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Co-Chairs’ Welcome 
 

Welcome to GeoDaze 2008, the 36th Annual Geosciences Symposium at the University of 
Arizona!  GeoDaze is run by the graduate students in the Department of Geosciences of the 
University of Arizona, and is funded by the generosity of private donations.  GeoDaze gives 
students an extremely valuable opportunity to share their research with a broad audience and 
receive feedback from faculty and their peers, as well as industry and government representatives.  
We encourage everyone attending GeoDaze to engage with the student presenters about their 
research. 
 
We are proud to offer a full program as this year’s symposium features over 60 presentations 
showcasing the diverse research interests of the graduate and undergraduate students of the 
Department of Geosciences.  The program also includes student research from the Departments of 
Planetary Sciences, Hydrology and Water Resources, Mining and Geological Engineering, 
Geography and Regional Development, and Atmospheric Sciences.  In addition, we are very 
pleased to have two presenters joining us from Northern Arizona University and Arizona State 
University.  Student presentations will occur on Thursday, April 3rd and Friday, April 4th, and 
cover a wide variety of topics, including: economic geology, structural geology, seismology, 
geodesy, planetary geology, paleoclimatology, biogeochemistry, geomorphology, archaeological 
geology, geochemistry, geochronology, and tectonics.  All talks will take place on the Grand 
Ballroom (North) of the student union.  Poster presentations will be displayed in the adjacent 
Catalina Room. 
 
We would like to extend a very special welcome to Dr. Tekla Harms, this year’s keynote speaker. 
Dr. Harms received her PhD from Arizona in 1986 and is now a professor at Amherst College.  
At Amherst, she combines her teaching and research programs to focus on her interests in the 
evolution of mountain belts and the application of detailed structural analysis to solving tectonic 
problems.  Dr. Harms will speak at 3 PM on Friday, April 4th, in the Grand Ballroom (North) of 
the Student Union.  Her talk is entitled A Map-Scale Sheath Fold in the Tobacco Root Mountains, 
Montana, and its Role in the Evolution of the 1.78-1.72 Ga Big Sky Orogeny.   
 
Following the keynote address, we will honor several individuals with special recognitions, 
announce the student awards, and, of course, view the (in)famous annual GeoDaze slide show.   
We encourage everyone to attend the annual GeoDaze party, which will be held at 7 PM on 
Friday evening at the Tucson Botanical Gardens.  On Saturday morning, we will depart for the 
Santa Catalina Mountains on a field trip led and designed by Dr. George Davis and Dr. Ed 
McCullough.  This year’s fieldtrip is called A Very Close Look at the Catalina Granite, and 
promises to actively engage all participants in getting to better know the rocks in our 
department’s backyard. 
 
GeoDaze is an important tradition for our department, and we’d like to thank everyone who has 
contributed to making it a success.  GeoDaze would not be possible without the hard work and 
dedication of the faculty, students, and staff in the Department of Geosciences and the generous 
financial support of the department’s alumni, friends, and corporate sponsors.  We are honored to 
be part of such a wonderful community of people who engage in and support geoscience research.  
Thank you for attending this year’s GeoDaze Symposium, and we hope to see you in the years to 
come! 
 
Alyson Thibodeau & Lepolt Linkimer 
Co-Chairs, 2008 GeoDaze Symposium 
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Schedule of Events 

 

Thursday, April 3 
 

8:00 Coffee and Pastries 

 

8:15 GeoDaze Welcome           Karl Flessa 

 

 

  

SESSION I: Structural and Economic Geology 

 

8:30 Extensional Tectonics of the Cretaceous Pirgua Subgroup, NW Argentina 

 Scott McBride 

  

8:45 Structural Reconstruction and Reinterpretation of the area near Happy Valley, 

Little Rincon Mountains, Southeastern Arizona 

Alex Strugatskiy 

  

9:00 Timing and Kinematics of the Bitter Spring Valley Fault and Related Syn-

Extensional Strata, Lake Mead Extensional Domain, Nevada 

Rory San Filippo 

 

9:15 The Geology of Santa Ana, a Newly Discovered Epithermal Silver Deposit, 

Puno Province, Peru 

Christian Rios Vargas 

 

9:30 The La Herradura Mine, an Orogenic Gold Deposit in Northwest Mexico 

Francisco Quintanar 

  

9:45 Coffee Break 

 

 

 

SESSION II: Planetary Geology 
 

10:00 Deposition of Distal K/T Ejecta via Density Currents 

Tamara J. Goldin 

 

10:15 Modeling Recent Flows on Mars in Search of Evidence for Liquid Water 

Kelly J. Kolb 

 

10:30 Melting on FeO-rich Asteroids: A Link to the FeO-rich Primitive Achondrites 

Kathryn G. Gardner-Vandy 
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10:45 Constraints on Titan’s Topography through Fractal Analysis of Shorelines 

Priyanka Sharma 

 

11:00 HiRISE Observations of Fractured Mounds in the Martian Mid-Latitudes 

Colin Dundas 

 

11:15 Coffee Break 

 

 

 

SESSION III: Geophysics/Geodesy 

 

11:30 Determining Relative Motion across the Gulf of California 

Jennifer L. McGraw 

 

11:45 Analysis of Resolution for a Technique to Determine Time-Variable Crustal 

Velocity using Continuous GPS Time-Series 

Austin A. Holland 

 

12:00 Monitoring Evolution of Pacific – North America Plate Boundary through GPS 

Observations, Southern California 

Joshua C. Spinler 

 

12:15 Subsurface Fault Geometries and Crustal Extension in the Eastern Basin and 

Range, Western U.S. 

