GEOLOGY 231: CHEMISTRY OF EARTH SYSTEMSPRIVATE 

PROFESSOR JEFF NIEMITZ




LECTURE/LAB: 

SPRING, 2010






T-R 10:30/R 1:30-4:30
OBJECTIVES OF THE COURSE

· To broadly understand the physical-chemical principles, which form the basis for most geologic processes and thus better understand geologic processes at the atomic and/or molecular level.

· To understand the chemical interactions between and among the “spheres” of the earth including anthropogenic impacts

· To use these principles in concrete ways to predict the spontaneity of geologically relevant chemical reactions then relate those predictions to reality 

· To gain a working knowledge of analytical instrumentation relevant to the chemical and mineralogical analysis of geologic materials including the theory, sample preparation, operation, collection, and limitations of such instrumentation.  
· To interpret geochemical data and use it in rigor ways to test hypotheses.

· To engage in a geochemical research project involving the field collection of geological samples for geochemical analysis, use of analytical instrumentation for data collection, the statistical analysis of derived data, the interpretation of that data through critical review of relevant literature, and presentation of results as preparation for senior research and/or graduate school.
SCHEDULE OF TOPICS
Week





Topic
Jan 26, 28
Introduction: The Earth as a Geochemical System: Plate Tectonics to Diatoms


The Earth’s Aggregate Physical and Chemical State

Lab:
An Introduction to Geochemistry Lab Safety and the Research Project

Feb 2, 4
Thermodynamics I: Systems, Surroundings and Forces: Heat, Work, and Energy



The 1st Law: Nothing Lost, Nothing Gained 

Lab: 
XRD: Theory, Sample Prep and Analysis of Clays
Feb 9, 11
Thermodynamics II: There's no such thing as a Free Lunch: The 2nd Law: Entropy and 


Free Energy; The 3rd Law: Absolute Zero

Lab:
XRF: Theory, Sample Prep and Analysis of Major Elements
Feb 16, 18
Thermodynamics III: Adding Composition to STP: Solutions and Activities, Gases and 



Fugacity; Equilibrium Constants and Solubility


Lab:
XRF: Analysis of Trace Elements
Feb 23, 25
Thermodynamics IV: Acid-base and oxidation-reduction reactions


Lab:
IC-TC: Analysis of organic and inorganic carbon



FAAS: Theory and Analysis of natural waters for major ions

Mar 2, 4 
Radiometric dating: Decay Series, Disequilibria and Cosmogenic systems


Lab: 
Field Trip: Rocks and upland Soils
Mar 9, 11
Stable Isotope Geochemistry: Principles, applications, and limitations

Lab:
 Field Trip: Legacy Sediment coring
Mar 13-21  
SPRING BREAK

Mar 23

MID-TERM EXAM
Mar 25

Earth System I: The Atmosphere: N-O-C-S; Anthropogenic impacts

Lab: 
Rock, soil and core processing; core descriptions
Mar 30, Apr 1
Earth System II: The Atmosphere-Hydrosphere- Lithosphere connection I:  Rain, 




Chemical Weathering and Soils

Lab:
Mineralogy of samples; Chemistry of the minerals (SEM)
Apr 6, 8
Earth System III: The Atmosphere-Hydrosphere-Lithosphere connection II: 



Chemical Weathering and Solutions: River, Groundwater, and Ocean Chemistry

Lab:
Major Element Chemistry of samples





Apr 13, 15
Earth System IV: The Hydrosphere-Biosphere connection: Kinetics and Aqueous Biogeochemical Cycles


Lab:
Trace Element Chemistry of samples; Carbon Chemistry of samples
Apr 20, 22
Earth System V: The Hydrosphere-Lithosphere connection: Sediments and Diagenesis (Kinetics revisited): Ocean-Oceanic Crust interaction

Lab:
Data Analysis and preliminary interpretations
Apr 27, 29
Earth System VI: The Biosphere-Lithosphere-Hydrosphere connection I: Organic




Geochemical Principles; Organic matter and Fossil Fuels; Fate of Synthetic Organic 



Compounds


Lab:
Final Interpretations
May 4, 6
Earth System VII: The Biosphere-Lithosphere-Hydrosphere connection II: Environmental 



Biogeochemistry; Fate of Toxic Inorganic Compounds (Pb, U, As) 

Lab:  Project Presentation
May 13
FINAL EXAM @ 2PM
Required Text: (E) Eby, G.N., 2004, Principles of Environmental Geochemistry

Recommended Text: Waltham, D., 2000, Mathematics: a simple tool for Geologists
READING ASSIGNMENTS
Week of
Assignment
Jan 26

E: Ch 1 (Review); White, Ch 10


Walter and Merritts, 2008, Pizzuto and O’Neal, 2009; Birch and others, 2001
Feb 2

