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A big welcome to the 10th annual Earth Sciences Colloquium!!!  Wow, ten 
years!!! The Earth Sciences Colloquium continues to have an amazing run and this year 
is no different.  With over 30 student presenters, this year’s sessions represent a 
diverse array of topics from geography, geology, and snow sciences and includes talks 
and posters on travel and GIS; water quality, ore minerals, and petroleum reservoirs; fire 
history and consequences; climate, soils and weathering; snow pack mechanics and 
landslides; crocodilians, dinosaurs, and burrowing owls; and the sedimentology, 
geochemistry, and structural geology of rocks spanning the Mesoproterozoic through 
the Cretaceous.  Fieldwork has taken students across Montana and the American West 
to Africa, Argentina, Antarctica, and even New Jersey!  Please sit and enjoy the talks or 
mingle amongst the students at their posters.
     Many thanks go to all the corporate sponsors and alumni for their continued 
funding of student awards and the colloquium dinner, participating in this and past 
year’s events, and providing internships, research support and jobs to our graduates.  
The Earth Science Colloquium provides the opportunity for the MSU earth science 
community to gather and share in our common interests and to celebrate the successes 
and ongoing research of our students. What a truly wonderful way to end our academic 
year!  For this, we owe a huge THANK YOU to the student organizers and participants 
both present and past that have made the colloquium possible.  You students enrich our 
lives with your enthusiasm, energy, and excitement (O.K., and with data collecting too!). 
Thank you, thank you, thank you.
      To all, enjoy!   

David J Varricchio                                                   
Department Head                                        
Earth Sciences
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Dr. Dorothy Peteet 
Keynote Speaker 

Lamont-Doherty Earth Observatory 
Columbia University 

NASA Goddard Institute for Space Studies 
 

Deglaciation at the Southeastern Laurentide Ice Margin 
Timing, Successional Patterns, & Fire 

 
The conventionally accepted dates for the Last Glacial Maximum (LGM) ice retreat are 26-
21 cal. kyr (derived from bulk-sediment radiocarbon chronologies and 10Be) and 28-23 cal. 
kyr (varve estimates). Utilizing accelerator mass spectrometry (AMS) 14C dating of earliest 
macrofossils from 13 lake/bog basal inorganic clays, we find that Dryas integrifolia tundra 
and/or Picea glauca or Larix laricina macrofossils first appeared on the landscape of the 
southeastern LIS margin at 17-15 cal. kyr. This age for ice retreat is controversial, and has 
major implications for understanding sea level rise and ocean circulation. However, it is 
consistent with N. Atlantic deglaciation records which suggest significant freshwater input 
and sea level rise only after 19 cal kyr and a cold N. Atlantic meltwater lid which may have 
delayed ice melt.  10Be results indicate a higher production rate than is calculated for other 
regions, implying either extreme Arctic conditions for 9-5 cal kyr in a frozen landscape or 
the need for cosmogenic re- calculation. Late-glacial char and soot records indicate that 
climate and fuel type both play a role in the combustion signal as vegetation colonized the 
deglacial landscape. 
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Schedule of Events 
 
9- 3   Oral Presentations      Reid 103  
 

9:00 Cheryl Hendry 
9:20 Lori Babcock 
9:40 James Benes 
10:00 Marlo Kapsa 

 
10:15 – 10:30 Coffee Break 

 
10:30 Amy Dixon 
10:50 Holley Flora 
11:10 Ashley Ferguson 
11:30 Alex Leone 

 
11:50 – 1:30 Lunch Break, Grad student lunch with Dr. Peteet 

 
1:30 Nicolas Bergman 
1:50 Paul Bodalski 
2:10 Sarah Benjaram 
2:30 Cody Bodman 
2:50 Darrell Schwartz 

 
3 – 4:30  GIS Panel      SUB Ballroom B 
 
 
4:30– 6  Poster Session     SUB Ballroom A 
 
 
6– 7   Banquet      SUB Ballroom A 
   
 
7:30   Keynote Address    SUB Ballroom A  
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Oral Presentation Abstracts 
 
Building Better Meadowlands:  A GIS Analysis of Industrial Development in the 
Hackensack Meadowlands, 1962-2007 
Cheryl Hendry 
 
My research uses GIS to map and quantifiably trace the filling of wetlands for industrial 
development in the Hackensack Meadowlands, an 8,500-acre tidal marsh outside of New 
York City.  In the mid-20th century, nearly 5,000 acres of wetlands were filled for industrial 
and commercial development.  I used GIS to digitize tidal marsh boundaries as they changed 
over time, to select parcels that were filled within particular time periods, and to calculate 
marsh acreage as it was filled over time.  This analysis has revealed surprising patterns in the 
development of the Meadowlands – notably that the acreage filled dropped precipitously just 
years after the legislature formed the Hackensack Meadowlands Development Commission 
to oversee Meadowlands development.  The acreage filled dropped again in the 1990s when 
grassroots environmental organizations pressed for preservation of the remaining wetlands.  
GIS has allowed the quantification of the effects of industrial development and preservation 
ideals on this tidal space. 
 