M. Soledad Velasco 

 

12:30 Lunch Break 

 

 

 

SESSION IV: Posters 
 

1:30 Poster Presentations 

 

Geophysics 

 

Seismic Reflection Imaging of a Breakaway Zone: A New Look at Core-Complex 

Development in Southeast Arizona 

M. Serkan Arca 

 

Preliminary Results from North Anatolian Fault Passive Seismic Experiment: Anisotropy 

C. Berk Biryol 
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Thickness, Composition, and Fabric of the Crust throughout the Sierra Nevada from 

Teleseismic Converted Waves 

Andy Frassetto 

 

Insights into the Crust and Upper Mantle Structure beneath North-Central Turkey using 

Regional Waveforms 

Christine Gans 

 

Exploring Extension: Crustal and Upper Mantle Structure in the Basin and Range 

Ryan Porter 

 

The SIEMBRA Array: Exploring Flat Slab Subduction 

Ryan Porter 

 

Preliminary Results from North Anatolian Fault Passive Seismic Experiment:  S-wave 

Receiver Function Analysis 

Hande Tok 

 

Investigation of the San Andreas Fault: GPS Monitoring of San Gorgonio Peak and San 

Jacinto Peak 

Andrew McCallister 

 

Structural and Stratigraphic Characteristics of the Heidrun Oil Field from Analysis of 3-D 

Seismic Data 

Russell Edge 

 

A New Global Plate Velocity Solution 

Eric Flood 

 

Combining Geophysics and Homicide: Ground Penetrating Radar Investigations of a 

possible Homicide Burial Site in the Arizona Desert 

Philip J. Stokes 

 

Teapot Dome 3-D Seismic Interpretation Project 

Shoba Maraj 

 

Paleontology, Paleoclimate, and Fire History 

 

Extinction Patterns in Molluscan Communities of the Florida Neogene: Effects of 

Sampling and Evenness 

Derek Hoffman 

 

Nitrogen Isotopes in Bivalve Shells from the Colorado River Estuary: Evaluating a Proxy 

for Changes in Nutrient Delivery 

Robert D. Dietz 

3



Intercomparison of IPCC Coupled Climate Models’ Antarctic Sea Ice Predictions and 

Implications for Penguin Habitat  

Alison Drain 

 

Physical Evidence of Deforestation along a Modern Rift Lake: An On Land and Near 

Shore Comparative Study between Two Watersheds at Lake Tanganyika, Tanzania 

Morgan Helfrich 

 

Fire and Water: Wildfire Frequency and Climate Change in East Africa over the Last 

Four Centuries using Paleolimnological techniques at Lake Tanganyika, Africa 

Chris Johnson 

 

A Synthesis of African Paleoclimate and Possible Implications for Middle Stone Age 

Archaeology: 150ka – 35ka 

Margaret Blome 

 

Preliminary Results from a Multi-Century Reconstruction of Chaparral Fire History in 

Southern California 

Keith Lombardo 

 

Hydrology 

 

Fluid and Gas Geochemistry of Upper Devonian Organic-Rich Shales, Northern 

Appalachian Basin 

Stephen Osborn 

 

Investigating Groundwater Movement Using Diverse Water Chemistries in the San Pedro 

Basin, Arizona 

Candice B. Adkins 

 

Evolution of Flowpaths in an Alpine Watershed of the Colorado Front Range, USA 

Jessica Driscoll 

 

Geochemistry, Geochronology, and Tectonics 

 

Innovations in K-Ca Geochronology using MC-ICP-MS and Applications to Sedimentary 

Dating 

Robinson Cecil 

 

Application of U-Pb Geochronology to Questions in Old World Archaeology 

Lisa Molofsky 

 

Minor Element Compositions of Pyrite and Epidote-Group Minerals from IOCG 

Deposits, Copiapo, Chile 

Douglas C. Kreiner 
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Proterozoic Paleogeography and Stratigraphy of the Eastern Nevada and Southern Idaho 

Miogeocline 

Whitney Rutherford 

 

SESSION V: Geophysics/Seismology 
 

3:30 Identification of Unexploded Ordnance from Clutter Using Neural Networks 

Anna Szidarovszky 

 

3:45 Analysis and Interpretation of 3-D Seismic Reflection Data, Kevin Dome, Central 

Montana 

Jason Stein 

 

4:00 Crustal Thickness and Depth to the Subducting Slab underneath Northern Costa 

 Rica based on Receiver Function Analysis 

Lepolt Linkimer 

 

4:15 Source Rupture Process of the Solomon Islands Earthquake of April 1, 2007 

Inferred from Teleseismic Body Waves 

C. Berk Biryol 

 

4:30 Flowing Asthenosphere and a Slab Window beneath the Coast Mountains 

Batholith, British Columbia 

Andy Frassetto 
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Friday, April 4 

 
8:00 Coffee and Pastries 

 

8:15 Welcome and Announcements 

 

 

 

SESSION VI: Paleoclimate, Surface Processes, and Geoscience 

Education 
 

8:30 Teaching Physical Geology to the Visually Disabled: A Revised Lab Manual and 

Teaching Guide 

Mark Howe 

 

8:45 The Impact of Turbulence on Determining Climate via Radio Occultation?  

