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A combination of dynamic research on a wide range of 

problems and close and enthusiastic interaction among 

faculty and graduate students makes Vanderbilt an 

excellent institution at which to pursue graduate studies.  

The Department's small size (9 professors, 3 senior 

lecturers, 11 M.S. and 9 Ph.D. students) results in small 

classes and a close-knit atmosphere; at the same time, the 

vigorous research program presents opportunities to work 

on critical problems in the Earth sciences. 

 

The masterôs degree is a two-year program that requires 

24 semester hours of course work and a research thesis 

and is our traditional focus.  The PhD option in 
environmental science, jointly administered by Earth & 

Environmental Sciences (EES) and Environmental 

Engineering, aims at linking the two disciplines to address 

scientific and applied problems.   

 

Vanderbilt is a private, comprehensive university with an 

enrollment of about 12,000 graduate and undergraduate 

students.  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.  Fossil-

rich Paleozoic limestones underlie the beautiful forested 

hills in which the city is nestled.  The Mississippi 

embayment (including the New Madrid Fault Zone) and 

the Precambrian granite terrain of Missouri lie to the west 

and the complex collisional Appalachian mountain belt to 

the east.  Diverse ecosystems span the state, from the 

Mississippi delta to Appalachian forests. 

 

ADMISSION  
Application is made to the Graduate School, Vanderbilt 

University via the Grad School's website:  
http://www.vanderbilt.edu/gradschool/prospective_students/a

pplications_and_information/index.html 

Transcripts, three letters of recommendation, and GRE 

scores are required.  The official deadline for receipt of 

applications is January 15.  We are flexible about 

accepting applications at a later date, but financial aid 

decisions are made by early February, so applications 

received on time have the best chance of success. 

 

FINANCIAL AID  
Most graduate students are supported by teaching 

assistantships, research assistantships, and scholarships, 

providing tuition plus 9 month stipends of $21,000, with 

added scholarships available for outstanding applicants, 

and health insurance.  Summer research and teaching 

assistantships paying $1,500 - $6,000 are also available.  

 
  

FOR MORE INFORMATION  
Write, e-mail, or call: 

Calvin Miller , Director of Graduate Studies 

(calvin.miller@vanderbilt.edu) 

Department of Earth & Environmental Sciences 

PMB 351805 

2301 Vanderbilt Place 

Nashville, TN 37235-1805 [Tel. (615) 322-2232, 2976] 

(dept. website: http://www.vanderbilt.edu/ees/) 

RESEARCH AT VANDERBILT  
Research is highly diverse, both geographically and 

topically.  Ongoing faculty and student projects include 

studies in Antarctica; South Asia; South America; Iceland; 

Australia; and areas throughout the United States.  

Emphases include: 

Geochemical Processes 

¶ Accessory minerals as geochronometers and 

environmental monitors  

¶ Crystal growth kinetics  

¶ Trace element mobility in Earth-surface environments  

¶ Gechemistry of vertebrate teeth as environmental, 

climate, and taphonomic proxies  

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 Paleoclimatology  

¶ 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   



Sedimentary Processes 

¶ Fluvial, lacustrine, coastal and marine transport and 

depositional systems 

¶ Physical-biological interactions in sedimentary 

systems  

¶ River mechanics and morphodynamics  

Transport Phenomena and Coupled Physical-Biological 

Processes 

¶ Fluid processes and material transport at  Earthôs 

surface and within its crust 

¶ Magma transport and emplacement  

¶ Physical and chemical transport on hillslopes, in rivers 

and in coastal zones 

¶ Hydrodynamic processes in aquatic ecology  

 

Faculty and student research is discussed in more detail in 

the following pages. 

 

FACILITIES  
The Department is housed in Vanderbiltôs natural science 

complex and shares analytical equipment with Chemistry 

and Engineering.  Experimental and analytical facilities 

are readily accessible to graduate students.  They include: 

 

¶ New (Aug. 2011) state-of-the-art SEM with highly 

versatile detector system (cathodoluminescence, back-

scattered electron, forward-scattered electron, electron 

back-scattered diffraction, and energy dispersive 

detectors) and low and high vacuum capability 

¶ ICP-MS with laser ablation capability  

¶ Experimental geochemistry lab (high-temperature 

furnaces, piston cylinder apparatus, hydrothermal 

diamond anvil cell, cold seal apparatus) 

¶ Fluid inclusion heating/cooling stage 

¶ Scanning electron microscope with energy dispersive and 

backscattered detectors 

¶ GPS unit with integrated topographic map software 

¶ Environmental geochemistry lab [e.g. soil, sediment, 

water sampling gear; cold sample storage; environmental 

chamber (glove box); centrifuge; microwave acid 

digestion capability; portable spectrophotometer] 

¶ Bioapatite geochemistry and dental microwear sample 

preparation lab 

¶ Atomic absorption spectrometer 

¶ Ion chromatograph 

¶ Powder X-ray diffractometer with high-temperature 

furnace attachment 

¶ X-radiography unit 

¶ GIS lab with large format digitizers, scanners, printers 

 

The Department also has extensive, networked 

microcomputer facilities and supporting hardware, 
excellent microscopes and photomicroscopy apparatus, 

complete preparation facilities, and a mineral separation 

lab.  The Science Library has excellent holdings in the 

Earth sciences. 

