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Welcome to the Geosciences Student Research Symposium (GSRS), a conference 

produced and organized by graduate students of the Department of Geosciences at 

Virginia Tech. Conference objectives are to help students gain experience in 

developing communication skills, event preparation, leadership, mentorship, and 

team building. GSRS provides students a platform to communicate their research 

across the far-reaching disciplines of our department, which promotes student 

growth as scientists in a collegial environment. Students also gain practice in 

communicating their research to a broad audience which offers a unique 

opportunity for students to prepare for future talks at national conferences. This 

year’s GSRS will be held virtually for the first time, meaning that we will not be 

having the coffee breaks, breakfasts, and banquets that have become favorite 

GSRS traditions. Instead, we are offering a novel series of events designed to bring 

the VT geoscience family together virtually, including professor/alumni panels, 

GSRS bingo, a virtual banquet, and a virtual awards ceremony. 

     

GSRS 2021 will feature an exciting series of talks and posters presented by VT 

Geoscience graduate and undergraduate students. Constructive feedback on student 

presentations from faculty, students, and visiting guests is highly encouraged. On 

both days of the symposium, we will have live oral and poster presentations on 

Zoom with times for breaks and lunch. We will also have a virtual banquet and 

awards ceremony Friday evening on Zoom. See “Virtual Format Information 

and Logistics” below for details of how to join, view, and participate in the 

conference.  

 

Although fundraising was postponed due to the virtual format of GSRS 2021, we 

are extremely grateful and wish to extend our appreciation to the corporate, local, 

and alumni sponsors of this event in past years, and several generous faculty and 

alumni! We also thank the Department of Geosciences for their generous support. 



Finally, thanks to the faculty, volunteers, and student participants for donating their 

time and expertise – without you this event would not take place. 

 

Virtual Format Information and Logistics: 

 

Conference Zoom information: This year’s GSRS will be held virtually on 

Zoom, the same Zoom link will be used throughout the conference, and is posted 

below. The conference Zoom is password protected, and the password is posted 

below. Please feel free to share the conference abstract book, Zoom link, and 

password with colleagues, family, and friends who want to watch your 

presentation. 

Conference Zoom Link: https://virginiatech.zoom.us/j/87975085692 

Zoom password: VTGEOGSRS 

 

Pre-Conference Professor and Alumni Panels: Invited VT Geoscience 

professors and graduate alumni will give live Zoom presentations about careers in 

geosciences and related fields. All conference attendees are encouraged to attend 

the panels, and to ask questions of the panelists. The Zoom link for these panels is 

posted below. 

Panel Zoom Link: https://virginiatech.zoom.us/j/86577857887 

 

Graduate Student Talks: Graduate students will present orally as 12 minute live 

or pre-recorded talks with 3 minutes for live questions. Please see the “2021 GSRS 

Schedule” below for the schedule of sessions and presenters.  

 

Undergraduate Poster Presentations: Undergraduate posters will be released as 

PDFs in an email prior to the beginning of the conference. Poster sessions will be 

held after lunch on March 4th and 5th. During poster sessions undergraduate poster 

presenters will be available live in breakout rooms on the conference Zoom and 

will be available to present their research and take questions. In each breakout 

room the poster will be shown on the screen. Viewers can move freely between 

breakout rooms to view all posters. Please see the “Poster Session Code of 

Conduct” below for expectations for viewers and presenters, and the “2021 GSRS 

Schedule” below for the schedule of presenters.  

 

 

 

 

 

https://virginiatech.zoom.us/j/87975085692
https://virginiatech.zoom.us/j/86577857887


 

 

Poster Session Code of Conduct: 

 

1) Be aware and respectful of other attendees: please ask one question at a 

time if there are multiple people in the breakout room.  

 

2) If you are only interested in reading the poster and browsing, please show 

this by leaving your microphone and video off.  

 

3) Please keep your microphone off until you have a question. 

 

4) Be polite and respectful - no foul, derogatory, or discriminatory language 

will be tolerated. 

 

5) Do not post any images/contents of the posters without expressed 

permission.  

 

6) Each undergraduate presenter will be sharing their poster on their screen. If 

technical difficulties should occur, the undergraduate or attendee may ask 

for help from the available moderators using the breakout room “help” 

button. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Your 2021 GSRS Coordinating Committee: 

 
Chair: Devin Hoffman 

Vice-Chair: Priyanka Bose 

Fundraising Advisor: Andrew Parent 

Communications: Cathleen Humm (Chair), Max Garvue 

Webmaster: Morrison Nolan (Chair) 

Workshop Series: Alireza Namayandeh (Chair), Shuyang Sun, Natalia Varela 

Abstract Book/Scheduling: Ben Kligman (Chair) 

Judiciary: Rose McGroarty (Chair) 

Moderators: Yezi Yang (Chair) 

Banquet:  Priyanka Bose (Chair), Faisal Adams, Morrison Nolan, Sonam Sherpa 

Senior Advisors: Amin Abbasi Baghbadorani, Alexandra Nagurney 

Undergraduate Poster Session: Jessica DePaolis (Chair) 

 

Special thanks to: 
 

Faculty Advisor: Dr. Jim Spotila 

 

Workshop Speakers: Andrew Parent, Kristin Chilton, Alexandra Nagurney, and 

Jessica DePaolis  

 

Faculty Panelists: Dr. Megan Duncan, Dr. Sara Stamps, Dr. Ryan Pollyea 

 

Alumni Panelists: Dr. Alexandria Hoeher, Dr. Caitlin Colleary, Dr. Rui Filipe 

Serra Maia, Dr. Christopher Griffin 

 
 



2021 GSRS Schedule 

 
Tuesday, March 2nd 

Faculty Panel: How to become a university faculty? 
2:00-4:00  Dr. Megan Duncan, Dr. Sara Stamps, Dr. Ryan Pollyea 

 

Wednesday, March 3rd 

Graduate Alumni Panel: How to find a job after graduation? 
12:00-2:00  Dr. Alexandria Hoeher, Dr. Caitlin Colleary, Dr. Rui 

Filipe Serra Maia, Dr. Christopher Griffin 
 

Thursday, March 4th 

10:45-11:00 Opening Remarks: Dr. Steve Holbrook 

Graduate Student Oral Presentation Session 1 

11:05-11:20 Nigel Groce-Wright 

11:20-11:35 Jessica DePaolis 

11:35-11:50 Grace Carlson 

11:50-12:05 Joshua Jones 

12:05-1:00 Lunch Break 

Undergraduate Poster Session 1 



1:00-1:30 Fofi Gouletas 

Gabrielle Troia 

Madi Wittmer 

1:30-1:45 Coffee Break 

Graduate Student Oral Presentation Session 2 

1:45-2:00 Shuyang Sun 

2:00-2:15 Alireza Namayandeh 

2:15-2:30 Brenen Wynd 

2:30-2:45 Nicholas Hammond 

2:45-3:00 Sebastian Kaempfe 

3:00-3:15 Morrison Nolan 

3:15-3:30 Coffee Break 

Graduate Student Oral Presentation Session 3 

3:30-3:45 Erika Goldsmith 

3:45-4:00 Priyanka Bose 

4:00-4:15 Junyao Kang 

4:15-4:30 David Bruce 

4:30-4:45 Dalton Anderson 

4:45-5:00 Tian Gan 

5:00-5:15 Ben Kligman 

 
 



 
 

Friday, March 5th 

Graduate Student Oral Presentation Session 4 

9:30-9:45 Alexa Prater 

9:45-10:00 Jui-Chi Lee 

10:00-10:15 Devin Hoffman 

10:15-10:30 Max Garvue 

10:30-10:45 Alix Ehlers 

10:45-11:00 Coffee Break 

Graduate Student Oral Presentation Session 5 

11:00-11:15 Cathleen Humm 

11:15-11:30 Sonam Sherpa 

11:30-12:00 Anusha Prasad 

11:45-12:00 Faisal Adams 

12:00–1:00 Lunch Break 

Undergraduate Poster Session 2 

1:00-2:00 Wynnie Avent II 

Brendan Shelton 

Daniel Seitz and Isaac Wilson 

Morteza Mostashari 

Steven Watson 



Emily Patellos 

Ryan Faris 

2:00-2:30 Coffee Break 

Graduate Student Oral Presentation Session 6 

2:30-2:45 Yezi Yang 

2:45-3:00 William Chilton 

3:00-3:15 Amin Abbasi Baghbadorani 

3:15-3:30 Adam Fitch 

3:30-3:45 Rose McGroarty 

3:45-4:00 Natalia Varela 

4:00-4:15 Closing remarks: Dr. Jim Spotila 

4:15 Banquet and Awards Ceremony 



 

Abstracts for 

Graduate 

Student Oral 

Presentations 
(in scheduled order) 



Advisor: Dr. M. E. Schreiber 

ANALYZING TIME-SERIES DATA OF CAVE DRIPS IN JAMES CAVE, VIRGINIA:  

IMPLICATIONS FOR STORAGE AND RECHARGE IN APPALACHIAN KARST 

SYSTEMS. 

GROCE-WRIGHT, Nigel, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

Karst aquifers, characterized by soluble rocks such as limestone and dolostone, provide drinking 

water to 20-25% of the world’s population and are thus critical global water sources. However, 

recent work suggests that rapid alteration of karst aquifers due to the impact of climate change on 

precipitation patterns may affect recharge to these aquifers and ultimately decrease their storage. 

Much of the research on recharge in karst aquifers has relied on using patterns of spring discharge 

to quantify recharge. Springs allow for continuous monitoring of discharge, making them 

accessible field sites.  However, because springs can integrate multiple flowpaths, it is difficult to 

rely on spring discharge patterns to get information on where and how karst aquifers are receiving 

recharge.  Monitoring closer to the source of recharge in a karst watershed (i.e., caves, sinkholes, 

soil) allows for a more accurate analysis of recharge timing and mechanisms. 

This study aims to expand knowledge of how karst aquifers respond to changes in precipitation 

and recharge. Using a 12-year record (2007-2019) of precipitation and three cave drip measuring 

stations in James Cave (Pulaski Co., VA), we are conducting time-series analyses, including 

recession and autocorrelation analysis to: 1) quantify the storage volume of the epikarst and 2) 

examine daily, seasonal and annual trends in the datasets. Results of the recession analysis of the 

drip hydrographs show spatial heterogeneity in recession coefficients, with lower values at drip 

sites 1 and 2 (0.49-1.04) and higher values (1.66-2.09) at drip site 3. These results suggest that the 

location within the cave has an impact on both epikarst storage and drip rates. Autocorrelation 

analysis will be used to investigate the seasonality and non-seasonality of the 12-year time series 

of drip data. Results of this study will provide insight into the impact of changes in precipitation 

patterns on overall recharge to the study aquifer.



Advisor: Dr. T. Dura 

INVESTIGATING EARTHQUAKE RUPTURE HISTORY OF THE CASCADIA 

SUBDUCTION ZONE USING COASTAL LACUSTRINE DIATOMS, LAKE OZETTE, 

WASHINGTON, USA 

 

DEPAOLIS, Jessica, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

The Cascadia subduction zone (CSZ) is a 1100 km boundary marking the convergence of the Juan 

de Fuca plate beneath the North American plate and extends along the Pacific coast of North 

America. This subduction zone produces infrequent great (Mw >8) earthquakes, with the last major 

event occurring on January 26, 1700 C.E. when the boundary produced a Mw ~9.0 earthquake.  

Geological and historical evidence show the 1700 C.E. rupture produced strong shaking, vertically 

displaced shorelines, and produced a large tsunami along the Pacific northwest coastline and 

initiated a trans-Pacific tsunami that struck the coast of Japan. Since 1700 C.E. the CSZ has 

remained seismically quiet, leaving questions about future hazards expected along this boundary. 

 

Lake Ozette, located on the coastal rim of the Olympic Peninsula in Washington State, contains 

lithostratigraphic evidence of a series of Holocene CSZ earthquakes as subaqueous landslides. 

