


Welcome to the 4th Annual GeoSymposium! 
 
 
On behalf of the GeoSymposium Committee and students of the Department of 
Geoscience, I would like to warmly welcome you for being here today and thank you for 
supporting the hard working student participants and volunteers in this symposium. 
 
We would like to extend an especially gracious welcome to representatives from the 
many professional organizations, government agencies, and academic institutions joining 
us today. Many of you have traveled long distances to be here, and your kind interest in 
our research makes this symposium an invaluable tool for our success as geoscientists.  
 
As students, we greatly appreciate this opportunity to interact with you, the experienced, 
professional researchers, scientists, businesswomen and businessmen who have much to 
teach.  I hope that today’s research forum will foster an exciting exchange of ideas, and 
that it will also forge many new partnerships. 
 
We have in store for you today twelve student oral and thirty student poster presentations, 
and two keynote talks.  Please join us in the morning for danish and coffee, courtesy of 
Southern Nevada Water Association, and later out in the courtyard for a Texas-style BBQ 
lunch, courtesy of ExxonMobil Corporation.  And to end the day, we will have an 
evening reception with appetizers and libations during a silent auction of rock and 
mineral specimens, scheduled to begin at 4:00 p.m. on the 2nd floor of the Lilly Fong 
Geoscience Building.  
 
The field trip will depart at 8:30 a.m. tomorrow, Saturday April 18th, from the Lilly Fong 
Geoscience parking lot, and is expected to return by 5:00 p.m. We will be visiting the 
Valley of Fire State Park and Lake Mead Recreation Area.  If you would like to 
participate in the field trip, and have questions or have not registered, please contact the 
registration desk. 
 
We hope you enjoy yourself today and learn a great deal.  Thank you for your interest 
and for your continuing support of the UNLV GeoSymposium.  
 
 
Sincerely, 
 

 
 
Aubrey M. Shirk 
GeoSymposium Chair 
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1:15pm – Mengesha Beyene 
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Session 2: Poster Presentations 
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3:15 pm-3:45pm – Afternoon Keynote Address by 
 Bill Rinne, Director of Surface Water, Southern Nevada Water Authority 

 

3:45pm – Awards and Closing Remarks 
4:00pm – Reception and Silent Auction 

 
Saturday April 18, 2009 

8:30am-5:00pm –Field trip to Valley of Fire State Park and Lake Mead Recreation Area 
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SO YOU WANT TO BE A GEOLOGIST - CAREERS IN THE GOLD 

MINING BUSINESS 
 
M. Stephen Enders 
Honorary Lecturer, Society of Economic Geologists, Littleton, Colorado 
mstephen.enders@gmail.com 
 
People study the geosciences for many different reasons, but no matter how you got here, there 
are great careers as a geoscientist.  The non-renewable natural resource industries are 
fundamentally based on the hard work of dedicated, passionate and creative geoscientists and 
engineers. 
 
I would like to encourage you to consider a career in the mining business.  It is fun, personally 
rewarding and provides you a direct role in creating wealth, jobs, raw materials and economic 
development for the world.  In the developing world mining contributes directly to reducing 
poverty, eliminating AIDS and eradicating Malaria, as well as improving local infrastructure, 
developing capacity in local communities, and educating and training a workforce. 
 
Despite the current global financial and economic crisis, the gold business is booming these days. 
 Gold has been mined for over 7,000 years and is still considered an important, efficient store of 
wealth around the world.  These days, we hear a lot of news about gold as a safe haven for 
investment during risky and uncertain times as well as a hedge against inflation in the future.  It is 
no wonder that the gold price has been above $900 per ounce for most of 2009. 
 
Gold deposits are extremely rare and only 7.5% of the ~5,000 known gold deposits are larger than 
5 million ounces.  Today, the world produces about 80 million ounces of gold per year, which is 
only about two-thirds of the global demand, and discoveries of new, economic gold deposits 
continue to decline.  If future supply cannot meet demand, there will be great upward pressure on 
gold price and even more incentive to explore for, develop and operate new gold mines.  This will 
provide jobs for geoscientists and engineers! 
 
There are three types of gold companies, and all of them employ geoscientists.  Most of the 
companies conduct exploration, but only the major gold producers and some of the mid-tier 
companies actually operate mines.  Graduates in the geosciences may follow different career 
paths either in exploration or mining operations but they both require and develop similar skill 
sets.  A new graduate can expect to work as an intern while in still in school, and then transition 
progressively into junior geologist, staff geologist and senior geologist roles typically over a two 
to eight year period. 
 
All of these career opportunities will provide opportunities for leadership and let you not only see 
the world, but help mankind as well. 
 
 

IX 
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MEETING CURRENT AND FUTURE WATER DEMANDS IN THE 
LAS VEGAS VALLEY 

 
Bill Rinne 
Southern Nevada Water Authority, Las Vegas, Nevada  
Bill.Rinne@snwa.com 
 
The  Southern  Nevada  Water  Authority  (SNWA)  was  formed  in  1991 by a 
cooperative  agreement  among seven water and wastewater agencies to manage 
the  region’s  water  resources  and  develop  solutions  that  will ensure 
adequate  future  water  supplies  for  the  Las Vegas Valley.  SNWA is the 
wholesale  water  provider to the municipal water agencies in the Las Vegas 
Valley  and  Boulder City.  From its inception, the SNWA has worked to seek 
new  water resources, manage existing and future water resources, construct 
and  manage regional water facilities and promote conservation.  A critical 
factor  in  successfully  accomplishing these goals is the development of a 
sustainable  and  diversified  water  resource portfolio. Key components in 
SNWA’s  portfolio  include:  Colorado  River  water,  conservation, instate 
resources  and  augmentation.  SNWA faces many challenges in developing and 
managing   this   portfolio   including:  severe  and  persistent  drought, 
population  growth  and  development  in  the  Las  Vegas Valley, competing 
demands for water, and the effects of climate change.  Plans and strategies 
for addressing these challenges will be discussed during the presentation. 
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SPECTRAL INDUCED POLARIZATION RESPONSE OF UNCONSOLIDATED 
SATURATED SAND AND SURFACTANT SOLUTIONS 

 
Magill, Meghan T1, Werkema, D. D2, Kreamer, D.K.1 
1) UNLV Department of Geosciences, Las Vegas, NV, USA 
2) U.S. EPA, Office of Research and Development, Las Vegas, NV, USA 
magillm@unlv.nevada.edu 
 
Dense non-aqueous phase liquids (DNAPL), such as chlorinated solvents, are common 
groundwater contaminants. Traditional pump-and-treat methods are often not effective at 
removing residual DNAPL from the subsurface. Surfactant-enhanced aquifer remediation is a 
promising remediation method that utilizes subsurface surfactant floods to decrease the 
interfacial tension between the non-aqueous phase and groundwater and increase the 
contaminant solubility and mobility in water. This remediation method is not widely used 
because of unknown subsurface distribution and effectiveness. The ability to effectively monitor 
and perhaps map the spatial distribution of surfactant floods used in remediation could reduce 
monitoring uncertainty and increase their use.  Previous work has shown that surfactants in 
aqueous solutions significantly alter the solution conductivity, but this work has not investigated 
the surfactant response in aquifer type materials. 
 
In this project, spectral induced polarization measurements of 10 surfactant aqueous solutions in 
a sand matrix were evaluated. The frequency range assessed was 0.732 Hz to 187.5 Hz. The 
surfactants, which are typically used in the remediation of tetrachloroethylene, were Aerosol 
MA-80-I, Dowfax 8390, and Steol CS-330. The solutions tested were no surfactant, 0.025% 
Steol CS-330, 0.5% Dowfax 8390, 5.0% Dowfax 8390, and 8% AMA 80-I. Tap water and DI 
water were used to create 10 testable surfactant treatments. These surfactant solutions were 
injected into a closed system of 20-30 Ottawa silica sand. Resistivity and phase responses were 
measured. 
 
The surfactant treatments altered resistivity in varying degrees, with Aerosol MA-80-I showing a 
marked decrease, and the Steol CS-330 exhibiting little change relative to the control column. No 
significant surfactant-dependent phase response was measured in any of the surfactant solutions. 
These results suggest that electrical conduction in a surfactant-water-quartz sand system is 
primarily electrolytic, and that geoelectrical property changes may be an applicable property to 
map and monitor surfactant floods in the subsurface. Future work will continue to investigate 
this application. 
 
Notice: Although this work was reviewed by EPA and approved for publication, it may not 
necessarily reflect official Agency policy.  Mention of trade names or commercial products does 
not constitute endorsement or recommendation by EPA for use. 
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USING FLUID INCLUSIONS TO TRACE FORMATIVE FLUID EVOLUTION AT THE 
VERDE AND PANCHO DEPOSITS OF THE REFUGIO DISTRICT, CHILE 

 
Brian Aillaud1, Adam Simon1, John Muntean2 
1) University of Nevada, Las Vegas, Las Vegas, Nevada, USA 
2) Nevada Burea of Mines and Geology, Reno, Nevada, USA 
aillaud@gmail.com 

 
While much work has been done to genetically link high-sulfidation epithermal and porphyry 
deposits, the evolution of magmatically-derived ore forming fluids in such environments remains 
enigmatic.  In the Refugio District of the Maricunga Belt, Chile, the Pancho porphyry gold-
copper deposit represents a significant vertical extent of what has been mapped as a single 
magmatic-hydrothermal system.  The adjacent Verde West and Verde East porphyry gold 
deposits show different characteristics.  Previous work has established a spatial and temporal link 
between the major deposits of the Refugio District through detailed field work and statistically 
overlapping 40Ar/39Ar dates: Pancho is 23.22 ą 0.06 Ma, Verde West is 23.27 ą 0.06 Ma and 
Verde East is 23.28 ą 0.06 Ma. In this study, I will perform detailed petrography, 
microthermometry and laser ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS) analyses on fluid inclusions from various vein types to docum! 
 ent the chemical variation of the magmatic-hydrothermal fluids in the Pancho and Verde 
deposits. The resulting detailed understanding of fluid chemistry within the spatially and 
temporally related Pancho and Verde deposits, as well as the zones that may represent the roots 
of an eroded overlying epithermal deposit, will be compared with the results of fluid inclusion 
studies from other porphyry-epithermal magmatic-hydrothermal systems (e.g., Bingham Canyon, 
Utah; Butte, Montana). The results of this study will increase our understanding of the formative 
processes of magmatic-hydrothermal deposits. 
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MAGMA CHAMBER PROCESSES AT MUTNOVSKY VOLCANO, RUSSIA 

 
Kelly Robertson, Adam Simon 
University of Nevada Las Vegas, Las Vegas, NV, USA 
krobertson00@gmail.com 