CURRICULUM AND REQUIREMENTS FOR THE 

DEGREES 
Twenty-four hours of graduate credit and a research thesis 

are required for the Master of Science degree.  A studentôs 

curriculum is fairly flexible.  It is planned by the student in 

consultation with, and approved by, the Director of 

Graduate Studies and an advisory committee.  All graduate 

students are expected to have a sufficient background in 

supporting sciences and mathematics as well as in 

undergraduate Earth sciences; some make-up work is 

permitted.  Students take most of their courses in the first 

year and spend summers and much of their second year 

completing the thesis.   

 

Our interdisciplinary PhD program in Environmental 

Science requires 72 total credit hours, which include 

course work (independent studies and seminars) and 

dissertation research. Course work for EES students 

includes at least two engineering courses and often courses 

in other sciences and math to complement the emphasis in 

EES. [Conversely, those students who emphasize the 

engineering end of the collaboration will take a minimum 

of two courses in EES to complement their environmental 

engineering.] We 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. As with the 

MS, the dissertation is planned by the student with his or 

her advisor and advisory committee. 

 

The following graduate-level courses are available in EES, 

most on an annual or alternate-year basis: 
255. Transport Processes in Earth & Environmental Systems.  

260. Geochemistry.  

261. Geomorphology..  

272. Early Earth Systems. 

279. Problems in Sedimentology and Paleobiology.  

282. Paleoecological Methods 

285. Volcanic Processes. 

289aï289b. Directed Study.  

291aï291b. Independent Study..  

320. Aqueous Geochemistry.  

322. Environmental Mineralogy.  

325. Environmental Applications of Geochemical Modeling.  

335 Magmatic Processes & Construction of Earthôs Crust  

369. Masterôs Thesis Research. 

390. Special Topics - present and recent offerings: 
Structure, Composition, & Properties of Earth Materials 

Equilibria & Transformations of Earth Materials 

Earth Fluids 

Source to Sink 

Marine Geosystems 

Sustainability Science 

Statistical Methods in Earth & Environmental Sciences 

Paleoclimatology 

Antarctica 

Quaternary Environments 



 

 

In addition, there are many courses offered by other 

departments that are very useful and relevant to the Earth  

and environmental sciences and carry graduate credit.  

A few examples: 
Anthropology 
207. Environmental Anthropology 
280. Introduction to GIS and Remote Sensing 

312. GIS for Anthropology Research 

 

Engineering 

Civil Engineering- 
203. Fluid Mechanics 

210. Water Supply & Wastewater Collection 

212. Hydrology 

226 Introduction to Environmental Engineering  

259. Geographic Information Systems 

Environmental Engineering- 

264. Environmental Assessments 

270. Environmental Thermodynamics, Kinetics, and Mass 

Transfer 

271. Environmental Chemistry 

273. Environmental Characterization and Analysis 

276. Groundwater Hydrology 

312. Pollutant Transport in the Environment 

 

Chemistry 
220a-220b. Organic Chemistry 

230. Physical Chemistry 

231. Biophysical Chemistry 

Biological Sciences 
205. Evolution 

238. Ecology 

270. Statistical Methods in Biology 

Mathematics 
204. Linear Algebra 

208. Ordinary Differential Equations 

218. Introduction to Probability and Mathematical Statistics 

Physics 

223. Thermal and Statistical Physics 

227a-227b. Intermediate Classical Mechanics 

229a-227b. Electricity, Magnetism and Electrodynamics 

 

THE PROCESS AND OUTCOME OF THE 

EDUCATION  

The Department prides itself on the product of its graduate 

program: well-trained students who produce important 

research, finish in timely fashion, and go on to successful 

careers in the Earth sciences and related fields.  Our 

students almost invariably become involved in our 

collaborations with senior researchers and graduate 

students at other universities and research institutions, and 

they publish the results of their investigations, often in 

major journals (see listings under faculty publications). 

 

The Master's program is for two years, and not indefinite; 

students have their course work and thesis research 

completed within two years, and their theses are complete 

or nearly so by the end of this interval. Our students finish 

their degrees and get jobs in, and stay with, geoscience.  

Among more than fifty who have enrolled in our program 

over the last ten years, 90% completed their degree; of 

these, 90% are still in the Earth sciences. Our M.S. 

graduates are about equally divided between continuing on 

for advanced degrees (mostly the Ph.D., at Vanderbilt or 

other excellent institutions, in some cases law school) and 

entering the work force.  Those who take jobs immediately 

after their M.S. enter Earth science-related fields: private 

industry ï mostly environmental firms, some in petroleum; 

government employment ï research labs, U.S. and state 

surveys; non-governmental environmental organizations; and 

community college and secondary education.  Those who 

have finished Ph.D. degrees following completion of their 

Vanderbilt M.S. have faculty, research or survey positions. 

