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Welcome! 
This class examines major events and important biogeochemical cycles in the Earth system. The 
geological evidence of major events will be described, and the hypothesized causes will be examined 
critically in the context of that evidence. The goal of this course is to develop an understanding of how 
the complex and interconnected earth/ocean/atmosphere system works, how it has reacted to different 
perturbations in the geological past and how it may react to current perturbations the future. 
 
Prerequisites: OCEA 2000X/Y or ERTH 1080 
    
Class meeting time and location 
Mon, Wed, Fri, 9:35 -10:25, Life Science Centre (LSC), room C208 
 
Professors  
Stephanie Kienast 
stephanie.kienast@dal.ca  
phone: 494-2203, room 5616, Life Science Center, Oceanography Wing 
office hours: Wednesday 1-3 pm (drop in), or by appointment 
 
 
Teaching Assistant  
Irena Schulten 
irena_schulten@dal.ca 
room: 5610, Life Science Center, Oceanography Wing 
office hours: Thursday 1:30-3:30 pm (drop in), or by appointment 
 
Attendance  
Attendance is important. It is your responsibility to find out what you missed from classmates and the 
course website if you were unable to be in class. 
  
 
Text (required) 
The primary text for the course is The Earth System, 3rd ed. by L. R. Kump, J. F. Kasting and R. G. 
Crane. It is available at the bookstore (~$190), and as ebook from coursesmart.com (~$80, for a 6 month 
rental). It is also on 2-hour reserve at the Killam library. Ensure that you have access to the book.  We 
will read the introductory chapters, 1-3, that present the concept of the Earth as a system. Then we will 
skip chapters 4-7 and 9, which cover the general functioning of the atmosphere, oceans, hydrosphere, 
plate tectonics, and ecosystems.  This material will arise throughout the course, if you have not been 
exposed to it before, read these chapters on your own. Otherwise, just use them for reference. We will 
cover chapters 8 and 10-14 for the main part of the course. The final chapters in the text deal with 
modern climate change, and we will not cover them. The readings from the text will be supplemented by 
selected journal articles that give more insight into the major events in Earth history that we will discuss. 
These articles will be available on the course website in Brightspace.  
 
Brightspace 
This course uses Dalhousie’s new online learning system Brightspace. You can find announcements 
there, view or/download the lecture files and assigned readings. There will also be online assessments 
conducted on Brightspace. It is important that you check Brightspace regularly. More information on 
Brightspace can be found at http://www.dal.ca/dept/elearning.html. Keep in mind that the lecture files 
may not contain everything we covered in class on a given day (e.g., in class discussions, notes on the 
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white board). Go to  "Learning Modules" for lecture files and readings, go to "Assessments" for online 
quizzes, go to "Assignments" for assignments.   
 
Course Evaluation 
Brightspace online quizzes (multiple) 25% 
Assignments (3)        25% 
Tests (3)          25% 
Final Paper (1)        25% 
 
The online quizzes based on the readings are intended to encourage you to do the reading for the 
course.  The quizzes will be delivered through Brightspace with the online assessment tool. The 
assessments will be available starting on the first day of a major subject, and they will remain available 
until the end of that topic.  You will have the opportunity to take the quizzes 1-2 times during the period of 
availability, which is usually about one week long.  
 
The 3 assignments are intended to give you some understanding of how scientists blend calculations 
with some basic assumptions to gain insight into global-scale problems.  If you are confused by an 
assignment, the teaching assistant (TA) and instructors will give guidance. It is recommended that you 
look at the assignments soon after getting them, so that you have enough time to solve them and to get 
assistance if needed. The assignments need to be submitted on paper and on or before the due date.  
 
The 3 tests are intended to test your general understanding of the subject matter. The tests will comprise 
long and short answer questions and will not include calculations. They are scheduled during regular 
class time.  
 
The final paper describes a major event in Earth's history. Details can be found at the end of this 
document. 
 
Approximate due dates 
Brightspace quizzes throughout the semester 
Assign 1  Sept 19 
Assign 2  October 17 
Assign 3  November 18 
Test 1   September 30 
Test 2   November 2 
Test 3    December 6 
Final Paper December 16 
 
Missed Work 
Late assignments will be penalized (10% off for each day late) and will not be accepted once the marking 
process has been completed. Missed assignments can generally not be made up, unless exceptional 
circumstances occur. Assignments are graded individually.  
 
