ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Schedule


Spring Quarter 2004


________________________________________________________________________________


CARBONATE DEPOSITIONAL ENVIRONMENTS





Week 1, Mon:	  Introduction: Carbonate Components, Sediments & Facies


	  Wed:	  Whitings & The Origin of Lime Mud


	  Fri:	  The Role of Bacteria in Carbonate Production


_________________________________________________________________________________


Week 2, Mon:	  Tidal Flats


	  Wed:	  Algal Mats


	  Fri:	  Mud Mounds


_________________________________________________________________________________


Week 3, Mon:	  Lab #1


	  Wed:	  Reefs


	  Fri:	  Slopes & Gravity Transport


_________________________________________________________________________________


Week 4, Mon:	  Lab #2


	  Wed:	  Pelagic Carbonates & the CCD


	  Fri:	  Cool-Water Carbonates


_________________________________________________________________________________


CARBONATE GEOCHEMISTRY & DIAGENESIS





Week 5, Mon:	  Lab #3


	  Wed:	  Carbonate Equilibria 


	  Fri:	  Calcite vs. Aragonite


_________________________________________________________________________________


Week 6, Mon:	  Lab #4


	  Wed:	  Trace Elements 


	  Fri:	  Stable Isotopes—Theory


_________________________________________________________________________________


Week 7, Mon:	  Lab #5 


	  Wed:	  Stable Isotopes—Carbon


	  Fri:	  Stable Isotopes—Oxygen


_________________________________________________________________________________


Week 8, Mon:	  Lab #6 


	  Wed:	  The “Dolomite Problem”


	  Fri:	 Dolomitization Models I


_________________________________________________________________________________


Week 9, Mon:	  Dolomitization Models II


	  Wed:	  Diagenesis I


	  Fri:	  Diagenesis II


_________________________________________________________________________________


Week 10, Mon:  Memorial Day Holiday


	  Wed:	  Student Oral Presentations


	  Fri:	  Student Oral Presentations			


�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 1


Introduction & Origin of Lime Mud








Introduction: Carbonate Components, Sediments & Facies (Monday)





Scoffin, T.P., 1987, An Introduction to Carbonate Sediments and Rocks: New York, Chapman & Hall, 274 p.     Read pages 8-60.


Scholle, P.A., 1978, A Color Illustrated Guide to Carbonate Rock Constituents, Textures, Cements, and Porosities: Tulsa, AAPG Memoir 27.     Skim photos and captions, as needed.





Whitings & The Origin of Lime Mud  (Wednesday)


Shinn, E.A., Steinen, R.P., Lidz, B.H., and Swart, P.K., 1989, Whitings, a sedimentologic dilemma: JSP, v. 59, p. 147-161.  


Milliman, J.D., Freile, D., Steinen, R.P., and Wilber, R.J., 1993, Great Bahama Bank aragonitic muds: Mostly inorganically precipitated, mostly exported: JSP, v. 63, p. 589-595.


Macintyre, I.G., and Reid, R.P., 1992, Comment on the origin of aragonite needle mud: A picture is worth a thousand words: JSP, v. 62, p. 1095-1097.  


Robbins, L.L., Tao, Y. and Evans, C.A., 1997, Temporal and spatial distribution of whitings on Great Bahama Bank and a new lime mud budget: Geology, v. 25, p. 947-950.


The Role of Bacteria in Carbonate Production (Friday)


Reid, R.P., and Macintyre, I.G., 2000, Microboring versus recrystallization: Further insight into the micritization process: JSR, v. 70, p. 24-28.


Buczynski, C., and Chafetz, H.S., 1991, Habit of bacterially induced precipitates of calcium carbonate and the influence of medium viscosity on mineralogy: JSR, v. 61, p. 226-233.


Kirkland, B.L., Lynch, F.L., Rahnis, M.A., Folk, R.L., Molineux, I.J., and McLean, R.J.C., 1999, Alternative origins for nannobacteria-like objects in calcite: Geology, v. 27, p. 347-350. 


Schieber, J., and Arnott, H.J., 2003. Nannobacteria as a by-product of enzyme-driven tissue decay. Geology, v. 31, p. 717-720.


�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 2


Shelf Facies





Tidal Flats (Monday)





Wanless, H.R., Tyrrell, K.M., Tedesco, L.P., and Dravis, J.J., 1988, Tidal-flat sedimentation from Hurricane Kate, Caicos Platform, British West Indies: JSP, v. 58, p. 724-738.