These landslides, also referred to as mass transport deposits (MTDs), can be dated and correlated 

to other offshore and onshore geologic records of great earthquakes along the CSZ. In addition to 

recording great earthquakes, the unstable lacustrine sediments may record MTDs created from 

smaller earthquake events that can expand upon other onshore earthquake records (e.g. coastal 

marsh records), where earthquake magnitude thresholds for preservation are higher, providing a 

more complete picture of regional earthquake recurrence patterns. Microfossils, such as diatoms, 

are often preserved within low-energy coastal lake sediments and can provide an additional proxy 

that is independent from the lithostratigraphic analyses. Here, we investigate the diatom signature 

across potential MTD contacts in order to characterize source sediment and differences between 

the MTDs and the alternating lake bottom sediments. The broad scale implications of this research 

are to understand the recurrence interval of great earthquakes along the CSZ, improve spatial 

correlation of seismic events, and enhance the earthquake record for Cascadia by discovering 

events that could be recorded in lacustrine sediments, but not as easily in the coastal sedimentary 

record.



Advisor: Dr. M. Shirzaei 

14 YEARS OF TERRESTRIAL WATER STORAGE VARIATIONS IN CALIFORNIA USING 

GNSS AND SATELLITE GRAVITY 

 

CARLSON, Grace, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Estimating regional terrestrial water storage change (∆TWS), or the change in the amount of water 

stored in the soil, in surface reservoirs, in snow and ice, and in the ground, is important for 

understanding how climate trends impact water availability and how human water use varies over 

time. In California, ∆TWS estimates are particularly important due to intermittent periods of 

intense drought and excessive groundwater withdraws for human use, both of which threaten the 

future of freshwater resources. Although individual components of the terrestrial water cycle can 

be measured using in-situ measurements, regional estimates of total ∆TWS are best accomplished 

using geodetic observations. One such geodetic observation comes from the Gravity Recovery and 

Climate Experiment (GRACE) satellites. The GRACE satellites measure minute changes in 

Earth’s gravity field, which over short time scales, are driven primarily by the redistribution of 

water mass. These measurements provide global ∆TWS estimates with a sensitivity of almost 1 

cm water thickness and monthly temporal resolution. However, the applicability of these gravity 

measurements is limited by the coarse spatial resolution (>300 km). In addition, the Earth deforms 

in response to mass fluctuations, and so displacements of Global Navigation Satellite System 

(GNSS) stations, which record solid Earth movement, can be used to invert for load changes due 

to the redistribution of terrestrial water. However, sparse global GNSS network coverage and 

limitations affecting GNSS sensitivity to loads at far distances make large-scale loading 

calculations a challenge. In addition, tectonic signals are overprinted on the hydrologic signal, 

which makes isolating the hydrologic signal difficult. Here, we look at the entire GRACE period 

of record (2003-2017) and use both GRACE and GNSS to estimate TWS variations in California. 

Results from this study show rapid water loss during two drought periods (2007-2010 and 2012-

2015). During these droughts, clear signals emerge including low snowpack in the Sierra Nevada 

Mountains as well as groundwater loss in the Central Valley of California. Although GRACE and 

GNSS observe fundamentally different geophysical processes, we find that both estimates of 

∆TWS agree in the Mojave region, northern Central Valley, and the Cascade Mountain Ranges. 

However, we show that GNSS-derived ∆TWS is overall larger, particularly in southern California 

and the southern Central Valley. In addition, to reduce the limitations of each observation method 

and therefore generate a more reliable and higher resolution ∆TWS estimate, we show preliminary 

results from a joint inversion of GRACE and GNSS.



Advisor: Dr. D. S. Stamps 

INVESTIGATING THE INFLUENCE OF VOLCANIC PROPERTIES ON 

VOLCANOTECTONIC INTERACTIONS THROUGH NUMERICAL MODELING 

 

JONES, Joshua, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Stress transfer may be a critical volcano-tectonic interaction in youthful continental rift regions. In 

previous work, we investigated geophysical stress interactions during the 2007-2008 Tanzania 

Rifting Crisis in the Natron Rift Valley and demonstrated through analytical modeling that stress 

changes on the order of < 0.1 MPa could promote slip on a major rift border fault along with other 

factors (Jones et al., 2019, Roecker et al., 2017).  Here, we seek to build our knowledge of volcano-

tectonic interactions in the Natron Rift Valley by examining how stress interactions between the 

active carbonatite volcano Ol Doinyo Lengai and the Natron Border Fault. Our hypothesis is that 

stresses induced on the Natron Fault from Ol Doinyo Lengai are significantly influenced by 

magma reservoir geometry (i.e. size), volcanic material properties, and topographic effects. We 

define a significant difference by the percent difference value of 15% derived from the stress 

threshold for promoting slip of 0.1 MPa aforementioned. In this work, we present stress change 

results consisting of systematic changes of model parameters: magma reservoir sizes (radii of 133-

350 m), material properties (uniform vs. variable density), and topography (with or without) for a 

deflating magma reservoir beneath Ol Doinyo Lengai at 3 km depth and implement the 3-D finite 

element solver PyLith as our modeling approach. Our results show (1) significant stress changes 

on the Natron Border Fault are induced by adding topography, (2) significant stress changes on 

the Natron Border Fault are induced by increasing magma reservoir size, and (3) no significant 

stress changes are induced by varying material parameters. Further investigation also showed that 

the influence of topographic effects may increase with larger magma reservoirs. This work 

suggests that volcanoes play a more important role in early phase continental rifting than 

previously considered.



Advisor: Dr. Y. Zhou 

HETEROGENEOUS OCEANIC ASTHENOSPHERE MAGMATISM REVEALED BY SS 

PRECURSORS 

 

SUN, Shuyang, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

The nature of the Earth’s weak asthenosphere, on which the surface tectonic plates ride upon, has 

been strongly debated. The presence of a small amount of melt has been suggested as the most 

popular mechanism of the weakness of the asthenosphere. In this study, we examine SS precursors 

recorded at 150 network stations from ~450 earthquakes with reflection points in oceanic regions. 

We observed strong reflections from both the top and the bottom of the asthenosphere, the 

lithosphere asthenosphere boundary (LAB) and the Lehmann discontinuity, in ~600 seismograms, 

which are not ubiquitous but dispersive across all major oceans. Those SS precursors are 

characterized by anomalously large amplitudes, and calculations of synthetic seismograms suggest 

~12% change in seismic velocity across the LAB. This large velocity drop across the lithosphere-

asthenosphere boundary cannot be explained by a half-space cooling thermal model but requires 

1-2% of melt across the boundary. The average depths of the two discontinuities are ~120km and 

~250km, respectively. While depth variations are observed, the average depths do not vary with 

the age of the seafloor but remain constant in general. The mechanism of the dispersive melting 

(magmatism) is unclear, but it indicates possible small-scale convections associated with the 

reheating process in the widely used plate model, which better explains the flattening of heat flow 

and seafloor subsidence in old oceanic regions than the simple half space cooling model.



Advisor: Dr. F. M. Michel 

HOW SMALL IS THE SMALLEST IRON MINERAL? IT MIGHT BE JUST 13 IRON 

ATOMS  

 

NAMAYANDEH, Alireza, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Iron oxide and hydroxide minerals like hematite and goethite commonly occur with sub-micron 

particle sizes. Ferrihydrite (Fh), an environmentally important and highly reactive precursor to 

hematite and goethite, is usually much smaller, with sizes typically in the range of 2-5 nanometers. 

Recent research has suggested that during formation Fh is preceded by an even smaller cluster 

consisting of just 13 iron atoms coordinated to oxygen and hydrogen. These ultrasmall “Fe13” 

clusters are expected to be highly reactive, with the ability to immobilize environmental 

contaminants through adsorption and co-precipitation. However, relatively little is understood 

about how and when they form because of lack of controlled synthesis and challenges with 

characterization. We developed 3D-printed mixed flow reactors (MFR) connected to an in situ 

scattering cell to investigate the impact of pH and concentration on Fe13 clusters formation. Fe13 

clusters were synthesized by pumping a known concentration (0.03, 0.05, 0.1, and 0.3 M) of 

acidified Fe (NO3)3 and 2M NaOH to MFR. The obtained particles were then immediately passed 

through an in situ scattering cell to collect small-angle X-ray scattering (SAXS) and pair 

distribution function (PDF) measurements to quantify the size distributions and the short- and 

long-range structure of particles at <5-minute reaction time, respectively. SAXS analysis showed 

that Fe13 like size particles (~1 nm) dominantly formed at pH less than ~2.5 for all iron 

concentrations.  However, with increasing pH and iron supersaturation, larger particles formed up 

to ~3 nm, consistent with that of 2-line Fh. The PDF analysis of the particles formed at pH below 

2.5 showed that despite some similarities, the Fe13 like size particles are structurally more 

disordered and their Fe-O bond was longer compared to that of a Fh reference. This study shows 

that system chemical conditions control the formation of Fe13 like clusters, which is relevant to 

understanding the role of these reactive nanoparticles in sequestering contaminants in aqueous 

environments



Advisor: Dr. S. J. Nesbitt 

INCLUDING DISTORTED SPECIMENS IN ALLOMETRIC ANALYSES: USING 

GENERALIZED LINEAR MIXED MODELS TO ACCOUNT FOR SAMPLE 

DEFORMATION 

 

WYND, Brenen, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Allometry, patterns of relative change in body parts, has been applied to reconstructing how groups 

of animals exhibit scaling patterns representing evolutionary constraint on phenotype, or in the 

patterns of ontogeny, or growth. Recording allometry through measurements is one of the few 

methods available to reconstruct ontogenies in extinct organisms. However, many fossil specimens 

are deformed during fossilization, distorting their morphology. Deformation can influence 

recovered allometric patterns by outlier effects, which can lead to recovered patterns that do not 

represent the original biology of the organism. The remedy for this has been to remove distorted 

measurements from analyses; however, this removes individual variation and limits the number of 

samples amenable to study. The issue lies in the method, not the specimens. The most common 

analyses, linear regression and reduced major axes, are sensitive to outliers, as opposed to a 

generalized linear mixed model (GLMM) which can code distorted specimens as random effects. 

To test the efficacy of a GLMM, we performed a simulation study based on measurements of a 

sample of the Late Triassic cynodont, Exaeretodon argentinus. We estimated between 10 and 25 

measurements of the skull from a normal distribution. We then used these simulated data to 

generate a feature estimate, based on estimated skull length, and coefficient of allometry (slope), 

y intercept, and residuals taken from a regression analysis of E. argentinus. To estimate the effects 

of distortion, we added variation to half of our sample using a binomial distribution. We tested 

three models, with 1,000 repetitions each: linear regression without added variation, linear 

regression with added variation, and GLMM with added variation. We found that a linear 

regression of 10 non-deformed samples performed nearly equivalent to a GLMM of 15 samples 

including added variation. To validate these findings, we performed a nonparametric bootstrap 

analysis on two datasets, E. argentinus crania (n=15) and Tawa hallae femora (n=28). Results of 

the bootstrap analysis support our simulations such that the GLMM is better able to reconstruct 

patterns of allometry in samples with deformation. Though somewhat negligible for large datasets, 

for smaller sample sizes (10 < n < 20) where removing measurements or entire specimens can 

greatly influence results, this method can reconstruct allometric patterns including deformed 

specimens. Our study suggests that a GLMM can better reconstruct patterns of allometry over a 

linear regression, given fossil datasets.



Advisor: Dr. M. E. Schreiber 

ASSESSING SHORT-TERM VARIABILITY OF IRON AND MANGANESE CYCLING IN A 

DRINKING WATER RESERVOIR USING A HIGH-FREQUENCY WATER QUALITY 

SENSOR 

 

HAMMOND, Nicholas, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061  

 

The biogeochemical cycles of iron (Fe) and manganese (Mn) play an important role in determining 

drinking water quality, as both metals can affect the taste, odor, and appearance of water. In lakes 

and reservoirs, the seasonal cycles of Fe and Mn are strongly correlated with dissolved oxygen 

(DO) concentrations. They typically reach elevated concentrations when summer stratification 

leads to anoxic conditions in the hypolimnion. However, the short-term (i.e., hourly to daily) 

dynamics of Fe and Mn cycling are less well-understood, despite having important implications 

for drinking water management.  

