
           

 
 

 The Earth Explorers
The Department of Geosciences, Princeton University 
Specializations in Climate Science, Geochemistry, Geomicrobiology, Geology, Geophysics



The Class of 2022 gathered for the annual Undergraduate 
Class Day photo with Professor Bess Ward, wearing their newly 
awarded senior jackets. Pictured are (front row) Isabel Koran and 
Yuri Tamama; (middle row) Samuel Cryan, Prof. Bess Ward, and 
Hanna Szabo; and (back row) Galen Cadley and Abigail Baskind. 
Photo by Eva Groves 

Alec and Ben Getraer ’19  
at the 2022 Reunion. That 
same celebration hosted 
the 2020 graduates  
in-person, in lieu of their 
virtual graduation during 
covid-19 pandemic.

(Cover) In 2022, students exploring the area around Bears Ears at a 
place called Arch Canyon Overlook, inside Mystery Valley that is part of 
Monument Valley Tribal Park. Photo courtesy of Tommy Rock (GEO 360)

Ethan Sontarp ’24 stands with his 2023 Junior Independent 
Research poster titled “Speciation of Hydrogen in Silicate 
Melts: Implications for Water Solubility in Terrestrial Magma 
Oceans,” in the Great Hall at Guyot. Ethan received the 
2023 Mineralogical Society of America Undergraduate 
Prize in recognition of this work.

Grace Liu ’23 receiving 
her Princeton University 
Library (PUL) Award from 
presenter Dean of the 
College and Annan 
Professor in English
Jill Dolan on Princeton
Research Day 2023.
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Students take a moment to admire the view on the South Rim of the Grand Canyon, 2022. They are 
there to study the chemistry in the air, water, and soil of the canyon. Photo: Tommy Rock (GEO 360)

T he field of geosciences is central to many of the most pressing issues of today’s world: Earth resources 
and energy, natural hazards, human/environment interaction, and climate change. Through diverse 

coursework, small class sizes, and strong field and laboratory programs, the Department of Geosciences 
empowers students to understand how Earth works and how to solve real-world problems. 

Undergraduates studying geosciences often pursue careers in basic research, the energy industry, and 
education. Geosciences also provides a foundation for careers in applied research, environmental 
consulting, engineering, public policy, conservation, resource economics, environmental education, 
and general consulting.

Introduction to Geosciences



T he intellectual excitement of modern 
geosciences is fueled by our exploration 

of the dynamic forces and delicate balances 
that mold our planet and have rendered it 
conducive to life for much of its history. Our 
landscape is continually reshaped by the 
movement of cold continents atop the hot, 
viscous mantle, and our lives are altered by the 
earthquakes and volcanic eruptions that ac-
company their collision. Rocks that cover the 
Earth’s surface sink to great depths and trans-
form under enormous temperatures and pres-
sures, perhaps to be uplifted as mountains and 
exposed to future generations by the forces of 
erosion. The ocean and atmosphere engage in a 
continuous and complex dialogue that controls 
Earth’s climate. Chemical reactions operating 
within microorganisms and on a variety of 
mineral and other natural surfaces are integrated 
into large geochemical fluxes, which distribute 
the resources needed for life, and life in turn 
alters these fluxes. This process operates within 
the framework of biological evolution, in which 
diverse organisms appear, evolve, and vanish, 
sometimes leaving a transfigured world in their 
wake. All of these processes influence our daily 
lives in profound and surprising ways.

Many of the great challenges to humanity 
today and in the future, involve processes that 
are studied by Earth scientists, leading to a 
rapidly increasing role for the field in issues 
of environmental regulation and public policy. 
A background in the Earth sciences is an 
essential component of contemporary 
education. Practicing geoscientists study 
nature both in the field and in the lab. To an 
ever-increasing degree, they must quantify 
observations with the aim of not only 

describing the past but also of predicting 
the future of our planet, often with the aid 
of rigorous laboratory and field experiments, 
and intensive computation and modeling. The 
diversity of processes that characterize Earth 
as a whole requires geosciences to be an 
extraordinarily interdisciplinary field with 
direct connections to mathematics, physics, 
chemistry, biology, and computer science.  
As a result of these connections, the 
Geosciences Department frequently draws

students from many backgrounds. Many of 
our most successful graduates begin their 
undergraduate careers in subjects ranging 
from physics to English. The Department of 
Geosciences welcomes this intellectual variety, 
and our undergraduate program allows flexibil-
ity while stressing the importance of a sound 
understanding of the basic sciences. 

Visit our website at: 
geosciences.princeton.edu
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Land, ice, ocean and atmosphere 
connections. Turquoise melt 
water from Greenland flows 
into the ocean and intertwines 
with blooming green ocean 
algae (research themes from 
Fueglistaler, Vecchi and 
Resplandy Labs). Satellite 
image from NASA Aqua/ 
MODIS in August 2019.

Program Information



Jie Deng (GP) 
Assistant Professor of Geosciences. 
email: jie.deng@princeton.edu 
website: sites.google.com/view/jiedeng

Curtis A. Deutsch (OA) 
Professor of Geosciences and the  
 High Meadows Environmental Institute. 
email: cdeutsch@princeton.edu  
website: cdeutsch.princeton.edu 

Thomas S. Duffy (GP) 
Professor of Geosciences. 
 Chair, Department of Geosciences.  
email: duffy@princeton.edu 
website: duffy.princeton.edu 

Stephan A. Fueglistaler (OA) 
Professor of Geosciences. 
 Director, Atmospheric and Oceanic Sciences. 
 Director, Cooperative Institute for 
 Modeling the Earth System. 
email: stf@princeton.edu 
website: fueglistaler.princeton.edu 

John A. Higgins (GE, EG) 
Professor of Geosciences.  
email: jahiggin@princeton.edu  
website: carboncycle.princeton.edu 

Adam C. Maloof (GE) 
Professor of Geosciences.  
email: maloof@princeton.edu  
website: maloof.princeton.edu 

Satish C. Myneni (EG) 
Professor of Geosciences.  
email: smyneni@princeton.edu 
website: myneni.princeton.edu 