McKenzie, J.A., Hsü, K.J., and Schneider, J.F., 1980, Movement of subsurface waters under the sabkha, Abu Dhabi, U.A.E., and its relation to evaporative dolomite genesis, in Zenger, D.H., et al., eds., Concepts and Models of Dolomitization: SEPM Spec. Publ. 28, p. 11-30.





Algal Mats (Wednesday)





Neumann, A.C., Gebelein, C.D., and Scoffin, T.P., 1970, The composition, structure, and erodability of subtidal mats, Abaco, Bahamas: JSP, v. 40, p. 274-297.


Dravis, J.J., 1983, Hardened subtidal Stromatolites, Bahamas: Science, v. 219, p. 385-386.


McIntyre, I.G., Reid, R.P., and Steneck, R.S., 1996, Growth history of stromatolites in a Holocene fringing reef, Stocking Island, Bahamas: JSR, v. 66, p. 231-242.


Mud Mounds (Friday)


Bosence, D.W.J., Rowlands, R.J., and Quine, M.L., 1985, Sedimentology and budget of a Recent carbonate mound, Florida Keys: Sedimentology, v. 32, p. 317-343.


Wanless, H.R., Tedesco, L.P., and Tyrrell, K.M., 1988, Production of subtidal tubular and surficial tempestites by Hurricane Kate, Caicos Platform, British West Indies: JSP, v. 58, p. 739-750.


Tudhope, A.W., and Scoffin, T.P., 1984, The effects of Callianassa bioturbation on the preservation of carbonate grains in Davies Reef lagoon, Great Barrier Reef, Australia: JSP, v. 54, p. 1091-1096.


Walbran, P.D., 1996, 210Pb and 14C as indicators of Callianassid bioturbation in coral reef sediment: JSR, v. 66, p. 259-264.





�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 3


Shelf Margin & Slope Facies





Reefs (Wednesday)


Blanchon, P., Jones, B., and Kalbfleisch, W., 1997, Anatomy of a fringing reef around Grand Cayman: Storm rubble, not coral framework: J. Sed. Res., v. 67, p. 1-16.


Burns, T.P., 1985, Hard-coral distribution and cold-water disturbances in South Florida: Variation with depth and location: Coral Reefs, v. 4, p. 117-124.


Ginsburg, R.N., and Shinn, E.A., 1993, Preferential distribution of reefs in the Florida Reef Tract: The past is the key to the present, in Ginsburg, R.N., comp., Proceedings of the Colloquium on Global Aspects of Coral Reefs: Health, Hazards, and History, p. 21-26.


Gladfelter, W.B., 1982, White-band disease in Acropora palmata: Implications for the structure and growth of shallow reefs: Bull. Mar. Sci., v. 32, p. 639-643.


Hallock, P., and Schlager, W., 1986, Nutrient excess and the demise of coral reefs and carbonate platforms: Palaios, v. 1, p. 389-398.





Slopes & Gravity Transport (Friday)


Mullins, H.T., Heath, K.C., van Buren, H.M., and Newton, C.R., 1984, Anatomy of a modern open-ocean carbonate slope: northern Little Bahama Bank: Sedimentology, v. 31, p. 141-168.


Eberli, G.P., and Ginsburg, R.N., 1987, Segmentation and coalescence of Cenozoic carbonate platforms, northwestern Great Bahama Bank: Geology, v. 15, p. 75-79.


Boardman, M.R., and Neumann, A.C., 1984, Sources of periplatform carbonates: Northwest Providence Channel, Bahamas: JSP, v. 54, p. 1110-1123. 


Wilson, P.A., and Roberts, H.H., 1995, Density cascading: Off-shelf sediment transport, evidence and implications, Bahama Banks: JSR, v. 65, p. 45-56.





�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 4


Deep and Cool-Water Carbonates





Pelagic Carbonates & the CCD (Wednesday)


Tucker and Wright, 1990, Chapter 5: Carbonate depositional systems: Deeper-water facies of pelagic and resedimented limestones.  In: Carbonate Sedimentology: Oxford, Blackwell. 


Archer, D.E., 1991, Modeling the calcite lysocline: J. Geophysical Research, v. 96, p. 17,037-50.


Berger, W.H., 1970, Biogenous deep-sea sediments: Fractionation by deep-sea circulation: GSA Bulletin, v. 81, p. 1385-1401.


Droxler, A.W., and Schlager, W., 1985, Glacial vs. interglacial sedimentation rates and turbidite frequency in the Bahamas: Geology, v. 13, p. 799-802.





Cool-Water Carbonates (Friday)





Carannante, G., Esteban, M., Milliman, J.D., and Simone, L., 1988, Carbonate lithofacies as paleolatitudes indicators: Problems and limitations: Sedimentary Geology, v. 60, p. 333-346.