 

To assess the timing and magnitude of Fe and Mn cycling over short time scales, we utilized a 

high-frequency water quality monitoring system that can measure Fe and Mn concentrations in-

situ. The monitoring system pumps water samples from 7 different depths in the water column, 

and then a field spectrophotometer measures UV-visible absorbance spectra for 216 wavelengths. 

Partial least-squares regression (PLSR) models are then used to predict Fe and Mn concentrations 

from the absorbance measurements.  We deployed the system at Falling Creek Reservoir (FCR), 

a seasonally stratified drinking water reservoir in Vinton, VA, USA. FCR contains an engineered 

hypolimnetic oxygenation (HOx) system that is designed to increase DO concentrations in the 

bottom waters of the reservoir. We measured hourly Fe and Mn concentrations during two distinct 

periods: a.) “baseline” stratified conditions with the HOx active, and b.) reservoir turnover. 

 

Results from the “baseline” period indicate that both total and soluble Fe fluctuated significantly 

over a 24-hour period. We observed an increase in total Fe in the hypolimnion, which occurred at 

the same time as the daily HOx “blowoff” (a routine maintenance procedure that clears the system 

of debris), indicating that this procedure may be causing unintentional mixing of particulate Fe in 

the lower hypolimnion. We also observed a distinct pulse of soluble Fe in the metalimnion, likely 

attributed to high levels of microbial Fe-reduction. During turnover, destratification of the 

reservoir rapidly homogenized Fe and Mn concentrations throughout the water column, followed 

by a rapid reduction in their concentrations facilitated by the increased DO concentrations. This 

study has demonstrated that there are significant fluxes of Fe and Mn occurring on time scales that 

are not regularly monitored. We also demonstrated the effectiveness of a high-frequency 

monitoring system for capturing these short-term dynamics, which could aid reservoir managers 

in avoiding the negative impacts of high metals concentrations.



Advisor: Dr. B. W. Romans 

STRATIGRAPHIC AND STRUCTURAL CHARACTERIZATION AT THE INITIATION OF 

A LATE CRETACEOUS SLOPE SYSTEM IN THE MAGALLANES FORELAND BASIN, 

CHILE 

 

KAEMPFE, Sebastian, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Sediment accumulation and distribution in deep-water environments is controlled by the creation 

of accommodation in response to changes along the depositional profile. These changes result from 

the interaction between basin physiography and sediment gravity flow processes and can be 

enhanced by the development of synsedimentary faulting, remobilization and depletion of fluid-

saturated sand beds, and mass-wasting processes. These elements have been characterized 

extensively in modern seafloor, however, they are rarely present in the stratigraphic record in a 

single outcrop together. 

 

This study is focused on 3 contiguous outcrops along a 2000 m long by 450 m thick transect located 

75 km north of the city of Puerto Natales, in southern Chile. The stratigraphic succession exposed 

here is interpreted to record the transition from mudstone-rich levee deposits of the upper Cerro 

Toro Formation to the basal sandstone-rich deposits of the early Tres Pasos Formation slope 

system. The outcrop features >300 m of mudstone-dominated strata intercalated with sandstone-

prone intervals of decametric scale and debris flow deposits overlain by a ~30 thick turbiditic 

sandstone package deposited in a ponded slope minibasin and massive (100s m thick) mass 

wasting deposits. The succession underlying the turbiditic sandstone package is cut by a series of 

normal faults with 10s of meters of cumulative offset interpreted to have formed syndepositionally 

and a network of 5 to 80 cm-thick subvertical sandstone injectites concentrated in the upper 150 

to 200 m of the mudstone-dominated levee succession. 

 

Preliminary results indicate that synsedimentary normal faulting may have been initiated due to 

levee destabilization during a period of subsidence change in the basin, whereas sandstone 

injections, originated from sand beds that are not exposed in outcrop or that may have been 

depleted during sediment remobilization, may have been emplaced closely after by overpressure 

caused by the rapid deposition of the overlying mass wasting deposits. The presence of all these 

elements, superbly exposed, allow us to incorporate outcrop scale observations into a seismic-scale 

context, and evaluate the influence they have in the creation of initial accommodation on intraslope 

depositional systems.



Advisor: Dr. S. Xiao 

CORRELATIVE STRATIGRAPHIC INSIGHTS ON EDIACARAN BLACK SHALES FROM 

THE DOUSHANTUO FORMATION, SOUTH CHINA, USING MERCURY CONTENT AND 

STABLE ISOTOPE DATA 

 

NOLAN, Morrison, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061  

 

The Ediacaran Period is a critical time in earth history, when key environmental changes and 

evolutionary events set the stage for the Cambrian explosion (e.g., Wood et al., 2019) The 

Doushantuo Formation of South China provides an important record of much of the fossil and 

geochemical history of these events (e.g., McFadden, et al., 2009). Proper interpretation of this 

record requires stratigraphic correlation among sections of the Doushantuo Formation, especially 

with regards to the black shale units associated with the formation. Traditionally the Member IV 

black shale of certain sections has been correlated to the Lower Black Shale, Upper Dolostone, 

and Miaohe Member black shale sequence in other sections. However, citing positive δ13Ccarb 

excursions present in both the Upper Dolostone and the Dengying Formation overlying the 

Doushantuo Formation, some researchers have interpreted the Lower Black Shale as correlating 

only to the Member IV, while the Upper Dolostone and Miaohe Member correlate to the overlying 

Dengying Formation (An et al., 2015). These competing correlations impact the interpretation of 

the age and duration of major geochemical events in the Doushantuo (Zhou et al., 2017). We intend 

to resolve these correlations by supplementing existing lithostratigraphic and carbon isotope 

chemostratigraphic data with additional geochemical data, including mercury (Hg) content and 

isotopic composition to test these correlations and to provide insights to environmental conditions 

in the basin such as erosion and redox conditions (e.g., Selin, 2009; Grasby et al., 2019).  

 

Mercury is organo- and siderophilic and is thus often enriched in black shales. In fact, in each of 

the six sections of the Doushantuo Formation we measured, there is at least one stratigraphic 

horizon with elevated Hg concentration in the Miaohe Member, the upper Member IV, and the 

Lower Black Shale. This pattern persists when the Hg concentration is normalized by total organic 

carbon content to account for differential sedimentation rates. These features are useful for 

potential stratigraphic correlation. Additionally, we measured Hg isotope composition in the most 

complete Doushantuo section, which when supplemented with other recently published 

Doushantuo Hg isotopic composition data details changing sediment input and environmental 

conditions in the black shale intervals of the Doushantuo Formation.  



Advisor: Dr. M. R. Stocker 

REDESCRIPTION OF THE CRANIAL MORPHOLOGY OF AN IMMATURE 

REDONDOSAURUS AND ONTOGENETIC IMPLICATIONS (ARCHOSAURIFORM: 

PHYTOSAURIA) 

 

GOLDSMITH, Erika, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Phytosaurs were large, semi-aquatic reptiles (i.e., archosauriforms) that resemble crocodylians and 

were an important component of Late Triassic Pangaean ecosystems (Stocker and Butler, 2013). 

Despite their abundance in Upper Triassic sediments and key phylogenetic position near the 

divergence of Archosauria, much of phytosaur paleobiology remains poorly understood. One key 

aspect that is relatively unknown in the group is ontogeny (growth and life history) because of the 

scarcity of skeletally immature specimens (Lucas et al., 2013). As part of my PhD, I will redescribe 

a nearly complete, small skull of Redondasaurus (NMMNH P-44920), from the Rock Point 

Member (Chinle Formation), at Ghost Ranch, NM, using computed tomographic (CT) scanning 

and segmentation techniques.  

 

In order to conduct a qualitative and quantitative digital examination of phytosaur ontogeny, 

cranial bones of NMMNH P-44920 were visualized using Avizo. NMMNH P-44920 previously 

was recognized as the skull of a juvenile individual because of the relatively large orbit with respect 

to skull length, and shares diagnostic features with Redondasaurus (Lucas et al., 2013). 

Redondasaurus represents the most derived North American phytosaur and is characterized by 

broad postorbital-squamosal bars with medial expansions and supratemporal fenestrae hidden in 

dorsal view (Hunt and Lucas, 1993; Martz et al., 2014). CT scans of NMMNH P-44920 show 

supratemporal fenestrae that are visible in dorsal view and potentially allude to ontogenetic 

features in the temporal region of the skull, an important component used to elucidate phytosaur 

systematics. Future work will apply the same CT techniques to the cranial morphology of a slightly 

larger, though still immature, specimen of Redondasaurus (AMNH FR 32182) from the same 

locality, as well as surface examination of the holotype adult specimens of Redondasaurus to 

capture changes to the skull through growth. Additionally, osteohistological work will be 

conducted on postcranial material from AMNH FR 32182 to assess ontogenetic maturity of this 

specimen and give an age context to the observed changes. This study will be the first to track 

phytosaur cranial ontogeny and will provide key data for identifying other material of juvenile 

phytosaurs. 



Advisor: Dr. M. S. Duncan and Dr. S. D. King 

THE THERMOCHEMICAL EVOLUTION OF THE FIRST PLANET FROM THE SUN: 

MERCURY 

 

BOSE, Priyanka, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Mercury is considered a geochemical end-member of the inner solar system; however, it is the 

Solar System’s least studied planet. The most recent mission to investigate Mercury, the 

MESSENGER spacecraft (2004–2015), obtained geochemical surficial data and geophysical data 

about the planet with its various instruments. From this data, the surface of Mercury was found to 

be richer in Mg and S and poorer in Fe and Ti than the other terrestrial planets, which suggested 

that the surface (and interior) is dominated by Mg-rich silicates and sulfides. Additionally, the high 

S (~7 wt.%), the low Fe (<1 wt.%) concentrations indicate that the surface lavas formed under 

very reducing conditions. The youngest igneous deposit on the surface is the Northern Volcanic 

Plains (NVP) whose major element composition provides constraints on the source and the melting 

processes within the mantle. The MESSENGER results also confirmed Mercury has a thin crust 

and mantle (~400 km thick) and a large Fe-rich core. Prior studies used these data to build a global 

thermochemical evolution model of Mercury. However, these studies used an Earth-based solidus, 

which contains a higher Fe concentration and mantle oxidation state than indicated by the 

MESSENGER data. We created a geochemically rigorous thermochemical evolution model to 

better constrain the evolution of Mercury’s interior, and to model how magma evolves within a 

thin mantle. 

 

Using the MESSENGER mission and previous experimental data, we constrained the mantle’s 

thermal evolution by creating a thermal evolution model that calculates the melt fraction of the 

mantle through time. Our model includes a parameterized Fe-free solidus, a liquidus, and an 

adiabat calculation that evolves with time, and assumes the mantle is homogenous. Parameters 

varied in this model include the initial mantle and core temperature, as well as the mantle’s 

viscosity. The thermal evolution model results are constrained by planetary contraction estimates 

and the surface composition and age of the NVP. These results will provide insights into the 

formation conditions of inner Solar System planets, how magma evolves under a highly reduced 

system, and how mass and heat are transferred in a thin mantle.