Elizabeth Niespolo (GE) 
Assistant Professor of Geosciences.  
email: niespolo@princeton.edu 
website: niespolo.princeton.edu 

Michael Oppenheimer (OA) 
Professor of Geosciences and International Affairs 
  and the High Meadows Environmental Institute. 
 Director, Center for Policy Research on Energy 
 and the Environment. 
email: omichael@princeton.edu 
website: cpree.princeton.edu/people/ 
 michael-oppenheimer

Laure Resplandy (OA) 
Assistant Professor of Geosciences and the 
 High Meadows Environmental Institute. 
email: laurer@princeton.edu 
website: resplandy.princeton.edu

Allan M. Rubin (GP) 
Professor of Geosciences. 
email: arubin@princeton.edu 
website: rubin.princeton.edu

Blair Schoene (GE) 
Associate Professor of Geosciences. 
email: bschoene@princeton.edu 
website: timslab.princeton.edu

Daniel M. Sigman (EG) 
Dusenbury Professor of Geological and 
 Geophysical Sciences: Professor of Geosciences. 
email: sigman@princeton.edu 
website: www.princeton.edu/sigman

Frederik J. Simons (GP) 
Professor of Geosciences. 
 Associate Chair, Department of Geosciences. 
email: fjsimons@princeton.edu 
website: www.frederik.net

Jeroen Tromp (GP) 
Blair Professor of Geology. 
 Professor of Geosciences and Applied and 
 Computational Mathematics. 
 Director, Princeton Institute for Computational 
 Science and Engineering. 
email: jtromp@princeton.edu 
website: tromp.princeton.edu

Gabriel A. Vecchi (OA) 
Professor of Geosciences and the 
 High Meadows Environmental Institute. 
 Director, High Meadows Environmental Institute.  
 Deputy Director, Cooperative Institute for  
 Modeling the Earth System. 
email: gvecchi@princeton.edu 
website: vecchi.princeton.edu

Bess B. Ward (MB, EG) 
William J. Sinclair Professor of Geosciences 
 and the High Meadows Environmental Institute. 
email: bbw@princeton.edu 
website: nitrogen.princeton.edu

Xinning Zhang (MB, EG) 
Assistant Professor of Geosciences and the 
 High Meadows Environmental Institute. 
email: xinningz@princeton.edu 
website: zhang.princeton.edu

Undergrad Work Committee:
Satish Myneni,  
Director of Undergraduate Studies 
(DUS), Chair

Laure Resplandy,  
Director of the Minor (DoM)

Senior and Junior Advisers:  
Elizabeth Niespolo and Curtis Duetsch

Geosciences Faculty

Specializations: 

Microbiology (MB)   
Environmental Geochemistry (EG)   
Oceans, Atmosphere, & Climate (OA) 
Geology and Earth History (GE) 
Geophysics (GP)
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Prerequisites: (See table on page 5)  
Prerequisites for declaring the geosciences 
concentration vary by track, but all require 
MAT 104, COS 126 or SML 201, and either 
GEO 202 or GEO 203.

The Microbiology (MB), Environmental 
Geochemistry (EC), and Oceans, Atmosphere, 
and Climate (OA) tracks require GEO 202. The 
Geology and Earth History (GE) and 
Geophysics (GP) tracks require GEO 203.

By the end of junior year, students in every  
specialization must satisfy the statistics require-
ment by taking GEO 422 (or substituting ORF 
245, ECO 202, PSY 251, or SPI 200).

If a student meets one set of prerequisites but 
would like to switch specializations, accom-
modations can be made with a member of the 
Undergraduate Work Committee (UWC).

General Requirements: The major in geosciences 
requires 14 courses. In addition to the three 
prerequisites and the statistics requirement, each 
specialization in the geosciences major requires 
four core math and science requirements, two 
core GEO requirements and four GEO electives. 
The particular requirements are determined by 
the student’s track of study.

Microbiology (MB) track: Core math and  
science requirements are EEB 211, MOL 214, 
CHM 201, and CHM 202; core GEO require-
ments are GEO 363 and GEO 417. Students 
then choose four electives from the following 
list: GEO 362, GEO 416, GEO 418, GEO 428, 
GEO 435, MOL 345, MOL 380.

Environmental Geochemistry (EC) track: Core 
math and science requirements are MOL 214, 
CHM 201, CHM 202, and PHY 103; core GEO 
requirements are GEO 363 and GEO 360.  
Students then choose four electives from the 
following list: GEO 361, GEO 369, GEO 370, 

GEO 417, GEO 418, GEO 428, GEO 435, 
GEO 470, FRS, CHM 301, CEE 311, CEE 
306/307, CEE 471.

Oceans, Atmosphere, and Climate (OA) track: 
Core math and science requirements are MAT 
201, MAT 202, CHM 201, and PHY 103; core 
GEO requirements are GEO 361 and GEO 425. 
Students then choose four electives from the 
following list: GEO 362, GEO 363, GEO 366, 
GEO 367, GEO 368, GEO 427, GEO 428, GEO 
435, GEO 203, FRS, MAE 305.

Geology and Earth History (GE) track: Core 
math and science requirements are MAT 202, 
CHM 201, CHM 202, and PHY 103; core GEO 
requirements are GEO 362 and GEO 464.  
Students then choose four electives from the 
following list: GEO 378, GEO 372, GEO 370, 
GEO 373, GEO 365, GEO 202, FRS, MAE 305, 
MAE 221.

Geophysics (GP) track: Core math and science 
requirements are MAT 201, MAT 202, PHY 103 
or 105, and PHY 104 or 106; core GEO require-
ments are GEO 371 or GEO 422 and MAE 305.  
Students then choose four electives from the 
following list: GEO 419, GEO 424, GEO 441, 
GEO 422, GEO 464, GEO 370, GEO 202, FRS.

In addition to these courses, the Junior 
Colloquium is a weekly luncheon meeting, 
convened during the fall term, to inform juniors 
about proposal writing, and ongoing research 
in different areas of geosciences. This one-hour 
colloquium is mandatory for all geosciences 
majors.

