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SECOND ANNUAL EARTH SCIENCE STUDENT COLLOQUIUM

MONTANA STATE UNIVE RSITY, BOZEMAN
DEPARTMENT OF EARTH SCIENCES

Welcomefrom the DepartmentChair,Steve Custer

Welcometo the secondannual studentled researchColloquiumin the
Departmentof Earth Sciencesat Montana State University! Thiseventis
applaudedand encouraged by the Earth Sciencesfaculty. The Colloquium
providesan opportunity for undergraduate,Master of Science,and Ph.D.
studentsto hone their written, oral, and poster presentationskills as

well as their organizationalskills. We are pleasedthat students at
everystage from proposalto final product participate. The Colloquium

is a great opportunityto showcasethe researchof our studentsin a
student-directed, student-organized,and studentinspired format. This

is also an opportunityfor the department to get a sense of the breadth
and quality of the student researchin the departmentand to discuss

that research. | would like to thank our corporate sponsorswho have
made student awards,and the dinner possibleand who have cometo the
colloquium to see student work, provide internshipsfor our students,
supportstudent research,help judge the presentations,and ultimately
hire our graduates.Finally,| would like to thank the students for
organizingthe colloquiumand preparingthe many presentations which
form the core of this event. Thankyoufor yourhard work and a job welldone!

Sincerely,

Steve Custer
Head of Department of Earth Sciences
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WELCOME FROM THE COLLOQUIUM CHAIR S

Dear Earth Scientists,

On behalf of the entire Colloguim Committee, we'd like to welcome you to the 2nd Annual
MSU Earth Sciences Student Colloquium!

The purpose of this event is to give MSU Earth Science students the opportunity to practice
presenting their research in a friendly environment, in front oflfew students, faculty and
sponsors. Each of these presentations represents a student's hard work in every aspect of
the earth sciencesd from the field to the lab to the classroom.

There are 39 students participating in the Colloquium this year, and ezgch topics range
from glacial geomicrobiology to extraterrestrial plate tectonics. The event will kick off with
poster sessions and a banquet/keynote address Friday evening, followed by oral
presentations and an awards session Saturday afternoon. Manyofessional earth
scientists have been so kind as to serve as judges for this event. We thank them for their
donations of both time and effort to make this 2nd Annual Colloquium a success.

An event like this is only made possible with the help of sponspfaculty, and the students
involved. Thank you to Marathon Oil who provided generous support for this Colloquium. Dr.
Mark Skidmore gave a presentation in advance of this event on preparing effective poster
presentations, and Dr. Mike Gardner offered usef a plotter in the Sedimentary Research

Lab for poster printing. We would also like to thank Dr. Steve Custer for his support and
guidance throughout the planning process. Finally, thank you to all the students who helped
organize this event. We hope thahe 2007 Student Colloquium will be an exciting research
event for all earth scientists!

Sincerely,

Ryan Bergstrom
Jeannette Wolak
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SCHEDULE OF EVENTS

SCHEDULE OF EVENTS

Friday, April 27, 2007

3:00 pm Poster Session |

4:30 pm Poster Session 16 Icebreaker
6:30 pm Welcome

7:00 pm Dinner/Keynote Address

8:00 pm Departmental Awards Ceremony

Saturday, April 28, 2007

9:00 am Oral Presenation d Session |

11:30 am Intermission

1:00 pm Oral Resentationd Session Il

3:00 pm Final ProceedingsDr. Steve Custer

TECHNICAL PROGRAM

Friday, April 27, 2007
3:00 pm Poster Session |

SUB Ballroom D
SUB BallroonD

SUB Ballroom A
SUB Ballroom A
SUB Ballroom A

EPS Room 103

EPS Roonil03
EPS Room 103

SUB Ballroom D

GEOMICROBIOLOGY OF THERMAL AND GLACIAL ENVIRONMENTS IN THE MOUNT S
HELENS CRATERbrahamson, |. Syverineskidmore, Mark L., Christner, Brent. C.,
Montross, Scott N.

BIOGEOCHEMICAL CHANGES IN ALPINE CATCHMENTS IN RESPONSE TO GLACIER
RETREABruckner, Monica Z Skidmore, Mark L., and Bond, Jeff

EXAMINATION OF THE@NTH CHARACTERISTICS OF FOUR PSYCHROPHILIC
BACTERIACIlausen, ChaseSkidmore, Mark, and Montross, Scott

THE SURFICIAL GEOLOGY OF THE KONGRESSVATNET BASIN, SVALBARD, NORWAY
Anderson, Leif

THE PRELIMINARY DATA ON A LONG SEDIMENT CORE FROM LOWER RED ROCK
LAKE, SOUTHWEST MONTAMmMma, Stephanie Whitlock, Kathy, and Pierce,
Kenneth

CHARACTERIZING THE SURFACE & GROUNDWATER INTERACTION NEAR FOUR
CORNERS MONTANA. PRELIMINARY DATA FROM THE W. GALLATIN RIVER &
ALLUVIUMSchaffer, Mark andCuster, Stephen

CAVIPSITE SUITABILITY OF THE GALLATIN NATIONAL #§REFZONBeneke,
Dawn
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THE ECONOMIC, HISTORIC, SOCIAL, AND GEOGRAPHIC IMPACTS OF HUNTING IN
SOUTHWESTERN MONTABgrgstrom, Ryarand Hansen, Katherine

WELCOME TO MARLBORO COUNTRY: TRACING THEARPRIESOLUTION OF THE
CRAZY MOUNTAINS, MONTAWAyaard, Kimiand Wyckoff, William

PERCEPTIONS OF CHANGE AND STRATEGIES FOR DEALING WITH COMMUNITY
DECLINE IN POPLAR, MONTAMa&ren, Scott

CITY OF BOZEMAN PUBLIC RR/mie, Melissa

SCIENCE AND SOCYEHELLOWS: A dR PROGRAM AT MONTANA STATE
UNIVERSITYutz, Ere, Cohn, Teresa and Graumlich, Lisa J.

4:30 pm Poster Session |l SUB Ballroom D

RECONSTRUCTING FIRE HISTORY IN THEA 8B8UNE FORESTS OF ROCKY
MOUNTAIN NATIONAL PARKitmore, Andrew

MULTIPLE SCALES OF CONFINEMENT FOR CONGLOMERATIC SLOPE VALLEYS: EL
ROSARIO FORMATION (UPPER CRETACEOUS), BAJA CALIFORNIAnd&ESGR,O:

Bryan J, Ochoa, Jesus A., McNamara, Kelsey, Melick, Jess&ardner, Michael and

Schmitt, James

DYNAMIC BEHAOR IN DEE®WVATER GRAVELLY SUBAQUEOUS FLOWS, EL ROSARIO
FORMATION (UPPER CRETACEOUS), BAJA CALIFORNIAMdNZMHADa, Kelsey
Anderson, Bryan, Ochqalesus, Gardner, Michael and Schmitt, James

MULTIPLE ORIGINS OF TBEDDED SLOPE TURBIDITES: EL RQSABRMATION,
UPPER CRETACEOQOUS, BAJA CALIFORNIA, MEcKidzlesus Anderson, Bryan,
McNamara, Kelsey, Gardner, Michael and Schmitt, James

THE SPATIAL VARIABILITY AND DISTRIBUTION OF EARLY DIAGENETIC PROCESSES
AND PRODUCTS ALONG SUPER SURFACES OF, ISILAGIDLASTIC ERT DEPOSITS:
Bergeron, Melody

DEPOSITIONAL ENVIRONMENT AND TAPONOMY OF MARINE VERTEBRATE BIOFACI
IN THE LOWER CRETACEOUS (ALBIAN) THERMOPOLIS SHALEESDORAH
MONTANALash, Catherine

PROCESSES OF COPROLITE MINERALIZAdhé&dan,Elizabeth

OPEN WIDE! DINOSAUR TEETH FROM ETHIOPIA'S MUGHER MUBXH] DééE:
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MORPHOLOGICAL TRAITS INDICATIVE OF SCANSORIAL HABIT IN THE THEROPODA.
Stiegler, Josefand Varricchio, David J.

AN ANALYSIS OF CRANIAL VARIATIDRIINERATORSROM THE HELCREEK
FORMATION, MONTAIMN&annella, John B.

STRUCTURAL ANALYSIS OF PRESSORETION CLEAVAGE IN THE
MCCARTNEY MOUNTAIN FOHRUST SALIENT SOUTHWEST MONTHéelhke,
Elizabeth A.and Lageson, David R.

THE RELATIONSHIP BETWEEN LATE CENOZOIC GIMANT MODERN
TOPOGRAPHY IN THE SAN JUAN MOUNTAINS OF SOUTHWESTERN COLORADO,
U.S.A.:IMPLICATIONS FOR AN ARID GLACIAL BUZK8k&En, Ryan

DOES PLATE TECTONICS OCCUR ON ENCELMaU&s, Scott

Saturday, April 28, 2007

8:00 am

9:00 am

9:00 am

9:15 am

9:30 am

9:45 am

10:00 am

10:15 am

Continental Breakfag EPS 103

Oral Presentation Session | EPS 103

Session Chair: Keriann Pederson

BASIN SYSTEMS ANALYSIS AND CHARACTERIZATION OF THE
POWDER RIVER BASIN WITH APPLICATIONS FOR GEOLOGIC STORAGE OF Ci
Melick, Jessel.and Gardner, MichaeH.

STRATIGRAPHIC ARCHITECTURE OF TWO INCISED VALLEY FILLS:
FIDDLER CREEK AND CLARETON FIELDS, WY ®dtldfson Keriann H,
Bowen, David W.