James, N.P., Bone, Y., Collins, L.B., and Kyser, T.K., 2001, Surficial sediments of the Great Australian Bight: Facies dynamics and oceanography on a vast cool-water carbonate shelf, JSR, v. 71, p. 549-67.


�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 5


Carbonate Geochemistry








Carbonate Equilibria (Wednesday)





Opdyke, B.N., and Wilkinson, B.H., 1993, Carbonate mineral saturation state and cratonic limestone accumulation: Amer. Journal of Science, v. 293, p. 217-234.


Burton, E.A., and Walter, L.M., 1987, Relative precipitation rates of aragonite and Mg calcite from seawater: Temperature or carbonate ion control?: Geology, v. 15, p. 111-114.





Calcite vs. Aragonite (Friday)





Wilkinson, B.H., Owen, R.M., and Carroll, A.R., 1985, Submarine hydrothermal weathering, global eustasy, and carbonate polymorphism in Phanerozoic marine oolites: JSP, v. 55, p. 171-183.


Palmer, T.J., Hudson, J.D., and Wilson, M.A., 1988, Palaeoecological evidence for early aragonite dissolution in ancient calcite seas: Nature, v. 335, p. 809-810.


Railsback, L.B., 1993, Original mineralogy of Carboniferous worm tubes: Evidence for changing marine chemistry and biomineralization: Geology, v. 21, p. 703-706.


Stanley, S.M., and Hardie, L.A., 1998, Secular oscillations in the carbonate mineralogy of reef-building and sediment-producing organisms driven by tectonically forced shifts in seawater chemistry: Palaeo3, v. 144, p. 3-19.





�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 6


Trace Elements in Carbonates








Diagenetic Patterns & Cathodoluminescence (Wednesday)


Brand, U., 1989, Aragonite-calcite transformation based on Pennsylvanian molluscs: GSA Bulletin, v. 101, p. 377-390.


Budd, D.A., Hammes, U., and Ward, W.B., 2000, Cathodoluminescence in calcite cements: New insights on Pb and Zn sensitizing, Mn activation, and Fe quenching at low trace-element concentrations: JSR, v. 70, p. 217-226.








Distribution Coefficients (Friday)


Morse, J.W., and Bender, M.L., 1990, Partition coefficients in calcite: Examination of factors influencing the validity of experimental results and their application to natural systems: Chem. Geol., v. 82, p. 265-277.


Humphrey, J.D., and Howell, R.P., 1999, Effect of differential stress on strontium partitioning in calcite: JSR, v. 69, p. 208-215.


Malone, M.J., and Baker, P.A., 1999, Temperature dependence of the strontium distribution coefficient in calcite: An experimental study from 40º to 200ºC and application to natural diagenetic calcites: JSR, v. 69, p. 216-223.





�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 7


Stable Isotope Geochemistry











Stable Isotopes--Background (Wednesday)


Tan, F.C., ., 1989, Stable carbon isotopes in dissolved inorganic carbon in marine and estuarine environments, in Fritz, P., and Fontes, J.C., eds., Handbook of Environmental Isotope Geochemistry, v. 3 (The Marine Environment, A): Amsterdam, Elsevier, p. 171-90.


Marshall, J.D., 1992, Climatic and oceanographic isotopic signals from the carbonate rock record and their preservation: Geological Magazine, v. 129, p. 143-160.





Stable Isotopes—Applications (Friday)


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.


Wenzel, B., and Joachimski, M.M., 1996, Carbon and oxygen isotopic composition of Silurian brachiopods (Gotland/Sweden): Palaeoceanographic implications: Palaeo3, v. 122, p. 143-166.


�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 8


Dolomite








Dolomite—Introduction (Monday)





Tucker & Wright, 1990, Carbonate Sedimentology, p. 365-370 & 386-400.





The “Dolomite Problem” (Wednesday)





Morse, J.W., and Mackenzie, F.T., 1990, Geochemistry of Sedimentary Carbonates (Developments in Sedimentology 48): Elsevier, New York, p. 295�308.


Hardie, L.A., 1987, Dolomitization: A critical view of some current views: JSR, v. 57, p. 166-183.


Given, R.K., and Wilkinson, B.H., 1987, Dolomite abundance and stratigraphic age��Constraints on rates and mechanisms of Phanerozoic dolostone formation: JSP, v. 57, p. 1068�1078.








Dolomitization Models I (Friday)





Mazzullo, S.J., 2000, Organogenic dolomitization in peritidal to deep-sea sediments: JSR, v. 70, p. 10-23.