All students considering a major in the depart-
ment should see the director of undergraduate 
studies (DUS). Students are encouraged to 
consult as soon as possible, even as first-year 
students, to aid in the design of a course of

study. The Department offers an open house 
in both the fall and spring terms to introduce 
prospective students to departmental courses, 
faculty, students and research interests.

Certificate Programs: The Department offers a 
certificate program in geological engineering in 
collaboration with the Department of Civil and 
Environmental Engineering, which is described 
in the entry for the Program in Geological  
Engineering. The Department also cooperates 
in the certificate programs in environmental 
studies, materials science and engineering,  
planets and life, and teacher preparation.  
Several geosciences courses fulfill the require-
ments of these certificate programs.

Geoscience Advisers: Each geosciences junior 
and senior is assigned an adviser, who is a 
faculty member and part of the Undergraduate 
Work Committee. Students are expected to 
meet regularly with their advisers for discus-
sions on curriculum, course selection, choice 
of junior and senior research paper topics, 
study abroad plans and the like. Once the 
courses have been selected in consultation 
with the adviser, students turn in their signed 
fall and spring course worksheets to the  
undergraduate coordinator. Any course changes 
also should be discussed and approved by the 
adviser or the DUS. At the beginning of each 
academic year, students will be informed who 
their geosciences advisers are.

Visit our website to read more about required 
Independent Work, Grading and Honors and 
additional information in the Geosciences:  
geosciences.princeton.edu/undergraduate/ 
programs-of-study

Geosciences Requirements
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Departmental Specialization
MICROBIOLOGY 

(MB)
ENVIRONMENTAL 

GEOCHEMISTRY (EG)

OCEANS, ATMO-
SPHERE, & CLIMATE 

(OA)

GEOLOGY & EARTH 
HISTORY (GE) GEOPHYSICS (GP)

To declare concentration 
sophomore year MAT 104 MAT 104 MAT 104 MAT 104 MAT 104

To declare concentration 
sophomore year COS 126 COS 126 COS 126 COS 126 COS 126

To declare concentration 
sophomore year GEO 202 GEO 202 GEO 202 GEO 203 GEO 203

By end of junior year GEO 422 or ORF 245 GEO 422 or ORF 245 GEO 422 or ORF 245 GEO 422 or ORF 245 GEO 422 or ORF 245
Required Core Math and 
Science EEB 211 MOL 214 MAT 201 MAT 202 MAT 201

Required Core Math and 
Science MOL 214 CHM 201 MAT 202 CHM 201 MAT 202

Required Core Math and 
Science CHM 201 CHM 202 CHM 201 CHM 202 PHY 103 or 105

Required Core Math and 
Science CHM 202 PHY 103 PHY 103 PHY 103 PHY 104 or 106

Required Core Geoscience GEO 363 GEO 363 GEO 361 GEO 362 GEO 371 or 442

Required Core Geoscience GEO 417 GEO 360 GEO 425 GEO 464 MAE 305

Recommended Electives GEO 362 GEO 361 GEO 362 GEO 378 GEO 419

Recommended Electives GEO 416 GEO 370 GEO 363 GEO 372 GEO 424

Recommended Electives GEO 418 GEO 417 GEO 366 GEO 370 GEO 441

Recommended Electives GEO 428 GEO 418 GEO 367 GEO 373 GEO 422

Recommended Electives GEO 435 GEO 428 GEO 369 GEO 202 GEO 464

Recommended Electives MOL 345 GEO 435 GEO 427 FRS GEO 370

Recommended Electives MOL 380 GEO 470 GEO 428 MAE 305 GEO 202

Recommended Electives FRS FRS GEO 435 MAE 221 FRS

Recommended Electives CEE 301 GEO 203

Recommended Electives CEE 311 FRS

Recommended Electives CEE 306/307 MAE 305

Recommended Electives CEE 471
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Students are urged to consult with the DUS or a member of 
the Undergraduate Work Committee before choosing hybrid 
specializations or pursuing specialization-electives outside 
of geosciences. In general, the department is flexible about 
course selections and requirements; however, we must ensure 
a degree of coherency in each student’s course of study.



Curriculum: Introductory Courses

GEOSCIENCES COURSE LIST: 
GEO 102A (without lab) & 102B (with lab) - 
CLIMATE: PAST, PRESENT & FUTURE  
(ENV, STC)  
Which human activities are changing our 
climate, and does climate change constitute a 
significant problem? This course investigates 
these questions through an introduction to 
climate processes, an exploration of climate 
from the distant past to today, and consideration 
of the implications of climate change for the 
global environment and humans. Intended to 
be accessible to students not concentrating in 
science or engineering.  (Sigman)

GEO 103 - NATURAL DISASTERS 
This course examines natural (and some 
society-induced) hazards and the importance 
of public understanding of related issues. 
Learn about the geological processes 
that underlie hazards, and discuss policy 
implications. Topics include earthquakes, 
volcanoes, landslides, tsunami, hurricanes, 
floods, meteorite impacts, and global warming. 
A weekly laboratory is required. Intended 
primarily for non-science majors. (Rubin)

GEO 202 - OCEAN, ATMOSPHERE & 
CLIMATE  The ocean and the atmosphere 
control Earth’s climate, and in turn climate 
and atmospheric changes influence the ocean. 
This course explores what sets the temperature 
of Earth’s atmosphere and the connections 
between oceanic and atmospheric circulations 
including exchanges of heat and carbon. It 
also investigates how these circulations control  
marine ecosystems and the cycling of  
chemicals in the ocean. The final part of the 
course focuses on human impacts, including 
changes in coastal environments and the 
acidification resulting from increased 
atmospheric carbon dioxide. (Resplandy) 

GEO 203 - THE HABITABLE PLANET (QCR) 
A quantitative introduction to solid Earth 
system science, focusing on the underlying 
physical and chemical processes and their 
geological and geophysical expression. The 
course investigates the Earth starting from its 
accretion, differentiation, and evolution, and 
discusses how these processes create and 
sustain habitable conditions. Topics include 
nucleosynthesis, planetary thermodynamics, 

plate tectonics, seismology, geomagnetism, 
petrology, sedimentology and the global 
carbon cycle. Includes a field trip. (Niespolo/
Higgins)

(GEO 203) (top) Eroding 
basalt flows, showing 
flow structures, that cover 
a plateau dated to the 
Miocene, on a recent trip 
to Mpala, Kenya. This 
flow top has created an 
overhang that hosts a 

cave presenting undated (but relatively recent, <30 ka) 
rock art painted by early humans (middle). 

