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Chair’s Message: 
 
Environmental science and engineering in the 21st century involves engaging multi-disciplinary efforts in the engineering, 
sciences, mathematics, humanities, law and education communities — efforts that focus on collaborative research in key areas 
where advances and innovations will require the knowledge and perspectives of multiple disciplines, developing and improving 
educational alliances among these communities, and applying multi-disciplinary expertise to problems of increasing societal 
importance and complexity, both in the U.S. and worldwide. The reasons for these efforts are compelling. Projected population 
growth within the U.S. and worldwide over the next several decades will lead to demands for Earth resources, including 
habitable space, at unprecedented scales, and with this an equally unprecedented need for strategies aimed at achieving the 
sustainable use of these resources. These environmental issues, however, involve much more than the technical nuts and bolts 
of the natural and physical sciences and engineering; they reach deeply into our very social fabric. Strategies aimed at success 
must therefore engage these nuts and bolts of the sciences and engineering, and key areas of the social sciences and humanities, 
law and education. Moreover, national leadership in these issues during the 21st century will come from individuals capable of 
excelling in their chosen specialties — whether in science or engineering — yet possessing the skills and a flare for 
communicating effectively across disciplines. The Environmental Science program, then, is aimed at providing an intellectual 
setting at Vanderbilt for educating our Nation’s next-generation leaders in the field of Environmental Science. 
 
This program represents an innovative, nationally distinguished alliance between the Departments of Civil and Environmental 
Engineering (School of Engineering) and Earth and Environmental Sciences (College of Arts and Science). Building on 
strengths in these departments, together with growing synergies between them, the Environmental Science program is 
committed to nurturing student interests that represent the intersection of traditional and emerging engineering and Earth-
science fields. It is a program dedicated to a mission of training students wherein they acquire versatile, adaptable skills and are 
therefore poised to excel in a diversity of career opportunities in all sectors of society. 
 
David Jon Furbish, Chair 
Department of Earth and Environmental Sciences 
 
David S. Kosson, Chair 
Department of Civil and Environmental Engineering 
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Vanderbilt University is an equal opportunity, 
affirmative action university. 

 
In compliance with federal law, including the provisions of Title IX of the Education Amendments of 1972, Sections 503 and 
504 of the Rehabilitation Act of 1973, and the Americans with Disabilities Act of 1990, Vanderbilt University does not 
discriminate on the basis of race, sex, religion, color, national or ethnic origin, age, disability, or military service in its 
administration of educational policies, programs, or activities; its admission policies; scholarship and loan programs; athletic or 
University-administered programs; or employment. Inquiries or complaints should be directed to the Opportunity Development 
Center, Baker Building, Box 1809 Station B, Nashville, TN 37235. Telephone (615) 322-4705 (V/TDD): Fax (615) 431-6871. 



FOR MORE INFORMATION Write, e-mail, or call:  
 
Professor Calvin Miller, Dir. of Graduate Studies 
(calvin.miller@vanderbilt.edu)  
Dept. of Earth & Environmental Sciences 
Vanderbilt University 
2301 Vanderbilt Pl. 
Station B 35-0105 
Nashville, TN 37235 [Tel. (615) 322-2232, 2976] 
(dept. website: http://www.vanderbilt.edu/ees/) 
 
Professor James H. Clarke, Dir. of Graduate Studies 
(james.h.clarke@vanderbilt.edu)  
Dept. of Civil and Environmental Engineering 
Vanderbilt University 
VU Station B 351831  
2301 Vanderbilt Place  
Nashville, TN 37235 [Tel. (615) 322-3897] 
(dept. website: http://www.cee.vanderbilt.edu/) 

 

RESEARCH AT VANDERBILT  
 
Faculty and students in the Environmental Science 
program pursue innovative interdisciplinary research 
that effectively combines pure and applied science, 
spanning deep geological timescales to human 
timescales. Our research programs are well-funded; 
projects are supported by ample laboratory facilities 
and instrumentation, including computational 
infrastructure, and they are topically and 
geographically diverse. Current projects are underway 
in many parts of the U.S., Europe, Asia, South 
America and Antarctica, and include field, laboratory, 
analytical and modeling components. Most of our 
research projects involve collaborations with scientists 
and engineers worldwide as well as here at Vanderbilt. 
Students in this program have access to top scientists 
and engineers in many fields worldwide as well as 
here at Vanderbilt, as well as to outstanding research 
facilities. 

GRADUATE STUDY IN  
ENVIRONMENTAL 
SCIENCE AT VANDERBILT 
UNIVERSITY 
http://www.vanderbilt.edu/ees/envsci/ 
 
The Environmental Science option, jointly administered by 
the Department of Civil and Environmental Engineering 
and the Department of Earth and Environmental Sciences, 
is aimed at excellence in research and graduate education in 
the science and engineering of: 

• Earth surface and subsurface dynamics of 
natural systems, involving the intersection of 
engineering and geological timescales; 

• natural and human-induced environmental 
hazards and associated risk management; and 

• management and restoration of environmental 
systems involving coupled physical, chemical 
and biological elements. 

These areas intersect critical national research priorities, 
with the recognition that environmental problems of the 
21st century will increasingly require vital perspective on how Earth’s physical and geochemical templates simultaneously 
sustain and threaten life, and influence human interactions with Earth. 
The Environmental Science program is committed to nurturing student interests that involve the intersection of traditional and 
emerging engineering and Earth science fields, focusing on unifying themes and tools in the study of environmental-system 
dynamics. It is a one-of-a-kind program in the Nation, dedicated to educating our next-generation leaders in the field of 
Environmental Science. 
 
We welcome applications from well-prepared students with backgrounds in mathematics, chemistry, physics and the life 
sciences, as well as from students in the Earth sciences and engineering. The Environmental Science program offers an 
intellectual setting where people, and ideas, thrive. We seek individuals capable of excelling in their chosen specialties — 
whether in science or engineering — yet possessing the skills and a flare for communicating effectively across disciplines.  
Vanderbilt is a private, comprehensive university with a total enrollment of about 10,000. It is located on a large, park-like 
campus within Nashville, the state capital and a dynamic city with a metropolitan population of more than one million.  
 

 



 

Core focus areas of research include: 
 
Environmental Risk Management and Stewardship 
• Contaminated site restoration  
• Environmental forensics  
• Environmental policy, security and long-term steward-

ship 
• Environmental risk assessment and communication  
• Hazardous and radioactive waste management and  

nuclear environmental systems 
Geochemical Processes 
• Accessory minerals as geochronometers  
• Crystal growth kinetics  
• Trace element mobility in Earth-surface environments  
• Trace elements in sulfide and sulfate minerals  
• Weathering of nano-structured materials  
Magmatic Processes and Crustal Evolution 
• Magma chamber dynamics and architecture 
• Plutonic-volcanic links 
• Eruption triggers  
• Origin and evolution of magmas  
• Origin and tectonic redistribution of continental crust   
Paleoecology and Coupled Physical-Biological Processes 
• Evolution of high-latitude ecosystems  
• Geologic history of burrowing and burrowing animals 
• Reconstructing ancient environments through modern 

ecological studies  
• Understanding how mammalian communities and their 

floral environments have responded to climate change 
during the Cenozoic   

• Hydrodynamic processes in aquatic ecology  
• Biodegradation activity of bacteria in soils and ground 

water 
Reliability Analysis 
• Methods of uncertainty analysis  
• Multi-scale systems analysis  
• Reliability assessment  
• Stochastic processes  
Sedimentary Processes 
• Fluvial, lacustrine, coastal and marine transport and  

depositional systems 
• Physical-biological interactions in sedimentary systems  
• River mechanics and morphodynamics  
Transport Phenomena 
• Fluid processes and material transport at  Earth’s surface 

and within its crust 
• Magma transport and emplacement  
• Molecular and multi-scale contaminant  transport and 

fate 
• Physical and chemical transport on  hillslopes, in rivers 

and in coastal zones 
 
Faculty and student research is discussed in more detail in the 
following pages. 
 
FACILITIES The departments of Environmental 

Engineering and Earth and Environmental Sciences own or 
have access to excellent experimental and analytical facilities 
on campus, and they are readily accessible to graduate 
students. Information can be found at: 
 
Environmental Engineering laboratory:  
http://www.cee.vanderbilt.edu/resources/environmental_eng_
lab.htm  
 
Earth and Environmental Sciences facilities: 
http://www.vanderbilt.edu/ees/facilities 
 
Other excellent resources include: 
Vanderbilt Science and Engineering Library:  
http://www.library.vanderbilt.edu/science/ 
Vanderbilt Spatial Analysis (GIS) Research Lab:  
http://www.vanderbilt.edu/sarl/index.html 
 

CURRICULUM AND REQUIREMENTS FOR THE 
DEGREES 

 
Students in the Environmental Science program may pursue 
studies leading to M.S. and Ph.D. degrees. Their programs of 
study involve coursework representing four knowledge and 
skill areas: 
• materials — the physicochemical nature of solid and  

fluid Earth materials; 
• processes — physical, chemical and biological pro 

cesses affecting the transport and fate of materials in 
environmental systems; 

• systems — the dynamics of environmental systems  
wherein materials and processes are coupled over a wide 
range of spatial and temporal scales; and 

• quantitative foundations — understanding and model ing 
uncertainty in environmental systems, notably as this 
pertains to science and engineering applications. 

 
The Environmental Science curriculum also involves a novel 
capstone course, team taught by faculty from participating 



 

departments, aimed at exposing students to a topic of 
international significance requiring application and synthesis 
of multi-disciplinary knowledge and skills.  For example, in 
2007 and 2008 this course focused on the proposed national 
nuclear waste repository at Yucca Mountain, Nevada.  In 
2010, the emphasis will be water issues in the coastal and 
deltaic environments of Bangladesh.  The cornerstone of the 
course is a major field trip to the area of interest. 
 