Advisor: Dr. S. Xiao 

USING SIMS TO INVESTIGATE THE NEOPROTEROZOIC SUPERHEAVY PYRITE 

PROBLEM 

 

KANG, Junyao, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

The sulfur cycle is important due to its role in controlling oceanic redox conditions. Sulfate 

reduction consumes organic matters, and H2S produced in this process can accumulate locally and 

lead to toxic sulfidic conditions. Sulfur isotope composition of sedimentary pyrite and seawater 

sulfate is a powerful tool to study the sulfur cycle. Biogenic pyrite typically has δ34S values lower 

than the seawater sulfate because bacterial sulfur reduction prefers lighter sulfur isotope. However, 

anomalously high δ34Spyrite values (higher than the contemporaneous seawater sulfate δ34S) have 

been reported from a number of Cryogenian and Ediacaran sedimentary basins. The Ediacaran 

Period marks a critical interval where significant amounts of eukaryotic innovations occurred. 

Furthermore, fossil evidence indicates the origin and further evolution of animals during this 

period. Several hypotheses have been proposed to explain the isotopically superheavy pyrite, 

including ocean stratification, low seawater sulfate concentrations, and thermogenic sulfate 

reduction related to hydrothermal alteration. The first two hypotheses are related to the 

contemporaneous oceanic sulfur cycle, which might further indicate environmental background of 

early animal evolution. In this study, I conducted thin section petrographic analysis and in-situ 

secondary ion mass spectrometer SIMS δ34Spyrite measurement of individual pyrite crystals from 

two black shale samples from the Ediacaran Doushantuo Formation of South China to test these 

hypotheses. This project will help us to better understand the origin of isotopically superheavy 

pyrite and has broader implications for the application of pyrite sulfur isotopes in the study of 

biogeochemical cycles in Ediacaran oceans. 



Advisor: Dr. T. Dura 

QUANTIFYING COSEISMIC LAND-LEVEL CHANGE ALONG THE CASCADIA 

SUBDUCTION ZONE IN CENTRAL OREGON 

 

BRUCE, David, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24060 

 

Large (>M8.5) subduction zone earthquakes and their resultant tsunamis are responsible for some 

of the most powerful and devastating natural disasters in recorded history. At the Cascadia 

subduction zone, located along the Pacific coast of North America, a lack of M8-9 earthquakes in 

the historical record has made accurately assessing future hazards in the region challenging. The 

lack of a modern large earthquake means that seismic characteristics of the subduction zone must 

be inferred using the geologic record. Coastal marshes along the active margin have recorded a 

history of large earthquakes through preserving stratigraphic evidence of coseismic subsidence 

and tsunami inundation. Early estimates of subsidence relied generally on broad-scale stratigraphic 

and plant macrofossil changes, namely sharp contacts of mud over organic peat, which represents 

the higher elevation marsh lowered below daily tidal inundation. However, using stratigraphic and 

plant macrofossil changes alone to estimate coseismic subsidence is problematic as it can lead to 

reported errors in excess of 1.0 m. Recent, more precise methods of determining coseismic 

subsidence involve statistical analysis of microfossil (i.e., foraminifera, diatoms, etc.) assemblage 

changes across stratigraphic contacts. This methodology can quantify the abrupt changes of the 

marsh elevation based on the relationship between microfossil assemblages and the environments 

where they naturally occur, and can produce subsidence estimates with an estimated error of ±0.3 

m. Most microfossil-based subsidence estimates at Cascadia employ foraminifera, which have 

been successful at some sites but produced inconsistent results at others. Diatoms, a single celled 

algae with silica cell walls, may prove to be a more reliable proxy for subsidence because: 1) 

diatoms are found in freshwater environments where foraminifera are not naturally occurring, 2) 

diatoms have a faster response to salinity changes than foraminifera species, and 3) the silica 

structure of diatom valves is more likely to preserve in the low pH wetland soils found in Cascadian 

marshes. 

 

Here, we employ diatom-based analyses at three sites spanning ~200 km of central Oregon that 

lack quantitative microfossil analysis (Coquille River Estuary) or have inconsistent foraminifera-

based estimates of coseismic subsidence that need refining (Siletz Bay and Talbot Creek). This 

study will expand the temporal and spatial resolution of quantitative coseismic subsidence 

estimates from Cascadia ruptures leading to refined rupture slip models, which are essential for 

assessing future hazards in the region.



Advisor: Dr. M. J. Caddick 

ECONOMIC POTENTIAL OF RARE EARTH ELEMENTS WITHIN ACCESSORY 

MINERALS OF PEGMATITIC MINE TAILINGS  

 

ANDERSON, Dalton, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Rare Earth elements (REEs) are of crucial economic importance due to their critical applications 

within multiple different industries such as: the electronics industry, magnets, and lasers. Rare 

Earths can be detected within over 200 different minerals, but economic exaction of rare earths is 

limited to several key minerals. Apatite is a prime target for the economic extraction of REEs due 

to its ability to incorporate a wide variety of RREs within its crystalline structure as well as 

providing an economic resource for phosphate (Owens, 2019). This study investigates the Spruce 

Pine district of North Carolina. Spruce Pine is home to several different on-going quartz and 

feldspar mining operations with large scale waste tailing piles left over from their initial separation 

process. The local geology contains a series of muscovite class pegmatites of Devonian age (390 

Ma), intruded into the primarily amphibolite-grade units of the Ashe and Alligator Back 

formations (Wood, 1996). The mineralogical make-up of the area consists of the major 

components: 40% oligoclase, 25% quartz, 20% microcline, and 15% muscovite. Apatite is noted 

as a key accessory mineral, but generally does not exceed more than 5 weight percent. Apatite 

within the region is considered to contain up to 3 weight percent REEs (Brobst, 1962). This study 

seeks to investigate the waste tailings of 2 on-going quartz mining operations to constrain the 

potential economic resource of rare earth elements within key accessory phases left over from the 

initial separation process utilizing LA-ICP-MS and XRF data. X-ray fluoresce data will help to 

constrain bulk composition both of major and trace elements of the tailings. LA-ICP-MS will seek 

to specifically pinpoint the trace element content of apatite within the tailings. The results of this 

investigation could potentially be of economic benefit and could provide information on an 

untapped resource from what is now considered to be a waste product. 

 

 

 

 

 

 

 

 

 

 



Advisor: Dr. S. Xiao 

SPELEOTHEM DEVELOPMENT AND SILICIFICATION IN MARINOAN CAP 

CARBONATES 

 

GAN, Tian, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

The recovery of the ecosystem from Cryogenian Marinoan glaciation (ca. 650–635 Ma) played a 

significant role in the evolution of life. Post-glacial recovery of the marine ecosystem is evidenced 

by microbialites and eukaryotic biomarkers in cap dolostones atop Marinoan glacial deposits. The 

recovery of non-marine ecosystems in lacustrine, fluvial, and terrestrial environments, however, 

has not been investigated, although geochemical and paleontological data suggest that these 

environments had been colonized prior to the Cryogenian Period. Speleothems offer important 

insights into terrestrial life because their formation is critically dependent on additional CO2 from 

soil ecosystems. Here we report the wide distribution of miniature paleo-speleothems from the 

~635 Ma Doushantuo cap dolostone in South China and assess their implications for the recovery 

of terrestrial life after the terminal Cryogenian Marinoan glaciation. The cap dolostone was 

deposited during the initial transgression following deglaciation but subsequently developed 

extensive karstic cavities or sheet-cracks during post-glacial rebound. The sheet-cavities were 

filled with multiple generations of cements, including isopachous dolomite formed in the phreatic 

zone, fibrous calcite to made up speleothems formed in the vadose zone, siliceous phases, and 

blocky calcite. The paleo-speleothems are mm–cm in size and include stalactites, stalagmites, 

helictites, moonmilk, flat crusts, and botryoids. They were silicified by later hydrothermal 

processes before a renewed transgression in which ~632 Ma shales overlying the cap dolostone 

were deposited. Combined with the widespread karstic surface atop of cap dolostone in elsewhere 

South China, northwest Africa, and northwest Canada, the age of Doushantuo speleothems is 

further constrained to 635 Ma. The wide distribution of Doushantuo speleothems in South China 

indicates the presence of an active soil-microbial ecosystem in the earliest Ediacaran Period and 

rapid recovery of terrestrial life after the Marinoan snowball Earth. 

 

 

 

 

 



Advisor: Dr. M. R. Stocker 

A FOSSIL AMPHIBIAN FROM THE LATE TRIASSIC OF ARIZONA ILLUMINATES THE 

ORIGINS OF LIVING CAECILIANS 

 

KLIGMAN, Ben, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Caecilians are a living group of amphibians comprising over 250 species distributed across the 

global tropics. They are characterized by bizarre adaptations including worm-like limbless bodies, 

tentacle organs for chemosensory reception, and a specialized cranio-muscular apparatus for head-

first burrowing. The evolutionary origins of living amphibians (frogs, salamanders, caecilians) are 

controversial, largely due to the extremely poor fossil record of caecilians, which obscures the 

evolutionary links between caecilians and other living amphibians to their Paleozoic tetrapod 

relatives. Here we describe fossils of a novel 220-million-year-old stem-caecilian from Arizona, 

USA, which pulls back the fossil record of caecilians by over 40 Ma, resolving the evolutionary 

gap between living caecilians and their Paleozoic ancestors. These fossils reveal the stepwise 

acquisition of the caecilian body plan with morphological links supporting frogs and salamanders 

as the closest relatives to caecilians. Like living caecilians, this animal strengthened its skeleton 

through fusion of bones in its skull and jaws, but unlike its living relatives, this ancient caecilian 

bore limbs and lacked many of the musculoskeletal specializations that facilitate head-first 

burrowing. It offers clues to the previously hidden functional ecology of caecilians prior the 

evolution of head-first burrowing, suggesting that if ancient caecilians burrowed, they did so in a 

different way than living ones, likely with their limbs. This discovery illuminates a Permian-

Triassic equatorial origin of caecilians, with a subsequent biogeographic history driven by 

restriction to equatorial latitudes during the fragmentation of the Pangaean Supercontinent. Living 

caecilians are physiologically constrained to warm, humid environments, and our results 

demonstrate the antiquity of these constraints, highlighting the ancient ecological underpinnings 

of extant equatorial terrestrial ecosystems. 



Advisor: Dr. T. Dura 

LIMITS OF PRIOR MEGATHRUST RUPTURE FROM STRATIGRAPHIC AND 

MICROFOSSIL OBSERVATIONS AT SITKALIDAK ISLAND, AK 

 

PRATER, Alexa, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Seismic hazard models for Alaska require estimates of the size and frequency of prehistoric 

megathrust earthquakes, however, observations that place limits on the size of subduction 

paleoearthquakes along the Alaska-Aleutian subduction zone are scarce. To help place bounds on 

the along-strike extent of prehistoric Alaska-Aleutian subduction ruptures, we present stratigraphic 

and microfossil evidence of repeated tsunami inundation over the last ~500 years at Sitkalidak 

Island, located 0.5 km off the coast of south-central Kodiak Island. Sediment cores collected from 

an estuary in southern Sitkalidak Island reveal three anomalous, laterally continuous sand beds 

with sharp upper and lower contacts preserved within a coastal peat sequence. The biostratigraphic 

and lithostratigraphic characteristics of the sand beds, including the presence of anomalous marine 

planktonic diatoms, high fragmentation of diatom valves, and upward fining sand sequences, 

indicate high-energy marine incursions consistent with tsunami inundation. Radiocarbon dating 

constrains the deposition of the sand beds to 1964 CE, 1788 CE, and ~400 cal yr B.P. The core 

stratigraphy and dates are consistent with tidal wetland stratigraph7ic records observed at sites ~90 

km to the west at Sitkinak Island, and ~80 km to the east at Middle Bay, Kodiak Island. Preliminary 

foraminifera and diatom results from Sitkalidak Island suggest decimeter-scale subsidence during 

the deposition of the 1964 CE sand bed. Deformation concurrent with the 1964 CE rupture along 

with the presence of sand beds associated with the 1788 CE and ~400 cal yr B.P. ruptures at 

Sitkalidak help better define the western (1964 CE and ~400 cal yr B.P.) and eastern (1788 CE) 

rupture limits, and thus the permissible maximum magnitudes, of past Alaska-Aleutian subduction 

zone ruptures.



