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3:25 
 

GPR Studies of the Buckeye Creek System Alluvial Fan, 
Greenbrier County, WV  

Rebecca Sopher 
 
The Buckeye Creek Cave system is located near Lewisburg, WV 
in Greenbrier County.  Buckeye Creek Cave opens near a large 
open area, formerly a lakebed, called “The Racetrack.” The 
Racetrack is an area of a dry valley where horse races used to be 
held in the 1800s.  Streams were discharged into the Racetrack 
before they eventually got pirated by the subterranean cave system.   
Ground penetrating radar (GPR) was used to survey one of three 
alluvial fans located upstream from the Racetrack and the cave 
entrance.  

The area surveyed with the GPR was about 300 feet across 
and about 400 feet at its longest point.  We took 31 profiles up the 
length of the fan, one every ten feet.  The alluvial fan itself has not 
been studied previously for rock unit interfaces.  By using the 
GPR, the project desired to develop a picture of the depth of the 
bedrock and the volume of the sediment on top of the bedrock.  
Through data analysis of the profiles taken in the field, we estimate 
a minimum volume of the sediment overlaying the bedrock.  The 
two programs used to analyze the data collected from the GPR 
were GPR RADExplorer and GPR Slice.  In RADExplorer, each 
cross-section was individually examined and lines drawn in the 
profiles to indicate the last clear line of sediment or rock and the 
lowest depth at which data can be observed.  In GPR Slice, 
different filtering mechanisms were used to try to find the best 
approximation and visualization for deepest visible data and 
minimum volume of sediment above the bedrock.   

This data can be used to further study the geomorphology 
of the lake and alluvial fan and the organisms that were found 
there.  Further analysis in the form of geochemical tests on 
sediments and study of the macroorganisms can eventually lead to 
a conclusion on the extent of the sediments and the climate in 
which they were deposited. 
 
 



3:05 
 
The Use of Ground Penetrating Radar at a Civil War Encampment 

April Mort 
 
Virginia Site 44ST0286 was a Civil War encampment occupied by 
the 2nd Brigade, 1st Div., V Corps in 1862-1863. The site holds 
historical evidence from this Union encampment, but is threatened 
by impending construction. To preserve the history of the site, a 
portion has been studied using multiple techniques. Fieldwork 
conducted in 2007 identified well preserved site remains that 
included hut and hearth features.  Additional fieldwork was 
conducted on a section of the site to be lost that included both 
archaeological recovery and Ground Penetrating Radar (GPR) 
studies. After conducting GPR examinations of known structural 
features that had been exposed archaeologically, sectors of the 
encampment marginal to those excavations were examined to 
determine if GPR could be used to identify the larger pattern of 
camp layout.  The results of our study found that certain GPR data 
is diagnostic of Civil War camp features such as tent sites. Smaller 
features can also be detected in GPR data, but cannot be identified 
without pairing the data with archaeological findings. It was 
concluded that the GPR method is a realistic approach to mapping 
the large scale patterns at sites that are inaccessible by traditional 
archaeological means.  
 

9:00 
 
Geochemical Evidence for Mantle-derived Waters In Some Springs 

of Virginia 
Katie Jepson 

 
In 2009, research by a JMU student from the Department of 
Geology and Environmental  Science showed that the source of 
heat for thermal springs in the Warm Springs Valley of Virginia is 
most likely mantle derived.  This research used bulk water 
chemistry and 3He/4He isotopes analysis to establish this 
connection. 

In February and March of 2010, 3He/4He isotope samples 
were taken from waters in The Homestead in Hot Springs, Bath 
County and Bolar Springs in Warm Springs, Bath County. The 
samples were sent for to Lawrence Berkeley National Laboratory 
for analysis and we are currently pending results. Samples were 
also analyzed for bulk water chemistry and are being studied and 
compared to other water samples in collected in the area. 

Additionally, research is being done to establish a potential 
linkage between springs in the Shenandoah Valley and the mantle 
as a possible source of carbon (carbonate) that is causing the 
deposition of travertine from these waters. 