 

The style of the young PhD program in Environmental 

Science (initiated in 2004) is similar to that of the MS 

program: close supervision by and collaboration with 

faculty, interaction with other researchers nationally and 

internationally, an expectation of and support for timely 

completion, and outstanding research productivity.  The 

five who have finished so far did so in timely fashion, 

averaging four years to completion, and they have indeed 

excelled (one in a tenure-track position at a major 

university, one a senior lecturer at Vanderbilt, two in 

excellent post-doctoral positions, and one leading a new 

initiative at a research firm).  Those currently in the 

program now are already publishing their research in 

major journals and becoming outstanding educators. 



John Ayers (john.c.ayers@vanderbilt.edu) 

Ph.D. Rensselaer Polytechnic Institute, 1991 

Geochemistry, Sustainability Science 

Professor and Chair, Earth and Environmental Sciences 

Professor, Civil and Environmental Engineering 

Researcher ID: B-4871-2010 h-index: 15 

CV: 

http://www.vanderbilt.edu/ees/images/ayersjc/AyersResume.

pdf 

General Interests  

Elements move on earthôs surface and deep in its interior 

through the action of mobile agents such as fluids and silicate 

melts.  Johnôs research focuses on what controls the 

movement of trace elements in chemical systems. Recent 

research has focused on using shifts in chemical and isotopic 

compositions to characterizeé 

  

¶ the movement of fluids from magma chambers into 

country rocks and associated formation of ore deposits 

(Fig. 1). 

¶ the potential mobility of zirconium in fluids. John and 

his students have measured the aqueous solubilities of 

Zr-minerals such as zircon and baddeleyite at upper 

crustal conditions. 

¶ the potential mobility of trace elements in zircon-

saturated fluids. PhD student Tim Peters is measuring 

zircon/fluid partition coefficients for a wide range of 

trace elements (work funded by NSF).  

¶ the mobility of elements during metamorphism. PhD 

student Tim Peters is studying the role of fluids in zircon 

growth and recrystallization during ultra-high pressure 

metamorphism of eclogite samples collected in central 

China (funded by NSF). 

¶ the potential mobility of titanium and rare earth elements 

in magmas. Currently PhD student Danny Flanagan 

is measuring the solubility of the mineral titanite 

(sphene) in magmas because titanite can limit the 

solubility of titanium and rare earth elements in 

magmas (with Calvin Miller, work funded by NSF). 

¶ the movement of saline groundwater into shallow 

freshwater aquifers in the coastal region of 

Bangladesh caused by sea level rise and shrimp 

farming, and effects on arsenic mobility (current 

work with Steve Goodbred funded by ONR). 

¶ the movement of heavy metals such as arsenic and 

lead from soil into plants, with potential applications 

in phytoremediation. 

  

Recently John became interested in how changes in 

chemical systems, often caused by natural resource 

extraction, affect sustainability. This caused him to start 

writing a book about sustainability from an earth 

scientistôs perspective, tentatively titled "Sustainability 

Science."  You can view first drafts of chapters at 

http://www.vanderbilt.edu/Sustainability/book/ 

 

 

 

John has also 

started involving 

his students in 

service learning 

projects related to 

sustainability. 

Currently he has 

funding from a 

HUD grant (with 

Professors at 

Tennessee State 

University in 

Nashville) that will 

allow his 

Geochemistry class students to  perform environmental 

assessments and Sustainability class students to conduct 

energy efficiency evaluations for homeowners in urban North 

Nashville. 

 
Figure 2: Water footprint of national consumption from 1996-

2005. Figure from book in preparation. 

Courses Taught 

Geochemistry, Sustainability Science, Sustainability: An 

Environmental Science Perspective, Aqueous Geochemistry, 

Environmental Applications of Geochemical Modeling 

Figure 1: Measured Pb isotopic ages of monazite grains in country 

rocks as a function of distance from the Searchlight pluton. 

http://www.researcherid.com/
http://www.vanderbilt.edu/ees/images/ayersjc/AyersResume.pdf
http://www.vanderbilt.edu/ees/images/ayersjc/AyersResume.pdf
http://www.vanderbilt.edu/Sustainability/book/


What Students Do 

Students choose whether they want to do laboratory, field, or 

theoretical work, or some combination of the three.  Students 

doing lab or field work measure the chemical and isotopic 

compositions of their samples using a variety of sophisticated 

analytical tools at Vanderbilt and other locations.  Theoretical 

work involves geochemical modeling, and may involve use 

of GIS software. Johnôs students develop problem solving 

skills and a quantitative understanding of earth processes. 

This experience is highly relevant to environmental problems. 

It is thus very practical, leading to job opportunities, and 

contributing to our knowledge of large-scale earth processes. 

Selected Publications (*student) 

Luo Y., Ayers J.C. (2009) Experimental measurements of 

zircon/melt trace element partition coefficients. Geochim. 