Compositional variation of dolomite and calcite from the Upper Devonian Jefferson 
Formation of the Little Belt Mountains and the Sawtooth Range, Montana 
Lori Babcock 
 
The Upper Devonian Jefferson Formation in north-central Montana is a cyclic assemblage 
of predominantly shallow marine limestone that has been uplifted and fractured as a result of 
multiple tectonic events. Much of the primary calcite of the Jefferson Formation limestone 
has either been replaced by dolomite or neomorphically altered to more stable calcite. Late 
stage calcite crystals line open fractures and vugs. Dolomite and calcite formed under 
different conditions tend to vary compositionally in relative abundances of Ca, Mg and Fe. A 
JEOL 3900 SuperProbe Microanalyzer operating in wavelength-dispersive mode was used to 
obtain compositional data from dolomite and calcite in 28 thin sections (17 from Little Belt 
Mountains, 11 from Sawtooth Range). Dolomite and calcite varied greatest with respect to 
Fe, Mg and Ca. Analyses from both matrix and void-filling calcite in each location were 
found to be low-Mg, suggesting neomorphic replacement of less stable high-Mg calcite. The 
majority of the matrix and late stage void-filling calcite from both regions do not appear to 
be of hydrothermal origin, based on preliminary thermometry calculations. Alternatively, 
high-Mg calcite estimated to be in equilibrium with dolomite from brecciated sections at 
Gibson Reservoir of the Sawtooth Range and within normal fault zones of the Little Belt 
Mountains appears to have precipitated from hydrothermal fluids, based on the same set of 
thermometry calculations. These results suggest that the migration of hydrothermal fluids is 
structurally controlled and that hydrothermal fluids affect discrete meter-scale portions of 
carbonate rock rather than kilometer-scale portions in the areas studied.  
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Looking in Bozeman’s Backyard: the vegetation and fire history of the Bridger 
Range 
James Benes & Cathy Whitlock 
 
The postglacial vegetation and fire history of the Greater Yellowstone Ecosystem (GYE) is 
poorly known outside of the Yellowstone and Grand Teton national parks due to the 
scarcity of pollen and charcoal records.  The paleoecological record of the Bridger Range 
near the northwestern GYE boundary therefore provides new information on the ecological 
history of the region.  A 5-m-long sediment core was taken from Fairy Lake (45°54’16.00’’N, 
110°57’29.00’’W, 2306 m elev) to reconstruct the regional vegetation, fire, and climate 
history.  The lithology consists of basal inorganic clay, and the top two-thirds is composed 
of fine-detritus organic clay interrupted by inorganic red clay layers that suggest mass-
wasting events.  The core contains two volcanic ash layers attributed to the eruption of 
Mount Mazama (~6700 14C yr BP) and Glacier Peak (~11,600 14C yr BP).  Preliminary pollen 
analysis reveals shifts in vegetation from tundra to early parkland and finally closed forest 
over the last ca. 15,000 years, similar to other regional pollen records in the GYE.  The early-
Holocene warm period (~10,500-9000 yr BP) featured levels of fire and more xerophytic 
taxa than at present.  The late-Holocene period marks the development of the modern 
mixed conifer forest.  Archeological remains in the Fairy Lake watershed date to ~10,000 cal 
yr BP and suggest that Fairy Lake was likely an important hunting site.  The extent to which 
people modified the vegetation of the natural fire regime is under study.   
 
Assessing Water Quality and Perceived Environmental and Health Impacts of Oil & 
Gas Development in Eastern Montana 
Marlo Kapsa 
 
This presentation provides an overview of a preliminary investigation of the 
potential environmental and public health impacts of energy development, especially those 
related to the quality of water wells serving rural households in Richland County, 
Montana. The over-arching goal of the research is to provide baseline data on water quality 
and investigate the relationship between existing and potential public health risks and water 
quality issues in the region. This presentation focuses on the research design of the project 
and initial findings from household surveys and interviews. This research is supported by a 
grant from the Montana INBRE Program. 
 
Harvesting the Cretaceous: Oil Well Operator Changes at Cat Creek’s West Dome 
Field, 1920-Present 
Amy B. Dixon 
 
The Northern Plains represents a primary site for contemporary oil and gas development. 
The first commercial oil boom in Montana occurred in 1920 at Cat Creek Field, in 
Petroleum County. The Cat Creek oil boom started primarily in the hands of homesteaders 
who, failing to prosper through dryland farming, turned to oil development as an economic 
alternative.  However, nationally recognized oil companies quickly became interested in 
developing oil at Cat Creek. As the boom attracted national attention, oil well ownership 
shifted from local to nonlocal producers. Forty-eight wells within Cat Creek’s West Dome 
field were selected to create a relational schema within ArcGIS using successive well 
operator data from the Montana Board of Oil and Gas. Querying a time-series relational 
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schema created from the data demonstrates well operator changes through time. Most wells 
logged within West Dome field in 1920 were non-locally owned and operated, contrary to 
existing narratives about 1920s era wells at Cat Creek. Using GIS to model time-series 
relational schemas linking extractive resource ownership through time and space can help 
historians, land use planners, and local stakeholders navigate the complex world of narrative, 
legal, and historic information about Montana energy and power. GIS, in conjunction with 
historical research, represents a powerful tool to bridge qualitative local narrative and 
quantitative resource data. 
 
Causes and Effects of Landslides in Rural Morocco 
Holley Flora  
 
Landslides are major events that can have dramatic effects on communities by altering 
landscapes and endangering lives. The goal of this project is to gain an understanding of the 
causes and effects on the population of rural Morocco, specifically in the High Atlas 
Mountains. By using GIS software to analyze the likely landslide activity with elevation, 
weather, and geology data the active areas can be mapped. A survey was conducted in the 
region of Zawiya Ahansal, Morocco to assess the perceived risks and impacts of landslides 
on the people affected by them. This is significant because although Morocco has been 
identified as at risk for these geologic events there has yet to be a regional study on the 
impacts for a community. A land-shaping event can alter the usable agricultural areas as well 
as endanger the livestock and people. In rural areas, food production serves local needs (i.e., 
not for export) and would not be purely an economic problem. The project also has a 
climate change component; by studying the current situation in the Atlas Mountains, insight 
can be provided for communities to be better prepared for the future and the changes or 
problems we might see in landslide activity. 
 