The interdisciplinary PhD program in Environmental Science 
requires 72 total credit hours, including course work 
(including independent studies and seminars) and dissertation 
research. Course work for EES students includes engineering 
courses and in many cases courses in other sciences and math 
to complement the emphasis in Earth & environmental 
sciences. [Conversely, those students who emphasize the 
engineering end of the collaboration will take some courses 
in Earth & Environmental Sciences to complement their 
environmental engineering.] We strongly recommend that 
students enter the program with a Master's degree, either from 
Vanderbilt or elsewhere; credit from the previous degree may 
count toward the 72 hour requirement. In any case, a sound 
scientific background (with or without engineering) for the 
research direction that is planned is required. The dissertation 
is planned by the student with the Director of Graduate 
Studies and an advisory committee. For more information, 
see the complete program description at: 
http://sitemason.vanderbilt.edu/files/jeOnHa/VU_Gradu-
ate_Studies_Environmental_Science.pdf 
 

ADMISSION 
 

Admission to the Environmental Science option in Envi-
ronmental Engineering can be pursued through either the 
Department of Civil and Environmental Engineering or the 
Department of Earth and Environmental Sciences; application 
materials are reviewed by faculty members from both 
departments. The electronic application is accessible at: 
https://graduateapplications.vanderbilt.edu/program_page.asp
?PROGRAM_ID=139 
Admission to the Environmental Science option is highly 
competitive. Applications must be accompanied by: 
• transcripts  
• three letters of recommendation, and  
• general aptitude GRE scores.  
The official deadline for receipt of applications is January 15. 
Early applications are preferred and have a better chance of 
success in considerations for financial aid. 
Foreign applicants with M.S. degrees are given higher 
priority for admission than applicants with B.S. or B.A. 
degrees; applicants must provide clear evidence of strong 
English communication skills, both written and oral. 
 

 
 
 
 

FINANCIAL AID 
 

Financial aid is available to students in the form of Teaching 
Assistantships or Research Assistantships. Highly qualified 
applicants are considered for departmental or University 
scholarships. Assistantships typically provide 9 month 
stipends starting at $16,200 (for 2009), plus health insurance 
and a full tuition waiver. Exceptional applicants may be 
considered for funding at higher stipend rates. Summer 
research and teaching assistantships paying up to $10,000 are 
also available. For those without aid, tuition is based on 
course load (~$1200/semester hour). 
 
Information and maps regarding the Nashville community, 
the Vanderbilt campus, housing, shopping, etc. can be found 
at: 
http://www.vanderbilt.edu/incoming/graduate.html 
 
Additional, useful information for foreign applicants (e.g. 
applying for a student visa) can be found at: 
http://www.vanderbilt.edu/incoming/international.html 



John Ayers (john.c.ayers@vanderbilt.edu) 
Ph.D. Rensselaer Polytechnic Institute, 1991 
Geochemistry 
Professor, Earth and Environmental Sciences 
Professor, Civil and Environmental Engineering 
Director of Graduate Studies, Earth and Environmental 
Sciences 

General Interests 

Interactions between 
fluids and rocks from the 
earth’s surface down to 
the mantle constitute the 
focus of John’s research.  
Fluids have played a 
primary role in the 
development of earth's 
crust, atmosphere, 
hydrosphere and 
biosphere. They are 
responsible for explosive 
volcanic eruptions and for 
the formation of most ore 
deposits.  John has 
studied subsurface mixing 
of groundwater and 
conducted field studies of 
contamination of surface- 
and ground-waters by 
organic contaminants.  He 
is interested in identifying 
factors that influence the 
mobility of trace 
elements, particularly 
heavy metals, in nature.  

He is also working on identifying environmental proxies for 
paleoclimate studies.  John worked for the Environmental 
Protection Bureau in New York State and is a registered 
Professional Geologist. 

Current Research 

John’s research projects are based in both the lab and field.  
Experiments performed in the laboratory are aimed at 
measuring solubilities of minerals and partition coefficients 
of trace elements.  These experiments have yielded important 
insights into mineral-fluid reactions and the mobility of trace 
elements in nature.  Field experiments are designed to test 
hypotheses that arise from lab experiments.  Field 
observations also raise new questions that may be addressed 
experimentally, so the two approaches are synergistic. 
 

John and his students use sophisticated analytical instruments 
such as the ion microprobe and LA-ICP-MS to measure trace 
element and isotopic compositions of growth zones within 
minerals. Combined with their experimental measurements, 
they can use these data to estimate the age and temperature of 
the growth event, and calculate the trace element and isotopic 
composition of the fluid that precipitated the mineral. 
 
John and his students are currently investigating the potential 
use of carbonate concretions from soils and of ooids for 
characterizing paleoclimate. The goal is to measure the age 
and oxygen isotope compositions of annual growth bands 
within concretions and ooids, which can be used to 
characterize changes in climate over thousands of years. 
 
Courses Taught 
Environmental Geochemistry, Sustainability 
Aqueous Geochemistry, Environmental Applications of 
Geochemical Modeling, Environmental Geology 

What Students Do 

Students choose whether they want to work in the lab, field, or both. 
Field studies have been conducted in central China, southern Nevada, 
eastern California, and middle Tennessee.  
 
Students measure the chemical and isotopic compositions of their lab 
and field samples using a variety of analytical tools: ion microprobe, 
electron microprobe, laser ablation ICP-MS, x-ray diffractometer, and 
scanning electron microscope.  The information they obtain provides 
powerful constraints on the timing and style of fluid-mineral 
interactions.  In the process, John’s students develop problem solving 
and laboratory skills and a better understanding of earth processes. 
This experience is highly relevant to environmental problems and to 
the understanding of ore deposits. It is thus very practical, leading to 
job opportunities, as well as contributing to our knowledge of large-
scale earth processes. 

Selected Publications (*student) 
Ayers, J. C., *Loflin, M., Miller, C. F., Barton, M. D., and 

Coath, C. D. (2006). In situ oxygen isotope analysis of 
monazite as a monitor of fluid infiltration during contact 
metamorphism: Birch Creek Pluton aureole, White 
Mountains, eastern California. Geology 34, 653-656. 

Lehner S.W., Savage K., Ayers J.C. (2006) Vapor growth and 
characterization of pyrite (FeS2) doped with Co, Ni, and 
As: Variations in semiconducting properties. Journal of 
Crystal Growth, v. 286, 306-317. doi: 
10.1016/j.jcrysgro.2005.09.062 

Bitting K., Ayers J.C., Savage K. (2005) Fact or fiction: The 
truth about water contamination in Manchester and 
Tullahoma, TN. In Proceedings of the Fifteenth Tennessee 
Water Resources Symposium, pp. 3C-20 to 3C-23, 
American Water Resources Association. 

 
John standing on the “Ultimate 
Stone” in the Temple of 
Heaven, Beijing, China. 



 
John doing field work in the Eldorado Mountains, southern Nevada. 

*Bryant D. L., Ayers J. C., Gao S., Miller C. F., and 
Zhang H. (2004) Geochemical, Age, and Isotopic 
Constraints on the Location of the Sino-
Korean/Yangtze Suture and Evolution of the 
Northern Dabie Complex, East Central China. 
Geological Society of America Bulletin 116, 698-
717. 

Gao S., Rudnick R.L., Yuan H.-L., Liu X.-M., Liu Y.-S., 
Ling W.-L., Ayers J.C., Wang X.-C. (2004) 
Recycling lower continental crust. Nature 432, 892-
897.  

Ayers J. C., *DeLaCruz K., Miller C., and Switzer O. 
(2003) Experimental study of zircon coarsening in 
quartzite ±H2O at 1.0 GPa and 1000°C, with 
implications for geochronological studies of high-
grade metamorphism. American Mineralogist 
88:365-376. 

Ayers J. C., *Dunkle S., Gao S., and Miller C. F. (2002) 
Constraints on timing of peak and retrograde 
metamorphism in the Dabie Shan Ultrahigh-Pressure 
Metamorphic Belt, east-central China, using U-Th-Pb 
dating of zircon and monazite. Chemical Geology 186(3-
4):315-331. 

Ayers, J.C., Miller, C.F., *Gorisch, E.B., *Milleman, J. (1999). 
Textural development of monazite during high-grade 
metamorphism: Implications for U,Th-Pb age dating.  
American Mineralogist 84:1766-1780. 

Ayers, J.C. (1998).  Trace element modeling of aqueous fluid – 
peridotite interaction in the mantle wedge of subduction 
zones. Contrib. Mineral. Petrol., 132:390-404. 

Ayers, J.C., *Dittmer, S.K., Layne, G.D. (1997).  Partitioning 
of elements between peridotite and 
H2O at 2.0-3.0 GPa and 900-1100 oC, 
and application to models of 
subduction zone processes. Earth 
Planet. Sci. Lett., 150:381-398. 

*Larrieu, T.L., Ayers, J.C. (1997). 
Measurements of the pressure-volume-
temperature properties of fluids to 20 
kbars and 1000 oC: A new approach 
demonstrated on water. Geochim. 
Cosmochim. Acta, 61:3121-3134. 

Rubin P.A., Ayers J.C., Grady K.A. (1992) 
Solution mining and resultant evaporite 
karst development in Tully Valley, 
New York, pp. 313-328, Proc. Third 
Conference on Hydrogeology, Ecology, 
Monitoring, and Management of 
Ground Water in Karst Terranes, 
Water Well Journal Pub. Co., 793 pp. 

 

 



 

James H. Clarke 
Ph.D. Theoretical 
Chemistry, The Johns 
Hopkins University 
Sustainable 
Environmental 
Protection, 
Performance 
Assessment of Waste 
Management Systems, 
Long Term 
Management and 
Monitoring of Legacy 
Radioactive and 
Hazardous Chemical Waste Sites, Environmental Forensics 
james.h.clarke@vanderbilt.edu, (615) 322-3897 
 
General Interests 
Jim is a Professor of the Practice in the Department of Civil 
and Environmental Engineering and Director of Graduate 
Studies for Environmental Engineering. He is also a 
Professor in Earth and Environmental Sciences. Prior to 
joining the full-time faculty of Vanderbilt, Jim spent 25 years 
in private practice with an international environmental 
consulting and engineering firm. For 14 of these years he 
served as Chairman, President and CEO. 
 
Jim’s research is focused primarily on several topics within 
the broad area of environmental management and decision-
making and includes investigation and remediation of 
contaminated sites, risk analysis, performance assessment for 
contamination isolation systems and monitoring and 
management of remediation end states for legacy radioactive 
and hazardous chemical waste sites. 
 
Jim is a former member of the Nuclear Regulatory 
Commission (NRC) Advisory Committee on Nuclear Waste 
and Materials and a consultant to the NRC Advisory 
Committee on Reactor Safeguards. He serves as a peer 
reviewer for the Department of Energy, the Environmental 
Protection Agency, the Nuclear Regulatory Commission, the 
National Academies and several journals and book 
publishers. 
 
