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Welcome from the  

Earth Sciences Student 
Colloquium Chair 

 
It is with my absolute pleasure to welcome you to 
the 2018 Earth Sciences Student Colloquium. Thank 
you to everyone involved in today’s festivities. It is 
impressive to see evident the amount of student 
research conducted and communicated within our 
department and other related academic departments.  
 
The Earth Sciences Student Colloquium would not be possible without the volunteer 
efforts of the graduate students on the Planning Committee. Amidst their busy 
schedules, they have etched out time and passion for the promotion of student research 
and building a strong Earth Sciences community. I cannot thank this crew enough. It 
has been a huge joy to work with friends who I also get to refer to as colleagues.  
 
We depend on generous donors of the community and within Montana State 
University for the Colloquium to operate as it does. Thank you to the Graduate 
Employee Organization, Barnard Construction, ASMSU, and our Department 
Administrative Brain, Dr. Hubbard and Brenna Szott. Additionally, Selby’s Printing, 
Wild Bear Adventures, Spire Climbing, Bozeman Brewing Company, Bozeman 
Running Company, and Patagonia Dillon. Special thanks to MAGIP and the 
Professional Panel members: Amy Atwater, Melody Bechberger, Mark Haggarty, 
Danika Holmes, Greg Pederson, and Karen Williams. Let us not forget the 
outstretched helping hands of the Earth Sciences faculty, current students, alumni, and 
friends of the department. Thank you all. 
 
On behalf of the Colloquium Planning Committee, I would also like to extend gratitude 
to Dr. Kirk Johnson for traveling to Bozeman from Washington D.C. and participating 
as this year’s keynote address. 
 
Finally, thank you all for advocating for science communication by participating in 
the Earth Sciences Student Colloquium. Communicating your scientific knowledge 
clearly works to empower yourself and Earth. Continue to be passionate about the 
systems of Earth, environmental or social, economic or historical, all unexclusive to 
the next. It is greatly appreciated; our future depends on you. 
 
Rock on, 
 

 
Sylvia Nicovich 
2018 MSU Earth Sciences Student Colloquium Chair 

  

Dr. Mary Hubbard, Department 
Head, and Sylvia Nicovich, 

Colloquium Chair 



 
 

 
 

Welcome from the Earth Sciences  
Department Head  

 
Welcome to the 13th Annual Earth Sciences Colloquium! Our students work hard 
all year on research activities in the broad array of disciplines we offer in Earth 
Sciences. We have had students getting ages on detrital zircons, conducting 
environmental work among Native American communities, mapping geological 
structures in the Rockies, investigating dinosaur dynamics, looking at radionuclides 
in soils and many other activities. These students range from freshman to fourth-
year PhD students. The Colloquium provides an avenue through which these 
students can share their research, gain experience in the communication of 
scholarship, and learn what their peers have been doing. Please enjoy the slate of 
presentations and posters! 
  
The department would like to thank the corporate sponsors and alumni who have 
funded student projects, awards, and the colloquium dinner. We further appreciate 
the support from this group by providing internships and employment to our 
students. We also thank the department's Advisory Board for taking time to spend 
two days learning about our student activities and the departments vision for the 
future. We look forward to their input on directions or pathways to achieve this 
vision. This Colloquium is completely organized by students so we owe huge 
thanks to the organizing committee and all student participants. There is great 
reward in winding down our academic year by celebrating the successes of our 
students. I thank you all for making my time as a faculty member and department 
head so enjoyable. 
 
All the best, 
 

 
 
Mary Hubbard 
Department Head and Professor of Structural Geology and Tectonics 
Earth Sciences, Montana State University  
 

 

 

  



 
 

2018 Colloquium Committee 

 
Chair: Sylvia Nicovich 
Co-Chair: Jacob Gardner 
Chair Consultant: Katie Bills Walsh 
 
Entertainment 
Chair: Katie Epstein 
Co-Chair: Nick Ziebig-Kichas 
 
Publications 
Chair: Chris Steuer 
 
Logistics 
Chair: Rebecca Mitchell 
Co-Chair: Kailey Adams 
 
Club Advisor 
Jamie McEvoy 

 
Finances 
Chair: Colin Quinn 
Co-Chair: Nick Bergmann 
 
Public Relations / Website 
Chair: Kristin Smith 
Co-Chair: Kelli Roemer 
 
Coaching 
Chair: Rob Briwa 
Co-Chair: Buzz Nunavati 
 
Fundraising 
Chair: Grace Nicholas 
Co-Chair: Kelli Roemer 
 

Join Us for the 2019 Colloquium 
 

The Earth Sciences Student Colloquium is an important opportunity for 
our undergraduate and graduate students to share their research and 
practice their professional presentation skills. We invite you to become 
part of this long-standing tradition at Montana State University with the 
2019 Annual Colloquium. Email us for information about becoming a 
sponsor, donating to the silent auction, and/or volunteering on the 
steering committee at msu.earthsciences.colloquium@gmail.com.  
 
Thank you for supporting Montana State University’s undergraduate 
and graduate students in the Department of Earth Sciences! 



 
 

2018 Keynote: Dr. Kirk Johnson 
“The Making of North America” 

 
Dr. Kirk Johnson is the Sant Director of the Smithsonian National Museum of Natural History. 
Johnson is a paleontologist who has led expeditions in 11 countries and 19 states that resulted in 
the discovery of more than 1,400 fossil sites. His research focuses on fossil plants and the 
extinction of the dinosaurs. He is known for his scientific articles, popular books, museum 
exhibitions, documentaries, presentations, and collaborations with artists to reconstruct ancient 
ecosystems. In 2010-11, he led the Snowmastodon Project, the excavation of an amazing ice age 
site near Snowmass Village, Colorado. This dig recovered more than 5,400 bones of mammoths, 
mastodons and other ice age animals and was featured in the NOVA documentary, Ice Age Death 
Trap, and in Johnson’s book, Digging Snowmastodon: Discovering an Ice Age World in the 
Colorado Rockies. Johnson received a 2016 Kavli Science Journalism Award for his role as host 
of the three-part NOVA series Making North America, which aired on PBS networks in November 
2015. Johnson most recently hosted The Great Yellowstone Thaw which premiered on PBS in June 
2017.His latest book, Ancient Wyoming, explores the prehistory and geology of the Bighorn Basin. 
 
Johnson is originally from Bellevue, Washington, and has a bachelor’s degree in geology and fine 
art from Amherst College, a master’s degree in geology and paleobotany from the University of 
Pennsylvania and a doctorate in geology and paleobotany from Yale University. He completed 
postdoctoral research at the University of South Australia and served as a Crosby lecturer at the 
Massachusetts Institute of Technology. - From the Smithsonian National Museum of Natural 
History Website 

 
 
  



 
 

Oral Presentation Schedule & Abstracts  
 
Schedule 
8:30 – 9:30 AM 
1. William P. Nanavati   An 18,000-Yr History of Fire and Vegetation from Mallín 

Fontanito in Central Patagonia 
2. Christopher M. Schiller   Dynamics of Vegetation and Hydrothermal Explosions from  

Yellowstone Lake, Wyoming 
3. Rebecca Mitchell  Hydrogen Production from Mechanically-Activated Basalt under 

Simulated Subglacial Conditions 
4. John Sykes  Travel Behavior and Decision-Making of Lift Access Backcountry 

Skiers 
 

----- 9:30 AM: 5 Minute Break ----- 
 
9:35 – 10:35 AM 
5. Megan Moore   Public Perception of Natural Water Storage in Montana 
6. Kelli Roemer   Planning for the Coal Transition in the U.S. West 
7. Rob Briwa    Finding Phantoms in Hugo Eck's Bozeman Deaconess Hospital 
8. Will Wright   Big Money, Big Data, and the Big Trees: Global Capital  

and Global Science in California’s High Sierra 
 

----- 10:35 AM: 5 Minute Break ----- 
 
10:40 – 11:55 AM 
9. Richard Carr   First Record of Mosasauridae from the Caribbean 
10. Lazaro Vinola   First Record of Balistes (Actinopterygii, Tetraodontiformes) from  

Cuba and a Reassessment of Problematic Balistid Taxa 
11. Hunter Olson   Re-evaluation of the Latham Shale and Faunal Feeding Relations  
12. Jacob Gardner   The Evolutionary Dynamics of Vertebrate Genome Size 
13. Giulio Panascì   The Upper Cretaceous Frontier Formations of Southwestern  

Montana: New Prospective for Paleontological Studies 
 

----- 11:55 AM: 5 Minute Break ----- 
 
12:00 – 1:00 PM 
14. Garrett Scofield   Population Analysis of Hadrosaur Teeth from Egg Mountain  

Quarry, Upper Cretaceous, Two Medicine Formation, Northwest 
Montana 

15. Willie Freimuth   An Alvarezsaurid From The Late Maastrichtian of Eastern  
Montana with Implications for Systematics and Biogeography 

16. Kevin Surya  Bird Tail Growth Necessitates Re-interpretation of Mesozoic Bird 
Fossils 

17. Jason Hogan   Dinosaurs, Lasers, AI – Oh My!  Using Synchrotron X-Ray  
Microtomography and Artificial Intelligence to Digitally Excavate 
Embryonic Dinosaurs from Fossilized Eggs 



 
 

Abstracts 
* Denotes presenter 

 
1. An 18,000-Yr History of Fire and Vegetation from Mallín Fontanito in Central Patagonia 
William Nanavati – Earth Sciences*, Cathy Whitlock, and Virginia Iglesias  
 
Pollen and charcoal records were compared across Patagonia to understand the role of the Southern 
Westerlies (SWW) and interannual climate variability (e.g., ENSO) in shaping post glacial 
environmental history. Although several records are available from northern and southern 
Patagonia, the vegetation and fire history of central Patagonia has not been well-studied. A 
sediment core from Mallín Fontanito (44.9S, 71.56W; 1110 m) was examined to reconstruct the 
environmental history of central Patagonia since deglaciation, ca. 18 ka. Before 17 ka, pollen data 
suggest the presence of an Empetrum heath-steppe, that likely developed during a cold, dry 
climate. Nothofagus and Maytenus expanded and fire activity increased between 17-14 ka, in 
association with rising temperature and moisture. Between 14-8 ka, vegetation fluctuated between 
shrub-steppe with moderate fire activity and open Nothofagus woodland with low fire activity. 
During the early Holocene, fire activity was high throughout Patagonia, as a result of conditions 
that were warmer and drier than present. The middle-late Holocene expansion of Nothofagus 
occurred earlier in northern Patagonia than in southern Patagonia, in association with the onset of 
wetter conditions during the southward shift of the SWW. At Mallín Fontanito, closed Nothofagus 
forest was established at 7 ka, during a period of relatively low fire activity. Between 4.5-0.135 
ka, vegetation fluctuated between Nothofagus forest with low fire activity and mixed shrub-steppe 
with higher fire activity as a result of ENSO-related moisture variability. In the last 135 years, 
increased disturbance species, high fire activity, and loss of Nothofagus mark Euro-American 
settlement.  
 
 
2. Dynamics of Vegetation and Hydrothermal Explosions from Yellowstone Lake, Wyoming 
Christopher M Schiller – Earth Sciences*, Cathy Whitlock, Lisa A. Morgan  
 
The northern Yellowstone Lake area of Yellowstone National Park, Wyoming hosts at least four 
hydrothermal explosion craters greater than 100 m in diameter of late-glacial and Holocene age. 
However, it is poorly understood what impact prehistoric hydrothermal explosions may have had 
on contemporaneous ecosystems, as recent, directly observed explosions have been comparatively 
small. A new sediment piston core from Yellowstone Lake contains ejecta deposits from three 
hydrothermal explosions and high-resolution pollen analysis of intervals above and below these 
deposits helps to reveal vegetation dynamics in the decades before and after a hydrothermal 
explosion. The pollen sequence immediately above and below uppermost deposit demonstrates 
increased relative abundance of xeric pollen types (e.g. grass, sagebrush, ragweed, greasewood), 
possibly suggesting a dry period prior to the hydrothermal explosion, an interpretation which will 
be tested by other proxy data. The pollen sequence below the bottommost, and thickest, deposit 
shows little change before the hydrothermal explosion, but an increase in the percentage of 
sagebrush at the expense of conifers (e.g. pine, fir, and Douglas-fir). Sagebrush pollen eventually 
declines with increasing pine percentages. The latter sequence may reflect a vegetation response 
to disturbance. This history will be expanded through the addition of cores from two additional 



 
 

lakes in Yellowstone, from which additional pollen sequences above and below hydrothermal 
explosions may be examined. 
 