From eggs to hatchlings:  nest site taphonomy of American crocodile (Crocodylus 
acutus) and broad snouted caiman (Caiman lat irostr i s) 
Ashley Ferguson 
 
The nesting behavior in extant animals can potentially serve as either analogs or as 
taphonomic models for the interpretation of dinosaurian reproduction. Past studies have 
examined birds nesting with open nests and nest-bound young and turtles with buried nests 
and precocial young.  Here we taphonomically describe nesting in two crocodilians, the 
American crocodile (Crocodylus acutus) at Turkey Point, Florida and the broad-snouted caiman 
(Caiman latirostris) from Santa Fe and Chaco provinces, Argentina. Surveying focused on 
eggshell abundance, orientation, distribution, and nest construction from successfully 
hatched nests.  Crocodylus acutus excavate triangular or flask shape holes in organic-rich sandy 
clay, often with gastropod shell debris, limestone pebbles and cobbles.  Depths ranged from 
20-45cm with a breadth of 50-80cm.  Eggshell orientations from outside the egg chamber 
favor concave down (58.9%). Caiman latirostris construct mound nests of predominantly plant 
debris in forested areas with organic rich soil or on vegetation islands.  Nests range in 
diameter from 1.2-1.6m with a height of 0.3-0.6m.  Eggshell orientations exposed within the 
egg chamber favor concave up (61.9%), whereas that outside of the chamber were nearly 
evenly distributed with 51.7% concave-up. Orientation values from eggshell observed 
outside the egg chamber in these crocodilians differs from the 60:40 up:down ratio in both 
bird and turtle nests, as well as the 20:80 ratios of hydraulically transported shell.  The 
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distribution and orientation of eggshell in these crocodilians largely results from the adult 
females assisting and transport of the young during hatching. 
 
Impacts of Low Summer Streamflows on Water Resources in the Jefferson Valley, 
MT Historical Responses and Future Challenges 
Alex Leone 
 
With Montana’s population expanding, and climate change intensifying tensions on finite 
water resources, it is inevitable that future water supply conflicts will increase in both 
magnitude and complexity.  Many of Montana’s watersheds are over-appropriated and 
changing precipitation patterns will only exacerbate difficulties associated with current water 
pacts.  Although much research has been devoted to climate change and its hydrological and 
meteorological implications, little work has investigated the vulnerabilities or resiliencies of 
current water distribution regimes.  Much of the western U.S. (including Montana) 
distributes water rights under an appropriative system (a priority system based on time of 
water right establishment). The future effectiveness of the appropriative system in allocating 
water equitably under shifting climate scenarios is highly uncertain.  In an attempt to 
understand the complex interrelationships between climate, water infrastructure regimes, and 
water governance this study will examine relationships between low summer streamflows on 
the Jefferson River (southwestern Montana, USA) and resultant impacts to the water use 
community utilizing a social ecological systems (SES) approach.  The Jefferson River is an 
important headwater tributary of the Missouri River and is itself comprised of the 
Beaverhead, Big Hole and Ruby Rivers, encompassing a substantial drainage basin of 9,532 
mi2.  The Jefferson’s unique hydrological position inherently situates the basin “at the end of 
the line” of water users. Flows at the confluence of the Jefferson have plummeted to 200 
cubic feet per second (cfs) during extreme drought periods, leaving little water in the river to 
appease appropriators along the River’s remaining 80 miles. 
 
A Contested Landscape: The Yellowstone River in the 1970s 
Nick Bergman 
 
The Yellowstone River, flowing 678 miles from its origin in the mountains just outside 
Yellowstone National Park to its confluence with the Missouri River in western North 
Dakota, is the longest free-flowing river in the continental United States. Despite numerous 
proposals to construct large dams in Paradise Valley during the twentieth century, the 
Yellowstone has avoided the fate of other great Western rivers such as the Columbia, 
Colorado, Missouri, Snake, and Sacramento. This presentation explores the actants that 
threatened and protected the river in its most crucial decade—the 1970s. Faced with an 
energy development proposal demanding the use of the Yellowstone’s water to help operate 
massive coal fired power plants, the Montana Department of Fish and Game—a state 
agency—spearheaded the environmentalist effort to protect the river. Exercising legal 
authority granted under Montana’s 1973 Water Use Act, Fish and Game filed an instream 
water right application for 8.2 million acre-feet for the benefit of fish, wildlife, and 
recreation. Ultimately, in 1978 the Montana Board of Natural Resources awarded an 
unprecedented 5.5 million acre-feet instream reservation for this purpose. Although 
substantially less than Fish and Game’s request, I argue that the Board of Natural Resource’s 
decision proved wise because it offered a pragmatic solution providing adequate ecological 
protection while not eliminating future regional growth. 
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Determining Survey Locations for Burrowing Owls in Buffalo Gap National 
Grassland and the Badlands of South Dakota: A Geospatial Approach 
Paul Bodalski 
 
Burrowing owl habitat coincides with black tail prairie dog habitat in the western United 
States. In order to further understand the relationship between the two species, survey areas 
must be chosen for study. A survey will be conducted for burrowing owls in extant, 
historically active, and potential prairie dog habitat in the summer of 2015. The two study 
locations are Buffalo Gap National Grassland and the Badlands of South Dakota. Four 
factors influence prairie dog habitat location: vegetation, soil type, slope and historic 
colonization. These data layers were analyzed using GIS software to determine prairie dog 
habitat suitability locations in the two study sites. Classification trees and a logistic regression 
model allowed for determination of which variables influence prairie dog habitat most 
heavily. This preliminary analysis helped determine the values needed to conduct a weighted 
overlay in ArcMap. The final product is a prairie dog habitat suitability map, which shows 
survey locations. 
 
