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NOTES

Projects suggested by the faculty members and research staff are listed here.
Contact these researchers for further information.

In many cases topics suggested are general areas of research. Discussion will be
needed to decide on a specific problem and the scope of the project, particularly
those which have both Junior Paper and Senior Thesis potential.

Feel free to discuss ideas of your own with any faculty member, even those not
listed (who had no ideas or did not meet the deadline).

CODES IN LEFT-HAND MARGIN

JP = suitable for Junior Independent Work.
ST = suitable for Senior Thesis research.
JP or ST = could be scaled for either Junior Independent Work or

Senior Thesis Research.



Prof. Michael Bender, Room M48 - University Ext. 8-2936
E-mail: bender@princeton.edu

JP 1.

Jr 2.

ST 3.

ST 4.

Respiration Rates in the Dark Ocean.

Characterizing rates of photosynthesis and respiration in the ocean is a major task
of ocean biogeochemistry, Rates are estimated from chemical changes observed
in the water and ages of waters in which these changes occur. A “toy model” for
estimating water ages assumes that, below the sea surface, ocean mixing occurs
only between waters of the same density (which results from compensating
changes of temperature and salinity). This project would involve a literature
survey of such models, and could include original calculations that extend present
approaches.

Radiocarbon Ages of Sinking Organic Matter in the Deep Sea.

The production of organic matter in the sunlit ocean (roughly the upper 100m),
and its sinking and decay at depth, is the main process causing chemical gradients
in the sea. With depth, waters become older and have a greater radiocarbon age.
If sinking organic matter originates only at the sea surface, it would have the
young surface age. Production of organic matter lower down in the sunlit ocean,
or addition of organic matter synthesized at depth, will lead to older ages. This
project involves reviewing the literature with an eye to understanding the sources
of organic matter settling in the thermocline (upper 1000 meters) and the deep
sea.

Helium Uranium Dating of Calcites.

In principle, minerals can be radiometrically dated by measuring the amount of
helium they have accumulated from radioactive decay of uranium. In practice,
this method sometimes works poorly because helium is small enough to leak out
of crystals. The mineral calcite is fairly leaky, but large crystal sizes promote
retention, so that it may be possible to date various calcites. If so, it could provide
a tool for dating sedimentary and metamorphic deposits of interest in various
studies, This project would involve helium-uranium dating calcites of known
ages in order to determine conditions under which the method works well.

Changes in the Earth’s Fertility During Glacial-Interglacial Transitions.
The isotopic composition of O, in air depends on competing reactions in the
stratosphere and the biosphere (photosynthesis and respiration). We can measure
changes in the isotopic composition of atmospheric O, through time by studying
gases trapped in ice cores. Then, with insights about the chemistry of the ancient
stratosphere, one can estimate glacial-interglacial changes in the fertility of the
planet, as well as changes during the transition from glacial to interglacial
conditions. This project would involve detailed studies of the isotopic
composition O, across glacial “terminations” with the aim of understanding how
the biosphere responded to these events, and influenced them.



Prof. Thomas Duffy, Room 218 - University Ext. 8-6769
E-mail: duffy@princeton.edu

My primary research involves understanding the structure, composition, and evolution of
planets through experimental study of minerals at high pressures and temperatures. Other
interests include: mineralogy, high-pressure physics and chemistry, planetary science, and
superhard materials.

ST 1. Raman Spectroscopy in Mineralogy
Raman spectroscopy is a laser-based non-destructive analysis tool for minerals
that has wide applications in geoscience. We have a number of laboratory
projects that would enable you to learn to use and apply Raman spectroscopy to
some interesting mineral or rock samples.

JP or ST 2. Extrasolar Planets
The discovery and characterization of extrasolar planets is one of the most
exciting recent developments in planetary science. In this project you will use
experimental data and theory to model possible interior structures for different
possible type of extrasolar planets including giant terrestrial planets (~10 earth
masses) or so-called ocean planets which are thought to be giant versions of
Jupiter's moon Ganymede (~50% H,0, ~50% silicate and metal). What minerals
will exist in these bodies? What will be the pressure and temperature distribution
in the interior? What will be the density, mass, and moment of inertia? How
might geophysical processes on such bodies differ from those in Earth.

ST or JP 3. High Pressure Equations of State
The elastic properties of geological materials are of prime importance for
interpreting seismic data for the deep Earth in terms of composition and
mineralogy. There are several competing methods for extrapolating laboratory
measurements of sound velocities to deep Earth conditions. This project will
involve determining which methods are most reliable. In doing so, you will learn
about elasticity and mechanical properties of solids. Involves spreadsheet
calculations and some basic computer programming. Requires math through
linear algebra,

JP 4, Composition of Earth’s Core
The Earth’s core is one of the most enigmatic regions of the planet. The
composition of the core is about 90% iron, and 10% of some lighter element(s).
The nature of the light element is important for understanding the growth of the
inner core, the rate of cooling of the Earth, and the evolution of the geodynamo
and Earth’s magnetic field. The project will involve evaluating geophysical
evidence (phase diagram, density, sound velocity) for and against one or more of
the major candidates (Si, S, H, O) for the light element of the core.



ST 5.

ST. 6.

Computer-based Control System for Optical Spectroscopy

Develop a computer interface for a Raman spectrometer using the LabVIEW
software package. LabVIEW is a powerful and widely used software
environment with built-in functionality for data acquisition, instrument control,
measurement, and analysis. In this project you will gain experience in creating a
software interface to control the operation of a laser and spectrometer, and to
perform real time analysis of measured data. Skill developed here will be
applicable to a wide range of laboratory projects.