Advisor: Dr. M. Shirzaei 

OBSERVATION OF SPATIOTEMPORAL CREEP RATE VARIATION ALONG 

SOUTHERN SAN ANDREAS AND SAN JACINTO FAULTS FROM INSAR TIME SERIES  

 

LEE, Jui-Chi, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Understanding the spatiotemporal distribution of the aseismic slip rate variation on the fault over 

various depths is essential for quantifying the earthquake potential (Avouac, 2015). Here we 

investigate the creep rate variation of the southern San Andreas Fault (SAF), which is near the end 

of its interseismic period (Brothers et al. 2011; Philibosian et al. 2011). Currently, there is only a 

few observations of short-term creep rate variation along the southern SAF (Tymofyeyeva et al., 

2019) and the nearby San Jacinto Fault. In this study, we develop a new multitemporal SAR 

interferometric framework that combines the concept of permanent and distributed scatterers to 

identify a large set of elite pixels in all terrain. This new approach also implements a spatial 

patchwise 2D smoothing spline combined with a temporal 1D continuous wavelet to remove the 

atmospheric delay in SAR interferograms. This processing framework is applied to a large set of 

SAR images acquired by Sentinel-1A/B during late-2014 till mid-2019 to obtain surface 

deformation time series along the southern SAF and San Jacinto Fault at a high resolution and 

precision. These analyses have the potential to advance our understanding of the mechanism of 

crustal strain accumulation on faults and release over various spatial and temporal scales. 



Advisor: Dr. S. J. Nesbitt 

IT’S IN THE TEETH: TERRESTRIAL FAUNAL RECOVERY FOLLOWING THE END-

PERMIAN MASS EXTINCTION  

 

HOFFMAN, Devin, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Few events change global ecosystems as rapidly and irreversibly as mass extinctions, which lead 

to changes in the dominance and diversity of major groups of organisms.  The end-Permian mass 

extinction (EPME), largest of the “Big Five” mass extinctions, decimated ecosystems globally and 

enabled the archosauromorph reptiles (crocodylians, birds, and their closest relatives) to dominate 

terrestrial environments. Previous work has shown that the marine ecosystems took 8-9 million 

years to recover from the EPME, and others have hypothesized terrestrial recovery was also 

delayed well into the Middle Triassic. However, the scarcity of terrestrial Early Triassic fossil 

assemblages limits reconstruction of the timing of ecological recovery, preventing determining if 

this delayed recovery is an accurate signal, or the result of preservation bias. The Driefontein 

locality from the Lower Triassic (Cynognathus Assemblage Zone, Langbergia-Garjainia 

Subzone) from the Beaufort Group, South Africa preserves a rich vertebrate assemblage in the 

classic Permian-Triassic transition with few gaps in the record. As articulated specimens are rare 

in the Driefontein assemblage, we used teeth, isolated and within jaws, to capture ecological 

disparity as a proxy for diet. All in situ teeth belong to the only confirmed archosauromorph reptile 

known from the Driefontein locality, the erythrosuchid, Garjainia madiba, but the abundant 

isolated material likely preserves more morphotypes (categories of teeth based on overall shape). 

To quantify tooth morphology, we collected qualitative character scorings from 111 isolated (of 

thousands) teeth, ordinated using non-metric multi-dimensional scaling (NMDS). We also CT 

scanned 97 of the isolated teeth to capture the 3D shape for landmark analysis. We found the 

Garjainia-like morphotype retains the same features as in situ teeth despite being much smaller, 

possibly indicating little ontogenetic change in tooth morphology. The isolated teeth reveal four 

new carnivorous/insectivorous morphotypes and two morphotypes potential herbivorous 

morphotypes. The presence of multiple tooth morphotypes, including probable herbivores, 

indicates that the Driefontein locality preserves a diverse (n>5) archosauromorph assemblage. We 

interpret this to mean archosauromorphs filled multiple trophic levels within 4 million years of the 

EPME. This indicates ecosystems, at least by faunal dietary guilds, may have stabilized from the 

end-Permian mass extinction in the Early Triassic approximately 5 million years sooner than 

previously hypothesized.



Advisor: Dr. J. A. Spotila 

NEW EVIDENCE FOR A PREHISTORIC MULTI-FAULT RUPTURE OF THE CALICO-

HIDALGO FAULT SYSTEM OF THE SOUTHERN EASTERN CALIFORNIA SHEAR 

ZONE 

 

GARVUE, Max, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Complex multi-fault ruptures are a recently recognized form of heterogeneous fault zone behavior. 

Three such ruptures have occurred in the Eastern California Shear Zone (ECSZ) over the last few 

decades. The Landers, Hector Mine, and Ridgecrest ruptures all exhibited complex paths involving 

three or more major strike-slip faults of variable orientation connected by wide, complexly 

deformed stepovers. It is not clear whether complex, multi-fault ruptures are the norm for the 

ECSZ, nor whether they result from evolving tectonic conditions or instead are a standard 

expression of diffuse continental deformation. We have identified a fourth multi-fault sequence in 

the form of a prehistoric surface rupture on the Hidalgo-Calico fault system. We have mapped 

more than 10 km of rupture across multiple faults using satellite imagery, Structure from Motion 

topography, and field observations in the Marine Corps Air Ground Combat Center at Twentynine 

Palms, CA. The rupture appears as a continuous, irregular white lineament on aerial photos that 

cuts across alluvial and colluvial surfaces. This lineament corresponds to a zone of loose 

disturbance, which we interpret was formed by mole-tracks, anastomosing fissures, and subtle 

vertical scarps. Exposures in gullies along strike of the lineaments reveal fault gouge with steeply-

dipping shear fabric. Numerous dextral shutter ridges and stream offsets occur along the zone, 

typically measuring 2-4 m. The preservation of the trace is likely short-lived (late Holocene?), 

given that it occurs in loose materials and cuts steep hillslopes, but is not preserved in active, 

bouldery washes. The trace is lost in soft, sandy alluvial surfaces on both ends, but we speculate 

that the original rupture was longer and may have even connected to the Holocene scarp along the 

Mesquite Lake fault 15 km to the south. Similarities in rupture path and slip-distribution with 

historical events supports the case that complex multi-fault ruptures are the kinematic norm for the 

evolving ECSZ. More work is required to assess whether these complex ruptures result from 

geometric or rheologic heterogeneities, dynamic stress triggering, or some other cause, as well as 

what these imply for seismic hazards.



Advisor: Dr. M. J. Caddick 

A MINERALOGICAL CHARACTERIZATION OF ARIZONA TEST DUSTS FOR 

EVALUATING JET ENGINE DURABILITY 

 

EHLERS, Alix, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

The ingestion of atmospheric particles into jet engines can result in severe damage and erosion to 

the engine, compromising its integrity and lifespan and resulting in costly expenses directed 

towards engine repairs and replacements. Engineers have performed routine assessments of engine 

durability with tests dusts, including the widely-used Arizona Test Dust (ATD) from Powder 

Technology, Inc., to simulate damage to a jet engine from in-flight ingestion of atmospheric dusts. 

However, ATD is very poorly characterized; the chemistry of the dust is only vaguely described, 

implying large variations between batches, and its mineralogy is completely undocumented. 

Substantial variety also exists in the chemistry of different types of ATD, including A2 fine test 

dust and A4 coarse test dust, raising questions in how the mineralogy changes between the fine 

and coarse test dusts. As minerals have tend to have wide-ranging thermal, mechanical, and 

reactive properties, materials in ATD may have completely different effects on engine damage and 

erosion than minerals in natural dusts. Therefore, the crucial question of whether ATD presents an 

accurate and appropriate analogue to natural dusts ingested in jet engines must be addressed. A2 

and A4 test dusts have been acquired for characterization. These dusts will be analyzed to 

determine the mineral phases present in each batch and the relative abundance of each mineral 

present using powder X-ray diffraction experiments. Single-crystal X-ray diffraction experiments 

can be used to identify whether amorphous mineral phases exist within the test dusts. The sizes 

and shapes of individual grains can be measured and characterized using electron microscopy, with 

energy-dispersive spectroscopy quantifying the chemical composition of each grain. A thorough 

mineralogical characterization of ATD will therefore result from this study and will improve our 

understanding of how useful ATD is in practice. Future studies will include employing lattice 

dynamics simulations to quantify these mechanical, thermal, and reactive properties of the 

minerals in natural and test dusts that can be used in models to determine the full extent of engine 

damage from mineral ingestion.



Advisor: Dr. T. J. Burbey 

MODELING GROUNDWATER EXTRACTION AND RECHARGE IN A FRACTURED 

CRYSTALLINE-ROCK AQUIFER IN PLOEMEUR, FRANCE 

 

HUMM, Cathleen, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

One-third of Earth’s crust is composed of plutonic and metamorphosed rock. Characterizing and 

preserving available groundwater resources within those crystalline rocks is pertinent to 

ecosystems worldwide. Crystalline-rock aquifers, with favorable structure and climate, can be 

pumped year-round to meet local domestic demand. The Ploemeur hydrogeologic site, near the 

southern coast of Brittany, France, is characterized by a structurally complex, fractured mica-schist 

and granite confined aquifer system. A contact zone, which acts as the main localized flow path 

through the aquifer, separates the two crystalline units, and a sub-vertical permeable fault zone 

cross cuts the crystalline bedrock and contact zone. Despite its crystalline makeup and localized 

flow, the Ploemeur hydrogeologic site is able to provide freshwater to over 20,000 people without 

experiencing continuous drawdown or deformation. One million m3 per year of groundwater is 

extracted from the aquifer, which requires a surface area of less than 1 km2 based on our recharge 

estimates for the region. The complexity and interconnectivity of fractures through the aquifer 

remains difficult to fully quantify in the field. Using field observations, recharge estimates, and a 

numerical multi-zone MODFLOW 6 model, we present preferential flow paths of recharge 

infiltrating the complex geology of the Ploemeur hydrogeological site during pumping conditions. 

Using MODPATH to track goundwater path lines, we determine that water extracted from the 

aquifer travels from higher elevation areas southwest and northwest of the pumping site through 

the overlying regolith and the contact zone. Additionally, we use PEST to calibrate the ideal 

hydraulic parameters of the homogenous geologic zones based on head observations. 

Heterogeneous geology complicates the system, as hydraulic parameters can vary widely over 

short spatial scales, but the calibrated zonal homogenous estimates provide a good baseline for 

determining the aquifer’s hydraulics. Understanding the flow paths and hydraulic parameters of 

the Ploemeur hydrogeologic site is pertinent as 10% of the region’s freshwater comes from 

fractured crystalline-rock aquifers. Though the Ploemeur site is unique in its composition and 

geometry, the methods used to characterize and monitor the aquifer can be applied to fractured 

crystalline-rock aquifers globally. Groundwater is the second largest source of freshwater, and the 

knowledge and regulation all sources of vital natural resources is necessary for the prosperity of 

the planet.



Advisor: Dr. M. Shirazaei 

COUNTRY-WIDE FLOOD EXPOSURE ANALYSIS USING SENTINEL-1 SYNTHETIC 

APERTURE RADAR (SAR): CASE STUDY OF 2019 IRAN FLOOD 

 

SHERPA, Sonam Futi, Department of Geosciences, Virginia Tech, Blacksburg, VA 24060 

 

Climate extremes, such as extreme precipitation and flooding, often lead to human and economic 

losses. Data provided by Earth-observing synthetic aperture radar (SAR) satellites enables 

mapping the asset and population exposed to the disaster at unprecedented spatial and temporal 

resolution. The nation-wide flooding exposure data are scarce and limited to coarse resolution 

global scale gridded population data. Iran experienced an unprecedented flooding event during 

January-March 2019 attributed to significant precipitation during October 2018-March 2019, well 

above the long-term averages for 1999-2019. Over this extended period, the precipitation record 

was characterized by decreasing trends in the north and increasing in the south, corroborated by 

Pettit and Mann Kendall tests. To obtain high-resolution maps of flood extent, we used 673 

Sentinel-1 SAR images. We applied a Bayesian framework to SAR intensity images to calculate 

the probability of a flooded SAR pixel. The marginal probability density functions of flooded and 

non-flooded pixels are obtained following SAR image segmentation using a fast-marching 

algorithm. We calculated the percentile area and population of each state and county that was 

flooded each month. We found that 22 states in January, 9 states in February, and 15 states in 

March experienced flooding over 15% of their area. Further, we estimated that >15 million people 

are exposed to floods in January, with >2.1 and >1.65 million people in the states of Tehran and 

Razavi Khorasan alone, respectively. The corresponding estimates for February and March are 

>11.32 million and >11.33 million population, respectively. The use of high-resolution all-weather 

space-borne SAR data helps better assess flooding and future planning.