The results of this research will be used to help direct 
future research aimed at trying to establish the source and depth of 
origin for spring waters in western Virginia. 
 



9:20 
 

The Application of Fracture Trace Analysis in Locating High-
Yielding Water Wells in Sedimentary Rocks of the Shenandoah 

Valley, Virginia 
Alben Sellers 

 
Fracture Trace Analysis is frequently used to locate wells that have 
a potential for high yields.  Fracture traces are linear surface 
expressions that are usually formed by zones of weakness, such as 
faults, joints, or fracture zones in the bedrock.  These zones of 
weakness allow for water to easily infiltrate into the subsurface and 
collect in the void spaces between the fractured rocks.  Usually, 
these zones of weakness produce features at the surface that can 
easily be identified by the trained eye using stereo aerial 
photography.  Surface expressions that are usually attributed to 
fracture traces include: tonal variations in the soil, straight stream 
segments, lineation in vegetation, and linear depressions.  Wells 
drilled on, or proximal to, fracture trace intersections have a 
chance of greatly increasing water yields. 

This research examines approximately 45 square miles 
around the Cross Keys area in Rockingham County, Virginia.  The 
two major rock types that underlay this area are shale and 
carbonates.  Previous research in Rockingham County suggests 
that water well yields are greatest near fractures and in topographic 
lows.  This research only consisted of carbonate-dominate rock 
formations.  This research examines well yields related to the 
proximity of fractures and topography in both carbonate and non-
carbonate dominate systems. 

Preliminary analysis suggests that fracture traces in 
carbonate-dominate rocks are longer and in greater abundance 
relative to shale, which could make locating higher yielding wells 
more favorable in carbonates. Additionally, well yields appear to 
be statistically higher in the carbonate rocks than in the shales. 

2:40 
 
Analyses of, and Implications for, Deformed Zones of the Millboro 

Shale in the Cowpasture River, Highland County, VA 
Natalie Caro & Kim Walsh 

 
The bed of the Cowpasture River in Highland Country, VA contains complexly 
deformed zones that display fabrics oblique to the regional, northeast-striking, 
structural trend. Shales in the riverbed display multiple events of deformation as 
shown by joint sets, disaggregated calcareous beds, small-scale folds, and 
slickenlines. Within the riverbed there are also uniformly bedded sections that 
are not folded or faulted, but do contain joint sets and occasional concretions. 
Investigation of the relative timing of the deformation events and the tectonic 
implications are the main issues explored in this research project. Field data 
included strike and dip measurements of bedding in all sections of the river, of 
prominent joint sets, and of oriented concretions. Contacts between deformed 
and undeformed sections in the two principal units, the Needmore and Millboro 
shales, were mapped and analyzed for possible larger-scale folding. Other 
regional data included orientations and cross-cutting relationships between two 
thrust faults and joint sets in the McDowell, VA area. Once the data was 
collected, rose diagrams were created to represent the orientations of prominent 
joint sets in each section of the river. A detailed geologic map of the Cowpasture 
riverbed was created using Adobe Illustrator with the contacts and strikes and 
dips of beds and joint sets displayed.  
 Results suggest that deformation within the Cowpasture riverbed is 
partly composed of parasitic folds and faults of the regional, northeast-striking 
fold pattern. This is demonstrated by alternating sections of deformed and 
undeformed strata as well as kink bands and centimeter- to decimeter-scale 
plunging anticlines and synclines. However, several sub-meter-scale folds and 
meter-scale faults are oblique to the NE-structural grain, and may have resulted 
from semi-chaotic localized adjustments to diminished space in the nose of a 
regional fold. Rose diagrams of the principal joint sets show a northwest strike 
in both the deformed and undeformed zones, although some joint sets are 
overprinted and obscured in highly folded and faulted zones. The northwest 
strike is roughly parallel to the direction of regional compression during the 
Alleghanian Orogeny, which suggests that many of the joint sets are related to 
this event. The overall timing for this region suggests that there was a joint set 
from the initial compressional forces of the orogeny, followed by faulting, as 
shown from the McDowell data, caused by the folding event which also caused 
a later joint set to form. Thus, the Cowpasture River region exhibits deformation 
at multiple styles and scales, as an identifiable series of events that collectively 
comprised much of the sequence of contractional pulses that constituted the 
Alleghanian Orogeny in present day western Virginia.    
  