Performance of ATOMMS under the Effect of Atmospheric Turbulence 

Angel Otárola 

 

9:00 Tropical Sea Surface and Salinity During Deglaciation Inferred from a new 

Tahitian Coral Oxygen Isotope and Sr/Ca Record 

Alysha Coppola 

 

9:15 Paleoclimate and Paleoecological Reconstructions of the Pliocene Arctic: What 

Tree-Rings, Mollusks, and Peat can tell us about the past to help us understand the 

future 

Adam Csank 

 

9:30 Coffee Break 

 

9:45 Comparing Satellite and Tree-Ring Based Measures of Net Primary Production 

(NPP): A Pilot Study 

Stephanie McAfee 

 

10:00 The Role of Extreme Hydrologic Events in Long Runout Gravel Progradation in 

Alluvial Basins 

Todd Engelder 

 

10:15 Wind Erosion as the Primary Source of Erosion since Dry Climate Establishment 

in the Qaidam Basin, China, and Tectonic Implications 

Alexander Rohrmann 

 

10:30 Nutrient Sourcing for Ten Plant Species in the Southwestern U.S.A. using 

Strontium Isotopes: Effects of Growth Form, Rooting Depth, Bedrock Type, and 

Landscape Age 

Amanda C. Reynolds 
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10:45 Coffee Break 

 

 

 

SESSION VII: Geochronology and Geochemistry 

 
11:00 A Geochemical Study on Intermediate Magmas from the Sierra de Valle Fertil: 

Insights into Continental Magmatic Arc Mechanics at Depth 

Kelley Stair 

 

11:15 Radiocarbon Chronology of Site QJ-280, Quebrada Jaguay, Peru 

Kevin Jones 

 

11:30 Following the Coronado Trail through Artifact-Based Lead Isotope Analysis 

Alyson Thibodeau 

 

11:45 Prehistoric Trade of Tin in Southern Africa Revealed by Lead Isotopes 

Lisa Molofsky 

 

12:00 Lunch Break 

 

1:15 New Production Rate Estimates for In Situ Cosmogenic 
14

C from Lake 

Bonneville, Utah and Northwest Scotland 

Bailey Dugan 

 

1:30 Geochemical Evidence for the Development of and Removal of Gravitationally 

Unstable Residual Arc Rocks, Coast Mountains, B.C. 

James Girardi 

 

1:45 U-Pb ages of Detrital Zircons from Sandstone of the Oligocene Chuska 

Formation, Northwestern New Mexico 

Carla M. Eichler 

 

2:00 Triassic Continental Subduction Beneath the Qiangtang Terrane in Central Tibet 

and a Case for Mediterranean-style Closure of the Paleo-Tethys Ocean 

Alex Pullen 

 

2:15 Low-Temperature Thermochronology of Borehole and Surface Samples from the 

Wind River and Beartooth Ranges, Wyoming and Montana 

S. Lynn Peyton 

 

2:30 Coffee Break 

 

2:45 Field Trip Preparation 

George Davis 
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3:00 Keynote Speaker: Dr. Tekla A. Harms 

A Map-Scale Sheath Fold in the Tobacco Root Mountains, Montana and its Role 

in the Evolution of the 1.78-1.72 Ga Big Sky Orogeny 

 

 

4:00 Special Recognitions 

 

 

4:30 Student Awards 

 

 

4:45 Slide Show 

 

 

5:00 Thank You’s 

 

 

7:00 GeoDaze Party 

 

 

 

 

Saturday, April 5 

 
GeoDaze Field Trip 

 

7:30 am Coffee and Bagels at the Gould-Simpson loading dock 

 

8:00 am Vans leave from loading dock 

8



Field Trip Guide 

Sponsored by a generous donation from ConocoPhillips 

 

Title: A Very Close Look at the Catalina Granite 

Leaders: Professor George Davis and Emeritus Professor Ed McCullough 

Pre-trip Info Session: 2:45 – 3PM, Friday, April 4 

Field Trip: 7:30AM – 4:30PM, Saturday, April 5. Leaving from the Gould-Simpson 

loading dock. Coffee and bagels at 7:30 AM, leave at 8 AM. 

Location: We will leave from the Gould-Simpson loading dock and travel to the 

Sutherland Trail in Oro Valley. The outcrops are located 2 miles up the rocky trail, with a 

short walk across the desert to nearby Nicholas Wash. Participants should be prepared for 

a full day in the desert (proper footwear, clothing, sun protection, and water). Box 

lunches and extra water will be brought by 4-wheel drive vehicle to near the outcrop site. 

In addition, participants should bring a clipboard, pen, and colored pencils. 

Description: This year’s GeoDaze field trip will be of a more participatory nature than 

those of years past. We will travel to the dissertation area (PhD, 1963) of former 

department head Ed McCullough and take a very close look at the Catalina Granite 

exposed in the western pediment of the Santa Catalinas. George Davis, who has recently 

returned to the Geosciences department, has obtained large-scale (1” = 50 ft) aerial 

photos from Cooper aerial surveys as a base for mapping and examination. After hiking 

to the outcrops (<90 minutes), the leaders will show examples of oriented inclusions, 

dikes, joints, schlieren, etc, as they have previously mapped for the southern part of the 

outcrop area. 

The main fare is a close inspection of the granite, including some gentle mapping, in the 

northern part of the outcrop area. Leaders will distribute annotated aerial photos of the 

mapped southern outcrop area, along with fresh photos of the unmapped northern area. 

Depending on interest, participants can especially focus on any number of features and 

properties of the granite: shapes, orientations, and abundance of inclusions; mineralogy 

and petrology; xenoliths and roof pendants; contact metamorphism; dikes and alteration; 

and local mineral prospects. Finally, we will gather for a discussion of the days work, led 

by a number of Geosciences faculty, and we will reach some conclusions regarding the 

significance of what we observed. And yes, it is a lovely area for a picnic lunch. 
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Abstracts  

Mudcracks on the floor of the Painted Desert near Holbrook, Arizona. Photo courtsey of Alyson Cartwright. 
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SESSION I: Structural and Economic Geology 

EXTENSIONAL TECTONICS OF THE CRETACEOUS PIRGUA SUBGROUP, NW ARGENTINA 

 

Scott McBride 

 

Department of Geosciences, University of Arizona 

 

The Pirgua subgroup lies at a geologic crossroads, spatially and temporally, between 

tapering Gondwanan continental extension and incipient Andean compressional arc 

formation.  The Salta rift system of NW Argentina consists of three synrift cycles (the 

Pirgua subgroup), followed by postrift thermal subsidence.  It is spread over seven sub-

basins, one of which, the Lomas de Olmedo, is referred to as a typical tectonic graben, 

based on seismic reflection data.  Six other sub-basins, which surround the central Salta-

Jujuy high, share a largely similar stratigraphy.  Volcanic flows and sills in isolated sub-

basins control the age of the Pirgua subgroup from 100 to 60 Ma. 