 
Mutnovsky Volcano, located near the southern end of the island arc volcanic system of 
Kamchatka, Russia, is a stratovolcano that has been active since the late Pleistocene.  The 
volcano has had four caldera-forming events. The first three events erupted lavas and tephras that 
vary from basalt to rhyodacite, with the latest eruptive center having erupted basalts to basaltic 
andesites.  Currently, heat from the volcano is driving an active geothermal system, which is 
being tapped to generate 62 MegaWatts (MW) of electricity. For my dissertation project I will 
test hypotheses about the causes of the magma compositional heterogeneity, the driving forces 
for the eruptions, the link between volcanism and dehydration and melting of the downgoing slab 
sediments, and the possible physical and chemical links between the active crater and proximal 
hydrothermal activity. I will use a variety of techniques to investigate these hypotheses, 
including thin section petrography, wh! 
 ole rock geochemistry, melt inclusion analyses, U-Th disequilibrium dating of zircon, whole 
rock Pb-Sr-Nd-Hf isotope analyses, and isotopic (i.e., δ18O, δB, δLi) analyses of glassy melt 
inclusions.  This combined data set will constrain petrogenic processes that extend from the near-
surface magma chamber to the slab/mantle-wedge interface.  Initial results on a sample set from 
the active caldera suggest that aqueous fluids are possibly the dominant (but not sole) agents of 
element transfer from the subducting slab.  
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THE PETROGENESIS OF A LINKED VOLCANIC - PLUTONIC SYSTEM:  THE 
RIVER MOUNTAINS VOLCANIC SUITE AND WILSON RIDGE PLUTON 

 
Denise K. Honn, Eugene I. Smith, Adam C. Simon, Terry L. Spell 
University of Nevada, Las Vegas, NV, USA 
dkhonn@gmail.com 
 
The study of an igneous system is limited by exposure and preservation of the rock record.  In 
most cases, only a portion of the system is exposed (i.e., volcanic or plutonic) and therefore only 
part of the magmatic history can be studied.  Based on work done over the past 20 years, the 
River Mountains volcanic suite of southern Nevada and the Wilson Ridge Pluton in northwestern 
Arizona is interpreted as volcanic and plutonic segments of the same igneous system (RM-
WRP).  This linked system can be used to address the problem of how much, and what part of an 
igneous system’s evolution is preserved in the volcano versus that preserved in the pluton. 
 
The connection between the River Mountains volcanic suite and the Wilson Ridge Pluton is 
based on similar lithology, structure, mineralization, and geochemistry (immobile trace elements, 
REE distributions, Sr and Nd isotopes) and geochronology.  The Saddle Island fault cut the RM-
WRP and moved the River Mountains volcanic section approximately 20 km to the west of the 
Wilson Ridge pluton.  Relatively immobile trace elements Th (4.2–25.1 ppm), Hf (3.3–6.6 ppm), 
and Ta (0.9–1.7 ppm) from 88 samples from the pluton and 32 samples from the volcanic section 
overlap and form a distinct cluster.  Chondrite-normalized rare-earth element distributions for the 
River Mountains and Wilson Ridge plutonic rocks overlap but are different from rare-earth 
element values for the nearby Boulder City pluton. On a 87Sr/86Sr versus SiO2 plot, rocks of the 
Wilson Ridge pluton and the River Mountains volcanic suite form a linear trend with 87Sr/86Sr 
increasing with increasing SiO2.  K-Ar, 40Ar/39Ar! 
 , and 206U/238Pb ages demonstrate that the River Mountains and Wilson Ridge pluton were 
active at the same time.  New U/Pb SIMS dates bracket magmatism in the linked River 
Mountains volcanics - Wilson Ridge pluton system between 14.11 ± 0.87 Ma and 12.19 ± 72 
Ma. 
 
Evidence for magma mixing and comingling in the RM-WRP includes several populations of 
mafic enclaves with crenulate margins, co-magmatic mafic dikes, schlieren.  Petrography and 
back-scattered electron images show dissolution surfaces, overgrowths, and resorbed cores in 
feldspars.  Cathodoluminescence images of zircons also show dissolution surfaces and 
antecrystic cores.  Electron microprobe analyses show order of magnitude changes in Y2O3 and 
ThO2 on single zircon grain traverses. 
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EXTRACTION OF AUTHIGENIC PALYGORSKITE AND SEPIOLITE FROM 
PETROCALCIC SOIL HORIZONS: IMPLICATIONS FOR ISOTOPIC DATING 

 
Colin R. Robins, Brenda J. Buck, Terry Spell, and Deborah Soukup 
University of Nevada Las Vegas, Nevada, USA 
robinscolin@gmail.com 
 
Petrocalcic soil horizons are common and important features of arid landscapes worldwide, and 
they also occur as paleosols in the rock record. Absolute ages of petrocalcic horizons are vital to 
constrain rates of landscape and climate change in arid regions, however, dating pedogenic 
CaCO3 can be a problematic endeavor. Petrocalcic soils are often far too old for radiocarbon 
dating, and/or can experience multiple cycles of dissolution and recrystallization that violate the 
closed-mineral system assumption of isotopic dating methods. 
 
In this study, we explore a new application of vacuum-encapsulated 40Ar/39Ar geochronology 
to authigenic palygorskite and sepiolite, which are fibrous clay minerals commonly formed 
within late-stage petrocalcic soils. Application of this method is based on the hypothesis that 
palygorskite and sepiolite are more resistant than calcite to episodic dissolution and 
recrystallization events. We (1) evaluate methods to chemically extract purified authigenic 
palygorskite/sepiolite from petrocalcic soils, and (2) discuss potential challenges to age 
interpretation. 
 
Clay-sized mineral fractions were isolated following successive treatments of (1) sodium acetate, 
to selectively dissolve CaCO3 from indurated samples, and (2) tiron, to remove amorphous silica 
from phyllosilicate edges. Aliquots of extracted clay were taken after each treatment for ICP, 
XRD, and SEM-EDXS analysis. GC analysis was also employed to search for contaminants 
introduced during the extraction process. 
 
Results from ICP analysis of extracted palygorskite/sepiolite indicate K weight percents 
sufficient for 40Ar/39Ar geochronology. Minor differences in Al, Mg, and Fe seen in the ICP 
data may reflect successful dissolution of amorphous silica coatings during tiron treatment. XRD 
analysis confirms a nearly pure composition of palygorskite and/or sepiolite, with trace amounts 
of quartz and rare inter-layered phyllosilicates. SEM-EDXS data confirm the authigenic nature 
of the clays in thin-section. Neither XRD nor SEM data indicate adverse treatment effects by 
NaOAc or tiron on extracted clays. However, excessively old 40Ar/39Ar ages and subsequent 
investigation via GC both suggest that mineral extraction procedures introduced organic 
contaminants which interfered with Ar isotope measurements. 
 
Further work is therefore needed to address phyllosilicate adsorption of organic compounds and 
other methodological challenges identified by this study. Until then, the viability of this method 
as a new tool to date petrocalcic soil horizons remains unknown. Should it prove possible to 
obtain accurate palygorskite/sepiolite crystallization ages, reliable petrocalcic soil ages will still 
require rigorous study of soil chemical, mineralogical, micromorphological, and geomorphologic 
context. 
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INFLUENCE OF MICROTOPOGRAPHY ON SURFACE SOIL PROPERTIES, LUCY 
GRAY MOUNTAINS, MOJAVE DESERT, NV 

 
Janice Morton 
University of Nevada, Las Vegas, Las Vegas, NV, USA 
mortonj3@unlv.nevada.edu 
 
Biological soil crust and surface rock fragment distribution are thought to influence surface soil 
properties by altering microtopography.  Soil surface roughness as characterized by small 
differences in topography can affect or be associated with runoff, infiltration, and surface soil 
quality.  Surficial microrelief differences are known to impact friction drag and flow velocity of 
runon/runoff.  Biological soil crusts are thought to increase water infiltration into soils, depth of 
water percolation within the soil profile, and decrease runoff.  In areas with pinnacled biological 
soil crusts, rough surface microtopography may promote water pooling that allows water to 
slowly percolate through surface horizons.  On surface dominated by smooth flat crusts, water 
infiltration and runoff may have more to do with surface soil texture that biological soil crust 
species composition.  To characterize surface microtopography, a detailed surficial map of a 
portion (900 m2)! 
 of a geomorphic surface (of known age) was constructed.  Mapped features include minute 
topographic relief, rock fragment cover and color, biological soil crust cover, surface soil texture, 
and vascular vegetation. 
 
Biological soil crusts and surface rock fragments benefit soil ecosystems by influencing surface 
soil quality and protecting surface soils from degradation caused by erosion.  Identification of 
abiotic and biotic factors that promote surface soil stability in arid regions is becoming 
increasingly important because of the current drought and subsequent shrub die-backs occurring 
in some Mojave Desert ecosystems.  The broad low-relief area west of the Lucy Gray Mountains 
is composed of latest to late Holocene and older alluvial sediment transported from the 
mountains by streamflows and debris flows to form complex coalescing and overlapping alluvial 
fan deposits.  Lucy Gray bajada geomorphic surfaces with biological soil crust cover are 
Holocene age (4 to 6 ka).  Surfaces are young active alluvium and recently abandoned active 
alluvial surfaces (latest to middle-late Holocene).  Surface morphology ranges from bar-and-
swale to subdued bar-and-swale with interspersed semi-stable ! 
 distributary channel networks.  Crust colonization of geomorphic surfaces is dependent on 
elevation, soils, topography, disturbance history, precipitation, and vascular vegetation 
distribution.  Crusts, in general, occupy lower (< 1000 m) to middle (1000 m to 2500 m) 
elevation sites.  Slope and aspect affect surface stability, soil moisture availability, and 
temperature.  Unstable slopes can prevent crust colonization. The length of time a surface has 
been stable influences crust species composition and distribution. 
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Biological soil crusts (BSCs) are critical ecological components in arid regions around the world. 
 These crusts form living, desert skin that reduces soil erosion, provides soil nutrients, manages 
soil moisture/temperature, and prevents desertification.  BSCs are fragile resources, easily 
destroyed by physical disturbances and potentially impacted by climate change. 
 
Despite their ecological importance, the environmental factors controlling BSC distribution in 
the Mojave Desert are poorly understood.  Furthermore, no predictive modeling technique exists 
for BSCs in Mojave landscapes.  Our investigation employs a novel, interdisciplinary approach 
to investigate BSC ecology and to develop a predictive model of BSC biotic potential. 
 
We discuss initial results from various BSC mapping techniques (satellite imaging, field-based 
mapping, and landform mapping) and field data collection.  Our data indicate two satellite-
imaging techniques (Karnieli et al., 1997; Chen et al., 2005) using high resolution Quickbird ® 
imagery (2.44m) effectively delineate BSC features into three categories.  In contrast, our field-
based map is divided into 10 mapping categories.  Field-based mapping further addresses surface 
characteristics that have implications for land management. 
 
Initial field data and mapping reveal geomorphic surface age and soil characteristics are primary 
controlling factors in BSC distribution within the Mojave.  Our initial data also show crusts and 
invasive grasses are positively correlated.  Exotic grasses are associated with hotter and more 
extensive wildfires, implicating BSCs as agents in fire ecology. 
 