 



2:20 
 

Correlation of Sandstones and Flat-pebble Conglomerates in 
Carbonates of the Tonoloway and Keyser Formations. Highland 
and Bath Counties, Virginia, and a Revised Interpretation of the 

Principal Cave-Forming Stratigraphic Horizons 
Seldon Walker 

 
Bedrock mapping of Silurian and Devonian formations in the 
Williamsville 7½' quadrangle (Virginia) has led to discoveries in the 
carbonate sequence that clarify significant regional stratigraphic 
relationships. Exposures in the Water Sinks (a large, complex karst 
feature) and nearby areas, both surface and especially subsurface (in 
caves), have been the key to working out details of stratigraphic relations 
within the Tonoloway and Keyser Formations. We can now recognize 
and distinguish several distinct clastic units in the Tonoloway (Silurian) 
and the overlying Helderberg Group (Devonian, including the Keyser) in 
this region, with key findings being (1) discovery that certain unnamed 
sandstones in the Tonoloway are laterally persistent; (2) discovery that 
the three-part character of the Tonoloway, especially the distinct lower 
Tonoloway with its interlayered thin-bedded pink/red and gray/black 
lithologies, is regionally persistent; (3) clear evidence that a well-known 
facies change in the middle Keyser (Big Mountain Shale into Clifton 
Forge Sandstone) takes place in this area; (4) discovery that the thinly 
laminated and thin-bedded Tonoloway limestones are separated in places 
from the overlying and commonly massively to nodular bedded and 
reefal Keyser limestones by a flat-pebble conglomerate that varies 
markedly in thickness (0 cm to 54 cm within a few tens of feet laterally) 
but which nonetheless can be traced between outcrops in this region, and 
(5) recognition that this area is where sandier facies of the Silurian and 
Devonian carbonates (which are well-developed to the south along the 
James River) grade laterally northward into more muddy or limey facies. 
These findings allow for a more detailed and thorough understanding of 
the stratigraphic variations and changes in these carbonate units. 

This work also supports a revised interpretation of the 
stratigraphy of at least two of the major caves in the region, Butler and 
Breathing. Our findings indicate that those caves are not developed in the 
middle Keyser in association with “upper” and “lower” tongues of the 
Clifton Forge Sandstone, as suggested since the 1950s, but are instead 
developed in the lower and middle Tonoloway in association with 
unnamed sandstones of that unit.  

9:40 
 

Modeling Floodwater Irrigable Land for Chupadera Mesa 
Archaeological Sites 

Daniel Sumner 
 
Agriculture was a critical element in the societies of the Salina 
pueblos and the pueblos of the surrounding area to the north.  A 
GIS map and database were constructed to allow a spatial analysis 
to be preformed to locate land that would be irrigable by 
floodwater farming techniques.  The other focus of this analysis 
was to determine if there was a sufficient amount of irrigable land 
available to maintain an estimated population at each of the four 
Chupadera Mesa archaeological sites.  The four archaeological 
sites examined in this analysis are located in central New Mexico 
along the Chupadera mesa in the Salinas Basin Area in present day 
Torrance and Socorro counties.  These sites are distributed across 
the Chupadera Mesa:  LA 9014 and LA 9016 on Turkey Ridge, LA 
9032 on the eastern extent of the mesa, and 9029 on the western 
extent of the mesa.  All four of these settlements are plaza pueblos, 
which have multiple room blocks surrounding an open plaza area.  
The four sites are all from the early Pueblo IV period (A.D. 1275-
1350).  Permanent streams and water sources were difficult to find 
on the mesa so the inhabitants of the Chupadera Mesa sites had to 
rely on rain runoff to irrigate their fields through floodwater 
farming. This analysis was successful in determining the four 
Chupadera Mesa arch sites had a sufficient amount of floodwater 
irrigable land needed to support the estimated population at each of 
the sites.    