Current Research 
Jim and his students are currently working on the major 
challenges associated with technology evaluation, 
performance assessment and long term monitoring and 
management for engineered contaminant isolation systems of 
hazardous chemical and radioactive waste and materials. This 
research includes data evaluation and the use of predictive 
mathematical models to 
forecast performance with the objective of using post 
construction monitoring data and other information to 

improve and build confidence in the assessment tools that are 
being used. The goal in all of this work is the development of 
risk-informed and performance based approaches and 
decision-making. 
Specific projects include: 

development of a modeling framework for the • 
transport of contaminants across the ground water- 
surface water interface 
the use of ecological assessment and monitoring • to 
improve performance assessment and post 
construction performance confirmation 
determinations of best practices for performance • 
assessments of waste management and 
environmental remediation technologies and site-
specific applications 
risk management decision-making for the • 
remediation and closure of mining sites 
modeling of contaminant transport within • 
phytoremediation systems 
quantitative evaluations of ways in which • 
individual behaviors affect potential carbon 
emissions and climate change. 

In all of this work, Jim and his students strive to improve the 
sustainability of the technology and the remediation and long-
term management approach (“Green environmental 
management”). 
 
Courses Taught 
Jim is the lead instructor for graduate and undergraduate 
courses on Environmental Assessments, Environmental 
Characterization and Analysis, and Technology and 
Environment. He is also an invited lecturer in courses on 
Safety, Security and Environmental Risk Management, 
Health Physics and Radiological Aspects of Environmental 
Engineering and in seminars on Energy and Environment. 
Jim served as the lead instructor for the Environmental 
Science Capstone Course on Deep Geologic Disposal of 
Nuclear Waste (The Yucca Mountain Project), and serves on 
the faculty charged with development and implementation of 
future Capstone Courses. 
 
What Students Do 
Jim is a primary research director and co-director for several 
students pursuing graduate degree options in Environmental 
Science, Engineering and Management. His students perform 
applied research designed to advance environmental 
management approaches and technologies. They participate 
in site visits and field reviews to see first-hand and learn 
about current cutting edge approaches and work as interns 
with selected Federal Agencies and Programs. Students are 
encouraged to present papers at major conferences and 
publish manuscripts in the  
leading peer-reviewed journals as part of their dissertation 
activities. 



 
Brooke Traynham (Ph.D. candidate), Jim and Jody 
Waugh (Stoller Corporation) view a groundwater 
monitoring well for the uranium mill tailings site at 
Gunnison, CO. 
 

Interim cover for the Maxey Flats low level 
radioactive waste site in KY. 

 

 
Selected Publications (*student) 
Traynham B*, J. H. Clarke, Burger, W. J. Waugh 2008, 

Monitoring the Long-Term Performance of Engineered 
Containment Systems: Mitigating Ecological Risks, Annual 
Meeting of the Society for Risk Analysis. 

Spradley*, L. L. M. Abkowitz and J. H. Clarke 2008, An 
Integrated Tool for Evaluating Pre-Closure Operational 
Performance of the Yucca Mountain Waste Management 
System, Manuscript accepted in Nuclear Technology. 

Clarke, J. H. and F. L. Parker, 2008. “Uranium Recovery and 
the Remediation of Uranium Mill Tailings-Russian and 
United States Experience, proceedings of a workshop on 
Cleaning Up Sites Contaminated with Radioactive 
Materials, sponsored by the U. S. Academy of Sciences and 
the Russian Academy of Sciences, Moscow Russia. 

Traynham, B.*, J H. Clarke and J. Burger 2008, Monitoring 
the Long Term Performance of Engineered Containment 
Systems: What Can We Learn from Ecological Monitoring 
Approaches?, Waste Management 08, Phoenix, AZ . 

Kostelnik, K. M*. and J H. Clarke, 2008. “Managing 
Residual Contamination-Reuse and Isolation Case Studies”, 
Remediation, Spring 2008, pp 75-97. 

Padgett, J. P.*, A. C. Steinemann, J. H. Clarke and M. P. 
Vandenbergh, 2008, “A Comparison of Carbon 
Calculators”, Environmental Impact Assessment Review, v. 
28 pp 106-115. 

Kostelnik, K. M*., J. H. Clarke and J. L. Harbour, 2007. “A 
Sustainable Environmental Protection System for the 
Management of Residual Contaminants”, invited 
contribution to Long-Term Management of Contaminated 
Sites, special issue of Research in Social Problems and 
Public Policy v. 13, pp 117-137. 

Clarke, J. H. 2007, Thoughts on Education and the Nuclear 
Rennaissance: What Have We Learned that Could be 
Important This Time, participation as invited panel member 
for and presentation in Session on “Preserving Worldwide 
Nuclear Competency – Where Education Institutonal 

Knowledge and Industry Meet”, Waste Management 07, 
Tucson AZ. 

Chien, C., H. I. Inyang and L. G. Everett 2006. Barrier 
Systems for Contaminant Containment and Treatment, 
contributor to Chapter One, CRC Press. 

Spradley*, L., M. Abkowitz and J. H. Clarke, 2006. “A Risk 
Assessment Methodology for Intentional Chemical and 
Biological Contamination of Distribution Systems”, Journal 
of Homeland Security and Emergency Management, v. 3. 
Issue 3.  

Clarke, J. H., L. G. Everett and S. Kowall, 2004. 
“Containment of Legacy Wastes During Stewardship”, 
International Seminar on Nuclear War and Planetary 
Emergencies 30

th 
Session, World Scientific. 

Clarke, J. H. M. M. MacDonell, E. D. Smith, R. J. Dunn and 
W.J. Waugh, 2004.“Engineered Contaminant and Control 
Systems: Nurturing Nature”, Risk Analysis 24(3),pp 771-
779. 



 

 
 

Fossil tapir from the Gray Fossil Site located in 
eastern Tennessee, sampled for stable isotope 
analyses. 
 

 
 

Sampling an extant tapir for stable isotope analyses. 
 

Larisa R. G. DeSantis 
Ph.D. University of Florida, 2009 
Vertebrate paleontology and paleoecology 
larisa.desantis@vanderbilt.edu, tel. (615) 343-7831 
http://www.vanderbilt.edu/ees/desantis  
 

General Interests 
Larisa DeSantis’s interdisciplinary research program focuses 
on understanding ecological dynamics through time, at a 
variety of spatial scales.  She examines modern ecosystems to 
constrain environmental reconstructions of fossil localities, 
and uses the fossil record to inform ecologists and 
conservation biologists about faunal and flora responses to 
climate change.  The integration of the disparate fields of 
ecology, paleontology, and geochemistry can synergistically 
improve understandings of long-term ecological dynamics.  
Specifically, her research goals include: 1) reconstructing 
ancient environments using modern ecological studies to help 
constrain paleoecological hypotheses; and, 2) understanding 
how mammalian communities and their floral environments 
have responded to climate change during the Cenozoic.   
 

Current Research 
Paleoecological tools including stable isotope, dental 
microwear, and morphology enable comparisons of modern 
and ancient terrestrial ecosystems across temporal 
boundaries.  DeSantis integrates these tools to clarify how 
changing climates have affected mammals and their floral 
environments through time, globally.  Her research program 
generally focuses on two major areas.  The first area aims to 
clarify the paleoecology of forest environments through time.  
Tapirs, extant browsers occupying forest environments today, 
are model organisms for examining forest distributions over 
the last 55 million years and their modern ecology can help 
constrain paleoecological interpretations of late Cenozoic 
fossil localities where tapirs are abundant.  Thus, DeSantis 
examines extant tapir populations throughout Central and 
South America to constrain ecological and climatic 
interpretations of fossil localities dominated by tapirs, 
primarily in the southeastern United States.  She is also 
examining modern forest communities to “ground truth” 
floral carbon isotope variation in temperate forests.  
 DeSantis’s second area of research aims to inform 
ecologists and conservation biologists about the effects of 
long term climate change on mammalian communities and 
their environments.  Currently, global climate change affects 
the composition and dynamics of mammalian communities 
and potentially increases their risk of extinction.  However, 
the long-term effects of global warming on extinct mammals 
are less understood.  Dietary reconstructions inferred from 
stable isotopes and dental microwear of fossil mammal teeth 
can document dietary niche partitioning, enable 
environmental inferences (e.g. grassland vs. forest), and 
allow for comparisons of aridity and/or relative seasonality 
over time.  Through the analyses of fossil communities 
during the late Cenozoic, DeSantis assess the affects of 
climate change on mammals experiencing interglacial 
warming in North America to increased aridity in Australia.  
Although she focuses on ungulate and marsupial mammals, 
she is currently working on extending analyses to also 
include xenarthrans (i.e. sloths, armadillos, and relatives), 
carnivores, and small mammals.   
 
What students do 
Opportunities for M.S. and Ph.D. students include a broad 
range of projects with questions pertaining to either modern 
and/or ancient ecosystems.  Masters students are encouraged 
to ask questions that can be appropriately answered using one 

or 



 

 

A student 
making tooth 
molds for 
dental 
microwear 
texture 
analysis. 
 

 Three-dimensional dental microwear of an extinct kangaroo. 
 

two paleoecological methods (e.g. stable isotope analyses, 
dental microwear texture analyses, morphological analyses, 
etc…), while Ph.D. students are encouraged to integrate 
multiple tools to answer interdisciplinary questions.  Potential 
projects likely include laboratory analyses of museum 
specimens and may incorporate field opportunities.  Students 
are also encouraged to communicate the broader impacts of 
their research to the public.  Masters students pursing 
paleoecological research will be well prepared for advanced 
degrees in either biological or geological disciplines and 
careers ranging from environmental management to 
secondary education.  Doctoral students are ideally suited to 
purse academic careers and/or engage in interdisciplinary 
professions that examine changing environments climates. 
 