The science of BSCs is still in its infancy, with few conclusive answers regarding their biology. 
 Our interdisciplinary approach to BSCs bridges gaps between biology, ecology, soil science, 
hydrology, statistics, chemistry, geomorphology, GIS, and remote sensing.  Our research 
enhances understanding of BSCs and will aid in arid land management worldwide. 
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THE MUDDY CREEK FORMATION: A RECORD OF COLORADO RIVER 
DEPOSITION NEAR MESQUITE, NEVADA DURING THE MIOCENE? 
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The provenance, stratigraphy, and depositional history of the Muddy Creek Formation (MCF) in 
southern Nevada are poorly studied and poorly constrained.  Previous studies of the MCF have 
concluded that the formation consists of lacustrine, eolian, and fluvial deposits.  Currently the 
age of deposition is loosely constrained between 11 and 3 Ma.  This study documents the 
evolution of one portion of the eastern extent of the MCF and determines its provenance and 
depositional history at Flat Top and Mormon Mesas in Nevada; and near Beaver Dam 
and Littlefield, Arizona. 
 
This study tests whether the MCF was deposited by a paleo-Colorado River that flowed through 
the Virgin River Gorge and into the Mesquite Basin prior to ~5.5 Ma.  Methods used in this 
study included petrographic analyses, detrital zircon analyses, facies analyses, paleocurrent 
indicators, and conglomerate clast counts.  Detrital zircons from the MCF, a Pliocene(?) unit 
near Littlefield, Arizona, and modern day Virgin River were compared to previously 
analyzed Colorado River zircons. 
 
Results from the MCF in the Beaver Dam Wash and at Flat Top Mesa indicate paleotransport 
was to the southeast, while paleotransport from a Pliocene(?) unit near Littlefield, Arizona was to 
the south-southwest.  Based upon the sediment size, shape, and sorting and preserved 
sedimentary structures the MCF within the study area was deposited in a fluvial 
environment.  Conglomerate clasts and sandstone petrography from strata previously mapped as 
MCF at Mormon Mesa indicate a metamorphic and sedimentary source for the sediment and are 
not similar to deposits at Flat Top Mesa or Beaver Dam Wash.  In contrast, conglomerate clasts 
and sandstone petrography of the MCF at Flat Top Mesa and Beaver Dam Wash indicate the 
sediment was derived from a volcanic source.  The provenance data indicate the MCF at Flat 
Top Mesa and Beaver Dam Wash was derived from the Caliente Caldera complex, while the 
deposits at Mormon Mesa were derived from the Colorado Plateau.  Results from a Pliocene(?) 
unit in the Beaver Dam Wash indicate this unit was derived from the Caliente Caldera 
complex.  In contrast, results from a Pliocene(?) unit near Littlefield, Arizona indicate it was 
derived from the Colorado Plateau.  Results are consistent with previous models that indicated 
that neither the younger units nor the MCF were deposited by a paleo-Colorado River. 
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“Geologists push back date of basins, supporting frozen earth theory.” – (Science Centric, June, 
08)  The above report has caused quite an argument, as Dr. Joe Meert, Professor at University of 
Florida, reported that the age of the Vindhyan Basin, India was formed a billion or more years 
ago. The Upper Vindhyan Supergroup was believed for a long time to be formed during the 
Neoproterozoic but Meert and his research group dated a kimberlite to about 1,073 million years 
ago, and pushed back the age of the entire basin at least 500 million years older. 
This age correction, supports one of the major pillars of the Snowball Earth theory, where it is 
hypothesized that sea ice covered the equatorial regions at least twice during the Neoproterozoic 
(730 and 635 Mya). So far, unlike evidence found worldwide, geologists have not found any 
strong evidence of glacial deposits (diamictites) from the Vindhyan Basin to support the 
Snowball Earth theory. However, the study by Meert removes that obstacle because it pushes 
back the origins of the basin to well before Snowball Earth would have ever occurred in India. 
We, in our current study, which started with secular variations in sulfur isotopes of the 
Paleoproterozoic 1.8 Ga Kajrahat Limestone, Vindhyan Basin, of central India, found additional 
sedimentological and geochemical evidence of a glacial event. With the new controversial age 
correction, this unit now dates back to ~2.3 Ga, which is coincident with the Makganyene 
glaciation in South Africa. Our limited evidence includes seafloor precipitated calcium carbonate 
fans and tepee structures within a possible cap carbonate unit preceded by organic rich black 
shales formed during post glacial transgression. 

 
Seafloor fans are often observed during the post glacial cap carbonates associated with the 
Neoproterozoic low latitude glaciations, but are not limited to glaciations. Although the presence 
of seafloor fans are interpreted as elevated seawater alkalinity, the exact source of the alkalinity 
is highly debated. We also present here the first sulfur isotope record from the Vindhyan Basin, 
India.  Sulfur isotope values from carbonate associated sulfate show a gradual increase, which is 
to some extent similar to other Neoproterozoic cap carbonates. Additional detailed 
sedimentological work as well as a suite of carbonate carbon and organic carbon analyses will 
also be performed to determine if the Kajrahat Limestone of the Lower Vindhyan Basin indeed 
represents a cap carbonate related to a 2.3 Ga Snowball Earth event. 
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A NEW DINOSAUR ASSEMBLAGE FROM THE LOWER CRETACEOUS (ALBIAN) 
OF SOUTHERN NEVADA AND AN EARLY OCCURRENCE OF 

TYRANNOSAUROIDEA AND HADROSAURIDAE IN NORTH AMERICA 
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The Willow Tank Formation exposed in Valley of Fire State Park in southern Nevada consists of 
sediments of an alluvial system deposited in the foredeep of the Sevier foreland basin during 
Early Cretaceous time.  U/Pb dates of 101.6 ą 1 Ma to 99.9 ą 2 Ma obtained from ashes in the 
upper mudrock member place the formation in the late Albian Stage.  Exploration of this 
mudrock member reveals a diverse dinosaurian fauna: Thyreophora, Iguanodontidae, 
Hadrosauridae, Titanosauriformes, Tyrannosauroidea, and Dromaeosauridae.  Although most 
taxa are represented by teeth, additional elements include an associated femur and tibia of a 
dromaeosaurid; an iguanodontid pre-pubic process and other associated elements, and a 
hadrosaurid dentary with in situ teeth occupying at least three teeth per tooth position. 
 
Early Cretaceous faunas across North America appear rather homogenous at the family level, 
with relatively consistent distribution of dinosaur taxa across the continent.  Although 
tyrannosauroid teeth and derived iguanodontids are known from the uppermost Cenomanian 
member of the Cedar Mountain Formation, the tyrannosauroid premaxillary tooth and 
hadrosaurid dentary from the Willow Tank Formation represent the first report of an earliest 
Cretaceous occurrence for these groups in the Albian of North America. The absence of 
marginocephalians may represent collection bias; alternatively, it may suggest that faunal 
interchange occurred in pulses, with hadrosaurids and tyrannosauroids occurring first, followed 
by marginocephalians in the American southwest.  In addition, basal iguanodontians occur 
stratigraphically higher in the Willow Tank Formation than hadrosaurids, suggesting temporal 
overlap of these families during the Early Cretaceous in North America.  This overlap is pre! 
 dicted by phylogenies, but co-occurrence has not been previously documented.   Further 
discoveries may shed light on the dynamics of faunal interchange between North America 
and Asia during the mid-Cretaceous. 
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TIMING AND KINEMATICS OF THE EPISODIC EXTENSION, FUNERAL 
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The mechanism, magnitude, and timing of exhumation of metamorphic core complexes remain 
an outstanding problem in Cordilleran tectonics.  Previous workers in 
the Funeral Mountains metamorphic core complex propose either a single-stage exhumation 
history by the Tertiary Boundary Canyon Detachment fault, or alternatively, a two-stage history 
of exhumation by Cretaceous intra-core ductile shear zones followed by Miocene extension 
along Boundary Canyon fault.  To differentiate these alternatives, we integrate geochronological, 
thermochronological, and kinematic studies. 
 
The Boundary Canyon Detachment fault bounds Proterozoic metamorphic core rocks from 
predominantly unmetamorphosed Neoproterozoic to Tertiary sedimentary hanging-wall rocks, 
and is exposed for 30 km along the northeast flank of the core complex. Various intra-core 
ductile shear zones are present in the footwall that are sub-parallel to stratigraphy and attentuate 
the stratigraphic section. 
 
40Ar/39Ar muscovite ages of footwall marble collected along the length of the Boundary 
Canyon Detachment fault footwall reveal two distinct age populations, those that represent 
cooling and those that represent detrital ages.  The cooling ages exhibit a general northwest 
decreasing age pattern from 160.0 Ma to 91.0 Ma in the Sterling Quartzite, and to the northwest, 
from 75.0 Ma to 70.0 Ma in the Johnnie Formation.  The 25.0 Ma age difference in cooling ages 
between the Sterling (91.0 Ma) and Johnnie (75.0 Ma) are from the hanging wall and footwall of 
the Eastern Shear zone, respectively, may indicate cooling due to unroofing along this 
structure.  The second age population is from the southeast end of the study area, and yielded 
pre-burial Proterozoic detrital ages (1196.6 Ma to 945.3 Ma). 
 