Advisor: Dr. J. A. Hole 

CONSTANT VELOCITY MODEL: PILBARA CRATON 

 

PRASAD, Anusha, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Deep seismic reflection surveys can help us map crustal architecture mainly composed of steeply 

dipping structures. We use deep seismic reflection data to investigate the crustal structure of the 

eastern Pilbara terrane in Western Australia and define its margin. The Pilbara craton has a unique 

“dome and kneel” structural pattern with granite domes surrounded by steeply dipping 

greenstones. The section of the data set we are analyzing is overlain by Fortescue flood basalt; 

however, there are intruding layers of granite in the area. Mount Edgar dome has an exposed 

granitic dome and it is surrounded by the Fortescue. In our attempt to distinguish preliminary 

differences between the granitoids and the Fortescue flood basalts as well as determine the 

presence of a margin, we created one dimensional constant velocity layer models. Constant-layer 

velocity plots were created using data from a deep seismic reflection survey conducted in the area. 

The results revealed that the granitoids have a thin weathering layer followed by rock with a 

relatively high fracture density. The Fortescue has a slightly thicker, slower, and more weathered 

layer followed by rock that reaches velocities of ~5800 km/s. There is only a small increase in 

velocity with depth past the first ½ km. This indicates that longer offsets will not be much deeper 

than a few kilometers. Our results call into question the potential to image steeper dips at higher 

depths. 



Advisor: Dr. F. M. Michel 

A SURFACE COMPLEXATION MODEL FOR ALUMINUM SUBSTITUTED 

FERRIHYDRITES 

 

ADAMS, Faisal, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Among the many techniques used to probe the nature of mineral-water interfaces, Surface 

Complexation Models (SCMs) have been successful in describing and predicting adsorption 

phenomena for a large number of mineral surfaces. Advancements in techniques facilitating the 

characterization of interfaces at the micro and nanoscale have aided in constraining the parameters 

involved with SCMs. Despite the prevalence of surface defects and element substitutions in natural 

systems, SCMs have not adequately addressed the effects of these impurities on surface reactivity. 

This work addresses that challenge in the context of aluminum (Al) substituted ferrihydrite (Fh). 

Fh, an iron oxyhydroxide, is ubiquitous in the environment where it contains impurities like Al 

and plays vital roles in biogeochemical processes. We hypothesize that Al replaces one specific 

type of surface site within the Fh structure, forming singly coordinated Al-OH surface groups 

possessing higher proton affinities than the original Fe-OH sites. A structure model is developed 

based on the placement of Al within Fh, and an accompanying Basic Stern SCM is developed and 

fit to a set of previously published experimental zeta potential data. An adequate fit is achieved 

between the SCM simulated and experimental zeta potential data. Additionally, a close match is 

obtained for the isoelectric pH values (pH at which the zeta potential is zero). We confirm that the 

slipping plane distance (the point relative to the surface at which the zeta potential is proposed to 

be expressed) agrees with predictions by past works. The determination of the exact location of 

substituted Al within Fh would require a wider variety of experimental data, which would also 

help to characterize the surface charging and adsorption thoroughly. Nevertheless, this model 

represents a vital steppingstone towards developing realistic, atom-scale interpretations of 

substituted or defective mineral surfaces used in computational modeling and reactivity studies.  

 

 



Advisor: Dr. B. C. Gill 

INVESTIGATING THE CARBON ISOTOPE RECORD OF THE LATE EARLY CAMBRIAN 

EXTINCTIONS: PRELIMINARY RESULTS FROM THE SHADY DOLOMITE 

FORMATION 

OF SOUTHWESTERN VIRGINIA 

 

YANG, Yezi, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Soon after the biodiversification event of the Cambrian ‘explosion’, two major marine extinctions 

occurred. During these events in the late Early Cambrian (513 – 508 Ma), the widespread 

archaeocyathid-Renalcis reef ecosystem collapsed and the redlichiid and olenellid trilobites went 

extinct. These two events were accompanied by paleoenvironmental changes and perturbations to 

biogeochemical cycles that are reflected in the geochemistry of sedimentary rocks from this time 

interval. Specifically, two negative carbon isotope excursions (CIEs) are seen in the stratigraphic 

record that reflect changes in the carbon cycle. One CIE, the AECE (Archaeocyathid Extinction 

Carbon isotope Excursion), coincided with the first the archaeocyathid extinction event and 

another CIE, the ROECE (Redlichiid Olenellid Extinction Carbon Isotope Excursion), is coeval 

with this trilobite faunal turnover.  

 

Here I present carbon isotope data generated from the Early to Middle Cambrian Shady Dolomite 

Formation in southwestern Virginia. The carbon isotope stratigraphy constructed from this 

formation will serve as a Laurentian record to compare to the existing records of the AECE and 

the ROECE found elsewhere and help develop a better understanding of the late Early Cambrian 

carbon cycle. The available data was generated from the drill core in the periplatform facies of the 

Shady and captures a positive δ13C excursion from -0.52 to +2.48‰ at ~350 m of the ~600 m drill 

core. Based on its stratigraphic position, this positive excursion likely represents the rebound of 

δ13C signatures between the AECE and the ROECE. Building upon the carbon isotope data 

currently gathered, I will continue to analyze δ13C signatures from other drill cores in the 

periplatform facies and a deeper water facies of the Shady. These analyses will build a foundation 

for future paleoenvironmental analyses examining the late Early Cambrian extinctions. 

 



Advisor: Dr. R. Weiss 

INVESTIGATION OF THE EFFECTS OF TROPICAL CYCLONE LANDFALL LOCATION 

ON PRECIPITATION AND FLOODING EVENTS WITHIN THE JAMES RIVER BASIN, 

VIRGINIA 

 

CHILTON, William, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

A landfalling tropical cyclone can deliver extreme rains that extend inland for hundreds of miles. 

While coastal communities appear to be more directly impacted by these rainfall events, inland 

locations may misjudge the hazards associated with these storms, leading to potentially disastrous 

outcomes. In large portions of the eastern United States, tropical cyclones can make landfall from 

one of two water bodies, the Gulf of Mexico, or the Atlantic Ocean. States along the southeastern 

and mid-Atlantic seaboards must contend with both a frontal (Atlantic Coast) threat and a “back 

door” threat from storms with landfalls originating along the Gulf Coast and sending storm 

remnants eastward. The primary goal of this investigation is to develop a comparison between the 

effects of storms that make landfall on the Atlantic coast and the “back door” hurricanes that make 

landfall along the Gulf of Mexico.  

 

In this study, we examine the James River, which is contained entirely in the state of Virginia and 

extends from the Appalachian Mountains to the Chesapeake Bay. The James River flows through 

a varied series of topographies along its path, all of which are subject to storm impacts from both 

Atlantic and Gulf coast hurricane landfalls. Historical data from the National Oceanic and 

Atmospheric Administration’s (NOAA) HURDAT2 dataset states that 92 tropical systems ranging 

from tropical depression status to category two have entered Virginia from 1852 to 2020. Using 

NOAA’s HURDAT2 dataset, and geospatial parsing techniques, the storms directly impacting the 

James River basin will be isolated from the overall data. From this subset of storms, National 

Weather Service (NWS) precipitation records will be used alongside U.S. Geological Survey 

(USGS) river gage data such as discharge and stage in a common time domain to assess the 

magnitude of the precipitation created by each storm as it moves through the basin. Statistical 

measures such as mean rainfall intensity, time to flood stage at river gauge locations and mean 

discharge along the river will show how the basin system responds to the storm’s influence. 

Information gained from this research will help to better inform emergency management and other 

government agencies in the path of such storms.



Advisor: Dr. J. A. Hole 

TARGET DETECTION THROUGH POLARIMETRIC ANALYSIS OF  

GROUND PENETRATING RADAR 

 

ABBASI BAGHBADORANI, Amin, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 

24061 

 

Conventional ground penetrating radar (GPR) systems are linearly polarized. They transmit 

horizontally and/or vertically polarized radar signal and receive the horizontal and/or vertical 

polarized components of the backscattered signal. A fully polarimetric GPR system transmits 

alternatively horizontally and vertically polarized signal and receives returns in both orthogonal 

polarizations, allowing for complete information of the radar target. Radars emit a signal and 

measure the magnitude, phase, and polarization of the return. Target detection and identification 

depend on the radar frequency band, polarization, and incidence angle of the transmitted 

electromagnetic signal as well as geometric and dielectric properties of the radar target and the 

surrounding host. Radar targets can be discriminated if their backscattering components are 

different and the radar spatial resolution is sufficient to distinguish between targets. Air-ground 

boundary (surface) response is very strong due to the radar velocity contrast between Air and soil. 

This response is often stronger than surface laid or slightly buried targets and can hide target 

response. Using different polarizations to significantly reduce the surface effect can improve 

detectability and identification of targets. A process called migration is used to convert the time 

domain signal to its true position in subsurface. Migration is necessary when size, shape, depth, 

and reflectivity of targets are of importance. However, migration algorithms vary in complexity 

and performance and are often expensive given the objectives. When first order detection and 

imaging is the objective, pre-migrated data might be sufficient to distinguish targets versus clutter 

when targets are shallow relative to the dominate wavelength. Such imaging is much faster than 

migration imaging and could enable real time detection as data is collected in the field. In pre-

migrated images, the scatterer appears as a hyperbola in 2D and conical shape in 3D. These 

scatterer artifacts provide a much larger footprint than the actual target size in the slice map view 

projection of the data which becomes more essential when the actual target at or close to surface 

is not visible due to surface effects and rough topography. 

 



Advisor: Dr. S. J. Nesbitt 

THE OLDEST DINOSAUR FROM THE NORTHERN HEMISPHERE AND THE ORIGINS 

OF THEROPODA 

 

FITCH, Adam, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Dinosaurs are well-established to have originated by ~235 Ma (Carnian) because of their well-

documented early fossil record across Carnian-aged strata of formerly Gondwanan continents 

(Africa, South America, and India). However, dinosaur fossils of equivalent age are absent from 

North America and Eurasia because nonmarine Carnian-aged deposits are near absent from North 

America. Here we synthesize recent bio- and geochronostratigraphic data from across North 

America and demonstrate the presence of Carnian strata in pockets across western North America. 

We present a new taxon of theropod dinosaur represented by a partial associated postcranium as 

the first dinosaur collected from one of these pockets in the Popo Agie Formation of Wyoming. 

We analyzed the relationships of this new taxon and found a suite of features from across the 

skeleton that confirm its inclusion with Dinosauria, particularly in the ankle and upper limb 

elements. The construction of its vertebrae and ankle demonstrates a close relationship between 

this taxon and Neotheropoda, the clade of dinosaurs containing the large meat-eating dinosaurs of 

the later Mesozoic and survived today by birds. However, it lacks several key neotheropod 

features, instead possessing anatomy in these regions that is much more like those of the earliest 

dinosaurs. The presence of a mosaic of anatomical features found in early-diverging dinosaurs and 

in later Neotheropoda demonstrates that this new taxon fills a critical phylogenetic gap in the 

evolution of theropod dinosaurs, and its age despite this intermediacy supports the early and rapid 

diversification of dinosaurs in the Carnian. Its presence in Carnian-aged strata of North America 

also represents the oldest dinosaur occurrence from the Northern Hemisphere, challenging the 

hypothesis for a Gondwanan origin of dinosaurs and demonstrating the wide geographic spread of 

dinosaurs by the earliest Late Triassic. 