 
    
 

 

 

 

Selected publications 

Schubert, B.W., Ungar, P.S., DeSantis, L.R.G.  Carnassial 
microwear and dietary behaviour in large carnivorans.  
Journal of Zoology (In press)   

Prideaux, G.J., Ayliffe, L.K., DeSantis, L.R.G., Schubert, 
B.W., Murray, P.F., Gagan, M.K., Cerling, T.E.  2009.  
Extinction implications of a chenopod browse diet for a giant 
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DeSantis, L.R.G., Feranec, R.S., MacFadden, B.J.  2009.  
Effects of interglacial warming on ancient mammalian 
communities and their environments.  PLoS ONE 4: e5750 
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DeSantis, L.R.G.  2009.  Straight from the mouths of horses 
and tapirs: using fossil teeth to clarify how ancient 
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DeSantis, L.R.G., MacFadden, B.J.  2007.  Identifying 
forested environments in Deep Time using fossil tapirs: 
evidence from evolutionary morphology and stable isotopes.  
Courier Forschungsinstitut Senckenberg 258: 147-157 
(Special Issue: Advances in Angiosperm Paleobotany and 
Paleoclimatic Reconstruction – Contributions Honoring 
David L. Dilcher and Jack A. Wolfe)  
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Change Biology 13: 2349-2360 

DeSantis, L.R.G.  2007.  Clarifying tropical cyclone activity 
in centuries past.  Science Teacher 74(6): 78-84 



  

David Jon Furbish (david.j.furbish@vanderbilt.edu) 
Ph.D. University of Colorado, 1985 
Hydrology, Geomorphology and Fluid Mechanics 
david.j.furbish@vanderbilt.edu; tel. (615) 322-2976 
http://www.vanderbilt.edu/ees/davidjonfurbish 

General Interests 
David Furbish’s 
research involves 
environmental fluid 
mechanics and 
transport theory 
applied to problems 
in hydrology and 
geomorphology, and 
the intersection of 
these fields with 
ecology. His work 
combines theoretical, 
experimental, 
computational and 
field-based 
components aimed at 
understanding the 
dynamics of Earth 

surface, and near-surface, systems spanning human to 
geomorphic time scales. More recently, David has become 
increasingly involved in research — inspired by Calvin 
Miller and his students — aimed at understanding the fluid 
dynamics of magma chambers. David has taught courses in 
introductory geology, hydrology and geomorphology, 
transport processes in Earth and environmental systems, and 
hydrodynamics. He is author of the text, “Fluid Physics in 
Geology,” published by Oxford University Press.. 
 
Current Research 
David’’s current research with the Earth-Surface Dynamics 
and Fluid Mechanics group is centered on four projects 
involving collaborators around the nation. The first is aimed 
at clarifying the mechanisms of soil transport and production 
associated with biological activity in concert with 
geochemical processes, and the coevolution of soils and 
hillslopes over thousands to millions of years. The second 
project is aimed at clarifying the dynamics of river bars as 
influenced by flooding, and nutrient transport and spiraling in 
relation to bar morphology, benthic habitat and benthic 
trophic structure. This work involves theoretical and field-
based components. The third project is focused on coastal 
eco-hydrology; it is aimed at characterizing the geomorphic-
ecological response of salt marshes to changing sea level as 
influenced by feedbacks between tidal inundation and plant 
structure. In addition, David is collaborating with Calvin 
Miller and his students on theoretical and experimental work 
aimed at clarifying how magmas and particles interact and 
undergo stirring and mixing during emplacement within 
magma chambers. 
 
What Students Do 
Student research projects span a wide breadth of topics in 
hydrology and geomorphology, and typically combine theory 
with field-based, computational or experimental work. Recent 

and current examples include: the theory and measurement of 
flow-velocity structure in very rough channels as this pertains 
to river mechanics problems; hyporheic flow and 
hydrodynamic dispersion related to channel bar structure as 
this influences nutrient spiraling; the geomorphic evolution of 
soil-mantled hillslopes as influenced by biological and 
geochemical processes; tidally-driven groundwater 
circulation in a coastal aquifer modeled with a Hele-Shaw 
apparatus; the physical-biological responses of coastal salt 
marshes to sea-level rise; the hydrodynamics of sand dollars 
in relation their functional morphology and group behavior; 
and high-speed imaging of sediment grain motions during 
rainsplash transport. Students acquire training in the universal 
languages of fluid mechanics and transport phenomena — 
skills that contribute to their developing a flair for 
interdisciplinary communication and research. Former 
students have pursued careers in academics, government 
agencies, private consulting firms, and environmental law.  
 
Selected Publications  
Hillslopes 

*Mudd, S. M. and Furbish, D. J. 2007. Responses of soil-
mantled hillslopes to transient channel incision rates. 
Journal of Geophysical Research — Earth Surface, 112, 
F03S18, doi: 10.1029/2006JF000516. 

Furbish, D. J., *Hamner, K. K., Schmeeckle, M. W., 
*Borosund, M. N. and *Mudd, S. M. 2007. Rainsplash of 
dry sand revealed by high-speed imaging and sticky-
paper splash targets. Journal of Geophysical Research — 
Earth Surface, 112, F01001, doi: 
10.1029/2006JF000498. 

*Mudd, S. M. and Furbish, D. J. 2006. Using chemical 
tracers in hillslope soils to estimate the importance of 
chemical denudation under conditions of downslope 
sediment transport. Journal of Geophysical Research — 
Earth Surface, 111, F02021, doi: 
10.1029/2005JF000343. 

Heimsath, A. M., Furbish, D. J. and Dietrich, W. E. 2005. 
The illusion of diffusion: Field evidence for depth-
dependent sediment transport. Geology, 33, 949-952. 

*Mudd, S. M. and Furbish, D. J. 2005. Lateral migration of 
hillcrests in response to channel incision in soil mantled 
landscapes. Journal of Geophysical Research — Earth 
Surface, 110(12), F04026, doi: 10.1029/2005JF000313. 

*Mudd, S. M. and Furbish, D. J. 2004. Influence of 
chemical denudation on hillslope morphology. Journal of 
Geophysical Research — Earth Surface, 109, F02001, 
DOI:10.1029/2003JF000487. 

Furbish, D. J. 2003. Using the dynamically coupled 
behavior of land-surface geometry and soil thickness in 
developing and testing hillslope evolution models. in P. 
Wilcock and R. Iverson (Eds.), Prediction in 
Geomorphology, American Geophysical Union, 
Geophysical Monograph 135, Washington, D.C., 169-
181. 

Rivers 
*Byrd, T. C. and Furbish, D. J. 2000. Magnitude of 

deviatoric terms in vertically-averaged flow equations. 



  

Earth Surface Processes and Landforms, 25, 319-328. 
*Byrd, T. C., Furbish, D. J. and Warburton, J. 2000. 

Estimating depth-averaged velocities in rough channels. 
Earth Surface Processes and Landforms, 25, 167-173. 

Furbish, D. J. 1998. Irregular bed forms in steep, rough 
channels: 1. Stability analysis. Water Resources 
Research, 34, 3635-3648. 

Furbish, D. J., *Thorne, S. D., *Byrd, T. C., Warburton, J., 
*Cudney, J. J. and *Handel, R. W. 1998. Irregular bed 
forms in steep, rough channels: 2. Field observations. 
Water Resources Research, 34, 3649-3659. 

*Thorne, S. D. and Furbish, D. J. 1995. Influences of 
coarse bank roughness on flow within a sharply curved 
river bend. Geomorphology, 12, 241-257. 

Furbish, D. J. 1993. Flow structure in a bouldery mountain 
stream with complex bed topography. Water Resources 
Research, 29, 2249-2263. 

Furbish, D. J. 1991. Spatial autoregressive structure in 
meander evolution. Geological Society of America 
Bulletin, 103, 1576-1589. 

Coastal Processes 
*Mudd, S. M., Fagherazzi, S., Morris, J. T. and Furbish, D. 

J. 2004. Flow, sedimentation, and biomass production on 
a vegetated salt marsh in South Carolina: toward a 
predictive model of marsh morphologic and ecologic 
evolution. in S. Fagherazzi, A. Marani and L.K. Blum 
(editors), The Ecogeomorphology of Tidal Marshes, 
Amer Geophys Union, Washington, D.C., pp 16-187. 

*Mango, A. J., Schmeeckle, M. W. and Furbish, D. J. 
2004. Tidally-induced groundwater circulation in an 
unconfined aquifer modeled with a Hele-Shaw cell. 
Geology, 32, 233-236. 

Fagherazzi, S., Gabet, E. J. and Furbish, D. J. 2003. The 
effect of bidirectional flow on tidal planforms. Earth 
Surface Processes and Landforms, 29, 295-309. 

Hydrology 
Fagherazzi, S., Furbish, D. J., Rasetarinera, P. and 

Hussaini, M. Y. 2004. Application of the discontinuous 
spectral Galerkin method to groundwater flow. Advances 
in Water Resources, 27, 129-140. 

Fagherazzi, S., Rasetarinera, P., Furbish, D. J. 
and Hussaini, M. Y. 2004. Numerical 
solution of the dam break problem with a 
discontinuous Galerkin method. Journal of 
Hydraulic Engineering, 130, DOI: 
10.1061/(ASCE)0733-9429(2004)130:6(1). 

*Sun, H. and Furbish, D. J. 1997. Annual 
precipitation and river discharges in Florida 
in response to El Niñño- and La Niñña-sea 
surface temperature anomalies. Journal of 
Hydrology, 199, 74-87. 

*Sun, H. and Furbish, D. J. 1995. Moisture 
content effect on radon emanation in porous 
media. Journal of Contaminant Hydrology, 
18, 239-255. 

Furbish, D. J. and Parker, W. C. 1992. On the 
lengths of crossing excursions: the case of a 

discrete normal process with underlying exponential 
autocovariance. Stochastic Hydrology and Hydraulics, 6, 
167-182. 

Furbish, D. J. 1991. The response of water level in a well to 
a time series of atmospheric loading under confined 
conditions. Water Resources Research, 27, 557-568. 

Furbish, D. J. 1988. The influence of ice layers on the 
travel time of meltwater flow through a snowpack. Arctic 
and Alpine Research, 20, 265-272. 

Fluids and Transport Phenomena 
Furbish, D. J., Schmeeckle, M. W. and Roering, J. J. 

Thermal and force-chain effects in an experimental, 
sloping granular shear flow. (in review) 

Furbish, D. J., Haff, P. K., Schmeeckle, M. W. and 
*Childs, E. M. Rainsplash transport as a novel advection-
dispersion process. (in preparation) 

**Bleick, H. A., Miller, C. F. and Furbish, D. J. Fluid-
mechanical insights on gravity-driven intrusion of mafic 
magma into a felsic host: development of mafic-felsic 
layering punctuated by felsic “pipes.” (in preparation) 

**Sonke, J. E., Furbish, D. J. and Salters, V. J. M. 2003. 
Dispersion effects of laminar flow and spray chamber 
volume in capillary electrophoresis-inductively coupled 
plasma-mass spectrometry: A numerical and 
experimental approach. Journal of Chromatography A, 
1015, 205-218. 

Furbish, D. J. 1997. Fluid physics in geology: An 
introduction to fluid motions on Earth’s surface and 
within its crust. New York: Oxford Univ Press, 476 pp. 

Paleontology 
Furbish, D. J. and Arnold, A. J. 1997. Hydrodynamic 

strategies in the morphological evolution of spinose 
planktonic foraminifera. Geological Society of America 
Bulletin, 109, 1055-1072. 