(bottom) The rock record can tell us about the 
evolution of the solid Earth and provide evidence of 
past climates. This photo shows gypsum 
deposits which represent The Messinian Salinity 
crisis, a period around 5.3 million years ago when 
combined climatic and tectonic processes led to a 
nearly complete drying of the Mediterranean basin. 
Photos: Prof. Elizabeth Niespolo

GEOSCIENCES FRESHMAN 
SEMINAR
FRS 115 - DECOMPOSING THE 
SCIENCE OF COMPOSTING: HOW 
TO TURN WASTE INTO RESOURCE 
This course overviews the science of com-
posting by covering nutrient cycling 
(carbon and nitrogen, pollution), soil 
science (chemistry), microbial ecology, and 
the food/water/biodiversity/climate grand 
challenges. Local samples will be used. The 
course will enhance campus sustainability 
efforts through student research projects. 
Students will help the SCRAP lab optimize 
composting practices (e.g. aerobic biodi-
gestor) to process dining-sourced bioplas-
tics into healthy compost with low C emis-
sions. Student findings will be an integral 
component of a larger NJ DEP supported 
project to advance campus recycling goals.
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GEO 320 - INTRODUCTORY GEOPHYSICS 
An Introduction to Earth and Planetary Physics. 
Planetary formation (accretion, cooling, heat 
transport) and evolution (mantle convection, 
deformation, plate tectonics). Rheology, and 
mineral physics (melting and differentiation). 
Techniques include gravity, magnetism, 
seismology and geodynamics. Taught in the 
context of the terrestrial planets (Earth, Mars 
and Venus).  (Deng)

GEO 360 - TOPICS IN ENVIRONMENTAL 
JUSTICE IN THE GEOSCIENCES  (ENV) 
Humans have profoundly altered the chemistry 
of Earth’s air, water, and soil. This course explores 
these changes with an emphasis on the analytical 
techniques used to measure the human impact. 
Topics include the accumulation of greenhouse 
gases (CO2 and CH4) in Earth’s atmosphere and 
the contamination of drinking water at the tap 
and in the ground. Students will get hands-on 
training in mass spectrometry and spectroscopy 
to determine the chemical composition of air, 
water, and soil, and will participate in an  
outreach project providing chemical analysis 
of urban tap waters to residents of Trenton, 
New Jersey.  (Higgins)

GEO 361 - EARTH’S ATMOSPHERE (ENV, CEE)   
This class discusses fundamental aspects of 
Earth’s climate with a focus on the fundamental 
atmospheric processes that render Earth 
“habitable,” and how they may respond to 
the forcing from natural (such as volcanoes) 
and anthropogenic (such as emission of carbon 
dioxide and ozone-depleting gases) processes.  
(Fueglistaler)

GEO 362 - EARTH HISTORY (ENV)  
We are the product of 4+ billion years of geo-
logical, chemical, and biological evolution in 
a thin veneer on the surface of a rocky planet 
~150 million kilometers from a mid-life main 
sequence star. This course seeks to understand 
the ‘how‘ of Earth history by integrating many 
branches of Earth system science including 
geochronology, paleomagnetism, tectonics, 
petrology, paleoclimate, sedimentology, geo-
chemistry, and geobiology. Through a detailed 
study of the relevant data sets, models, and 
theories students in this course will engage 
and struggle with these seemingly disparate 
fields to arrive at a better understanding of 
how an imperfect geologic record can be used 
to produce an accurate reconstruction of our 
planet’s history.  (Higgins, Schoene)

GEO 363 - ENVIRONMENTAL  
GEOCHEMISTRY: CHEMISTRY OF THE 
NATURAL SYSTEMS (CHM, ENV) 
The pressing needs of the modern civilization 
are: provide clean water and air, reduce the 
impact of manmade chemicals, increase soil 
productivity and preservation, and understand 
the resilience of land and oceans in a  chang-
ing climate. Knowledge on the chemistry of 
the environment helps in understanding and 

In 2022, Students exploring the area around Bears Ears at a place called Arch Canyon Overlook, inside 
Mystery Valley that is part of Monument Valley Tribal Park, AZ. Photo: Tommy Rock (GEO 360)

Intermediate Courses
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dealing with these pressing issues. This course 
covers topics including origin of elements; 
atomic theory and chemical bonding; chemis-
try of Earth surface materials and their reaction 
equilibria in aqueous and biological systems; 
and chemistry of the atmosphere, soil, marine, 
and riverine environments. The biogeochemis-
try of contaminants and their influence on the 
environment will also be discussed.  (Myneni)

GEO 366 - CLIMATE CHANGE: IMPACTS, 
ADAPTATION, POLICY (ENV, SPI, ENE)  
An exploration of the potential consequences 
of human-induced climate change and their 
implications for policy responses, focusing on 
risks to people, societies, and ecosystems.  
(Oppenheimer)

GEO 367 / ENV 367 - MODELING THE 
EARTH SYSTEM: ASSESSING STRATEGIES 
FOR MITIGATING CLIMATE CHANGE  
This course is an introduction to earth system 
modeling for students interested in global 

environmental issues. Students will use a  
“compact” or “reduced” Earth system model,  
including the ocean, the land and the atmosphere, 
to examine how the system responds to human 
activities and natural climate variations. They will 
design mitigation scenarios, test their impact 
using the model and analyze and discuss their 
results. This course is designed to give students 
a critical thinking about climate 
models, their strengths and their 
limitations. (Resplandy)