EXPERIMENTAL STUDIES ON SUPERCRITICBHAI®ENGE TO
BRINE AQUIFER RESERVOIR RO@#itsen, Logan Skidmore, Mark, Bowen,
David andGardner, Michael

STRUCTURAL DISEMBOWELMENT OF THE ELK RANGE THRUST
BELT, SOUTHWEST COLORAIIY, Justimand Lageson, David R.

Intermission
Session Chair: Sarah Michalies
NEW RECORDS OF FOSSIL WALRUSES AND FUR SEALS

(MAMMALIA:PINNIPEDIA) FROM THE LATE NEOGENE OF NORTHERN
CALIFORNIBossenecker,Robert W



10:30 am

10:45 am

11:00 am

11:15 am

11:30 am

11:45 am

1:00 pm

1:00 pm

1:15 pm

1:30 pm

1:45 pm

2:00 pm
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THE ANATOMY AND FUNCTIONARPHDLOGY OF AN UNUSUAL
NEW BIRD FROM THE EARLY CRETACEOUS OF LIAONING PROVINCE, CHINA:
Morschhauser, Eri¢cVarrichio, David J.

REEVALUATION OF THE KP BOUNDARY WITH SPECIAL
CONSIDERATION TO LITHOSTRATIGRAPHY AND CHRONOSTRATIGRAPHIC
RESOUTION NEAR JORDAN, Widrner, B. William

TERRESTRIAL LATE CRETACEOUS STRATIGRAPHY OF NORTH
AMERICA AND THE UTILITY OF CERATOPSIDS IN BIOSTRATFGWIRBHY :
Denver,W.

TRACE FOSSILS AND HYPERPYCNITES OF THE LOWER
CRETEEOUS (ALBIAN) BLACKLEAF FORMATION, SOUTHWESTERN MONTANA
Williams, Eric

RESULTS OF RECENT PALEONTOLOGICAL FIELDWORK IN THE MIDDLE
MIOCENE FUANA, (BARSTOVIAN NALMA) GALLATIN VALLEY, MONTANA:
Michalies, Sarah J.

Lunch Break

Ord Presentation Session Il EPS 103

Session Chair: Diane Papineau

FIRE IN THE ALASKAN TUNDRA: A SPATIAL ANKexi6&dy
Alison

MARBASED TESTS OF ANABRANCH CONTROLS ON THE LOWER
YELLOWSTONE RIVER, MONT AétKins, Patriciaand Custer, Steve

POSTGLACIAL FIRE HISTORY IN NORTHERN YELLOWSTONE NATIONAL PARK
BASED ON A HIGRESOLUTION RECORD AT BLACKTAIL: RdueRa,
Mariana and Whitlock, Cathy

BIOLOGICAL AND PHYSIOCHEMICAL HABITALAONER ICE:
Montross, Scott N, Skidmore, Mark L.and Christner, Brent C.

MY COMMUNITY: PICTURING THE WIND RIVER INDIAN RESERVATION FROM
HOMECohn, Teresa
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ABSTRACTS OF
PRESENTERS

(in order according to the
Technical Program)

GEOMI CROBIOLOGY OF
THERMAL AND GLACIAL
ENVIRONMENTS IN THE MOUNT
ST. HELENS CRATER

ABRAHAMSON, I. Syverine,
SKIDMORE, MarkL., CHRISTNER
Brent C.andMONTROSS Scott N.

Mount St. Helens (MSH) erupted
explosively in May 1980, and the intense
heat effectivelysterilized the crater
environment. Subsequently, microbial
communities have colonized the crater
hydrothermal springs and newly formed
glacial environments (Tulutson Glacier).

Geothermal heat has created a temperate

based glacier in which melt water moves
freely at the base of the ice, providing a
potential ecosystem for microorganisms
with tolerances to cold and anoxia. Field
measurements of hotsprings in this
dynamic and extreme ecosystem showed
temperature ranges of &0 °C, slightly
basic (pH 8) and dae waters
(conductivity >2 mS).No organic acids
(i.e., low molecular weight dissolved
organic carbon) were detected. Sites of
water sample collection included
subglacial, supraglacial, and hotsprings
environments. Microbial enumeration of
the samples as conducted using
epiflourescence microscopy. The

number of cells mtin the thermal
Ssprings®o
cells m* and were highest in the
subglacial water samples fl€ells miY).
We assessed the composition of
microbial communigs in this ecosystem
by identifying small subunit ribosomal
RNA sequences amplified directly from

10
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extracted genomic DNA. Initial
screening of cloned DNA (16S rDNA)
by restriction fragment length
polymorphism and sequencing indicated
that the thermal sprirgsgare populated by
bacterial and archaeal species. The
archaeal sequences identified from the
crater hotsprings environment belonged
to kingdomsEURYARCHAEOTANd
CRENARCHAEOTABased on the low
dissolved organic carbon content of the
waters, these phylopgs most likely
represent chemolithoautotrophic
organisms. More detailed analysis of the
geomicrobiology of the crater hotsprings
was conducted in 2068006.

BIOGEOCHEMICAL CHANGES IN
ALPINE CATCHMENTS IN
RESPONSE TO GLACIER
RETREAT

BRUCKNER, Monica Z. SKIDMORE,
Mark L. andBOND, Jeff

Climateinduced deglaciation is
occurring globally with few exceptions.
Alpine glaciers in the Rocky Mountains
and Canadian Coast Ranges are
currently retreating.This study
addresses effects of deglaciation on
biogeocherntal processes in a glaciated
high alpine environment in the Canadian
coastal mountains and as such is the first
of its kind in this region. The study was
conducted in a glaciated catchment at the
headwaters of the Wheaton River,
Yukon, Canada, over th&®@6 melt
season. The unnamed glacier at the
headwaters provides a unique setting to
cBnfharé de@allatidn-p@cessétshas
evolved from occupying one large
catchment (4 ki) to two smaller
catchments (each 2 Kjnvia glacier
thinning and net mass lossyining two
lobes separated by a medial moraine.
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The west lobe terminates into a recently spp. Thee was a higher rate of
formed proglacial lake; the east lobe is precursor incorporation by-B

drained via an outlet streanthe compared to the two well studied
Apai redo catchment s PsyHropactestrains at subzero
atmospheric, solar, and bedrock nutrient  temperatures inferring that strain98s a

sources with minor n@obiotically more suitable organism for experiments

derived carbon.They have similar examining the metabolic activity of

bedrock and climate, providing a natural microorganisms imce. Thus, cultures of

laboratory where nutrient fluxes and Psychrobacter cryohalolentis,

primary productivity can be compared Psychrobacter articugndHGAL_001

for different headwater environments (a psychrophilic isolate from Haut

(lake vs. stream). Gl acier doAroll a, Switze
grown to an Oy of 0.2 in R2A

Analyses of water samples collected medium. B5 was grown to an Ofg, of

from the lake outlet and glacial streams 0.163. Serial dilutions dhese cell

between Junéugust, 2006 indicate suspensions were'lplated

differences in concentrations of major were calculated. Macroscopic colony

ions and organic acids between the morphology was observed and phase

environments. Cell enumerations and contrast microscopy was used to

primary productivity analysis b{/C determine the cell morphology of each

assimilation show contrasts taeten the strain. Growth rates of-B and

lake and stream biota. These results are HGAL_001were quantified at 15°CB-

important in addressing how climate 5andH GA L _ Osaltltalesance was

driven alterations to headwater examined using 0.15% NacCl

biogeochemistry may lead to changesin  concentrationsand-B6s abi |l ity to

downstream ecology by altering the respire*'C glucose at 4°C over 5 days

nutrient supply. was also examined.

EXAMINATION OF THE G ROWTH THE SURFICIAL GEOLOG Y OF

CHARACTERISTICS OF FOUR THE KONGRESSVATNET B ASIN,

PSYCHROPHILIC BACTER IA SVALBARD, NORWAY

CLAUSEN, ChaseSKIDMORE, Mark ANDERSON Leif andLOCKE,

L., andMONTROSS Scott William

Preliminary experiments show that DNA  The surface deposits of the

and protein precursoréH{-leucine and Kongressvatnet (Kongress Lake) basin

3H-thymidine) were incorporated into describe the recent geological history of

trichloroacetic acieprecipitated (TCA) the catchment (or basin). These deposits

material by strais of Psychrobacter spp. are integral to understanding the past

and B5 when incubated af0°C climate of Western Svalbard and our

(Christner and Montross unpublished). currently changinglgbal climate. The

Strain B5, isolated from basal ice from surface geology and sediment sources of

the Taylor Glacier, Antarctica, is a the Kongressvatnet basin result from a

psychrophilic bacterium and is complex interaction between arctic

phylogenetically related t8porosarcina (frostwedging), glacial, lake, river and

11
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slope processes. Understanding
sediment input to the lake is essential for
the nterpretation of sediment cores
within the lake. Sediment cores can
provide annual climate data from the
past 100,000 years. The Little Ice Age
glacial advance (~1550930) of the
Kongress glacier supplied melt water
and sediment to the lake. Additionaidi
grained sediment is supplied to the lake
by permanent snow pack and springs.
The surficial deposits were mapped and
augmented with lichenometric dating
(use of lichen sizes to date deposits),
topographic surveying, and aerial photo
interpretation. Lakéevels were higher in
the past 10,009rs (Holocene) and it is
possible that Kongressvatnet drained to
the west into another proglacial lake;
Linnevatnet. This possibility has direct
implications on sediment core data
collected and from Linnevatnet and may
change interpretations of the past climate
and geologic history of the Linnevatriet
Kongressvatnet region.