Furbish, D. J., Arnold, A. J. and **Hansard, S. P. 1990. 
The species censorship problem: a general solution. 
Mathematical Geology, 22, 95-106. 

* student author supervised by Furbish 
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Steven Goodbred  
Ph.D., 1999 College of William and Mary  
Virginia Institute of Marine Science  
Sedimentology and Quaternary Environments  
steven.goodbred@vanderbilt.edu; tel. (615) 343-6424  
http://www.vanderbilt.edu/ees/Goodbred  

General Interests  

Steve Goodbred investigates the 
interaction of environmental 
systems along the boundary of 
land and ocean– particularly 
within rivers, deltas, and coastal 
wetlands. This portion of the 
continental margin is a critical 
gateway that links the 71% of 
Earth covered by ocean with the 
much smaller land surface that is 
home to 6 billion people. 
Moreover, half of this human 
population lives within 100 km of 
the coast, whereby added risk is 
assumed for regional 
environments, physical infrastructure, economy, and culture.  
Just in the past decade we have observed the recurring 
hazards that threaten the coastal environment and 
populations, including tsunamis, hurricanes, erosion and land 
loss – less obvious are the longer-term impacts of climate 
change, sea-level rise, and overpopulation.  Weaved within 
this global situation remain many fundamental questions 
about past environmental change, about the recurrence and 
impact of coastal hazards, and the effect of human alterations 
to the landscape.  These are some of the broader issues 
related the research in our lab and Vanderbilt's Earth and 
Environmental Sciences Department.  

Current Research  

Steve’s ongoing research projects are being conducted in 
three primary arenas — (1) marshes, coasts, and estuaries of 
the U.S. Atlantic coast; (2) the massive Himalayan rivers and 
deltas of South Asia, and most recently, (3) the arid coastal 
plains of northern Peru.  

Along our nation’s coasts, Steve and his lab interpret high-
resolution sedimentary records to understand the history and 
behavior of shoreline environments over timescales of years 
to millennia. This research includes the response of salt 
marshes to sea-level change, anthropogenic activities, and 
climate over the last century, as well as longer-term studies 
on the development of coastal ecosystems during the 
Holocene transgression. Most recently we have been 
pursuing evidence for a possible major tsunami event 
along the New York metropolitan coast about 2300 years 
ago (see Fig. 1).  This exciting research involves 
collaborators from Columbia University, some of whom are 
also investigating whether an extraterrestrial impact event 
occurred around the same time.  In the coming few years, we 

hope to be able to 
confirm whether 
the New York 
region indeed 
experienced a 
series of 
devastating and 
related events just 
2300 years ago. 

In South Asia, 
Steve’s research 
focuses on the 
major deltas being 
formed by rivers 
draining the 
Himalayas. Driven 
by a strong but 
variable monsoon 
climate, this 
region presently 
sustains seven of the world’s ten largest rivers and four out 
of every ten humans on the planet – it is an amazing region!  
Research over the past several years has centered on the 

country of Bangladesh and its dominant feature, the Ganges-
Brahmaputra river delta. Within this complex system, though, 
we are addressing a great variety of topics.  One of the most 
environmentally and culturally significant is work on the 
widespread contamination of groundwater by arsenic, 
which is poisoning 10s of millions of people in the region.  
Our role in the study of this problem has been to understand 
how the bewildering heterogeneity of arsenic concentrations 
can be understood in the context of delta and floodplain 
evolution – for, in fact, the distribution of sediments within 
the shallow aquifer largely define both groundwater flow and 
sediment geochemistry.  We are also investigating how the 
mighty Himalayan rivers have varied through the Quaternary 
glacial epochs, when climate variability has caused dramatic 
changes in the strength of these monsoon-fed rivers.  We are 
not only landlubbers but do much of our work offshore in 
the marine zone.  In just the past two years we have been 
fortunate that our research has captured the impacts of a 
major cyclone that struck the region in 2007, resulting in 
major offshore sediment failures documented with our 
subbottom sonar system (Fig. 2) 

The newest research around the Goodbred lab is a project in 
coastal Peru being conducted with Prof. Tom Dillehay from 
Vanderbilt's Department of Anthropology. The project 
focuses on a pre-ceramic archaeological site that was 
active from 8000-3000 year ago.  Goodbred and students are 
reconstructing the history of floodplain development near the 
site to understand how major cultural changes may be linked 
with environmental change during this period (Fig. 3).   

 

 

What Students Do 

Figure 1 – Photographs 
of two sediment cores 
from the New York 
coastal region. The 
cores show fine-grained 
freshwater and marine 
sediments that are 
separated by a thick, 
graded sand and gravel 
deposit.  Ongoing 
research at Vanderbilt 
is seeking to determine 
whether this deposit, 
and many others dated 
to the same age, reflect 
the impact of a major 
tsunami on the New 
York coast about 2300 
years ago. (scale: the 
cores sections are 
about 1 meter long) 



One of the primary tools Steve’s group uses in these studies 
is radioisotope geochronology, which makes use of sediment-
bound radionuclides to reconstruct patterns of accretion and 
sediment dynamics. This suite of nuclides – including 7Be, 
234Th, 137Cs, and 210Pb – encompass timescales from months 
to decades and are delivered via atmospheric, terrestrial, and 
marine pathways, thereby allowing a broad range of 
questions to be addressed. The radionuclides are measured by 
gamma-decay spectrometry in Vanderbilt's Sediments Lab.  

In addition to radioisotope techniques, other methods used in 
our study of the sedimentary record include coring (Fig. 1) 
and sub-bottom profiling (Fig. 2), the latter using an 
Edgetech chirp sonar system and 3D Triton post-processing 
software. The Sediments Lab is also home to a Geotek high-
resolution core logger with magnetic susceptibility, natural 
gamma attenuation, and high-resolution digital camera used 

for the continuous downcore measurement of physical 
sediment properties. Our work employs geochemical 
approaches as well, particularly using elemental and isotopic 
fingerprints to assess provenance in mixed sediments.  These 
include Sr and Nd isotopes, major and trace elements, and U-
Pb dating of zircons. 

In the recent past, graduate students working with Steve have 
conducted a range of projects. Those who have tackled 
projects in the U.S. have mainly worked in coastal settings 
such as salt marshes and lagoon systems. Such projects 
involve frequent field work for sample and data collection. 
For M.S. students, such sedimentary research is appropriate 
for careers in environmental consulting, environmental law, 
science writing, and science teaching. At the Ph.D. level, 
students will become prepared for careers in college teaching, 
academic research, and government agencies (e.g., USGS, 

EPA). Graduate students interested in working on foreign 
projects will have the opportunity to travel overseas and 
spend many weeks or more in the field. However, trips are 
often a year or more apart, often making such projects suited 
to a Ph.D. curriculum. However, several hard-working M.S. 
students have done well in tackling foreign research projects. 
For a career, the questions being addressed in our Ganges-
Brahmaputra research are new, exciting, and provide 
important contributions to the earth sciences. Students 

pursuing this type of project will be best prepared for an 
academic career, especially one with a focus on research. 
The experience in a foreign nation and the relevance to 
human issues can also open doors with international 
consulting firms and non-governmental agencies.  

Example Publications (*student co-author) 

*Weinman, B.A., Goodbred, S., Zheng, Y., van Geen, A., 
Aziz, Z., Srivastava, P., 2008. Arsenic concentrations in 
shallow groundwater of Araihazar, Bangladesh: Geological 
control through floodplain evolution. GSA Bulletin, 120: 
1567–1580.  

Giosan, L., and Goodbred, S.L., 2007. Deltaic 
Environments. In Encyclopedia of Quaternary Science. 
Elsevier, p. 704-716. 

Goodbred, Jr., S.L., 2003. Response of the Ganges dispersal 
system to climate change: a source-to-sink view since the 
last interstade. Sedimentary Geology, 162:83-104.  

Goodbred, Jr., S.L., and Kuehl, S.A., 1998. Floodplain 
processes in the Bengal Basin and the storage of Ganges-
Brahmaputra river sediment: an accretion study using 
137Cs and 210Pb geochronology. Sedimentary Geology, 
121:239-258.  

Figure 2 – Subbottom sonar record of the Swatch of No Ground 
submarine canyon off the Ganges-Brahmaputra river delta in South 
Asia. This image shows several massive U-shaped valleys formed by 
sediment failures during Cyclone Sidr in 2007. 

 
Figure 3 – EES student Mike Ramirez playing in the sand and gravel 
shoreface deposits of coastal Peru.  These exposed units were deposited 
during a highstand of sea level in the middle Holocene.  Overlying the 
shoreline deposits are muddy floodplain sediments emplaced by major El 
Niño floods occurring in the late Holocene.  
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Motivation 

The fundamental goal of my research is to better 
understand the evolution of magma bodies, in particular 
silica-rich magma bodies. I aim to unravel the processes that 
shape the evolution of these magma bodies, and to constrain 
their physical state at various stages of their evolution. I pay 
particular attention to the stages leading to eruption, and in 
the conditions that make eruptions possible, likely, or 
inevitable. I am especially interested in combining the 
volcanic and plutonic records in this effort. 

I pursue these problems by exploring the detailed record 
of magmatic processes preserved in minerals and vesicles 
(i.e. bubble casts), such that my research lies at the interface 
between petrology, mineralogy, and geochemistry. I study 
two facets of the rock record. On one hand, I use the physical 
distribution of crystals and vesicles, their sizes and contact 
relations – what we call textures. On the other hand, I use 
mineral compositions and compositional variations (zoning) 
not only to yield information on the internal histories of 

crystals, but also to correlate the textural evolution with the 
more studied chemical evolution. 
Ongoing Research 

I currently divide my research efforts into five 
interdependent projects, variable in nature but all dealing 
with the evolution of silica-rich magmatic systems along the 
lines discussed above. All of these efforts benefit from the 
participation of students, from junior undergraduates to 
graduating masters students. 

(1) Conditions and timescales of crystallization of the 
Bishop Tuff giant magma body and its supereruption  
(with Alfred Anderson, Steve Sutton, Mark Rivers – 
Chicago) 

In this project, we combine crystal size distributions, 
trace-element zoning of quartz and sanidine crystals, and 
textures of melt inclusions in quartz to assess the conditions 
and the timescales of crystallization of the Bishop magma, 
which culminated with a supereruption that deposited > 600 
km3 of rock at the surface and formed the Long Valley 
Caldera (California).  