10:00 
 

Assessing the Effect of Accelerated Sea Level Rise On a Tidal 
Marsh, Wachapreague, Va 

Erica Ragland 
 
The area of our research is the marsh near the Wachapreague Inlet region 
on the Eastern Shore of Virginia.  The main focus of this research is to 
investigate how sea-level rise presents a threat to the marshes and barrier 
islands, causing them to fall below sea level and/or become inhabitable 
to marsh vegetation.  This two-fold study focuses on field observations 
and historical analysis using aerial photos. 

Eustatic sea level is rising about 3.1 mm/yr (IPCC, 2007).  
However, at Wachapreague sea level is increasing faster due to 
subsidence of the land.  Analysis of average monthly water levels from 
the Wachapreague tide station from 1978-2000 shows 6 mm/yr of sea-
level rise.  A study 16 km south of our study site reported marsh 
accretion rates of 1.8 mm/yr (Kastler & Wiberg, 1966. Estuarine Coastal 
and Shelf Science, 42, 683-700). Therefore, we expect to see marsh 
erosion.   

Using ArcGIS, 5.74 km2 of the marsh was delineated from the 
2007 Virginia Base Mapping Program orthophotos.  Earlier aerial photos 
from Google Earth™ were available from 1994 and document changes in 
the marsh are made over that time span. By comparing the shorelines of 
both the 1994 and 2007 orthophotos, areas of accretion and erosion along 
the marsh were denoted; the tidal flow through channels surrounding the 
marsh may be the cause of accretion at the point bar and erosion at the 
cut bank along the channels. 

A detailed field study was conducted in September 2009 along a 
transect extending from the water’s edge towards the interior of the 
marsh.  Preliminary results show that vegetation changes with elevation, 
making plant species a helpful indicator of changes in marsh elevation.  
Spartina alterniflora is present at lower elevations, while Spartina patens 
are present at higher elevations.  Core samples show that soil horizons 
also change with elevation in the marsh region.  At lower elevations, 
organic matter dominates; as elevation increased, the core samples 
contain more sand. 

The results from this study may be useful to compare with other 
areas affected by accelerated sea-level rise over the next century and may 
help define regional variability of sea level change and marsh response. 

2:00 
 

Increasing the Stratigraphy Resolution of the Beekmantown/New 
Market (Lower?-Middle Ordovician) Disconformity Using 87/86Sr 

Chemostratigraphy 
Richie Blessing 

 
Fourteen 4kg samples were collected from the upper 
Beekmantown and lower New Market formations (Lower?-Middle 
Ordovician) from an exposure on the southbound lane of I-81, 
south of Exit 298 near Strasburg, Virginia. The Beekmantown 
consists of interbedded grey dolostones and mudstones while the 
New Market consists of pure, light grey mudstones. Both of these 
formations were deposited in an intertidal to super tidal 
environment on the eastern margin of Laurentia. Determining a 
highly resolved age in these facies is difficult as the fauna is sparse 
and most species present are long-ranging. 
 Sr isotopes correlated to conodont biozones provide a 
potential for doing high-resolution chemostratigraphy on these 
rocks. Recent work in Nevada, Oklahoma, and Pennsylvania 
suggest that at the Lower? to Middle Ordovician boundary there is 
a major shift in 87/86Sr, which corresponds to the Pygodus serra to 
P. anserinus zones of the upper Darriwilian stage. This shift takes 
place over a relatively short amount of geologic time (~3-6 Ma) 
and is thought to have been caused by the weathering of Ca and 
Mg rich volcanic rocks. Compared with non-volcanic silicates, 
these basalts and gabbros not only weather faster, but have a lower 
average Sr value of 0.703, which is released into the oceans during 
weathering and lower seawater Sr levels. Most importantly, 
however, is the fact that these Ca-Mg volcanics dominate the 
uptake of atmospheric CO2, lowering the levels of this greenhouse 
gas. This is suggested to be the initiation of the first ice house 
conditions of the Paleozoic. 
  