PRELIMINARY DATA ON A LONG
SEDIMENT CORE FROM L OWER
RED ROCK LAKE, SOUTH WEST
MONTANA

MUMMA , StephanieWHITLOCK,
Cathy andPIERCE Kenneth

Undesstanding the biotic response to
past climate is important for assessing
the ecological impacts and feedbacks
associated with future climate change.
Although marine paleoclimate sites
dating back to the last fufjlacial are
generally welldistributed, terestrial

sites of this age are sparse, especially in
the Rocky Mountain region. A recently
acquired lakesediment core from Lower
Red Rock Lake (LRRL) located within
Red Rock Lakes National Wildlife

12

Refuge in the Centennial Mountains of
southwest Montanarovides an
opportunity to examine vegetation
changes since the last figllacial
(Pinedale) in the northern Rocky
Mountains. An AMS radiocarbon date
from exposed lacustrine sediments in the
basin have a calibratééC age range of
19,5127 20,053 cal yBP, and these
lithologic units are correlated with
sediments at a depth of approximately
809 cm in the lakesediment core. This
correlation implies that the lake
sediments extend back to the
culmination of alpine glaciation in the
region. Three more AMSC dates are
pending, and three ash layers have been
submitted for tephrochronology analysis.
Fossil pollen will be used to reconstruct
regional temporal variation in
vegetation, and lossn-ignition values
will estimate organic content since the
last ghcial maximum. Magnetic
susceptibility has been measured, and
will provide information on
allochthonous sediment input in the
basin. The fullglacial, lateglacial, and
Holocene record at LRRL will
contribute to the climate and vegetation
history of intemontane basins in the
western US. This investigation will also
yield beneficial information on the
history of the basin for landse
managers of Red Rock Lakes National
Wildlife Refuge.
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CHARACTERIZING THE
SURFACE AND GROUNDWATER
INTERACTION NEAR FOUR
CORNERS MONTANA.
PRELIMINARY DATA FRO M THE
WEST GALLATIN RIVER &
ALLUVIUM

SCHAFFER Mark andCUSTER,
Stephen

The Gallatin River and alluvial aquifer
near Four Corners Montana are
components of a dynamic hydrologic
system in space and time. Variaioin
geologic and hydrologic conditions
combine to create of mosaic of
groundwater exchange with the Gallatin
River. Annual flood events, well
development, and irrigation practices
change the location and timing of water
in the fluvial system thereby affeng

the groundwater exchange with the river.
Previous studies of
groundwater exchanges have been
conducted since 1956 by the United
States Geological Survey. However the
resolution of these studies was relatively
course for identying the specific

locations and character of groundwater
exchange with the river. One goal of this
study is to develop a technique of
assessing the alluvial riverbed for the
timing and location of surface and
groundwater exchange under the present
hydrologic and land use situation.

Understanding how the system functions
is important because land and water use
are changing rapidly along the river
corridor. If the present hydrologic
conditions are to be maintained, creative
solutions integrating natural and
anthropogenic factors will be required.
Before effective solutions can be

13

designed, a conceptual model of the
surface and groundwater exchange must
be developed. The second goal of this
study is to develop a conceptual model
of the hydrologic connectioretween

the Gallatin River and the fluvial

aquifer.

Preliminary results indicate the river and
aquifer do exchange water but the
exchange is spatially and temporally
variable on a scale of meters and days.
The observed variation is hypothesized
to resultfrom changes in land use,
geology, and channel bedform.

CAMPSITE SUITABILITY OF THE
GALLATIN NATIONAL FO REST1
EAST ZONE

DENECKE, Dawn

The campsite suitability study assessed
conditions of user type within three

mobin&in @regéslofahte GallatimMational t s 6

Forest. The scope of the project
provides a wide variety of campsites for
numerous user types without conflict
between user groups as well as
decreasing impacts by utilizing a
previously established campsite. The
Forest Service may employ a map
product gmilar to the GIS created within
this study to decrease unnecessary
iImpacts in pristine and wilderness
settings. Analysis of each campsite is
based upon the Frissell Campsite
Condition Classification System. The
Frissell System classifies each site iato
specific category: pristine, primitive,
moderate use and hardened. Each
category is graded and observed by
ground disturbance; tree damage, and
aggregation of disturbed area, and then
receives an overall impact rating. A
sampling of sites have been oeded via



global positioning unit and graded by the
Frissell System. Popular campsites may
be further improved to mitigate impacts
upon pristine sites. Noxious weeds
impinge upon native plant species and
deem valuable agricultural and
forestland less valible. Large pods of
infestations have been plotted via GPS.
Weeds can diffuse by winds, people,
animals and water. Hikers, horse users,
motorized as well as mechanized users
transport the seeds frequently and
unknowingly. Therefore limiting areas
of high weed incursions to fewer forest
visitors will mitigate the spread of
noxious weed seeds. Actions such as
campsite closures or improvement of
popular ones are appropriate in high use
wilderness and backcountry settings.

THE ECONOMIC, HISTORIC,
SOCIAL, AND GEOGRAPHIC
IMPACTS OF HUNTING IN
SOUTHWESTERN MONTANA

BERGSTROM Ryan D. andHANSEN,
Katherine

Mont anads wildlife
exploited to near extinction, and at
others it has beco

prized possession. Today, multiple
interes groups vie for not only the
ecosystems that wildlife inhabit, but also
the wildlife themselves. This is
especially seen in the 18,089 square
miles that constitute Montana Fish,
Wildlife and Parks (MFWP) Region 3.
Funding for MFWP is provided through
ahunter and manufacturer sponsored
excise equipment tax known as the
Federal Aid in Wildlife Restoration
Program, or more commonly, the
PittmanrrRobertson Act, and state license
user fees that vary according to the
species hunted, and location of

14
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residency.Conservation efforts

provided through these funds are directly
and indirectly responsible for increased
and healthy wildlife populations, as well
as the expansion of lands acquired to
conserve and sustain these populations.

By providing a healthy andiverse
variety of game species, the state of
Montana is able to continually increase
the number of hunters to the state. This
increase funds additional conservation
efforts, while at the same time
stimulating local economies via food,
lodging, equipmentand transportation
expenditures. These increases to local
economies are especially important to
western Montana communities who have
in recent years seen a shift away from
extractive and natural resource
exploitation industries.

The hypothesis of thistudy is that there
exists a positive spatial and temporal
coincidence in the social involvement of
hunters, game species harvests, habitat
conservation with huntezontributed
monies, and community economics.

has at ti mes been
WELCOME TO MARLBORO

meCOUNMTRY: SRACING GHE mo s t
LANDSCAPE EVOLUTION OF THE
CRAZY MOUNTAINS, MONTANA

NYGAARD, Kimi and WYCKOFF,
William

From early indigenous peoples to the
modern day ranch tycoon, the settlement
geography and cultural landscape of the
Crazy Mountains have reflected the
operative cultureand social forces
throughout time. The evolution of that
landscape is a dynamic and continual
process illustrating the continuum of
agents both great and small that
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effectively wed nature, culture, and influences how residents understand the
people to the land (Wyckoff, 2006: 146). changes taking place in their community.
Consequetty, like many other mountain Focused interviews arahalysis of the
regions of the American West, a myriad cultural landscape are used to understand
of human signatures imprint the Crazy how residents of Poplar, Montana
Mountains, reflecting the multifaceted perceive decline and develop strategies

and sometimes contested exploitation of  to counter many of its negative social
what has been collectively referred to as  consequences. Since the bulk of this

the New West (Riebsame, 199 By research will be conducted in the
reconstructing the historical summer of 207, this poster presents the
geographical structure and evolution of conceptual framework and methodology
the Crazy Mountain landscape, | intend of the study and includes some

to demonstrate the importance of place preliminary findings.

and effectively the influence time and its

associated agents have on place. My CITY OF BOZEMAN PUBLIC ART
research focuses orhat the

geographical landscape evolution of the RIVNIE, Melissa

Crazy Mountains reveals about the

previous, present, and future state of With the rapid growth of Bozeman in
mountai nous r egi o0ns recentylamrsethere bas been aNealigation
West. of the appreiation and need for public
art. In order to understand where public
PERCEPTIONS OF CHANGE AND art could be placed in the future as the
STRATEGIES FOR DEALING city continues to grow, there is a need to
WITH COMMUNITY DECLINE IN know where it already exists. With that
POPLAR, MONTANA in mind, a public art inventory was
conducted in the spring @007.
WARREN, Scott Working with the City of Bozeman GIS
Department, GPS and aerial
Farm consolidation, business closures, photography were used to calculate
loss of industry and a number of other locations of public art within Bozeman
factors have contributed to the decline of  city limits. This data was then
many communities throughout the incorporated into a GIS and summarized
American West. In contrast to amenity in a map. The data, accompanied by
rich locations in the region with growing photographs of the art, is also available
populdions and booming economies, on the Internet, through the GIS
these communities struggle to maintain Department 6s website.
their remaining economic and social possibility of future mediums being
institutions. The traditional narrative of created for tourism or other public
decline, however, is complicated when interests.

applied to communities that lie within
Indian reservations. Muttiaaal
populations, changing notions of
identity, disputes over sovereignty and
traditionally high rates of unemployment
all create a unique context which
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SCIENCE AND SOCIETY
FELLOWS: A GK -12 PROGRAM
AT MONTANA ST ATE
UNIVERSITY

LUTZ, Eric, COHN, Teresa and
GRAUMLICH, Lisa J.