Three lines of evidence indicate that crystallization was 
much faster than originally thought, on the order of thousands 
of years, rather than hundreds of thousands of years (see 
image). Also, we find that an important event took place 
close to eruption time and led to significant crystallization in 
disequilibrium conditions. Results have important 
implications to the evolution of silicic systems and to the 
assessment and mitigation of hazard related to 
supereruptions. 

Graduate student Ayla Pamukcu documented textures of 
pumice using x-ray tomography for her senior thesis in 
Chicago.  

(2) Accessory mineralogy and evolution of the Peach 
Spring Tuff magma 
(with Calvin Miller, John Ayers - VU, Charles Ferguson - 
Arizona State Survey, Jonathan Miller - San Jose State) 

The Peach Spring Tuff is a very large rhyolitic deposit 
exposed in Nevada and Arizona formed during a 
supereruption ca. 18.5 Ma. It is remarkable by its rich 
accessory mineralogy, which provides a unique opportunity 
to understand the evolution of silicic magmas that feed 
supereruptions. We are using a combination of mineral and 
glass chemistry, detailed textural analysis (see image), whole-



rock geochemistry, and age-dating to explore the evolution of 
this magma body. 

Graduate student Ayla Pamukcu is documenting textures 
using x-ray tomography, which will be combined with 
compositional information on accessory minerals like zircon 
and sphene (titanite). Graduate student Tamara Carley is 
studying whole-rock and glass major element geochemistry, 
which will be used to model the evolution of the Peach 
Spring magma using MELTS. 

(3) Volcano-pluton connections in silicic magmatic 
systems of the Colorado River Extensional Corridor  
(with Calvin Miller - VU, Alfred Anderson - Chicago) 

We are studying rocks from the Searchlight Pluton and the 
potentially correlative Highland Range in Nevada trying to 
detail the connections between volcanic and plutonic systems 
exquisitely exposed in the area. 

Graduate student Lindy Colombini just completed her 
thesis on the petrology of the Highland Range. Field, 
petrographic, and age-dating (U-Pb SHRIMP on zircon, Ar-
Ar on sanidine) show that the Highland Range sequence 
grades from dacitic and predominantly effusive at the bottom 
to rhyolitic and predominantly explosive at the top, 
suggesting a shift in eruptive style with differentiation. The 
data on sphene and zircon suggest the two minerals record 
different stages of the crystallization interval (see plot), while 
glass compositions reflect significant sphene fractionation.  

Pamukcu is developing methods to derive zircon size 
distributions using acid dissolution of rock and x-ray 
radiography of thick sections, which she will use to test 
potential connections between potential plutonic and volcanic 
counterparts. 

(4) Eruptive potential of silicic magmas: Thermodynamic 
and fluid dynamics modeling  
(with Mark Ghiorso - OFM Research, Joe Dufek - GA Tech) 

In this new project, we want to better understand why 
some silicic magmas erupt while others stall in the 
subsurface, and why do some magmas erupt effusively while 
others erupt explosively. As part of this project, we will (a) 

devise a self-consistent thermodynamic model that can more 
accurately reproduce phase equilibria in silicic magmas; (b) 
couple this model with a fluid dynamics model of the time-
dependent evolution of silicic magma bodies and surrounding 
country rocks; and (c) compare modeling results to natural 
occurrences, with the aim of understanding differences in 
eruptive style and triggering mechanisms that trigger 
explosive activity. 

Undergraduate Robin Vaum and graduate student Tamara 
Carley will apply the resulting models to try to better 
understand the conditions that led to eruption in the Highland 
Range and of the Peach Spring Tuff. 

(5) Chronology of A-type magmatism and sedimentation 
in southern Brazil  
(with Brendan Bream - VU, Renato Almeida - São Paulo) 

We are studying zircons from granitic, volcanic and 
sedimentary rocks in order to better understand the 
chronology of A-type magmatism in southern Brazil, and its 
relation to the evolution of sedimentary basins in southern 
Brazil.  

Undergraduate student Steven Braun has been dating 
zircons from a variety of Brazilian rocks using Laser 
Ablation ICP Mass Spectrometry, and he is also 
characterizing zircons from Zirconia (NC) to evaluate its 
potential as an analytical standard (see plot).

 
Upcoming presentations (*student) 
*Braun SA, Bream BR, Gualda GAR (2009) Age and chemistry of 

megacrystic zircons from Zirconia, NC. GSA Fall Meeting. 
*Carley TL, Miller CF, Ferguson CA, Gualda GAR, *Pamukcu AS, 

Wooden JL, Miller J, Gaudio SJ, Varga RJ (2009) supereruption of 
Peach Spring Tuff: New insights from caldera-fill and outflow 
pumice and accessory minerals. GSA Fall Meeting. 

*Colombini LL, Miller CF, Gualda GAR, Wooden JL, Miller JS 
(2009) Geochemistry and petrogenetic significance of sphene: 
Evidence from the Miocene Highland Range volcanic sequence, 
southern Nevada. AGU Fall Meeting. 

*Pamukcu AS, Gualda GAR, Miller CF, Wooden JL, Ferguson CA 
(2009) Evolution of the Peach Spring Tuff (Southwest USA) magma 
body revealed by textures and compositions of accessory minerals. 
AGU Fall Meeting. 

*Vaum RC, Gualda GAR, Ghiorso MS, Miller CF, *Colombini LL 
(2009) Using MELTS to understand the evolution of silicic magmas: 
Challenges and successes in modeling the Highland Range Volcanic 
Sequence (NV). AGU Fall Meeting. 

Gualda GAR & Ghiorso MS (2009) Crystallization of the 
Bishop magma body (or magma bodies?): Lessons from 
thermodynamics. AGU Fall Meeting. 

Selected publications  
(Complete publication list at www.vanderbilt.edu/ees/gualda) 

Gualda GAR & Ghiorso MS (2007) Magnetite scavenging and the 
buoyancy of bubbles in magmas. Part 2: Energetics of crystal-bubble 
attachment in magmas. Contributions to Mineralogy and Petrology, 
154: 479-490 [DOI:10.1007/s00410-007-0206-8] 

Gualda GAR & Anderson AT Jr. (2007) Magnetite scavenging and the 
buoyancy of bubbles in magmas. Part 1: Discovery of a pre-eruptive 
bubble in early-erupted Bishop rhyolite using x-ray tomography. 
Contributions to Mineralogy and Petrology, 153: 733-742 
[DOI:10.1007/s00410-006-0173-5] 

Gualda GAR & Vlach SRF (2007) The Serra da Graciosa A-type 
Granites & Syenites, southern Brazil. Part 2: Petrographic and 
mineralogical evolution of the alkaline and aluminous associations. 
Lithos, 93: 310-327 [DOI:10.1016/j.lithos.2006.06.002] 

Gualda GAR (2006) Crystal size distributions derived from 3D 
datasets: Sample size versus uncertainties. Journal of Petrology, 47: 
1245-1254 [http://dx.doi.org/10.1093/petrology/egl010] 

Gualda GAR & Rivers M (2006) Quantitative 3D petrography using x-
ray tomography: Application to Bishop Tuff pumice clasts. Journal 
of Volcanology and Geothermal Research, 154: 48–62 
[http://dx.doi.org/10.1016/j.jvolgeores.2005.09.019] 



 

 

George Hornberger 
Distinguished University Professor 
Director, Vanderbilt Institute for Energy and Environment 
Professor of Civil and Environmental Engineering 
Professor of Earth and Environmental Sciences 
 
Ph.D. Stanford University, 1970 
Hydrology 
 
office: 293 Jacobs Hall. 
phone: 615-322-8223 
email: g.hornberger@vanderbilt.edu 

 
I previously was a 
professor at the 
University of Virginia 
for many years and 
also have been a 
visiting scholar at the 
Australian National 
University, Lancaster 
University, Stanford 
University, the United 
States Geological 
Survey (USGS), the 
University of 
Colorado, and the 
University of 
California at Berkeley. 

I was President of the Hydrology Section of AGU from 
2006-2008. I have been a member of the Nuclear Waste 
Technical Review Board (a Presidential appointment) since 
April 2004. I have served on numerous National Research 
Council -- the operating arm of the National Academies -- 
boards and committees including as chair of the Commission 
on Geosciences, Environment, and Resources (1996-2000) 
and chair of the Board on Earth Sciences and Resources 
(2003-present). 
 
General Interests 
Understanding how hydrological processes affect the 
transport of dissolved and suspended constituents through 
catchments and aquifers is one of the main aims of the 
current interest studies of Earth surface processes. Water is 
“the universal solvent.”  Water chemically weathers rocks 
and soils, carrying dissolved salts from the continents to the 
seas.  It interacts with decaying vegetation and carries 
organic carbon seaward.  Water readily carries chemicals 
that humans use to the sea, including fertilizers and other 
agrochemicals.  The global water cycle is thus linked to 
other element cycles, for example, to carbon and nitrogen 
cycles, and is inextricably linked with a host of ecosystem 
functions.  Moving water carries suspended solids as well 
as dissolved salts, so the water cycle is also closely tied to 
cycles of erosion and sedimentation. 
 
 
 

Current Research 
My work has centered on the coupling of field observations 
with mathematical modelling. The focus has been to 
understand how water is routed physically through soils and 
rocks to streams and how hydrological processes and 
geochemical processes combine to produce observed stream 
dynamics. Currently I am working on dissolved organic 
carbon dynamics with colleagues at Stroud Water Research 
Center, on nitrate dynamics in coastal-plain streams and  
catchments with colleagues at University of Virginia, and on 
several projects related to energy-environment interactions 
with colleagues here at Vanderbilt. 
 
What Students Do 
 
Students working with me for the past ten years or so have 
done work in either catchment hydrochemistry or in transport 
of colloids. For concrete examples, see the selected 
publications below with former students as co-authors. 
Temple Lee worked with me when he was an undergraduate 
student; he is currently a graduate student at the University 
of Virginia studying atmospheric sciences. Janna Levin is 
now an Assistant Professor at the North Carolina School of 
the Arts. Danny Welsch is an Assistant Professor at 
Frostburg State University. Carl Bolster is a research 
scientist with USDA. Chuanhui Gu is a post-doctoral fellow 
at the Berkeley Water Center. Justin Lawrence is a Ph.D. 
student at Berkeley. 



