, petrology, atmospheric science). If those are of your special interest, then with 

exchange programs or summer courses you may complete the track according to your goals. With 

the materials offered in the courses at UCR, combined with other courses in the science, 

engineering or social science departments, students were accepted in a diversity of highly 

regarded Master Programs. It is wise to ask the instructors and tutors for advice if you aim for a 

future in the Earth Sciences.  

 
After the introduction provided by SCIEART101, mastery of geosciences tools and methodology 

will be developed in SCIEART201/202 through practical experience in solving the theoretical 

(201) and field observation (202) challenges that emerge in a series of case studies.  

SCIEART302/303 will build upon SCIEART201/202 experiences by introducing more 

technically and theoretically advanced geochemical (302) and geophysical (303) methods, and by 

applying these to resource and sustainable technology policy assessments 

The cases studies and applications of the 200 and 300 level courses are selected to provide both a 

broad spectrum of science and strong relevance to ongoing research in areas of crucial socio-

economic importance.  ¨Grounding¨ in field geology is provided by excursions to nearby regions 

of geological interest such as the Belgian Ardennes (SCIEART101), the German Eifel volcanic 

field (SCIEART201), and the local Scheldt estuary system (SCIEART302/303). 

                               

Themes in Track 

a) Familiarity with the relevant data types: Students will learn the characteristics of the many 

different types of data in the geo-sciences, how they are gathered and how they can be converted 

to formats best suited to display and analysis.  

b) Modelling: Students will learn apply data and theory to the development and testing of models, 

using the appropriate analytical methods.  

c) Adept use of analytical tools: Students will learn the field, laboratory, instrumental, hardware, 

software, and theoretical tools appropriate for the gathering and processing of data, and for the 

building and assessment of models.  

d) Interdisciplinary Interactions (Systems): Students will learn to describe the geophysical and 

biogeochemical interactions of the four spheres (biosphere, geosphere, atmosphere, and 

hydrosphere), and to do so using theoretical and observational frameworks from a wide variety of 

scientific disciplines. These include geology, physics, mathematics, chemistry, biology, and 

ecology. Furthermore, the anthropogenic influence in all of these spheres will overlay the natural 

processes.  
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Place of Themes within Track 

     

a) Data  

SCIEART101  

i) field trip log books  

ii) lectures/presentations on geophysical data sets  

SCIEART201  

i) lectures explaining data types relevant to case studies  

ii) data input for case study exercises  

SCIEART202  

i) lectures on data acquisition methods relevant to fieldwork/labwork  

ii) field/lab data acquisition and recording  

SCIEART302/303  

i) instructor lectures/coaching on resource assessment measurements.  

ii) Plan and execute data acquisition strategies (field/laboratory/data-mining).  

iii) Plan and execute data analysis and modeling.  

iv) Assess and report results.  

 

b) Modelling  

SCIEART101  

i) mineral determination, geo mapping lectures.  

ii) mineral/rock determination practical  

iii) geologic profiling, geomapping analysis in field report  

iv) beach structure, water flow/current analysis.  

v) presentations/exam covering seismic tomography 

vi) presentations/exam covering geodetic/geomagnetics data   

SCIEART201  

i) lectures on modeling principals relevant to cases 

ii)  modeling exercises relevant to cases.  

SCIEART202  

i) lectures on use of field data for modeling 

ii) modeling using field data 

SCIEART302/303 

i) instructor lectures/coaching on resource assessment data analysis.  

v) Plan and execute data analysis/modeling.  

vi) Assess and report results.  

c) Tools  

SCIEART101   

i) training in use of field geology equipment  

ii) lectures/presentations introducing instruments and theory in geodesy, geomagnetism, 

seismology  

SCIEART201  

i) Lectures/Training on use of software  

ii) lectures on tools/techniques relevant to cases  

iii) overview of nutrient cycle measurement and analysis tools/techniques in review paper  

SCIEART202 

i) Lectures/Training on use of field instruments and laboratory equipment. 

ii) Field/laboratory experience in use of instruments 

iii) Instrument reliability/validity assessments in experiment reports 

SCIEART302/303 

i) instructor coaching on advanced experimental equipment and analysis software for 

resource assessment.  
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ii) Application of these to acquisition and analysis of data.  