 
3. Hydrogen Production from Mechanically-Activated Basalt under Simulated Subglacial 
Conditions 
Rebecca Mitchell – Earth Sciences*, Eric Dunham, Eric Boyd, Mark Skidmore  
 
Shearing of silicate rocks has previously been shown to produce hydrogen under simulated 
subglacial conditions. The abiogenic production of hydrogen from comminution of rocks beneath 
glaciers could serve as a source of reductant capable of sustaining microbial ecosystems beneath 
the ice. Despite the ubiquitous nature of basalt on both Earth and other planetary bodies, hydrogen 
production from basalt through mechanical shearing has not been demonstrated. Basalts were 
collected from glaciated catchments in Iceland to test whether hydrogen was produced under 
laboratory conditions mimicking glacial comminution. Rock samples were milled under an inert 
atmosphere, after which water was added and hydrogen production measured over time. Hydrogen 
was produced from all basalt samples tested. Complementary laboratory experiments demonstrate 
an abundant hydrogen-dependent microbial community associated with Icelandic basaltic 
subglacial sediments that actively oxidizes hydrogen at 4oC.  Therefore, subglacial grinding of 
basalt could provide the hydrogen needed to support this hydrogen-dependent microbial 
community. The abiogenic production of hydrogen from simulated subglacial basaltic 
environments also has implications for supporting subglacial microbial communities during 
periods of extended glaciation, such as glacial-interglacial cycles in the Pleistocene and during 
pervasive low-latitude glaciation during the Cryogenian.  
 
 
4. Travel Behavior and Decision-Making of Lift Access Backcountry Skiers 
John Sykes – Earth Sciences*, Jordy Hendrikx, Jerry Johnson, Karl Birkeland  
 
Backcountry skiers recreate in a complex environment, with the goal of minimizing the risk of 
avalanche hazard and maximizing recreational opportunities.  Traditional backcountry outings 
start and end in uncontrolled backcountry settings. Each group takes full responsibility for safety 
and rescue, in the event of an accident.  Lift access backcountry skiing (LABC) is a particular 
genre of the sport, in which ski resort lifts are utilized to access backcountry recreation sites.  By 
shifting skiers mentality from the traditional setting to a LABC setting, the line between the ski 
resort providing avalanche mitigation and rescue services, or not, becomes less clearly defined in 
the minds of skiers.   
 
This research observes the travel behavior and evaluates the decision-making biases of LABC 
skiers via GPS tracking and survey responses.  A geographic information system (GIS) is 
implemented to analyze the travel behavior of participants, with the aim to detect changes in 
behavior, as indexed via terrain used under different levels of avalanche hazard. Data was collected 
over 18 days from February 2017 to February 2018 at Saddle Peak backcountry area, a prime 
LABC location at the southern boundary of Bridger Bowl Ski Area, Montana, USA.  Results 
indicate subtle changes in the terrain preferences of participants under elevated avalanche hazard, 
with increased travel on ridge features and decreased travel on convex features.  These indicate a 



 
 

positive response, minimizing the risk of an avalanche involvement by managing slope shape.  
Survey responses indicate that gender, backcountry experience, and perception of avalanche 
mitigation have significant effects on travel behavior.     
 
 
5. Public Perception of Natural Water Storage in Montana 
Megan Moore – Earth Sciences 
 
Drought in Montana, USA has the potential to impact the natural environment and human 
communities, with specific repercussions for agricultural communities. In the face of changes in 
the quality, quantity, and timing of water runoff, water storage to mitigate drought is one of the 
top concerns for many water managers and water users throughout the state. Due to the growing 
recognition of the negative social and environmental impacts of traditional infrastructure, such as 
dams, there is a need for alternative forms of water storage store. The concept of nature-based 
solutions, specifically, natural water storage systems, has gained traction as a potential strategy to 
slow spring runoff, store water, and raise water - often resulting in later season streamflows. This 
research examines the adoption of these new strategies in the context of changing climate in 
Montana. Previous research has identified the benefits of natural water storage for ecological 
communities, but has not examined the barriers and opportunities for human communities. 
Findings from qualitative interviews with 20 landowners and resource managers in the Red Rock 
Watershed/Upper Beaverhead Watershed in southwestern Montana will be discussed. Results 
illuminate strategies for preparing for and responding to drought. Additionally, findings highlight 
barriers and opportunities for landowners in adopting new practices such as natural water storage 
projects. 
 
 
6. Planning for the Coal Transition in the U.S. West 
Mark N. Haggerty, Julia H. Haggerty, Kelli Roemer – Earth Sciences*, and Jackson Rose   
 
Between 2009 and 2025, the U.S. will retire roughly one-fifth of its coal power plant fleet. These 
retirements pose immediate challenges for the localities and regions that host coal-fired power 
plants including the loss of employment and tax revenues and the decommissioning and 
remediation of a major facility. Successfully addressing the social, economic, and environmental 
legacies at coal facilities is a core priority a so-called "just-transition." This paper examines 
strategies that are emerging to respond to the impacts of closures in the western U.S. in the context 
of widespread policy uncertainty and the retreating federal commitment to transition planning. In 
this uncertain policy context, what are the local priorities and approaches to the social, economic 
and environmental impacts of the coal transition apparent in local plans? This research analyzes 
the alignment of economic development plans with trajectories in the regional economy of the 
U.S. and with core tenets of economic development and resilience literature. The analysis takes 
two distinct forms. We characterize the economic geography of coal plant closures in the region 
to distinguish types of social and economic vulnerability to plant closure impacts. Also, we provide 
a detailed analysis of the existing economic transition plans developed for affected communities. 
Drawing from the academic literature, we identify four possible strategies for economic transition 
in these types of communities and assess if and how the economic transition plans identify and 
propose goals and actions around these strategies. 



 
 

7. Finding Phantoms in Hugo Eck's Bozeman Deaconess Hospital 
Rob Briwa – Earth Sciences 
 
Architecture is a referent for human experiences that reveals wider ideological contexts; the power 
of individual human agency; and insights into embodied practices, performances, and experiences. 
Designed by M.S.C. architects Fred Willson and Hugo Eck, former Bozeman Deaconess 
Hospital’s architecture materializes Bozeman’s ideological pulse and the hospital architects’ lived, 
embodied experiences. I scrutinize the latter by examining Hugo Eck’s life experiences via 
archival research. I then draw from nonrepresentational theory and its foci on embodiment and 
performance to argue that these formative, embodied moments in Eck’s life informed his design 
and renovations of Bozeman Deaconess Hospital. I support this argument by analyzing Eck’s 
architectural drawings in conjunction with site visits to suggest that Eck’s experiences persist, 
phantom-like, in the spatial and material form of the hospital’s architecture. 
 
These experiential phantoms—those of an innovative architect who was embedded in a modernist 
ideological paradigm and who experienced firsthand the trauma of mid-century healthcare—are 
manifest in Eck’s hospital renovations and design. Eck incorporated new medical technologies, 
materials, and modernist ideologies, reflecting his position as an architect trained during the zenith 
of modernist thought. His experiences as a hospital patient, meanwhile, informed his streamlining 
of hospital healthcare achieved through designing unobstructed pathways from admittance, to care, 
to after care. Eck’s efforts made the illegible dramas of healthcare practices formulaic in their 
resolution. In Bozeman Deaconess Hospital’s material structure and spatial design, Eck’s 
experiential phantoms linger and persist, testament to individual agency in shaping cultural 
landscapes in enduring ways. 
 
 
8. Big Money, Big Data, and the Big Trees: Global Capital and Global Science in California’s 
High Sierra 
Will Wright – History & Philosophy 
 
During the late nineteenth and early twentieth centuries, giant sequoias on the western slopes of 
the Sierra Nevada served as the foundation of growing foreign wealth and developing the new 
field of dendrochronology. Remote mountain landscapes became connected to both international 
commodity chains and global science through the Big Trees—for example, Sierra redwood was 
shipped from California to Australia and Europe to be made into plywood and pencils while its 
growth rings revealed supranational climatic patterns like the Little Ice Age. In this presentation, 
I seek to link the relatively immobile lives of sequoia trees to transnational movements and 
processes, demonstrating how nature often disregards national boundaries. 
 
 
9. First Record of Mosasauridae from the Caribbean 
Richard Carr – Earth Sciences* and Lazaro Vinola  
 
In 2015, a local geologist was prospecting in central Cuba in the Maastrichtian Cantabria 
Formation and discovered a single reptilian tooth. This formation has previously produced fossils 
of rudists, ostreids, gastropods, and echinoids; however, the majority of the collected fossils have 



 
 

been poorly studied. The formation is considered to represent a neritic depositional environment 
(shallow marine) with local development of bioherms (accumulations of invertebrate carbonate 
skeletons). The unit consists of poorly stratified loamy limestone. In the latest Cretaceous, Cuba 
was located at a triple point between the Pacific, Tethys, and Western Interior Cretaceous Seaways 
and would have likely provided a vital “stepping stone” for marine vertebrate dispersal. Mosasaurs 
have a global fossil distribution in the latter half of the Cretaceous but sparse attention has been 
granted to their biogeographic history. The specimen is comprised of one isolated tooth that is 
gently recurved and whose surface texture consists of multiple (longitudinal) facets. While not 
truly diagnostic at a species level, based on morphology and stratigraphic age, we can identify this 
tooth as the first recorded instance of a mosasaur from the Caribbean. This find is also key in that 
it links some of the most famous mosasaur bearing formations and adds more data to the ongoing 
study of mosasaur distribution in the latest Cretaceous. This tooth’s morphology is consistent with 
a macro-predatory ecology, which in turn reflects the local paleoenvironment of the Cantabria 
formation. 
 
 
10. First Record of Balistes (Actinopterygii, Tetraodontiformes) from Cuba and a 
Reassessment of Problematic Balistid Taxa  
Lazaro Vinola – Earth Sciences* and Richard Carr  
 
Tetraodontiformes are a widely dispersed and highly derived order of teleost fish which first 
evolved in the Late Cretaceous. One of the most recognizable families within Tetraodontiformes 
are the triggerfish (Balistidae) which generally inhabit reef systems around the world where they 
use their large teeth to crunch through the hard exoskeletons of coral polyps and other 
invertebrates. One particular extant genus, Balistes, has a very broad distribution across the 
Atlantic, Pacific, and Mediterranean oceans which extends back to the Early Miocene. In the 
Bellamar Formation (Late Miocene-Early Oligocene) and Colon Formation (Early Miocene) of 
Central Cuba, a number of easily-identified teeth were discovered and attributed to the genus 
Balistes, marking the first occurrence of this genus in Cuba. The teeth represent two distinct 
species and preserve examples of the extreme range of morphologies in the teeth of this fish. The 
Late Miocene specimens seems to belong to an undescribed species of the genus. Despite the 
distinct shape and preservational environments of most Balistes teeth, there are at least three 
examples in the literature of misidentified Balistid teeth and another case of incorrect use of the 
International Code of Zoological Nomenclature which we seek to revise. The discovery of these 
teeth assists in the reconstruction of the paleoenvironment of Cuba in the Miocene epoch, and 
when associated with other vertebrate fossils from the locality, portrays a thriving near shore 
ecosystem. 
 
