ENSC4700 / ERTH5043 (GEO5143): Environmental Isotopes
Overview: Most chemical elements involved in biogeochemical cycles, the hydrological cycle, and the rock cycle comprise many isotopes, both stable and radioactive, that provide clues into functioning of Earth, its ecosystems, and its resources. ERTH4700 and ERTH5043 introduce how isotopes can be applied to solve environmental problems, track nutrients and contaminants, understand the water cycle, and broadly understand Earth and environmental systems and their interaction with human activity. 
Prior Knowledge: This course is intended for a broad diversity of students in Science. We will build on basic familiarity of chemistry (the periodic table, thermodynamics, kinetics, redox reactions) from introductory courses (CHEM1001, CHEM1002). Knowledge of biogeochemical cycles of elements, the hydrological cycle, and basic hydrogeology and geology will be beneficial but not pre-requisite to succeed in the course. Emphasis is given to applications of environmental isotopes with some attention given to physical mechanisms that cause variations in isotopic abundances of chemical elements. 
Learning Outcomes: 
Knowledge-focused outcomes:
· Know major traditional and non-traditional isotope systems commonly used in environmental studies, including tracking the hydrological cycle, groundwater resources, nutrients, and contaminants
· Understand physical mechanisms causing isotope fractionation
· Quantify isotope fractionation from experimental data using empirical fractionation models
· Use isotopic analyses to constrain water sources and flowpaths in hydrological systems
· Understand and apply nomenclature and jargon used to describe isotope data
· Select appropriate analytical instruments to perform isotopic analyses and data QA/QC
Process/skills-focused outcomes
· Develop a process to perform critical review of isotope literature
· Explore strengths and limitations of using generative artificial intelligence in the critique of scientific research
· Effectively communicate applications of isotope analyses in environmental studies
Additional learning outcomes for graduate students
· Critically analyze and interpret an isotope dataset to solve an environmental, or
· Develop a process to review isotope literature and propose new isotopic applications to solve environmental challenges in research
Instructor:
Elliott Skierszkan, PhD
Institute of Environmental and Interdisciplinary Sciences & Department of Earth Science
ElliottSkierszkan@CUNET.carleton.ca | Herzberg 2279
Office Hours: by appointment.
Class Delivery:
In-person lectures Fridays 11:35 AM – 2:25 PM HP 3120.
Lectures will include some formal lecture and some time allocated to assignment work.
*Note on February 6th we will meet at the University of Ottawa for laboratory tours. Details to follow.
Detailed Course Outline: 
The schedule below is tentative and subject to change depending on course progress.
	[bookmark: _Hlk216795715]Date
	Lecture Topic
	References*
*Suggested references; subject to modification during the course
	Assignments

	Jan 9th
	Introduction
Elements and Isotopes
Basic Mass Spectrometry
Isotope Fractionation Mechanisms
	Sharp Chapter 1-2
Clark and Fritz 1997, Chapter 1
Alex Thomas – University of Edinburgh: https://www.youtube.com/watch?v=tuNboi9ez-A
https://www.youtube.com/watch?v=HPSK8nkQKcA
	Assignment 1 – Elements and Isotopes; 
Due Jan 16th

	Jan 16th
	Tracing the Hydrologic Cycle
	Weiss, D.J. et al. (2013). A Teaching Exercise To Introduce Stable Isotope Fractionation of Metals into Geochemistry Courses. J. Chem. Ed. 90(8):1014-1017. https://doi.org/10.1021/ed300370d


	Assignment 2 – Tracing the hydrological cycle
Due: Jan 30th

	Jan 23rd
	Tracing the Hydrologic Cycle
	Clark and Fritz 1997, Chapter 2 & 3

	

	Jan 30th
	Carbon isotopes
	Clark and Fritz 1997, Chapter 5
	Assignment 4 : Isotope analysis instrumentation
Due : Feb 13th

	Feb 6th
	Tours: Lalonde and Veizer Labs, uOttawa
	
	

	Feb 13th
	Isotope Analysis: Student Presentations
Carleton Mass Spec tour.
	