 

 

 

d) Interdisciplinary interactions  

SCIEART101  

i. lectures/presentations on geodynamics, geochemistry, mineralogy, sedimentology, 

geomagnetics, hydrology, atmospherics, economic impacts, etc..  

SCIEART201  

i) lectures on bio-geo-hydro-atmos-tecto-geosphere interactions  

ii) geophysics exercises drawn from different disciplines for each case  

iii) review paper description of sphere interaction in the nutrient cycle, and the physics, 

chemistry, and biology principles involved.  

SCIEART202 

i) lectures on bio-geo-hydro-atmos-tecto-geosphere interactions 

ii) Each set of observations requires multiple disciplines 

iii) Geophysics and Geochemistry observations are complementary examinations of the same 

systems.  

SCIEART302/303  

i) Research plan is constructed from a system science perspective  

ii) Research plan must be executed assessed using multiple disciplines  

iii) Contributions are expected from students with experience at the 200/300 levels of the 

Chemistry, Laboratory, Physics, Mathematics, Ecology, and Engineering tracks. 

 

B. Motivation for track structure and content  

The nature of the discipline.  

 

Earth Sciences is one of the oldest and broadest of the natural sciences. Its core discipline is 

geology. This literally means ¨study of the earth,¨ though it is most commonly understood to refer 

to the study of rock types and positioning. In order to understand the complete story of rocks and 

the processes that shape them, it is necessary to combine geology with all of the other natural 

sciences: physics, chemistry, biology, mathematics and computer sciences. It is also necessary to 

include the whole of the Earth System, including the interior, the tectosphere, the hydrosphere, 

and the atmosphere. Even the study of the moon, sun, planets and the rest of the solar system 

provides valuable clues to understanding our Earth. Finally, awareness of the fact that human 

society is both shaped by the earth system and is increasingly able to alter it has led to an 

increasing interest in earth sciences combined with social sciences. It is realized that as a global 

community we are to protect, govern and manage the environment, and that as natural resources 

run out, remediation strategies and resource re-use, management, storage in a sustainable way are 

necessary.  

 

The goals of the track.  

 

For the above reasons, the goal of this track is to familiarize students with the many sub-

disciplines of Earth Science and with the tools and methodology used to integrate these sub-

disciplines in analyses of complex systems. The students are then able to address the 

environmental issues that are pressing today and also contribute to knowledge in the fields earth 

sciences. The course is designed to facilitate entry in many earth and environmental science 

(related) master programs with good job perspectives.  

 

The systems with which students will acquire the most detailed knowledge and analytical 

experience will be relevant to resource management and global change issues of particular 



 - 11 - 
 

 

importance in modern research. All courses of this track not only train students in the traditional 

disciplines of geochemistry, soils science, hydrology and geophysics and so on, but also apply the 

knowledge using computer modelling, systems analysis, and environmental policy (and possibly 

GIS or citizen science approaches). ¨Grounding¨ in field geology is provided by excursions to 

nearby regions of geological interest such as the local Scheldt estuary system, the Ardennes 

(SCIEART101) and the German Eifel volcanic area (SCIEART201). Furthermore, student/class 

attendance and/or contribution at professional scientific meetings such as offered by NAV, EGU, 

KNAW and KNGMG prepares the students for a place in the earth science community, start 

building a network, and see other geosciences sub-disciplines at the cutting edge of modern 

science. 