 
11. Re-evaluation of the Latham Shale and Faunal Feeding Relations  
Hunter C. Olson – Earth Sciences 
 
The Latham Shale formation of southeastern California was deposited on a shallow marine shelf, 
on the North American Craton, ca. 520 Mya. Recent discoveries in the Latham Shale formation; 
in addition to better understandings of Anomalocaris feeding habits and Hyolithids taxonomy 
improve our understanding of the Lower Cambrian (542-510 Mya) Latham Shale ecosystem. 



 
 

However, it is poorly understood how these taxa fit within the ecosystems’ food web. To address 
this knowledge gap, a food web was created based on present taxa and known feeding relations. 
The Latham Shale food web demonstrates ecological niches and feeding methods typical of a 
series two, Cambrian shelf environment in North America. The specific ecologies of the Latham 
Shale taxa demonstrate a developmental step in the diversification of specialized feeding 
behaviors. Feeding behaviors such as deposition feeding, filter feeding, scavenging, hunting. 
Furthermore, the disparity of eye and galbella size within the order Redlichiida brings into question 
the roll of trilobites as strictly predatory in the food web. The Latham Shale food web, bridges our 
gaps in our understanding of the development of feeding behaviors of Lower Cambrian taxa of 
North America. 
 
 
12. The Evolutionary Dynamics of Vertebrate Genome Size 
Jacob Gardner – Earth Sciences* and Chris Organ  
 
Genome size—the amount of genetic material—varies widely among vertebrate animals from 350 
million to 130 billion base-pairs. However, this variation is not associated with organismal 
complexity. Although it does correlate with the proportion of repetitive, non-protein-coding 
genetic sequences, it remains unclear whether genome size is an adaptive feature or one that 
evolves neutrally over time without any specific function. Some of these hypotheses make testable 
assumptions about the rate and mode (i.e. gradual or punctuated) of evolution. To test these 
hypotheses, we conducted a vertebrate-wide, comparative genome size analysis to reveal the rate 
and mode of genome size evolution. We collected genome size range data for ~2,600 living and 
extinct vertebrate species and tested multiple models of evolution. We determined the mode of 
genome size evolution by regressing genome size against the net number of bifurcations 
(speciation events) in the phylogenetic tree along a given species’ lineage. A significantly positive 
correlation is consistent with punctuated evolution (evolutionary change is coupled to speciation). 
We followed this with a test for whether bigger genomes evolve at faster rates by regressing rates 
of evolution against genome size. Our preliminary results show that genome size evolved slowly 
and gradually throughout most of vertebrate history despite multiple major environmental and 
morphological changes and several genome duplication events. This suggests that genome size 
was not adaptive to those changes. We also find that the rate of genome size evolution is not 
proportional, suggesting increased levels of regulation to prevent heightened mutation rates. 
 
 
13. The Upper Cretaceous Frontier Formations of Southwestern Montana: New Prospective 
for Paleontological Studies 
Giulio Panascì – Earth Sciences 
 
Dinosaur record during the Early part of the Upper Cretaceous is sparse, with only few dinosaurs 
known from Wyoming, Idaho and Utah. In Montana, the last Lower Cretaceous record is 
represented by the neornithopod Oryctodromeus cubicularis and fragmentary material ascribed to 
theropod and ornithopod dinosaurs from the Albian Blackleaf Formation. Subsequent fossil 
records are concentrated in deposits not older than Late Santonian, resulting in a temporal gap of 
approximately 15 My between the Lower and Upper Cretaceous. Here we present the first report 
of dinosaur remains and dinosaur tracks from the Cenomanian-Middle Santonian Frontier 



 
 

Formation of southwestern Montana. Recent paleontological expeditions in the Lima Peaks and 
Centennial Mountain area recovered several theropod and ornithopod dinosaur bone fragments as 
well as tracks ascribed to ankylosaurian, theropod, and ornithopod dinosaurs. Traces and body 
fossils indicate that a considerable diversity of dinosaurs inhabited the Cenomanian to Santonian 
terrestrial habitats of southwestern Montana. Their description will be fundamental to understand 
dinosaur evolution and biogeographic trends across the Early part of the Upper Cretaceous. The 
Frontier Formation represents an important burgeoning paleontological source and provides a new 
target for future studies. 
 
 
14. Population Analysis of Hadrosaur Teeth from Egg Mountain Quarry, Upper Cretaceous, 
Two Medicine Formation, Northwest Montana 
Garrett B. Scofield – Earth Sciences 
 
Egg Mountain Quarry as part of the Willow Creek Anticline in the Upper Cretaceous Two 
Medicine Formation of northwest Montana has become well known for its preservation of dinosaur 
eggs, eggshell, nesting traces, insect traces, and more recently described mammals and lizards.  
Additionally, the locality turns up an abundance of herbivorous and carnivorous dinosaur teeth. 
This study tests the utility of hadrosaur teeth as a means of understanding population dynamics.  
Development of new measuring and analytical techniques applied to the herbivorous hadrosaur 
tooth assemblage allows for ties to be made between tooth size, body size, relative age, and 
ultimately mortality and survivorship. 
 
Analysis of intact hadrosaur teeth from museum collections and Egg Mt. hadrosaur teeth revealed 
high proportions of juvenile individuals.  High mortality rates occur during the first year of life 
followed by a marked decrease until adult age and size is attained.  Seasonal nesting grounds and 
a seasonal and semi-arid environment proposed for the Egg Mt. area would support high 
proportions of young individuals as well as increased mortality caused by predation, drought, and 
fire.  Concentration of shed and disarticulated teeth may be the result of hypothesized microsite 
formation placing them with in-situ nesting material at Egg Mt.  Hypothesized depositional 
mechanisms may include shallow seasonal lakes, meandering streams, and distributive fluvial 
systems.  Shed and disarticulated hadrosaur teeth appear to show effectiveness in paleoecological 
population studies.  Continued work on abundant dinosaur tooth assemblages would hone these 
new techniques and potentially provide insight into similar microsite assemblages around the 
world. 
 
 
15. An Alvarezsaurid from the Late Maastrichtian of Eastern Montana with Implications 
for Systematics and Biogeography  
William J Freimuth – Earth Sciences* and David J Varricchio  
 
Alvarezsaurids are an enigmatic group of small-bodied theropod dinosaurs characterized by 
reduced but robust forelimbs, an enlarged manual digit I, and greatly reduced lateral digits, among 
other traits. The forelimbs, combined with a long snout, developed hyoids (tongue supporting 
bones), and numerous, small, unserrated teeth, suggest an insectivorous diet. However, ecology 
and forelimb function of the group remain controversial. Historically, the relationship between 



 
 

alvarezsaurids and other theropod dinosaurs has changed considerably, though recent analyses 
consider the group to be basal within Maniraptora, the group of dinosaurs most closely related to 
birds. Alvarezsaurids are best known from Asia and South America, but poorly represented from 
North America, with implications for the biogeography of the group.  
 
Here we present a partial postcranial skeleton of an alvarezsaurid from the Upper Cretaceous Hell 
Creek Formation of eastern Montana. Several diagnostic elements are represented, including 
articulated caudal vertebrae, coracoids, articulated parts of the manus, proximal tarsals, and pedal 
phalanges. This specimen also preserves a phalanx and ungal of one of the reduced digits, elements 
known only in Shuvuuia. Preliminary phylogenetic analyses place this specimen as the sister taxon 
to the North American Albertonykus. Future work will include a more robust phylogenetic analysis 
and biogeographic analyses. Some elements may be eligible for histological analysis. Additionally, 
principle component analysis or synchrotron tomography could be used to test hypotheses on 
manus functional morphology and ecology. The new specimen complements fragmentary material 
from the Hell Creek and coeval Lance Formation and represents the most complete alvarezsaur 
from North America. 
 
 
16. Bird Tail Growth Necessitates Re-interpretation of Mesozoic Bird Fossils 
Kevin Surya – Earth Sciences*, Dana J. Rashid, Luis M. Chiappe, Nathan R. Carroll, Kimball L. 
Garrett, Bino Varghese, Alida M. Bailleul, Jingmai K. O’Connor, Susan C. Chapman, and John 
R. Horner 
 
The long non-avian dinosaur tail evolved rapidly during the Early Cretaceous Period into the short, 
terminally fused tail present in all living birds. The growth of living organisms can inform 
evolution of anatomical structures and how paleontologists interpret fossils. However, tail 
developmental sequence in living birds is unknown, which hinders proper identification of 
intermediate fossils during the Mesozoic transition to short tails. Here we show that bird tail 
vertebrae change radically with growth. As birds reach maturity, the last four to six vertebrae fuse 
into a compound bone called the pygostyle. Post-hatching pygostyle formation can be observed in 
two juvenile Mesozoic bird fossils. Also, vertebral projections mineralize long after hatching. 
These findings warrant re-interpretation of a previously-described transitional species, Zhongornis 
haoae, and the recently discovered non-avian dinosaur tail in amber. Zhongornis, as a juvenile, 
might not have yet formed a pygostyle, and the dinosaur tail, which is also immature, might be 
avian. Additionally, this study reveals a possible decrease in the number of tail vertebrae that 
compose the pygostyle throughout the bird lineage; the generation and loss of intervertebral discs 
in the pygostyle; the possible distinct developmental origins for tail vertebral bodies and 
projections; and potentially, two different mineralization strategies of tail vertebral projections in 
birds. This study provides insights into vertebral formation and demonstrates that bird tail growth 
is an important parameter to consider when interpreting transitional Mesozoic bird specimens. 
 
 
 
 
 



 
 

17. Dinosaurs, Lasers, AI – Oh My!  Using Synchrotron X-Ray Microtomography and 
Artificial Intelligence to Digitally Excavate Embryonic Dinosaurs from Fossilized Eggs 
Jason Hogan – Earth Sciences 
 
Embryonic dinosaur remains are rare but provide important insights into ecology, growth, and 
development.  Additionally, preparing embryonic material often results in the destruction of the 
egg and surrounding matrix.  Using extremely high-powered x-rays generated from a synchrotron 
particle accelerator we noninvasively checked fossilized eggs for embryonic material.  Scans via 
conventional x-ray and micro CT machines are not strong enough to fully penetrate or differentiate 
between fossil bone and rock matrix.  The resulting synchrotron scans can be reconstructed into a 
virtual 3D object, essentially allowing the full preparation of embedded embryos using only digital 
techniques.  The skeleton can then easily be brought into the real world through 3D printing.  Using 
beamline 8.3.2 at Berkeley’s Advanced Light Source synchrotron we imaged 10 eggs from an egg 
clutch found in the Two Medicine Formation of the Cretaceous.  The clutch belonged to Troodon, 
a small theropod dinosaur.  While some of these eggs have skeletal material visible from the 
outside, our scans revealed significant embryonic remains even in specimens that showed little to 
no exterior bone.  The resulting images are being compiled into digital 3D objects.  We are working 
in conjunction with researchers at Harvard University to develop a machine-learning algorithm to 
help sort through the pictures and isolate fossil bone.  This artificial intelligence program will later 
be able to assist other researchers in rapidly identifying bones in similar fossil remains.  
Furthermore, the embryonic skeletons will provide us with a better understanding of the growth 
and development of Troodon than ever before. 
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1. Determining Factors Influencing Channel Head Occurrence in Glaciated and 
Unglaciated Mountain Ranges in Western Montana 
Kailey Adams – Earth Sciences  
 
The evolution of the natural terrestrial environment is strongly influenced by a landscape’s 
sediment connectivity, defined as the pace and pathways through which sediment moves across a 
landscape. Hillslope-channel communication is an important part of this connectivity and in order 
begin assessing this communication, clear delineation of these domains is required. Channel heads 
mark the transition between the hillslope and channel domains; these features are initiated through 
a variety of processes that are influenced by surrounding topography, vegetation, and glaciation 
history. Here, two statistical methodologies are compared to determine the influence of spatial and 
non-spatial variables controlling the probability of channel head occurrence. By applying both a 
non-spatial and explicitly spatial logistic regression model to two sets of known channel heads, 
where each data set corresponds to a mountain range, this study addresses two objectives. First, I 
will determine the relative importance of topographic variables, vegetation, and glaciation history 
on channel head occurrence within and between the Bitterroot and Sapphire mountains in western 
Montana. Second, results from the two models will be compared, resulting in one of two outcomes: 
(1) there is no statistically significant difference between the models or (2) there is a statistically 
significant difference between the models. The latter outcome would indicate that the occurrence 
of a channel head is significantly affected by spatial autocorrelation. Results from this study will 
inform the factors affecting a landscape’s sediment connectivity by more clearly define the 
transition between hillslope and channel domains in mountainous regions with disparate glaciation 
histories.   
 