(U-Th)/He analyses on detrital zircon from quartzite samples collected along the same traverse 
also revealed a general pattern of ages decreasing towards the northwest, and capture the pre-
Miocene extension partial retention zone.  Samples from the central and northwest portion of the 
study area, in which age varies from 8.2 ą 0.7 to 8.5 ą 0.7 Ma in northwest to 9.0 ą 0.7 to 10.9 ą 
0.7 Ma further southeast, suggesting cooling ages due to movement along 
the Boundary Canyon fault. The ages in the southeast portion of the study area varies from 16.2 ą 
1.6 to 63.5 ą 5.6 Ma are interpreted to be due to cooling of an originally northwest-tilted rock 
package. The general pattern of age decreasing towards the northwest in both the 40Ar/39Ar 
muscovite and (U-Th)/He zircon ages may suggest northwest motion of the hanging wall for two 
discrete unroofing episodes, consistent with the top-to-the-northwest movements inferred from 
mesoscopic and microscopic kinematic studies.  Based on our preliminary studies, core rocks in 
the Funeral Mountains exhumed initially due to movement along the intra-core shear zone during 
the interval of 75.0 to 70.0 Ma, followed by motion on the Boundary Canyon Detachment fault 
during the interval of 9.0 ą 0.7 Ma to 8.2 ą 0.7 Ma. 
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Martian rampart craters, characterized by fluidized ejecta blankets, are unique in the solar 
system. There is currently a debate as to what mechanism is responsible for the emplacement of 
the fluidized ejecta. Pyroclastic flow and ground surge models have been proposed by previous 
workers. The purpose of this research is to test the hypothesis that the decompression of 
volatiles, particularly water, during the excavation stage of impact cratering results in an 
increased proportion of fines in the ejecta. These fines may become suspended in the atmosphere 
and be deposited in a manner similar to a ground surge or collapsing column. To test this 
hypothesis, fragmentation experiments on sandstone (30% open pore space) from the Northern 
Eldorado Mountains, Nevada, were conducted using a shock-tube apparatus at the Ludwig-
Maximilians University in Munich, Germany. Rock samples containing 0%, 30%, and 100% of 
their open pore space filled with water were subjected to 15 MPa at 177ºC and 300ºC and rapidly 
decompressed to 1 atm and 20ºC. Results show that 30% water content within open pore space 
has a significant effect on the grain size distribution of the decompressed sandstone samples. 
When compared to a dry sample, samples with water in 30% open pore space had much smaller 
grain sizes and were more well sorted. Samples with 100% water in open pore space  had an 
increase in fines and larger particles and a decreased number of intermediate particles. Large 
particles from the 100% water experiments had a distinctly different grain shape indicating that 
decompression of water played a more significant role in fragmentation than the control 
experiments. This pattern was the same for experiments conducted at 177ºC and 300ºC. Further 
experiments will be conducted to (1) determine the water content at which the maximum amount 
of fragmentation takes place; (2) determine the effect of amount of open pore space using other 
rock samples including basalt (<5%), Aztec sandstone (15%), and pumice (60%); and (3) 
determine the effect of water content on ejecta velocity. Results from these experiments will 
provide important information on the morphology of Martian rampart craters, crater retention 
rates, crater surface age dating, water content in the target material, and geologic history of Mars. 
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EVOLUTION OF ORE FLUIDS AT THE BATU HIJAU COPPER-GOLD PORPHYRY 
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With an estimated 914 million tonnes (Mt) of ore at an average grade of 0.53 percent copper (4.8 
Mt Cu) and 0.40 g/t gold (366 tonnes Au) (Clode et al., 1999), Batu Hijau is a significant copper-
gold porphyry deposit located in south-central Indonesia. One of many typical island arc 
porphyry copper deposits found in Indonesia, Batu Hijau could play an important role in 
furthering our understanding of island arc copper-gold porphyry systems.  The study will consist 
of two parts: a petrographic analysis aimed at identifying both the succession of vein 
emplacement and fluid inclusion assemblages will be completed on numerous samples collected 
from drill core from the deposit; secondly, laser ablation-inductively coupled plasma mass 
spectrometry (LA-ICPMS) analysis will be performed on selected fluid inclusions to quantify 
metal contents of primary ore fluids.  While this project is still in it’s early stages, it is 
hypothesized that the primary metal emplacement event was associated with the first of three 
successive tonalite intrusions.  Data will be collected in a four-dimensional field: typical three-
dimensional space, including depth, along with a fourth dimension, time.  Through our detailed 
petrographic and fluid inclusion studies, we will determine the evolution of ore fluids within the 
system, in order to better constrain the succession of metal emplacement in connection with 
igneous intrusions over time. 
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We have performed experiments to constrain and quantify the exchange of REEs, HFSEs, alkali, 
and transition metals between a basaltic silicate melt and Cl-bearing supercritical aqueous fluid. 
Experiments were carried out at 1000o C and 200 MPa. Oxygen fugacity was varied from 
approximately Mo-MoO2 (i.e. NNO+2) to slightly below FMQ.  The experimental configuration 
consisted of an inner, cylindrical (1mm ID) capsule confining the silicate melt and crystalline 
phases, open to the aqueous fluid phase at the top, contained within an outer capsule (4.8mm ID) 
holding the aqueous fluid. The composition of the loaded starting solution was restricted to the 
NaCl ± KCl ± HCl system. The Σ Cl content of the coexisting aqueous fluid of the experiments 
was fixed via mass balance by the dissolution of Cl- from the aqueous fluid into the silicate melt. 
Recovered silicate glass and crystalline material were analyzed with EPMA and LA-ICP-MS. 
The stable phase assemblage at ƒO2 values ≥ Mo-MoO2 consisted of hydrous silicate melt, 
clinopyroxene, magnetite-spinel solid solution, and a single-phase aqueous fluid. The stable 
phase assemblage at reducing ƒO2 values ≤ FMQ consisted of hydrous silicate melt, 
clinopyroxene, olivine (Fo78), and a single-phase aqueous fluid. The modal abundance of 
crystalline material stable at run conditions is estimated to be 20-25% by volume.  Chemical 
potential gradients in the silicate melt were induced by the reaction and exchange of silicate melt 
constituents with species in aqueous fluid in the melt boundary layer at fluid-silicate melt 
interface. The diffusion of melt components was observed in elemental concentration gradients 
down the length of the recovered glass cylinders up to the un-reacted melt volume at the base of 
the cylinder. Fluid mobile major elements include Fe, Mg, Ca, and Mn. Trace elements that 
partition into the aqueous fluid are V, Rb, Sr, Zr, Ba, Cs, Pb, and U. Future experiments are 
planned to examine in detail the effect of fO2 on the partitioning and fluid mobility of these 
elements. 
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OLIVINE DEFORMATION AND EPSC MODELING 
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Many geologic processes are affected by the rheology of the earth’s upper mantle.  The stress 
state of olivine in the upper mantle has important implications concerning mantle flow, mountain 
building, and post glacial rebound.  Currently, the stress state of olivine in high pressure 
experiments is estimated by assuming a Reuss state of stress.  This assumption is not valid due to 
the polycrystalline nature of olivine, which creates error in stress estimates.  Elastic Plastic Self 
Consistent (ESPC) Models generate stress and strain output for crystalline materials without 
assuming a Reuss state of stress.  During the course of this study, the strain of olivine samples 
used in high pressure x-ray diffraction experiments will be compared to strain output from an 
ESPC model developed by C.N. Tome.  The purpose of this study is to explore the feasibility of 
using ESPC models to estimate the macroscopic stress state of olivine at high pressures. 
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The Pinson Carlin-type gold deposit, located in Humboldt County in northern Nevada (41° 
8'7.94"N, 117°15'26.19"W), consists of a collection of small zones of gold mineralization that 
are centered on a series of high-angle normal faults along the eastern flank of the Osgood 
Mountains. There are significant variations in gold grade, mineralized zone size, and mineralized 
zone shape that appear, based on field observations, to correlate with the orientations of the 
major faults. This study will define the structural controls on mineralization, identify ore fluid 
pathways, and elucidate the trace metal chemistry of ore fluids at the Pinson deposit. To 
accomplish these goals, drill core will be examined in order to generate structural and lithologic 
cross sections that will identify the distribution of ore controlling structures, determine their 
relationship to the size of the mineralized zone size, gold grade within the zone, and elucidate 
fluid pathways by identifying hydrothermally altered zones. Samples from drill core collected 
from several distinct mineralized zones (e.g., the Mag, Ogee and Range Front zones) will be 
used to petrographically and geochemically assess both vertical and lateral variation in gold 
grade as well as major, minor and trace element abundances across and between mineralized 
zones. A combination of electron probe microanalysis (EPMA) and X-ray fluorescence (XRF) 
will be used to quantify element abundances of individual mineral phases (e.g., pyrite, quartz) 
and whole rock samples, respectively, in order to elucidate the chemistry of the ore-fluids. These 
data will allow mining geologists to improve exploration models for Pinson and other Carlin-
type ore deposits. 
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The purpose of the proposed research is to evaluate the groundwater flow system and genesis of 
subsurface water in the lower Virgin River Basin, located in Nevada, Utah, 
and Arizona.  Evaluation of the flow system is based on interpretation of water quality data and 
stable isotopes of water.  Most of the previous hydrologic research on the basin has primarily 
focused on the water budget, the groundwater hydraulics, the geologic framework, and water 
supply issues.  In contrast, very few hydrochemistry and isotope hydrology studies have been 
undertaken in the basin, besides their interpretations may be more uncertain due in part to the 
sparseness of data available at the time they were conducted.  The hypotheses to test are: 1) 
Water quality and compositions of the stable isotopes of water in the lower Virgin River 
Basin may be evolutionary.  2) The groundwater flow system in the lower Virgin River Basin is 
controlled by mountain front hydrology and geologic deformational structures. 
 
Geologic framework of the study area is complex, therefore sophisticated data analysis 
techniques are designed to test the hypotheses.  Evaluation of the flow system and interpretation 
of groundwater genesis will begin with collection of water quality, stable isotopes, and spatial 
attributes data from wells, springs, and rivers.  Principal Component Analysis (PCA) will be 
used to extract regionalized variables that control hydrochemical processes and a few 
uncorrelated variables (Principal Component scores) that also account for maximum variability 
in the data so as to map hydrochemical facies. Geostatistical procedures, collection of numerical 
techniques that take advantage of spatial correlation length of data, will be used to identify 
hydrochemical processes, interpret geologic environment and together with ArcGIS program 
produce optimal contour maps from data extracted by PCA.  Possible groundwater flowpaths 
will be delineated based on hydrochemical facies.  Flowpaths will then validated by performing 
inverse geochemical modeling using water quality, stable isotopes, and saturation index 
values.  Additional interpretation techniques to be used are conventional graphical approach, 
summary statistics, and q-q plot of hydrochemical data.  The oxygen and hydrogen isotope 
compositions data will also be interpreted by plotting data along meteoric waterlines and 
computing summary statistics.  Detailed hydrochemistry and isotope hydrology studies will 
provide more information to reconcile conceptualized flow system and the actual hydrogeologic 
framework, and hence correct modeling of complex groundwater problems which pertain to 
sustainable water development and management. The data analysis techniques designed can be 
replicated in basins with similar tectonic setting. 
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Developing remediation techniques for dense non-aqueous phase liquids (DNAPLs) has long 
been a challenge for the scientific community. The problem lies not in contaminant remediation 
techniques, but in the field of contaminant monitoring. Much advancement has been made in 
developing ways to alter, mobilize, and breakdown chlorinated solvents. However, to remediate 
chlorinated solvents means to mobilize them and there within the problem lies. Once chlorinated 
solvents are mobilized, a reliable and working monitoring program is needed to measure plume 
movement and concentrations in the subsurface. Unknown variables such as complex geologies, 
complex hydrogeologies, and subsurface conditions provide challenges to traditional 
contaminant monitoring. Regulatory agencies are reluctant to approve remedial designs that lack 
sufficient monitoring plans. 
 
The Environmental Protection Agency (EPA) and its scientists have been working on a potential 
solution using geoelectrical methods to monitor subsurface surfactant floods.  The research 
initially measured the aqueous property changes (temperature, pH, conductivity, dissolved 
oxygen (DO), and density in pore fluids only.  Results generated a conductivity response model 
showing the most relevant geophysical measurements in its ability to predict pore water 
conductivity. The influence of pore water conductivity was shown to be directly proportional to 
DC resistivity measurements, induced polarization, and complex resistivity measurements 
(Werkema, 2008).  A subsequent study was conducted in 2008, which increased complexity by 
including analog aquifer material (silica sand) and measured the spectral induced polarization 
response, which yields an electrolytic and surface conduction response.  This work is ongoing, 
but preliminary results show the addition of surfactants to satura! 
 ted sand results in mostly an electrolytic conductive response proportional to the free, or loosely 
bound, ions available in the surfactant. 
 
The proposed work increases the complexity another step by measuring the geoelectrical 
responses in various sand/clay mixtures spiked (at separate times) with three surfactants, three 
dyes, and four known PCE concentrations.  The focus of the measurements will be on 
electrolytic conduction in pore fluids and on the surface electrical conductance due to the soil 
grain surfaces of the sand/clay material.  The applicability of studying the electrolytic conduction 
of pore fluids and grain surfaces is to determine if geoelectrical techniques can be used to 
monitor the remediation of chlorinated hydrocarbons when surfactant remediation techniques are 
used.  Notice: Although this work was reviewed by EPA and approved for publication, it may 
not necessarily reflect official Agency policy.  Mention of trade names or commercial products 
does not constitute endorsement or recommendation by EPA for use. 
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A geological medium made up of coarse porous rock fragments contains two types of pores; 
small pores within individual fragments and large pores between fragments. We introduce the 
term “dual-porosity granular media” to describe such media, which are substantially different 
from dual-porosity fractured/ karstic media. Crushed rocks found in mine waste, heap leach 
piles, backfills, rock drains, and engineered capillary barrier systems can be considered as dual-
porosity granular media. Conceptual flow models developed for typical soil and dual-porosity 
fractured/ karstic media have limited applications for dual-porosity granular media because of 
the substantial differences in pore geometry. 
 