 

 

 

 



Advisor: Dr. M. S. Duncan 

 

MODELLING THE THERMAL AND GEOCHEMICAL EVOLUTION OF THE MARTIAN 

LITHOSPHERE 

 

MCGROARTY, Rose, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

While the current surface of Mars is analyzed from orbit and directly sampled by rovers, the 

specific internal processes that lead to the formation of the observed crust and how the crust and 

lithosphere evolved to its modern state are unknown. The constraints that arise from observed 

volcanic rocks indicate that Mars was hot enough for melt generation throughout its history. From 

orbital, surface, and meteorite analyses, the current crust is inferred to be ~50 km thick on average 

basaltic in composition, and with known abundances of heat producing elements (Taylor and 

McLennan, 2009). We used geochemical and geodynamic approaches to model the evolution of 

the lithosphere over time. 

 

For the geochemical approach we calculated areotherms (conductive temperature profiles), 

combined with adiabats calculated from previous estimates of mantle potential temperatures of 

1618 K today and 1723 K ~4 Ga (Filiberto 2017), and compositionally based crustal and 

lithospheric mineral compositions, using Perple_X. We started by assuming an initially 

homogenous, undepleted crust (Taylor and McLennan, 2009) and mantle lithosphere (Hartmann, 

2004). We are developing a Mars-specific melt model using previous experimental data to 

determine how the mantle has melted over time to produce the current observed crust, and from 

that production the modern mantle lithosphere. 

 

For the geodynamic approach we calculated average mantle temperature profiles using CitcomS. 

Our models fix temperature at both the surface and at the CMB but are variable in internal heating 

rates. We considered core fractions of 0.45 and 0.4 of the total planet’s radius, consistent with 

geochemical constraints from above. From these, we determined the surface heat flux and mantle 

melt fractions through time. These values are compared to the geochemical results to evaluate the 

evolution and specific internal processes that lead to the generation of the martian mantle and 

lithosphere. This will result in a self-consistent model of how the martian mantle and lithosphere 

may have evolved.  

 

Preliminary results indicate that the Martian crust has both cooled and thickened over time, with 

melt decreasing from about 40% F 4 Ga to no melt produced in the present day. The crust has 

become enriched in SiO2, CaO, Na2O, and K2O, while becoming relatively depleted in FeO, Al2O3, 

and MgO over time. Continuing work will include using the chemical composition to calculate the 

mineral composition of the crust and mantle lithosphere and their densities and calculating the 

error associated with the model.



Advisor: Dr. B. W. Romans 

TURBIDITE DEPOSITS OF THE NORTHWEST ATLANTIC MID-OCEAN CHANNEL 

(NAMOC) AS RECORD OF HIGH-LATITUDE PALEOCEANOGRAPHIC PROCESSES 

DURING THE PLEISTOCENE- HOLOCENE   

 

VARELA, Natalia, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Turbidity currents are key modelers of deep-sea environments. This type of sediment gravity flow 

helps define both erosional and depositional features observed in the development of submarine 

channels while transporting terrigenous and biogenic material from continental to deep-sea basins. 

Turbidites, its sedimentary record, can be used as a testimony of the relationships between shelf 

and slope processes, including ocean-ice sheet interactions, and therefore as a history of climatic 

events. 

 

The Northwest mid-Ocean channel (NAMOC), the longest (3,800 m) deep-marine channel in the 

Atlantic Ocean, presents ideal conditions for the study of climatically initiated turbidity currents 

in high-latitude systems, since it acted as a conduit for glacially derived sediments originating from 

Canada and Greenland during the Pliocene-Pleistocene. Stratigraphically, it shows a defined 

seismic profile with recognizable architectural elements and facies that can be traced along several 

kilometers down the channel (Chough, 1978), thus allowing to further examine the extent and 

significance of these ocean-ice sheet interactions in the past. 

The characterization of the turbidite deposits from the levee of the NAMOC from a 

sedimentological viewpoint, by focusing on the frequency and grain size of the turbiditic events, 

will be compared with glacial/interglacial signals from geochemical proxies. The findings will be 

used to assess the significance of turbidites as paleoceanographic proxies in high latitudes, and its 

value as a tool to understand past and future climatic trends.
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NEW CANDIDATE PITS AND CAVES AT HIGH LATITUDES ON THE MOON 

 

AVENT II, Wynnie, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Since 2009, >300 hundred pits have been identified on the Moon. Lunar pits are small (10 - 150 

m across), steep-walled, negative relief features, surrounded by funnel-shaped outer slopes, and 

no raised rim. They are interpreted as resulting from the fall of the roof of shallow subsurface 

voids. Of the pits known, all but 16 are in impact melt. Most pits identified to date were found 

between 50° latitude North and South. However, a recent “manual” search identified candidate 

pits on the impact melt floor of Philolaus Crater, an impact structure of Copernican age (<1.1 Ga), 

located at 72.1°N, 32.4°W. High latitude candidate pits are of interest because their shadowed 

darkness would be cold enough to cold-trap volatiles. In this study, we expanded the search for 

high latitude pits on the Moon to other areas in Philolaus and to other impact melt floor sections 

in nearby craters. Using imaging data from the NASA Lunar Reconnaissance Orbiter (LRO) 

Narrow Angle Camera, a “manual” search for pits was conducted on the impact melt floors of four 

large, relatively fresh craters: Philolaus, Anaxagoras (73.48°N, 10.17°W), Carpenter (69.4°N, 

50.9°W), and Scoresby (77.7°N, 14.1°E). Shadowed depressions were identified as candidate pits 

using these criteria: i) depression straddles a linear discontinuous sinuous rille; ii) depression is 

approximately as wide as the rille; iii) absence of a raised rim; iv) presence of outer funnel-shaped 

slopes; v) shows local brightening contiguous to shadowed zone. We report identifying a total of 

~ 35 new candidate pits, 20 of which are in Anaxagoras, and 15 in Philolaus. No shadowed 

depressions were identified in Carpenter or Scoresby yet. The new candidate pits in Anaxagoras 

represent the highest latitude candidate pits identified on the Moon to date. The impact melt lava 

tubes underlying these candidate skylights, if confirmed, would offer not only natural shelters 

against radiation, micrometeoritic bombardment, and wide temperature swings, but also locations 

cold enough to cold-trap volatiles such as H2O ice, and would represent targets of great interest 

for science and human exploration.



Advisor: Dr. F. M. Michel 

 

NEW APPROACH TO SYNTHESIZING REACTIVE NANOTUBES MADE OF EARTH-

ABUNDANT ELEMENTS 

 

FARIS, Ryan, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Nanosized tube structures (nanotubes) are synthesized for use in various technological and 

industrial applications ranging from energy to medicine to water treatment. Ideally, the nanotubes 

used in technological application, especially large-scale ones, such as in water treatment, should 

be made of Earth-abundant elements to lower cost and environmental impacts (i.e., from mineral 

extraction). Imogolite is an ideal candidate, as it consists primarily of aluminum, oxygen, and 

silicon, and can be synthesized in the laboratory. However, despite significant prior experiments, 

it has remained unclear what synthesis factors result in well-formed imogolite nanotubes. A recent 

study in our group used statistical analysis of experimental data to demonstrate the importance ion 

(Al:Si) ratio and initial particle size on imogolite formation. Hydrolysis ratio was also thought to 

be important, but the statistical analysis was limited because only two ratios (1 and 3) were 

evaluated. The present study is addressing this issue by evaluating the effect of hydrolysis ratio 

over a wider range (0.5 to 5). As in the previous study, samples were synthesized and analyzed 

using linear combination fitting of powder x-ray diffraction data to determine imogolite 

abundances. Preliminary results indicate that ratio 5 results in an amorphous aluminosilicate phase 

with little to no imogolite present. The lowest ratio of 0.5 resulted in a poorly formed precursor 

known as “proto-imogolite”. The next step will be to apply multivariate linear regression analysis 

to the combined datasets to create a model that shows the influence of the different synthesis 

factors on imogolite formation. 

 

 



Advisor: Dr. F. M. Michel 

 

CHARACTERIZATION OF THE NANOSIZED MINERLAS IN COMMERCIAL MINERAL 

SUNSCREENS  

 

GOULETAS, Fofi, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Synthetic nanosized minerals are used widely in commercial mineral sunscreens to scatter and 

absorb ultraviolet radiation. Releases of these nanosized minerals, which typically consist of 

titanium and zinc oxides are of concern in terms of impacts to freshwater and marine ecosystems, 

as well as human health. Sunscreens are typically complex mixtures of one or more different 

mineral phases, which can have different particle sizes and various organic compounds. Sunscreen 

manufacturers usually provide information on the type(s) of inorganic components, although 

corresponding particle sizes are not given and are challenging to measure by many standard 

methods e.g., microscopy due to the complex liquid (organic) matrix. Metal oxides that are on the 

nano-scale are more efficient in absorbing and converting UV radiation, however identifying how 

this property potentially contributes to negative dermal contact, as well as what is the effect of 

particle size, are necessary. We have evaluated the use of two types of methods, wide-angle x-ray 

scattering (WAXS) and small-angle x-ray scattering (SAXS) to characterize the inorganic 

components of four different commercial mineral sunscreens. Results showed that WAXS analysis 

can be used to clearly identify titanium oxide and/or zinc oxide nanoparticles in the different liquid 

sunscreens. In addition, the diffraction features can be used to estimate the average crystal sizes, 

even in the case of mixtures of phases. SAXS data were more difficult to interpret, as the signals 

from small organic and inorganic components are difficult to separate. This suggests that chemical 

separation of the organic and inorganic components may be needed for more complete 

quantification by this method. These results will provide the basis for future experiments on the 

reactivity and chemical behavior of nanoparticles used in commercial products.



Advisor: Dr. F. M. Michel 

 

THE IMPACT OF SYSTEM CHEMISTRY ON THE KINETICS OF NANO-ZERO VALENT 

IRON GROWTH 

 

MOSTASHARI, Morteza, Division of Nanoscience, College of Science, Virginia Tech, 

Blacksburg, VA 24061 

 

Nanoscale-zero valent iron (NZVI) is used to remediate polluted water and soil by immobilizing 

and reducing contaminants. Because of its small size, large surface area, and high redox potential, 

NZVI can be used to treat a wide varieties of contaminants, including chlorinated hydrocarbons, 

nitrobenzenes, chlorinated phenols, polychlorinated biphenyls (PCBs), heavy metals, and 

oxyanions. The efficiency of NZVI for in situ treatment of contaminants depends on the particle 

size and surface area, which control its reactivity and mobility e.g., in the subsurface. Synthesizing 

NZVI with controlled particle size remains challenging due to limited understanding of NZVI 

growth kinetics. We are using experiments to develop a kinetic model that explains and predicts 

the impact of different chemical conditions on the rate of NZVI growth. NZVI was synthesized by 

reacting iron (III) chloride with sodium borohydride as a reducing agent in a 500 mL three necked 

flask reactor. The obtained suspensions were immediately vacuum filtered at 0-, 5-, 10-, and 15- 

minutes reaction time. The solids were then washed three times with ethanol, dried in an oven at 

40°C, and characterized using powder x-ray diffraction (pXRD). Rietveld analysis was used to 

identify and determine the sizes of the NZVI, as well as unwanted oxidation products. Results 

showed only NZVI in the products with the exception of one experiment that also produced 

goethite and hematite. The results showed that NZVI size increased from 12 nm to 39 nm during 

the initial 10 minutes of synthesis. These results will be combined with solution chemistry data to 

develop a kinetic model for NZVI. Future work will be studying the effects of system chemistry 

on NZVI. In addition, the next phase of this project will attempt to develop a novel synthesis 

method that uses mixed flow reactors (MFRs) in place of conventional batch reactors. This work 

will provide a more systematic understanding of NZVI formation that will improve methods for 

controlled synthesis of NZVI for use in contaminant remediation activities.