Saller, A.H., 1984, Petrologic and geochemical constraints on the origin of subsurface dolomite, Enewetak Atoll: An example of dolomitization by normal seawater: Geology, v. 12, p. 217-220.


Gill, I.P., Moore, C.H., Jr., and Aharon, P., 1995, Evaporitic mixed-water dolomitization on St. Croix, U.S. Virgin Islands: JSR, v. 65, p. 591-604.


�
ADVANCED  CARBONATE  SEDIMENTOLOGY   (GEOL 604)


Reading Assignments – Week 9


Diagenesis








Diagenesis: Carbonate Dissolution & Precipitation (Monday)


Tucker, M.E.,  and Wright, V.P., 1990, Carbonate Sedimentology: Oxford, Blackwell, p. 314-323, 336-342.  (review as necessary)


Walter, L.M., Bischof, S.A., Patterson, W.P., and Lyons, T.W., 1993, Dissolution and recrystallization in modern shelf carbonates: Evidence from pore water and solid phase chemistry: Phil. Trans. Royal Society of London, v. A344, p. 27-36.


Burns, S.J., and Swart, P.K., 1992.  Diagenetic processes in Holocene carbonate sediments: Florida Bay mudbanks and islands.  Sedimentology, v. 39, p. 285-304.





Diagenesis: Mixing Zone Processes (Wednesday)





Wigley, T.M.L., and Plummer, L.N., 1976, Mixing of carbonate waters: Geochim. Cosmochim. Acta, v. 40, p. 989-995.


Back, W., Hanshaw, B.B., Herman, J.S., and Van Driel, J.N., 1986, Differential dissolution of a Pleistocene reef in the groundwater mixing zone of coastal Yucatan, Mexico: Geology, v. 14, p. 137-140.





Diagenesis: Methanogenesis (Friday)





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.


Savard, M.M., Beauchamp, B., and Veizer, J., 1996, Significance of aragonite cements around Cretaceous marine methane seeps: JSR, v. 66, p. 430-438.


�
CARBONATE  DEPOSITIONAL  ENVIRONMENTS   (GEOL 604)


Syllabus


Spring  Quarter  2004








Professor:   Tom Algeo						Office: Geol/Phys 504


									E-mail: Thomas.Algeo@uc.edu





Purpose:  This course is a survey of the sediments, depositional processes, facies, biota, and physical & chemical conditions of carbonate depositional systems.  Additional topics covered include carbonate diagenesis, dolomitization, and carbonate facies through geologic history.  Examples will be drawn from both modern and ancient environments.


Readings:  Readings for this course are taken mainly from published technical papers and will be put in a binder located in room 527.  For the lab exercises, two indispensable resources are:


	  (1)  Scholle, P.A., 1978, A Color Illustrated Guide to Carbonate Rock Constituents, Textures, 


		Cements, and Porosities: Tulsa, AAPG Memoir 27.


Scholle, P.A., Bebout, D.G., and Moore, C.H., Jr., eds., 1983, Carbonate Depositional


	Environments: Tulsa, AAPG Memoir 33.


Labs:  About 6; students will complete lab exercises using standard petrographic report forms.


Quizzes and Exams:  None.


Reports and Oral Presentations:  Each student will research one topic related to carbonate depositional systems that has not been a main topic of class discussion and research it.  The topic should preferably be one representing a “problem,” i.e., an area of scientific inquiry in which divergent views exist.  Students should endeavor (1) to compile recent and relevant older literature on the topic, (2) to summarize the current “state of knowledge” regarding the problem (as objectively as possible), and (3) to evaluate the evidence for competing views or models (a subjective assignment).  Choice of topic is up to the student but should be cleared with the professor before beginning research.  Students will present their results during the last day of class (May 31st) using a meeting-style format, i.e., 15 minutes for the oral presentation (strictly timed) followed by a 5-min. question period.  Guidelines for oral presentations:


		• format: introduction, background, discussion, summary/evaluation


		• use tranparencies, i.e., xeroxed figures & tables (identify sources on the transparency)


		• for each member of the audience, provide a transparency set & a list of references used


Participation:  Students are expected to have read the assigned papers by the dates indicated and to actively participate in class discussions of these papers.


Grading:	Lab Assignments (ca. 6 @ 10 pts. each)		   60%


		Oral Presentation					   30%


		Participation in Class Discussions			   10%


									______


		Total Points						 100%


		Approximate grade scale:  A = >90%, B = 80-90%, C = <80%


�
Rejected References:





Braithwaite, C.J.R., Taylor, J.D., and Glover, E.A., 2000, Marine carbonate cements, biofilms, biomineralization, and skeletogenesis: Some bivalves do it all: JSR, v. 70, p. 1129-38.