Cosmochim. Acta v. 73, 3656-3679. 

doi:10.1016/j.gca.2009.03.027 

Rabbia O.M., Hernández L.B., French D.H., King R.W. and 

Ayers J.C. (2009) The El Teniente porphyry Cu-Mo 

deposit from a hydrothermal rutile perspective. 

Mineralium Deposita.  http://dx.doi.org/10.1007/s00126-

009-0252-4 

Luo Y., Sun M., Zhao G., Li S., Ayers J.C., Xia X., Zhang J. 

(2008) A comparison of U-Pb and Hf isotopic 

compositions of detrital zircons from the North and South 

Liaohe Groups: Constraints on the evolution of the Jiao-

Liao-Ji Belt, North China Craton. Precambrian Research 

v. 163, 279-306. 

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. 

*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 ï 

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
 o
C, 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
 o
C: 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. 

 

http://dx.doi.org/10.1007/s00126-009-0252-4
http://dx.doi.org/10.1007/s00126-009-0252-4
http://dx.doi.org/10.1016/j.jcrysgro.2005.09.062


 
 

Fossil tapir from the Gray Fossil Site located in eastern 

Tennessee, sampled 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 DeSantisôs 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 

I am considering new M.S. and Ph.D. students for Fall 2012. 

 
Paleoecological tools including stable isotopes, 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 past 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.   

 DeSantisôs 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 and students are currently extending analyses to also 

include xenarthrans (i.e. sloths, armadillos, and relatives), 

carnivores, and small mammals.   

 

    

 

mailto:larisa.desantis@vanderbilt.edu
http://www.vanderbilt.edu/ees/desantis


 

 

A student making 

tooth molds for 

dental microwear 

texture analysis. 

 

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 two paleoecological methods (e.g. stable isotope analyses, 

dental microwear texture analyses, morphological analyses, 

etcé), 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 pursuing 

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 and 

climates. 

 

Selected publications 
 

DeSantis, L.R.G.  2011.  Stable isotope ecology of extant 

tapirs from the Americas.  Biotropica (DOI: 10.1111/j.1744-

7429.2011.00761.x) 

MacFadden, B.J., DeSantis, L.R.G., Labs Hochstein, J., 

Kamenov, G.D.  2010.  Physical properties, geochemistry, 

and diagenesis of xenarthran teeth: prospects for interpreting 

the paleoecology of extinct species.  Palaeogeography, 

Palaeoclimatology, Palaeoecology 291: 180-189 

Schubert, B.W., Ungar, P.S., DeSantis, L.R.G.  2010. 

Carnassial microwear and dietary behaviour in large 

carnivorans.  Journal of Zoology 280: 257-263 

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 

Pleistocene kangaroo.  PNAS 106: 11646-11650.   

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 

DeSantis, L.R.G.  2009.  Teaching evolution through inquiry-

based lessons of uncontroversial science.  The American 

Biology Teacher 71(2): 106-111 

DeSantis, L.R.G.  2009.  Straight from the mouths of horses 

and tapirs: using fossil teeth to clarify how ancient 

environments have changed over time.  Science Scope 32(5): 

18-24     

DeSantis, L.R.G., Wallace, S.C.  2008.  Neogene forest from 

the Appalachians of Tennessee, USA: geochemical evidence 

from fossil mammal teeth.  Palaeogeography, 

Palaeoclimatology, Palaeoecology 266: 59-68 

 

 

 

 

 

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  

DeSantis, L.R.G., Bhotika, S., Putz, F.E., Williams, K.  2007.  

Sea-level rise and drought interactions accelerate declines 

on the Gulf Coast of Florida, USA.  Global 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 

Ph.D. University of Colorado, 1985 

Hydrology, Geomorphology and Fluid Mechanics 

david.j.furbish@vanderbilt.edu; tel. (615) 322-2137 

http://www.vanderbilt.edu/ees/davidjonfurbish 

 

 

 
 

General Interests 
David Furbishôs 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.  David has taught courses in geology, hydrology and 

geomorphology, transport processes in Earth and 

environmental systems, and fluid dynamics. He is author of 

the text, ñFluid Physics in Geology,ò published by Oxford 

University Press.. 

 

Current Research 
Davidôs current research is centered on two interrelated 

projects.  The first project involves theoretical and 

experimental studies of the physics and probabilistic nature of 

sediment particle motions, and is aimed at clarifying our 

understanding of the transport and dispersal of sediment and 

sediment-borne substances in rivers and on hillslopes.  The 

second project concerns desert plant-soil interactions, and is 

aimed at clarifying the interrelationship between desert shrub 

community dynamics and soil transport, wherein shrubs 

behave as sediment capacitors in regulating the transport and 

dispersal of soil material by rain splash and surface flows. 
 

Selected Publications  
Hillslopes 

Furbish, D. J. and Haff, P.K. 2010. From divots to swales: 

Hillslope sediment transport across divers length scales, 

Journal of Geophysical Research ð Earth Surface, 115, 

F03001, doi: 10.1029/2009JF001576. 