GEO 368 / ENV 354 - CLIMATE AND 
WEATHER: ORDER IN THE CHAOS 
This course focuses on the relationship 
between climate and weather events: each 
weather event is unique and not predictable 
more than a few days in advance, large-scale 
factors constrain the statistics of weather 
events, those statistics are climate. Various 
climatic aspects will be explored, such as the 
geographic constraints, energy and water 
cycling, and oceanic and atmospheric circulation, 
solar heating, the El Niño phenomenon, ice 
ages, and greenhouse gases. These climate 
features will be used to interpret the statistics 
of a number of weather events, including heat 
waves, tropical cyclones (hurricanes and ty-
phoons) and floods.  (Vecchi)

GEO 369 - ENVIRONMENTAL MATERIALS 
CHEMISTRY: RESEARCHING IN FIELD AND 
LABORATORY (MSE, ENV) 
The course covers concepts related to the 
chemistry of inorganic and organic materials 
found in the pristine and contaminated settings 
in the Earth surface environments, with an 
introduction to the modern field sampling 
techniques and advanced laboratory analytical 

Students observing recent lava flows from the largest volcano on Earth, Mauna Loa, while on a Hawaiian field 
trip in the spring of 2023. Photo: Prof. Satish Myneni
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Future projections of Earth surface 
temperature in an ensemble of 
mitigation scenarios (ENV 367/GEO 
367). Source: Intergovernmental 
Panel on Climate Change (IPCC), 
Mitigation of Climate Change 2022 
Report, assessment report 6, working 
group 3.



During reading period of 2021, the Mineralogy 
(GEO 378) class took its annual American Museum of 
Nature History trip. Photo: Courtesy of the AMNH 

Dave Singh ‘24, third from left, custom designed and built these ‘fish tanks’ for analog glacier 
experiments in GEO 376 in 2022. The first round of ice sheet experiments with Newtonian and 
non-Newtonian fluids happened with the help of graduate student Ryan Manzuk. Photo: Prof. Frederik 
Simons
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and imaging tools. Different materials characterization 
methods, such as optical, infrared, and synchrotron 
X-ray spectroscopy and microscopy, will also be 
introduced. Field sampling and analysis of  
materials from diverse soil and coastal marine 
environments will be the focus during the second 
half of the semester.  (Myneni)

GEO 370 - SEDIMENTOLOGY (ENV, CEE)  
The physics and chemistry of the Earth surface 
processes that generate, transport, and deposit 
sediments; emphasis is on the interpretation 
of sedimentary records of modern and ancient 
environmental change.  (Maloof)

GEO 371 - GLOBAL GEOPHYSICS (PHY) 
An introduction to global geophysics. Topics 
include Earth’s shape, gravitational and magnetic 
field, seismology, and geodynamics.  (Simons)

GEO 372 - ROCKS 
An introduction to the processes that govern 
the distribution of different rocks and minerals in 
the Earth. Learn to make observations from the 
microscopic to continental scale and relate these 
to theoretical and empirical thermodynamics. 
The goal is to understand the chemical, 
structural, and thermal influences on rock and 
mineral formation and how this in turn influences 
the plate tectonic evolution of our planet. Includes 
local and extended field trips.  (Schoene)

GEO 373 - STRUCTURAL GEOLOGY  
An introduction to the physics and geometry 
of brittle and ductile deformation in Earth’s 
crust. Deformation is considered at scales from 
atomic to continental, in the context of 
mountain building, rifting, and the origin 
of topography.  (Schoene)

GEO 376 - THE PHYSICS OF GLACIERS  
(ENV, CEE, MAE) 
Glaciers and ice sheets are important elements 
of Earth’s global climate system. This course 
introduces undergraduate and graduate students 
to the history of ice on Earth, contemporary 
glaciology, and the interactions between climate, 
glaciers, landforms, and sea level. Drawing from 
basic physical concepts, lab experiments, numer-
ical modeling, and geological observations, we 
tackle important physical processes in glaciology, 
and equip students with data analysis and 
modeling skills. Students will gain an appreciation 
for the importance of ice sheets for the global 
climate system, and the large gaps that remain 
in our understanding. (Maloof)

 GEO 378 - MINERALOGY (MSE) 
A survey of the structure and crystal chemistry 
of major rock-forming minerals. Topics include: 
symmetry, crystallography, physical and chemical 
properties of minerals, mineral thermodynamics, 
systematic mineralogy, and techniques of 
modern mineralogy. Includes a weekly 
laboratory and a one-day field trip.  (Duffy)



Advanced Courses
GEO 416 - MICROBIAL LIFE - A 
GEOBIOLOGICAL VIEW (ENV) 
Microbes were the first life forms on Earth and 
are the most abundant life forms today. Their 
metabolisms underpin the cycling of carbon, 
nitrogen, and other important elements through 
Earth systems. This course will cover the funda-
mentals of microbial physiology and ecology and 
examine how microbial activities have shaped 
modern and ancient environments, with the goal of 
illustrating the profound influence of microbial 
life on our planet for over 3 billion years.  (Zhang)

GEO 417 - ENVIRONMENTAL 
MICROBIOLOGY (CEE, EEB) 
The role of bacteria in elemental cycles, in 
soil, sediment, and marine and freshwater  
communities, and in bioremediation and 
chemical transformations.  (Ward)

GEO 418 - ENVIRONMENTAL AQUEOUS 
GEOCHEMISTRY (CHM) 
Application of quantitative chemical principles 
to the study of natural waters; equilibrium 
computations, weathering processes, 
precipitation of chemical sediments, and 
water pollution.  (Morel-Kraepiel)

GEO 419 - PHYSICS AND CHEMISTRY OF 
EARTH’S INTERIOR (PHY)  
Physics and chemistry of Earth materials and the 
nature of dynamic processes in Earth’s interior.  
(Duffy)

GEO 421 - A PRACTICAL GUIDE TO 
ATOMISTIC MODELING: APPLICATIONS TO 
EARTH AND ENVIRONMENTAL SCIENCE 
This course explores the fundamentals of 
atomistic modeling and its applications to 
the study of material properties. The theory 
section emphasizes a conceptual framework 
of atomistic modeling. The section on 
applications provides examples of deriving 
material properties using atomistic modeling 
with available codes/softwares. Students gain 
experience applying atomistic modeling to 
their individual areas of research interest, 
such as material sciences, mineral physics, 
seismology, geochemistry, and environmental 
sciences. Individual projects are developed 
by students throughout the semester. (Deng)