 

We measured 2.4 km of Pirgua subgroup strata in the Serrania de Hornocal syncline.  The 

measured section extends from the basal contact with Jurassic eolianites to the lower 

Cenozoic stratigraphy: the entire Pirgua subgroup.  The section begins with a coarse 

breccia fining into massive sandstones, some aeolian.  Above is a thin interval of siltstone 

and paleosols, followed by another massive sandstone package that grades upwards into 

coarser fluvial deposits.  Detrital zircon (DZ) data from the Pirgua subgroup are 

dominated by late Precambrian U-Pb ages.  Many older Precambrian sources are 

represented, and minor Jurassic.  Jurassic and Carboniferous DZ samples show a similar 

age distribution as the Pirgua samples.  The main difference is that the Carboniferous 

sample lacks the Jurassic zircons, and instead has a large number of early Paleozoic 

zircons which are not present in the Mesozoic samples.  Sedimentary petrographic data 

indicate sediments derived from a mature continental setting, rich in quartz and low in 

lithics. 

 

Sediment provenance data suggest that the Pirgua subgroup is dominated by local 

sources.  The late Precambrian DZ age peak is representative of the Puncoviscana 

basement, which underlies the study area.  Early Paleozoic U-Pb ages in the 

Carboniferous sample can be explained by a suite of local intrusions, as well as the 

Arequipa-Antofalla terrane to the west.  This source is not recorded in the Jurassic and 

the Cretaceous Pirgua subgroup, but is replaced with a minor Jurassic source, possibly 

the incipient volcanic arc to the west.  The absence of Paleozoic grains in the Pirgua 

subgroup casts some doubt on the local recycling model, and instead suggests similar 

Precambrian source areas.  Furthermore, the lack of Cretaceous arc related grains could 

indicate the presence of significant rift-related blocking topography, or that the rift 

formed at a time of lesser arc input. 
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STRUCTURAL RECONSTRUCTION AND REINTERPRETATION OF THE AREA NEAR HAPPY 

VALLEY, LITTLE RINCON MOUNTAINS, SOUTHEASTERN ARIZONA 

 

Alex Strugatskiy 

 

Department of Geosciences, University of Arizona  

 

Structural reconstruction and mapping of select areas north and east of Happy Valley in 

the Little Rincon Mountains show multiple generations of Tertiary normal faults, which 

have caused significant extension and tilting of rocks in the area, overturning (rotating 

through horizontal) certain early normal faults and yet older Laramide reverse faults.  The 

tectonic history of southeastern Arizona includes contractional deformation during the 

Late Cretaceous and subsequent extensional deformation during the middle to late 

Tertiary, producing complicated map patterns with widely differing interpretations of 

their origin.  Southern Arizona has only a thin section of Proterozoic to Mesozoic 

sedimentary rocks that serve as structural markers (which are more difficult to locate in 

the underlying crystalline rocks).  The area near Happy Valley, however, is a prime 

location to attempt structural reconstructions because Laramide contraction duplicated 

the structural section prior to extension, thereby providing a much thicker sedimentary 

sequence to use for structural control.   

 

The geology of the Happy Valley area is composed of Proterozoic basement intruded by 

Precambrian granites and diabase sheets, overlain by Proterozoic, Paleozoic, and 

Mesozoic strata (Drewes, 1974; Lingrey, 1982; Trever, 1983).  The area contains at least 

four generations of approximately north-south striking normal faults, with both easterly 

and westerly dips.  The mid-Tertiary Mineta Formation presently dips 50-90° to the east, 

which is a measure of the net tilting of the area. 

  

Reconstructions show that the earliest generation of normal faults outcrop as low-angle, 

east-dipping, overturned normal faults and have been previously mapped as 

“detachment” faults.  By reconstructing the Mineta Formation to horizontal, the original 

orientation of the oldest generation of normal faults would dip 50-60° to the west.  The 

Laramide reverse faults, which presently dip eastward, restore to westward dips of 30-

40°.  These attitudes are consistent with the vergence of certain other Laramide faults in 

the region and the presence of Laramide foreland clastic rocks on the eastern side of the 

San Pedro Valley.  The balanced reconstruction of this area would beg the reevaluation of 

the current detachment model as it has been applied to the area near Happy Valley and 

the greater Catalina core complex. 
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TIMING AND KINEMATICS OF THE BITTER SPRING VALLEY FAULT AND RELATED SYN-

EXTENSIONAL STRATA, LAKE MEAD EXTENSIONAL DOMAIN, NEVADA 

 

Rory San Filippo 

 

Department of Geosciences, University of Arizona 

 

The Lake Mead extensional domain in southern Nevada is the northern boundary of the 

Colorado River extensional corridor and trends roughly east-west from the Colorado 

Plateau to the Las Vegas Valley just south of the Paleozoic Cordilleran front (or Wasatch 

line) (Faulds et al., 2001).  The Lake Mead domain has been called the transition zone 

between the distinctly different tectonic and lithologic domains of the northern and 

southern Basin and Range (Wernicke et al., 1988; Lamb et al., 2005).  The northeast-

striking, left-lateral Lake Mead fault system (LMF) and the northwest striking, right-

lateral Las Vegas Valley Shear Zone (LVVSZ) define the northern end of the Lake Mead 

Extensional corridor and are two of the largest strike-slip features in the Basin and Range 

(Duebendorfer et al., 1998). 