 
2. Exploring the Madison River Valley: Geomorphic and Geospatial Analysis of Terrain 
through Time 
Kailey Adams, Loren Davis, Jean Dixon, Tobias Goldman, Grace Nicholas, Sylvia Nicovich, 
Molly O’Neil, Colin Quinn, Emily Schultz 
 
The Madison River occupies a north-south trending valley in southwest Montana with headwaters 
at Hebgen Lake, coincident with the Yellowstone Plateau.  The Madison Range to the east is a 
basement-cored Laramide style range, bound by a normal fault with historic seismicity. The 
Madison Range and associated river valley have also experienced multiple Pleistocene glacial 
cycles and reflect complex sediment storage and flux on hillslopes and within adjoining fluvial 
systems. We aim to provide a comprehensive synthesis of geomorphic response in the Madison 
River Valley and its headwaters with an effort to elucidate geomorphic controls of its current 
topography. Using a combination of existing geologic and remotely sensed data, we investigate 
spatial patterns within current and abandoned fluvial networks, spatial patterns of landslides, 
fluvial channel and hillslope connectivity, and changes in crustal velocities associated with the 
Yellowstone Hotspot and the extension of the basin and range province. Known faults and 
lithologic boundaries are mapped to understand how stream steepness varies through these 
features. Nearby hillslope morphometrics are quantified to investigate hillslope-channel 



 
 

communication. Landslide mapping also supplies an ancillary perspective on the potential of mass 
movement triggered by seismicity. Additionally, the shape of the Madison Valley watershed is 
peculiar in that it takes an abrupt eastward step towards the Yellowstone Plateau via Madison 
Canyon through Earthquake Lake. Stream piracy may explain the trend of the valley projected 
north from the Centennial Range through a string of lakes that exhibit typical river morphology 
and characteristic fluvial incision. By combining these data, we seek not only to understand the 
rearrangement of the Madison River paleo-headwaters, but to further explore the modern-day 
controls on geomorphologically dynamic landscapes.  
 
 
3. Causes and Regional Impacts of a Post-glacial Landslide in SW Montana's Yankee Jim 
Canyon 
Tobias Goldman – Earth Sciences  
 
Landslides are considered local, isolated hazards; however, are important in landscape evolution. 
In this study, we demonstrate how a small landslide can significantly define a landscape on a more 
pervasive scale than the immediate landslide footprint. We explore a small, post-glacial landslide 
in Montana’s Yankee Jim Canyon, downstream from the N entrance to Yellowstone National Park. 
Using field and digital mapping, we document possible triggers involved in the failure of this slide 
and impacts on the regional landscape. We find evidence of at least two major slide events in the 
slide stratigraphy in roadcuts, and observe associated features, including upstream lake sediments 
and downstream megaripples. Our work indicates that rapid successive failure of bedrock on Dome 
mountain dammed the valley, forming a lake extending as far back as 20 km. Dam failure resulted 
in a catastrophic outburst flood, and major drainage system readjustment. Our field and mapping 
results also help to constrain timing, as landslide material overtops glacial outwash and debris, 
indicating postglacial age. Additionally, an upstream glacial outburst flood dating to 13.5 ka 
meaning that the Yankee Jim failure dates younger than this event, otherwise associated lake 
sediments would not have been preserved. Due to this, we can rule out glacial debuttressing as a 
trigger, as glaciers were far receded upvalley. However, periglacial conditions and debutressing 
likely conditioned slopes. Nearby (<1km) faults and regional seismicity indicate a likely Holocene 
Earthquake trigger. Yet completed river morphologic analysis will indicate the degree of recovery 
of the modern Yellowstone River, post-landslide. 
 
 
4. A Tectonostratigraphic Approach to the Kaskaskia Megasequence in Montana 
Elijah Adeniyi – Earth Sciences* and Chris Steuer  
 
The Kaskaskia Sequence spans from Early Devonian-Mississippian and is comprised of, in 
ascending order, basal chert, sandstone, black shale, and carbonates grading upward into 
carbonates and black shales all capped by sandstone, shale, and limestone cycles. It is bounded 
uncomfortably above and below by the Absaroka and Tippecanoe sequences, respectively. For the 
duration of the Kaskaskia Sequence, Montana was located in a tropical arid belt that straddled the 
equator. The majority of Montana was a low-relief highland during Early-Mid Devonian and later 
inundated with shallow seas of the Alberta and Williston basins during the Frasnian only to be 
again subaerially exposed during subsequent Famennian time. The western edge of Montana was 
primarily a passive continental margin until Late Devonian time. In Early Mississippian time, a 



 
 

platform margin and fore deep occupied Montana’s western border and an extensive carbonate 
platform covered the state. By Late Mississippian, instability on the craton resulted in an increased 
flux of siliciclastic material to the platform from adjacent highlands. The distribution of Devonian-
Mississippian strata in Montana can be attributed to inherited basement structural lineaments and 
features, carbonate sediment generation rates, eustatic sea level changes, and differential 
subsidence. Strata in Montana mimic those in the Williston and Alberta basins which have been 
extensively studied and have produced significant quantities of hydrocarbons. The Kaskaskia 
megasequence hosts considerable economic oil and gas and minor limestone quarries, coal beds, 
phosphorous, and ore deposits. Kevin Dome, in northern Montana, hosts ~600MM tons (in-place) 
of CO2 and possesses the most favorable geologic conditions for carbon sequestration. 
 
 
5. How might Spinosaurids have Caught Fish? Testing Behavioral Inferences through 
Comparisons with Modern Fish-Eating Tetrapods  
Danny Anduza – Earth Sciences* and Denver W. Fowler  
 
Since the 1983 discovery of the unusual dinosaur Baryonyx, there has been great interest in the 
feeding behavior of spinosaurids, as the group exhibits various physical traits suggestive of fish-
eating. However, despite a general consensus over spinosaurid piscivory, there have been few 
detailed behavioral comparisons with similarly-adapted extant piscivorous tetrapods. An exception 
is the eponymous “heavy claw” of Baryonyx, suggested to have been used in “gaffing” (hooking) 
fish from the water in behavior supposedly analogous to that of grizzly bears. However, this 
hypothesis is problematic, as detailed studies of grizzly fishing behavior have never reported such 
“gaffing.” 
 
To better characterize spinosaurid piscivory, we reviewed piscivorous behaviors, functional 
morphology, and possibly related adaptations in extant fish-eating tetrapods. We then assessed 
which of these behaviors were possible in spinosaurids based on their morphology. The antero-
posterior head-darting strategy employed by herons and shoebills we deem unlikely, as 
spinosaurids lack a strong cervical S-curve and their orbits are poorly positioned for binocular 
vision. Rather, as in the gharial, the jaws seem adapted for swift lateral sweeps to seize fish. Like 
grizzlies and fishing cats, spinosaurids may have employed their powerful forelimbs to stamp 
down on large fish, impaling them on the manual claws against the river or lake bottom, from 
which the prey could be manipulated with the jaws. These findings not only furnish insight into 
feeding behavior in spinosaurs, contributing to our understanding of these bizarre and specialized 
dinosaurs, but also provide a window into the evolution of piscivory in tetrapods. 
 
 
6. Geoheritage Sites in Montana: Service Learning Project in the Earth Sciences Department 
Mariah Cannon, Sarah A. Devaney – Earth Sciences*, Willie J. Freimuth  
 
UNESCO established GeoParks all around the world featuring local geoheritage and cultural 
heritage sites to make information available to the public about regional geology, paleontology, 
physiography, climate, agriculture and cultural/historical heritage. So far, the United States is not 
represented by UNESCO but there are local organizations developing geoheritage sites. 



 
 

Our Service Learning Project has extensively researched the Rocky Mountain Front outside 
Augusta and Choteau, MT. This region is famous for its Sevier-style fold and thrust belt structures, 
Egg Mountain and its fossils, along with the author Ivan Doig and the numerous Native American 
petroglyph sites. The enormous mountain range bordering the Bob Marshall Wilderness is 
characterized by glacial valleys and is home to diverse flora and fauna. It is the site of topical 
issues related to wilderness preservation and oil and gas exploration.  
Geoheritage sites are developed for public education and outreach, as economic drivers to promote 
geo-tourism, and as a mechanism to identify, preserve and protect exceptional sites of geologic 
interest and importance. All information developed in this project is being made available through 
a website to promote geo-tourism of this remarkable area. Additionally, the information will be 
presented so that everyone from the average tourist to the seasoned geologist has something to 
gain, making this a unique outreach program. This project will be used as a model for other areas 
in Montana to develop their own geoheritage sites. 
 
 
7. Decision Making Framework of Backcountry Skiers on Teton Pass 
Kathryn Egnew – Earth Sciences 
 
Backcountry skiing is practically a right of passage if you live in the mountains of the Western 
United States. Outdoor enthusiasts gather in mountain towns in the winter for the sole purpose of 
walking up hills and climbing mountains. Some for recreation, some for work; all for the love of 
it. Unfortunately, with the growing number of backcountry skiers comes growing numbers of 
fatalities related to the sport. In this project, I will look at how individuals travel in the backcountry, 
and how their travel times, paths, and decisions change (or don’t change) in reaction to the weather 
and daily avalanche advisory. The extent of the tracks I am looking at are limited to about a ten 
mile radius around the Teton Pass Road. I will also look at the makeup of travel paths, focusing 
on average skin track slope angle, speed of travel, and various other factors. The results will be 
represented by a series of heat maps and graphs that visualize routes and how they differ between 
the specific avalanche hazards. I will have separate maps showing popular travel paths and zones 
for each weather hazard. 
 
 
8. Using Invertebrate Traces to Measure Sedimentation at a Rich Terrestrial Vertebrate 
Locality from the Cretaceous Of Montana  
William J Freimuth – Earth Sciences* and David J Varricchio  
 
Trace fossils have a long history as indicators of environmental and depositional rates and 
processes in marine settings, but relatively few studies have focused on the terrestrial realm. I 
examine the diversity and abundance of apocritan (bee and wasp) pupation structures as a measure 
of deposition rates and an indication of paleoenvironments at Egg Mountain, a terrestrial locality 
of the Upper Cretaceous Two Medicine Formation in western Montana. The site famously 
produced the first dinosaur eggs from North America and multiple egg clutches of the small 
theropod Troodon formosus. Recent excavations have produced well-preserved mammals and 
lizards as well.  
 



 
 

Over six years, field crews collected traces from a 1.5-meter section at Egg Mountain in a series 
of twelve layered jackhammer passes. The trace fossil assemblage at Egg Mountain is comprised 
of as many as five groups and resembles the Celliforma ichnofacies, dominated by wasp, bee, and 
beetle traces. Three different sizes of Fictovichnus sciuttoi represent wasp cocoons. An 
undescribed stout structure and a hemispherical brown trace may be attributed to other insects. 
Pervasive traces imply an absence of major sediment pulses sufficiently large enough to prohibit 
thorough colonization. Cocoons and other traces through the sequence suggest persistent soil 
conditions suitable for apocritan nesting and pupation. Well-drained and malleable soil conditions 
favorable for apocritan nesting also may help explain the abundance of vertebrate nesting and 
presence of small terrestrial forms. Invertebrate traces shed light on the environment and 
depositional processes at an important dinosaur nesting locality. 
 