E: Ch. 2 (p. 27-35); Commoner: Poverty of Power. Ch 2


White: Ch 2
Feb 9

White, Ch. 2
Feb 16

E: Ch 2 (35-42); White, Ch. 3
Feb 23

E: Ch. 3, 4; White Ch. 6
Mar 2

E: Ch. 6 (p. 165-181) + suppl. reading 
Mar 9

 E: Ch. 6 (p. 181-198) + suppl. reading
Mar 13-21  
Spring Break
Mar 25

E: Ch. 8 + suppl. reading

Mar 30

E: Ch. 9 (p. 313-320); Ch 7; White Ch. 13 + suppl. reading
Apr 6

E: Ch. 9 (p.; 324-349); Ch. 10 (387-416); White Ch. 6 + suppl. reading
Apr 13

E: Ch. 1 (p. 42-46) + suppl. reading
Apr 20

E: Ch. 10 (416-437); White, Ch. 15 + suppl. reading 

Apr 27

E: Ch. 5 + suppl. reading
May 4

E: Ch. 9 (349-364) + suppl. reading
COURSE LOGISTICS – Check out our MOODLE page for readings, problem sets, and answers
Supplemental Readings: We will spend some of our time each week discussing journal articles of particular merit for the Earth Systems aspect of the course. Each week each of you will be responsible for leading the discussion on one of the articles including an extended abstract summarizing the paper.  

Problem sets: A set of 1-5 geochemical problems will be assigned almost weekly.  These problems will come from your text or other sources requiring you to search out pertinent data in order to solve them (see Resources for Geochemistry). Each set will relate to the lecture topic(s) under discussion for that week.  All calculations should be shown in a legible form.  There will be credit given for how you approached the problem not just the correct answer.  I expect you may struggle some with these problems but you know where I live so take advantage.  Problem sets are due to me one week from the date assigned (NO EXCEPTIONS).
IF YOU DO NOT HAVE ONE, IT WOULD BE ADVANTAGEOUS TO PURCHASE A SCIENTIFIC CALCULATOR THAT DOES AT LEAST LOG, ex, AND EXPONENTIAL FUNCTIONS.

Office Hours: (Kaufman 142; x1285 (voice mail); e-mail: niemitz)



Tue (2:00-3:30), Wed (8:30-10:00) or by appointment
Grading: The course grade will be determined as follows:



Problem Sets-----------------------------------------------------------
20%



Laboratory Project write-ups----------------------------------------
40%



Discussions, Abstracts-----------------------------------------------

10%



Mid-Term Exam-------------------------------------------------------
15%



Final Exam-------------------------------------------------------------
15%

Academic Integrity:
I subscribe to and accept the College's Community Standards regarding plagiarism and cheating.  Please read that part of the Proscriptions pamphlet very carefully.  
Accommodations for Disabilities: 
In compliance with the Dickinson College policy and equal access laws, I am available to discuss appropriate academic accommodations that may be recommended for students with disabilities. Requests for academic accommodations are to be made very early in the semester (except for unusual circumstances) so that appropriate arrangements can be made. 
Students are required to register with Disabilities Services in the Advising Office located on the first floor of Biddle House (contact ext. 1080 or jonesmar@dickinson.edu) to verify their eligibility for appropriate accommodations.
Resources in Geochemistry:


Waidner-Spahr Library has a reasonably complete suite of geochemical texts and reference books.  Government Documents can be a great source of specific data (thermodynamic and otherwise) but is a challenge to sort through.  The best, first shot is probably the on-line library catalog.  All the following subject headings will get you some help in specific geochemical sub-disciplines:  Geochemistry, Aqueous Chemistry, Chemical Oceanography, Hydrothermal Deposits, Petrology, Mineralogy, Biogeochemical Cycles, and Environmental Chemistry.  The new Treatise on Geochemistry (QE515 .T69 2004 v. 1-10) is an excellent place to look for review articles on the chemistry of the major earth systems.

After that, if you want specific articles or authors, GeoREF or GeoBase databases are the next level to explore (you will learn how to use GEOREF in the first lab).  You may be able to find articles and get PDFs of them if the library subscribes.  Frequently you will need to proceed to Interlibrary Loan to actually procure the articles.  Ask me about an article; I may have it in my personal reprint collection.


The College subscribes to several journals, which contain geochemically oriented articles:

Geochimica Cosmochimica Acta (General Geochemistry) – online  

Chemical and Isotope Geology (Gen. Geochem. and Isotope geochem.) – online

Earth and Planetary Science Letters (General) –online

American Mineralogist (Mineralogy)


Canadian Mineralogist (Mineralogy)


American Journal of Science (Mineralogy/Petrology)


Quaternary Research (Stable isotopes) - online

Paleoceanography (Sedimentary geochem/stable isotopes)


AAPG (Organic geochem)


Journal of Sed. Research (Diagenesis)


Economic Geology (Hydrothermal/Ore deposits)


Environmental Geology (General envir. chem.) – online 

Groundwater (chemical hydrogeology)


Marine Geology (chem. of marine seds.) –online 

Water Resources Research  (chem. hydrogeo.)


Some other general sources:

Nature – online

Science – online 

Treatise on Geochemistry (10 volumes)


Initial Reports of the Deep Sea Drilling Project/Ocean Drilling Program


Annual Review of Earth Sciences