Unsaturated fluid flow is mainly driven by the balance between capillary and gravitational 
forces. The capillary force is controlled by pore size and hence the magnitude of the force is 
different between small pores in fragments and large pores between fragments in a dual-porosity 
granular media. Therefore, flow through fragments is dominated by capillary forces while film 
flow around fragments is dominated by gravity. Film flow on interconnected fragments can 
create a flow path that is several orders of magnitude more permeable than flow through the 
fragments. 
 
We expect that film flow on interconnected fragments will occur in discrete flow paths in dual-
porosity granular media and flow paths will be sensitive to perturbations in ambient humidity 
and/or temperature. A meter-scale column experiment has been designed to investigate spatial 
and temporal structure of unsaturated flow paths in dual-porosity media. A 30 cm diameter, 100 
cm tall test column is filled with crushed sandstone (~ 2 cm diameter) to produce a dual-porosity 
granular medium. Bottom of the column is divided into nine equal-area sections to separately 
monitor outflow though each section. Water is supplied to the column at a steady rate from a 
point source located at the top center. Inflow to the test column, outflow from each defined 
section at the bottom, ambient temperature and humidity are measured using an automated data 
acquisition system. The collected data is analyzed to study the correlation between 
physical/environmental factors and flow structure. 
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EVALUATING GROUNDWATER AND SURFACE WATER EXCHNAGE USING 
DISTRIBUTED TEMPERATURE SENCING (DTS) IN A SPRING BROOK IN DEATH 

VALLEY, CALIFORNIA 

Jeremy Koonce1, Michael Young2, Zhongbo Yu1, Mark Stone2 
1) University of Nevada, Las Vegas, Department of Geoscience 
2) Desert Research Institute, Las Vegas, NV, USA 
jkoonce@unlv.nevada.edu 

 

Increased demand for water supply in the arid SW US requires innovative ways to measure and 
describe groundwater and surface water exchange. Using temperature as a tracer provides a 
robust, immediate, and natural means to assess the rate at which water moves between these two 
systems. Travertine Spring is a group of carbonate springs located in Death Valley, California 
that discharges into the Furnace Creek Wash. A significant change in the benthic community 
occurs approximately 60 meters downstream from the main source of water. The purposes of this 
project are to use temperature and other physical, chemical, and biological characteristics of the 
spring brook to determine if the stream is gaining or losing and to ascertain whether temperature 
or groundwater/surface water exchange is causing this large shift in the benthic community. 
Fiber-optic Distributed Temperature Sensing (DTS) was used in the spring brook that emanates 
from Travertine Spring. DTS systems provide continuous temperature and rate of temperature 
change with high temporal and spatial (1 m) resolution by measuring the temperature dependent 
and independent energy reflectance known as Raman backscattering. Approximately 180 meters 
of DTS cable was installed in 100 m of spring brook, and temperature data were collected on 
four separate occasions from evening through early morning to reduce the effects of direct 
thermal heating from solar radiation. In addition, data were collected from two piezometers 
located along the spring brook and from temperature probes placed at 10 meter intervals along 
the same reach as the DTS, so that temperature responses of groundwater and surface water 
could be compared. Water samples collected for chemical analysis will be combined with the 
thermal profile to determine potential causes of the benthic community shift observed in the 
spring brook.  Preliminary data and results will be presented. 

 
 
 
 
 
 
 
 
 
 
 



 
 

ICEBERGS AND THE AMERICAN SOUTHWEST; TRACKING GLOBAL AND 
REGIONAL TELECONNECTIONS AT PINNACLE CAVE, SOUTHERN NEVADA 

 
Kevin Donahue, Matthew Lachniet 
University of Nevada, Las Vegas 
donahu12@unlv.nevada.edu 
 
Southern Nevada displays a host of physical landforms which indicate a dramatic shift from 
pluvial/glacial times during the LGM, into a more modern arid climatic regime. There is some 
debate as to the exact timing and mechanisms responsible for this transition, as it may differ 
significantly from that of global climate records. The δ18O record at Devils Hole displays 
significant early warming and lacks the Younger Dryas cooling event, which is inconsistent with 
both global ice volume and (ant)arctic ice cores. This casts doubt on the validity of 
teleconnections in the region to the North Atlantic, which is expressed in many of the 
aforementioned landforms. High resolution terrestrial climate proxies are necessary to elucidate 
the presence or absence of any linkage to the North Atlantic as well as local variations within the 
region. Speleothems, which inherit their isotopic composition from infiltrating meteoric waters 
and allow for U-series dating methods, function as an ideal proxy for climatic reconstructions. 
 
A suitable stalagmite, PC-1, was collected from the lower section if Pinnacle Cave, a limestone 
cave on the flank of Mount Potosi in Clark Country Nevada. Growth of the stalagmite initiated at 
19.479 ± 0.502 ka and continued without hiatus to 15.744 ± 0.161 ka. Variations in the δ18O of 
the record have been interpreted as a combined signal of changes in temperature as well as the 
origin of precipitating moisture, while carbon can be viewed tentatively as changes in vegetation 
or respiration, forced either by temperature or precipitation amount. The PC-1 record is 
characterized by centennial scale variations on the order of ~1 ka in both δ18O and δ13C. The 
δ18O record displays one prominent negative anomaly (~1.5 ka) at ~18.6 ka and is lacking in any 
significant trend. Similarly the δ13C record shows a negative anomaly at 18.6 ka but differs 
significantly from δ18O earlier than ~16.6 ka, where values decrease by several ka. The 18.6 ka 
anomaly correlates well with advances of the Tioga glaciation in the Sierra Nevada and regional 
lake high stands, while the negative shift at 16.6 ka occurs contemporaneously with Heinrich 
event H1, and may represent a sharp decrease in moisture availability, consistent with 
desiccation in the region. Taken as a whole, the PC-1 record indicates teleconnections to the 
North Atlantic by way of the California counter-current and associated pressure systems along 
the eastern Pacific. 
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COCHLIODONT SHARK TEETH FROM THE BIRD SPRING FORMATION 
(CARBONIFEROUS) OF SOUTHERN NEVADA 

 
Rhonda R. Fairchild, Tiesa L. Dunlop, Stephen M. Rowland 
University of Nevada - Las Vegas 
Fairch15@unlv.edu 
 
Cochliodonts were meter-size, shell-crushing sharks that lived in the late Paleozoic.  They are 
known almost exclusively from their large, undulatory teeth.  In North America, cochliodont 
teeth are relatively common in the carboniferous of the Midwest, and they have been reported as 
far west as Arizona.  Here we report occurrences of cochliodont teeth in three separate locations 
in the Bird Spring Formation of the Spring Mountain Range of Southern Nevada.  This is the 
first reported occurrence of these teeth in this area. Two of the samples are individual teeth from 
an unidentified genus.  The third specimen is a complete mandible with six intact teeth belonging 
to the genus Deltodus.  The Bird Spring Formation extends from late Mississippian into the 
Permian.  The Deltodus jaw and one of the isolated teeth were recovered stratigraphically low 
within the Bird Spring Formation, so these teeth are probably early Pennsylvanian.  The other 
isolated tooth was collected at a higher stratigraphic level, later in the Pennsylvanian.  Further 
research is underway to more precisely determine the age of these teeth. 
 
The lithologies of the shark-tooth bearing horizons are skeletal packstones and wackestones 
dominated by skeletal grains of crinoids and brachiopods.  A lack of planer deposition and an 
abundance of disarticulated brachiopod valves indicates considerable turbulence.  We conclude 
that these sediments accumulated above storm wave base.  The Spring Mountains lay in 
equatorial latitudes during the Carboniferous.  We conclude that the Bird Spring cochliodonts 
were living in an equatorial, open-marine setting in water depths no greater than around 30 
meters.  These shell-crushing sharks were probably feeding on brachiopods and crinoids that 
they scooped off the seafloor. 
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PALEOCLIMATE OF CENTRAL ALASKA FROM STABLE ISOTOPE 

GEOCHEMISTRY OF AN ICE WEDGE IN THE FOX PERMAFROST TUNNEL 
 
Corinne Y. Griffing, Matthew S. Lachniet 
University of Nevada, Las Vegas 
griff134@unlv.nevada.edu 
 
Large, rapid temperature oscillations known as Dansgaard-Oeschger cycles have been identified 
in climate records obtained from various proxies around the Northern Hemisphere. These 
millennial scale temperature variations are on the order of ~10oC, occurring with approximately 
a 1,480 year cyclicity during the last interglacial. Dansgaard-Oeschger cycles have been 
recognized in records from the Arctic and subarctic, in proxies such as glacial ice and ocean 
sediment cores. However, no records from Alaska have exhibited these significant events, likely 
due to limited data collected and poor resolution. 
 
Ice wedges in permafrost are one proxy from which paleotemperature data can be obtained using 
measurements of variations in oxygen (δ18O) and hydrogen (δD) isotope abundances. δ18O and 
δD measurements provide information about air temperature, with lower values corresponding to 
colder temperatures. These values are recorded in precipitation, and preserved within ice wedges 
when spring meltwater runs into thermal contraction cracks and subsequently freezes in near-
vertical layers, or foliations. The Fox Permafrost Tunnel, located in Central Alaska, offers a 
climate-controlled environment where ice wedges have been dated to more than 30ka. I will 
execute a detailed oxygen and hydrogen isotope analysis of water samples obtained from an ice 
wedge within the permafrost tunnel, in order to determine the climate during its formation. The 
resulting climate record of temperature oscillations at high latitudes will elucidate the spatial 
extent of Dansgaard-Oeschger cycles in the Arctic. 
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PALEOECOLOGICAL CHANGES WITHIN THE PANACA FORMATION, LINCOLN 

COUNTY, NEVADA 
 
Vicki L. Meyers, Stephen M. Rowland 
University of Nevada - Las Vegas 
meyersv2@unlv.nevada.edu 
 
This investigation will focus on the discontinuous Pliocene Panaca lacustrine sediments 
in Lincoln County, Nevada. I will conduct a paleontological study to examine the changes in 
faunal assemblages and paleoecology due to climate change and the immigration of mammals 
into North America during the Pliocene.  The Pliocene Epoch was a significant time in North 
America for climatic fluctuations and intercontinental dispersal of mammals during a three 
million year time. Fossils record these extinction and dispersal events, which resulted from a 
cooling, drying climate and opening of land bridges between North America and Asia, and also 
between North and South America in the Pliocene. However, many non-marine Pliocene 
deposits are incomplete, isolated and poorly studied.  Furthermore, fossiliferous Pliocene strata 
are known from only a few scattered North American localities.  The Panaca Formation in 
southeastern Nevada is an excellent interval to address how Neogene g! 
 lobal cooling and fauna dispersal influenced North American ecosystems in the Great 
Basin region. 
 