Furbish, D. J., Haff, P. K., Dietrich, W. E. and Heimsath, 

A. M. 2009. Statistical description of slope-dependent 

soil transport and the diffusion-like coefficient, Journal 

of Geophysical Research ï Earth Surface, 114, doi: 

10.1029/2009JF001267. 

*Mudd, S. M. and Furbish, D. J. 2007. Responses of soil-

mantled hillslopes to transient channel incision rates. 
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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. 
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landscapes. Journal of Geophysical Research ð Earth 

Surface, 110(12), F04026, doi: 10.1029/2005JF000313. 
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*Mudd, S. M., Fagherazzi, S., Morris, J. T. and Furbish, D. 

J. 2004. Flow, sedimentation, and biomass production on 
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(editors), The Ecogeomorphology of Tidal Marshes, 

American Geophysical Union, Washington, D.C., pp 16-
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Hydraulic Engineering, 130, DOI: 
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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. 
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Furbish, D. J., *Hamner, K. K., Schmeeckle, M. W., 
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introduction to fluid motions on Earthôs surface and 
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Virginia Institute of Marine Science  

Sedimentology and Quaternary Environments  

steven.goodbred@vanderbilt.edu; tel. (615) 343-6424  

General Interests  

Steve Goodbred 

investigates how 

various forcing 

mechanisms ï climate, 

tectonics, marine 

processes, and humans 

ï interact along the 

continental margin to 

define the behavior of 

river deltas and coastal 

environments. These 

settings are home to 

half of the worldôs 

population, putting 

humans, infrastructure, and economy at risk while placing 

huge demand on local land, energy, and water resources. 

Throughout history such coastal populations have endured 

recurring catastrophes caused by storms, flooding, and land 

loss ï less obvious are the longer-term impacts of climate 

change, sea-level rise, and overpopulation. Interwoven with 

this continental-margin fabric are many fundamental research 

questions concerning past environmental change, the 

recurrence and impact of coastal hazards, and the effect of 

humans on the landscape. These are a few of the broader 

issues related to research that weôre pursuing. 

Current Research  

Our current research is primarily taking place along the rivers 

and mega-deltas of South Asia, principally centering on the 

country of Bangladesh and its dominant feature, the Ganges-

Brahmaputra river delta. Truly a land of superlatives, this 

system drains the worldôs highest mountain range, transports 

the largest sediment load to form the biggest delta, and serves 

as home to the most densely populated nation and largest 

coastal mangrove system.  It is an amazing region!  

Presently we are funded through two multi-institutional, 

multi-year grants with the National Science Foundation and 

the Office of Naval Research. The 5-year NSF project, titled 

Life on a tectonically-active delta: Convergence of earth 

science and geohazard research in Bangladesh is aimed at 

understanding how tectonics and fluvial processes interact to 

define delta evolution and river behavior ï these interactions 

are first order controls on the hazards of riverbank erosion, 

flood distribution, and channel avulsion. 

The ONR project is titled Environmental stress and human 

migration in a low-lying developing nation: A comparison of 

co-evolving natural and human landscapes in the physically 

and culturally diverse context of Bangladesh. This 5-yr 

project brings together several EES faculty with social 

scientists and engineers from other Vanderbilt departments. 

As a large, interdisciplinary team we are seeking to 

understand how climate-change and related environmental 

impacts are influencing human migration patterns and 

adaptation strategies in the low-lying coastal regions of 

Bangladesh.  

There are multiple opportunities for graduate student research 

with both of these projects, covering a broad range of Earth 

science and environmental topics. 

What Students Do  

One of the primary tools our 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 ï including 
7
Be, 

234
Th, 

137
Cs, and 

210
Pb ï encompass timescales from months 

to decades and are delivered via atmospheric, terrestrial, and 

marine pathways, thereby allowing a broad range of 

ABOVE: Digital elevation map of the Bengal Basin and Ganges-

Brahmaputra river delta. The delta has formed with Himalayan sediments 

delivered by two of the worldôs largest rivers, and the basin itself is being 
tectonically deformed by a three-way plate boundary.  

mailto:steven.goodbred@vanderbilt.edu


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 and 

seismic-reflection profiling. The Sediments Lab also supports 

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 the provenance 

of sediments from different source areas.  

Recent graduate students have conducted a range of projects 

based on these research programs.  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, the petroleum industry, and government 

agencies (e.g., USGS, EPA). Graduate students working on 

foreign projects will have the opportunity to travel overseas 

and spend many weeks in the field. Such projects are best 

suited to the longer term of a Ph.D. curriculum, but many 

hard-working M.S. students have also done well in tackling 

these foreign research projects. For a career, the questions 

being addressed through our current projects are new, 

exciting, and provide important contributions to the earth 

sciences and human-related environmental issues. The 

experience in a foreign nation and the relevance to human 

issues can also open doors with international consulting firms 

and non-governmental agencies.  

