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Goals


	This course is designed to provide an overview of stable isotope geochemistry, including both theoretical aspects and applications to problems in the natural sciences.  Specific topics will include isotopic variation in the natural environment (atmosphere, hydrosphere, biosphere, and lithosphere), controls on the origin of isotopic variation, secular patterns of isotopic variation in major reservoirs, and applications to paleoclimatic, sedimentological, and biological studies.


Reading Assignments


	About 3-4 papers per week.  Students are expected to have thoroughly read each paper by the assigned date and to be able to participate in class discussions on the basis of these readings (note participation component of final grade).


	All readings will be put in a file in Room 527.  Students may either (1) read the papers in Room 527, or (2) copy them and return the originals to Room 527 promptly.  DO NOT remove readings from Room 527 EXCEPT to take them to the copy room.


Exercises, Quizzes & Exams


	The exercises will be based on lecture materials and assigned readings and will include both short-answer questions and numerical problems.  The quizzes are oral format and are intended primarily to provide feedback (to both the students and instructor) regarding how well information is being communicated and absorbed.  Each quiz will consist of a ca. 15-minute individual discussion in which students will be asked to explain various concepts or solve simple problems.  There will be two one-hour exams (midterm and final) consisting mainly of discussion questions and simple problems, and these will be comprehensive.


Evaluation and Grades


	Grades will be assigned as follows:


		Exercises  (4 @ 10% each)				40%


		Oral Quizzes  (2 @10% each)				20%


		Exams  (2 @ 20% each)				40 %


		Participation in Classroom Discussions			10%  (bonus)


	Although there is no fixed grade scale, ca. >90% is equivalent to an A, and 80-90 to a B.


	


�
	LECTURE & EXAM SCHEDULE


	Stable  Isotopes  In  The  Natural  Environment


(GEOL 611)








Week 1:  Introduction





Topics: Reservoirs, fluxes & residence time; fractionation vs. mixing; isotopic standards, isotopic 	measurement systems; equilibrium vs. disequilibrium reactions





Week 2:  Oxygen & Hydrogen Isotopes in Aqueous Systems





Topics: Atmospheric system: Rayleigh distillation; meteoric water line; effects of temp, latitude, 	altitude, & rainfall amount





Week 3:  Continuation





	Topics: Oceanic system and coastal mixing zones


	Friday: Oral Quiz 1





Week 4:  Carbon & Oxygen Isotopes in Carbonates





	Topics: Abiotic vs. biotic carbonates, vital effects; water mass effects, salinity vs. temperature


	


Week 5:  Continuation





	Topics: Diagenetic effects, water-rock ratios; secular trends


	Friday: Midterm Exam





Week 6:  Carbon Isotopes in Organic Matter





	Topics: Photosynthetic fractionation, C3 vs. C4 plants; temperature and pCO2 effects


	


Week 7:  Continuation





	Topics: Diagenetic effects, bacterial & thermal; secular trends


	Friday: Oral Quiz 2





Week 8:  Sulfur Isotopes





	Topics:  sulfates vs. sulfides, bacterial fractionation; sedimentary applications, secular trends


			


Week 9:  Nitrogen Isotopes





	Topics:  nitrogen in organic matter, atmosphere, aqueous systems, and sedimentary reservoirs





Week 10:  Strontium Isotopes





	Topics:  systematics of Rb-Sr decay; seawater Sr isotopes, secular trends





Exam Week:  Final Exam





�
READING  ASSIGNMENTS


Stable  Isotopes  In  The  Natural  Environment


(GEOL 611)





Week 1: Introduction


Wednesday:  (1) The internal structure of atoms, in Faure, G., 1986, Principles of Isotope Geology, 2nd ed.: New York, Wiley & Sons, p. 11-20.


	(2) O'Neill, J.R., 1979, Stable isotope geochemistry of rocks and minerals, in Jδger, E., and Hunziker, J.C., eds., Lectures in Isotope Geology: Berlin, Springer, p. 235-241.