Climatic and morphologic controls on soil formation and weathering in the 
Bitterroot and Sapphire Mountains, MT 
Sarah Benjaram 
 
What determines the rate at which rock is converted into soil? Soil provides a basis for 
terrestrial life by cycling nutrients, controlling surface water hydrology, and forming the 
landscape. Much recent research aims to quantify the degree to which temperature, 
precipitation, erosion rate, lithology, and morphology determine the way a landscape evolves 
and to develop geomorphic transport laws to describe and predict this evolution. However, 
our current understanding of soil weathering is mostly confined to specific types of 
landscapes that fit our conceptual model and which ignores the great majority of earth’s 
surface. I outline my work examining the effect of climate and morphology on soil 
weathering in one glaciated and one unglaciated landscape to provide critical insight into 
earth’s weathering engine. 

Outcrop scale floodplain deposit geometry analysis, Nacimiento Formation, San 
Juan Basin, New Mexico 
Cody Bodman 
 
The Nacimiento Formation in northwest New Mexico was deposited during Paleocene time 
by large fluvial systems that originated to the northwest. Large paleosol/floodplain deposits 
can be described using satellite imagery in order to determine the geometry, lateral and 
vertical distribution. These deposits can be described by the types of termination in order to 
determine whether paleosols geometries are actual or a product of later erosive processes. 
Analyzing the information provided by the distributions of indicated a paleoflow direction 
that agrees with other studies and indicated that these deposits can be up to 1 kilometer in 
extent. This study will help understand the facies distribution of large areas, and begin to 
describe the sequence stratigraphy of distal portions of large fluvial systems. 
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Creating a Debris Flow Model in the Sapphire Mountains 
Darrell Schwartz 
 
In many parts of the world landslides are very real risks.  They can have devastating 
consequences in terms of property damage, loss of life, and environmental damage.  This 
project will create a susceptibility model for the Sapphire Mountains in southwest Montana.  
The study area is in between the Hellgate canyon and the Skalkaho Road.  Western parts of 
the range will be studied because they are close to populated areas.  A weighted overlay will 
be created using slope steepness, curvature, soil type, soil depth, geology, and land cover.  
This is to assess how attributes of a feature are to make a slope fail.  Weights will be assigned 
based on research from other studies.  Soils data that contains a slip-slope attribute will be 
weighted very highly.  Once this is done the flow length, direction, and accumulation will be 
found using ArcGIS’s flow tools.  Resistance to flow will be accounted for and locations that 
will accumulate sediment will be found. The expected results are that the highest risk for 
landslides will be on steeper slopes that have less cohesive soils.  Areas of accumulation 
should be in locations that are flat and have concave slopes at lower elevations in the flow 
paths close to areas with high landslide susceptibility.   
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Poster Abstracts 
 
Shifting depo-centers and structural compartmentalization of the Mesoproterozoic 
Belt-Purcell Supergroup, western Montana    
Colter Anderson, Cody Bodman, Nicholas Fox, & Julian Stahl  Space 1  
 
The Belt-Purcell Supergroup is an allochthonous Mesoproterozoic sedimentary basin in 
western Montana, eastern Washington, northern Idaho, southern Alberta and British 
Columbia. The sedimentary basin may have formed in an intra-cratonic or inter-cratonic 
transtensional rift setting. Sevier and Laramide shortening of around 60% deformed the 
basin into a broad regional ellipse (map view) with minimal rotation. Consensus on sources 
of the basin fill is not clearly established in the literature, however three sediment source 
areas emerge from detrital zircon data: two from the North American craton and one from a 
western craton source. The supergroup is divided into four main assemblages, from bottom-
to-top: 1) Lower belt, 2) Ravalli Group, 3) Middle Belt carbonate, and 4) Missoula Group. 
The goals of this project are to synthesize Belt-Purcell data and to identify changes in 
depositional centers and rates of deposition through time, understand the significance of 
detrital input from magmatic sources external to the basin as well as intra- basin magmatism, 
and evaluate different published models for the western sediment source area. Ancillary 
questions include the influence of basement-involved structures within the Great Falls 
Tectonic Zone on the development of Belt Basin structures and subsequent reactivated 
faults in western Montana. Published results to-date indicate two shifts in the axis of 
deposition during Belt time with a diminishing contribution of western craton-sourced 
sediments after Lower Belt deposition. Our results for western Montana show that depo-
centers had no uniform directional shift through time and were structurally 
compartmentalized by “lines” that may represent deep-seated basement faults. 
 
Determining Survey Locations for Burrowing Owls in Buffalo Gap National 
Grassland and the Badlands of South Dakota: A Geospatial Approach 
Paul Bodalski  Space 2 
 
Burrowing owl habitat coincides with black tail prairie dog habitat in the western United 
States. In order to further understand the relationship between the two species, survey areas 
must be chosen for study. A survey will be conducted for burrowing owls in extant, 
historically active, and potential prairie dog habitat in the summer of 2015. The two study 
locations are Buffalo Gap National Grassland and the Badlands of South Dakota. Four 
factors influence prairie dog habitat location: vegetation, soil type, slope and historic 
colonization. These data layers were analyzed using GIS software to determine prairie dog 
habitat suitability locations in the two study sites. Classification trees and a logistic regression 
model allowed for determination of which variables influence prairie dog habitat most 
heavily. This preliminary analysis helped determine the values needed to conduct a weighted 
overlay in ArcMap. The final product is a prairie dog habitat suitability map which shows 
survey locations. 
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Combined Geochemical and Petrographical Study of the Late Precambrian Lahood 
Formation, Bridger Mountains, Montana 
Lauren Broes Space 3 
 