 

 
3. Relations between the 11 UCR measurable program outcomes and the student 

learning outcomes per course 

 
 

Table A) UCR program outcomes and their translation to the Earth Sciences Track 

 

 UCR program outcomes 

Student can: 

UCR <EARTH SCIENCE > track outcomes 

Student can: 

Demonstrate mastery of disciplinary knowledge 

Definition of the 

discipline 

Distinguish what phenomena are 

studied and what types of questions 

scholars hope to answer via what 

methods. (This includes an awareness 

of assumptions and limitations, and the 

understanding that multiple paradigms 

exist in a single discipline.) 

Describe the systems and cycles whose interactions shape 

the atmosphere, hydrosphere, and geosphere.   Use the 

rules and analytical tools of the most closely related 

sciences (physics, chemistry, mathematics, biology) to 

explore the status and evolution of these systems and the 

impact of changes in the spheres.  

Theories Demonstrate understanding of the 

most prominent theories of the 

discipline. 

Main theories studied are Uniformitarianism, Plate 

Tectonics, Biogeochemical cycles, Superposition, 

Geophysical inverse theory. 

Methodologies Apply common analytical methods and 

tools of the discipline and assess work 

of others 

Identify minerals, rocks by analyzing their properties using 

various tools. From mineral and rocks as well as structural 

features in the field derive a 3-D interpretation for the 

geology. Replicate and check case studies using 

computational fluency with the equations and software 

tools of geochemical analysis, tomography, systems 

analysis, and hazard analysis. 

Demonstrate mastery of disciplinary skills 

Critical Thinking Independently formulate and critically 

review problem formulations, 

arguments and results (critical thinking, 

problem solving) 

Display understanding of relevant theory by interpreting 

the data acquired during fieldtrips and results of case 

study analysis and proposing appropriate follow-up 

investigations. 

Research Apply aspects of the main research 

methodologies of the discipline 

Apply lessons learned in case studies to the interpretation 

and assessment of research papers from others, and to 

the design of new research and analysis plans. 

Communication Communicate effectively (orally and in 

writing) with both scholarly- and lay- 

audiences 

Write summaries, fieldreports and scientific articles using 

a professional style.   Summarize and communicate to 

both scientific and nonscientific stakeholders the scientific 

facts relevant to public policy (posters, conference 

presentations).   

Learning Independently acquire and evaluate 

relevant academic information, reflect 

on own’s progress and identify one’s 

knowledge gaps, and master new 

topics in discipline 

Answer multi-level and multifaceted research questions by 

making appropriate use of (improved) personal literary 

and theoretical research skills, collaboration with 

classmates, and consultation with instructors. Meet 

deadlines, be prepared to contribute to discussions and 

the peer review process.  

Understand and exercise academic attitudes and values 

Academic and 

Professional 

standards 

Understand and adopt standards for 

academic integrity and relevant 

professional standards 

Academic standards: honesty, self-criticism, crediting 

original authors, regular and pro-active communication 



 - 12 - 
 

 

Discipline’s role 

in the world 

Reflect in logical, social and/or ethical 

terms on interaction between 

discipline and the natural world, 

society and/or self. 

Identify the geological knowns and unknowns most 

relevant  to societies’ contemporary environmental (e.g. 

climate) and resource (e.g. energy) challenges.   Describe 

geological discoveries of high relevance to other 

disciplines. 

Understand connections with other disciplines 

Related fields Transfer knowledge and/or skills from 

other related disciplines 

Integrate the theories and tools of physics, chemistry, 

mathematics, biology and computer science in answering 

geological and environmental questions and describe the 

relevance of geological knowledge discoveries to other 

disciplines.  

Complex 

problems 

Present analysis of (and possibly first 

steps towards) the solution of complex 

multi-facetted problems requiring 

knowledge and/or skills from different 

disciplines 

See above entries for Learning and Related Fields. 