Big Sky InstituteGK-12 Science and
Society Fellows program is an NSF
funded program that partners graduate
and undergraduate fellows at Montana
State University (MSU) with teachers in
rural communities within the Greater
Yellowstone Ecosystem (GYE), where
environmental and natural resource
issues occupy center stage. With a
principal goal of improving
communication and leadership skills of
participating fellows, this GKL2

program is uniquéecause it enhances
science education in ruralk2 settings
by infusing locally relevant, current
environmental science research about
GYE into K-12 classrooms. Fellows
work with rural teachers and students to
capitalize on students' interest in nature
to motivate scientific learning. In our
poster, we describe two exemplary
projects involving fellows from the
Department of Earth Sciences. Eric Lutz
collaborates with Jeremy Harder, Dave
Neal, and Dr. Anne Marie Mistretta of
Ophir School (Big Sky, MT) and it
local ski areas to implement service
learning projects that foster 1) an
appreciation for the uniqueness of Big
Sky's mountain environment and 2) a
strong understanding of the complex
interactions between the natural
landscape and human activities. dingh
field and classroom activities th& 4
grade is developing inquityased
investigations of various themes in
mountain geography and th& &nd &"
grades are developing and implementing
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a local avalanche awareness program.
Teresa Cohn collaboratestiviMark

Roy, Gene Meier and Ft. Washakie
School on the Wind River Indian
Reservation (WY) to better understand
the complex cultural and ecological role
of the Wind River watershed in

the GYE

RECONSTRUCTING FIRE
HISTORY IN THE SUB -ALPINE
FORESTS OF ROCKY MOUNTAIN
NATIONAL PARK

WHITMORE, Andrew

The dominant cause of environmental
disturbance in the sudlpine forest zone
Is fire. The timing and spatial
distribution of fire regimes are
influenced by a variety of factors
including fuels, climate, and togmaphy.
Two common methods of investigating
fire history are dendrochronological
studies of treging data and charcoal
analysis of lake sediments. Currently,
the spatial scale represented by charcoal
within sediments is not clearly defined.
This studyintends to compare
macroscopic charcoal (>120 um) data
from four lakes in Rocky Mountain
National Park (RMNP) with an earlier
fire history reconstruction in the same
area which utilized treeng analysis.
Spatial analysis utilizing GIS will show
the reldionships of vegetational and
topographic variables within the
watersheds of individual lakes. Data
from charcoal analysis will be compared
to treering data in order to measure the
ability of lakes in the sulalpine zone to
detect fires. The integratiaf charcoal
and treering analysis allows for an
estimation of the relative size of an

i ndi vidual | akeds
The results of this study will be

charco
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integrated into an ongoing project which
is reconstructing fire history in RMNP
on a millenniatime scale.

MULTIPLE SCALES OF
CONFINEMENT FOR
CONGLOMERATIC SLOPE
VALLEYS: EL ROSARIO
FORMATION (UPPER
CRETACEOUS), BAJA
CALIFORNIA, MEXICO

ANDERSON Bryan J.,OCHOA, Jesus
A., MCNAMARA, Kelsey,MELICK,
Jesse J., GARDNER, Michael End
SCHMITT, James$s.

Slope valleyfill deposits (200 m thick; 2
km wide) of the El Rosario Formation
are encased in slope mudstone and
record evolution from erosional to
depositional confinement. Longitudinal
and crosssectional exposures of
degradational, accretionaryjch
aggradational conglomerate channel fills
are flanked by, or interbedded with, thin
bedded sandstone and mudstone. These
changes are documented across four
canyons which dissect the 2.5 km long
study area. Preliminary results indicate
<10% of the multigry fill is erosionally
confined.

This slope valley succession changes
upward from an isolated 30 m thick by
300 m wide degradational composite
channel incised into slope mudstone to a
90 m thick succession consisting of three
channel complexes (30 m tkjc600 m
wide) interdigitated with thitbedded
levees. Two laterally offset channel
complexes (15 m thick; 200 m wide) cap
the succession. Three models proposed
to explain the evolution of slope valley
systems are: (1) coeval chanimlee
deposition, (2)evee formation prior to
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backfilling, or (3) proportional change
with more levee than channel deposition,
followed by more channel than levee
deposition.

These models impact predictions of
downprofile sediment bypass, internal
connectivity, and heteregeity. Model 1
describes deposition and aggradation
with sediment bypass occurring within
large flows that transmit their fine
fraction downprofile. Model 2 requires
development of largscale erosional
surfaces recording levee deposition
preceding backilling unrelated to
downprofile deposition. Model 3, most
consistent with these data, combines the
first two by modulating the proportion of
filling. Erosion at the elementary and
composite channeicales is the
dominant mode of confinement at the
scaleof the slope valley. Hence, slope
channel classification on the basis of
erosion has meaning only if channel
elements are hierarchical.

DYNAMIC BEHAVIOR IN DEEP -
WATER GRAVELLY
SUBAQUEOQOUS FLOWS, EL
ROSARIO FORMATION (UPPER
CRETACEOUS), BAJA
CALIFORNIA, ME XICO

MCNAMARA, Kelsey, ANDERSON,
Bryan J., OCHOAJesus A.,
GARDNER, Michael H. and SCHMITT,
James G.

Conglomerate channel deposits confined
to 2 km wide slope valleys record
traction transport in and deposition from
subaqueous flows. Examination of 0.4
to 2 m thick sedimentation units reveals
associations of 29 defined facies,
including clastsupported massive
conglomerates with normal to inverse



grading and finingto coarsening
upward stratification, with regular
massive ungraded beds. Framework
clads include rounded metamorphic,
igneous and sedimentary cobbles and
pebbles with rare angular bioclast
sandstone boulders. Fite medium,
moderatelyto poorlysorted sand matrix
represents 5 to 50% of a sedimentation
unit. These facies attributes show
conspicuous lateral changes within
individual beds over distances of one or
more meters. Despite abrupt lateral
variability, the vertical succession
consists of similar facies reflecting
restricted movement within channel
confinements. Sedimentation tawere
produced by individual sediment gravity
flows characterized by internal flow
transformations from debris flows to
hyperconcentrated flows to higand
low-density turbidity currents.

Lateral changes in texture and geometry
of conglomerate beds fett changes in
the axis or margins of the depositing
flow. Evidence of traction along flow
axes reflects nonuniform turbulent flow,
whereas massive deposits suggest
cohesive behavior. Composition, grain
size, and abundance of matrix are
laterally consignt, with variation in
grading and stratification.

Lateral and longitudinal changes in
conglomerates reflect transitions in
sediment support mechanisms within
subaqueous flows. Assigning a specific
process to a sedimentation unit is
problematic due ttateral variability
occurring within the same unit.
Designating dimensional attributes (e.g.
length, width, shape) to deposits based
on 1D interpretation of cohesive vs.
turbulent flow behavior should be
avoided.
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MULTIPLE ORIGINS OF THIN -
BEDDED SLOPE TURBIDITES: EL
ROSARIO FORMATION, UPPER
CRETACEOUS, BAJA
CALIFORNIA, MEXICO

OCHOA, Jesus A., ANDERSON, Bryan
J., MCNAMARA, Kelsey, GARDNER,
Michael H. and SCHMITT, James G.

Thinly interbedded sandstone and
mudstone in erosionally to
depositionally confinedlope valleys are
interdigitated with conglomerate channel
fills and form metesscale units encased
within a 300mthick mudstone
succession separating slegaley from
underlying canyon fill deposits.
Thin-bedded deposits within the valley
fill form up to 25m thick and 230m wide
wedge shape bodies consisting of 25
83cm thick, finemedium, moderatevell
sorted, subangular sandstone interbedded
with 3-10cm mudstone. Sandstone beds
thin laterally from 83 to 5cm over 35m,
contain climbing unidirectional ripple
crosslamination, plane to wavy
laminations commonly bracket ripples,
mudstone thicken laterally. Horizontal
sandfilled burrows are present at
sandstone bed tops. THiedded

deposits flanking and confining
multistory slope valley channels form up
to 80mthick successions that thin and
pinch out over 500m; these consist of 2
15cm thick fine sandstone beds
separated by-12cm thick mudstone
interbeds. Sandstone beds show the most
conspicuous lateral grain size changes
and contain parallel laminations and
climbing ripple cross stratification.

Thick slope mudstones encasé¥n

thick thinrbedded deposits that form a
tabular 130nthick and >1 km wide
successions. Very fine to fine, well
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sorted, subounded sandstone forms 5
25cm thick beds showing little latdr
change over 40m with plane to wavy
bedded facies most common. Low
diverse trace fossil assemblage in both
sandstone and mudstone.

Temporal and spatial controls on these
three thinbedded facies assemblage
include lateral gradient changes related
to levee height; preservation vs.
deposition control internal levee
thickness, and sedimentation from
failure vs. river initiation flows for the
more continuous neassociated slope
valley deposits.

THE SPATIAL VARIABILITY AND
DISTRIBUTION OF EARLY
DIAGENETIC PR OCESSES AND
PRODUCTS ALONG SUPER
SURFACES OF INLAND,
SILICICLASTIC ERG DEPOSITS

BERGERON Melody

Understanding the variability and
distribution of early diagenetic processes
and products along super surfaces is
important for improving our
understandingfdluid flow in

subsurface eolian reservoirs for
hydrocarbon recovery, future GO
sequestration, aquifer management, and
groundwater contaminant transport.
Super surfaces are regional surfaces that
result from erg termination, contraction,
or migration andepresent erosion,
sediment bypass, or stabilizatidrhe
presence of a super surface in an eolian
reservoir may create a barrier to fluid
flow depending upon the history of
deposition, burial, and diagenesis. The
diagenetic processes and products along
super surfaces have not been described
in the literature; however, the diagenetic
history, variability, and distribution of
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such products would affect fluid flow
and create heterogeneity in the reservoir.

This study focuses on early diagenesis,
includingsyndepositional diagenesis,
along super surfaces of inland,
siliciclastic ergs. Study locations are in
Utah (31 and 32 unconformity atop the
Jurassic Navajo Sandstone) and in
Namibia (super surface atop the Tertiary
Tsondab Sandstone and a modern super
surface forming on the southern Namib
Desert). Outcrops will be mapped for
bounding surfaces, depositional
environments and crosdrata types and
sampled above and below the super
surfaces for diagenetic event
comparisons. Diagenetic features will be
descibed at various scales
(dunelinterdune, crosdratification type,
and interstratification) using a field
permeameter, petrographic analysis,
SEM/FEM, CL, and XRD. Cement
composition and texture will also be
used to determine the hydrologic regime
and itsinfluence on the formation of
these super surfaces.