Friday:  W.M. White, Stable Isotope Geochemistry: pp. 363-371 (sect. 9.1 thru 9.2.1.4)


Weeks 2 & 3: Oxygen & Hydrogen Isotopes


Monday:  W.M. White, Stable Isotope Geochemistry: pp. 371-373 (sect. 9.2.2) and pp. 392-394 (sect. 9.6.3 thru 9.7) and pp. 398-401 (sect. 9.8 thru 9.8.1.2)


Wednesday:  Plummer, L.N., 1993, Stable isotope enrichment in paleowaters of the southeast Atlantic coastal plain, United States: Science, v. 262, p. 2016-2020.  


Friday:  Hendry, M.J., and Schwartz, F.W., 1988, An alternative view on the origin of chemical and isotopic patterns in groundwater from the Milk River Aquifer, Canada: Water Resources Research, v. 24, p. 1747-1763.


2nd Monday:  Ferronsky, V.I., and Brezgunov, V.S., 1989, Stable isotopes and ocean dynamics, in Fritz, P., and Fontes, J.C., eds., Handbook of Environmental Isotope Geochemistry, v. 3 (The Marine Environment): Amsterdam, Elsevier, p. 1-10.


2nd Wednesday:  Ingram, B.L., Conrad, M.E., and Ingle, J.C., 1996, Stable isotope and salinity systematics in estuarine waters and carbonates: San Francisco Bay: Geochimica et Cosmochimica Acta, v. 60, p. 455-467.


2nd Friday:  Oral Quiz


Weeks 4 & 5: Carbon & Oxygen Isotopes In Carbonates


Monday:  W.M. White, Stable Isotope Geochemistry: pp. 374-378 (sect. 9.3 thru 9.4) and pp. 386-392 (sect. 9.6 thru 9.6.2)


Wednesday:  (1) Prentice, M.L., and Matthew, R.K., 1988, Cenozoic ice-volume history: Development of a composite oxygen isotope record: Geology, v. 16, p. 963-966.


	(2) Klein, R.T., Lohmann, K.C., and Thayer, C.W., 1996, Bivalve skeletons record sea-surface temperature and d18O via Mg/Ca and 18O/16O ratios: Geology, v. 24, p. 415-418.


Friday:  Geary, D.H., et al., 1992, The influence and interaction of temperature, salinity, and upwelling on the stable isotopic profiles of strombid gastropod shells: Palaios, v. 7, p. 77-85.


�
2nd Monday:  (1) Wenzel, B., 2000, Differential preservation of primary isotopic signatures in Silurian brachiopods from northern Europe: J. of Sedimentary Research, v. 70, p. 194-209.


	(2) Kump, L.R., 1991, Interpreting carbon-isotope excursions: Strangelove oceans: Geology, v. 19, p. 299-302.


2nd Wednesday:  (1) Cerling, T.E., 1991, Carbon dioxide in the atmosphere: Evidence from Cenozoic and Mesozoic paleosols: American J. of Science, v. 291, p. 377-400.


	(2) Mora, C.I., et al., 1991, Carbon dioxide in the Paleozoic atmosphere: Evidence from carbon-isotope compositions of pedogenic carbonate: Geology, v. 19, p. 1017-1020.


2nd Friday:  Midterm Exam


Weeks 6 & 7: Carbon Isotopes In Organic Matter


Monday:  W.M. White, Stable Isotope Geochemistry: pp. 378-381 (sect. 9.5 thru 9.5.1) and pp. 383-386 (sect. 9.5.5 thru 9.5.5.1) and pp. 401-402 (sect. 9.8.1.3)


Wednesday:  Rau, G.H., Takahashi, T., Des Marais, D.J., Repeta, D.J., and Martin, H., 1992, The relationship between d13C of organic matter and [CO2(aq)] in ocean surface water: Data from JGOFS site in the northeast Atlantic Ocean and a model: Geochimica et Cosmochimica Acta, v. 56, p. 1413-1419.