Advisor: Dr. S. J. Nesbitt 

 

CHARACTERIZATION OF DENTAL VARIATION IN A REPTILE (AZENDOHSAURID) 

FROM THE TRIASSIC CHINLE FORMATION OF ARIZONA 

 

PATELLOS, Emily, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Isolated tooth crowns are critical to recognizing taxonomic diversity that is not represented in other 

skeletal material. However, those tooth crowns are challenging to identify to refined taxonomic 

levels because these teeth only possess a few apomorphic features, and piecing out individual, 

taxonomic, and/or ontogenetic variation is difficult. To help constrain our knowledge of variation 

within a single species and apply these characteristics to the identification of isolated tooth crowns, 

we focused on quantifying and qualifying the variation in marginal dentition of a small 

azendohsaurid known from a monodominant bonebed from the Upper Triassic Chinle Formation 

of Petrified Forest National Park, Arizona. Using quantitative measurements (e.g., crown height, 

crown base width, crown base length) and qualitative observations, we characterized dental 

morphology and variation within the premaxilla, maxilla, and dentary of this taxon. The mesial 

teeth of the maxilla have a sharply angled recurve, and the distal maxillary teeth are spade-shaped, 

with little to no curve at the apex, and a restricted root. Dentary teeth are less labiolingually- 

compressed than those of the maxilla but have a similar shape. Denticles are found on all teeth 

except the anteriormost tooth of the premaxilla. These denticles are found on the mesial and distal 

carinae and are positioned at an angle toward the apex, rather than perpendicular to the teeth. We 

compared the quantitative measurements of the premaxilla, maxilla, and dentary individually and 

it is clear that variation in dimension (e.g., height, base width) across these elements help place 

isolated teeth to certain jaw elements. This novel understanding of the dental variation in this 

azendohsaurid indicates that taxa and morphotypes known only from isolated teeth in Triassic 

microvertebrate assemblages (e.g., Protecovasaurus lucasi) fall within its range of variation. 

Morphologically similar tooth morphotypes are well represented in Upper Triassic formations of 

western North America, as opposed to diagnostic non-dentigerous azendohsaurid material. This 

has enabled identification of azendohsaurids based on isolated teeth in many Chinle Formation 

microvertebrate sites, demonstrating their restriction to the Adamanian (early-mid Norian), where 

they are found in almost all sampled microvertebrate assemblages.



Advisor: Dr. F. M. Michel 

 

STATISTICAL ANALYSIS OF FACTORS CONTROLLING SYNTHETIC NICKEL 

HYDROXIDE FORMATION 

 

SEITZ, Daniel & WILSON, Isaac, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Much of the modern world depends on electrical devices, so it has become crucial to be able to 

reliably synthesize these devices.  Nickel hydroxides are inorganic compounds which serve as 

precursors to the intercalated metal oxides currently found in battery technologies, usually in use 

on the electrodes. They can form in an alpha or a beta phase; there is currently some discrepancy 

in what parameters control the outcome phase, and it is necessary to be able to reliably control 

which phase results from synthesis.  This study used multivariate linear regression analysis of 

synthesis data found in 35+ published papers to determine which synthesis parameters control the 

final phase of the product. The database included information such as base and nickel types and 

concentrations, pH, temperature, and time.  The analysis was performed on two subsets of the 

database to evaluate the effects of different nickel reagents. One subset included only samples 

synthesized using nickel sulfate (NiSO4) and the other only using nickel nitrate (Ni(NO3)2) during 

base hydrolysis with sodium hydroxide (NaOH). In the case of nitrate, a model that included 

[Ni]/[OH], base concentration, and synthesis temperature, correctly predicted 47 of 52 Ni(OH)2 

sample structures. For sulfate, nickel concentration appeared dominant, although the analysis 

suggested that other factor(s) may be unaccounted for in the database.  In addition to predictive 

ability the quality of model fits were evaluated based on R2 values, p-values, and stability.  

Although further analysis is needed, the results of the data mining and statistical analysis approach 

are already useful for guiding future experiments. In the next phase of this project, we will be 

synthesizing nickel hydroxides to validate the results of our analysis and to explore new synthesis 

conditions and methods.  This work will lead to improved strategies for controlled synthesis of 

nickel hydroxides for use in energy storage technologies.



Advisor: Dr. F. M. Michel 

 

STATISTICAL ANALYSIS OF FACTORS CONTROLLING THE SIZE OF SYNTHETIC 

NANOSCALE ZERO VALENT IRON (NZVI) 

 

SHELTON, Brendan, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Nanoscale zero-valent iron (nZVI) is a highly reactive engineered nanomaterial used to remediate 

polluted soil and groundwater. The size and resulting surface area of these particles are important 

for determining their effectiveness in these applications. However, despite numerous previous 

studies it remains unclear what synthesis factors control nZVI size. This can create issues with 

industrial-scale manufacturing of nZVI in ways that are efficient and cost effective. We have used 

multivariate linear regression to analyze synthesis and characterization data for >150 different 

samples reported in >30 different published studies. The primary goal was to determine which 

synthesis factors were significant in determining the average sizes of the resulting nZVI.  The 

analysis showed no clear correlations between the sizes reported and the various synthesis 

parameters evaluated, including temperature, aging time, reagent type and concentration, among 

others, in the database.  We attribute this to differences in how “size” was defined and what 

measurement methods were used in the different studies, and suspect that some sizes may not 

represent primary particles but aggregate sizes. This conclusion is supported by an analysis 

performed on a subset of the database that consisted of 24 nZVI samples reported in a single study 

by Turabik and Simsek, 2016. The analysis showed that the increases in temperature (p=0.003) 

and Fe/reductant ratio (p=0.005) most strongly correlated with increased particle size (R2=0.62), 

with a less significant effect of pH. This study demonstrates how statistical analysis can be used 

to evaluate data collected from a large suite of published studies, as well as some challenges to 

using experimental data measured using different methods. This approach can be useful for 

designing future experiments aimed at optimizing nZVI synthesis for different applications.
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INITIATING A NEW BASELINE OF VERTICAL LAND MOTIONS IN THE CHESAPEAKE 

BAY: DATA ARCHIVAL AND PROCESSING 

 

TROIA, Gabrielle, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

The Chesapeake Bay (CB) is a sea-level rise hotspot along the North American Atlantic coast. The 

relatively fast sea-level rise is partly due to land subsidence with contributions from several 

processes including, but not limited to, post-glacial rebound, anthropogenic groundwater 

extraction, and dynamic topography changes due to mantle convection. Previous studies have 

observed vertical land motions (VLM) in the area using a variety of approaches with contradicting 

results. This study aims to (1) collect campaign-style Global Positioning System (GPS) data 

annually over a five-year period to provide a new baseline of VLM for the CB area and (2) 

elucidate the geologic and anthropogenic VLM drivers. Presented here are the methods and 

outcomes of the first GPS campaign (October 2019). During the campaign, 61 geodetic 

benchmarks were surveyed, 52 of which yielded usable data. Each station was assigned a unique 

4-character identifier and a log-sheet was developed and completed by all surveyors to include 

metadata such as equipment, survey duration, and meticulously determined antenna height. All 

data were quality-checked using the open-source program Teqc. The average multipath (MP1 and 

MP2) values for usable data were 0.64 m and 0.49 m and the greatest number of receivers to run 

on a single day was 44 on day of year 283 (10 October 2019). On average, ~84 hours of usable 

data were collected per benchmark and 604 Mb of data were collected in total. Raw data files were 

converted to RINEX files. We required at least 12 hours of data and stations with at least 24 hours 

of data in total for selection to be archived for open access at the NSF geodesy facility UNAVCO 

to abide by FAIR data principles. Data from 2019 is being processed with reference station data in 

GAMIT-GLOBK to obtain first epoch millimeter-precision positions. Two independent velocity 

solutions will be developed using GAMIT-GLOBK and OPUS Projects to test VLM estimates. 

Implications of this project will yield a more accurate understanding of anthropogenically-linked 

sea-level rise in the CB.
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THE IMPACT OF OXYANION SURFACE COVERAGE ON THE RATE AND PATHWAY 

OF FERRIHYDRITE TRANSFORMATION  

 

WATSON, Steven, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

Ferrihydrite (Fh; ideally Fe10O14(OH)2) is a metastable nanocrystalline ferric oxyhydroxide 

which entropically transforms to macrocrystalline iron (hydr)oxides such as goethite (Gt; α-

FeOOH) and hematite (Hm; α-Fe2O3). In aqueous environments, metal and metalloid oxyanions 

such as AsO4-3 and PO4-3 can be adsorbed by Fh through monodentate or bidentate surface 

complexation. However, larger crystals reduce the surface area and reactive surface sites, releasing 

oxyanions to soil and water. This desorption can cause phosphorous-induced eutrophication or 

arsenic poisoning. While past experiments show that the mode and strength of oxyanion complexes 

control the rate and pathway of Fh transformation, the impact of surface coverage on this process 

is only partly understood. We investigated the impact of AsO4-3 and PO4-3 surface coverage on 

the kinetics and pathway of Fh transformation. Fh was synthesized and reacted with known 

concentrations (0.2, 0.6, 1.0, 5.0mM) of AsO4-3 and PO4-3 by shaking samples for 24 hours. The 

adsorbed samples were then buffered and aged for up to 50 days at 70℃. Characterization included 

powder x-ray diffraction (pXRD), synchrotron pair distribution function (PDF), Liquid 

Chromatography – Ion Conductivity (IC), and Inductively Coupled Plasma – Optical Emission 

Spectroscopy (ICP-OES). The results showed transformation rate decreased with increasing 

adsorption such that no transformation occurred for samples with the highest concentration (5.0 

mM). Solution chemical analysis showed that As and P remained on the surface during the 

transformation even in samples with high Gt/Hm fractions, showing a capacity of newly formed 

Gt and Ht for immobilizing oxyanions. These findings support the hypothesis of oxyanion surface 

coverage controlling the rate and pathway of Fh transformation.  
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THE PALEOSEISMIC RECORD OF CASCADIA THROUGH GRAINSIZE AND DIATOMS 

IN A SEDIMENT CORE FROM NESTUCCA BAY, OREGON 

 

WITTMER, Madi, Dept. of Geosciences, Virginia Tech, Blacksburg, VA 24061 

 

The paleoseismic record shows that Cascadia is capable of Magnitude >9 earthquakes occurring 

most previously in the year 1700 A.D. The cycle of gradual uplift during interseismic periods and 

sudden coseismic subsidence creates a distinctive buried soil that can be found in marshes along 

the Pacific Northwest coast. While paleo earthquake events have been dated and mapped, little is 

known about the subduction zone since models require a large amount of data. The aim of this 

study is to investigate a core from Nestucca Bay, Oregon which records a buried soil from the 

1700 A.D. earthquake and an overlying tsunami deposit in order to collect grainsize and diatom 

data. The grainsize data has been collected and will be used in the tsunami model Tsuflind. 

Diatoms have been analyzed for percent fracture and centric/pennate ratio. A change in percent 

fracture between the buried soil and the overlying mud shows a change in energy environment 

while a higher centric/pennate ratio very generally shows a change to a more marine, lower 

elevation environment. Neither of these showed conclusive results. However, diatoms are also 

vertically zoned according to preferences for amount of tidal inundation and therefore can be used 

as a proxy for elevation when compared to modern diatom assemblages. The change in elevation 

calculated across the contact can be used to estimate the amount of subsidence that occurred in 

that location. Identifying diatoms is slow work due to similar morphologies and few guides. But 

both the amount of subsidence and characteristics of the tsunami are essential in coastal hazards 

assessments, especially in Cascadia where no major earthquake has been experienced in historical 

times.
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