DEPOSITIONAL ENVIRON MENT
AND TAPHONOMY OF MAR INE
VERTEBRATE BIOFACIES IN THE
LOWER CRETACEOQOUS (AL BIAN)
THERMOPOLIS SHALE, SOUTH-
CENTRAL MONTANA

LASH, Catherine

The Skull Creek Member of the lower
Themopolis Shale records deposition in
an offshore to deeper water setting in the
Western Interior Cretaceous Seaway as
the northern, boreal arm of the seaway
transgressed into the Western Interior
Basin and ultimately joined with the
southern arm of the seawin Albian

time. The black shales of the Skull
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Creek Member contains a coarse
grained, marine vertebrate biofacies
comprised of an unusually abundant
marine bioclastic fossil assemblage
including plesiosaur, marine crocodile,
hybodont shark, turtle, andleost fish
skeletal material and terrigenous clastic
(chert) pebbles. These coaxgmined,
bioclastic units within a finegrained
mudrock succession record a change in
depositional energy and may reflect a
change from offshore to a lower
shoreface mame setting. Previous
workers have interpreted this bone bed
as a transgressive lag deposit marking
the top of a lowstand unconformity.
Other depositional scenarios including
offshore storm or subaqueous flow
deposition suggests possible transport to
a de@er water setting. The reported
presence of the terrigenous chert pebbles
within this biofacies implies a potential
mixing of marine and nemarine

material. This study will address the
sediment transport processes
(subaqueous flow or storm event) or lack
thereof (winnowing) responsible for this
biofacies, changes in the depositional
setting from offshore to lower shoreface
condition with respect to grain size
change, taxonomic diversity of faunal
composition and skeletal elements, and
the taphonomic sigmare of the fossil
assemblage. Establishing the mechanism
of sedimentation is important for
determining if the biofacies are a time
instantaneous fossil assemblage or a
time-averaged accumulation recording
temporal mixing of paleocommunities.
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PROCESES OF COPROLITE
MINERALIZATION

JOHNSON Elizabeth A.

Rapid mineralization is a key process
involved in soft tissue fossilization. Soft
tissue preservation is rare in the fossil
record; however, recent discoveries have
prompted paleontologists to-exaluate

the pace at which mineralization occurs.
The discovery of a coprolite (fossilized
feces) with undigested muscle proteins
suggests that mineralization must occur
rapidly to preserve these structures.
Unrelated experiments involving the
mineralizationof shrimp have shown

that soft tissues can mineralize within
weeks under specific conditions. A Ssix
week experiment involved placing wolf
feces in containers of salt and fresh
water of varying phosphate, carbonate,
bacteria and oxygen concentrations to
better understand the processes involved
in coprolite preservation. Dissolved
oxygen, salinity, conductivity, pH, water
clarity, presence and/or absence of bio
films, and visual approximation of feces
consolidation were measured. Scanning
electron microsape (SEM) pictures will
evaluate if rapid mineralization occurred
and what minerals were precipitated.

OPEN WIDE! DINOSAUR TEETH
FROM ETHIOPIA'S MUGHER
MUDSTONE

HALL, Lee

The Mesozoic vertebrate fauna of
Ethiopia have been relatively elusive to
paleontdogists when compared to
plentiful discoveries across the rest of
the continent. Previously recorded taxa
include chondrichthyans, osteicthyans,
dipnoans, chelonians, crocodyliformes,
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and dinosaurs. Particularly rare,
Ethiopia's first dinosaur specimensn&
discovered in the 1990s along tributaries
of the Blue Nile River south of Lake
Tana on the northwestern plateau. Large
exposures from the Late Jurassic/Early
Cretaceous Mugher Mudstone follow the
sinewy twists of these northwestern
Ethiopian rivers.These localities are
significant due to their location on the
opposite side of the Ethiopian Rift

Valley from sites where Ethiopia’s first
recorded mesozoic taxagpidote$ were
discovered. Two theropod (cf.
Acrocanthosauruysgenus and sp. indet.)
and two ornithopod (hypsilophodontid)
teeth have been described from localities
along the Jema River (Jema River Shark
Tooth Hill; Jema River North). This
study presents an initial examination of
undescribed Ethiopian dinosaur material,
which includes a colleiin of tiny teeth
from the same toothearing localities.
These remains will be taxonomically
classifed and compared to
contemporaneous taxa in other regions
of Africa. The Tethys Sea is considered
in regard to its effect on the separation of
Gondwananad Laurasian taxa during
the Late Jurassic and Early Cretaceous.

MORPHOLOGICAL TRAITS
INDICATIVE OF SCANSORIAL
HABIT IN THE THEROPODA

STIEGLER, Josef

The evolution of avian flight has long
been a contentious topic within the
paleontological community. Byuments
traditionally hypothesize a sequence of
evolutionary events that reflect either an
arboreal or cursorial origin. The

arboreal theory requires that avian
ancestors had scansorial capabilities, and
that there existed a gliding phase prior to
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the development of powered flight;
however, neither of these has been
sufficiently demonstrated within the
literature, nor have they received the
requisite attention. The purpose of this
study is to address the question of
whether or not avian ancestors possdss
scansorial ability within an arboreal
environment.

Morphological characters indicative of
climbing ability in the skeletons of
extant animals were compiled through
literature review. These features will be
identified in fossil specimens
representatie of the major theropod
families. A significant phylogenetic
concentration of these elements within
any monophyletic theropod group, along
with an accumulation of characters in the
associated stem group would provide
strong evidence for scansoriality atine
impetus for a more extensive
comparative investigation for that
grouping. It is expected that skeletal
elements beneficial for climbing will
appear in specimens that were likely to
scale prey animals, and cluster
phylogenetically with miniaturization
events such as that seen in the
dromaeosauridae.

AN ANALYSIS OF CRANIAL
VARIATION IN TRICERATOPS
FROM THE HELL CREEK
FORMATION, MONTANA

SCANNELLA, John B.

Since the time of its discovery in 1887,
Triceratopsi one of the most famous
nonavian dinosaurg has been divided
into as many as sixteen species based on
variations in cranial morphology.
Analyses conducted in the 1990s
reduced this number to two; however



SECOND ANNUAL EARTH SCIENCE STUDENT COLLOQUIUM

there is still a degree of uncertainty as to
precisely how much variation is present
in thisgenus. The root of much of this
confusion has been the lack of an
ontogenetic (developmental) sequence
for Triceratops Without a firm
understanding of the degree of
individual, developmental, and sexual
variation that is found within a group of
animals,it is extremely difficult to
accurately classify individual specimens
as belonging to a particular species.

In light of a recently published
ontogenetic series fdmriceratops it is

now possible to reassess variation in this
genus. The present studyiivgroup
individual animals according to
ontogenetic stage (baby, juvenile, sub
adult, adult). Each ontogenetic group
will be morphometrically analysed using
Principal Components Analysis,
Principal Coordinate Analysis, and
Cluster Analysis in an attemfut
determine how much variation is present
in Triceratops The ontogenetic
bracketing of the specimens may also
reveal when major differences between
individuals (perhaps due to sexual or
species variation) occur. The results of
these analyses will be cgared to
studiesorm r i ¢ e rclasesolipirsgd
relatives: crocodilians and birds.

STRUCTURAL ANALYSIS OF
PRESSURE SOLUTION
CLEAVAGE IN THE MCCA RTNEY
MOUNTAIN FOLD -THRUST
SALIENT, SOUTHWEST
MONTANA

HELMKE, Elizabeth A., and
LAGESON, David R.

The McCartey Mountain salient is a
distinct convexeast segment of the
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Sevier foldandthrust belt in southwest
Montana, lying east of the Pioneer
batholith and west of the basemented
Laramide foreland province. The feld
andthrust belt is characterized by 8|
trending, insequence, ramfat thrust
faults with a maximum displacement of
the Permian Phosphoria Formation over
Lower Cretaceous Kootenai Formation.
North plunging disharmonic syncline
anticline pairs that exhibit intra
formational thrust imbricatesphse
structures and fault bend folds exist in
the hanging wall and footwall of this
thrust system. Pressure solution cleavage
(PSC) occurs in the carbonate members
of the Kootenai and Triassic Dinwoody
formations throughout the field area.
PSC has been mped and characterized
according to morphology, domainal
spacing and orientation for all exposed
outcrops of the lower dolomite unit in
the middle carbonate member of the
Kootenai. This PSC exhibits planar
morphology with domainal spacing at
the mmcm scaleclassified as strong
spaceecleavage to slatgleavage.
Structural orientation data divides the
PSC into two populations. Surface 1 is
defined by axial planar PSC trending N
S, dipping east, inferred to have formed
synchronously with folding. Surface & i
recognized by BV trending PSC that
dips within 10 of vertical. Later tectonic
influences such as 1) impingement
against the Biltmore anticline, a foreland
Laramide structure, 2) Late Cretaceous
magmatic inflation of the foldhrust belt
and/or 3) Eocem corecomplex

formation could provide mechanisms for
N-S shortening and surface 2
development.
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THE RELATIONSHIP BETWEEN
LATE CENOZOIC GLACIATION
AND MODERN TOPOGRAPHY IN
THE SAN JUAN MOUNTAINS OF
SOUTHWESTERN COLORADO,
U.S.A.: IMPLICATIONS FOR AND
ARID GLACIAL BUZZSAW

MCKEON, Ryan

Research has indicated that glacial
erosion in actively uplifting mountain
ranges may be capable of limiting
topography irrespective of variable late
Cenozoic exhumation rates, leading
researchers to characterize the psscas
a nglaci al
coupled with recent computer modeling
studies, has significant implications for
how mountain landscapes and internal
structures of mountain belts evolve. The
research establishing the glacial buzzsaw
theory hadeen confined to regions of
maritime climate and active plate
convergence (e.g. Patagonia, coastal
Alaska), leaving the pervasiveness of
this phenomenon in question. The
purpose of this study is to investigate the
impact of late Cenozoic glaciation on the
topographic development of the San
Juan Mountains of southwestern
Colorado. The aridity and extensive
glacial history of the San Juans is
characteristic of much of the Rocky
Mountains of western North America.
Using Digital Elevation Models and GIS
for terrain analysis in conjunction with
low temperature thermochronology to
measure exhumation rates across the
range, the degree to which glaciation has
controlled the topographic evolution of
the range can be evaluated. The
presence of a strong glacial beaw in

the San Juans will imply that even in

arid climates, climatic forces in the form
of glacial erosion have a strong influence
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in the topographic development of
mountain systems. Conversely a weak
or nonexistent signal of glacial control of
the evoluion of the range would indicate
that the erosive potential of alpine
glaciers is dependent upon climatic and
tectonic setting, limiting the
pervasiveness of the glacial buzzsaw.