1:40 
 

Exploring Possible Transitions from Bouma to Hummocky 
Sequences in the Cub Run member of the Martinsburg Formation 

(Middle Ordovician) 
Emily Schelle 

 
This research is to determine the nature of the transitions from Bouma 
sequences (submarine fan environment) to Hummocky sequences  (storm 
shelf environment) in the Cub Run member of the Martinsburg 
Formation (middle Ordovician) of the central Shenandoah Valley.  The 
Martinsburg formation was deposited during the filling of a foreland 
basin created during the Taconic orogeny.   The filling sequence begins 
with well-known deep-water black micrites and shales (Edinburg 
formation), coarsens upward into Bouma sequences (middle 
Martinsburg), and topping off with hummocky sequences (Cub Run 
member).  Going up-section one would expect to find Bouma sequences 
becoming thinner and finer grained before transition into thin, fine-
grained distal hummocky sequences, but to date that transition has not 
been recognized.   

Data collected from Catherine’s Furnace (234 meters of 
measured secton) and a small outcrop along Route 250 (35 m) displays 
shale and silt beds interbedded with sandstones.  Going up through the 
section at Catherine’s Furnace, sandstone beds become thicker and 
amalgamated.  Sedimentary features observed in the Cub Run include, 
planar laminations, hummocky cross-bedding, channel scours, and fossil 
horizons.  Overall these features represent a general coarsening upwards 
(CUS) throughout the sections.   

Although there are sedimentary features resembling turbidites in 
the Route 250 outcrop, the features throughout the Cub Run are 
unequivocally Hummocky sequences.   Throughout the Cub Run, 
concave-up and convex-down laminations oriented at high angles to 
bedding are present.  Transitions from planar laminations to hummocky 
cross-beds exist, indicating that the environments become more proximal 
with deposition.   Additionally, sandstone beds thicken while shales and 
silts became smaller going up-section.  To date, a transition from Bouma 
to Hummocky sequences has not been discovered in the Cub Run.   
  
 

10:20 
 

Stratigraphic Interpretation and Depositional Analysis of the 
Tuscarora formation, Germany Valley, WV 

Alex Hecker 
 
This study is a stratigraphic analysis of the Tuscarora (lower 
Silurian) formation exposed along Route 33, eastern side of North 
Fork Mountain, Pendleton, Co, West Virginia (next to Germany 
Valley).   The formation is a pure, brilliant white quartz arenite.  At 
this locality the Tuscarora lower contact is continuous with the 
Juniata formation, but the upper contact with the Rose Hill is not 
exposed.   A detailed measured stratigraphic section reveals 
patterns consistent with a regressive beach-barrier island complex.  
The depositional systems of the Juniata were not studied here, but 
the transition from Juniata to Tuscarora is indicated by a loss of red 
color in the sandstones, and loss of red clay interbeds.   The 
presence of Skolithos at the contact indicates that the Juniata-
Tuscarora transition was deposited on a coastal setting.   

The bulk of the lower and middle portions of the Tuscarora 
consist of thick, blocky sandstones containing a variety of flow 
regime structures, including cross beds, ripples, and antidunes 
consistent with wave dominated marine environments.  Some of 
the more spectacular antidunes are from two to three meters in 
length and range from .5 m – 1.5 m in height.  Wave ripples are 
consistent with wave dominated, multi-directional flow regimes.   
Punctuating the various flow regimes are periods of dunes, 
overwash plains, and fossiliferous (Arthrophycis traces)bedding 
plains.   Near the top of the exposed section  dune formations, 
overwash bedding planes, and brief periods of lagoon shales are 
present that also indicate a beach-barrier island depostional 
environment.   
 All in all, the sequence of sedimentary structures and 
changing facies indicates that the Tuscarora was deposited in a 
regressing beach/barrier island system. 