 

Many workers believe that the Lake Mead domain experienced between 60 and 90 km of 

east-west extension, based on the restoration of the Frenchman mountain block to a pre-

extension position to the east (Wernicke et al., 1988; Duebendorfer et al., 1998; 

Duebendorfer and Fryxell, 2005).  Restoration of Lake Mead extension is primarily 

dependant on the offset along the various strands of the Lake Mead fault system, 

including the Bitter Spring Valley Fault (BSVF) (Duebendorfer and Fryxell, 2005). 

 

This study will focus on the poorly understood BSVF located near the convergence of the 

LVVSZ and the LMF system (Anderson 1973).  Previous workers have related the BSVF 

to either the LVVSZ or the LMF (Anderson, 1973; Cakir, 1990; Lamb et al., 2005).  The 

various interpretations of extension in the Lake Mead domain provide estimates of offset 

along the BSVF that range from 20 to 60 km (Bohannon, 1983; Cakir, 1990; Campanga 

and Aydin, 1991).  The goal of this study is to better understand the roll of strike-slip 

faulting in large magnitude extensional settings and to help constrain the history of 

Miocene extension in the Lake Mead domain by studying the geometry, kinematics, and, 

relation to syn-extensional deposits of the BSVF. 

 

This research project will include a detailed study of fault timing and kinematics as well 

as syn-tectonic basin analysis.  I plan to (1) document the Bitter Spring Valley fault and 

local geology with mapping at scales of 1:5,000 and 1:10,000, and (2) conduct a detailed 

structural analysis of fault kinematics for the BSVF and other local features.  
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THE GEOLOGY OF SANTA ANA, A NEWLY DISCOVERED EPITHERMAL SILVER DEPOSIT, 

PUNO PROVINCE, PERU  

Christian Ríos Vargas 

Department of Geosciences, University of Arizona 

 

The Santa Ana project is an epithermal silver vein deposit in the Andes discovered in 

2006 by geologists of Bear Creek Mining.  The property is located about 120 km south of 

Puno in southeastern Peru.  The mineralogy and geometry of the veins of this deposit 

show similarities with some intermediate sulfidation epithermal deposits, such as the 

Pachuca mine in Mexico. 

 

The deposit is hosted in dacitic to andesitic lava flows of the Eocene to Miocene Tacaza 

Group, which are altered to chlorite-pyrite assemblages.  Mineralization occurs in a 

north-south structural corridor, divided into blocks by east-west striking faults.  The 

mineralized veins mainly strike north to northeast, dipping 40-60° west, with widths up to 

2 meters.  Silver and polymetallic (Zn, Pb) mineralization in Santa Ana is contained in 

veins, breccias, and shears, mostly as stockwork veins and open-space fillings.  The vein 

mineralogy is dominated by barite, jarosite, pyrite, sphalerite, galena, hematite, argentite, 

and quartz, later filled with carbonate.  Most Ag occurs as argentite that overgrows 

sphalerite. 

 

The mineralogy of Santa Ana has similarities with Pachuca, Hidalgo, Mexico, the outer 

zones of Butte, Montana, and the Laykakota, Peru, but the quartz-poor character and lack 

of evidence to date for adularia at Santa Ana are distinctive.  Hydrothermal magnetite 

veins occur at deep level holes, beginning at 170 meters depth, in the vicinity of fluidized 

breccia dikes, which may indicate proximity to an intrusion that could be a source of 

metals for the deposit.  An estimate of the mineral resource based on the first 50 drill 

holes using MineSight® software (~48 million tonnes containing ~40 million ounces of 

Ag at an average grade of ~30 g/t) demonstrates that Santa Ana has the potential to be a 

bulk-minable deposit.  Metallurgical testing indicates the potential for cyanide leaching 

of ores at Santa Ana, which is economically favorable and thus strongly encourages 

further exploration and possible future development of the deposit.  
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THE LA HERRADURA MINE, AN OROGENIC GOLD DEPOSIT IN NORTHWEST MEXICO  

 

Francisco Quintanar and Joaquin Ruiz 

 

Department of Geosciences, University of Arizona 

 

The La Herradura mine, 5 Moz gold, occurs within a northwest trending belt of 

Proterozoic age, which consists of metamorphic rocks with greenschist and amphibolite 

facies, and granitoids.  The deposit is located approximately 20-40 km southwest of the 

proposed trace of the Sonora-Mojave Megashear on the Caborca Block, which is 

characterized by a basement of 1.8-1.7 Ga gneisses and schists.  The deposit is hosted in 

a biotite-quartz-feldspar and quartz-feldspathic gneisses limited to the east by Jurassic 

clastic rocks and subvolcanic intrusions, and to the west by Upper Paleozoic limestone. 

The origin of the mineralization as well as the age and type of deposit has been in debate 

for the last 15 years, but the characteristics and style of mineralization indicate a possible 

orogenic gold-type deposit, similar to those reported for the western North American 

Cordillera. 

 

The mineralization is hosted mainly in quartz-feldspathic gneisses, following a northwest 

trend and bordered by the ductile Victoria and Ocotillo shear zones.  The gold 

mineralization occurs in moderate northeast dipping reverse faults, which host quartz-

sulphide shear veins, fringed by sets of shallow northwest to northeast dipping quartz-

gold extension veins, that are becoming lesser away from the quartz-sulphide shear veins, 

and the grade of gold is also diminishing.  Fluid inclusion studies in quartz-sulphide-gold 

bearing veins show that the ore fluids are CO2-rich, low in salinity, and have 

homogenization temperatures between 260-295 °C.  Sulfur isotopes from pyrite and 

galena obtained from quartz-pyrite-galena-sphalerite veins from the Centauro pit, show 

d34S values from +3.1 to +6.6.  These values are similar for those reported in orogenic 

gold deposits in Phanerozoic rocks.  Geothermometry studies using pyrite-galena pairs 

show equilibrium temperatures in the order of 330 °C for the quartz-sulphide-gold-

bearing veins.  Oxygen isotopes from several quartz veins show consistent d18O values 

between +14 and +16.  The calculated d18O values for the waters in equilibrium at 

330°C for these quartz veins range between +8 to +10, which are constrained within the 

metamorphic range. 