 
9. Modeling Clear Cut Erosion Potential of the Limestone Creek Watershed through GIS 
Chris Goodhue – Earth Sciences  
 
Soil erosion is a major environmental issue that accompanies anthropogenic land use change in 
regards to resource extraction. The proposed clearcut logging project of Limestone Creek, located 
outside of Bozeman, MT, has raised concern regarding increased erosion and sedimentation within 
the watershed. Thus this study aims to model post logging erosion potential within Limestone 
Creek which can aid in sustainable planning of the project and conservation of the watershed 
ecosystem. Post clear cut soil erosion potential will be modeled in a GIS environment by variables 
derived from the widely accepted RUSLE soil loss equation. A major focus of this study will be 
reclassifying land cover data and the proposed clear harvest sites in order to quantify how erosion 
potential will change post logging. A final erosion potential map was produced by using a weighted 
overlay method by combining the following erosion variables: soil erodibility factor (K), erosion 
management factor (P), and the topographic factor (LS). This analysis helps in better 
understanding of how this project will change the local environment and can aid in designing a 
sustainable plan for harvesting in this region. 
 
 
10. Using GIS to Assess Areas of High Avalanche Potential Inbounds at Bridger Bowl Ski 
Area 
Josie Grigsby – Earth Sciences 
 
All ski season, Bridger Bowl Ski Patrol works hard to mitigate the risk of avalanches at the ski 
area. This research determines the areas at Bridger Bowl Ski Area that have the highest avalanche 
potential and illustrates this potential on a map of the area. The DEM data used was sourced from 
The National Map by USGS. Historical data from Bridger Bowl Ski Patrol of past slide events are 
from files kept by ski patrol of weather and avalanche data accumulated over the years. Slope and 
aspect are calculated from DEM data using spatial analysis tools in ArcMap and classified as they 
affect avalanche potential. Slope is classified using statistics from past studies on slope angles that 
create the highest avalanche potential. Aspect affects how and where weak layers are created and 
therefore different aspects pose different levels of risk which are the resulting bounds for 
classification. The historical data are included to evaluate the areas within the boundaries of 
Bridger Bowl that slide the most frequently. These factors are weighted and added to evaluate the 



 
 

overall risk for different areas within the resort. The results produced from this project present 
areas of highest concern for avalanche control, which is useful for Bridger Bowl Ski Patrol to keep 
the mountain safe for the increasing amount of traffic being experienced. This map will help ski 
patrol efficiently and effectively perform avalanche control operations that keep the public safe 
while enjoying the skiing that Bridger Bowl offers for a variety of skier/boarder abilities. 
 
 
11. Optimization of Denitrifying Biofilm – Batch Studies of Nutrient Addition 
LeaAnne Harbour – Earth Sicences*, Kylie Bodle, Seth D’Imperio, Lisa Bithell Kirk 
 
Passive biological treatment methods are commonly employed to remove regulated compounds 
such as nitrate and selenium from mine-affected waters. Limited denitrification observed during 
laboratory-scale tests of material from a saturated rock fill suggested that key nutrients were 
required for complete biological nitrate removal, which is required for biological selenium 
reduction. The purpose of this study was to test the influence of several nutrient supplements on 
denitrification and selenium reduction by microbes harvested from the columns. Seventy mL of 
effluent and 0.7 mL of sediment with biofilm from column leach tests were amended with 
phosphoric acid (0.1 ug/L), sodium acetate (0.9 ug/L) yeast extract (0.05% w/v), or a combination 
of phosphoric acid and yeast extract (0.05% and 0.1 ug/L, respectively). 100 mL serum bottles 
sealed with septa, degassed and incubated for 20 days at a field relevant temperature of 10 o C 
were used. Water samples were collected via syringe and analyzed for nitrate at regular intervals 
and several selenium species were analyzed at the conclusion of the study. The addition of yeast 
extract stimulated denitrification and microbial growth within 5 days. However, no significant 
additional denitrification was observed in microcosms amended with phosphoric acid or sodium 
acetate. The addition of phosphoric acid did not improve denitrification in bottles amended with 
yeast extract. These results were confirmed in upflow column test conditions, and used to optimize 
in situ water treatment. 
 
 
12. Detrital Zircon U-Pb Geochronology and GIS Terrain Analysis to Determine Provenance 
of Gold Placer Deposits of the Pioneer District, Flint Creek Range, SW Montana.  
Caden J. Howlett – Earth Sciences* and Andrew K. Laskowski  
 
The Pioneer District, located ~15 miles NW of Deer Lodge, MT is a 200 km2 region in which 
gold-bearing sediments were deposited by glaciers and streams to form very productive placer 
deposits. The original source and mode of formation of the gold is debated. We conducted U-Pb 
geochronology of detrital zircon grains extracted from placer deposits and tailings to correlate their 
U-Pb ages to those of potential source units across the region, revealing the location of the original 
gold deposit(s) and the sediment dispersal pathway(s).  We dated 1,058 detrital zircons from four 
samples using laser-ablation, inductively-coupled-plasma mass spectrometry.  We interpret that 
zircon grains with U-Pb ages between 2200-1000Ma were derived from the Paleoproterozoic 
Yavapai-Mazatzal accreted terranes, Mesoproterozoic Belt Supergroup (meta)sedimentary rocks, 
or recycled from regional Paleo/Mesozoic sedimentary rocks.  Paleozoic and Jurassic grains in our 
samples were likely recycled from Paleo/Mesozoic strata exposed in the Flint Creek Range.  A 
composite age-probability plot of 237 young (<250 Ma) detrital zircons reveals two prominent 
age-probability peaks centered at ~69 Ma and ~26 Ma, which we interpret to reflect first-cycle 



 
 

derivation from Cretaceous intrusive rocks exposed in the Flint Creek Range and late-stage 
magmatism during or after formation of the extensional Anaconda Metamorphic Core Complex, 
respectively. The age-probability peaks in all of the samples are consistent with derivation from 
Late Cretaceous granodiorite intrusives and surrounding middle Cambrian to Cretaceous 
sedimentary rocks, and/or Mesoproterozoic Belt rocks. Mixed provenance suggests that the placer 
deposits were derived from a region where the contact between the igneous rocks and potential 
(meta)sedimentary sources is exposed.  GIS-based terrain analysis provides insight into the spatial 
and statistical relationship between current drainages, potential source units, and our samples.  
 
This research, along with previous measurements of gold coarseness, support the hypothesis that 
the Pioneer District placer gold formed due to injection of gold-bearing magma into carbonate 
rocks of either the Belt Supergroup, Paleo/Mesozoic strata, or a combination of all three, creating 
a gold-bearing skarn deposit which was later eroded and deposited by streams and glaciers in the 
foothills surrounding the Flint Creek Range.   
 
 
13. Origin and Dispersal of Gorgonopsia: A Phylogenetic Approach to Permian Therapsid 
Biogeography 
Rudolph R. Hummel – Earth Sciences 
 
Gorgonopsia is a group of extinct, Permian-age, carnivorous therapsids (mammal ancestors) 
largely from Russia and Africa. The origin and dispersal of Gorgonopsia and related therapsids is 
poorly understood; specifically, how gorgonopsian species originated in both northern and 
southern Pangaea (including modern day Russia and Africa) despite Permian climatic data 
supporting an expansive desert dividing the two regions. This study aims to determine the origin 
and dispersal of Gorgonopsia using phylogenetic (evolutionary tree) methods and test whether the 
desert in central Pangaea was a significant ecological barrier. Previous phylogenetic analyses of 
Gorgonopsia were hampered by a poor understanding of the group’s taxonomy. This problem is 
largely the result of a lack of interest and poorly preserved holotypes. At present, there is no 
phylogeny combining sufficient specimens of Gorgonopsia from both regions. In fact, there is no 
quantitatively-inferred phylogeny for the Russian species at all. The creation of a specimen-level 
phylogeny (as opposed to the previously attempted species-level phylogenies) using data from 
specimen descriptions will bypass these taxonomic issues. The relationships of Russian and 
African specimens provided by this phylogeny will then be used to quantitatively predict the 
group’s likely geographic origin and subsequent path(s) of dispersal. Finally, the results of this 
biogeographical study will be used to test whether the desert covering central Pangaea was 
impassable, as some authors have assumed, or possessed ‘corridors’ that allowed faunal 
interchange, as others have recently suggested. 
 
 
14. Perceptions of Safety & LGBTQ Recreation on Public Lands 
Andrew Keegan – Political Science 
 
Rural-wilderness geographies have been discursively crafted as gendered, racialized and 
sexualized landscapes of privilege and exclusion since the inauguration of the US conservation 
project.  This legacy has slowly begun to be questioned not only by citizens historically 



 
 

marginalized from these spaces but also by public administrators charged with the oversight of 
culturally significant places such national parks.  Still, there is a great deal of work to be done.  
While the designation of the Stonewall Inn as a national monument under the Obama 
administration is certainly a welcomed gesture to embrace LGBTQ histories within our national 
parks heritage, it unwittingly reinforces the dichotomizing modernist narratives that limits the 
existence of queer bodies to urban spaces and dilutes the possibilities of queer citizenship on public 
lands, the bulk of which is nestled within a wider periphery of rurality.  Representation and 
visibility of queer experience in these landscapes is of equal, if not possibly greater importance, as 
a means of challenging the heuristic of rural violence enacted against queer bodies, such as the 
murder of Matthew Shepard near Laramie, Wyoming, which affords rural geographies a sense of 
antagonistic agency that simultaneously conditions the displacement of queer bodies from and 
within those spaces and continues to polarize an urban/rural binary and parallel value-hierarchal 
dualisms that accompany it.  This research employs the use of sketch mapping to begin to 
substantiate whether perceptions of rural hostility contribute to a collective apprehension among 
LGBTQ-identify persons to visit and recreate on critical public landscapes. 
 
 
15. Sea Level Rise and its Effects on Hawaiian Hawksbill Turtles: A GIS Based Approach 
Hannah Keenan – Earth Sciences 
Hawksbill turtles are a species that are uncommon in the Hawaiian Islands, but still play a vital 
role in the island's marine ecosystem. The turtles forage in benthic habitats, most often along the 
rocky outcrops of coral reefs, and lay their eggs on the big island’s beaches. They feed mainly on 
sponges, exposing the soft insides to other reef fish that normally could not penetrate the sponge’s 
hard exoskeleton. The largest risk to these habitats is sea level rise driven by increasing global 
temperatures and polar ice cap melt. Future sea level rise puts the beaches at risk of being 
inundated, and creating a flood susceptibility map for these beaches can help focus conservation 
efforts.  Sea level rise will be modeled at +0.5, +1.0, +1.5, and +2.0 meter intervals in ArcGIS for 
Hawaii’s Hamakua Coast, which is a known habitat of Hawksbills. A reclassified landcover raster 
and elevation data will be used to identify which areas will be the most susceptible to sea level 
rise. The goal of this study is to create a better understanding of how sea level rise will affect 
Hawaii’s coastline and Hawksbill turtle habitats, and to better focus conservation efforts on areas 
at the highest risk. 
 
 
16. Using GIS for Suitability Analyis of New Ski Resort 
Martin Kepner – Business 
 
This research project proposes a method for performing a suitability analysis to find the best area 
for a new ski resort in MT. This method uses data that can be found for most geographic locations 
so that it can be easily replicated for other areas. The analysis uses raster data collected from 
DEMs(Digital Elevation Models) and landcover. This method also uses discrete data on other ski 
locations and weather data gathered from SNOTEL sites. Slope and direction of slope are very 
important attributes of an ideal ski area which are obtained from the DEM data. Landcover data is 
used to analyze locations that have the least environmental effects. SWE data is incorporated with 
a raster that is interpolated by the average SWE levels during the winter months from the SNOTEL 
sites. The maximum proximity to another ski areas is manipulated by the buffer surrounding the 



 
 

existing ski areas. This buffer is used to create the raster that excludes locations too close to other 
ski areas. All of these attributes are reclassified from worst to best in relation to a new ski area and 
then multiplied by importance with a raster calculator. The output shows the best locations for a 
new ski area based on the importance of the different layers chosen by the user. This model uses 
publicly available data which is manipulated by the importance of each layer based on the 
preferences of the user. This model can be easily recreated and used on any location in future work 
on suitability analyses of proposed ski area locations. 
 