Reid, R.P., Macintyre, I.G., and Post, J.E., 1992, Micritized skeletal grains in northern Belize Lagoon: A major source of Mg-calcite mud: JSR, v. 62, p. 145-156.


Andrews, J.E., Christidis, S., and Dennis, P.F., 1997, Assessing mineralogical and geochemical heterogeneity in the sub-63 micron size fraction of Holocene lime muds: JSR, v. 67, p. 531-535.


Neumann, A.C., and Land, L.S., 1975, Lime mud deposition and calcareous algae in the Bight of Abaco, Bahamas: A budget: JSP, v. 45, p. 763-786.


Morse, J.W., 1984, The carbonate chemistry of Grand Bahama Bank waters: After 18 years another look: J. Geophys. Research, v. 89, p. 3604-3614.


Dix, G.R., 2001, JSR, v. 71, p. 155-66.


Shinn, E.A., Lloyd, R.M., and Ginsburg, R.N., 1969, Anatomy of a modern carbonate tidal flat, Andros Island, Bahamas: JSP, v. 39, p. 1202-1228.


Kinsman, D.J.J., and Park, R.K., 1976, Algal belt and coastal sabkha evolution, Trucial Coast, Persian Gulf, in Walter, M.R., ed., Stromatolites (Developments in Sedimentology 20): Amsterdam, Elsevier, p. 421-433.


Noffke, N., Gerdes, G., Klenke, T., and Krumbein, W.E., 2001, Microbially induced sedimentary structures—a new category within the classification of primary sedimentary structures: JSR, v. 71, p. 649-56.


Tedesco, L.P., and Aller, R.C., 1997, 210Pb chronology of sequences affected by burrow excavation and infilling: Examples from shallow marine carbonate sediment sequences, Holocene south Florida and Caicos platform, British West Indies: JSR, v. 67, p. 36-46.


Braga, J.C., Martin, J.M., and Riding, R., 1996, Internal structure of segment reefs: Halimeda algal mounds in the Mediterranean Miocene: Geology, v. 24, p. 35-38.


Perry, C.T., 2000, Factors controlling sediment preservation on a north Jamaican fringing reef: A process-based approach to microfacies analysis: JSR, v. 70, p. 633-648.


Jones, B., 1995, Processes associated with microbial biofilms in the twilight zone of caves: Examples from the Cayman Islands: JSR, v. A65, p. 552-560.


Minnery, G.A., 1990, Crustose coralline algae from the Flower Garden Banks, northeastern Gulf of Mexico: Controls on distribution and growth morphology: JSP, v. 60, p. 992-1007.


Opdyke, B.N., and Wilkinson, B.H., 1988, Surface area control of shallow cratonic to deep-marine carbonate accumulation: Paleoceanography, v. 3, p. 685-703.


Boss, S.K., and Wilkinson, B.H., 1988, Planktogenic/eustatic control on cratonic/oceanic carbonate accumulation: J. of Geology, v. 99, p. 497-513. 


James, N.P., Collins, L.B., Bone, Y., and Hallock, P., 1999, Subtropical carbonates in a temperate realm: Modern sediments on the southwest Australian Shelf: JSP, v. 69, p. 1297-1321.


Boreen, T.D., and James, N.P., 1993, Holocene sediment dynamics on a cool-water carbonate shelf: Otway, southeastern Australia: JSP, v. 63, p. 574-588.


Zuddas, P., and Mucci, A., 1994, Kinetics of calcite precipitation from seawater: I. A classical chemical kinetics description for strong electrolyte solutions: Geochim. Cosmochim. Acta, v. 58, p. 4353-4362.


Opdyke, B.N., and Wilkinson, B.H., 1993, Carbonate mineral saturation state and cratonic limestone accumulation: Amer. Journal of Science, v. 293, p. 217-234.


Mucci, A., 1986, Growth kinetics and composition of magnesian calcite overgrowths precipitated from seawater: Quantitative influence of orthophosphate ions: Geochim. Cosmochim. Acta, v. 50, p. 2255-2265.


Mackenzie, F.T., and Agegian, C.R., 1990?, Biomineralization and tentative links to plate tectonics, in Origin, Evolution, and Modern Aspects of Biomineralization in Plants and Animals, p. 11-27.


Martin, R.E., 1995, Cyclic and secular variation in microfossil biomineralization: Clues to the biogeochemical evolution of Phanerozoic oceans: Global and Planetary Change, v. 11, p. 1-23.
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