In the northwestern Bridger Mountains Cambrian age rocks rest disconformably 
upon the Lahood Formation, the basal member of Southwestern Montana’s 
metasedimentary Belt-Purcell Supergroup. The Lahood comprises an approximately eighty 
mile long strip in the southwestern extent of the Belt-Purcell Basin, extending from the 
western face of the Bridger Range to the Highland Mountains. The formation stands alone 
as a relative unknown; its lithofacies varying widely from conglomerates to coarse grained 
arkosic sandstone and interbedded shales. The Lahood represents a significant 
chronostratigraphic interval; its deposits interfinger with multiple Belt series formations, 
correlating in age with deposits ranging from the oldest Belt rocks to the youngest. 
Confounding this correlation, Lahood sediments are distinguished from Belt equivalents by a 
unique and unknown provenance as well as a disputed depositional environment. A marked 
lack of modern study can be accredited to the Lahood’s lack of definition. Integrated 
geochemical and petrographic analysis of Lahood sediments taken from Felix Canyon in the 
Bridger Range will be completed in an attempt to clarify the formation’s relationship to 
neighboring Belt series rocks and provide insight into its depositional history. Utilizing X-ray 
Diffraction, Scanning Electron Microscopy and Cathodoluminescence in conjunction with 
field observations and petrographic analysis of thin sections, a detailed chemostratigraphic, 
geochemical and mineralogical data portrait of this elusive formation will be created. 
Analysis of this data will provide a modern interpretation of the depositional environment of 
the formation at this locality as well as contribute to a greater understanding of the Lahood 
Formation as a whole.  
 
Soil geochemistry controls fire severity: A soil approach to improved understanding 
of forest fire consequences in southwest Montana 
Russell Callahan & Tony Hartshorn  Space 4 
 
Fire severity can be defined using satellite imagery to ratio mid (~2.2 um) to near (~0.8 um) 
infrared reflectance values. We examined how lithology and topography affected burn 
severity, and how post-fire soils data could be used to ground-truth burn severity at two sites 
in southwestern Montana. A burned area reflectance classification (BARC), lithology, and 
terrain attributes were used to predict burn severity for the Millie Fire, which was triggered 
two years ago by lightning and burned ~4,000 ha. Burn severity showed a strong 
dependence on lithology: the ratio of areas with high burn severity vs. low or moderate burn 
severities was 2.9 for gneiss (vs. 0.3 for volcanics). To clarify whether post-fire soil 
geochemical changes might predict ground-based estimates of fire severity, a lab experiment 
was carried out. We expected residual enrichment of trace metal concentrations, as soil 
organic matter (SOM) was combusted, which we quantified as loss on ignition (LOI). To test 
this approach, unburned soils were sampled from felsic (gneiss) and mafic (basaltic andesite) 
lithologies. We simulate differing fire severities on unburned soil using a muffle furnace 
factorially (duration [5, 15, 30, 45, or 60 minutes] x temperature [50, 100, 200, 300, 400, or 
500ºC]).  Trace metal concentrations in mafic soils were a better predictor of LOI than soils 
with felsic parent material.  Barium explained the most variance in LOI; 95% in mafic soils 
and 78% in felsic soils.  Other stable trace elements like Zr did not predict as much variance; 
R2=0.82 mafic and R2=0.42 felsic. 
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Naturally Occurring Acid Rock Drainage in the Anaconda-Pintler Mountain Range, 
Montana: Preliminary Geochemistry of Two Streams Flowing From Mt. Evans 
Margaret F. Doolittle and Christopher H. Gammons Space 5 
 
Mt. Evans is located in the Anaconda-Pintler mountain range of southwest Montana 
approximately 22 km southwest of Anaconda, Montana.  The purpose of this study is to find 
the source and causes of significant white precipitate in two streams, Sullivan Creek and East 
Fork Twin Lakes Creek.  Mt. Evans appears a reddish orange on Google Earth amongst the 
rest of the mountain range which is a grey white color, indicating a change in geology at this 
location.  Other signs of a mineral deposit other than the white precipitate include ferricretes 
along the stream channel in Sullivan Creek and a large discontinuity on Mt. Evans showing a 
change in geology.  This is not an area with historic mining and no evidence has been found 
to indicate exploration for economic deposits were ever done. 

Field studies have consisted of taking three types of surface water samples and some 
alkalinity at a number of locations along the above two creeks and their tributaries and 
analyzing those samples for their chemical compositions.  Other measurements done at each 
testing location, done by a hydrolab datason, were pH, SC, Eh, and dissolved oxygen.  A 
portable XRF was used on locations along Sullivan Creek as well as a salt tracer flow 
collection.  At this time, the only lab analysis that has been completed on these samples is 
ICP at University of Montana in Missoula. 

At this time, the studies have shown that there is naturally occurring acid rock 
drainage from the source of Mt. Evans which is causing significant precipitation of both 
ferrous oxide and aluminum oxides.  The XRF has shown some interesting spikes 
manganese as you go upstream and uranium appears in the rocks towards the headwaters of 
Sullivan Creek.  Further studies would need to be done to determine if the aluminum 
precipitates have basaluminite (Al4(SO4)(OH)10 x 5(H20). 
 
Extreme Rugosities in the Neural Spines of Theropod Dinosaurs Were 
Biomechanical Responses to an Increased Body Size 
Jacob D. Gardner, D. Cary Woodruff, John P. Wilson, Holley M. Flora, John R. Horner, & 
Chris L. Organ Space 6 
 
Theropod dinosaurs represent an incredibly diverse dinosaurian clade, with such 
diversification represented in diet, life habits, cranial and body ornamentation, and body size, 
among others. However, regardless of their overwhelming variation and differences, the 
majority of theropods are united in terms of a bipedal stance. Unlike the quadrupedal stance, 
which employs an anterior and posterior means of weight distribution, the bipedal stance 
only has one such location, and thus great stresses are enacted upon the vertebral column. 
Throughout Theropoda, a common vertebral occurrence is the presence of anteroposteriorly 
orientated rugosities projecting off of the neural spine. The abundance of these features, and 
their stark presence/absence, suggests that these structures serve a biomechanical purpose. 
For this analysis we conducted a phylogenetic t-test to determine whether the presence or 
absence of these features correlate with body size; absence and presence in small and large 
bodied theropods, respectively. We find significant support for this correlation and suggest 
that significantly greater vertebral stresses in large bodied theropods induce the 
mineralization of vertebral ligaments as a coping mechanism. Projecting rugosities also vary 
in extent between juveniles and adults of the same species, thus this morphologic feature is 
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directly attributable not only to large body size, but also to increasing body size. These 
vertebral modifications also greatly affect flexibility, and we surmise that large bodied 
theropods were significantly slower and less mobile than their smaller bodied counterparts. 
 