GEO 422 - DATA, MODELS & UNCERTAINTY 
IN THE NATURAL SCIENCES 
An introduction to data analysis and 
interpretation in the natural sciences. 
Topics include statistics, time series analysis, 
and matrix-based inverse theory.  (Simons)

GEO 424 - INTRODUCTORY SEISMOLOGY 
(CEE, ENE) 
Basic concepts in seismology. Topics covered: 
theories of wave propagation in the earth, 
instrumentation, Earth’s structure and 
tomography, theory of the seismic source, 
physics of earthquakes, and seismic hazard 
assessment. Emphasis will be placed on how 
quantitative mathematical and physical 
methods are used to understand complex natural 
processes, such as earthquakes.  (Tromp)

GEO 425 - INTRODUCTION TO OCEAN 
PHYSICS FOR CLIMATE (MAE)  
Detailed examination of thermohaline and 
wind-driven circulation and the ocean as a 
major influence on the atmosphere and global 
environment.  (Vecchi)
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A crystallizing bridgmanite, the most abundant 
mineral phase in Earth. The inset shows a zoom-in 
view of the bridgmanite-liquid interface with atoms 
colored by their local environment similarity with 
respect to the perfect perovskite structure.  Figure: 
Prof. Jie Deng



GEO 427 - FUNDAMENTALS OF EARTH’S 
CLIMATE SYSTEM (CEE, ENV) 
This class provides an overview of the broad 
factors that determine our current climate, as 
well as past and future climates. The focus is 
on Earth’s energy and water cycles, the 
processes determining the principal 
atmospheric and ocean circulation features, 
climate feedback processes, and dominant 
modes of variability.  (Staff)

GEO 428 - BIOLOGICAL OCEANOGRAPHY 
Biological processes in the context of their 
chemical and physical environment; primary 
production and marine food webs, ocean ecology.  
(Ward)

GEO 429 - OCEAN BIO-PHYSICAL 
INTERACTIONS AND CLIMATE (ENV) 
This course explores the interaction between 
ocean physics and fluid dynamics and 
biological processes from global ocean scale 
(>1000 km) to small eddies and frontal 
structures (<1km). Questions that will be 
addressed are: How is the ocean ecosystem 
shaped by the ocean circulation? What is 
the impact of ubiquitous eddies, fronts, and 
waves on ecosystems? Are these biophysical 
interactions modulated by climate variations? 
Addressing these issues requires an interdisci-
plinary approach, bringing together the ocean 
physical, chemical, and biological dynamics.  
(Resplandy)

GEO 441 - COMPUTATIONAL GEOPHYSICS 
(APC)  Finite-difference, pseudospectral, finite-
element, and spectral-element methods 
presented and applied to a number of 
geophysical problems including heat flow, 
deformation, and wave propagation. Students 
will program simple versions of these methods.  
(Tromp)

GEO 442 - GEODYNAMICS (PHY) 
An advanced introduction to setting up and 
solving boundary value problems important to 
the Solid Earth sciences. Topics include elasticity 
and plate flexure, heat and fluid flow, with 
applications to mantle convection, magma 
transport, structural geology, and the thermal 
evolution of the terrestrial planets.  (Rubin)

GEO 464 - QUANTIFYING GEOLOGIC TIME 
Geologists have argued for centuries that 
Earth must be very old, but have only begun 
to quantify the age of Earth and measure 
the rates of geologic processes. This rapidly 
improving field is critical for understanding 
the rates of plate tectonics, climate change, 
volcanic eruptions, and landscape evolution. 
This course focuses on the methodology and 

applications of how we measure geologic time, 
from radiosotopic methods, or geochronology, 
to cyclostratigraphic analysis of sedimentary 
rock sequences. (Niespolo, Schoene)

GEO 470 - ENVIRONMENTAL CHEMISTRY 
OF SOILS (CHM)  Soils are key to the survival 
and evolution of the civilizations. Human 
activities have significantly altered soils, and 
some of the ancient civilizations suffered from 
these. This course covers topics related to the 
constituents of aqueous, solid and gaseous 
phases in soils, the chemical processes that 
govern reactions between different constituents, 
evolution of soils in different climates, and the 
links between soil chemistry and water quality 
and greenhouse gas emissions. (Myneni)

As part of a geology field camp over winter break, 2022, Hanna Szabo ’22 investigaled a 
folded granite in the Spirit Mountain area of Southern Nevada. Photo: Isabel Koran ’22
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F ield trips are an important component of 
many undergraduate Geoscience courses. 

A number of Geoscience courses include 
either day trips or extended field trips during 
the semester breaks. These field trips provide 
students with critical hands-on learning 
experiences. Applications of classroom 
learning, introduce them to the real world 
of research science in the field, and teach 
them to think and reason on their feet while 
confronted with problems that often require 
an interdisciplinary science approach. Field 
trip funds are provided by the Geosciences 
Department.

Geosciences Courses with Field Trips

On a 2023 Hawaiian field trip for 
GEO 369 the class walk the trail 
down to Papakolea Beach in order 
to examine the green sand (inset) 
made of olivine. Photo: Graduate 
Student Kewei Zhao 

Students measuring channel  
characteristics at the Stony Brook 
USGS Gauging Station in Princeton, 
NJ on a field trip in 2022. (GEO 103)
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GEO 202 - OCEAN, ATMOSPHERE & 
CLIMATE  This course includes one-day or 
overnight trips to coastal environments to 
investigate processes that shape the shore-
line or to collect water samples for physical, 
chemical and biological analyses.

GEO 203 - FUNDAMENTALS OF SOLID 
EARTH SCIENCE  
Field trips for this course give students 
hands-on experience with concepts they 
learn about in class and grapple with in 
problem sets. Starting with a look at the local 
geology: why does Washington Road go 
down a hill? Why is Nassau Hall built of such 
a poor building stone? A weekend field trip 
gives a deeper look into the physical and 
chemical processes that control the properties 
and behavior of the solid Earth. Sites visited 
have included the Catskills of New York, the 
folded Appalachians of Pennsylvania, the 
highlands of New Jersey and the New Jersey 
Coastal Plain. During Reading Period, the 

class spends a day at the American Museum 
of Natural History in New York City.