Friday:  Hinga, K.R., et al., 1994, Carbon isotope fractionation by marine phytoplankton in culture: The effects of CO2 concentration, pH, temperature, and species: Global Biogeochemical Cycles, v. 8, p. 91-102.


2nd Monday:  Popp, B.N., et al., 1989, The post-Paleozoic chronology and mechanism of 13C depletion in primary marine organic matter: American Journal of Science, v. 289, p. 436-454.


2nd Wednesday:  (1) Irwin, H., Curtis, C., and Coleman, M., 1977, Isotopic evidence for source of diagenetic carbonates formed during burial of organic-rich sediments: Nature, v. 269, p. 209-213.


	(2) Boschker, H.T.S., Nold, S.C., Wellsbury, P., Bos, D., de Graaf, W., Pel, R., Parkes, R.J., and Cappenberg, T.E., 1998, Direct linking of microbial populations to specific biogeochemical processes by 13C-labelling of biomarkers: Nature, v. 392, p. 801-805.


2nd Friday:  Oral Quiz


Week 8: Nitrogen Isotopes


Monday:  W.M. White, Stable Isotope Geochemistry: pp. 381 (sect. 9.5.2) and pp. 402-403 (sect. 9.8.1.4)


Wednesday:  Peterson, B.J., and Fry, B., 1987, Stable isotopes in ecosystem studies: Annual Reviews of Ecological Systems, v. 18, p. 293-305.


Friday:  Altabet, M.A., and Francois, R., 1994, Sedimentary nitrogen isotopic ratio as a recorder for surface ocean nitrate utilization: Global Biogeochemical Cycles, v. 8, p. 103-116.


�
Week 9: Sulfur Isotopes


Monday:  W.M. White, Stable Isotope Geochemistry: pp. 382-383 (sect. 9.5.4) and pp. 395-398 (sect. 9.7.2) and pp. 403 (sect. 9.8.1.5)


Wednesday:  (1) Zaback, D.A., and Pratt, L.M., 1992, Isotopic composition and speciation of sulfur in the Miocene Monterey Formation: reevaluation of sulfur reactions during early diagenesis in marine environments: Geochimica et Cosmochimica Acta, v. 56, p. 763-74.


	(2) Beier, J.A., and Hayes, J.M., 1989, Geochemical and isotopic evidence for paleoredox conditions during deposition of the Devonian-Mississippian New Albany Shale, southern Indiana: Geol. Soc. Am. Bull., v. 101, p. 774-782.


Friday:  (1) Burdett, J.W., Arthur, M.A., and Richardson, M., 1989, A Neogene seawater sulfur isotope age curve from calcareous pelagic microfossils: EPSL, v. 94, p. 189-198.


	(2) Goodfellow, W.D., and Jonasson, I.R., 1984, Ocean stagnation and ventilation defined by δ34S secular trends in pyrite and barite, Selwyn Basin, Yukon: Geology, v. 12, p. 583-586.


Week 10:  Strontium Isotopes


Monday:  G. Faure, Principles of Isotope Geology, 2nd ed., 1986, chs. 10 & 11, pp. 154-164 and 183-196.


Wednesday:  (1) Blum, J.D., and Erel, Y., 1995, A silicate weathering mechanism linking increases in marine 87Sr/86Sr with global glaciation: Nature, v. 373, p. 415-418. 


	(2) Harris, N., 1995, Significance of weathering Himalayan metasedimentary rocks and leucogranites for the Sr isotope evolution of seawater during the early Miocene: Geology, v. 23, p. 795-798.


Friday:  (1) Palmer, M. R., and Edmond, J. M., 1989, The strontium isotope budget of the modern ocean: EPSL, v. 92, p. 11-26. 


	(2) DePaolo, D.J., and Finger, K.L., 1991, High-resolution strontium-isotope stratigraphy and biostratigraphy of the Miocene Monterey Formation, central California: GSAB, v. 103, p. 112-124.
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