A Cartographic Exploration of the Musselshell River Basin 
Danika Holmes Space 7 
 
A collection of maps detailing the varying societal, physical, and geographic features existing 
in the Musselshell River Basin, located in Central Montana. Though listed as a chronically 
dewatered river, the Musselshell has received increasing attention by the state of Montana 
due to the vulnerability of its inhabitants and infrastructure to severe flooding (e.g. the 
massive flooding in 1967, 1997, 2011, 2014). The basin and river channel may exhibit prime 
eligibility for the implementation of natural infrastructure-related methods of water storage. 
Natural infrastructure is, fundamentally, a method of storing water on the land in a way that 
is conducive to improving the bioavailability of water to plants and animals as well as 
groundwater recharge. 
 
Meteoric 10Be in Lake Cores as a Measure of Climatic and Erosional Change 
Rachel E. Jensen Space 8 
 

Identifying and validating new tools that measure and trace Earth-surface processes 
is necessary to understanding the complex geomorphological, geochemical, and climatic 
controls on the critical zone.  Meteoric 10Be was originally developed as a tool to quantify 
soil residence time and erosion rates, but uncertainties in its delivery rate and its behavior in 
soils created barriers to its widespread use.  Though such uncertainties have not been 
completely overcome, recent research has suggested meteoric 10Be has the potential to be 
utilized as a versatile geochemical tracer.  The delivery of meteoric 10Be to the surface varies 
strongly with precipitation, indicating its potential as a novel paleoclimate proxy for 
precipitation. Assessing the sensitivity of meteoric 10Be concentration in a lake core to 
changing climate requires the comparison of 10Be concentrations in well-dated lake cores 
with paleoenvironmental records based on independent paleoclimate proxy. Oxygen isotope, 
pollen, and charcoal records from sediments from Blacktail Pond in Yellowstone detail 
15,000 years of climatic change in the area.  Meteoric 10Be time-series will be compared with 
other paleoenvironmental proxy before, during, and following significant changes in 
effective moisture and drought.  The magnitude of change in environmental conditions 
during paleoenvironmental transitions is expected to be reflected in meteoric 10Be 
concentrations throughout the core.  Building upon the paleoclimate record and the 
variability of meteoric 10Be concentrations in the core, it will be possible to develop a 
numerical model that quantifies the variability of meteoric 10Be as a function of atmospheric 
production, precipitation, and both allocthonous and autochthonous sedimentation.  This 
work will be among the first tests of meteoric 10Be as a proxy of paleoprecipitation and long-
term erosional changes with climate. 
 
Forelimb Ratio in predatory therapods when compared to overall body size 
Alexander W. McLean Space 9 
 
A comparison of the forelimb ratios of exclusively terrestrial predatory therapods to 
determine if there is a correlation between forelimb length and overall body length or if 
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there is a point in which the size of a predatory dinosaur requires a shift in the ratio of 
forelimbs to the rest of the overall body. Measurements were taken from species of 
unrelated lineages to remove any potential bias of lineage investment and the selection of 
strictly predatory species confined to land was to focus those who had to actively hunt to 
feed themselves and thus have biological investments concerning weight and speed. The end 
result of the research is that there is such a point which seems to be across the spectrum of 
therapod dinosaurs where the ratio of the forelimbs shifts in importance of investment. 
 
Elevated REE in Ore Minerals of the Pryor Mountain Mining District, South Central 
Montana 
Anita Moore-Nall and David R. Lageson     Space 10 
 
Rare Earth element analyses performed by American Analytical Services Inc., in Osborn, 
Idaho by ICP-MS of yellow uranium vanadium ore minerals from the Sandra mine in the 
Pryor Mountain mining district reveal a cumulative REE content of 2097 ppm (raw data, not 
converted to oxide values). All the REE (Sc and Y were not analyzed) were detected in the 
prepared pulp from the Sandra mine. The cumulative LREE portion of this analysis is 1489 
ppm, with cerium (Ce) representing 1280 ppm and samarium (Sm) 74.5 ppm, 19 times and 
10.6 times greater than average crustal abundance respectively. The HREE cumulative 
portion of the analysis is 608 ppm, with all the elements being greater than 15 times average 
crustal abundance except Dysprosium (Dy) which was 5 times greater. Gangue minerals 
fluorite and barite were also analyzed from other mines in the district. Dark purple fluorites 
from the East Pryor mine and the Dandy Mine were analyzed and a golden barite from the 
Swamp Frog Mine. The fluorites contained La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er and Yb 
in concentrations ranging from 1.03 - 9.54 ppm while barite had only 11.1 ppm Eu.  Splits 
from the Sandra mine UV sample, a UV prospect site, the Dandy mine fluorite sample and a 
barite sample from the Old Glory mine sample were analyzed for Au by American Analytical 
Services, Inc by Fire Assay ICP Finish. The samples contained 0.031, 0.055, 0.067 and 2.35 
ppm (detection limit 0.005 ppm) respectively.  
 