Makeup tests are offered rarely and on a case by case basis for a limited set of circumstances: 

• Illness:  If you are ill on the day of the test, contact me via email on that day. A doctors' note may 
be required.  

• Extracurricular Activities:  If you have an athletic event or equivalent activity that conflicts with a 
scheduled test, contact me by email or after class time at least 2 weeks in advance of the event. 

• Emergencies:  If you have an emergency or crisis that forces you to miss a test, contact me as 
soon as possible.  

 
Participation, Plagiarism and Cheating 
Students are encouraged to participate in class by answering questions and, at times, discussing 
questions topics with classmates. However, each student must pass in their own assignment, reflecting 
their own work. Similarly, cheating and plagiarism will not be tolerated during the tests. You are 
expected to know and adhere to the Dalhousie Regulations on Academic Integrity. 
 
Academic integrity, with its embodied values, is seen as a foundation of Dalhousie University, and 
indeed all Universities in the world. It is the responsibility of all students to be familiar with behaviours 
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and practices associated with academic integrity. Instructors are required to forward any suspected 
cases of plagiarism or other forms of academic cheating to the Academic Integrity Officer for their 
Faculty.  
The Academic Integrity website (http://academicintegrity.dal.ca) provides students and faculty with 
information on plagiarism and other forms of academic dishonesty, and has resources to help students 
succeed honestly.  The full text of Dalhousie’s Policy on Intellectual Honesty and Faculty Discipline 
Procedures is available here: 
http://www.dal.ca/dept/university_secretariat/academic-integrity/academic-policies.html 
 
 
Student Accessibility and Accommodation 
Students may request accommodation as a result of barriers related to disability, religious obligation, or 
any characteristic protected under Canadian Human Rights legislation. The full text of Dalhousie’s 
Student Accommodation Policy can be accessed here: 
http://www.dal.ca/dept/university_secretariat/policies/academic/student-accommodation-policy-wef-sep--
1--2014.html 
Students who require accommodation for classroom participation or the writing of tests and exams 
should make their request to the Advising and Access Services Centre (AASC) prior to or at the outset of 
the regular academic year. More information and the Request for Accommodation form are available at 
www.dal.ca/access.  
 
Grade conversion 
Numerical results will be converted to letter grades according the Dalhousie Common Grade Scale:  
A+ (90-100)   B+ (77-79)   C+ (65-69)  D (50-54) 
A   (85-89)   B   (73-76)   C   (60-64)  F  (0-49)  
A-  (80-84)   B-  (70-72)   C-  (55-59)  
  
A grade of D is a passing grade.  
 
Student Code of Conduct  

Dalhousie University has a student code of conduct, and it is expected that students will adhere to the 
code during their participation in lectures and other activities associated with this course. In general: 

“The University treats students as adults free to organize their own personal lives, behaviour and 
associations subject only to the law, and to University regulations that are necessary to protect 

• the integrity and proper functioning of the academic and  non – academic programs and activities 
of  the University or its faculties, schools or departments; 

• the peaceful and safe enjoyment of University facilities by other members of the University and the 
public;  

• the freedom of members of the University to participate reasonably in the programs of the 
University and in activities on the University's premises;  

• the property of the University or its members.” 
 
The full text of the code can be found here:  
http://www.dal.ca/dept/university_secretariat/policies/student-life/code-of-student-conduct.html 

 
 
Learning Outcomes 

• Demonstrate the age of the Earth and the timing of major events in its history.  
• Analyze and quantify the global energy balance on Earth.  
• Summarize the major reservoirs of organic and inorganic carbon on Earth, and explain the 

relationships among reservoir size, flux, and residence time. 
• Describe various hypotheses for the origins of the Earth, moon, and life.  
• Explain the causes, timing, and evidence for oxygenation of the atmosphere. 
• Apply knowledge of global energy balance, inorganic carbon cycle and fractionation of carbon 

isotopes to interpretation of Snowball Earth events. 
• Apply knowledge of plate tectonics, stratigraphy, and ocean circulation to infer causes for 

carbonate reef stress in the late Cretaceous and early Tertiary. 
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• Explore competing models for Cenozoic cooling of the planet. 
• Formulate a hypothesis to explain the causes and consequences of the Paleocene-Eocene 

Thermal Maximum. Quantify the release of radiatively active gases into the atmosphere today 
and at the Paleocene-Eocene Thermal Maximum.  