 

 

 

 

 

 

 

 
Table B) Link of Program Outcomes in Earth Sciences track to Student Learning Outcomes per course 

 Introduction 

to Earth 

Science 

SCIEART101 

Earth Systems 

Science 

SCIEART201 

Applied Earth 

Science 

SCIEART202 

Environmental 

(Bio-) 

Geochemistry 

SCIEART302 

Advanced 

Geophysics 

SCIEART303 

Demonstrate mastery of disciplinary knowledge 

Definition of 

the discipline 

Summarize key 

aspects of each 

major geological 

subsystem and 
subdiscipline 

(presentations, 

geology and 

geophysics 

exam), describe 

role of 

geosystems in 

creating 

geologic profile 

(field report).  

Demonstrate the 

interplay of essential 

principles of 

geosystems analysis 
and bio-geochemical 

cycle analysis (exam). 

Being able to 

understand the use of 

isotopes (stable and 

radio) to study fluxes, 

origins and processes 

(presentation, exam) 

in the various spheres.  

Demonstrate how and 

why specific tools in the 

field and the lab are 

used to investigate 
specific crucial  

(health/stability) 

properties of soils, 

sediments, rock and 

water in the first few 

hundred meters below 

the Earth’s surface.  

Surface earth 

processes define 

our environment, 

health, economy, 
climate and more. 

Water in all its 

forms (oceans, 

rivers, lakes, 

groundwater) and 

the hydrological 

circle is one of the 

drivers for earth 

surface processes 

and these natural 

processes, also in 

relation to rocks 

and soils can help 

to design 

processes that 

help us recover 

resources and 

treat polluted 

water. 

Describe Roles of 

theorical principles 

of solid/fluid/heat 

static/dynamic 
behavior together 

with appropriate 

data acquisition and 

analysis in assessing 

the geological 

challenges of the 

monitoring and 

management of 

natural resources 

and environmental 

systems. 

Theories Describe 

support for and 

implications of 

current models 

and theories 

(presentations).  

Identify role of 

chemical 

processes and 

structures in 

Isotope Fractionations 

Pourbaix diagrams 

Forcings and 

Feedbacks (Daisyworld 

assignment); Dynamics 

and Thermodynamics 

(comet collision 

assignment); 

Hydrogeological flow 

(dike assignment); 

Soil formation 

characterization using 

ternary composition 

diagram, respiration 

linked to biological 

activity, nutrient and 

pollutant (bio) 

availability, effects of 

drought/salination, 

circular economy, 

Biological 

influences on 

chemical 

processes, 

transformation of 

chemical species, 

mineralization,  

adsorption, 

weathering, soil 

formation, 

Multistate flow in 

porous media, 

thermodynamics of 

heat storage and 

extraction from 

aquifers; remote 

sensing data 

acquisition system 

design; geophysical 

inverse and imaging 
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creating 

rock/mineral 

characteristics 

(geology exam) 

extreme event theory 

(seismic hazard 

assignment)  

Essentials of hydrology, 

rock and soil mechanics, 

and surface mapping 

using tomographic and 

potential field inversions. 

reactant 

transport, ocean 

acidification, 

ternary phase 

diagrams, water 

treatment 

systems, Pourbaix 

diagrams, rivers 

and deltas and 

human 

manipulation 

thereof 

theory. 

Methodologies Rock and 

Mineral 

identification 

(practical 

exams), geologic 

profiling 

(excursion, field 

report) 

Systems modeling 

(Daisyworld/STELLA 

assignment); 

Dimensional analysis 

and linearization 

(collision assignment); 

empirical loglinear 

analysis (hazard 

assessment) 

Field sampling of soils, 

bio health, connecting to 

its formation. 

Sedimentation, 

adsorption and 

respiration tests.  