Aspect influence over thermal fluctuations within a snowpack and subsequent effects 
on tensile strength 
Dillon Osleger         Space 11 
 
Late season avalanches are a common hazard in virtually all environments in which a 
sufficient snowpack is present. Slab avalanches are the most prevalent form of late season 
avalanches, due to tensile failure of a slab layer as well as a shear failure of an underlying 
weak layer. Late season slab avalanches often occur and propagate with no “trigger”, 
meaning they are seemingly random in terms of spatial and temporal parameters. The goal of 
this study was to determine whether thermal fluctuations occur within a snowpack 
throughout a nychthemeron as well as whether certain aspects are more prone to thermal 
fluctuations due to length of exposure to solar radiation. This was undertaken through the 
use of HOBO temperature data loggers as well as multiple varieties of quantitative tensile 
failure tests. Understanding extent of thermal fluctuations as well as depth at which they 
occur can provide avalanche forecasters a quantitative method to predict whether deep weak 
layers may be affected to the point of shear failure as the season progresses. 
 
 



 
 

	   22	  

A Least Cost Analysis of Maritime Travel: Sailing the San Juan Islands 
Allison Pardis         Space 12 
 
Maritime transport and travel is used extensively for trade, recreation, military, and search 
and rescue operations—using tools like GIS can help increase efficiency and safety in this 
environment. Cost surface analyses are often processed over land from accumulated costs of 
variables within a cell and the total cost of transferring to a nearby cell. Previous studies have 
used cost surface analyses and least cost path analyses on maritime surfaces, and while the 
results are promising, the process is not used frequently. Given considerable maritime travel, 
further study on the utility of the application could be very useful. In maritime travel 
situations, efficient travel is safe travel and safety is a primary concern—being aware of 
conditions and how this can impact a vessels travel is essential to safety. This project 
develops a cost surface for recreational sail travel through the San Juan County Islands of 
Washington. The developed cost surface accounts for primary maritime conditions that 
affect sail travel: wind speed and direction, and tidal fluctuations. Using this cost surface, a 
least cost path of travel is built starting from Anacortes, and traveling to designated stops in 
Eastsound Village, Lopez Village, and Friday Harbor. This study assesses the effectiveness 
of cost surface and least cost path analyses in a maritime environment to provide insight into 
efficiency and safety. 
 
Creating a Landslide Susceptibility Model in the Sapphire Mountains 
Darrell Schwartz        Space 13 
 
In many parts of the world landslides are a very real risk.  They can have devastating 
consequences in terms of property damage, loss of life, and environmental damage.  This 
project will create a susceptibility model for the Sapphire Mountains in southwest Montana.  
The study area is in between the Hellgate canyon and the Skalkaho Road.  Western parts of 
the range will be studied because they are close to populated areas.  A weighted overlay will 
be created using slope steepness, curvature, soil type, soil depth, geology, and land cover.  
This is to assess how attributes of a feature are to make a slope fail.  Weights will be assigned 
based on research from other studies.  Soils data that contains a slip-slope attribute will be 
weighted very highly.  Once this is done the flow length, direction, and accumulation will be 
found using ArcGIS’s flow tools.  Resistance to flow will be accounted for and locations that 
will accumulate sediment will be found. The expected results are that the highest risk for 
landslides will be on steeper slopes that have less cohesive soils.  Areas of accumulation 
should be in locations that are flat and have concave slopes at lower elevations in the flow 
paths close to areas with high landslide susceptibility.   
 
Impact of small-scale reservoir heterogeneity on CO2-rock-brine interactions in the 
Upper Devonian Duperow Fm. of the Kevin Dome, north-central Montana 
Lauren Thomas, Mark Skidmore, Colin Shaw     Space 14 
 

Due to its influence on fluid migration, reservoir heterogeneity is an issue that not 
only has implications for oil and gas exploration and production operations, but for carbon 
capture, utilization, and storage (CCUS) as well.  This project seeks to assess the impact of 
small-scale reservoir heterogeneity on CO2—brine—rock interactions and their influence on 
porosity and permeability in the Upper Devonian Duperow Formation of north-central 
Montana, the target injection reservoir for the Big Sky Carbon Sequestration Partnership’s 
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Kevin Dome CO2 injection project.  Core plugs from this formation have been drilled from 
5 different depth intervals, which were selected to be representative of potential target 
injection zones in the formation.  These rocks are dominantly dolomite with minor amounts 
of calcite, anhydrite, gypsum, and quartz.  Propped or closed fractures are present 
throughout most of the plug segments.  Porosity ranges from 7.22-18.35% and permeability 
ranges from 1.68-101.77 mD at a confining pressure of 1100 psi.  Triplicate batch reactions 
will be performed in Parr reaction vessels on core plug segments (1.5 cm long and 2.5 cm in 
diameter) saturated in synthetic brine in presence of pure CO2 at simulated reservoir P-T 
conditions (1100 psi and 60ºC) for 4-week periods.  Integration of pre- and post-reaction 
brine chemistry, optical petrography, optical cathodoluminescence, powder XRD, 3-D 
microCT imaging of pore and fracture networks, and porosity and permeability 
measurements will contribute to reservoir characterization and facilitate prediction of 
changes that will occur in the subsurface.   

 
West Boulder Drainage Debris Flows: Effects of Catastrophic Wildfire and Annual 
Snow Water Equivalent Anomalies 
Thomas Ulizio, Chris Bilbrey, & Nicholi Stoyanoff    Space 15 
 
Debris flows within the West Boulder River drainage have been re-occurring events 
throughout geologic history; observable in both past and present form. The landscape of the 
West Boulder River, located in the Northern Absaroka Mountains, is marked with numerous 
debris flows, one initiating recently, following a wildfire in 2006. Hillslope stability can 
decrease in response to wildfires. The removal of precipitation interceptors leads to 
decreased soil cohesion due to loss of vegetation and root systems. Studies have indicated 
that hillslope failure is induced, post burn, through two precipitation delivery mechanisms; 
low recurrence rainfall events or snowmelt associated with high Snow Water Equivalent 
(SWE). The goal of our study was to identify specific water year(s) in which slope failure 
likely occurred and identify the precipitation delivery mechanism, rainfall or snowmelt, 
responsible for debris flow initiation within the West Boulder River Drainage. Through 
robust statistical analysis using data compiled from SNOTEL gauging stations, it was 
determined that the 2008-2009 and 2010-2011 water years had anomalously high peak SWE 
values and rates of SWE loss following the date of peak SWE compared to other years 
evaluated. Methods of statistical analysis included deriving unique statistics from the data 
provided, calculating means, and constructing confidence intervals around these means. 
Further statistical analysis indicated that the total precipitation accumulated in these water 
years was dominated by snow, SWE; evidence that high SWE values initiate slope failure. 
Understanding hillslope response to fire and snow is important to understanding landscape 
evolution in upper latitude alpine environments.   
 