 

Representative Publications (*student author) 

*Rogers, K.G., and Goodbred, Jr., S.L., 2010. Mass failures 

associated with the passage of a large tropical cyclone over 

the Swatch of No Ground submarine canyon (Bay of 

Bengal). Geology, 38: 1051-1055. 

*Kolker, A.S., Goodbred, Jr., S.L., Hameed, S., and Cochran, 

J.K., 2009. High-resolution records of the response of 

coastal systems to long-term and short-term sea level 

variability. Estuarine, Coastal, and Shelf Science, 84: 493-

508.  

*Pate, R.D., Goodbred, Jr., S.L., and Khan, S.R., 2009. Delta 

double-stack: Juxtaposed Holocene and Pleistocene 

sequences from the Bengal Basin, Bangladesh. 

Sedimentary Record, 7(3): 4-9. 

*Weinman, B.A., Goodbred, Jr., S.L., Zheng, Y., van Geen, 

A., Aziz, Z., Srivastava, P., 2008. Arsenic concentrations 

in shallow groundwater of Araihazar, Bangladesh: 

Geological control through floodplain evolution. 

Geological Society of America Bulletin, 120: 1567ï1580.  

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., Kuehl, S.A., 2000. Enormous Ganges-

Brahmaputra sediment load during a strengthened early 

Holocene monsoon. Geology, 28:1083-1086. 

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 
137

Cs 

and 
210

Pb geochronology. Sedimentary Geology, 121:239-

258. 

  

LEFT: This plot of strontium isotopes and concentrations from sediments in the Bengal Basin demonstrate how we use geochemistry to 

identify the provenance of delta sediments. We are able to distinguish both the source terrain within the Himalayas and the river that 

delivered the sediments.  With this information, we are working to reconstruct the history of river channel avulsion and climate-related 

erosion patterns.    RIGHT : Most of our work is based on field sampling, and here graduate student Kimberly Rogers collects sediments 

from the Sundarbans coastal mangrove forest, while an armed Forest Service guard stays on the lookout for Royal Bengal tigers. 
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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 ï 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, undergraduates to Ph.D. students. 

(1) Conditions and timescales of crystallization of the 

Bishop Tuff giant magma body and its supereruption  

(with Alfred Anderson, Steve Sutton, Mark Rivers ï 

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 

km
3
 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. 18.75 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. 

 



In her masters, Ph.D. student Ayla Pamukçu combined 

textural documentation using x-ray tomography, zircon and 

titanite (sphene) chemical compositions and zoning, and glass 

compositions to understand the magmatic evolution of the 

Peach Spring Tuff. Ph.D. student Tamara Carley also studied 

the Peach Spring Tuff for part of her masters, in which she 

studied whole-rock and glass major element geochemistry, in 

combination with the thermodynamic modeling software 

MELTS to unravel potential evolutionary paths for magma 

that formed the Peach Spring Tuff. 

(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. 

 Lindy Colombini completed her M.Sc. thesis in 2009, in 

which she used field, petrographic, and age-dating (U-Pb 

SHRIMP on zircon, Ar-Ar on sanidine) data to 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.  

Undergraduate Evan Kelly and M.Sc. student Abe Padilla 

are currently combining field, petrographic, and whole-rock 

data to investigate the origin of lava units that provide 

compelling evidence for the coexistence of various magma 

types at the same time in the magmatic system at depth. 

(4) Eruptive potential of silicic magmas: Thermodynamic 

and fluid dynamics modeling  

(with Mark Ghiorso - OFM Research, Joe Dufek - GA Tech) 
In this recently funded 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 we 

are (a) developing thermodynamic models that can more 

accurately reproduce phase equilibria in silicic magmas; (b) 

coupling these models with fluid dynamics models of the 

time-dependent evolution of silicic magma bodies and 

surrounding country rocks; and (c) comparing critical 

modeling results to natural occurrences of systems that have 

erupted, with the aim of illuminating differences in eruptive 

style and mechanisms that trigger explosive activity. 

Undergraduate Robin Vaum used a modified version of 

MELTS to simulate the evolution of a variety of silicic 

magmas of the Highland Range, to better constrain 

crystallization conditions, in particular water contents. In her 

M.Sc. thesis, Ph.D. student Tamara Carley used this modified 

version of MELTS to constrain the effect of initial fluid 

concentration on the eruptibility of high-silica rhyolites, using 

the Peach Spring Tuff as an example. 

(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 to better understand the chronology of A-

type magmatism, and its relation to the evolution of 

sedimentary basins in southern Brazil.  

Undergraduate Steven Braun finished a senior thesis 

focused on this project. As part of his work, we (a) 

established a protocol for routine analysis of zircon; (b) 

characterized zircon from Zirconia (NC) and evaluated its 

potential as an analytical standard (see plot); and (c) studied 

the geochronology of a set of granites and syenites in the 

Graciosa Province, for which we were able to distinguish 

between magmatism, alteration and inheritance (see plot).