 

The style and geometry of mineralization, fluid inclusions studies, and stable isotopes 

show that La Herradura gold deposit can be classified as an orogenic gold-type deposit. 

The fluids responsible for the mineralization have a metamorphic origin probably 

generated during the Laramide Orogeny (50-80 Ma), which reactivated old large-scale 

structures associated to the Mojave-Sonora Megashear.  Fluids ascended through these 

structures and second order structures precipitating gold and sulphides. 
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SESSION II: Planetary Geology 

 
DEPOSITION OF DISTAL K/T EJECTA VIA DENSITY CURRENTS 

 

Tamara J. Goldin and H. Jay Melosh 

 

Department of Geosciences, University of Arizona 

 

The K/T boundary ejecta layer has been extensively studied but the mechanics of its 

deposition remain unclear.  Additionally, a discrepancy exists between the seemingly 

uniform global ejecta layer and the predicted nonuniform flux of impact ejecta into the 

atmosphere.  KFIX-LPL, a two-phase fluid flow code, allows us to model the interactions 

between the atmosphere and ejecta spherules.  We modeled a distal Chicxulub scenario 

by injecting 250- m spherules into the atmosphere at 8 km/s with an inflow density 

consistent with observed spherule volumes.  The spherules fall through the thin upper 

atmosphere, decelerating due to drag and increasing atmospheric pressure, and 

accumulate in hot (~1400 K), dense layers at ~50-km altitude.  The spherules initially 

settle through the atmosphere as individual particles, but as the ejecta near the ground 

(~10 minutes), the base of the spherule layer becomes unstable and density currents form, 

transporting the spherules collectively in plumes.  In order to consider nonuniform ejecta 

distribution, we constructed a second model in which spherules are injected into half of 

the model mesh only.  Again, the spherules initially fall vertically, settling through the 

atmosphere as individual particles within the half of the mesh into which they were 

injected and after ~10 minutes the layer becomes unstable and density currents form.  

Some of these plumes propagate downwards; however, the increased density of the 

atmosphere at lower altitudes contributes to a preference for lateral growth of the density 

currents. 

 

The modeled instabilities are real density currents, as confirmed by KFIX-LPL 

simulations of a series of tephra fall experiments in water in which density current 

formation was observed.  Instability onset was evaluated using a criterion yielded by the 

ratio between turbulent instability growth rate and Stokes velocity of individual particles. 

Instabilities in our tephra fall models agree with both the instability criterion and the 

experimental results. 
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MODELING RECENT FLOWS ON MARS IN SEARCH OF EVIDENCE FOR LIQUID WATER 

 

Kelly J. Kolb
1
, Jon D. Pelletier

1
, Alfred S. McEwen

1
, Oded Aharonson

2
, and the HiRISE 

Science Team 

 
1
Department of Planetary Sciences, University of Arizona 

2
Division of Geological and Planetary Sciences, California Institute of Technology 

 

Gullies on Mars were discovered in images from the Mars Orbiter Camera (MOC) in 

2000 and have been a frequently-debated feature ever since.  The martian gullies are 

young, small-scale features with fluvial characteristics, but liquid water isn’t currently 

stable on the martian surface for any significant amount of time.  Several formation 

mechanisms have been suggested, including wet and dry theories, but no single theory 

can explain all the observations.  Images from the High Resolution Imaging Science 

Experiment (HiRISE) Camera, operated from UA, with a resolution of 25-30 cm/pixel 

reveal unprecedented details of the gullies. 

 

MOC images show two gullies where new bright deposits were observed to form over a 

few years, which suggests that gully activity and formation might be happening today.  

The deposits are suggested to be evidence of recent liquid water on the martian surface.  

HiRISE images contain several other bright gully deposits (BGDs) with no resolvable 

modification around Mars.  Hale Crater, a ~120x150 km diameter crater which may be 

the youngest of its size, contains four distinct BGDs.  We have produced a 1m/post 

Digital Elevation Model using HiRISE images to model two of the BGDs in Hale Crater.  

We use RiverTools to extract elevation profiles along the flowpath of each gully with a 

BGD, and then examine the profiles using Newton’s law of motion, implemented in 

Excel, to see if the flows could be explained by dry granular flows or if liquid water is 

needed.  Our preliminary results suggest that both of the BGDs could be explained by a 

dry granular flow.  We will further examine the possibility of water involvement using 

FLO-2D, a two-dimensional finite element code that solves the dynamic wave 

momentum equation, to see which type of flow, wet or dry, better reproduces the 

deposits’ locations and morphology.  Our results will have implications for the presence 

or absence of liquid water near the martian surface today. 
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MELTING ON FEO-RICH ASTEROIDS: A LINK TO THE FEO-RICH PRIMITIVE 

ACHONDRITES 

 

Kathryn G. Gardner-Vandy 

 

Department of Planetary Sciences, University of Arizona 

 

Although the formation of the solar system occurred billions of years ago, meteorites 

provide an unquestionably valuable window by which scientists can view the events.  In 

order to better understand the formation of planets like Earth and Mars and constrain the 

process of melting and differentiation of planetary bodies, I study melting on FeO-rich 

planetesimals similar to that which occurred in the very early history of the solar system.  