DOES PLATE TECTONICS OCCUR
ON ENCELADUS?

MCLEOD, Scott

Cassini OpofthxSaturor at i o
system has provided striking evidence

buzzs aw. othatthesmall moarsEheelndusg iofar |

more geologically active than had been
previously suspected. Higlesolution
imagery from the ongoing Cassini
orbiter mission and loweresolution
imagery from the Agust 1981 Voyager

2 flyby will be used to construct a global
tectonic map of Enceladus. This map
will allow testing of the following
hypotheses: that tectonic features
observed on Enceladus are structurally
and kinematically compatible and are the
resultof an organized system of plate
tectonics, analogous to (but different
from) that of Earth; that tectonic features
observed on Enceladus are structurally
inconsistent with plate tectonics and are
the result of cryovolcanic activity, or

that tectonic featws observed on
Enceladus are the result of tidal flexing.
The validity or otherwise of each
hypothesis will be weighed against its
applicability over the surface of
Enceladus as a whole. While it is a small
bodly, its surface area of oversSt®OknT
(~51% that of Alaska and the
dynamically complex space environment
in which it exists leaves open the
possibility that some areas may be
primarily tectonic provinces, while



others may be cryovolcanic or tidally
induced, and some may be anomalous
(i.e. resistantd analysis using terrestrial
models).

BASIN SYSTEMS ANALYSIS AND
RESERVOIR
CHARACTERIZATION OF THE
POWDER RIVER BASIN WITH
APPLICATIONS FOR GEO LOGIC
STORAGE OF CO2

MELICK, Jesse JGARDNER, Michael
H.

Realistic assessment of CO2 storage
capacity requies understanding
sedimentary basin anatomy and the
fluids in it (basin system). MuHlscale
geologic description, documents
geologic attributes, (e.g., basin history,
depositional environment, rodluid
interactions, rock type). Characterizing
these paraeters defines potential
reservoirs, and placing them into basin
plumbing context permits capacity

assessment. Finally, the construction and

guality of petrophysical and fluitlow
simulation models depends on these
input parameters.

The Powder River Basi(PRB) in
Wyoming and Montana (70,000 Rjn
represents a unigue opportunity, having
over 100years of hydrocarbon research
and production and a quality dataset
(nearly 28,000 wells and one million
stratigraphic picks, taking over 14
geologistmanyears taconstruct).

Nearly 100,000 wellogs provide
lithology and, when calibrated to basin
wide core and outcrop, permit facies
mapping and paleogeographic
reconstruction. Long production history
produces enhanced oil recovery (EOR)
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possibilities to increase ewomic
incentives.

The Phanerozoic PRB geology records
six main depositional environments with
associated reservoirs. These include: 1)
Coal beds; 2) Isolated shallenvarine
sandstones (potentially higlolume
reservoirs, EORpossible); 3) Incised
valleyfills (linear isolated high
permeability reservoirs, EGPRossible,
moderate leakage risk); 4) Shale,
Carbonate and Salts (basinde seal); 5)
Layered coastal eolian dunes and
shallowwater carbonates (isolated pod
like reservoirs, significant storage
potertial, EORpossible); 6) Widespread
shallowwater carbonates (potentially
high-volume reservoirs, principle storage
target).

Preliminary calculations suggest the
PRB (70,000 km3) provides only 5%
storage capacity, and up to one gigaton
total CO2 storage.His project will 1)
develop a workflow for analyzing basin
systems and
storage potential and 2) provide rock
property information for fluieflow
simulations.

STRATIGRAPHIC
ARCHITECTURE OF TWO
INCISED VALLEY FILLS:
FIDDLER CREEK AND
CLARETON FIELDS, WYOMING

PEDERSON, Keriann H. arBOWEN,
David W.

Fiddler Creek and Clareton incised
valley-fill trends, in the Powder River
Basin, Wyoming, constitute a rare
geologic setting. This study evaluates the
stratigraphic architecture of the two
adjacent Early Cretaceous paleovalley

guanti fying
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fills. Stratigraphic architecture controls
the threedimensional relationship of
potential migration and leakage
pathways of both natural and induced
fluids. In turn, fluid migration pathways
determine suitability ofhese systems for
Enhanced Oil Recovery (EOR) and
carbon dioxide sequestration.

Stratigraphic architecture is a function of
accommodation and sediment supply.
Seldom are any sedimentary controls
constant thus allowing the other to be
evaluated independédnt The two
paleovalley systems that are the focus of
this study are exceptional in that they
have common controls on
accommodation, are proximal, and
similar in relative size. They differ in

that Fiddler Creek valley system is a
coastal plain valley, wheas Clareton
valley system is a piedmont valley. This
allows the effects of different sediment
supply rates to be evaluated
independently.

Data in the study area consists of surface
outcrops, greater than 6,000 wireline
logs, and numerous cores. This data
facilitates continuous mapping of the
valley systems 75 kilometers down the
valley axes. Multiple bentonite layers are
also present in each of the valleys;
dating of these bentonites and their
correlation between the valldyis aids

in interpreting intenal valley

stratigraphy and helps to establish
subsidence rates for each vaifdly

Because of their similar history and the
plethora of data available for these two
unique valleyfill systems, they are ideal
for studying the sediment supply control
on stratigraphic architecture in incised
valleys.
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EXPERIMENTAL STUDIES ON
SUPERCRITICAL CO
CHALLENGE TO BRINE AQUIFER
RESERVOIR ROCKS

HANSEN, Logan,SKIDMORE, Mark,
BOWEN, David andGARDNER,
Michael H.

Rising atmospheric C{zoncentrations
are of concer due to their potential
contribution to global warming.

Geologic storage of C{bhy injection

into brine aquifers is currently viewed as
a promising avenue for sequestering,CO
due to large potential storage space,
general proximity to significant point
saurces of CQ, and mean porosities and
permeabilities favorable to injection.
CQO, is supercritical at subsurface
conditions (depths > 800m and
temperatures > 32) and thus its
interaction with rocks and formation
waters are difficult to evaluate using
stardard geochemical models. Hence,
the effects of injecting supercritical GO
into brine aquifers are poorly
understood. This research involves
laboratory studies on supercritical €O
waterrock interactions to improve our
understanding of these fundamental
processes. The project has involved
injecting supercritical C@into rock

cores prepared from Madison Formation
outcrop samples. The Madison
Formation is a brine aquifer that has
been suggested as an important target for
CO, sequestration in the Powder Riv
Basin, WY. We have developed a flow
through core reactor in which rock cores
from the Madison Formation are flooded
with supercritical CQand reproduced
formation water to simulate the near
well effects of CQinjection. We report
on the physical effds, including

changes in crush strength, porosity, and
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permeability, as well as brine chemistry
evolution as a result of Ganjection

into Madison Formation cores. This
research will provide data to improve
reservoir modeling studies and
evaluation of théMadison Formation as
a potential sequestration target.

STRUCTURAL
DISEMBOWELMENT OF THE ELK
RANGE THRUST BELT,
SOUTHWEST COLORADO

TULLY , Justin and LAGESON, David
R.

The Elk Mountains of southwest
Colorado expose a thick Pennsylvanian
Permian successidisplaced
southwestward, in late Cretaceersly
Paleogene time, along the MNipping

Elk Range Thrust System (ERTS)he
ERTS includes the lovangle, en
echelon, Elk Range and Brush Creek
thrust faults and trends southeast from
Redstone to Taylor Caow. This thrust
system represents the dissected up
plunge core of a major tectonic feature
in western Colorado, the Grand Hogback
monocline. The ERTS is bound sharply
to the east by a NNWrending

monocline of Precambrian through
Mississippian rocks, d@aced
synthetically along higlangle reverse
faults. The geometrically awkward
arrangement of this basemartred
monocline immediately adjacent to the
low-angle ERTS has led previous
investigators to propose gravitational
sliding as the driving mechammsfor the
low-angle thrust systemtowever, new
mapping, balanced crosgctions and
kinematic analyses demonstrate atwo
stage Laramide deformational event for
this region. Thick-skinned, lowangle
displacement first occurred along a
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common basal décelnent (ERTS),
followed by highangle basement
involved faulting (Sawatch Range uplift)
that ultimately truncated the leangle
structures.As a result, the basement
cored uplift was juxtaposed against the
earlierformed ERTS at high structural
levels.

NEW RECORDS OF FOSSIL
WALRUSES AND FUR SEALS
(MAMMALIA:PINNIPEDIA) FROM
THE LATE NEOGENE OF
NORTHERN CALIFORNIA

BOESSENECKERRobert W.