 

Upcoming presentations (*student) 

Gualda GAR & Ghiorso MS (2011) Low pressure origin of high-silica 

rhyolites. Fall AGU 

Ghiorso MS & Gualda GAR (2011) A method for estimating the activity of 
titania in magmatic liquids from the compositions of coexisting 

rhombohedral and cubic iron-titanium oxides. Fall AGU 

*Pamukcu AS, Gualda GAR, Rivers ML, Anderson AT (2011) 3D imaging 
of glass inclusions in quartz using propagation phase-contrast x-ray 

tomography: Application to the Bishop Tuff (California, USA). Fall AGU 

*Brooks CE, Ghiorso MS, Gualda GAR (2011) A new internally consistent 
thermodynamic model for calculating hornblende-bearing phase 

equilibria with rhyolite-MELTS. Fall AGU 

*McCracken RG, Miller CF, Dufek J, Gualda GAR, Buesch D, *Brooks CE 
(2011) Understanding the Peach Spring Tuff supereruption through its 

basal layer deposits (Southwestern USA). Fall AGU 

Miller CF, Gualda GAR, *Padilla AJ, *Pamukcu AS, *Claiborne LL, 
*Carley TL, *Flanagan DM (2011) Reviving moribund intrusive 

complexes: Mafic thermal input, the accessory mineral record, and the 

pluton-volcano connection. Fall AGU  

Recent publications  
(see complete list at www.vanderbilt.edu/ees/gualda) 

*Colombini LL, Miller CF, Gualda GAR, Wooden JL, Miller JS (in press) 

Sphene (titanite) and zircon in the Highland Range Volcanic Sequence 

(Miocene, Southern Nevada, USA): Elemental partitioning, phase 
relations, and influence on evolution of silicic magma. Mineralogy & 

Petrology 

Vlach SRF, Siga Jr O, Harara OM, Gualda GAR, Basei MAS, Vilalva FCJ 
(2011) Crystallization ages of the A-type magmatism of the Graciosa 

Province (Southern Brazil): Constraints from zircon U-Pb (ID-TIMS) 

dating of coeval K-rich gabbro-dioritic rocks. Journal of South American 
Earth Sciences,[DOI:10.1016/j.jsames.2011.03.017] 

Gualda GAR & Ghiorso MS (2011) Comment on óA metamodel for crustal 

magmatism: Phase equilibria of giant ignimbritesô by S. J. Fowler and F. 
J. Spera. Journal of Petrology, 52: 431-434 

[DOI:10.1093/petrology/egq097] 

Gualda GAR, *Pamukcu AS, *Claiborne LL, Rivers ML (2010) 
Quantitative 3D petrography using x-ray tomography. 3: Documenting 

accessory phases with differential absorption tomography. Geosphere, 6: 

782-792 [DOI:10.1130/GES00568.1]  
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http://dx.doi.org/10.1016/j.jsames.2011.03.017
http://dx.doi.org/10.1093/petrology/egq097
http://dx.doi.org/10.1130/GES00568.1


 

 
Several VIEE students, post-doctoral fellws, and 

faculty during a trip to Sri Lanka in May 2011 

where they are studying human adaptation to 

climate change and drought.  

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: 155 Buttrick Hall. 

phone: 615-343-1144 

email: g.hornberger@vanderbilt.edu 

 

I currently devote 

much of my time to 

work with the 

Vanderbilt Institute for 

Energy and 

Environment (VIEE). 

VIEE fosters policy-

relevant research, 

education and outreach 

addressing key 

environmental issues 

through 

multidisciplinary 

assessments of the 

environmental impacts 

of individual, 

institutional, and societal choices related to mitigation of and 

adaptation to climate change , water resources, and energy 

production and use. My teaching is focused in my main areas 

of expertise, Physical Hydrology and Hydrogeology. I also 

teach a graduate course on Water and Energy Resources. In 

addition to my involvement in teaching and research at 

Vanderbilt, I have many external synergistic activities. For 

example, I currently serve as a member of the Water Science 

and Technology Board of the National Academies, the 

Nuclear Water Technical Review Board (an independent 

federal agency), and the Advisory Committee for the 

Geosciences Directorate of the NSF. I also chair the 

Government Affairs Program Advisory Committee, of the 

American Geological Institute. I am a fellow of the American 

Geophysical Union (AGU), a fellow of the Geological 

Society of America (GSA), and a fellow of the Association 

for Women in Science (AWIS).  

 

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 studies of 

Earth surface processes. Water is ñthe universal solvent.ò  

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.  

 

Current Research 

My work is aimed at understanding complex water-energy-

climate interrelationships and at how hydrological processes 

affect the transport of dissolved and suspended constituents 

through catchments and aquifers. Currently I am working on 

dissolved organic carbon dynamics with colleagues at Stroud 

Water Research Center, on understanding human-natural 

system interactions with respect to lawn fertilization in the 

Richland Creek watershed in Nashville, on river-

groundwater interactions and the relation to landslides in the 

Pacific Northwest, on water-energy-food interrelationships 

across the U.S., on adaptation to drought in the Mahaweli 

watershed in Sri Lanka, and on linked hydrological-climate-

human adaptation in Bangladesh. 