Few studies have evaluated mammalian faunas within the Pliocene Great Basin strata of Nevada, 
although this was a dynamic time period during which extinctions and the invasion of new taxa 
occurred due to climatic cooling and dispersal.  In this study, I will compile a stratigraphic faunal 
assemblage list based on fossil material recovered during new excavations, material in museum 
collections, and data from previous studies.  Field methods will include surface collection and 
screen-washing of vertebrate fossil material.  Argon/Argon dating will be conducted on 
applicable tuffs and ash beds for age control and correlation of basin sediments 
in Meadow Valley.  I will conduct carbon and oxygen isotopic analyses of teeth to investigate 
changes in diet that reflect changes in vegetation type. The isotopic data will be used as a proxy 
for determining climatic changes within the Pliocene. I will compare the fauna of the Panaca 
Formation with faunas from contemporaneous southwestern sites. These will include Pliocene 
sites in the Gardnerville Basin in northwestern Nevada, San Pedro and San Simon valleys 
of Arizona, Anza-Borrego State Park in California, and Hagerman Fossil Beds of Idaho. 
 
I hypothesis that the fauna in the lower portion of the Panaca Formation will be dominated by 
native North American taxa adapted to warm climatic conditions and that progressively higher 
horizons will record increasing cold-adapted taxa, including immigrant species from Asia and 
South America. 
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SEARCHING FOR EARLY CAMBRIAN MICROFOSSILS WITHIN THE POLETA 
FORMATION, ESMERALDA COUNTY, NEVADA 

 
Donna Brita Purvis, Hugo Belmontes, Margarita Rodriguez, Steven Paplinski, Steven 
Rowland 
University of Nevada Las Vegas, Las Vegas, Nevada, United States 
brita.purvis@gmail.com 
 
In Western North America the diversification of several dominant animal groups occur in the 
Poleta Formation of Esmeralda County, Nevada and in adjacent California.  Preliminary research 
conducted in the 1980s revealed that acid-resistant microfossils exist in Poleta limestones, 
including a previously unknown taxon of corals.  Yet, analysis of the specific environments in 
which these animals inhabited has not been studied. 
 
The purpose of our project is to methodically sample facies of the Poleta Formation at the well-
studied Stewart's Mill locality in Esmeralda County, to determine the depositional environments 
of corresponding microfossils.  We collected eleven large limestone samples from six distinct 
facies within Stewart's Mill.  We measured the volume of each sample and consolidated them 
into smaller fragments to maximize the surface area for dissolving.  We then proceeded to 
dissolve the limestone fragments in 10% acetic acid, a standard paleontological technique 
commonly used to extract microfossils within calcium carbonate units.  The disaggregated 
microfossils will be further removed from any existing carbonate material using sieves to rinse 
away finer-grained particles.  We will separate the microfossils from the screened residue 
through extensive examination using microscopes.  We anticipate reconstructing the 
paleoenvironment of these unexplored animals once all microfossils have been identified.  This 
research is currently progressing. 
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PAIRED δ13C CARB AND δ13C ORG ANALYSIS AND CHEMOSTRATIGRAPHY 
ACROSS A LATE CAMBRIAN CARBONATE PLATFORM IN THE GREAT BASIN, 

WESTERN UNITED STATES 
 
Jonathan Baker, Ganqing Jiang 
University of Nevada Las Vegas 
bakerj61@unlv.nevada.edu 
 
Although the carbon cycle remains enigmatic, it has been used extensively in geochemical 
modeling to reconstruct levels of atmospheric carbon dioxide through geologic history. All of 
these models suggest the late Cambrian was a greenhouse climate, with atmospheric carbon 
dioxide exceeding modern levels by 15-25 times (6,000 - 8,000 ppm CO2). However, physical 
proxies for these models are often lacking, particularly for the Paleozoic. The organic 
fractionation of carbon (δ13C, equal to δ13Ccarb minus δ13Corg) occurs during normal 
photosynthesis, as organisms convert atmospheric CO2 into organic carbon, and varies 
exponentially with atmospheric concentrations. This value, therefore, provides such a proxy for 
ancient levels of CO2, but no studies have employed this technique to analyze atmospheric 
conditions during the late Cambrian. This time period is represented in the Great Basin by the 
deposition of an extensive carbonate platform, thus providing the ideal location to test existing 
geochemical models of earth’s history. If such models are correct, we expect that a paired 
isotopic carbon analysis of these strata will reveal a covariation of δ13Ccarb and δ13Corg 
throughout the late Cambrian, with δ13C values exceeding 30 per mille, reflecting high levels of 
atmospheric carbon dioxide during carbonate production. 
 
Previous studies have identified the Steptoean Positive Isotopic Carbon Excursion (SPICE event) 
in the late Cambrian of the Great Basin, which is a globally correlated phenomenon. Positive 
isotopic carbon excursions such as these are typically interpreted as periods of increased organic 
burial, which would result in a massive, global sequestration of carbon. If current understandings 
of this event are accurate, our analysis will identify a reduction in atmospheric carbon dioxide 
near or at the end of the SPICE event, reflecting this feedback mechanism. Overall, we expect 
that this study will not only provide a physical proxy for theoretical models of the ancient 
atmosphere and climatic events, but will also improve our understanding of the carbon cycle 
throughout history, which is becoming ever more relevant today. 
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INTEGRATED STRUCTURAL AND STRATIGRAPHIC ANALYSIS OF THE 
FRENCHMAN MOUNTAIN FAULT, SOUTHEASTERN NEVADA 

 
Laura M. Eaton, Andrew D. Hanson 
University of Nevada, Las Vegas 
laurameaton@hotmail.com 
 
I propose to test two competing hypotheses to determine whether the Frenchman Mountain fault 
is a normal fault (Langenheim et al., 2001) or a strike-slip fault (Castor et al., 2000) by 
conducting a linked basin analysis and fault kinematic study.  The north-northwest trending 
Frenchman mountain fault is located near the intersection of two major strike-slip systems in 
southeastern Nevada, the Las Vegas Valley shear zone and the Lake Mead fault system, and lies 
in a zone of extremely complex structural geology.  Published tectonic models of 
southern Nevada ascribe different senses of fault motion to 
the Frenchman Mountain fault.  Castor et al. (2000) have completed the most detailed work on 
the fault to date, but acknowledge that no systematic studies have dealt specifically with the fault 
and that further research needs to be completed.  This study uses the unique approach of 
integrating basin and structural analysis techniques in order to determine fault evolution.  Offset 
on the FMF has directly impacted how the basin adjacent to it has filled, thus documentation of 
provenance and basin evolution of basin fill as well as kinematic analysis and mapping allows 
for extrapolation of fault offset sense, magnitude, and timing.  Determining the history of the 
FMF is most important for gaining a better understanding of the development of extensional fault 
systems, and because there are two existing contrasting structural models, the new data generated 
in this study will certainly refute one, if not both, of these models. 
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PAIRED δ13C CARB, δ13CORG, AND δ18O STUDY OF A PROMINENT POSITIVE 
CARBON ISOTOPE EXCURSION, SOUTHEASTERN NEVADA 

 
Robert Henry, Ganqing Jiang 
University of Nevada – Las Vegas 
henryr12@unlv.nevada.edu 
 
A prominent positive carbon isotope excursion of Early Mississippian age has been documented 
from numerous sites globally using conodont zones. It has been inferred that this CIE is a result 
of enhanced organic carbon burial, which removed δ13C-depleted carbon from both the ocean 
and the atmosphere. Several results indicative of enhanced organic carbon burial would include a 
similar positive excursion in both organic and inorganic carbon isotopes, and a global cooling 
event resulting from the enhanced organic carbon burial. These predictions, however, have not 
been tested sufficiently in existing documentations. This research will test these predictions 
through an integrated study of carbonate and organic carbon, and oxygen isotopes of the Lower 
Mississippian Joana Limestone and Limestone X in southeastern Nevada. Paired δ13Corg 
and δ13Ccarb analyses and brachiopod oxygen isotope analysis across the positive CIE to test of: 
(1) whether the δ13Corg shows a similar positive excursion as has been documented in δ13Ccarb, 
(2) whether seawater temperature changes across the δ13Ccarb excursion, as potentially recorded 
in oxygen isotopes including the “clumped isotopes” of well preserved brachiopods, and (3) 
whether there is temperature-dependent carbonate and organic carbon isotope fractionation 
across the excursion. The research will obtain a comprehensive dataset across a major 
paleoceanographic event, which will shed light on the interactions between paleoclimate 
changes, seawater surface temperature changes and isotope variations. 
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MUDDY CREEK FORMATION: REEVALUATING LATE MIOCENE TECTONICS 
AND SEDIMENTATION IN SOUTHERN NEVADA 

 
Thomas Muntean, Andrew Hanson 
University of Nevada, Las Vegas 
munteant@unlv.nevada.edu 
 
Cenozoic Basin and Range sediments generally lack detailed study. Previous Basin and Range 
research has focused predominantly on Mesozoic and Paleozoic rocks and Cenozoic structural 
geology and volcanism to develop the geologic evolution of the region, with only minimal study 
of the Cenozoic sedimentary record. In the vicinity of Lake Mead, southern Nevada, Oligocene 
and younger sedimentary rocks record the tectonic evolution of the region.  The Late Miocene 
Muddy Creek Formation (MCF) is part of this sedimentary sequence. 
 
Limited previous studies of the MCF have loosely constrained the age, stratigraphy, and 
occurrence of the formation and concluded the formation was deposited as post-tectonic infill 
within local basins.  Numerous workers cite the early MCF studies as partial evidence in support 
of tectonic reconstructions for the southern Basin and Range, for constraint on the timing of 
regional deformation events, or for tectonic studies of the Lake Mead fault system and Las 
Vegas Valley shear zone. However, poor constraint on the MCF limits the validity of these 
related studies and has led to misinterpretations. Detailed study of the MCF is in progress to 
constrain the timing, mode of deposition, and occurrence of the formation and validate or amend 
the conclusions of related studies. 
 
Preliminary results from our in-progress study of the MCF are inconsistent with previous work 
and indicate that reevaluation of commonly-held conclusions is necessary.  At present, the 
following preliminary conclusions are suggested, based upon exposures in the vicinity of the 
Overton Arm of Lake Mead: (1) Unambiguous syn- and post-depositional deformation is seen 
within MCF sediments. (2) Some units that were previously mapped as the MCF were 
misidentified. (3) Some faults that cut the MCF during, and possibly after deposition of the 
formation, appear to be a southwest extension of the left-lateral Hen Spring Fault, which is part 
of the Lake Mead Fault system. (4) The Hen Spring Fault and Rogers Spring Fault are possibly 
kinematically linked through the Overton Arm area and were likely active during, and following, 
deposition of the MCF. (5) Numerous tuffs have been identified within the stratigraphy, which 
provide opportunities to improve the age resolution of the MCF, and better constrain the timing 
of faulting in the Overton Arm area. 
 