GEO 363 - ENVIRONMENTAL 
GEOCHEMISTRY  Several weekend field trips 
are organized during the fall semester. These 
trips are to the Hackensack River Estuary and 
Newark Bay (NJ), Pine Barrens (NJ), and the 
coal mines of Pottsville and surrounding areas 
(PA). The goals of these trips are to collect soil 
and sediment cores and examine chemical 
variations in their profiles, collect water sam-
ples and conduct analysis to evaluate impor-
tant biogeochemical variables, and introduce 
students to the variations in the biogeochem-
istry of pristine and polluted environments.

GEO 369 - ENVIRONMENTAL MATERIALS 
CHEMISTRY: RESEARCHING IN FIELD AND 
LABORATORY  The course trains students 
in studying the structure and chemistry of 
Earth surface materials using modern 
analytical approaches. It involves a field 
trip to the Big Island of Hawaii, where 
diverse soil materials (100s-150,000 years) 
developed under extreme climate variations 
and biodiversity (semi arid-tropical climates) 
with patches of corals around in coastal 
waters can be found within a 60 mile radius. 
Students will participate in group research 
projects involving studies of soil mineralogy, 
organic molecules in streams, and chemistry 
of corals in pristine and disturbed natural 
habitats. This course is not offered every year.

GEO 370 - SEDIMENTOLOGY 
This course has up to three regional weekend 
field trips designed to complement problem 
sets and take students to the New Jersey Pine 
Barrens, Eastern Kentucky Appalachia, and 
the Catskills Mountains of New York. The 
fourth is a mandatory spring-break field trip 
with varying locations (e.g., Bahamas, New 

Mexico, Australia) where students focus on 
specific research projects that range from 
dune migration and tidal channel dynamics, 
to generating records of sea level rise in the 
Caribbean or climate change in the American 
West. The field data collected on this trip are 
the focus of the final research projects.

GEO 372 - ROCKS  Students participate in a 
one-week field trip over spring break. In the field, 
students learn to make observations in order to  un-
tangle the complicated tectonic and thermal histo-
ries recorded by rocks in Earth’s crust and mantle. 
Students visit modern continental rifts and active 
faults, super volcanoes, deep crustal terranes 
exhumed during mountain building, and granitic 
batholiths. The main objective is to collect rock 
samples and field data that form the basis of stu-
dents’ final projects. Past excursions have included 
northern New Mexico and southern California.

GEO 373 - STRUCTURAL GEOLOGY  
This course includes a one-week field trip over 
fall break. The goals of this trip are to teach 
students how to observe and characterize 
small and large scale evidence of rock defor-
mation, take structural field data, and learn to 
make geologic maps. This trip forms the basis 
of a final project in which the students com-
bine and analyze field data, make interpreta-
tional cross sections of the Earth’s upper crust, 
finalize a geologic map, and place it into the 
regional tectonic context. Field trip locations 
have recently been in the Mojave desert of 
Southern California.

GEO 376 - PHYSICS OF GLACIERS 
This course has a spring-break field trip to a 
glacier (Iceland or TBD) and a weekend field 
trip for glacial landforms and geology in  
Massachusetts and New York. The field data 
collected on these trips are the focus of the 
final research projects.

The Fall 2021 GEO 373 Structural Geology class on 
a visit to the Bear Valley mine in central Pennsylva-
nia, where 20th century strip mining has exposed 
once-buried folds, fractures and faults. From left to 
right: Prof. Blair Schoene, Galen Cadley ‘21, Asten 
Mazenko ‘24, Isabel Koran ‘22, GEO staff member 
Laurel Goodell, and Hannah Szabo ’22.  Photo: 
Courtesy of Prof. Blair Schoene
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Climate Science Minor

Students can substitute climate-related 
advanced capstone electives for the capstone 
courses with permission from the Director of 
Minors (DoM) Laure Resplandy (resplandy.
princeton.edu) or Director of  Undergraduate 
Studies (DUS) Satish Myneni (smyneni@
princeton.edu). At most one of the capstone 
electives can be double-counted with courses 
they take for their major or other minor.  
Independent work is not required for the 
minor. Students who want to enroll should 
send an email to Sheryl Robas (srobas@
princeton.edu) with their nine-digit University 
ID that appears on their provided ID card.

SCAN TO SCAN TO 
LEARN LEARN 
MORE  MORE  

ABOUT OUR ABOUT OUR 
CURRICULUMCURRICULUM

Clouds reveal atmospheric 
dynamics connecting land, ocean and 
atmosphere. Storm Grayson brought cold 
winds, snow and storm-surge flooding to the 
U.S. East Coast in January 2018. Satellite 
image from NASA/NOAA Suomi-NPP/VIIRS.

Climate science examines how Earth’s climate works, how it has changed in the past, 
and how it might change in the future. Whether a student is interested in policy 
making, sustainability, natural hazards, city planning, pollution, geoengineering, 
natural resources, energy, or conservation, a broad and accurate understanding of 
climate science is required.

The goal of the Climate Science Minor is to provide a rigorous and accessible 
curriculum that allows any Princeton student to learn the climate science they need 
in order to pursue climate-science-facing careers and make informed decisions as 
citizens on a changing planet.

The Climate Science Minor requires 5 classes, including 3-4 core courses and 1-2 
capstone electives from the list below.