 

What Students Do 

 

Students working with me currently are engaged in the 

research topics mentioned above: John Crane ï lawn project; 

Leslie Duncan ï river aquifer project; John Jacobi ï Sri 

Lanka project; Yi Mei ï dissolved organic carbon project; 

Deb Perrone ï water-energy project; Chris Tasich ï 

Bangladesh project.  The work involves a mixture of field 

and laboratory measurements and modeling. Jenny Murphy, 

who graduated in 2010, worked on a project involving mine 

drainage in watersheds in Tennessee. She now works for the 

USGS in Nashville. Other former students, who completed 

their work with me at the University of Virginia, hold jobs in 

academia, with the USGS, and with environmental 

consulting firms. 



Selected Publications 

 

BOOKS 

 

Hornberger, G.M., Raffensperger, J.P., Wiberg, P.L., and K. 

Eshleman. 1998. Elements of Physical Hydrology. Johns 

Hopkins Press. 
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General Interests 

I teach courses for grad (and advanced undergrad) students in 

igneous geochemistry, volcanic processes, origin and history 

of Earthôs crust, and occasional 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 10-15 km cross-sections of 

plutons and their erupted products are exposed, at Mount 

St. Helens, where modern eruptions sampling a half -

million year old system, on rhyolites and granites in 

Iceland, and on the 19 Ma Peach Spring supereruption, 

which buried much of SE Calif, NW Arizona, and S 

Nevada. (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, and John Ayers 

¶ we also collaborate closely with Jonathan Miller (San Jose 

State Univ), a field-based petrologist and geochemist; 

geochemist/geochronologist Joe Wooden of the 

USGS/Stanford SHRIMP lab; Jim Faulds, University of 

Nevada-Reno (structure-tectonics-field geology, 

volcanic sequences); Mike Clynne, volcanologist-

petrologist, USGS-Menlo Park; and Charles Ferguson, 

field volcanologist, Arizona Geological Survey  

¶ 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 

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. MS and PhD students enter academia 

or pursue careers in environmental science, secondary 

education, and government survey geology. Lily 

Claiborne (PhD 2011) completed pioneering work on the 

zircon record of Mount St Helens and is now a Senior 

Lecturer at Vanderbilt.  At the moment, all of my grad 
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students are working toward the PhD (but more than 40 

others have completed the MS): Tamara Carley is using 

zircon to track origins and history of silicic magmatism in 

Iceland, and Danny Flanagan is investigating the preserved 

record of magmatic processes in sphene in plutonic rocks in 

Nevada, as well as determining its solubility in magmas 

experimentally with John Ayers.  Abe Padilla works on 

remobilization of moribund silicic intrusions in Nevada in 

Iceland by mafic replenishment.  Susanne McDowell is 

deciphering the evolution of the magmatic system that fed 

the Peach Spring Tuff supereruption.      
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issue of Elements, v. 4, no. 1 

 

Selected recent papers: 

*Colombini, L., Miller, Gualda, G.A.R., Wooden, J.L., Miller, 

J.S., in press, Sphene (titanite) and zircon in the Highland 

Range volcanic sequence (Miocene, southern Nevada, USA): 

Elemental partitioning, phase relations, and influence on 

evolution of silicic magma: Mineralogy and Petrology.  

*Carley, T.L., Miller, C.F., Wooden, J.L., Bindeman, I.N., 

Barth, A.P., in press, Zircon from historic eruptions in 

Iceland: Reconstructing storage and evolution of silicic 

magmas: Mineralogy and Petrology. 

*Claiborne, L.L., and Miller, C.F., in press, Teaching 

radioactive decay & radiometric dating: an analog activity 

based on fluid dynamics: Journal of Geoscience Education. 

Miller, C.F., Furbish, D.A., *Walker, B.A. Jr., *Claiborne, L.L., 

*Koteas, G.C., *Bleick, H.A., Miller, J.S., 2011, Growth of 

plutons by incremental emplacement of sheets in crystal-rich 

host: Evidence from Miocene intrusions of the Colorado 

River region, Nevada, USA: Tectonophysics 500: 65-77. 

*Claiborne, L.L., Miller, C.F., Wooden, J.L., and Mazdab, F.K., 

2010, 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 160: 511-531. 

*Claiborne, L.L., Miller, C.F., *Flanagan, D.M., Clynne, M.A., 

and Wooden, J.L., 2010, Zircon reveals protracted magma 

storage and recycling beneath Mount St. Helens: Geology 38: 

1011-1014.. 

*Fisher, C.M., Loewy, S.L., Miler, C.F., *Berquist, P.J., Van 

Schmus, W.R., Hatcher, R.D., Wooden, J.L., and Fullagar, 

P.D., 2010, Whole rock Pb and Sm-Nd isotopic constraints on 

the growth of the southeastern Laurentia during Grenvillian 
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