Pinniped fossils are rare in the
stratigraphic record; however they are
well studied despite a paucity of
material. Newfinds of walruses and fur
seals from Northern California yield
important biogeographic information
and elucidate phylogenetic relationships
of fossil taxa.

An associated left forelimb of a walrus
represents the first vertebrate remains
from the latest Mdcene (6.66.4Ma) St.
George Formation near Crescent City,
California. The morphology of the bones
is very similar to walrus fossils collected
from the contemporaneous Purisima and
San Mateo Formations, which outcrop in
Central and Southern California,
regectively. This fossil represents a new
record of the shotimbed

Dusignathinae.

New fur seal fossils from the late
Pliocene (2.2.6Ma) lower Rio Dell
Formation at Scotia Bluffs represent a
new northern record for the extinct
Callorhinus gilmorej prevusly known
from Southern California and Japan.
Included are several postcranial bones



and a pair of well preserved dentaries.
Several bones from a contemporaneous
locality in the Purisima Formation are
referred to this taxorC. gilmoreiis
characterizedby singlerooted P12, and
doublerooted P3VI1.

A new dentary from the early
Pleistocene (1-4.3Ma) upper Rio Dell
Formation represents a new species of
Callorhinusintermediate betwee@.
gilmoreiand the extant. ursinus No
previous early Pleistocerfer seal

fossils from the northeastern Pacific
have been documented. This new taxon
has single rooted P4, and a double
rooted M1. Several pinniped lineages
trend towards fusing all double rooted
postcanine teeth from anterior to
posterior. This fossililis in a major gap
in pinniped evolution.

THE ANATOMY AND
FUNCTIONAL MORPHOLOGY OF
AN UNUSUAL NEW BIRD FROM
THE EARLY CRETACEOQOUS OF
LIAONING PROVINCE, CHINA

MORSCHHAUSER Eric and
VARRICCHIO, David J.

The Early Cretaceousge lacustrine
deposits of th&ixian and Jiufotang
Formations from Liaoning Province,
China are unparalleled in their diversity
of excellentlypreserved fossil bird
species. Here we report our examination
of an exquisitely preserved
enantiornithean specimen from the
Jiufotang Formatio (DMNH D2522).

The specimen possesses the following
features in common with the known
specied.ongirostravis hanil) long,
tapering and slightly curved rostrum and
2) dentition restricted to the premaxilla
and rostraimost dentary. Both DMNH
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D2522 and th type specimen of
Longirostravisare nearly identical in
every linear dimension. The sternal
lateral processes of the new specimen,
however, di ffer
form diagnostic of.ongirostravisand
the numbers of sacral and caudal
vertebrae dfer between the two
individuals This new specimen also
exhibits several unusual features. The
astragalus is not fused to the tibia. An
unknown subtriangular element occurs
on both sides of the specimen just lateral
to the sternocoracoid contact. The m&n
is highly derived for an enantiornithine.
Each of the digits lacks unguals and the
phalangeal count stands at a highly
derived 12-2-0-0. An analysis of the
pedal phalanges indicates that the feet of
the new specimen were adapted for
perching, which copled with its long
rostrum could indicate an arboreal
probing lifestyle similar to that seen in
wrens and warblers. We are currently in
the process of evaluating the identity of
DMNH D2522, though it is likely that it
will be found to be new species, iftre
new genus.

A RE-EVALUATION OF THE KP
BOUNDARY WITH SPECIAL
CONSIDERATION TO
LITHOSTRATIGRAPHY AND
CHRONOSTRATIGRAPHIC
RESOLUTION NEAR JORDAN, MT

TURNER, B. William

The extinction of the dinosaurs at the
end of the Cretaceous has been one of
the mosttompelling topics in geology
over the past 30 years. This study
focuses on two features of high
resolution chronostratigraphy of the
terrestrial KP (CretaceouPaleocene)
boundary to clarify the nature of the

from
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boundary near Jordan, MT. One
examines the cbnostratigraphic and
lithostratigraphic positions of the-R
boundary; the other shows the
lithostratigraphic boundary is
diachronous. An Iridium (Ir) anomaly
marks the chronostratigraphiciK
boundary. The lithostratigraphic position
of the K-P boundarys the transition
between the Hell Creek and Tullock
Formations. Due to the time
transgressive nature of the
lithostratigraphic boundary, either the
Upper Hell Creek was deposited during
the Paleocene or the Lower Tullock was
deposited during the Cretaceso’he
position of the chronostratigraphic
boundary relative to these units is critical
to studies involving extinctions. If the
chronostratigraphic boundary (the Ir
spike) does not coincide with the
extinction, then it has no connection
with the event. Tese lithostratigraphic
units are analyzed within a pexisting
temporal framework developed from
dating multiple ash layers (V§Ar/*

Ar) from the Tullock Formation. These
layers provide the opportunity to
perform high resolution
chronostratigraphysince ash layers are
synchronous deposits, they are
chronostratigraphic points of reference.
The position of the coals and therich
clay layer are measured relative to the
position of the ash layers present.

TERRESTRIAL LATE
CRETACEOUS STRATIGRAPHY
OF NORTH AMERICA AND THE
UTILITY OF CERATOPSIDS IN
BIOSTRATIGRAPHY

FOWLER, Denver

While the stratigraphic relationships of
Campanian strata are well constrained,
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the majority of the Maastrichtian is still
largely unresolved. In the Campanian,
integrity ofthe recently proposed
Kirtlandian age is maintained.
Uppermost deposits of the Two
MedicineFm, Montana, are
demonstrated as early Kirtlandian in age.
Purported norttsouth provinciality of
dinosaurs is shown to be mostly an
artefact of stratigraphic incgnuence.
Exceptions are two biogeographically
distinct chasmosaurine lineages present
in the Judithian, and the presence of
sauropods in the south, but not the north
during the Edmontonian. Contrary to
much recent work, stratigraphy and new
material tentavely supports a single
anagenetic lineage for centrosaurines.

Most Late Cretaceous sauropod material
from North America is attributed to
Alamosaurus sanjuanensis and this has
been used to infer stratigraphic
relationships for Alamosaurdsearing
strata.There is little evidence to support
this. The form taxon Alamosaurus is
unknown before the Maastrichtian, but is
otherwise shown to be stratigraphically
uninformative. We should not expect all
ceratopsids found iformations bearing
Alamosaurusto be theamie taxon. If the
pattern of speciation seen in the
Campanian is followed, it is likely that
many more species of chasmosaurine
remain to be discovered from 70.5
66Ma. Rapid stepwise acquisition of
characters in ceratopsids suggests that
careful analysisfoceratopsid taxonomy
and distribution presents them as the best
biostratigraphic markers to be used
where radiometric dates are not
available.
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TRACE FOSSILS AND fossil suite; 2) enrichment in the

HYPERPYCNITES OF THE abundance of traemaking organisms

LOWER CRETACEOUS (ALBIAN) within these beds; 3) and maintenance of

BLACKLEAF FORMATION, preexisting ichnotaxa as opposed to

SOUTHWESTERN MONTANA introduction of pioneer or survivor
ichnotaxa. These fundamental

WILLIAMS, Eric M. ichnological criteria separate
hyperpycnal deposits from those of other

Thin, symmetricallyrippled sandstone turbid underflows. Confidently

beds of the Blackleaf formation (Albian discriminating hyperpycnites from other

Cenomanian) in southwest Montana turbidites or tempestites can provide

preserve ichnocoenoses that uniquely information concerning relative drainage

identify them as hyperpycnites, basinsize and sediment supply in coastal

differentiating them from failure settings along active orogens, and may

initiated turbidity flowdeposits from the be used to infer the connection between

same unit. Differentiating these flows offshore deposition and more proximal

solely by sedimentological criteria is sediment sourcing.

difficult because the flow

hydrodynamics of both processes RESULTS OF RECENT

produce norunique sedimentary PALEONTOLOGICAL

structures. Trace fossils, however, FIELDWORK IN THE MID DLE

preserve infaunal dynamics thugh time MIOCENE ANCENEY LOCA L

as a result of changing FAUNA, (BARSTOVIAN NAL MA)

paleoenvironmental conditions; these GALLATIN VALLEY, MON TANA

data provide an independent line of
evidence that can be used to identify the =~ MICHALIES, Sarah J.
deposits of hyperpycnal flows. Event

beds, such as failuiaitiated turbidites The Anceney Local Fauna has been a
and tempestites, are thesudt of historic locality for fossil terrestrial
episodic introduction of sediment into a mammals for well over a century. The
depositional setting that catastrophically =~ Anceney Local Fauna occurs in the
impacts the ichnocoenosis. Middle Miocene Madison Valley
Hyperpycnites, however, represent the Formaton (Barstovian NALMA
deposits of potentially lontived, low equivalent). It is equivalent with other
density, negatively buoyant riverine rock units in Southwestern Montana
underflows, and as sh, impact including the Six Mile Creek Formation
bioturbator communities in a very and strata at Hepburn Mesa. Previous
different manner. research has yielded a diverse
assemblage, including a vespertilionid
Recognizing hyperpycnites and bat, 16 speies of rodents representing
distinguishing them from surggpe the Castoridae, Cricetidae,
turbidites and tempestites can be assisted Heteromyidae, Mylagaulidae, and
by utilizing trace fossil criteria, Sciuridae; and two distinct mustelids,
including: 1) evidence for nonerosive including a marten, and the bizarre
introducton of sediment and associated Hypsoparia Larger mammals have

preservation of t he irctlhdecthedghremedimalse t r ac e
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Merychippusthe strange dordleeaded
chalicotherelylocephalonyxand an
indeterminate camel.