Instruments and analysis 

used for gravitational, 

magnetic, electric, and 

seismic subsurface 

imaging, both for 

geological/environmental 

and archeological 

applications 

STELLA, 

Geochemist 

Workbench and if 

possible a fieldtrip 

in Zeeland, 

Factorial analysis 

Dimensional and 

scaling analysis to 

check and justify 

necessary 

approximations; 

Apply/adapt existing 

software 

tomographic imaging 

and hydrological flow 

modeling to 

simplified systems to 

create figures 

demonstrating the 

nature of the real 

systems in question 

(series of individual 

‘white papers’) 

Demonstrate mastery of disciplinary skills 

Critical 

Thinking 

Interpret field 

observations 

(excursion, field 

report); peer 

reviews 

Limitations and 

assumptions using 

biogeochemical tools 

to study earth systems. 

Ideas for changing 

feedback systems, 

climate change and 

limitations. 

(geology/environmental 

geochemistry 

problems) Policy 

recommendations 

and/or research 
proposals based on 

case study exploration 

(all geophysics 

assignments) 

Nutrient cycles 

dependence and soils, 

factors that endanger 

soil resources and food 

supply, optimization 

measures linked to 

circular economy.  

Choices of 

observation/monitoring 

strategies and 

technologies justified by 

matching the sensitivities 

and resolving power of 
measurements to the 

nature of subsurface 

structures and the goals 

of the research, and 

accounting for budget, 

accessibility, and other 

practical limitations.   

Critical assessment of 

tendencies to over/under 

interpret data-based 

subsurface models. 

Assess case 

studies using 

modelling tools 

and formulate 

and understand 

the impact of 

what the 

modelling results 

imply.  

Choose the most 

appropriate 

approximate 

theories and data 

types for the 

assessment of case; 

Identify and study 

appropriate detailed 

theoretical 

references for 

concepts introduced 

in lectures.   

(individual papers). 
Identify the 

necessary 

differences in 

approaches resulting 

from different 

examples of similar 

problems.  (peer 

reviews). 

Research Review and 

report latest 

updates to 

textbook 

descriptions of 

subsystems 

(presentations); 

systematically 

record field 

observations 

(excursion) 

Plan, execute, and 

record systematic 

exploration of 

adaptations of case 

study templates (all 

geophysics 

assignments) 

Acquire, organize, and 

process field data. 

Observational reports on 

soil analysis and linking 

to literature articles on 

these soils.  Produce and 

assess the uncertainties 

of subsurface images.   

Plan appropriate follow-

up observations. 

Group research 

into impacts on 

resources by 

gathering and 

reviewing journal 

articles and 

voluntary using 

modelling tools.  

Find and adapt 

published research 

into problems similar 

to the ones assigned. 

(series of individual 

‘white papers’) 

 

Communication Effective and Presentations on use Detailed Laboratory Effective Choice and creation 
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efficient 

cooperation of 

field teams 

(excursion); 

Peer reviews 

(presentations); 

appropriate use 

of both 

mandatory and 

“recommended” 

consultations 

(preparation for 

presentations, 

field reports, 

exam) 

of stable isotopes and 

a nutrient cycle. 

Create research 

proposals (scientific 

writing, collision and 

daisyworld 

assignment) policy 

recommendations 

(academic non-

specialist writing, dike 

assignment) and 

stakeholder 

presentations (public 

communication, 

hazard assignment) 

based on explorations 

of the case studies. 

reports and 

presentations adhering 

to best writing practice 

in scientific progress 

reporting.  Group 

fieldwork planning and 

execution. 

Produce tables, figures, 

and captions suitable for 

correct, clear, and 

efficient description of 

subsurface imaging 

results. 

communication of 

group research 

results to a 

general audience, 

with modus choice 

decided by 

students (e.g. 

poster, video, ppt, 

pamphlet) and 

potential 

contribution to 

conference in 

form of poster 

and captioning of 

most effective tables 

figures for 

summarizing the 

most essential 

conclusions of 

geophysical analyses 

(series of individual 

‘white papers’)  

Learning Learning by 

observations 

and practicals, 

feedback from 

instructor. 