 

 

 

 

 

mailto:munteant@unlv.nevada.edu


SURFACE THERMAL INERTIA MEASURMENTS IN A NATURAL EARTH 
ENVIRONMENT 

 
Erin Orozco, Scott Nowicki 
UNLV Department of Geoscience, Las Vegas, Nevada 
orozcoe@unlv.nevada.edu 
 
Thermal inertia represents the ability of a geologic material to absorb incident solar radiation 
during the day and reradiate it during the night.  Mapping the thermal inertia on a planetary scale 
helps provide insight into the geologic history and present state of planetary surfaces.  Ideally, it 
can be used to differentiate geologic material such as rock, sand, and dust by measuring a unique 
diurnal thermal signature.  We are using our understanding of this signature on Earth to identify 
planetary materials and in turn, relate it to the Martian surface.  Knowing more about thermal 
inertia on Mars can assist to find more suitable landing sites for rovers and landers.  Instruments 
in orbit, such as the Thermal Emission Spectrometer (TES) and the Thermal Emission Imaging 
System (THEMIS) have already mapped the thermal inertia of Mars, but there is still a need to 
link thermal observations to geologically interpretable surfaces and materials.  Measuring the 
diurnal temperature variations on known geologic material in a natural environment on Earth can 
be used to quantify planetary-independent thermal inertia signatures of common materials.  Since 
the Earth is a much more complex system than Mars, environmental conditions such as weather 
are expected to highly impact diurnal temperature curves. Our goal is to evaluate the effects of 
natural variation, such as wind, rain, cloud cover, and humidity on the diurnal temperatures of 
the surface being tested.  Using an auto-logging thermal radiometer station, we have observed a 
small suite of samples of rock and sand that are likely to be found on Mars. Being able to collect 
reproducible thermal curves will help us to quantify the trends and signatures on known geologic 
material and lead to more confidence in interpreting geologic materials and surface processes 
from thermal observations.  With a better understanding of the variations that potentially occur 
on Earth, we can apply these techniques to remotely sensed observations on a larger scale and a 
larger suite of materials. Thermal inertia data can also aid in other environmental studies, such as 
studying the impacts of climate change on Earth, and measuring soil moisture.  This is an 
ongoing project that is designed to build a foundation for more extensive planetary thermal 
inertia studies. 
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CARBONATE CYCLES AND THEIR CONTROLLING MECHANISM DURING THE 
LATE CAMBRIAN GREENHOUSE TIME IN CENTRAL NEVADA AND WESTERN 

UTAH 

 
Ratna Widiarti, Ganqing Jiang 
University of Nevada – Las Vegas 
widiart2@unlv.nevada.edu 

 
A detailed sedimentological study is proposed to examine the cyclicity of two Late Cambrian 
sections in Ely (outer shelf) and House Range (inner shelf) and to test the correlability of 
sedimentary cycles and sequences during greenhouse times. Carbonate depositional cycles and 
sequences have been proposed to be formed by glacial eustastic sea-level changes. This 
mechanism would be problematic for times when high atmospheric CO2 existed and no 
continental ice sheets were present. A hypothesis by Berner (2003) suggests that Late Cambrian 
was a strong greenhouse time with atmospheric CO2 exceeding 2000 ppm. No evidence of ice 
sheets has been found in the Late Cambrian records, limiting sea-level fluctuation driven by 
glacial eustasy. In such greenhouse climate, the driving mechanisms for sedimentary cyclicity 
remain debated. We predict that some carbonate cycles were caused by the changes of local 
production and might not be regionally/globally correlatable, or alternatively might be formed by 
astronomical forces and should be correlatable across the platform. 
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FORMATION OF PERITIDAL CYCLES AND SWQUENCES IN THE LATE 
CAMBRIAN AND EARLY ORDOVICIAN CARBONATE PLATFORM IN VENTRAL 

NEVADA, WESTERN US: IMPLICATIONS FOR AUTOCYCLICITY DURING 
SUPERGREENHOUSE TIMES 

 
Adam Zeiza, Ganqing Jiang 
University of Nevada, Las Vegas 
zeizaa@unlv.nevada.edu 
 
The origin of peritidal carbonate cycles and their temporal stacking patterns have been debated 
for decades. Nevertheless, most interpretations in carbonate sequence stratigraphy still take 
glacio-eustatic sea-level change as the main control for the formation of carbonate cycles and 
sequences. This interpretation is very problematic for carbonate successions that developed 
during supergreenhouse times, such as in the Late Cambrian and Early Ordovician when levels 
of atmospheric C02 were noticeably the highest (~4000-7000ppm; Berner, 2001) compared to 
the other Phanerozoic time intervals. Such high atmospheric CO2 would have prevented the 
development of polar ice sheet, thus limiting and minimizing glacio-eustatic sea-level 
fluctuations. Cycles of those supergreenhouse carbonate successions, if they are exist, would not 
have been controlled by glacio-eustatic sea-level fluctuations. Instead, they may be formed by 
forced regression through interactions between tectonic subsidence and carbonate production 
rates. In order to test these predictions, a detailed study of cycles, cycle stacking patterns, and 
sequence development will be conducted across the Late Cambrian to Early Ordovician 
carbonate platform in central Nevada, from the peritidal facies in Egan Range to coeval deeper 
water (slope and base of slope) facies in Hot Creek Range. Integrated cyclo- and sequence 
stratigraphic analyses across the shelf-to-slope transect will allow to establish a sequence 
stratigraphic framework, which is not available for this platform so far. In addition, the 
expression of shallow-water features such as sequence progradation and possibly forced 
regression will be documented in the deeper water facies. The results will be used to evaluate 
existing cycle models and for a better understanding of the carbonate sequence stratigraphic 
concept under conditions of limited glacio-eustatic sea-level changes. 
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VOLCANOLOGY OF UBEHEBE CRATERS, DEATH VALLEY CALIFORNIA: 
GEOCHEMISTRY AND SIZE-FREQUENCY OF BASALT FRAGMENTS IN EJECTA 

 
Shereena Dyer, Eugene Smith 
University of Nevada, Las Vegas 
dyers@unlv.nevada.edu 

 
Ubehebe Craters, Death Valley National Park, consist of a group of maar craters formed during 
Holocene time.   The biggest and youngest of these is Ubebebe Crater (800-m wide; 235-m deep; 
6000 years old). Little Hebe, which is about 100-m wide, lies just to the south of Ubehebe 
Crater.   Earlier studies suggested that the ejecta blankets (covering 15 square km) were mainly 
composed of pyroclastic surge deposits. Although these earlier studies established style and 
sequence of eruption, little is known about the geochemistry of basalt clasts in ejecta, details of 
an eruption, or the origin of distal ejecta deposits. For this study, 32 samples were collected from 
four sites; three are 0.2 to 0.4 kilometers west of the main crater. The fourth site is Little Hebe 
Crater, 0.2 kilometers south of the main crater. All of the samples are older than those associated 
with the eruption of Ubehebe Crater.  After collection, each sample was washed, photographed, 
and the size of clasts digitally measured. Basalt clasts are less than 10 mm in size and are 
identical in chemistry to a lava flow exposed in the wall of Little Hebe Crater.  These clasts, 
therefore, represent ripped up bedrock and not new magma. Chemically, Ubehebe basalt is 
similar to basalts in the Greenwater Range and volcanoes near Yucca Mountain. Yogodzinski 
and Smith (1995) proposed the Amargosa Valley Isotope Province (AVIP) outlining basalt fields 
with enriched Nd and Sr isotopes and distinctive trace-element signature. Originally the AVIP 
included volcanoes near Yucca Mountain and those in the Greenwater Range east of Death 
Valley. Basalt from Ubehebe is identical in chemistry to AVIP suggesting that the AVIP should 
be enlarged to include Ubehebe Craters. The size of over 2000 clasts was measured and median 
and Inman sorting coefficients were calculated for each sample.  Compared to size-sorting data 
from other volcanic fields and work by Crowe and Fisher (1973), the sampled de! 
 posits are more typical of pyroclastic fall-out deposits than surge. Variations in median size and 
sorting values represent deposition of ejecta from a series of eruptions each having a different 
energy.  In summary, eruptions at Ubehebe were dynamic, ripping up basalt with AVIP chemical 
signatures into fragments usually less than 10 mm in size and depositing them during numerous 
pyroclastic fall-out events. 
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POST-SUBDUCTION CALC-ALKALINE MAGMA GENESIS OF THE TRES 
VIRGENES-REFORMA VOLCANIC COMPLEX, BAJA SUR, MEXICO 

 
Carla Eichler, Terry Spell 
University of Nevada, Las Vegas 
eichlerc@unlv.nevada.edu 
 
The hypothesis of this study is that Tres Virgenes-Reforma Volcanic Complex has a distinctive 
calc-alkaline chemical and isotopic signature when compared to other Cenozoic volcanic 
complexes in Baja, as well as volcanism in other rift environments. Calc-alkaline volcanism is 
rarely associated with a syn-rifting environment. However, Quaternary calc-alkaline volcanic 
suites have erupted along the coast of Baja Mexico on extended crust. The youngest and most 
extensive of these is TVR, thus making it an ideal location to study the mantle sources of 
anomalous calc-alkaline magmas in an extensional rift setting. Possible sources for such magmas 
include the subduction of an active ridge, breaking or tearing of the subducted slab, and opening 
an asthenospheric window. Whole rock major and trace element chemistry and isotopic 
compositions in combination with chemical and isotopic data on olivine melt inclusions will 
allow mantle sources and melt generation processes to be defined. 
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USING IGNEOUS GEOCHEMISTRY FOR INSIGHT INTO SURFACE WATER FLOW 
PATHS, BATTLESHIP BUTTE ALLUVIAL DEPOSITS, NEAR MOAPA, NV 

 
Emery, Christi 
University of Nevada, Las Vegas 
emeryc2@unlv.nevada.edu 
 
Battleship Butte, located east of the Arrow Canyon Range and south of 
the Meadow Valley Mountains, is comprised of two main alluvial deposit units, a lower unit with 
Paleozoic clasts and minor amounts (about 5 percent) of Tertiary volcanic clasts unconformably 
overlain by an upper unit with only Paleozoic clasts.  Basin sedimentation in this area was 
contemporaneous with Cenozoic extension. Initial drainage in the White River and Meadow 
Valley Wash basins was internal, but both basins were later captured by the Colorado 
River system making them externally drained.  Geochemical analysis of eleven volcanic clast 
samples collected from the lower alluvium at Battleship Butte were used to determine if the 
provenance of the volcanic clasts is: the Kane Springs Wash Caldera, the Caliente Caldera 
Complex, or both. The origin of the volcanic clasts provide insight into basin deposition and 
surface water flow paths that led to the formation of the lower alluvium at Battlesh! 
 ip Butte. The Battleship Butte alluvial units are incised by the current Quaternary drainage 
system.  The unconformity at the base and composition of the younger alluvial unit indicates a 
change of provenance from Tertiary volcanic covered Paleozoic rocks in 
the Meadow Valley Mountains to the Paleozoic only rocks of Arrow Canyon Range to the east. 
The analysis of the volcanic clasts shows a provenance of tuffs from the Caliente Caldera 
Complex and the Kane Springs Wash Caldera. The overall analysis of the Battleship Butte 
indicates the capture of the Meadow Valley Wash and White River Basins by the Colorado River 
system and/or a continued drop in base level of the Colorado River system. 
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TESTING CHEMICAL MODELS OF MELT-SOLID SEGREGATION IN ANATECTIC 
MIGMATITES 