• Infer the causes of Earth’s two greatest mass extinctions. 
• Explain the evidence for repeated occurrence of glacial periods, the orbital parameters associated 

with them, and the major positive feedbacks in the Earth system that have amplified the effects 
of weak orbital forcing. 

• Explain the causes and consequences of glacial outbreak floods. 
• Differentiate between natural climate variations and global warming. 
• Conceive a major event in Earth’s future, and build a set of proxy data that would arise from the 

event. 
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Final Paper 
 
 

The final paper will describe a major event in Earth's future that you dream up. Your event can start out 
big, loud and nasty. Or it can involve an incremental change that pushes the Earth System across a 
threshold (tipping point) into a new steady state that is different from today. You may use the events we 
discussed in class as a starting point to build your own future event. 
 
You will present the geological record of the event. How is the event reflected in the geologic record? 
Specific rock types? Odd isotopic signatures? A change in global biodiversity? Was the event dated, and 
if so, how? This is the most important part of your paper. The evidence needs to be described clearly 
and in detail. Use several lines of evidence.  
 
You will then present a hypothesis that best explains the geologic evidence. Maybe the evidence cannot 
be fully explained by your hypothesis and you need to present a second, competing hypothesis. If so, 
make predictions how to test these hypotheses with additional evidence that may become available in 
the future. 
 
The paper should be no more than 8 pages long, double-spaced. You may also make figures/diagrams 
showing your data on additional pages. Make sure to reference any sources (text book, journal articles, 
internet etc.) and provide a list of references at the end of your paper. You can structure your paper like 
a research article (see below) or choose a creative format of your choice (e.g., news article, letter, 
journal entry etc).  
 
Structure Research Article: 
1) Abstract (150 words max, a brief concise summary of your evidence and interpretation) 
2) Introduction 
3) Description of the geologic evidence: Describe the data and the principles underlying the particular 
 type of evidence. For 87Sr/86Sr ratios for example, describe a) the controls on 87Sr/86Sr in global 
 seawater and b) how 87Sr/86Sr ratios change across your event. Avoid interpreting your data in this 
 section. 
4) Discuss your hypothesis or hypotheses (interpret your data and describe your event) 
5) Summarize your conclusions (150 words max). 
 
 
The paper will be assessed for content, structure, spelling and grammar, creativity, and evidence of 
learning. It is worth 25% of your final mark, due date is December 16.  
 
 
Helpful hints: 
Throughout the term, pay attention to geochemical proxies and their underlying principles. In your paper, 
make sure to describe your chosen proxies and principles well (point 3 above). This is the most 
important part of your paper.   
 
Go through several draft stages. Ask friends to read your paper and get feed back. Remember that the 
only good writing is re-writing.   
 
Come by my office with your outline/ or draft by end-November, early December. I will give 
guidance/comments. 



 
 

OCEA 3004: The Last Billion Years 2016 Approximate Time Line 
Date Topic   Reading  