Clay Mineralogy of Subglacial Lake Whillans Sediments 
Will van Gelder, Mark Skidmore      Space 16 
 
Subglacial Lake Whillans (SLW) is a subglacial lake beneath the West Antarctic Ice Sheet, 
which acts as a conduit for water from the ice sheet to the Ross Ice Shelf. The WISSARD 
project successfully drilled into the lake in January, 2013 and collected water and sediment 
samples from the lake. Research conducted thus far is revealing a geochemically complex 
and biologically active system. The sediments contain clay minerals, which are capable of the 
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adsorption and exchange of cations with aqueous solution. We determined the capacity for 
clays in the sediment to exchange cations and the cations that are adsorbed to clays under in-
situ conditions. Research involved performing cation exchange experiments with the clays, in 
which sediment were suspended in cation solutions at temperature simulating that of SLW.  
The cations exchanged and their quantity were measured through ion-chromatography. The 
specific clay minerals present in the sediment were determined through X-ray diffraction 
analysis; and the relative proportion of clays minerals in the sediment were determined 
through laser particle size analysis.   
 
Long-Term Changes in Riparian Areas Following Beaver Reintroduction in the 
Absaroka-Beartooth Wilderness 
Smith Wells         Space 17 
 
After populations were near extinction in the mid-1900s, beaver were reintroduced into the 
Absaroka-Beartooth Wilderness (AB) from 1986 to 1999. These reintroductions returned an 
indigenous species to the area that is capable of significantly altering riparian ecological 
processes. Preliminary data analysis has indicated a positive response of willow to the 
reintroduction, as seen by greater proportions of willow cover within study meadows in 2011 
compared to 1981. This study aimed at quantifying willow canopy cover over time in order 
to create a narrative of the long history of willow-wildlife interactions in the AB. Staying 
consistent with previous methods, aerial photographs from a 1991 to 1994 time period and 
from 2005 were visually interpreted to quantify percent willow cover within the AB study 
meadows. Results show how changes in percent willow cover coincide with ecological events 
in the AB including: beaver reintroduction in 1986, moose population declines around 1990, 
and when beaver reached carrying capacity in 2000. The beaver reintroductions have 
provided Forest Service biologists a unique opportunity to assess long-term effects of the 
species on riparian areas without human influence and have increased habitat manager’s 
support for using beaver reintroduction as a tool for riparian recovery. Study findings will 
add another element of habitat analysis to the results of pending publications and previous 
research by the Forest Service, which will reinforce their findings, conclusions, and future 
management models. 
 
Characterization of the Chamberlain Formation, Belt Supergroup, Montana 
Alysa Yoder         Space 18 
 
The Belt-Purcell Supergroup is the dominant sedimentary sequence of northwestern North 
America in terms of thickness, areal extent, and is a host to a variety of unique mineral 
deposits. Its origin, tectonic setting, depositional environment, and the provenance of its 
sediments constitute one of the major enigmas in understanding the Precambrian evolution 
of the northern Rocky Mountains. The primary objective of this research is to conduct an 
integrated laboratory investigation of core samples obtained from the Black Butte copper 
deposit near White Sulphur Springs, MT, of the Chamberlain Formation. The Chamberlain 
Formation represents part of the initial phases of sedimentation of the Mesoproterozoic Belt 
Supergroup. Systematic characterization of the stratigraphy, sedimentology, major and trace 
element geochemistry, mineralogy (including detrital) will provide for future 
geo/thermochronology of the Chamberlain Formation of the Belt Supergroup. Overall, 
these results will contribute to the understanding of the tectonic setting, processes, and 
provenance that have controlled the formation and evolution of the Belt Basin. The results 
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of this study are important to the understanding of the tectonic evolution of the Northern 
Rockies, possibility of reactivation of structures formed in the original belt basin, and 
controls of metallogenesis.  
 
The Thermal Evolution of the Mantle and Resulting Effects on Global Tectonic 
Velocities 
Levin Zars         Space 19 
 
Convection in the subsolidus mantle as a result of primordial heat migration and thermal 
energy from radioactive decay is responsible for the process of plate tectonics. Mantle 
convection is a highly debated topic due to the poorly quantified and understood thermal 
inputs, compositions and positions of mantle layers. The composition and subsequent 
stratification of the mantle are paramount in predicting the amount of radiogenic thermal 
forcing and are a significant source of uncertainty in predicting prehistoric tectonic 
conditions. If the current assumption of mantle homogeneity is correct and carbonaceous 
chondrites are compositionally accurate analogues to predicting concentrations of radiogenic 
isotopes in the lower mantle then current models of the thermal budget of the Earth based 
on Urey ratios and supported by petrographic analysis of Archean rock samples predict a 
cooling of the mantle since 3-3.5Ga. Before this period the mantle was characterized by a 
slight warming interval after the moon-forming impact (4.44Ga), the crystallization of the 
lithosphere and a formation of an atmosphere. It would be assumed that after the period of 
mantle warming the cooling of the mantle would lead to slower tectonic velocities, however 
the opposite appears to be true. Due to increased hydration of the mantle through 
subduction, consequentially higher melt percents in the mantle, and reduction in bending 
resistance in lithospheric plates, tectonic velocities have almost doubled over the last 3.5Ga. 
 

 