While most meteorite samples represent primitive material (chondrite meteorites) or 

evolved material from fully differentiated bodies (achondrites), the primitive achondrites 

contain evidence of incipient melting and recrystallization on planetary bodies.  By 

definition, primitive achondrites are meteorites that either experienced partial melting on 

a parent body or crystallized from a melt on a differentiated body that never achieved 

isotopic equilibrium.  Currently, two compositional groups of primitive achondrites exist: 

one group (the winonaites, acapulcoites, and lodranites) is FeO-poor, and another group 

(the brachinites and many ungrouped primitive achondrites) is FeO-rich.  This 

compositional array emphasizes the vast range of compositions present in the very first 

planetary bodies, and interestingly, bulk Earth plots in the FeO-poor primitive achondrite 

range, and bulk Mars plots in the FeO-rich primitive achondrite range.  On a large scale, 

a better understanding of these two compositional groups of primitive achondrites will 

directly provide evidence on the melting and differentiation of terrestrial planets like 

Earth and Mars.        

 

Here, I present a petrographic, compositional and thermodynamic assessment of FeO-rich 

planetary bodies through the study FeO-rich primitive achondrites.  This includes a 

petrographic analysis from the Cameca SX50 electron microprobe and a compositional 

analysis from the Thermo Finnigan Element2 inductively coupled plasma mass 

spectrometer, both at the Lunar and Planetary Laboratory.  Current analyses indicate a 

genetic relationship between all the FeO-rich primitive achondrites, as well as a 

compositional similarity between the FeO-rich primitive achondrites and the FeO-rich 

CK and R chondrites.  I will discuss these similarities and present an argument that these 

meteorites represent a melting process similar to that which allowed for the 

differentiation of Mars. 
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CONSTRAINTS ON TITAN’S TOPOGRAPHY THROUGH FRACTAL ANALYSIS OF 

SHORELINES 

 

Priyanka Sharma and Shane Byrne 

 

Department of Planetary Sciences, University of Arizona 

 

Titan, the largest satellite of Saturn, is also the second largest moon in the solar system 

after Jupiter's satellite Ganymede.  Although similar in size and mass, and thus density to 

Ganymede and Callisto, Titan is distinct from its Jovian cousins by virtue of its 

atmosphere, composed mainly of N2 (1.4 bars) and CH4 (0.05 bars). 

 

The recent discovery of hydrocarbon lakes at Titan’s North Pole by the Radio Detection 

and Ranging (RADAR) instrument onboard the Cassini spacecraft is one of the most 

exciting discoveries of the Cassini-Huygens mission.  

 

Previous analyses of terrestrial coastlines have revealed them to be closely approximated 

by fractals, geometric shapes that can be subdivided in parts, each of which is a reduced-

size copy of the whole.  The measured lengths of these coastlines increase, as the 

measuring scale decreases because smaller measuring scales are sensitive to smaller 

features of the coastline.  The measured perimeter (P) can be related to the measuring 

scale (L) by a fractal dimension (D), which varies from one coastline to another, by P  

L1-D.  Using this fractal dimension and another related roughness parameter called the 

Hausdorff dimension (H = 2-D), information can be extracted about how rough or 

intricate a particular coastline is.  These roughness parameters for coastlines can be 

related to landscape roughness parameters to obtain information about local topography. 

 

We have carried out a similar analysis for coastlines on Titan and relate the coastline 

roughness parameters to topography parameters for Titan’s landscape. As pooled liquids 

form equipotential surfaces, a coastline is equivalent to a topographic contour line.  The 

complexity of the coastline can thus be related to the complexity of the surface it is 

embedded in.  Thus, information on Titan’s topography can be extracted through analysis 

of these shorelines.  

 

In this study, we used projected Cassini Radar observations that are already in the public 

domain.  The images used have a resolution of about 350m/pixel near the centre of the 

swath. 

 

Our results support the property of fractal behavior of Titanian coastlines.  The calculated 

values of the fractal and Hausdorff dimensions are found to be comparable to published 

estimates of dimensions of the terrestrial coastlines of Britain and Germany.  Such high 

values of these roughness parameters show that Titanian coastlines are intricate, which 

implies a rugged landscape. 
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HIRISE OBSERVATIONS OF FRACTURED MOUNDS IN THE MARTIAN MID-LATITUDES 

 

Colin Dundas and Alfred McEwen 

 

Department of Planetary Sciences, University of Arizona 

 

The surface of Mars is characterized by extremely cold temperatures and possesses 

widespread ground ice.  Some morphologic features characteristic of terrestrial ground 

ice, such as thermal contraction cracks, have been observed.  Pingos, another type of 

periglacial landform produced by freezing groundwater under various sources of 

pressure, have been suggested at a number of sites.  This is an intriguing possibility since 

pingos indicate not only ice but also liquid water at some time, but later work has 

indicated different origins for many of the candidate pingos.   

 

The High Resolution Imaging Science Experiment (HiRISE) camera on the Mars 

Reconnaissance Orbiter began science operations in late 2006 and has returned several 

thousand images with scale as small as 26 cm/pixel.  This resolution is adequate to look 

for fine-scale features like tensile cracks on pingos, and several early images showed 

enigmatic fractured mounds at several sites in the Martian mid-latitudes.  These mounds 

are morphologically similar to pingos in several ways, although with some differences. 