	

	Feb 20th
	Reading Week

	Feb 27th
	Isotopes in groundwater flow systems  
	Clark and Fritz 1997, Chapters 7-8
Clark 2015, Chapter 8
Peter Cook, Introduction to Isotopes and Environmental Tracers as Indicators of Groundwater Flow. https://gw-project.org/books/introduction-to-isotopes-and-environmental-tracers-as-indicators-of-groundwater-flow/
Clark et al. Geology 2013. Paleozoic-aged brine and authigenic helium preserved in an Ordovician shale aquiclude. https://doi.org/10.1130/G34372.1
	Assignment 4- Isotopes in groundwater
Due : March 6th

	March 6th
	Sulfur and Nitrogen isotopes
In-class work period : Literature Review

	
	

	March 13th
	Metal isotope geochemistry
	Fundamentals
Weiss, D.J. et al. (2008). Application of Nontraditional Stable-Isotope Systems to the Study of Sources and Fate of Metals in the Environment. Environ. Sci. Technol.42(3). https://pubs.acs.org/doi/10.1021/es0870855.
Ellis et al. Science 2002. Chromium Isotopes and the Fate of Hexavalent Chromium in the Environment. https://doi.org/10.1126/science.1068368
Advanced
DePaolo et al., GCA 2011. Surface kinetic model for isotopic and trace element fractionation during precipitation of calcite from aqueous solutionshttps://www.sciencedirect.com/science/article/pii/S0016703710006599
Schauble, E.A. (2024) Applying Stable Isotope Fractionation Theory to New Systems. Reviews in Mineralogy and Geochemistry 55(1):65-11 https://doi.org/10.2138/gsrmg.55.1.65
Skierszkan et al. ES&T 2019. Tracing Molybdenum Attenuation in Mining Environments Using Molybdenum Stable Isotopes https://pubs.acs.org/doi/full/10.1021/acs.est.9b00766
Skierszkan et al. ES&T 2019 Molybdenum stable isotope fractionation during the precipitation of powellite (CaMoO4) and wulfenite (PbMoO4) https://www.sciencedirect.com/science/article/pii/S0016703718305660
	Assignment 5 (graduate students only): special topics in metal isotope geochemistry.
Due: March 20th.

	March 20th
	Critical Lit Reviews I (undergrads)
	
	

	March 27th
	Critical Lit Reviews II (grads and undergrads)
	
	

	April 3rd
	Holiday – University Closed
	
	

	Monday
April 8th
	Last day of term. Classes follow a Friday schedule.
	
	