 
17. Functional Morphology of Theropod Dinosaur Forelimbs 
Matt Lombardo – Earth Sciences 
 
Theropod dinosaurs are a very diverse group of animals, with vastly different body styles and 
functions for each body part. They had a long and varied evolutionary history lasting over 230 
million years. These dinosaurs are especially important since they are the only group to surpass 
the Cretaceous-Paleogene extinction through the bird lineage. The issue with studying fossil 
organisms is that the functional morphology may not be apparent. This review of theropod 
forelimbs infers multiple possible functions that many theropod groups were capable of. The 
proportions of the limb to body size, hand to limb, and claw to hand as well as range of motion are 
factored into the inference of function. Both limb measurements and range of motion estimates 
will be collected from the literature and compared to modern animal analogues. Understanding 
theropod forelimb function will help to further understand their ecology. Furthermore, it allows 
for new reconstructions of these animals to be as comprehensive as possible with the given data. 
Hopefully, with the success of this study, more studies into the functions of dinosaur morphology 
will be done in the future. Understanding the function morphology of an animal is paramount when 
trying to understand it as a whole, and this will help broaden the grasp scientists have on how 
dinosaurs lived.   
 
 
18. Identification of New Medical Helicopter Landing Zones in Gallatin County Through 
Geospatial Landover Analysis 
Melissa A Manning – Earth Sciences 
 
Gallatin County Search and Rescue often relies on medical helicopters to perform backcountry 
rescues year-round. However, in Gallatin County wilderness areas search and rescue (SAR) 
personnel are met with numerous hazards that not only delay rescues but also endanger the 
rescuers. This problem necessitates the identification of new helicopter landing zones within the 
operating area. To address this problem, the landscapes of the SAR areas were modeled to 
identify potential surface obstructions and select ideal landing zones. NLCD (land cover) and 
DEM (slope) raster data were re-classified into a binary vector output of suitable and unsuitable 
landing areas. This vector was then merged with surface obstruction vector layers to determine 
where medical helicopter pilots cannot land. Heavily trafficked rivers, trails, and ski areas were 
then added to the map as vector layers to distinguish where SAR helicopters would likely be 
deployed. The model output identified over 1,300 square miles of suitable landing area. Within 
that, 14 potential landing zones were identified using qualitative analysis methods.  In the future, 
those 14 landing zones will be utilized by medical helicopter personnel to land in. Adding more 



 
 

landing zones to the operating area will improve efficiency and operating costs for the ongoing 
wilderness rescue missions in Gallatin County. 
 
 
19. Determining the Early Cenozoic Paleogeography of Southwest Montana through 
Detrital-Zircon Geochronology, Sandstone Petrography, and Geospatial Analyses 
Sarah Massar – Earth Sciences* and Devon Orme 
 
Located in southwest Montana, the Renova Formation records early Cenozoic sedimentation along 
the east side of the Cordilleran wedge following the cessation of Sevier-Laramide deformation and 
prior to the onset of Basin and Range extension.  Renova strata record floodplain, pond, stream 
channel, and eolian environments deposited in a series of interconnected basins separated by 
mountain uplifts that acted as source regions.  In this study, the Climbing Arrow, Milligan Creek, 
and Dunbar Creek members of the Renova Formation, as well as one of the lowermost member of 
the overlying Sixmile Creek Formation, the Madison Valley, were studied to determine local 
provenance. U-Pb detrital-zircon geochronology and sandstone petrographic data were acquired 
for each sample to better constrain potential source regions. Preliminary detrital zircon results 
show age populations of ~12 Ma, ~15 Ma, ~34 Ma, ~53 Ma, and ~76 Ma, as well as Proterozoic 
ages (1.3-2.5 Ga) and Archean ages (2.5-2.9 Ga). These reflect input from local batholiths, 
possibly the Pioneer, Tobacco, and Boulder batholiths, as well as the Dillion Volcanics.  ArcGIS 
was used to manage, synthesize, and display the data by performing a query of appropriate age 
and lithology.  Preliminary results from these analyses show dispersal systems entering the Renova 
basin from the west and south associated with the onset of regional extension.   
 
 
20. MSU Paleoecology Lab: Using the Past to Assess Present and Future 
William Nanavati – Earth Sciences*, Pico Alt, Peter Billman, Christopher Schiller, Barbara Ulrich, 
Matthew Weingart, Nickolas Zeibig-Kichas, David McWethy, Cathy Whitlock  
 
The Montana State University (MSU) Paleoecology Lab was established in 2004, to study the 
dynamics of terrestrial ecosystems through time and understand the sensitivity of plant 
communities to past environmental change. Current research in the MSU Paleoecology Lab seeks 
to understand: (1) the vegetation dynamics immediately preceding and following hydrothermal 
explosions in Yellowstone National Park; (2) how disturbance (e.g., fire, insect infestation and 
pathogens) has affected forest composition and structure on the Flathead Indian Reservation; (3) 
the physiological responses of alpine mammals to climate change; and (4) how the relationship 
between climate, humans and fire has affected vegetation in the western United States, New 
Zealand and Patagonia. 
 
Pollen, spores, plant macrofossil, and charcoal preserved in radiocarbon-dated sediment provide 
information on how vegetation, herbivory and land-use have changed through time. Analysis of 
tree-ring widths provides a high-resolution approach to better understand changes in temperature, 
precipitation and/or disturbance, while analysis of vertical resin ducts in the secondary xylem 
facilitates a broader investigation of resource allocation between growth and defense. Results from 
the stress hormone analyses of alpine mammal fecal remains allow for the assessment of species' 
resilience to environmental change. 



 
 

 
Understanding ecological responses to past environmental change through the analysis of 
sediment, tree-rings and faunal remains provides critical information for assessing present 
landscape conditions and future landscape vulnerability. 
 
 
21. Chronostratigraphy of the Zuni Sequence in Montana.  
Giulio Panascì and Alex George – Earth Sciences  
 
The Zuni Sequence is a second order sequence representing the geological history of the North 
American craton from the Middle Jurassic to the Middle Paleocene. The sequence encompasses 
several important tectonic events and environmental changes closely related to the evolution of the 
North America Cordillera; specifically, the establishment of the Western Foreland Basin and the 
Interior Sea Way. This report attempts to synthesize the chronostratigraphic framework of the 
North American craton in the state of Montana during the Zuni Sequence. Thirteen significant 
transgression/regression cycles are recognized   with several major unconformities occurring in 
Middle and Upper Jurassic, Lower Cretaceous, Upper Cretaceous and Paleocene.  A major 
unconformity separating the Jurassic from the Lower Cretaceous Kootenai strata was the 
consequence of little accommodation established during the eastward migration of the flexural 
forebulge. During the Cretaceous, tectonic subsidence controlled accommodation and was 
accompanied by high erosion rates of the orogenic wedge and volcanic activity. The end of the 
sequence was characterized by deposition of conglomeratic successions near the wedge top zone, 
represented by the Upper Cretaceous Beaverhead group and the Sphinx Formation. Overall the 
Zuni Sequence in Montana is characterized by upward coarsening, and marked in its lower part by 
erosional disconformity, zones of stratigraphic condensation, and non-deposition related to the 
migration of the forebulge to the east. This is typically observed in Foreland Basin sequences. The 
interaction between tectonic activity and eustasy during the Cretaceous produced a unique 
compound of stratigraphic successions that are of great importance for their paleontological and 
energy resources. 
 
 
22. Spatial and Temporal Patterns in Remotely Sensed "Dark" Ice of the Greenland Ice 
Sheet 
Rebecca Pappas – Earth Sciences*, Andrew Tedstone, Martyn Tranter, Mark Skidmore 
 
The Greenland Ice Sheet contains enough water to raise sea level by more than 7 meters and is 
melting faster than current climate models are predicting. Along with melting due to changes in 
atmospheric circulation patterns and global temperature, large patches of “dark” ice have reduced 
the albedo of the ice sheet, resulting in accelerated melting. Other than its effect on albedo, little 
is known about this “dark” ice. Within the south-west sector of the Greenland Ice Sheet, a rather 
large area of “dark” ice is clearly visible in remotely sensed imagery during the summer months. 
Remote imagery of this “dark” ice collected by two different sensors, Sentinel 2 and MODIS, 
which have different resolutions, is compared and contrasted to assess spatial and temporal 
patterns. Using remote sensing and GIS software, Sentinel 2 images are resampled to match the 
resolution of MODIS images to determine the number of Sentinel 2 pixels that must be classified 
as “dark” ice before a MODIS pixel is classified as “dark” ice. By having a better understanding 



 
 

of the underlying processes of the MODIS data, we can better understand “dark” ice imagery that 
predates the more recent higher resolution Sentinel 2 imagery. A temporal map of “dark” ice will 
be produced and correlation to external variables such as slope or ice velocity will be investigated. 
 
 
23. The Alteration of Puget Sound Coastlines Due to Urban and Industrial Encroachment 
and the Effects on Eelgrass Distribution 
Rachel Phipps – Land Resources and Environmental Sciences 
 
Eelgrass (Zostera marina) meadows provide a number of critical ecosystem services in the Pacific 
Northwest and are considered to be an important ecosystem health indicator in near-shore coastal 
regions. However, eelgrass beds have been shown to be in decline across the globe due to amplified 
pressure from human activities. Various human-caused stressors, including increased 
sedimentation from coastline erosion, habitat loss from urban development, and shading from 
over-water structures, have been suggested as potential factors in eelgrass decline and 
fragmentation. While work has been conducted to identify likely sites for eelgrass restoration 
projects in the near-shore waters of Puget Sound, the extent to which coastline modification has 
contributed to eelgrass decline is largely unknown in the region. I quantify the eelgrass decline 
and fragmentation in Puget Sound by analyzing change in the eelgrass distribution over the time 
period for which distribution data is available through the Washington Department of Natural 
Resources’ Submerged Vegetation Monitoring Program. I examine coastline modification in the 
Puget Sound area via land use change data and the expansion of coastal and over-water structures. 
I then determine the degree to which the eelgrass decline along the Puget Sound coastline coincides 
with shore modification and urban and industrial expansion. This analysis will allow managers in 
the Puget Sound region to determine locations at risk from coastline modification and better inform 
sites for potential eelgrass meadow restoration. 
 
 
24. Skiing Spatially: Locating MSU’s New Backcountry Hut Using GIS 
Chance Ronemus – Earth Sciences 
 
The MSU Outdoor Recreation Program leadership has launched a project to construct a 
backcountry hut from which to base winter recreational and educational programs. However, the 
issue of where to locate this hut must be addressed before the process of construction can move 
forward. Previous work shows that a GIS is an ideal tool for such analysis. The present research 
outlines a GIS-based suitability analysis model tailored to the specific criteria of the ORP and its 
users. Additionally, it proposes an approximation for determining coarse scale ATES terrain 
designations within a GIS.  
 
Raster-based suitability analysis allows for relevant parameters to be weighted in order or 
importance to the goal. Layers representing these variables will be generated using raster and 
vector data processing techniques with publicly available elevation, road, cadastral, and weather 
data. A terrain designation module will be developed, using zonal statistics and raster algebra, with 
land cover and slope angle as input proxies. Qualitative analysis will be performed using satellite 
imagery to narrow down this selection. These sites will then be assessed on skis/foot.  



 
 

This suitability analysis will determine ideal locations for the construction of the MSU ORP’s 
backcountry facility in the mountains around Bozeman. Additionally, the development of a GIS-
based terrain designation module may aide avalanche professionals. This work will help provide 
backcountry enjoyment to the MSU community for years to come. 
 