Core Courses (choose 3-4)

GEO102 Climate: Past, present and future
GEO103 Natural hazards 
GEO202 Ocean, atmosphere, and climate 
GEO203 The habitable planet 

Capstone Electives (choose 1-2)

GEO360 Water resources and pollution
GEO362 Earth and climate history 
GEO366 Climate change: Impacts, adaptation, policy 
GEO367 Modeling the Earth System: Assessing climate mitigation strategies

Advanced Substitutes for Capstone Electives (choose 0-2)

GEO361 Earth’s atmosphere 
GEO363 Environmental geochemistry 
GEO369 Environmental materials chemistry 
GEO370 Sedimentology 
GEO416 Microbial life 
GEO417 Environmental microbiology
GEO425 Ocean physics for climate
GEO428 Biological oceanography
GEO470 Environmental chemistry of soils



Read More: 
environment.princeton.edu/education/internships/

Summer Field Course
Geosciences provides financial support to allow students to take a 
summer field course for Princeton course credit. Field schools range 
from hard rock geology, to geophysics, to glaciology, to microbiology, 
to oceanography at sea. Students should contact the Director 
of Undergraduate Studies if they have any questions.
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Summer Internships
Geoscience Concentrators often participate in the High Meadow 
Environmental Institute (HMEI) internship program, where faculty 
from Geosciences and other departments in the university host 8-10 
week long research projects both on campus and in the field.

Seniors Isabel Rodrigues and Ashley Cao (CEE) on a independent 
field trip to Rocky Mountain Biological Laboratory, in Gothic, CO. 
(2022 HMEI Summer Internship Program)  Photo: Isabel Rodrigues 
’23. 2022

Erin Yoo ’26 inspects a modern hackberry 
endocarp — an aragonite (CaCO3 ) shell 
that protects a hackberry seed. Erin spent 
the summer preparing and measuring the 
nitrogen isotopic composition of hack-
berry endocarps from across the U.S. 
to determine if they could be useful as 
a paleoclimate proxy. (2023 HMEI Sum-
mer Internship Program, Sigman Research 
Laboratory) Photo: Mae-Yung Tang, High 
Meadows Environmental Institute

Ethan Sontarp ’24 traveled to New Jersey, the Rio Grande 
in New Mexico, and Texas to collect water samples from 
multiple locations with Prof. Satish Myneni in 2023. (HMEI 
Environmental Scholars Program)  Photo: Ethan Sontarp ’24

Rebecca Cho ’26 performs chemical 
steps to prepare marine microfossils for 
nitrogen isotopic analysis. In the summer 
of 2023, Rebecca worked with graduate 
student Crystal Rao to reconstruct ocean 
circulation and oxygenation in the 
Cretaceous Period, more than 66 
million years ago.  (2023 HMEI Summer 
Internship Program, Sigman Research 
Laboratory) Photo: Mae-Yung Tang, High 
Meadows Environmental Institute



Senior Thesis Titles
EffEct of thE Plant Physiological REsPonsE to co2 on tRoPical 
PREciPitation and thE itcZ 

a MiniMally-invasivE, on-sitE MEthod foR lEad-linEd WatER sERvicE linEs: 
a casE study in tREnton, nJ 

thE fouR sEasons of oRganic caRbon: hoW agRicultuRal PRacticEs iMPact 
fREshWatER dissolvEd oRganic 

thE RolE of souRcE WatER caRbonatE chEMistRy in sEtting outgassing in  
 thE southERn ocEan in cMiP6 ModEls

divERsity, distRibution and EnviRonMEntal PREfEREncEs of nitRitE oxidiZing  
 bactERia in thE EtnP

PREsEncE and abundancE of saR11-naR gEnEs in oxygEn MiniMuM ZonEs

fRactuRE tRansPoRt of ocEan WatER in EuRoPa’s cooling icE shEll

iRon oxidE-aPatitE MinERaliZation in thE nEW JERsEy highlands: aPatitE as  
 couPlEd gEochRonoMEtER and PEtRogEnEtic indicatoR

PotassiuM fRactionation acRoss oscillatoRy Zoning in a K-sPaR 
 MEgacRyst, tuoluMnE intRusivE coMPlEx ca

tEctonics and sEisMicity of thE taJiK basin

REcEivER function analysis of thE MantlE tRansition ZonE 
 bEnEath caPE vERdE

ModEling Past and futuRE ExtREME WEathER coRRElations 
 acRoss noRth aMERica

boWling gREEn as thE achillEs hEEl: an uPdatEd analysis of nEW  
 yoRK city’s subWay systEM in REsPonsE to PREdictEd sEa lEvEl RisE

WERE shalloW caRbonatE gEochEMistRy and PRoduction 
 diffEREnt duRing thE last intERglacial PERiod?

EffEcts of solaR gEoEnginEERing on indian Monsoon 
 PREciPitation PattERns

on WEathER as a dRivER of MultidEcadal shifts in thE 
 distRibution of tRoPical cyclonE tRacKs

glacial/intERglacial changEs in diatoM-bound δ15n 
 in thE atlantic sEctoR of thE antaRctic ZonE

thE REsPonsE of thE uRban hEat island to El niño-southERn 
 oscillation

a divE into thE chEsaPEaKE bay: an invEstigation of thE 
 PaRaMEtERs shaPing nitRous oxidE distRibution

EnviRonMEntal contRols on n2o concEntRation and 
 EMissions in global EstuaRiEs

tRacing southERn ocEan nitRatE consuMPtion fRoM nitRogEn 
 isotoPEs in foRaMinifERa ovER thE Past 1.5 Million yEaRs

sEa-lEvEl RisE on thE EastERn shoRE of MaRyland: 
 vulnERability, adaPtation, and EnviRonMEntal JusticE

Evaluating foREcasting MEthods foR PREciPitation using 
 WEathER data collEctEd on toP of guyot hall

holocEnE cliMatE changE in noRWay: a Multi-PRoxy lacustRinE 
 REcoRd fRoM PRoglacial laKE KongREssvatnEt    
       
tuRbulEnt influEncE on thE tRoPical tRoPoPausE layER: global 
 convEntion-REsovling ModEl study

EnviRonMEntal EffEcts of dEccan volcanisM duRing thE  
 latE cREtacEous

sEEd thEoRy and Enso vaRiability: RE-Evaluating thE distRibution of  
 tRoPical cyclogEnEsis
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In the summer of 2022, Hugh Shields ’24 spent two months at the Juneau Icefield Research Program 
doing a variety of field work (mass balance measurements, ice coring, cosmogenic nuclide dating sample 
collection, gravimetric surveys, etc) across the icefield. This is a view from the 25 mile traverse between 
Camp 17 and Camp 10.  Photo: Hugh Shields ’24
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