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Department of Earth Sciences 

ERTH 711 – Special Topics in Earth and Planetary Sciences  
 

Isotopic Tracers in Earth, Ocean, and Environmental Sciences 

Fall 2026 

Instructor: Dr. Maksim Kuznetsov 

Mondays from 1:00 to 3:30 PM in POST 702 

 

E-mail: mkuz@hawaii.edu  

Office: POST 612A (by appointment)  

 

 

COURSE DESCRIPTION 

This seminar-style course introduces isotopes as powerful tools for understanding Earth and 

environmental processes across interconnected natural systems.  

No prior isotope specialization is required! The course is intended for graduate students who want to 

understand how isotope methods can strengthen research across disciplines. To keep the material 

accessible, we begin with beginner-friendly fundamentals of isotope science and gradually build 

toward practical applications. 

As the semester progresses, we explore a broad range of applications, beginning with geological 

processes and isotope geochemistry, then following the logical connection to the critical zone, 

groundwater, land–ocean interactions, and ocean processes (see the schedule on page 2). 

The main goal of the class is to help you understand, through specific examples, how isotope methods 

are applied in your own field of study and in related disciplines. By the end of the course, you will be 

able to connect isotope theory with real scientific applications and design an isotope-based 

strategy for your own research question. 

COURSE FORMAT, ASSIGNMENTS AND ASSESSMENT 

The course combines lectures with student-led discussions. Each of you will present one paper 

relevant to the course topics during the semester, followed by a group discussion of the scientific 

questions, isotope approaches, and interpretation of results. 

As a final assignment, you will submit a short proposal that formulates a scientific question and 

evaluates how isotope methods could be used to address it, including analytical strategy, feasibility, 

and expected outcomes. As discussed together, we will devote class time and group discussions to help 

develop these proposals throughout the semester. The final proposal will be due in Class 14 or 15 

(TBD), and each student will give a brief presentation of their proposal during the final class meetings. 

Your work will be weighted as follows: 

• Class participation and attendance throughout the semester = 40% 

• Serving as a discussion leader of a scientific paper = 30% 

• Writing assignment of a research proposal = 30% 
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SEMESTER SCHEDULE 

This is the preliminary schedule. Some topics may be added, removed, or expanded over 

additional weeks, depending on class size and preferences. 

Class Date Topic Discussions covered 

1 Aug 

24 

Fundamentals  

of Isotope Science 

 

Overview of the fundamental concepts: atom, 

isotope definitions, stable and radiogenic isotopes, 

radioactive decay, isotope notation, and key 

equations.  

2 Aug 

31 

Isotope Analysis  

in Practice 

Overview of major analytical methods in isotope 

research: principles, strengths, and limitations. Lab 

visit to demonstrate chemistry workflow and mass 

spectrometry. 

3 Sep 

14 

Radiogenic Isotopes  

in Geochronology 

 

Introduction to radiogenic isotopes through the 

historical development of isotope dating, beginning 

with the discovery of radioactivity and the 

emergence of geochronology. We will briefly 

compare suitability, advantages, and limitations of 

major radiometric systems. 

4 Sep 

21 

Stable and Radiogenic 

Isotope Geochemistry 

for Solid Earth 

Applications of selected stable and radiogenic 

isotope systems for identifying mantle and crustal 

geochemical reservoirs and interpreting geological 

material origin and evolution. 

5 Sep 

28 

Isotopes in Critical Zone 

Geochemistry 

Use of isotopes to study the critical zone, focusing 

on how chemical weathering and physical erosion 

modify isotopic signatures during movement from 

rock to soil, dissolved waters, and sediments. 

6 Oct 

5 

Isotopes in Geomorphic 

Timing and Landscape 

Evolution 

Use of cosmogenic and radiogenic isotopes for the 

estimation of surface exposure ages, erosion rates, 

and landscape evolution. 

7 Oct 

12 

Radiogenic Isotopes  

in Groundwater 

 

 

How groundwater acquires geochemical isotopic 

signatures during water–rock interaction, and how 

these signatures can be used to identify 

groundwater origin and evolution. 

8 Oct 

19 

Groundwater Dating  

and Residence Time 

Use of radioactive tracers to estimate groundwater 

age and residence time, focusing on how different 

isotope systems are applied across contrasting 

timescales. 

9 Oct 

26 

Oxygen and Hydrogen 

Isotopes in Hydrology 

How oxygen and hydrogen isotopes record 

fractionation during evaporation, condensation, and 

precipitation, and how these signatures are used to 

identify groundwater recharge origin and 

hydrological history. 
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SEMESTER SCHEDULE  

(continued) 

10 Nov 

2 

Isotopes at the  

Land–Ocean Boundary 

Use of isotopes to investigate material transfer 

at the land–ocean boundary, focusing on 

submarine groundwater discharge and its role in 

tracing groundwater inputs and coastal mixing. 

11 Nov 

9 

Radiogenic Isotopes  

in Ocean Sciences 

Use of radiogenic isotopes to investigate open-

ocean circulation, focusing on how isotopic 

signatures such as neodymium isotope record 

water mass origin and large-scale transport 

pathways. 