10:40 
 

Mapping Antietam Fm. in the Luray Quadrangle; Page County, 
Virginia 

Liz Garman 
 
The characterization of areal distributions of geologic materials 
provides useful information for both academic research and 
industrial applications.  In order to generate accurate geologic 
maps, an understanding of geologic structures, such as faults, is 
essential. The primary objectives of this project were to 
georeference and describe surface occurrences of the Antietam 
formation (Cambrian Chilhowee Group; quartzite) in southern 
Page County of northwestern Virginia.  At each outcrop, a physical 
description of the rock was noted along with a targeted assessment 
of the degree of deformation (e.g. brecciation).  Breccia and other 
highly deformed materials may be associated with brittle faults 
(e.g. the Blue Ridge Fault system).  Methods for obtaining data 
included outcrop identification and descriptive analyses, as well as 
Geographic Information Systems (GIS) digitizing, using Google 
Earth.  This global imaging program allows polygons to be  
defined and rendered semi-transparent over a 3-D terrain model; 
each polygon representing a specified rock unit.  A secondary 
project objective focused on the development of field data 
collection techniques, which incorporated spatial awareness and 
reasoning paired with practical understanding of where rock types 
are most likely to be found.  The results of this project have been 
compiled with previous mapping in the Page County area to 
support future work in the Luray quadrangle and vicinity.  The data 
obtained by this project will be used in constructing accurate 
geologic maps used by research scientists and commercial 
geologists. 
 

1:20 
 
A Comparison of Modern Sedimentology for Several Hypersaline 
Lakes of San Salvador Island, Bahamas: French Pond, Triangle 

Pond, No Name Pond, and Storr’s Lake 
David Craven 

 
The island of San Salvador, Bahamas is formed of calcium carbonate, 
accreted from marine sediments dating back to the Jurassic period.  
There are many inland lakes of various sizes across the island.  Most of 
these are hypersaline with salinity levels widely varying over time and 
have been reported as high as 300 ppt.  These conditions lead to 
somewhat unique saline-carbonate lacustrine environments that provide 
support for limited biological activities.  Among the organisms thriving 
in these lakes are microbial mats composed of cyanobacteria along with 
other microorganisms all working as a synergetic community.  At 
present, little is known about the relationships that exist with the mats, 
involving a pond’s salinity and carbonate environment.  The goal of this 
project is to compare and contrast the activities occurring in several of 
the hypersaline lakes of San Salvador from a recent sedimentological 
perspective.  The lakes selected for this purpose are: French Pond, 
Triangle Pond, No Name Pond, and Storr’s Lake. 

In June, 2009, surface sediment samples were collected from 
each of the four lakes along a transect from shoreline to depocenter.  
Measurements of the lake waters, including temperature, salinity, 
conductivity, dissolved ion content, dissolved oxygen, pH, alkalinity, and 
depth also were taken.  After noting physical properties, the sediments 
were later analyzed for grain size, density, water content, and 
composition, using various additional techniques.  Loss on ignition was 
used to determine bulk organic, carbonate, and residual content.  X-ray 
diffraction was used to determine mineral content, while ESEM was used 
for elemental analysis. 

The results from the sediment and water analyses indicate that 
the four lakes studied were generally similar: sediments were dominated 
by calcium carbonate, but also contained substantial amounts of organic 
matter and varying amounts of residual mineral matter.  No evidence was 
found indicating detrimental effects from salinity, but rather salinity 
appears to serve a critical role in protecting the established ecosystems.  
A key factor to sustaining the microbial mats appears to be allochthonous 
mineral matter entering the lakes.  Conversely, the biological 
communities of the lakes appear to have at least some influence over the 
form and composition of lake sediments.  