Grading Schema: ENSC4700 students
Assignments: 40 %
Presentation and Critical Literature Reviews: 20 %
Participation: 5 % (as evaluated by participation in peer-to-peer evaluation)
Final Exam: 35 %
Assignments include practical problems and questions developing conceptual understanding of course materials. The Presentation and Critical Literature Review involves an analysis and presentation of a recent research paper in isotope science.
Grading Schema: ERTH5043 students (also available to Honors students pending instructor approval)
Assignments: 40 %
Presentation and Critical Literature Review: 20 %
Participation: 5 % (as evaluated by participation in peer-to-peer evaluation)
Term Project: 40 % 
Graduate students will have one of two options for their graduate project.
(1) Perform a targeted data analysis and report involving isotopes provided by the instructor or through open-source isotope datasets; or:
(2) Write a literature review and research proposal to involve use of isotopes in some aspect of their thesis research, but that is currently not included in their workplan
Late Policy
Assignment Grace Period: all students are allowed 4 days of grace period for submitting late assignments penalty-free over the course of the term. Beyond this grace period, late submissions will be penalized 10 % daily to a maximum of 50 % without a legitimate excuse. Submissions will not be accepted after graded assignments have been returned. 
Missed Exams. A formally scheduled final exam will take place during the exam period for ENSC4700 students. A deferred final exam is subject to the university’s approval, as per the official deferral process. Instructors cannot grant final exam deferrals.
Course website
Brightspace will serve as the hub for all course materials, including posting lectures and assignments and a forum for questions about course materials. Students will be required to use Brightspace to communicate with the instructor and the TA.
Textbooks and References
A variety of textbooks will be useful study aids, but are not required for the course.
Ian Clark (University of Ottawa) has written two textbooks on the use of isotopes in hydrogeological studies. These texts are on reserve and accessible in an online format through the Carleton library: 
· Clark, I. and Fritz, P. (1997) Environmental Isotopes in Hydrogeology. CRC Press, ISBN 9781566702492, DOI:10.1201/9781482242911 
· Clark, I. (2015) Groundwater geochemistry and isotopes. CRC Press, ISBN 9781466591738, DOI:10.1201/b18347
Most of the basic fundamentals of isotope geochemistry are also covered in the freely-available textbook by Zachary Sharp:
· Sharp, Z. (2017). Principles of Stable Isotope geochemistry, 2nd edition. DOI: 10.25844/h9q1-0p82. https://digitalrepository.unm.edu/unm_oer/1/
Important isotope fundamentals are also presented in the papers below, available through Carleton’s Library:
· Schauble, E.A. (2024) Applying Stable Isotope Fractionation Theory to New Systems. Reviews in Mineralogy and Geochemistry 55(1):65-11 https://doi.org/10.2138/gsrmg.55.1.65
· Weiss, D.J. et al. (2008). Application of Nontraditional Stable-Isotope Systems to the Study of Sources and Fate of Metals in the Environment. Environ. Sci. Technol.42(3). https://pubs.acs.org/doi/10.1021/es0870855.
· Weiss, D.J. et al. (2013). A Teaching Exercise To Introduce Stable Isotope Fractionation of Metals into Geochemistry Courses. J. Chem. Ed. 90(8):1014-1017. https://doi.org/10.1021/ed300370d
Copyright 
Lectures and course materials are protected by copyright and owned by the instructor. You may take notes and make copies of course materials for your own educational use. You may not allow others to reproduce or distribute lecture notes and course materials publicly for commercial purposes without the instructor’s express written consent.
Centre for Student Academic Support
The Centre for Student Academic Support (CSAS) designs, develops, and implements educational programs and services that are available to support all Carleton University students to have successful academic experiences. https://carleton.ca/csas/pass/pass-schedule/
Science Student Success Centre
The Science Student Success Centre helps all undergraduate students in the Faculty of Science define and achieve their academic, career, and social goals. Visit https://sssc.carleton.ca/about
Academic Integrity and Usage of Generative Artificial Intelligence (AI)
Artificial Intelligence
For most assignments, I recommend relying primarily on course notes, textbook material, and interactions with your peers and instructional team when working through assignment questions. These questions form the basis of your learning and similar styles and types of questions will be asked during exams. If you rely on AI to assist in completing your assignments, you are at high risk of poorly performing on the exam and/or term project because you will not have learnt the material that will be assessed through these tasks.
Students wishing to use AI to interact with the literature may do so under a guided framework established by the instructor. When using AI as part of your study process, I also highly recommend you be very skeptical about its answers and cross-check everything against original references. In my experience, these technologies are very adept at providing answers to prompts that appear correct to the untrained eye, but are blatantly wrong and unreliable when cross-examined by an expert. Ultimately, students are responsible for defending their submitted work, and evaluation metrics are designed to examine critical thinking and student knowledge of study topics.
As our understanding of the uses of AI and its relationship to student work and academic integrity continue to evolve, students are required to discuss their use of AI in any circumstance not described here with the course instructor to ensure it supports the learning goals for the course.
Group Work and Plagiarism
Assessments, including literature review and presentation and term projects, can be done collaboratively. For critical literature review tasks and term projects, individual contributions to group work will be assessed through peer-review and students not contributing to group work will be graded accordingly. 
It is not acceptable to copy someone else's work and submit it as your own. It is also not acceptable to allow someone else to copy your work and submit it as theirs. Both scenarios violate Carleton’s Academic Integrity Policy. This policy outlines the procedure to be followed in the event of suspected academic misconduct (e.g., plagiarism, disruption of classroom activities, improper access to confidential information). In cases where a violation of the academic policy is suspected, it is our responsibility, as instructors, to report violations to the Chair and the Associate Dean, who perform investigations and decide on outcomes. 
The University Academic Integrity Policy defines plagiarism as “presenting, whether intentionally or not, the ideas, expression of ideas or work of others as one’s own.”  This includes reproducing or paraphrasing portions of someone else’s published or unpublished material, regardless of the source, and presenting these as one’s own without proper citation or reference to the original source. Examples of sources from which the ideas, expressions of ideas or works of others may be drawn from include but are not limited to: books, articles, papers, literary compositions and phrases, performance compositions, chemical compounds, art works, laboratory reports, research results, calculations and the results of calculations, diagrams, constructions, computer reports, computer code/software, material on the internet and/or conversations.
Examples of plagiarism include, but are not limited to:
· any submission prepared in whole or in part, by someone else;
· using ideas or direct, verbatim quotations, paraphrased material, algorithms, formulae, scientific or mathematical concepts, or ideas without appropriate acknowledgment in any academic assignment;
· using another’s data or research findings without appropriate acknowledgement;
· submitting a computer program developed in whole or in part by someone else, with or without modifications, as one’s own; and
· failing to acknowledge sources through the use of proper citations when using another’s work and/or failing to use quotations marks.
Plagiarism is a serious offence that cannot be resolved directly by the course’s instructor. The Associate Dean of the Faculty conducts a rigorous investigation, including an interview with the student, when an instructor suspects a piece of work has been plagiarized. Penalties are not trivial. They can include a final grade of “F” for the course or even suspension or expulsion from the University.