 
25. Analysis of Potential Movement of Arsenic Contaminates Through Groundwater 
Aquifers due to the BP-ARCO Waste Repository Site in Opportunity, MT using the 
DRASTIC Model and GIS  
Charles Ross – Environmental Science  
 
This research paper will focus on arsenic concentrations in surrounding areas of the BP-ARCO 
Waste Repository site, otherwise known as “The Opportunity Ponds”, an old mine waste site 
located near Opportunity, Montana that has in recent years been converted to a regional repository 
for wastes from superfund sites in the area. The current concern is that groundwater aquifers will 
see an increase in arsenic in direct response to arsenic contaminated wastes that was added to the 
site from 2005 – 2009 from the removal of the Milltown Reservoir located downstream near 
Missoula, MT. It is possible with the addition of contaminated waste, that groundwater wells in 
the area can be affected by the percolation of arsenic from the site into groundwater aquifers and 
will therefore raise arsenic in local drinking water wells to an unsafe level for human consumption. 
The DRASTIC Model, a method developed by the United States Geologic Survey (USGS) in 1987 
to analyze areas for potential groundwater pollution from local contamination sources using GIS, 
is an excellent tool for pinpointing regions within the study area that will be most affected by the 
movement of arsenic throughout groundwater aquifers. The DRASTIC Model uses seven aspects 
of soil profile that contribute to movement of contaminates in a groundwater system and combines 
them into a single weighted sum overlay output within GIS, that highlights regions of High, 
Moderate, and Low potential pollution. The seven aspects are Depth to Water, Net Recharge, 
Aquifer Media, Soil Media, Topography, Impact of Vadose Zone, and Hydraulic Conductivity. 
Using the resulting output of potential arsenic movement in combination with the area’s drinking 
water well locations, it will be possible to pinpoint wells that will be most affected by the 
movement of arsenic in groundwater aquifers. With the resulting analysis, further testing will be 
done to validate where and how much arsenic is within these groundwater wells. If levels are found 
to be too high, residents of the area can be warned, and informed, on how best to treat their drinking 
water for further consumption and to avoid potential arsenic poisoning. 
 
 
26. A Project of Paleozoic Proportions: Strategies for Curation, Digitization, and Outreach 
of the Royal H. Mapes Invertebrate Paleontology Collection 
Sarah Rubin – Earth Sciences*, Minda Dettman, Keara Drummer, Alexander Hernandez, Ernesto 
Vargas-Parra, Ryan Bozer, Ruth O'Leary, Neil Landman, Melanie Hopkins, Bushra Hussaini  
 
The Royal H. Mapes Invertebrate Paleontology Collection arrived at the American Museum of 
Natural History (AMNH) in 2013.  This collection, the result of 45 years of collecting by Royal 
and Gene Mapes, has approximately 540,000 Paleozoic (predominantly Carboniferous) marine 
specimens from around the world. The AMNH currently has a three-year IMLS grant (MA-30-15-
0491-15) to employ six summer interns per year to rehouse, catalog, and digitize the collection.  



 
 

Efficient processing is essential to meet the goals of the grant and to expedite researchers’ access 
to the collection.  In the grant’s second year, the AMNH amended the approach to the project with 
the goals of improving workflow, problem solving, and documenting issues that have been 
resolved.  At the end of summer 2017, approximately two thirds of the collection had been curated. 
 
There are three main phases in this curation process: rehousing, cataloging, and digitizing.  
Rehousing the specimens in archival-quality material helped to ensure the longevity of the physical 
collection, while capturing and digitizing the data associated with each specimen helped to 
establish the longevity of the collection’s information.A key component in this project is public 
outreach.  If both the scientific community and the general public are aware that this information 
is out there and ready to be used, then people are more likely to use it.  The specimen data will be 
migrated to an online database, providing researchers, students, and others alike with worldwide 
access to the collection and its data. The curation process was recorded in an intern-driven blog.  
In addition, this year’s documentation standards of data-entry and methods for determining locality 
information has been compiled for future staff use.  Refining the database and establishing a stricter 
protocol for data entry were necessary in order to improve access to the collection for anyone 
working with it in the future. 
 
 
27. Mesoscopic Shortening of Cretraceous Black Leaf Unit (Vaughn Member), Near 
Augusta, Montana 
Jacob Salanave – Earth Sciences* and Dave Lageson  
 
The Craig Anticlinorium near Augusta, MT, exposes the Cretaceous Black Leaf Formation, 
subdivided into three members: the upper Vaughn Member, Taft Hill Member, and the lower Flood 
Member. Located on the eastern edge of the Cordilleran foreland fold and thrust belt, this area 
displays excellent examples of the thin skinned structural style associated with the leading edge of 
a contractional orogenic wedge. Within the Craig Anticlinorium, a road cut exposure of a series of 
chevron folds and associated minor imbricate faults in the Black Leaf Formation (Vaughn) was 
used to determine the amount of mesoscopic shortening (translation and rotation), as compared to 
shortening estimates across the Sawtooth Range imbricate zone to the west. A composite image of 
the outcrop, stitched together from high resolution photos, was used to construct a detailed cross 
section that was then restored to its undeformed state. The amount of Shortening was measured by 
comparing restored state bed lengths to deformed state bed lengths. Sources of error include the 
fact that internal strain was not measured, and the curvature of the road cut produced minor error 
in not being able to take photographs exactly parallel to strike. While the project is still in progress, 
our working hypothesis is that mesoscopic shortening is about 50%, comparable to regional 
shortening across the Sawtooth Range immediately west. This study will provide important 
information for the tectonic history of the Cordilleran foreland fold and thrust belt, as well as 
information on the mechanics of thin-skinned deformation. 
 
 
 
 
 
 



 
 

28. Synoptic Climatology of Deep Slab Avalanchesat Bridger Bowl, MT, USA 
Andrew Schauer – Earth Sciences*, Jordy Hendrikx, Karl Birkeland, Megan Higgs  
 
Deep slab snow avalanches are highly destructive, life-threatening natural hazards that are difficult 
to predict due to their relatively low probability of occurrence. This research aims to identify the 
synoptic climatology of deep slab avalanches at a ski area in southwest Montana, which may 
improve our ability to predict these events. A historical record of 500 mb geopotential heights is 
obtained from the NCEP/NCAR reanalysis, and classified using orthogonally rotated principal 
components analysis and clustering techniques. Mean meteorological variables including high and 
low daily temperature, wind speed, and precipitation are calculated for each synoptic class. With 
a record of historical avalanche data from Bridger Bowl Ski Area, logistic regression and 
classification trees are used to determine which synoptic classes are associated with deep slab 
avalanches. The research identifies the main atmospheric circulation patterns associated with deep 
slab avalanches, as well as the typical meteorology observed during those patterns. 
 
 
29. Tectonic and Stratigraphic Framework of the Absaroka Sequence in Montana 
Dylan Milbrandt, Lucas Forster, Neil Seifert – Earth Sciences* 
 
This project outlines the tectonic, stratigraphic, and paleogeographic elements of Montana during 
deposition of the Absaroka sequence. The Absaroka sequence is defined as a Sloss sequence 
bounded by the Zuni and Kaskaskia sequences respectively above and below. We present a 
complete framework for the regional tectonic and depositional environment in Montana in addition 
to the potential economic significance of units within the Absaroka sequence. An extensive review 
of the existing literature was used to create and compile a stratigraphic column, paleogeographic 
maps, and figures outlining the tectonic history of Montana during the Absaroka sequence. The 
geology of the Absaroka megasequence spans an impressive 150-million-year history 
characterized by a series of collisional events and quiescent times. During Absaroka sequence 
deposition the North American continent was positioned in the middle latitudes and occupied the 
tropical to sub-tropical area. In terms of economic significance, the Absaroka sequence holds 
limited resources in Montana.  
 
 
30. The Behavior of Fallout Radionuclides in the Course and Fine Fraction of Mineral and 
Organic Soil Particles 
Erin Shervey – Earth Sciences 
 
Understanding how soil moves through landscapes is essential in geomorphology and soil 
conservation. Fallout radionuclides (FRNs) have been used for many decades to quantitatively 
measure how soil moves in a landscape system. While the activity of FRNs like 210-Pb and 137-
Cs provide valuable information, their interaction with soil particles is not well understood. 
Current studies using FRNs to determine soil movement only analyze particles <2mm and the 
behavior of FRNs has not been well studied. The purpose of this study is to further the 
understanding of how FRNs interact with organic and mineral particles in coarse and fine soil 
fractions. Samples were collected from an avalanche path and forested area in a mountain system. 
Each sample was dry sieved, wet sieved, and wet sieved with a dispersant. The activity of the 



 
 

coarse and fine fraction of each of these splits were compared to determine the behavior of FRNs 
on the surface of particles. Additionally, sequential acid extractions will be done to further 
determine how strongly FRNs are attached to soil particles. The amount of organic material in 
each soil sample will also be determined through the burning of soil in a muffle furnace. 
Preliminary data indicates that coarse (>2mm) particles in soil contain significant amount of FRNs, 
and the neglect of these particles may contribute to significant error in current studies. Ultimately, 
the data from this project will provide insight concerning the behavior of FRNs in soil and help 
improve studies concerning soil conservation and erosion that utilize FRN activity. 
 
 
31. Mass Balance, Accumulation Dynamics and High-Altitude Warfare: The Siachen Glacier 
as a Battlefield 
Kristin Smith – Earth Sciences and History 
 
Since 1984, the Indian and Pakistani armies have been locked in the world's highest war on Siachen 
Glacier in the Karakoram Himalaya. This remote location is the world's only nuclear trijunction as 
well as a source of drinking water for significant portions of India and Pakistan, and its possession 
is considered by both governments to be key to their national security. In the past, alpine battles 
were fought predominantly on glaciers with a precipitation-dominated accumulation type; Siachen 
gains most of its new ice mass from avalanches and icefalls. This has presented unique challenges 
in tactics and logistics, rendering many of the strategies of modern conventional warfare useless, 
and the style of mountain warfare these challenges have produced has impacted both the 
combatants and the glacier itself. Existing literature on Siachen, while it discusses the verticality 
of the conflict, has done little to analyze the singular nature of warfare on a high-altitude glacier 
with an avalanche-heavy accumulation type. To address this gap, I have integrated USGS Landsat 
data, glaciological mass balance studies, hydrological studies, and my own analysis of firsthand 
combat accounts and historical reviews of the region into an examination of the tactics, logistics, 
and impact of warfare on Siachen Glacier. 
 
 
32. Sources of the Supersaturated Methane Pool in Lake Bonney, Antarctica 
August Steigmeyer – Earth Sciences*, Wei Li, Peter Kibler, Brent Christner, John Dore, John 
Priscu, Mark Skidmore  
 
Lake Bonney (LB) is a perennially ice-covered lake in the McMurdo Dry Valleys of Antarctica. 
The lake basin has a surface area of 4.8x10^6 m^2 and consists of two ~40m deep lobes separated 
by a sill that extends from the lake bed, 12m into the water column. Meltwater from Taylor Glacier 
feeds the western lobe and currents flow from the west lobe to the east lobe, but there is no outflow 
from the east lobe. Methane is supersaturated in the LB water column between depths of 12 and 
35 m in both lobes, with concentrations remaining relatively steady over the last decade. The exact 
source(s) of this unusual methane pool is unknown, with both abiotic and biotic processes as 
potential contributors. Taylor Glacier could facilitate the release of methane from glacial grinding 
of sediment and bedrock, or through the release of trapped gases during seasonal melting. Basal 
ice collected from Taylor Glacier is currently being analyzed for methane concentrations released 
from melting ice and from the sediments during simulated glacial grinding. Bacterial 
methanogenesis has traditionally been considered as a process occurring under anoxic conditions, 



 
 

making it unlikely in the oxygenated water column of LB. However, recent studies have 
demonstrated that bacterial metabolism of methylated substrates produces methane in oxic 
environments. Water samples from discrete depths in both lobes of LB were amended with 
methylphosphonate, incubated for four months, and are currently undergoing analysis for methane 
production. Here we report on methane production from both abiotic and biotic processes. 
 