1:00 
 
A Pennsylvanian Plant Assemblage Rapidly Buried in Tidal Sands, 

Pella, Iowa 
Bonnie Ratkiewicz 

 
Assemblages of fossil plants preserved under conditions of rapid 
burial and limited transport are key components in understanding 
the taxonomic diversity and structure of ancient vegetation.  Here 
we report an example of such an assemblage, latest Atokan  in age, 
preserved above either the Black Oak or Kilbourn coal bed a short 
distance above the Mississippian-Pennsylvanian unconformity 
surface near Pella, Iowa.  The fossil assemblage is encased in a 
thickly bedded, very fine-grained quartz arenite that overlies 
approximately 3 m of sandstone with millimeter-scale tidal 
rhythmites. There are no indications of erosion or periods of non-
deposition within the rhythmite sequence indicating abundant 
accommodation space.  This deposit formed when sands were 
rapidly emplaced above a coal bed during marine transgression, 
probably associated with sea-level rise following the melting of 
polar ice.  Rapid burial of the vegetation is evidenced by numerous 
in situ tree trunks of giant lycopsids, up to 2 m in height, rooted in 
the top of the coal.  The main flora occurs approximately 3 m 
above the basal tidalites and appears to represent the upper parts of 
the plants buried during the initial period of sedimentation.  
Included in the flora is a partial crown of a Lepidodendron sp. 
(“scale tree”), an exceptional specimen and one of only two known 
to be in museum collections. The associated compression flora 
includes many large trunks of lycopsids and parts of other plants, 
such as vines that may have been in the tree crowns, many with 
leaves still attached.  The flora exhibits an unusually high diversity 
of lycopsids, including one or more species of Lepidodendron, 
Sigillaria, Diaphorodendron, and Asolanus. Seed fern foliage also 
is abundant and dominated by Sphenopteris and Eusphenopteris.  
Other, less common, pteridosperms or ferns include Neuropteris, 
Alethopteris, and Paripteris.   Pecopteris is rarely encountered.  
Sphenopsids are common elements, including Calamites, 
Asterophyllites and Sphenophyllum. 
  

11:00 
 
Using Google Earth For Advanced Learning In The Geosciences 

Nick Pence & Liz Weisbrot 
 
This research focuses on creating geology labs and exercises using 
Google Earth and evaluating these instructional materials to see whether 
they enhance student learning of geological concepts. Several features in 
Google Earth are useful for visualizing difficult concepts, such as the 
relationships between scale, location, relief and time. We make use of 
features such as the polygon tool to delineate regions on the Google 
Earth surface that represent unit boundaries, the extent of ice sheets, etc. 
Digital images can be draped over the 3-D terrain, and COLLADA 
models, such as vertical cross sections, can be imported and positioned at 
any location and orientation. 

Using these tools, we created laboratory exercises for physical 
geology classes that include: an Introductory lab, a Virginia Geology and 
Topography lab, and a Glacial Geology lab.  The introductory lab 
teaches students how to use standard and advanced features of Google 
Earth in the context of viewing type examples of geologic features 
located around the Earth. The Virginia lab includes simplified maps of 
physiographic provinces and geology, cross sections, and a stratigraphic 
column. Geologic map and cross section images were created in Adobe 
Illustrator and imported into Google Earth. By including cross sectional 
images with surface geologic features we can illustrate how surface 
geology translates into the subsurface. The glacial lab covers temporal 
processes such as glacial retreat and includes cross sections explaining 
glacier mechanics.  

These instructional materials have been tested and evaluated in 
introductory and advanced geology classes at JMU, using pre- and post-
tests. Results indicate that introductory exercises are needed to 
familiarize users with the Google Earth interface, prior to their using 
more advanced models to address geologic questions. However, once 
these initial hurdles were overcome, users reported that these Google 
Earth exercises significantly enhanced their learning experiences.  Other 
results suggested that introductory level students absorb more 
information than upper level geology students.  To better address the 
possible misconceptions of upper level geology students, we are going to 
add more figures and tables as supplementary material as well as more 
detailed cross sections in Google Earth, to enhance the information being 
presented.   
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Zr-in-Rutile Thermometry of a Ruby-Bearing Metamorphic Rock, 