 

Selected Publications 
 
BOOK AND BOOK CHAPTER 
 
Hornberger, G.M. and P.L. Wiberg 2006. Numerical 
Methods in the Hydrological Sciences, American 
Geophysical Union, Special Publications Series, Volume 57, 
233 pages, e-book, 2006, ISBN 0-87590-725-1, AGU 
SP057F251 
 
Hornberger, G.M. and J. Stetkar 2008. Abrupt Climate 
Change. In: Garrick, B. J. Quantifying and Controlling 
Catastrophic Risks, Academic Press. 

 

JOURNAL ARTICLES 
 
Lee, T. R., and G. M. Hornberger 2006. Inferred bimodality 
in the distribution of soil moisture at Big Meadows, 
Shenandoah National Park, Virginia, Geophys. Res. Lett., 
33, L06407, doi:10.1029/2005GL025536. 
 
Levin, JM, Herman, JS, Hornberger, GM, and JE Saiers, 
2006. Colloid Mobilization from a Variably Saturated, Intact 
Soil Core, Vadose Zone Journal 5:564-569. DOI: 
10.2136/vzj2005.0102 
 
Welsch, D. L. Cosby, B. J. and  G. M. Hornberger 2006.  
Simulation of Stream Water Alkalinity Concentrations using 
Coupled Models of Soil air CO2 and Stream Water 
Chemistry.  Biogeochemistry 79: 339 - 360, DOI 
10.1007/s10533-005-5480-9. 
 
Welsch, D.L., Cosby, B.J. and G. M. Hornberger 2006. 
Simulation of future stream alkalinity under changing 
deposition and climate scenarios. Science of The Total 
Environment 367:800-810, 
doi:10.1016/j.scitotenv.2006.01.019  
 
Deviney, F. A., Jr., K. C. Rice, and G. M. Hornberger 2006. 
Time series and recurrence interval models to predict the 
vulnerability of streams to episodic acidification in 
Shenandoah National Park, Virginia.  Water Resour. Res. 42: 
W09405, doi:10.1029/2005WR004740. 
 

Bolster, C.H. and G.M. Hornberger 2007. On the Use of 
Linearized Langmuir Equations. Soil Sci. Soc. Am., 
71:1796-1806, doi:10.2136/sssaj2006.0304. 
 
Gu, C., Hornberger, G.M., Mills, A.L., Herman, J.S., and S. 
A. Flewelling. 2007. Nitrate Reduction in Streambed 
Sediments: Effects of Flow and Biogeochemical Kinetics, 
Water Resour. Res., 43: W12413, 
doi:10.1029/2007WR006027. 
 
Lawrence, J.E. and G.M. Hornberger. 2007. Soil-moisture 
variability across climate zones. Geophys. Res. Lett., 34: 
L20402, doi:10.1029/2007GL031382. 
 
Gu, C., Hornberger, G.M., Mills, A.L., and J.S. Herman 
2008. The Effect of Freshets on the Flux of Groundwater 
Nitrate Through Streambed Sediments, Water Resour. Res., 
44: W05415, doi:10.1029/2007WR006488. 
 
Maggi F., Gu, C., Riley, W.J., Hornberger, G.M., Venterea, 
R.T., Xu, T., Spycher, N., Steefel, C., Miller, N.L., Rubin, Y. 
and C.M. Oldenburg 2008.  Mechanistic modeling of 
biogeochemical nitrogen cycling: model development and 
application in an agricultural system., JGR-Biogeosciences, 
113: G02016, doi:10.1029/2007JG000578. 
 
Ajami, N.K., Hornberger, G.M., and D. L. Sunding. Effect of 
Water Resource Management on Characteristics of 
Hydrological Uncertainties, Water Resour. Res., In press. 
 
Gu, C., Hornberger, G.M., Mills, A.L., and J.S. Herman. 
Influence of stream-aquifer interactions in the riparian zone 
on NO3- flux to a low-relief coastal stream, Water Resour. 
Res., In press. 

 



 
The growing lava dome at Mount St. Helens 

Calvin Miller PhD UCLA, 1977 
magmatic processes; volcanoes & plutons 
calvin.miller@vanderbilt.edu; tel. 615-322-2232; 
http://www.vanderbilt.edu/ees/calvinmiller/ 

General Interests 
I teach courses for grad (and advanced undergrad) students in 
igneous geochemistry, volcanic processes, and special topics 
in related areas.  Our research emphasis is on felsic 
magmatism and what it tells us about how volcanoes work 
and how Earth's crust is formed and modified.  We are 
especially interested in what leads to eruptions, small to 
super-scale (the ultimate volcanic hazard)  

Current Research 
My students and I aim at the following problems: 
• magma chambers: what are they? what are the materials 

like that reside in them?; how are materials transported 
into, within, and out of them?  how long do they "live," 
how do they vary during their lifetimes? 

• volcano-pluton connections: what is the relationship 
between the processes and products at volcanoes and at 
plutons? 

• how do these processes determine when and whether a 
chamber erupts? How are eruptions reflected in the 
plutonic products of a magma chamber? 

...using the following general strategies and methodologies: 
• field work in spectacularly exposed ancient plutonic and 

volcanic sections, as well as on modern volcanoes.  
Currently, we are working in tilted crustal sections in 
southern Nevada where entire 10-15 km cross-sections 
of plutons and their erupted products are exposed, at 
Mount St. Helens, where preliminary data indicate that 
modern eruptions are sampling a half-million year old 
system, and on rhyolites in Iceland. (with Guil Gualda)  

• accessory minerals, especially zircon and sphene: imaging 
of zoning and elemental analysis of zones, U-Pb and U-
series dating (by USGS/Stanford SHRIMP) - 
documenting dramatic fluctuations in chamber 
conditions, long-term storage and mixing of materials 
(with John Ayers, Guil Gualda) 

• analog experiments to evaluate magma dynamics 
(transport and mechanical interactions of liquids and 
crystals) - masterminded by David Furbish 

• all supported by "classical" petrography and elemental and 
isotopic petrochemistry. 

...and collaborations are absolutely critical!: 
• at Vanderbilt, students and I work with David Furbish, 

Guil Gualda, John Ayers, and Brendan Bream 
• we also collaborate closely with Jonathan Miller (San Jose 

State University), a field-based petrologist and 
geochemist; geochemist/geochronologists Joe Wooden 
and Frank Mazdab of the USGS/Stanford SHRIMP lab; 
Jim Faulds of the University of Nevada-Reno (structure-
tectonics-field geology, volcanic sequences); and Mike 
Clynne and John Pallister, USGS volcanologists  

• and less formally with a host of USGS researchers and 
students and faculty at other institutions  

Students--- 
My students have studied a wide range of problems in 
igneous and metamorphic petrology, mineralogy, and 
tectonics.  Currently, most focus on the sort of issues listed 
above.  Their work is almost invariably field-based and 
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Cathodoluminescence image of zircon from Spirit Mtn 
batholith, NV, showing fluctuations in T and elemental 
chemistry during growth 
 



 
Interaction between mafic and felsic magmas, Aztec 
Wash pluton, Nevada 
 

employs a variety of analytical techniques and experiments at 
Vanderbilt and other labs to address well-focused problems. 
The aim is both to produce fundamental research and to gain 
an understanding of research methods and problem-solving 
in general.   Many MS students continue on for PhD's and 
into academia; others pursue careers in environmental 
science, secondary education, law, and other fields. Lily 
Claiborne is nearing completion of her PhD, using zircon to 
track the evolution of the Mt. St. Helens magmatic system, as 
well as investigating construction of and melt segregation 
within plutonic environments, and Tamara Carley (MS) is 
studying two very different felsic systems: the supereruption 
of Peach Spring Tuff (AZ-NV-CA), and historic rhyolite 
eruptions in Iceland.  Danny Flanagan (PhD) and Abe Padilla 
(MS) are just starting their programs (Danny is also just 
finishing his MS at St Helens).   
 
Selected recent papers, presentations, awards  
(* = Miller's student as author/presenter) 
2006 Award for Excellence in Graduate Teaching in the 

College of Arts & Science of Vanderbilt Univ. 
2005 Daly lecture (annual AGU Volc-Geochem-Petrol): 

Transport, deposition, storage, and remobilization of felsic 
magmas and their products in the upper crust 

Edited volumes: 
Large Silicic Magma Systems, DeSilva, S., Bachmann, O., 

Miller, C.F., Yoshida, T., and Knesel, K., eds., 2007, 
Special Issue of Jour of Volc and Geotherm and Res: 167, 
nos. 1-4, 335 pp. 

Supervolcanoes, C.F. Miller & D.A. Wark, eds, 2008, special 
issue of Elements, v. 4, no. 1 

co-convener, "Dynamics & Longevity of Silicic Magma 
Systems: Volcanic and Plutonic Perspectives," AGU, Fall, 
2007 

Selected recent papers: 
*Claiborne, L.L., Miller, C.F., Wooden, J.L., and Mazdab, F.K., 

accepted, Trace element composition of igneous zircon: A 
thermal and compositional record of accumulation and 
evolution of a large silicic batholith, Spirit Mountain, 
Nevada: Contr. Mineralogy Petrology.  

Miller, C.F., Furbish, D.A., *Walker, B.A. Jr., *Claiborne, L.L., 
*Koteas, G.C., *Bleick, H.A., Miller, J.S., in press, Growth of 
plutons by incremental emplacement of sheets in crystal-rich 
host: Evidence from Miocene intrusions of the Colorado 
River region, NV, USA: Tectonophysics. 

Miller, C.F., and Wark, D.A., 2008, Supervolcanoes and their 
explosive supereruptions: Elements 4: 11-16. 

Bachmann, O., Miller, C.F., and de Silva, S.L., 2007, The 
volcanic-plutonic connection as a stage for understanding 
crustal magmatism: Jour. Volc. Geotherm Res. 167: 1-23. 

*Walker, B.A. Jr., Miller, C.F., * Claiborne, L.E., Wooden, J.L., 
and Miller, J.S., 2007, Geology and geochronology of the 
Spirit Mountain batholith, southern Nevada:  implications for 
timescales and physical processes of batholith construction: J. 
Volc. Geoth. Res. 167: 239-262. 

Miller, J.S., Matzel, J.E.P., Miller, C.F., Burgess, S.D., Miller, 
R.B., 2007, Zircon growth and recycling during the 
assembly of large, composite arc plutons: Jour. Volcanology 
and Geothermal Res. 167: 282-299. 

*Claiborne, L.E., Miller, C.F., *Walker, B.A., Wooden, J.L., 
Mazdab, F.K., and Bea, F., 2006, Tracking magmatic 

processes through Zr/Hf ratios in rocks and Hf and Ti zoning 
in zircons: An example from the Spirit Mountain batholith, 
Nevada: Mineralogical Magazine 70: 517-543.  