 
33. Integrating GIScience and Remote Sensing in Ice Patch Archaeology: Extrapolating 
Artifact-Producing Ice Patches near Mount Zirkel, Colorado 
Tessa Switzer – Earth Sciences 
 
Perennial alpine snow and ice patches found in the higher elevations of the Rocky Mountains may 
hold key information about our biogeographical and archaeological understanding of the past. 
Archaeological evidence suggests that wildgame, especially bighorn sheep, have been 
prehistorically hunted on these ‘ancient’ ice patches. Permanent ice patches, such as those found 
on Mount Zirkel in the Medicine Bow – Routt National Forests of Colorado, are capable of 
preserving thousands of years old organic materials and cultural artifacts, and bighorn sheep have 
historically and do currently occupy the area. Given the erratic temperatures accompanying climate 
change, these biogeographical and archaeological caches are thinning and retreating, exposing 
their fragile and newly thawed organic material to the elements where they can quickly deteriorate. 
ArcGIS was used to analyze bighorn sheep movement, geographic, geologic, and remote sensing 
data to identify which ice patches may contain and eventually expose organic material. Identifying 
these high-probability ice patches is critical in developing a plan to act quickly in monitoring, 
intercepting, and preserving the knowledge this material can contribute to understanding the past 
from both a biogeographical and archaeological perspective. 
 
 
34. The Effects of Wildfire on Avalanche Activity in Snow Dominated Forested Catchments 
Nick Thompson – Earth Sciences 
 
The primary goal of this study is to estimate and model the potential magnitude of possible 
avalanche events in the catchment burned by the 2017 Lolo Peak fire in SW Montana. By 
evaluating the impact of tree removal from wildfire and the influence of terrain factors, the 
potential for avalanche activity can be determined. A primary variable in a slopes ability to 
avalanche is the roughness of the bed surface for which the snow lies. The tree removal caused by 
a wildfire will contribute to reduction in surface roughness in the area. The primary variables 
necessary for the study include average start zone angle, vegetation coverage, aspect, slope 
curvature, fire severity and mortality, and slope exposure. By performing a spatial analysis of the 
region in ArcMap, the slope steepness, exposure, aspect, and curvature of the slope will be 
determined. A land cover data set from the National Land Cover Database will be utilized to 
determine the surface roughness of the slope in relation to the protecting vegetation covering the 
area. Visual inspection of the region will determine the severity of the fire, followed by review of 
relevant literature to determine the effects on the landscape based on the severity of the fire. A 
morphological map will be created to determine the avalanche susceptibility of the area of interest.  
 



 
 

Following the methods described, avalanche trigger zones can be replicated in any terrain and 
require only small amounts of input data. By applying the models to areas that lack technology or 
that are too remote for field access, researchers can effectively mitigate hazards in areas that 
previously had no hazard mitigation. With global temperatures increasing, developed areas will be 
introduced to new hazards previously not present in their system. By researching ways to predict 
these hazards, management plans can effectively mitigate future hazards. 
 
 
35. A GIS approach to trail planning on Pilot Hill in southeast Wyoming 
Lucas Thorsness – Liberal Studies 
 
The development of new trail systems requires careful planning and the consideration of many 
factors to ensure their long-term sustainability, and a lack of planning before construction can 
result in environmental degradation. This analysis seeks to improve trail planning and awareness 
by focusing on the Pilot Hill area in southeastern Wyoming which is under consideration for the 
development of a trail system. By analyzing several variables including soil erodibility, land cover, 
slope, and view sheds, this analysis will determine the most suitable locations within the area of 
interest to develop a sustainable trail system. Data on these variables will be analyzed and 
reclassified in ArcGIS to generate output values for each cell across the area of interest that reflect 
its suitability for trail development. The results of the analysis will be maps that reflect trail 
suitability for each cell within the area of interest based on the variables being considered. These 
maps will also provide the ability to combine cell values across variables to show optimal location 
for development. The information provided by this analysis could be valuable in lowering 
maintenance costs as well as environmental impact of the possible trail system.   
 
 
36. Fire history of Hyalite canyon, Bozeman, Montana 
Chloe VanderMolen - Ecology 
Despite the rich array of research documenting past environmental change in the Greater 
Yellowstone Area, little is known about past environmental change in the Gallatin Range 
surrounding Bozeman, MT.  In 2017 we recovered  ~2.5 m of peat and wetland sediments from 
the ~2 ha Langohr wetland (45°29.5’N 110°59.1’W, 1981 masl) located in Hyalite canyon, 
Montana.  Analysis of the core lithology, pollen, and charcoal provide a multimillennial record of 
past fire, vegetation and landscape change spanning the Holocene (basal date c. 14 cal yr 
BP).  Basal sediments dominated by silts and clays that lack charcoal suggest the site was glaciated 
prior to 13,000 cal yr BP and largely unvegetated.  A shift to more organic rich core lithology after 
13,000 cal yr BP suggests vegetation biomass increased on the landscape, consistent with late 
glacial warming evident from climate and vegetation records from throughout the 
region.  Charcoal data suggests several low frequency, high severity fires occurred between 8000 
and 3000 cal yr BP, and then an increase in low severity fires until present day.  This record of 
past environmental change provides an important gap in our understanding of long-term climate-
fire-vegetation dynamics in southwestern Montana. 
 
 
 
 



 
 

37. Examining Pollution in Superfund Watersheds 
Alatna Walsh – Earth Sciences 
 
Water. Both plants and animals need it, and for some, wars have been started in its name. In 
Montana, it’s used for drinking, for crops, and for sustaining beautiful natural places that are so 
treasured. Mining, being a big part of Montana and its history, plays a large part in contamination. 
In the 1800’s and for the first half of the 20th century, federal and state regulations about mining 
waste and water usage in mining operations were small, if present at all. This led to a massive 
misuse of water and the development of large contamination areas where mine tailings and 
drainage waste were disposed of. On December 11th, 1980 Congress passed “Superfund,” the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The 
money from this tax is used towards cleaning up abandoned and harmful waste sites. In Montana, 
there are 25 federal Superfund sites, over two thirds of which are in Western Montana. The EPA 
has started cleanup on these sites, but adjacent areas should be looked at for further study, 
potentially widening the scope of remediation. This poster explores the watersheds associated with 
Superfund sites in Western Montana. Well and stream data are examined within those watersheds, 
and their spatial relationship to protected parks and forests. GIS methods and existing data will be 
used to examine if both surface and groundwater contamination levels travel further than the 
designated Superfund sites. 
 
 
38. Late Cretaceous-Early Cenozoic Sediment Dispersal Patterns in Southwest Montana 
Devon Orme and Matthew Yaeger – Earth Sciences* 
 
The stratigraphy of Southwest Montana records a long history of changing depositional 
environments, including rapid change during the Late Cretaceous Laramide Orogeny. The purpose 
of this study is to determine sediment dispersal patterns in SW Montana during and after the 
Laramide Orogeny in order to determine how the regional topography has changed over time in 
response to tectonic events. This study uses U-Pb detrital zircon geochronology to determine the 
provenance of the Late Cretaceous Livingston Formation, Sphinx Conglomerate, and Hoppers 
Formation, and Early Tertiary Fort Union Formation. The Livingston Formation and Sphinx 
Conglomerate were sampled from exposures in the NW Madison Range, and the Hoppers and Fort 
Union Formations from the SW Crazy Mountains Basin. The Livingston Formation conformably 
underlies the Sphinx. Both are conglomerates with interbedded sandstone, but the Livingston 
Formation comprises mostly volcanic clasts, whereas the Sphinx appears to be largely made up of 
recycled materials from other sedimentary rocks that were uplifted on the hanging wall west of the 
Hilgard thrust system. Detrital zircon results show major changes in age populations, and thus 
provenance, for these adjacent formations. The Livingston Formation shows mainly Late 
Cretaceous age peak, with the Sphinx lacking such ages, suggesting a major change in paleoflow 
direction and/or volcanic activity during the Livingston/Sphinx transition. The Hoppers and Fort 
Union Formations, by contrast, are younger than the Sphinx but contain mainly Late Cretaceous 
ages from volcanic and/or plutonic sources, indicating that flow was from the west into the Crazy 
Mountains Basin long after volcanic shutdown. 
 
 
 



 
 

39. Avalanche Forecast Visualization Mapping Using GIS applications 
Matthew Wood – Earth Sciences 
 
Avalanches account for approximately 150 accidental deaths worldwide per year. With wintertime 
backcountry recreation gaining popularity, education and communication of the avalanche forecast 
to backcountry users is more critical than ever to keep recreationalists safe. The purpose of this 
research is to develop a simple GIS based model for avalanche forecast visualization, with input 
parameters provided by the local avalanche forecast center and to confirm the function of the 
model through field observation, snowpack analysis, and professional consultation. An additional 
goal of this research is to develop an application available to the public and avalanche forecasting 
services, allowing users to overlay their own GPS paths from personal tracking systems or mobile 
phone applications onto forecast visualizations from a given day. The outputs of the model will be 
compared to the ATES model developed by Parks Canada and The Canadian Avalanche 
Association, as described by Grant Statham in 2006. Weighted overlay and map algebra will be 
used to highlight a combination of avalanche factors on slopes in beehive basin, outside of Big 
Sky, Montana. This location was selected due to the availability of a high resolution DEM for the 
area, and the accessibility of the area for field testing. The expected output of this research is a 
map, visualizing forecasted hazardous slopes indicated in the given avalanche forecast for each 
day. 
 
 
40. Residential Wind Power Potential for Rural Montana: A GIS Analysis 
Gretchen Burkholder – Earth Sciences 
 
As the US nears the exhaustion of its finite resources, renewable energy provides a promising 
future for powering the nation. Wind power can be a reliable, inexhaustible, and affordable energy 
source, capable of providing 35% of the nation’s energy. Wind power is also essentially carbon 
free, therefore future investment in this source would allow the US to greatly reduce it’s carbon 
footprint. Residential wind power has the potential to be a highly productive source of power for 
rural Montana. This study uses GIS analysis to asses wind power potential for rural Montana using 
monthly wind speed averages, topography, slope, land cover, and population data. The product of 
this study will be a map representing the residential wind power potential in rural areas of Montana 
and the information generated by this study can be used for future energy planning in the state of 
Montana. Once this model is created, it can be applied to a variety areas at different scales in order 
to generate their wind power potential. 
 
 
41. Life in Small Town Montana: Student Perspectives 
Carver Butterfield, Gretchen Burkholder, Matthew Wood, Owen Wurtz, Eliza Donahue, Rose 
Nittler 
 
 
42. Prairie Communities in Action: Real-life Geography Field Work with Real Community 
Benefits 
Katie Epstein, Kelli Roemer, Jackson Rose, Xiangmei Li, Jackson Rose & Julia Haggerty – Earth 
Sciences 



 
 

43. How Melting Permafrost Impacts Tribes in Alaska 
Rose Nittler – Earth Sciences 
 
The research topic I am interested in is how melting permafrost in Alaska is affecting marginalized 
communities, such as tribal villages. This is an important study for several reasons. First, it will 
address the fact that permafrost is melting and that there are ecological issues associated with the 
degradation of permafrost, such as vegetation change and the release of carbon into the 
atmosphere. Second, this study looks at the social injustices that native tribes face in Alaska and 
the fact there is little research into their situation. I will look at the areas that are experiencing the 
most permafrost melt and use simple GIS procedures such as an overlay to find how tribal areas 
are affected by this melt compared to the rest of Alaska. I will add in data for the mean average air 
temperature for the region to determine possible areas that are at risk of melting. I will also use 
statistical procedures to construct a box plot comparing the number of tribal towns within 
permafrost zones to non-tribal towns. This project will contain maps, charts and tables that display 
my data and analyze the results. There will also be text included on the poster to better inform the 
reader of the results. I do not yet have the results of this study but will by the colloquium date. 
 
 
44. Resilience in Rural Communities 
Laura Mooney, Garrett Quigley, Andrew Pfaffinger 
 
 
45. Local Government: A Matter of Survival 
Sam Nelson, Joakim Sandor, Tessa Switzer 
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