Recent studered fieldwork in the
Madison Valley Formation has added
several taxa to the presently known
Anceney Local Fauna. New finds
include a well preserved tortoise
skeleton, a paal shell from a pond
turtle, a feloid carnivoran, additional
remains oMerychippusncluding a
partial limb, possible specimens of the
diminutive antilocapricMerycodus and
additional camel fossils.

The presence of a large tortoise during
the MiddleMiocene in Montana is
significant because of the high latitude;
this find potentially represents a new
northernmost record for fossil tortoises,
previously found only as far north as
Nebraska. New camel fossils may lead
to better identification of camels the
Madison Valley Formation.

This relatively high latitude locality has
the potential to expand knowledge of
other high latitude fossil occurrences in
North America. Continuing research at
this site will prove important for
studying high latitudéliocene land
mammal localities.

FIRE IN THE ALASKAN TUNDRA:
A SPATIAL ANALYSIS

KENNEDY, Alison

Fire is an integral part of many
ecosystems, including arctic and
subarctic tundra. Because fires in the
tundra are smaller and less frequent than
in other €osystems, tundra fire regimes
have not been studied extensively.

Using recent fire history in Alaska
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(19502005), the spatial patterns of
tundra fires in Alaska were quantified
and described. Analyses of spatial
patterns of fire in the tundra were
condicted using the Alaska Large Fire
Database (LFDB), the Circumpolar
Arctic Vegetation Map (CAVM), and

the Alaska Ecoregions Map. Using GIS,
the spatial patterns of fire were described
by tundra vegetation cover, by location
of the fire within the tundra, araly
ecoregion. Results from this study show
that fires that burn across the tundra
boundary are larger, on average, than
fires that burn either in tundra or
adjacent boreal forest alone. An overlay
analysis of vegetation and fires shows
higher than expeetl fire frequencies in
erectdwarfshrub tundra, graminoid
tussock tundra, and wetland tundra.
Overlay analysis of ecoregions and fires
indicates higher than expected fire
frequencies in the Seward Peninsula and
Kobuk Ridges and Valleys ecoregions
and lower than expected fire frequencies
in Brooks Foothills and Brooks Range
ecoregions. Results suggest that
vegetation cover and climate (e.g.
summer temperature, moisture, and
lightening strike density) interact to
affect the frequency and size of tundra
fires in Alaska.

MAP-BASED TESTS OF
ANABRANCH CONTROLS ON THE
LOWER YELLOWSTONE RIVER,
MONTANA

JENKINS, PatriciaandCUSTER Steve

Processes responsible for the formation
of anabranching river systems are poorly
understood. The Yellowstone River,
Montana,s a major unimpounded river
with over 800 km of anabranched
channel. There are from one to seven



channels per reactCurrent literature
identifies at least seven variables that

may influence anabranch river character:

tributary junctions, bedrock lithotyy,
vegetation, sediment pulses, debris/ice
jams, water loss from stream (to
groundwater or irrigation withdrawal)
and tectonism. Two variables, tributary
junctions, bedrock lithology (measured
by relative bedrock hardness and valley
width), were tested othe Yellowstone
River using aerial infrared photographs,
and geologic and topographic maps.
Relationships between anabranch
character and tributary junction, valley
width, and bedrock lithology were
analyzed at 0-8km intervals along the
lower 770km reah. A poor relationship
is found between tributary junctions and
anabranches on the lower Yellowstone
River (R2=0.274).Valley width is
correlated with bedrock geology at a
coarse scaleNeither valley width, nor
bedrock resistance to erosion, appeared
to have a perceptible control on number
of anabranches (R2=0.0014).

POSTGLACIAL FIRE HISTORY IN
NORTHERN YELLOWSTONE
NATIONAL PARK BASED ON A
HIGH -RESOLUTION RECORD AT
BLACKTAIL POND

HUERTA, MarianaandWHITLOCK,
Cathy

A 7-m-long sediment core of lamirext
marl and gyttja was obtained in 3.5m of
water from Blacktail Pond in Northern
Yellowstone National Park. Fire and
vegetation histories from sites such as
this one help provide a more robust
regional picture of changes in climate
since deglaciation.
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Four radiocarbon dates and the Mazama
Ash were used to develop a 15,000 year
chronol ogy. Charcoal p a
diameter were extracted and tallied at
1cm and %2 cm intervals because
particles of this size provide information
on local fire history (Whitbck and
Millspaugh, 1996). Charcoal data were
decomposed using the approach of Long
et al., 1998 and fire frequencies
(episodes /1000 years) were used to
develop a local fire history.

Fire activity at Blacktail Pond was
initially low but CHAR values incrased
substantially and fire frequency rose to 8
episodes/1000 years after 12,500 yr BP.
Frequency was high (10 episodes/1000
years) from 9500 to 7500 yr BP, tapered
off to 7 episodes/1000 years by 1500 yr
BP and increased to 10 episodes/1000
years by theresent.

Millspaugh et al. (2004) described a
high-resolution fire history from Slough
Creek Lake about 1&m to the east of
Blacktail Pond. Records from both sites
suggest low fire frequency in the early
Holocene when summer insolation was
at a maximm and summer monsoonal
circulation was stronger than at present.
Increased fireepisode frequency
occurred during the middle Holocene
when summer insolation was decreasing.
Fire activity increased during the last
millennium, which implies drier
summershan before.



BIOLOGICAL AND
PHYSIOCHEMICAL HABITATS IN
GLACIER ICE

MONTROSS &cottN., SKIDMORE,
Mark L., andCHRISTNER, Brent.

Liquid waterfilled veins at grain
boundaries and unfrozen water films on
mineral grain surfaces are two habitats
for microbial life in glacier ice. Bacteria
may remain viable during entrapment in
ice and it is possible that entrapped
microbes carry out slow rates of
metabolism to repair the incurred
macromolecular damage sustained
during freezing. Psychrophilic baciri
isolated from subglacial Antarctic ice
samples $porosarcinasp.) and Arctic
permafrost Psychrobacter articuand

P. cryohalolenti3 were used for
metabolic experiments. Respiration
experiments were conducted in the
laboratory using cells frozen if'C]
glucose and the radiolabeled fraction of
respired C@was collected and
measured over selected time points.
DNA and protein synthesis &5°C was
examined by freezing cells in the
presence ofH]thymidine and
[*H]leucine and the activity was
comparedo killed controls pretreated
with trichloroacetic acid (TCA). Both
DNA and protein precursors were
incorporated into TCAnsoluble

material at15°C and protein synthesis
was measured in all strains tested.
Future experiments will follow up on
these iitial results and further explore
the relationship between vein chemistry
and microbial activity in ice.
Additionally, several approaches.g.,
SEM and NMR will be used to visualize
and quantify bacterial cells and solute
rich liquid water in ice at diffrent
temperatures. These techniques will be
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used to develop a clearer understanding
of the physicochemical microhabitat in
ice that is conducive to microbial
metabolism. Metabolically active
bacteria in basal zones of cdidsed ice
may have implicatiosin influencing ice
core gas chemistry and defining lower
temperature limits for life.

MY COMMUNITY: PICTURING
THE WIND RIVER INDIAN
RESERVATION FROM HOME

COHN, Teresa

Photography is a common method of
capturing and remembering the
remarkable wildlandand wildlife that
define the Greater Yellowstone
Ecosystem (GYE), but it often overlooks
cultural landscapes that may be deep and
enduring. This community photography
project broadens the way we picture the
GYE by looking through the lenses of 17
Arapahoecommunity members, ages
three to adult, who live on the Wind
River Indian Reservation, Wyoming.
Their photographs, and descriptions of
why they took them, convey the way
people perceive their own social
geographies, give meaning to place, and
express plagidentity in this rural
community. Their views offer one
example of the diverse cultural
geographies that shape the ecologically
connected GYE.
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Email addresskhpederson@gmail.com

Name: Melissa Rivnie

Degree pursue®BS

Years in the program: 4

Hometown: Lewistown, MT

Previous colleges and degrees earned: N/A
Email addresamrivnie@gmail.com
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Name: John B. Scannella

Degree pursuediS

Years in the program: 1

Hometown: New YorkNY

Previous colleges and degrees earned: Rutgers University, Geological SE&)&eK)2
Email addresgscannella@gmail.com

Name: Mark Schaffer

Degree pursuediS

Yeas in the program: 2

Hometown: Taos, NM

Previous colleges and degrees earned: Montana State UniversitySEiaribe BS, emphasis in
Physical Geography, minor Water Resource Management

Email addressaguamontana@yahoo.com

Name: Josef Stiegler

Degree pwsued:MS

Years in the program: 1

Hometown: Covington, LA

Previous colleges and degrees earned: Rice University, Earth ScB8c2606
Email addressstiegosaur@gmail.com

Name: Justin Tully

Degree pursuediS

Years in the program: 3

Hometown: Westminste MA

Previous colleges and degrees earned: Western&iliege of Colorado, Geology, BA
2002

Email addresgustin_tully@hotmail.com

Name: B. William Turner

Degree pursuediS

Years in the program: 2

Hometown: Golden, CO

Previous colleges and degresned: Colorado State University, Geoscience, BS, 2004
Email addressbryturner@gmail.com

Name: Scott Warren

Degree pursuediS

Years in the program: 1

Hometown: Reno, M

Previous colleges and degrees earned: University of NeRada,GeographyBS, 2006
Email addressscott.warrenl@myportal.montana.edu
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Name: Andrew Whitmore

Degree pursue®BS

Years in the program: 2

Hometown: Arcadia, Ml

Previous colleges and degrees earned: N/A
Email addressecowhit@hotmail.com

Name: Eric Williams

Degree pursuediS

Years in the program: 2

Hometown: Cairo, GA

Previous colleges and degrees eariMimhtana State Universit§arth Science, BS, 2005
Email addresseric.williams@myportal.montana.edu
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