*Harper, B.E., Miller, C.F., *Koteas, G.C., *Cates, N.L., Wiebe, 
R.A., Lazzareschi, D.S., & Cribb, J.W., 2005, Granites, 
dynamic magma chamber processes, and pluton construction: 
Aztec Wash pluton, Eldorado Mountains, Nevada, USA: 
Geological Society of America, Special Paper 389, 277-295. 

Student meeting presentations, 2009: 
*Flanagan, D.M., *Claiborne, L.L., Miller, C.F., Clynne, M.A., 

Wooden, J.L., 2009, Construction and Evolution of the 
Mount St. Helens Magmatic System During the Swift Creek 
Eruptive Stage (16–9 ka) Revealed by Zircon: Transactions 
AGU, Spring Meeting. 

*Claiborne, L.L, Miller, C.F., Clynne, M.A., Wooden, J.L., and 
*Flanagan, D.M. 2009, Plutonic behavior of a Cascade arc 
volcano: the zircon record of the Mount St. Helens magmatic 
system: GSA Abstr. 41 (in press).   

*Carley, T.L., Miller, C .F., Ferguson, C.A.., Gualda, G.A.R., 
Pamukcu, A.S.1, Wooden, J.L.3, Miller, J.S., Gaudio, S.J., 
and Varga, R.J., 2009, Supereruption of peach spring tuff: 
new insights from caldera-fill and outflow pumice and 
accessory minerals: GSA Abstr. 41 (in press).   

*Claiborne, L.L., Miller, C.F., *Flanagan, D.M., Wooden, J.L., 
and Clynne, M.A., 2009, Geochronology of zircon surfaces 
enhances the record of magma storage and recycling beneath 
Mount St. Helens: Trans AGU, Fall Meeting. 

*Carley, T.L., Miller, C.F., Wooden, J.L., Barth, A.P., 2009, 
Using Zircon to Reconstruct the Magmatic History of 
Icelandic Rhyolite: Trans AGU, Fall Meeting. 

*Colombini, L.L.,  CMiller, Gualda, Wooden, JMiller, J.S., 
2009, Geochemistry and petrogenetic significance of sphene: 
evidence from the Miocene Highland Range volcanic 
sequence, southern Nevada: Trans AGU, Fall Meeting. 

*Flanagan, D.M., *Claiborne, L.L., Miller, C.F., Clynne, 
M.A.,and Wooden, J.L., 2009, Zircon from Swift Creek 
Stage Eruptions Records the Assembly and Evolution of an 
Intrusive Magmatic Complex Beneath Mount St. Helens: 
Transactions of the American Geophysical Union, Fall 
Meeting.    



Molly F. Miller (molly.miller@vanderbilt.edu) 
Ph.D. UCLA, 1977 
Paleoecology, Clastic Sedimentology, and Ichnology 

 

General Interests  
What is the relationship between soft-bodied animals and 
physical and biologic components of their environment, and 
how has this relationship changed through the Phanerozoic? 
Has the history been different for those living in marine vs. 
freshwater conditions? Molly Miller’s long-term research 
goal is to find answers to these questions. To reach this goal, 
she integrates sedimentologic data with information about 
biogenic structures and the ecology of living organisms in 
order to reconstruct the ecological controls on ancient soft-
bodied organisms. 
 
Current Research  
Molly Miller’s most recent project is a study of taphonomic, 
sedimentologic, and bioturbation processes sediments off the 

coast of Antarctic (Explorers Cove). She and collaborators S. 
Bowser, S. Walker and D. Furbish will identify the processes 
and rates, construct models, and use them to refine 
interpretations of cores recently recoverd from Cenozoic 
deposits off the coast of Antarctica. The idea is to link 
modern biologic, sedimentologic and taphonomic processes 
to the characteristics of cores in order to enhance 
interpretation of ancient ecosystems.  
 
Another component of Molly Miller’s research involves 
diverse aspects of late Paleozoic – Triassic  history of 
Antarctica and its life.   She is using the spectacularly well 
exposed and thick section of Permian to Jurassic continental 
rocks in the Transantarctic Mountains to reconstruct the 
benthic communities of freshwater ecosystems extant at the 
time and develop a model of how they changed through the 
Phanerozoic. She uses biogenic structures and extent of 
bioturbation as a proxy for fossils of bottom-dwellers, and 
interprets the type and abundance of benthic animals in 
different environments (e.g. lakes, streams) during this 
crucial period in the development of freshwater habitats. 
Development of a semi-quantitative method for assessing 
bioturbation allows for comparison of benthic activity rocks 
of similar age deposited in the same environment in high 
latitude vs. low latitude settings and for comparison of 
animal activity in marine vs. freshwater depositional 
systems.  This work has documented that fresh water habitats 
were colonized by burrowing animals much later than those 
in the marine realm, and raises questions about mechanisms 
of colonization (Miller and Labandeira, 2002; Miller et al., 
2002). 
The paucity of active infaunal animals in the Permian and 
Triassic led to the question: How abundant are burrowing 
animals in modern lakes and streams and to what extent do 
they disrupt the sediment?  With Dr. David White, Director 
of the Hancock Biological Station on Kentucky Lake, Molly 
Miller has been evaluating the amount of animal activity in 
lake sediments vs. marine sediments and assessing the 
ecological and ichnological implications.  
Permian and Triassic biogenic structures in the 
Transantarctic Mountains yield unique paleoecologic and 
paleoclimate information.  With collaborators J. Isbell, 
C.Sidor, and D. Briggs, Molly Miller is using biogenic 
structures to document climate change between the Permian 
and Triassic and to constrain timing of the colonization of 
Antarctica by tetrapods.   
 
Graduate Classes Taught 
 
Molly Miller teaches two graduate level courses: 
(1) Animal-sediment relations, with emphasis on integrating 
modern animal distribution and behavior with observations 
of Paleozoic biogenic structures and sedimentary 
environments; includes field trips to Bodega Bay, CA and 
Kentucky coal fields.  
(2) Antarctic Earth Science: A survey of diverse topics 
emphasizing interactions between components of earth 
systems, combined with student-run discussions of topics of 
individual interest. 
   

 

 



 

What Students Do 
 
Molly Miller’s students have undertaken a wide variety of 
projects ranging from sedimentologic and petrologic studies 
of shales and sandstones, to studies of modern and ancient 
bioturbation to taphonomic investigations.  The students use 
this preparation to pursue research in PhD programs and to 
enter careers in secondary education and environmental 
management. 
 
The following are some examples of current and recent 
theses: 
    Roberta Challener (M.S. 2008) Alteration of sand-sized 
sediments by scutelline sand dollars (Echinodermata: 
Echinoidea) 
     Maria Ruiz-Yantin (M.S. in progress) Taphonomy of the 
brittle star Ophionotus victoriae from New Harbor, 
Antarctica  
     Brooke Traynham (2007): Factors controlling the 
distribution of the burrowing mayfly Hexagenia in Kentucky 
Lake 

Nichole Knepprath (2006): Reconstruction of a high-
latitude Permian forest, Antarctica 

 
Selected Publications (*student author) 
 
Miller, M.F., Cowan, E.A., and Nielsen, S.H.H., in press,  
 Significance of the trace fossil Zoophycos in Pliocene 

deposits, Antarctic Continental margin.  Antarctic 
Science,. 

Sidor, C.A., Miller, M.F., and Isbell, J.L. 2008, Tetrapod 
burrows from the Triassic of Antarctica: Jour. Vertebrate 
Paleontology, June issue.    

White, D.S. and Miller, M.F., 2008, Benthic invertebrate 
activity in lakes: linking present and historical 
bioturbation patterns.  Aquatic Biology, v. 2, p. 269-277. 

Miller, M.F. and White, D.S., 2007, Ecological and 
evolutionary controls on the composition of marine and 
lake ichnofacies, in Miller, W., ed., Trace Fossils: 
Concepts, Problems, Prospects: Elsevier, p. 531-544. 

•Ruiz-Yantin, M., Miller, M.F., and Bowser, S.S., 2007, 
Ophiuroid adaptations to Antarctic waters linked to 
taphonomic loss, poor fossil record: Geological Society 
of America Abstracts with Programs, v. 39. 

Miller, M.F., Briggs, D.E.G., and Isbell, J.L., 2007, Trace 
fossils and environments across the Permian-Triassic 
boundary in the Transantarctic Mountains. Geological 
Society of America Abstracts with Programs, v. 39. 

•Traynham, B., White, D.S, Furbish, D.J., and Miller,M.F., 
2006, Distributional controls and burrow characteristics 
of the mayfly Hexagenia in Kentucky Lake: implications 
for the stratigraphic record: Geological Society of 
America Abstracts with Programs, v. 37.  

* Knepprath, N.E., Miller, M.F., Isbell, J.L., Furbish, D.J., 
2005, Permian high-latitude Gondwanan climate and 
environment constrained  by plant taphonomy: 
Geological  Society of America Abstracts with Programs, 
v. 37, p.484. 

Miller, M.F., and White, D.S., 2007, Ecological and 
evolutionary controls on the composition  of marine and 
lake ichnofacies, in Miller, W., ed., Trace Fossils:  
Concepts, Problems, Prospects:  Elssevier,Amsterdam, p. 
531-544.  

Miller, M.F., and Isbell, J.L., in press, Reconstruction of a 
high-latitude post-glacial lake: Mackellar Formation 
(Permian), Transantarctic Mountains: Geological Society 
of America Special Publication.  

Miller, M.F., 2003, Styles of behavioral complexity recorded 
by selected trace fossils:. Palaeogeography, 
Palaeoclimatogy, Palaeoecology, v192, p. 33-3. 

Miller, M.F., and Labandeira, C.C.,2002,  The slow crawl of 
invertebrates across the salinity divide. GSA Today, 12, 
no. 12:1, 4-10. 

Miller, M.F., *McDowell, T.A., *Smail, S.E., Shyr, Y., and 
Kemp, N.R., 2002,  Hardly used habitats: dearth and 
distribution of burrowing in Paleozoic and Mesozoic 
stream and lake deposits.  Geology, 30:527-530. 

Miller, M.F., Hasiotis, S.T., Babcock, L.E., Isbell, J.L., and 
Collinson, J.W., 2001,. Tetrapod and large burrows of 
uncertain origin in Triassic high paleolatitude flood-plain 
deposits, Antarctica. PALAIOS, 16:218-232. 

 



 

 

 

 

 

 

 

 