Cascade Canyon, San Bernadino County, Ca 
Hannah Shepherd 

 
A metamorphic rock in Cascade Canyon, a tributary of San 
Antonio Canyon on the south side of Mount Baldy in Southern 
California, contains pink-purple corundum (ruby) crystals up to 5 
mm in length. This is a popular mineral collector’s site because the 
corundum crystals can be easily retrieved from landslide deposits 
at the bottom of the canyon. However, little work has been done to 
understand the complete mineral assemblage and petrogenesis of 
this rock. Imaging and EDS analyses were performed using the 
Leo 1430VP SEM facility at 25 kV at James Madison University 
and the FEI NOVA nanoSEM600 FEG Variable Pressure Scanning 
Electron Microscope at 15 kV at the Smithsonian Institution. The 
rock is comprised of 90-95% sodium and potassium feldspar, 5-
10% corundum, and minor muscovite mica, monazite, sillimanite, 
pyrite, and rutile. The corundum crystals contain inclusions of 
rutile (up to 3% by volume) as well as at least two generations of 
fluid inclusions. Quantitative chemical analyses of matrix rutile 
and rutile inclusions in corundum were obtained using the JEOL 
JXA-8900R WD/EDS microanalyzer at 20 kV and 200 nA with a 
focused beam at the Smithsonian Institution. Zr concentrations of 
matrix rutile (1627±134 ppm), and rutile inclusions in corundum 
(1724±231 ppm) are the same within error. Maximum peak 
metamorphic temperatures were calculated as 796±9°C for the 
matrix rutile and 802±16°C for the rutile inclusions using Zr-in-
rutile thermometry (Watson et al., 2006, Contrib Mineral Petrol 
151: 413–433; Ferry and Watson, 2007, Contrib Mineral Petrol, 
154:429–437) and assuming corundum-sillimanite equilibrium. 
The similarity in temperatures obtained from the inclusions and 
matrix suggests there was a single overprinting metamorphic 
event. This peak metamorphic temperature is consistent with the 
presence of sillimanite and implies the rubies were formed in a 
contact metamorphism event during emplacement of nearby 
Cretaceous granitic intrusions. 
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Petrographic Analysis and Differentiation of Asteroid Vesta 
Meteorite Series 
Derek Magnuson 

 
Asteroids are small solar system bodies that accreted from the circum-
Solar dust disk 4.5 billion years ago. Some of them are large enough to 
fractionate, which when studied, could give us information on how our 
own planet may have fractionated. The asteroid Vesta is the second 
largest object in the asteroid belt between Mars and Jupiter. It is believed 
to have suffered a collision with another large object around one billion 
years ago, resulting in an expulsion of an estimated one percent of the 
asteroid’s total mass. Some of these fragments have fallen to Earth and 
can now be observed directly in hand-specimen and thin section in order 
to understand the fractionation that takes place inside bodies in outer 
space. 

In order to define and describe fractionation of the asteroid from 
which these meteorites originated, a modal analysis of the thin sections 
of all six meteorites was conducted. Through knowing the mineral 
composition of these meteorites, we are able to differentiate them into 
layers based on their relative proportions. Dense minerals, such as 
magnesium end members of olivine (forsterite) and pyroxene (enstatite), 
are indicative of deep layers, whereas the iron end members fayalite and 
ferrosilite, and also plagioclase are indicative of shallower layers. A 
modal analysis attempts determine the percent of each mineral type by 
establishing a grid of points Chayes (1949). This is possible with a 
mechanical stage and a point counter. 

The eucrites were mostly ferrosilite, with less plagioclase, and 
even less olivine. The majority of the howardite was unidentifiable 
brecciated material, and the diogenite was almost entirely enstatite. The 
olivine diogenite had a higher content of olivine, and the dunite was 
entirely olivine. These results closely correlate to the Meteorical 
Society’s information for these meteorites. According to Donald Bogard, 
the chief scientist in astromaterials at the Johnson Space Center, the 
eucrites on vesta were formed approximately 4.56 billion years ago, and 
could have been ejected as early as 4.48 billion years ago. This suggests 
that fractionation in outer space began very early in the formation of the 
solar system. 
 