Preparing for 

and responding 

to consultations 

with supervisors 

through multiple 

drafts 

(Presentations) 

Reviewing and 

improving own writing 

and effective and 

regular consultation 

with peers and 

supervisors (all 

assignments) 

Acquiring skills in the 

laboratory and field and 

finding connections 

between soil and water 

resources.   Apply 

theoretical background, 

data gathering, and data 

analysis (imaging) 

experience to the 

identification of the most 

relevant promising and 

relevant (new) 

techniques described in 
academic publications. 

Translate a 

surface earth case 

study in a 

modelling exercise 

to 

check/reproduce 

results of a 

journal paper 

Adaptive use of 

advanced theoretical 

and computational 

tools to assess 

realistic and 

contempory 

problems. (Analysis 

component of 

Papers) 

Understand and exercise academic attitudes and values 

Academic and 

Professional 

standards 

Proper 

Referencing of 

both text and 

figures and use 

of high level 

sources even 

when low level 

sources are 

plentiful 

(Presentations, 

Fieldreport) 

Proper Referencing of 

both text and figures 

and use of high level 

sources.   Creation of 

clear, neat, and honest 

graphical displays of 

results.  

 (assignments) 

Proper referencing of 

both text and figures 

and use of high level 

sources.   Creation of 

clear, neat, and honest 

graphical displays of 

results. Proper handling 

of field tools and safe 

lab practices.   Clear 

and correct assessment 

of uncertainties resulting 
from the measurement 

and analysis procedures. 

 

Correct use of 

modeling tools, 

appropriate 

boundary settings 

and assumptions, 

mature team 

work where all 

participate and 

reports equally, 

find a platform 

for 
communication 

and 

communicating 

science 

Responsible and 

polite 

communication with 

peers and 

supervisors.  Quality 

of the series of 

‘white papers’ should  

improve enough that 

the final papers 

attain professional 

standards. 

Discipline’s role 

in the world 

Explain 

phenomena and 

anticipate 
phenomena as 

to govern our 

Earth 

responsibly. Fair 

assessment of 

certainties and 

uncertainties of 

current 

knowledge.  

(geophysics 

presentations, 

field report) 

Importance of 

feedback systems and 

biogeochemical cycles 
for availability of 

resources/nutrients 

and for life on earth. 

Account for 

stakeholder interests 

and knowledge while 

planning case studies 

and formulating policy 

recommendations 

(hazard and dike 

assignments). 

Soil and water are the 

heavily affected by 

actions of humankind. 
The resources (fertile 

soil, fresh water) are 

limited and need to be 

protected. Climate 

change will underline the 

scarcity of these 

resources even more, 

with a growing world 

population relying on 

these for food.    

Biogeochemistry 

covers most 

surface earth 
natural processes, 

which we need to 

understand in 

order that we do 

not interfere in 

disastrous way. 

Use of natural 

processes to 

mitigate 

challenges we 

face as our 

environment is 

threatened in 

many ways 

Resource/Risk 

assessments and 

Policy 
recommendations of 

the paper 

conclusions must be 

appropriate 

responses both to 

contemporary 

resource problems 

and to the concerns 

of all stakeholders. 

Understand connections with other disciplines 

Related fields Provide correct Physics of collision Geophysical assessment Environmental Physics and 
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qualitative 

interpretations 

of the most 

relevant physics 

and chemistry 

equation 

governing major 

Earth systems. 

(geophysics 

presentations 

and exam) 

dynamics (collision 

assignment) and 

climate 

thermodynamics 

(collision and dike 

assignment); extreme 

event mathematics 

(hazard and dike 

assignment); 

geochemical cycles 

(daisyworld 

assignment); 

computational 

differential equation 

modeling (daisyworld 

assignment), climate 

studies (assignments) 

stable istopes 

of underground 

composition, 

geohydrology and 

environmental 

biochemistry, resource 

management and 

planning, geotechnical 

engineering, archeology.  