Sept 7, W Introduction to Course  Chap. 1, Zalasiewicz et al. 2010 

Sept 9, F Systems  Chap. 2 

Sept 12, M Global Energy Balance I   Chap. 3, pp.36-44 

Sept 14, W Global Energy Balance II   Chap. 3, pp.44-56 

Sept 16, F Origin of Earth  Chap. 10, pp.190-199 

Sept 19, M Origin of Life Assign 1 due Chap. 10, pp.199-209 

Sept 21, W Carbon Cycle I   Chap. 8, pp.149-162 

Sept 23, F Carbon Cycle II   Chap. 8, pp.162-175  

Sept 26, M Carbon Cycle III  Berner & Lasaga 1989 

Sept 28, W Evolution of the Atmosphere I  Chap. 11, pp.210-223 

Sept 30, F  Test 1  

Oct 3, M Evolution of the Atmosphere II  Chap. 11, pp.223-231 

Oct 5, W Snowball Earth I   

Oct 7, F Snowball Earth II  Chap. 12, pp.233-248 

Oct 10, W no class - Thanksgiving Day  Hoffman and Schrag 2002 

Oct 12, w Death of Cretaceous Seamounts I   Chap. 12, pp.248-252 

Oct 14, F Death of Cretaceous Seamounts II  Wilson et al. 1998 

Oct 17, M Death of Cretaceous Seamounts III Assign 2 due  

Oct 19, W Cenozoic Cooling I  Flood 2001 

Oct 21, F Cenozoic Cooling II  Raymo and Ruddiman 1992 

Oct 24, M Cenozoic Cooling III   

Oct 26, W Eocene Thermal Maximum I   

Oct 28, F Eocene Thermal Maximum II: workshop  tba 

Oct 31, M Eocene Thermal Maximum III   

Nov 2, W Mass Extinctions I Test II  

Nov 4, F Mass Extinctions II   

Nov 7, M no class - Study break   

Nov 9, W no class - Study break  Chap. 13, pp.255-261 

Nov 11, F no class - Remembrance Day   Chap. 13, pp.261-271 

Nov 14, M Mass Extinctions III    

Nov 16, W Cratering Lab: workshop  Ward 2006 

Nov 18 F Mass Extinctions IV Assign 3 due Becker 2002 

Nov 21, M Ice Ages I   

Nov 23, W Ice Ages II  Chap. 14, pp.272-280 

Nov 25, F Ice Ages II  Chap. 14, pp.280-288 

Nov 28, M Of Icebergs and Outbreak Floods I  Chap.14 pp.288-293 

Nov 30, W Of Icebergs and Outbreak Floods II   

Dec 2, F tba   

Dec 5, M tba   

Dec 6, T  Test III  

 



 
SERVICES AVAILABLE TO STUDENTS   

The following campus services are available to help students develop skills in library research, scientific writing, 
and effective study habits. The services are available to all Dalhousie students and, unless noted otherwise, are free. 
 

Service Support Provided Location Contact 
General 
Academic 
Advising 

Help with 
- understanding degree 

requirements and 
academic regulations 

- choosing your major 
- achieving your 

educational or career 
goals 

- dealing with academic or 
other difficulties 

Killam 
Library 

Ground floor 
Rm G28 

Bissett Centre 
for Academic 

Success 
 

In person: Killam Library Rm G28 
By appointment: 

- e-mail: advising@dal.ca 
- Phone: (902) 494-3077 
- Book online through MyDal 

Dalhousie 
Libraries 
 

Help to find books and 
articles for assignments 
Help with citing sources in 
the text of your paper and 
preparation of bibliography 

Killam 
Library 

Ground floor 

Librarian 
offices 

In person: Service Point (Ground floor) 

By appointment:  
Identify your subject librarian (URL below) and contact 
by email or phone to arrange a time:	  
http://dal.beta.libguides.com/sb.php?subject_id=34328 

Studying 
for Success 
(SFS) 

Help to develop essential 
study skills through small 
group workshops or one-
on-one coaching sessions  

Match to a tutor for help in 
course-specific content (for 
a reasonable fee) 

Killam 
Library 3rd 

floor 

Coordinator  
Rm 3104 

Study Coaches 
Rm 3103 

To make an appointment:  
 - Visit main office (Killam Library main floor, Rm G28) 
- Call (902) 494-3077 
- email Coordinator at: sfs@dal.ca  or 
- Simply drop in to see us during posted office hours  
All information can be found on our website: 
www.dal.ca/sfs  

Writing 
Centre 
 

Meet with coach/tutor to 
discuss writing assignments 
(e.g., lab report, research 
paper, thesis, poster)  
- Learn to integrate source 
material into your own 
work appropriately 
- Learn about disciplinary 
writing from a peer or staff 
member in your field 

Killam 
Library 

Ground floor 
Learning 

Commons & 
Rm G25 

To make an appointment: 
- Visit the Centre (Rm G25) and book an appointment  
- Call (902) 494-1963  
- email writingcentre@dal.ca  
- Book online through MyDal 

We are open six days a week  

See our website: writingcentre.dal.ca 

 
 
 