12 Nov 

16 

Carbon Isotopes in Marine 

Biogeochemistry and 

Paleoceanography 

Use of carbon isotopes to investigate marine 

biogeochemical cycling and 

palaeoceanographic change, focusing on how 

δ¹³C records biological fractionation in the 

ocean and is preserved in carbonate archives. 

13 Nov 

23 

Nitrogen Isotopes in 

Environmental Geochemistry 

Use of nitrogen isotopes to identify sources and 

transport of anthropogenic contamination, 

focusing on nitrate in groundwater and coastal 

environments. 

14 Nov 

30 

Sulfur Isotopes in 

Environmental Geochemistry 

Use of sulfur isotopes to investigate how 

volcanic sulfur is transferred into rainwater and 

groundwater. 

15 Dec 

7 

Proposal Presentations Presentation and discussion of final short 

research proposals developed during the 

semester. 
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Attendance Policy: Students who are enrolled in this course but never attend will be flagged by the course instructor for 

non-participation before the last day to add/drop (for 100% tuition refund) deadline. Flagged students will be 

administratively dropped by the Office of the Registrar. Any changes to a student’s enrollment status may affect financial 

aid eligibility and can result in the return of some of all of federal student financial aid. 

Statement on Disability: Kokua Program. If you have a disability and related access needs, please contact the 

KOKUA Program (Office for Students with Disabilities) at (808) 956-7511, KOKUA@hawaii.edu, or go to Room 013 in 

the Queen Liliʻuokalani Center for Student Services. Please know that I will work with you and KOKUA to meet your 

access needs based on disability documentation. Kokua’s services are confidential and offered free of charge. 

Academic Integrity and Ethical Behavior: Office of Student Conduct. Cheating, plagiarism, or other forms of 

academic dishonesty are not permitted within this course and are prohibited within the System-wide Student Conduct 

Code (EP 7.208). Examples include fabrication, facilitation, cheating, plagiarism, and use of improper materials. Any 

incident of suspected academic dishonesty will be reported to the Office of Student Conduct for review and possible 

adjudication. Additionally, the instructor may take action in regard to the grade for the deliverable or course as they see 

fit. 

Office of Title IX: (808) 956-2299 / t9uhm@hawaii.edu / https://manoa.hawaii.edu/titleix/  

UHM is committed to providing a learning, working and living environment that promotes personal integrity, civility, 

and mutual respect and is free of all forms of sex discrimination and gender-based violence, including sexual assault, 

sexual harassment, gender-based harassment, domestic violence, dating violence, and stalking. If you or someone you 

know experiences any of these, UHM has staff and resources on campus to support and assist you. Staff also can direct 

you to resources in the community. Here are some: 

If you wish to remain ANONYMOUS, speak with someone CONFIDENTIALLY, or would like to receive information 

and support in a CONFIDENTIAL setting, contact: (* = Confidential Resource) 

Counseling & Student Development Center* (808) 956-7927 • http://www.manoa.hawaii.edu/counseling/   

Office of Gender Equity* (808) 956-9499 • manoaadv@hawaii.edu 

Lesbian, Gay, Bisexual, Transgender, Queer (LGBTQ+) Center (808) 956-9250 • http://www.manoa.hawaii.edu/lgbt  

Respondent Support (808) 956-4392 • PAUrs@hawaii.edu 

Student Parents at Mānoa (SP@M)* (808) 956-8059 • http://www.manoa.hawaii.edu/studentparents/  

UH Confidential Advocacy* • advocate@hawaii.edu 

University Health Services Mānoa* (808) 956-8965 • http://www.manoa.hawaii.edu/shs/  

http://www.manoa.hawaii.edu/titleix/resources.html#confidential  

If you wish to REPORT an incident of sex discrimination or gender-based violence including sexual assault, sexual 

harassment, gender-based harassment, domestic violence, dating violence or stalking as well as receive information and 

support, contact: 

Dee Uwono 

Director and Title IX Coordinator | (808) 956-2299 | t9uhm@hawaii.edu  

As a member of the University faculty, I am required to immediately report any incident of sex discrimination or 

gender-based violence to the campus Title IX Coordinator. Although the Title IX Coordinator and I cannot guarantee 

confidentiality, you will still have options about how your case will be handled. My goal is to make sure you are aware 

of the range of options available to you and have access to the resources and support you need. For more information 

regarding sex discrimination and gender-based violence, the University’s Title IX resources and the University’s Policy, 

EP 1.204, go to: http://www.manoa.hawaii.edu/titleix/  

Department of Public Safety: (808)956-6911 (Emergency) / (808)956-8211 (Non-Emergency) 

http://manoa.hawaii.edu/dps/  

UH System Basic Needs include food and housing, childcare, mental health, financial resources and transportation, 

among others. Student need security is critical for ensuring strong academic performance, persistence and graduation and 

overall student well-being. If you or someone you know are experiencing basic needs insecurity, please see the following 

resources: UH System Basic Needs. 
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