Technology, 

Chemistry, 

Chemical 

Oceanography, 

Chemical 

Engineering 

(computer/data 

science) 

Mechanical/Electrical 

Engineering: 

Thermodynamics; 

Fluid dynamics, 

Structural 

Mechanics, Remote 

Sensing, Wave 

Theory. 

Mathematics: 

Inverse Theory, time 

series analysis. 

Computer/Data 

Science: parallelized 

and/or machine 

learning approaches 

to computational 

time series analysis 

and systems 

modeling, cycles. 

Complex 

problems 

Explain the 

overlap among 

the topics of 

almost all 

lectures with 

one another 

(geophysics 

exam) 

Address research 

questions with a 

combination of 

appropriate basic 

theory, journal 

research, and a 

personal exploration of 

a model space (all 

geophysics 

assignments) 

Link the effect of water 

to soil formation and 

retention, soil 

modification measures 

effects, the effects of 

manure insertion, 

artificial fertilizer on soil 

biota and soil fertility; 

Robust long-term 

assessment, monitoring 

and management of the 
environmental impacts 

and hazards of  coastal 

engineering/development 

on the shallow 

subsurface. 

Quantitatively and 

qualitatively 

evaluation the 

effects of natural 

and man-made 

processes and 

their interaction 

on the 

environment, 

water quality and, 

resource 
availability in 

particular, 

prognosis of 

subsequent 

amplifying effects 

on other parts of 

the earths system. 

Implications for 

life on earth. 

Most assigned 

problems will have 

static and dynamic; 

solid and fluid; 

mechanical and 

thermodynamic and 

electromagnetic 

components.  All 

assessments must 

account for relevant 

socio-economic and 
environmental 

interests. 

 

 

 
4. Role of the track in a student’s course program 

 
Complementary courses in other UCR tracks are listed below, following by explanations of the 

corresponding relationships between the tracks and the advanced research disciplines to which 

these combinations are relevant,  

 

A. SCILABO101, 202 Introductory and Intermediary Science Laboratory  
Because geology usually includes laboratory analysis of rocks gathered in the field, laboratory 

experience is considered essential preparation for many careers in the Earth sciences. The 

advanced laboratory course usually will consist of an environment science project, and thus 

provides the sort of hands-on research experience in the Earth Sciences that often is considered 

essential preparation for graduate research. Some of the project will be field work, and some will 

be hosted by HZ and other nearby research facilities such as Umicore, the number 1 sustainability 

company in recycling of materials and metals.  

 

B. SCICHEM 101, 201, 202, 302 Chemistry  
The nature of water, soil rocks and minerals and the processes that transform them are most fully 

understood by students that are familiar the fundamentals of chemistry, which are covered in 
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SCICHEM 101. Topics covered in intermediate and advanced general chemistry (SCICHEM201, 

302) are relevant to geochemical applications such as precious metal processing and recycling, 

while biochemistry (SCICHEM 202) is relevant to studies of the carbon cycle and to the 

bioremediation of polluted systems.  

 

C. SCIENVI 201, 301, 302 Ecology (Environmental Science)  
When combined with the Earth sciences track, this branch of the biological sciences provides 

excellent preparation for students who intend to pursue academic research or careers in the 

environmental or climate sciences. This combination of tracts enables a comprehensive 

understanding of the interactions among the biosphere, tectosphere, atmosphere, and hydrosphere.  

 

D. SCICOMP102, 302 Computer Science 
The ability to use geoscience data sets to understand Earth systems is greatly enhanced by an 

understanding of at least the basics, but also the advanced principles of designing computational 

algorithms for data processing and analysis. 

 

E. SCIMATH101, 202, 203, 301  
The concepts of rate of change (derivatives), accumulation (integration), and transformation 

(complex numbers and trigonometry) at the heart of calculus are  highly relevant to describing the 

processes that change our Earth systems. Signals and systems, statistics, and linear algebra are 

essential tools for the analysis and modeling of geosciences data. 