 
Michelle R. Stropky and Rodney V. Metcalf 
University of Nevada, Las Vegas 
stropkym@unlv.nevada.edu 
 
Understanding of melt segregation in anatectic migmatites centers largely on mechanical 
processes such as filter pressing.  This project will focus on a group of low temperature semi-
pelitic layered migmatites found in the Santa Fe Baldy batholith (New Mexico) which are 
supersaturated in zircon.  Differential behavior between mechanically similar minerals, 
muscovite and biotite, during leucosome-melanosome segregation suggests a chemical rather 
than mechanical process.  We hypothesize that segregation operates by a process involving 
dissolution of residual solids driven by deformation, followed by diffusion of residual 
components through the melt and recrystallization of solids on melt margins at low strain 
sites.  We refer to this process as melanosome crystallization. The hypothesis predicts that 
residual solids are transferred from leucosome to melanosome as new growth crystals, with an 
abundance of new growth zircons found in the melanosome and abundance of ol! 
 d inherited zircons in the leucosome.  Cathodoluminesence (CL) will be used to determine the 
distribution of new growth versus inherited zircons between leucosome and melanosome and 
provide sites for SIMS spot analyses.  Secondary Ion Mass Spectrometry (SIMS) will be used for 
U-Pb dating and trace element composition of new growth and residual zircon cores. 
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STRUCTURAL AND SEDIMENTOLOGICAL DEVELOPMENT OF PARHUMP 
BASIN, SOUTHERN NEVADA WITH IMPLICATIONS FOR SEISMIC HAZARDS 

 
Jonathan Carter1, Wanda J. Taylor1, Barbara Luke2 
1) Department of Geosciences, University of Nevada, Las Vegas  
2) Department of Civil Environmental Engineering, University of Nevada Las Vegas 
carterj7@unlv.nevada.edu 
 
The purpose of this study is to (1) document potentially active faults and estimate possible 
earthquake magnitudes, (2) document and analyze sedimentation in a basin controlled by strike-
slip and oblique faults, and (3) consider implications on regional development 
using Pahrump Valley, southern Nevada as a case study. The 2.5 million people living within the 
region would be significantly impacted by a major earthquake generated in the Valley. With an 
ever increasing population, the need for evaluation of seismic risk is becoming more important 
for land use planning in southern Nevada. 
 
Using data analysis of well logs, geophysical measurements, surface data from air photos, maps, 
and field observations, it is possible to document the 3D architecture of the basin-fill sediments 
and basin structure through abrupt changes in sedimentary facies. 3D modeling of the lithology 
and depositional environments of shallow basin fill improves the understanding of fault location, 
type, offset and surface rupture length. 
 
Pahrump Valley is flanked by two documented Neogene (Quaternary) fault systems. The west 
side is dominated by the Stateline Fault zone, which is a continuous NW-striking right-lateral 
strike-slip fault zone extending 200 km from Mesquite Valley to Amargosa Valley, Nevada. 
In Pahrump Valley no fault scarp is present. The eastern side is bordered by 
the West Spring Mountains fault, which is a N-striking W-dipping normal fault with a right-
lateral oblique component. The fault has a large scarp which is visible along the northeastern and 
east-central Valley border and smaller discontinuous scarps in the south. The 11-km-long central 
segment contains scarps up to 9.4 m high. On the basis of scarp profiles, the youngest event is 
estimated to be Pleistocene or early Holocene in age with a maximum fault displacement 
estimated at 5 m, which suggests an event of M 6.5-7.4. 
 
3D basin models, derived from well log lithology, depict the locations of fault surfaces by 
showing abrupt changes in units and unit offsets among multiple wells. The lithologic data 
augmented with surface investigations and seismic data show a depositional environment 
dominated by alluvial deposits of coarse material (gravel and sand) and playa sediments (clay 
and soils) that interfinger. The playa sediments in the west valley exhibit right-lateral 
displacement of 10 km consistent with the Stateline fault zone. 
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KINEMATIC ANALYSIS OF THE TRINITY FAULT, CENTRAL METAMORPHIC 
TERRANE, KLAMATH MOUNTAINS, NORTHERN CALIFORNIA 

 
Pasquale Del Vecchio, Rodney V. Metcalf 
University of Nevada, Las Vegas 
pasqualedv@cox.net 
 
This project will investigate the presence of extensional reactivation of a subduction zone thrust 
fault, the Trinity Fault of Klamath Mountains province, Northern California.  This fault is a 
ductile shear zone meters to tens-of-meters wide and separates the Central Metamorphic terrane 
(CMt) from the Eastern Klamath terrane (EKt).  CMt lithologies are the Salmon metabasite and 
the marbles and metaquartzites of the Grouse Ridge formation which were subducted beneath the 
EKt.   The overlying EKt is subdivided into three subterranes: the Trinity which is composed of 
Ordovocian peridotite and Devonian-Silurian mafic intrusive complexes, the bimodal volcanic 
rocks of the Redding, and the turbidites and mélange of the Yreka.  The EKt served as the 
backstop for accretion and the Redding subterrane is interpreted as the volcanic expression of the 
subducting CMt. 
 
Convergent margins are the centers of production for most non-cratonic continental crust and are 
very influential in the creation of orogenic belts.  Studying the petrology and kinematic sense of 
rock complexes associated with subduction zones allows the dissection of the history of a region 
with relation to paleogeography and crustal source material.  Compression is the dominant mode 
of deformation at a convergent margin, however significant extension can occur related to the 
amount of interaction between the upper and lower plate.  Extension in the back arc setting can 
result in the emplacement of mafic igneous material, the reactivation of thrust faults with normal 
sense of motion, or in extreme cases, the creation of a back-arc basin with a rift complex. 
 
The Trinity fault is thought to display evidence of extension through anomalous ages obtained 
from the surrounding metamorphic rocks.  Due to the metamorphic grade of the region, rocks 
along the fault can be assumed to have undergone ductile deformation leading to the assumption 
that kinematic indicators related to a shear zone rather than a brittle fault will have developed.  A 
combination of field work, optical petrographic study, and electron microscopy will reveal the 
existence of low temperature ductile extensional features with the aim of age correlation to the 
existing Permian samples, as well as confirm high temperature ductile thrusting. 
 
Field work will consist of collecting orientated samples and mapping of mesoscale folds along 
the trace of the Trinity fault.  Thin sections will be prepared from the samples using the facilities 
at UNLV Geoscience rock preparation lab.  Analysis of these thin sections will be conducted at 
UNLV with special attention to kinematic indicators. 
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TECTONIC DEVELOPMENT IN THE WHITE PINE RANGE AND EAST-CENTRAL 
NEVADA 

 
James Thompson, Wanda J. Taylor 
University of Nevada Las Vegas 
thomp574@unlv.nevada.edu 
 
During the Phanerozoic, western North America underwent multiple contractional and 
extensional events that are recorded throughout Nevada.  Rocks in the White Pine Range, of 
east-central Nevada, record late Paleozoic, Mesozoic and Cenozoic deformational events. 
Deformation in the late Paleozoic, between the Antler and Sonoma orogenies, is documented in 
many locations throughout central Nevada as an angular unconformity.  Subsequently, Mesozoic 
contractile structures in the White Pine Range, known as the Illipah fold and thrust belt, which is 
a part of the central Nevada thrust belt, deformed the unconformity.  During this time, 
synorogenic decompression led to extensional collapse in the Sevier hinterland.  Overprinting all 
these structures are normal faults active in the Cenozoic.  These normal faults may be 
responsible for the formation of the hydrocarbon rich, Railroad Valley west of the White Pine 
Range.  Documenting the structural style of these deformations will contribute to understanding 
the tectonic evolution of western North America.  The questions to be addressed include: (1) do 
the late Paleozoic, Pennsylvanian-Permian, rocks record a previously unrecognized deformation 
as an angular unconformity, (2) is the structural style in the Illipah fold and thrust belt consistent 
with other parts of the central Nevada thrust belt, and (3) is the Cenozoic extension dominated by 
low-angle normal faulting? 
 
Detailed geologic mapping at a scale of 1:12,000 in the northern White Pine Range and various 
structural analyses will be performed to address these questions.  Stereographic projections will 
be used to determine structural orientations and kinematics.  Retrodeformable and deformed state 
cross-sections will be constructed to interpret structural geometries, calculate amounts of 
contraction and extension, and to construct a temporal stepwise structural development.  Thin-
sections will be used for structural analysis and stratigraphy, and biostratigraphy will be used to 
better define the ages unconformities exposed in the field area. 
 
The results of this study will (1) contribute to the understanding of the proposed deformation 
event in Pennsylvanian-Permian time, (2) further constrain the tectonic style of the central 
Nevada thrust belt, (3) provide new data about low-angle normal faults that flank Railroad 
Valley, (4) define a better stratigraphy for Cenozoic volcanic rocks and Quaternary alluvium, 
and (5) provide geologic mapping and insight for future production and exploration of 
hydrocarbons in Railroad Valley. 
 

 

 

 

 

mailto:thomp574@unlv.nevada.edu


REDEFINING UNIT BOUNDARIES AND FEATURES OF THE WESTERN MEDUSAE 
FOSSAE FORMATION, MARS (MC 23-NW) TO REVEAL A HISTORY OF 

TECTONISM, WIND EROSION, AND EPISODIC WATER FLOW 

 

 L.J. Griffin1 and J.R. Zimbelman2                                                                                        
1University of Nevada, Las Vegas, griffin.lora@gmail.com                                     
2CEPS/NASM, Smithsonian Institution, Washington, D.C., zimbelmanj@si.edu  

 

Despite agreement among researchers of the relatively young age, abundance of fine-grained 
surface material, and low number of craters, when compared with the Southern Highlands, the 
geological processes involved in the creation of the Medusae Fossae Formation (MFF) on Mars 
remain elusive. Systematic observations of the MC 23-NW map area in the western MFF using 
high resolution images have permitted the identification of geologic features from which new 
map contacts were derived. Age dating of Martian geologic units using crater abundance, as is 
common, was not possible due to a ubiquitous lack of cratering in the study area. Therefore age 
determinations for the map units and the features contained within them were interpreted using 
textural characterization, MOLA topography, and superposition. Previous work identified three 
MFF components: Lower Member (Aml), Middle Member (Amm), and Upper Member (Amu). 
The complexity of the area required expansion of these labels to include numerical designations 
signifying relative age within closely related units: Aml1, Aml2, Amm1, and Amm2 (Amu was 
not identified within the study area). These new unit margins reveal that MFF was larger than 
previously reported, and that its landscape includes antiformal structures and a wide variety of 
sinuous ridges. For example, a collection of sinuous ridges located in the MFF Lower Member 
suggest a paleo-delta, another grouping of broad, flat sinuous ridges display interconnecting 
patterns suggestive of  braided streams, while a single sinuous ridge spans more than 300 
kilometers across a wide Aml1 basin. Collectively, the presence of an antiform in the newly 
refined map area and the low elevation of this Aml1 basin along with the presence of SR fans at 
basin margins, with increased branching toward the Aml1 unit, suggest a paleoenvironment that 
includes active tectonism and emplacement of Aml1 within a basin with a history of episodic 
aqueous water. 
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