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Technical Summary: Atoms of many elements come in different varieties known as isotopes. Isotopes 
of an atom have the same number of protons and electrons, but a different number of neutrons. 
Stable isotopes of an atom do not decay to form another element. Because of the difference in mass 
arising from different numbers of neutrons, stable isotopes of a given element behave (“fractionate”) 
in slightly different ways during reactions such as (i) evaporation of water, (ii) carbon dioxide fixation 
during photosynthesis, (iii) crystallization of a magma, and (iv) transfer of a donut’s isotopic signature 
to your fingernails and hair. This course addresses the principles governing the fractionation of stable 
isotopes, and focuses on how the stable isotopes of oxygen, hydrogen, carbon, nitrogen and sulphur 
allow us to trace interactions within the atmosphere-hydrosphere-biosphere-lithosphere Earth System.  
 
Learning Outcomes 
 
Upon successful completion of this course students will be able to: 
 
1. Use the oxygen- and hydrogen-isotope compositions of water to determine its source and the 

hydrological processes that have shaped the water’s isotopic composition, as evaluated through 
assignments, tests and written examination 

2. Identify the sources (mantle, crust) that have contributed to magma generation, and recognize the 
nature of rock-water interaction that may have affected an igneous rock after its crystallization, as 
evaluated through assignments, tests, and oral and written examinations 

3. Calculate the stable isotope fractionation factor between two phases (e.g., mineral and water), use 
these data to establish whether the system is in equilibrium, and for equilibrium systems, 
determine the temperature at which equilibration occurred, as evaluated through assignments, a 
written test, interview and written examination 

4. Use the oxygen- and hydrogen-isotope composition of clay minerals to determine conditions of 
weathering and hydrothermal alteration, and interpret these results within the larger framework of 
diagenesis, ore mineralization and / or climate change over Earth history, as evaluated through 
assignments, a written test, interview and written examination 

5. Identify photosynthetic pathways in vegetation using stable carbon-isotope compositions, 
recognize land use changes based on stable carbon-isotope compositions of organic matter, and 
determine the diet and trophic level of animals based on the stable carbon- and nitrogen-isotope 
compositions of their tissues, as evaluated through a written test, interview and written 
examination 

6. Use the stable carbon
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This outline is a guide only. Stable Isotope Science is a dynamic tool applied to research and scholarship 
in many different fields. Course content may change depending on class feedback and current topics. If 
you have interest in a subject not covered here, please contact Fred. 
 
/0 3+%$4@?(%)4+!
 Importance to earth and environmental sciences, isotopes of interest, some general principles, the 

atom, chart of the nuclides, atomic mass units, atomic weight, binding energy, nuclear stability, 
abundance of the elements in the solar system, brief history of stable isotope geochemistry, 
definitions (δ, α, 10!lnα, Δ), standards, introduction to analytical methods and instruments 
(extraction techniques, mass spectrometry), virtual laboratory tour. !

!
A0 '%#12*!),4%45*,!)+!%&*!#%74,5&*$*!#+@!&8@$4,5&*$*!

Equilibrium fractionation of isotopes, kinetic processes, O and H isotopes in water and water 
vapour, Rayleigh distillation, Global Meteoric Water Line, kinetic isotope fractionation and d-
excess, evaporation line, regional effects (latitude, altitude, continentality, temperature, 
precipitation amount), Kuhn, in-cloud processes and O and H isotopes of precipitation, shallow 
ground water, atmospheric oxygen and carbon dioxide, juvenile water, geothermal water, rock-
water ratio, oceanic pore water, formation water, brines (SW 
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G0 '%#12*!(#$14+!),4%45*,!)+!%&*!(#$14+!(8(2*!
Carbon cycle (long- versus short-term), carbon reservoirs (δ and fluxes), long-term carbon cycle, 
carbonates, equilibrium C-isotope fractionation, vital effects, coal, petroleum, natural gas, biogenic 
methane, tracing hydrocarbon leaks, short-term carbon cycle (atmospheric CO%, atmosphere-
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• If students need assistance with the course OWL Brightspace site, they can seek support on the OWL 
Brightspace Help page. Alternatively, they can contact the Western Technology Services Helpdesk.  
They can be contacted by phone at 519-661-3800 or ext. 83800. 
 
J*(&+)(#2!O*>?)$*7*+%,!(only in case of shift to on-line status) 
• Computer and stable internet connection 
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The policy also does not apply to students experiencing longer-term impacts on their academic 
responsibilities. These students should consult Accessible Education. 
 
For procedures on how to submit Academic Consideration requests, please see the information posted 
on the Office of the Registrar’s webpage: 
 
https://registrar.uwo.ca/academics/academic_considerations/  
 
All requests for Academic Consideration must be made within 48 hours after the assessment date or 
submission deadline.  
 
All Academic Consideration requests must include supporting documentation; however, recognizing 
that formal documentation may not be available in some extenuating circumstances, the policy allows 
students to make one Academic Consideration request 
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students submit their assessment beyond 24 hours past the deadline, a late penalty of 10% per day or 
fraction of a day will be applied. Assignments received more than 120 hours after the deadline will not 
be accepted. Academic Consideration requests may be granted only for extenuating circumstances that 
started before the deadline and lasted longer than the No-Late-Penalty Period (24 hours).  

 
• There are no ‘make-up’ options for missed Assignments. In case of extenuating circumstances, 

students should contact the instructor at flongsta@uwo.ca.  
 

6. Additional Statements 
!
O*2)B)4?,!T((4774@#%)4+ 
When conflicts with a religious holiday that requires an absence from the University or prohibits 
certain activities, students should request an accommodation for their absence in writing to the course 
instructor and/or the Academic Advising office of their Faculty of Registration. This notice should be 
made as early as possible but not later than two weeks prior to the writing or the examination (or one 
week prior to the writing of the test).  

Please visit the Diversity Calendars posted on our university’s EDID website for the recognized religious 
holidays: 

https://www.edi.uwo.ca.   
 
T((4774@#%)4+!=42)()*, 
Students with disabilities are encouraged to contact Accessible Education, which provides 
recommendations for accommodation based on medical documentation or psychological and 
cognitive testing.  The policy on Academic Accommodation for Students with Disabilities can be found 
at: 

https://www.uwo.ca/univsec/pdf/academic_policies/appeals/Academic 
Accommodation_disabilities.pdf.  

!
T(#@*7)(!=42)()*, 
The website for Registrar Services is https://www.registrar.uwo.ca/.  
 
In accordance with policy, 

https://www.uwo.ca/univsec/pdf/policies_procedures/section1/mapp113.pdf, 

the centrally administered e-mail account provided to students will be considered the individual’s 
official university e-mail address.  It is the responsibility of the account holder to ensure that e-mail 
received from the University at their official university address is attended to in a timely manner. 
 
Scientific calculators are allowed for both the Mid-term Test and the Final Examination. 
 
'(&42#,%)(!4<<*+(*, are taken seriously and students are directed to read the appropriate policy, 
specifically, the definition of what constitutes a Scholastic Offence, at the following Web site: 

https://www.uwo.ca/univsec/pdf/academic_policies/appeals/scholastic_discipline_undergrad.pdf.  
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