 
F. SCIPHYS101, 201 Physics  
These courses provide essential background into laws of motion that govern flowing air, water, 

and even rock, and the behavior of electromagnetic and seismic waves that allow us to see our 

planet’s interior.     

 
G. ENGMATE101, Structures and Properties of Materials 
This course deals with crystal structures and properties of metals and polymers, that complement 

what is taught in the 101 Earth science course regarding minerals. Phase diagrams for metals and 

polymers are based on the same principles as for minerals.  
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5. Related graduate studies  

Programs to which UCR Earth Sciences graduates have been admitted, with successful results:  

Utrecht University MSc. Sustainable Development [Lucy Buck]  

Utrecht University, MSc. Geochemistry [Lourens Langeveld] 

Utrecht University MSc. Climate Physics [Wim van Caspel]  

Utrecht University MSc. Water Sciences and Management [Isabella Bok]  

Delft University MSc Applied Geophysics [Myrna Staring (PhD cand.)]  

Cambridge University MPhil Environmental Policy [Richard van der Beek]  

Utrecht University MSc. Hydrology [Martijn Visser, Gilian Schout (PhD cand.)]  

Utrecht University MSc. Biogeochemistry [Leo de Jong, Fatima Sulu-Gambiri (PhD), Lourens 

van Langeveld]  

Oxford University MSc. Water Science Policy and Management [Els van der Reep, Elvira 

Brooks]  

University Edinburgh Geosciences (Earth Observations and Modelling Group) [Jelte Mense, PhD 

cand.]  

ETH Zurich MSc. Earth Science [Babs Doodkorte]  

Stellenbosch University Agriculture [Anne Baauw]  

Wageningen University and Research Business Innovator Green Adaptation [Susan Nijsingh]  

Wageningen University and Research MSc. Biotechnology [Annemerel Mol ]  

Wageningen University and Research Environmental Science [Robin Vollenbrock] 

Wageningen University and Research Environmental Technology [Ilir Deva,   

Wageningen U. MSc. Forest and Nature Conservation [Sanne Olthof, Anne Baauw] University of 

Michigan MSc. Environmental Science (with Huygens and Fullbright scholarships) [Susan 

Nijsingh]  

 

Private and Public institutions employing UCR Earth Sciences graduates:  

Deltares [consultant]  

Schulumberger [consultant]  

Paquel and WUR [engineer/PhD]  

European Commission (Environmental Policy) [advisor] 

European Parliament (environmental policy) [MEP advisor]  

World Bank (water and sanitation) [analysist]  

 

Programs in personal networks of track coordinators:  

University of Colorado, Boulder Geophysics [Resovsky]  

Colorado School of Mines [Resovsky]  

University Utrecht, Geosciences, Seismology [Resovsky]  

University California San Diego, Scripps Institute [Resovsky]  

Delft University, Resource Engineering [van der Weijden]  

Utrecht University, Biogeochemistry [van der Weijden]  

Wageninging University and Research, Environmental Technology [van der Weijden]  

Wetsus [van der Weijden]  

Florida State University, Chemical Oceanography [van der Weijden] 

Hope College, Geology [van der Weijden] 

Bard College, Citizen Science [van der Weijden] 
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6. Additional IMPORTANT information  

 

a) Students are encouraged to discuss with the instructors opportunities for summer research, 

Senior Projects, internships and excursions in collaboration with Utrecht University, Wageningen 

University and other Dutch and international universities.  

 

b) Students interested in pursuing such a Senior Project in related fields are strongly encouraged 

to contact the Earth Sciences instructors in the months prior to each offering of SCIEART302/3. 

There will usually be opportunities for at least 6 different student research projects that make use 

of and complement the subject matter and class project of SCIEART302/3. The same is true of 

SCIEART202. 

 

c) Students wanting to complement the Earth Science track with courses in an exchange program 

need to seek the advice of the course instructors. 

 

 

 