Plasma-Based Synthesis of Graphene

In collaboration with: Yevgeny Raitses (PPPL) Graphene is a one-atom-thick
planar sheet of sp?-bonded carbon atoms that are densely packed in a honeycomb
crystal lattice. This new material, which combines aspects of semiconductors and
metals, could be a leading candidate to replace silicon in applications ranging
from high-speed computer chips to biochemical sensors. However, before
graphene sheets can be applied to commercial applications, it is necessary to find
lower cost methods of mass production. Recently, a new method of graphene
synthesis in magnetically enhanced arc discharge was proposed and demonstrated
by a collaborative team of the Princeton Plasma Physics Laboratory and the
George Washington University. This project will focus on experimental studies
of this new method with emphasis on characterization of effects of magnetic and
electric fields on plasma-based synthesis of graphene. A student will participate
in upgrade of an arc experimental setup, development and use of plasma and laser
diagnostic tools and data analysis. The project will include analysis of post-arc
samples using electron microscopes (SEM, TEM) and micro-Raman
spectroscopy.

Prof. Gerta Keller, Room 308 - University Ext. 8-4117
E-mail: gkeller@princeton.edu

JP or ST 1.

JP or ST 2.

Analysis of the environmental and biological effects of Deccan volcanism
phase-1 (67.4 Ma) in marine environments during the initial phase of volcanism
in the late Maastrichtian. This study evaluates the global effects of this initial
phase of volcanism based on marine microfossils (planktic foraminifera) stable
isotopes, trace elements and mineralogy.

Analysis of the environmental and biological effects of Deccan volcanism
during the main phase-2 (65 Ma, KT mass extinction). This volcanic phase
directly precedes the KT boundary and may have been a major contributor, if not
cause for the KT mass extinction. This study will evaluate this event and its
global effects based on quantitative foraminiferal studies, stable isotopes, trace
elements and mineralogy.



JP or ST 3.

JP or ST 4.

JP or ST 5.

Analysis of the environmental and biological effects of Deccan volcanism
during the final phase-3 in the early Danian (chron 29r/29n transition). For
decades the long delayed recovery of the marine ecosystem after the KT mass
extinction has remained an enigma. New age dates for the latest phase of Deccan
volcanism indicates that the delayed recovery culminates and ends with

this volcanic event. Biotic recovery follows after the end of Deccan volcanism.
Global analysis of this event provides insights into the prolonged adverse
environmental conditions. Analytical methods include quantitative foraminiferal
studies, stable isotopes, trace elements and mineralogy.

Biological and environmental effects of the Chicxulub impact and Deccan
volcanism during the KT mass extinction. This study involves a significant
amount of literature research and evaluation of published record on the age and
environmental consequences of impact and volcanism during the KT transition
(suitable for JP). The laboratory component is based on analysis of at least one
locality based on quantitative foraminiferal studies, stratigraphy, stable isotopes,
trace elements and mineralogy.

Palcoecology of Opportunists and Disaster Species:

Times of catastrophes lead to extinction of ecologic specialist species and the rise
of ecological opportunists or disaster species. These species flood the
environment with great monospecific blooms, but rapidly disappear when normal
ecologic conditions return. Guembelitria cretacea is one such species. The study
of its paleoecology and geographic distribution reveals the nature of
environmental changes that accompanied catastrophes in Earth’s history. This
study involves, laboratory processing and microscope studies of microfossils.

Prof. Adam Maloof, Room 215 — University Ext. §-2844
E-mail: maloof@princeton.edu

I am a field geologist studying Earth history and the limits of global change. My current work
involves using sedimentary and volcanic rocks to extract information about Earth’s ancient
magnetic field and the relative motion of continents, perturbations to the global carbon cycle, and
climate change.

JP 1.

Has Earth’s magnetic field always been a simple dipole?

Do a literature review and compile the necessary data to describe the changing
geometry of Earth’s magnetic field over the past two million years. In particular,
quantify the importance of non-dipole fields through time, and discuss their
possible origin and their relevance for studying magnetic fields recorded in
ancient rocks.
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JP-ST 2. Dogleg in the Devonian?

Pre-Mesozoic paleogeographies are constructed by using paleomagnetic data to
constrain the latitude and orientation of individual continents. During the
Devonian, as large plants began to colonize the land, Pangaean mountain belts
collapsed, and big perturbations to the carbon cycle were recorded in the ocean, a
large unexplained dogleg in the motion of various continents has been observed.
Do a literature review to compile all the relevant paleomagnetic data, and revise
the geochronology given new biostratigraphic and radiometric data of the past
twenty years. Is the dogleg real, how long did it last, which continents did it
affect, and is it related to plant evolution and the global carbon cycle? An
interesting result could lead to senior thesis field work in Morocco, the
Appalachian Mountains, or even Ellesmere Island.
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JP-ST 3. What was the climate like during pre-Pleistocene glaciations?

Compile temperature, humidity and wind-direction data from sedimentary records
of ancient glaciations (Permo-Carboniferous, Ordovician or Neoproterozoic) and
create a GIS database and map set depicting the paleogeography and paleo-
climate. Did the global glaciations (snowball Earth) of the Neoproterozoic show
similar latitude-climate relationships as glaciations of the Orodovician and
Permo-Carboniferous? Has the obliquity, seasonality, and general atmospheric
circulation of the Earth remained constant through time?































