The mounds appear to occur in the mid-latitudes, near the latitudes where recent water-

carved gullies are most common.  The features have a range of morphologies and occur 

in several different settings, including crater floors, lineated valley fill, and the flat plains 

of Utopia Planitia.  I will discuss initial results of a survey of HiRISE images conducted 

to describe the morphologies and distribution of these features and assess the similarities 

and differences between the fractured mounds and terrestrial pingos. 
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SESSION III: Geophysics/Geodesy 

 

DETERMINING RELATIVE MOTION ACROSS THE GULF OF CALIFORNIA 

 

Jennifer L. McGraw and Richard A. Bennett 

 

Department of Geosciences, University of Arizona 

 

The motion of Baja California Peninsula area is poorly understood relative to the Pacific 

and North America plates.  The peninsula was thought to be fixed to the Pacific plate, 

moving northwest relative to the North American plate.  However, recent hypotheses 

assert that the Baja peninsula is attached to neither the North American nor the Pacific 

plates. The presence of a fault off the western coast of the peninsula may provide 

evidence for partial decoupling from the Pacific plate.  Within the Gulf of California, 

continental rifting in the north changes to an oceanic spreading center in the south. 

Clockwise rotation of the peninsula is a leading hypothesis for the cause of this transition. 

We aim to better constrain the present-day movement of the Baja peninsula relative to the 

Pacific and North America plates to improve out understanding of plate interactions in 

this region. 

 

We are using data from high-precision GPS stations available from a variety of sources to 

constrain movement of the Baja California Peninsula relative to the North American and 

Pacific plates.  Our data set is derived from a continuous network of GPS stations 

positioned through Sonora, Baja California, and Guadeloupe Island, sampled for 2 days 

in six-month intervals beginning January 1st 2003 and ending January 2nd 2008 

(approximately 200 station days total).  Preliminary estimates for the precision of the 

crustal motion are approximately 1mm/yr.  We are conducting our data analyses and 

interpretations using the GAMIT/GLOBK software available. 
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ANALYSIS OF RESOLUTION FOR A TECHNIQUE TO DETERMINE TIME-VARIABLE 

CRUSTAL VELOCITY USING CONTINUOUS GPS TIME-SERIES 

 

Austin A. Holland and Richard A. Bennett 

 

Department of Geosciences, University of Arizona 

 

The amount of continuous GPS data available both through EarthScope and from around 

the world is growing dramatically.  Routine processing of these data is generating time-

series of daily site positions and secular site velocities with incredible success.  However, 

analysis techniques that explore the time dependence of crustal velocity are lacking.  We 

have developed a method to characterize the four-dimensional crustal velocity field using 

continuous GPS in a systematic manner appropriate for routine processing.  Time 

dependent crustal velocities can be used to study time dependent strain fields associated 

with viscous relaxation processes, aseismic slip events, and volcano deformation, and 

many other applications.  Our method models crustal velocity using smooth continuous 

splines.  The splines are fit to continuous position time series.  This spline approach has 

several advantages 1) it does not assume a functional form for deformation a priori, 2) 

observations need not be regularly spaced in time, 3) it provides an easy decomposition 

of white noise and time-variable signal, and 4) it provides a continuous representation of 

time-variable site motion.  Our time series model presently consists of an initial position, 

a secular velocity term, a time dependent velocity function, and white noise.  The 

variability of the time dependent velocity function and the variance of the residual white 

noise are controlled by an empirically determined damping factor.  The algorithm is 

highly configurable and appropriate for studies of both long-term and short-term signals.  

The resolution of instantaneous velocity is controlled by the damping factor which 

controls the window of time on which the solution is dependent acting similar to a 

moving average.  The resolution of this technique is derived following the Backus-

Gilbert approach to resolution kernels. 
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MONITORING EVOLUTION OF PACIFIC – NORTH AMERICA PLATE BOUNDARY 

THROUGH GPS OBSERVATIONS, SOUTHERN CALIFORNIA 

 

Joshua Spinler, Sigrún Hreinsdóttir, and Richard A. Bennett 

 

Department of Geosciences, University of Arizona 

 

We used Global Positioning System (GPS) data to estimate horizontal crustal velocities 

to better constrain fault slip rates for the major strike-slip faults in southern California.  

The major NW-SE trending right-lateral strike slip faults (ex. San Andreas and San 

Jacinto faults) accommodate the majority of the total slip between the Pacific plate and 

North America plate, while the E-W trending left-lateral strike-slip faults in the Joshua 

Tree N.P. (ex. Pinto Mountain fault) take up a smaller portion of the slip and help in 

distributing it into the eastern California shear zone to the north.  We are using the 

combination of campaign and continuous GPS observations to derive the individual site 

velocities.  We have constructed 12 campaign monuments, while occupying 8 other 

surveying benchmarks, within Joshua Tree N.P. and have collected between 3 and 7 

observations from each monument over the past 2.5 years, averaging 3 observations a 

year, lasting 3-6 days per observation.  These data were combined with continuous data 

received from the Plate Boundary Observatory (PBO), which is a NSF GPS project that 

consists of many hundreds of sites across the western U.S., and analyzed in a stable North 

American reference frame.  We used the crustal velocity estimates to infer slip rates for 

the individual faults using a finite dislocation block modeling technique.  We find that 

appreciable along strike variation in San Andreas fault slip rate is accommodated by 

transrotation of Eastern Transverse Ranges Province faults, including the Pinto Mountain 

and Blue Cut fault, and possibly other faults farther south.  The results have important 

implications for seismic hazards assessment and crustal dynamics models for southern 

California. 
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SUBSURFACE FAULT GEOMETRIES AND CRUSTAL EXTENSION IN THE EASTERN BASIN 

AND RANGE, WESTERN U.S. 

 

M. Soledad Velasco 

 

Department of Geosciences, University of Arizona 

 

There has been a long-standing debate in the scientific community regarding whether 

active listric and/or low-angle normal faults exist.  These structures are observed in the 

geologic record and in seismic reflection lines; however, Andersonian fault theory 

generally precludes slip on low-angle surfaces.  Focal mechanisms for recorded normal 

events tend to be high angle, generally consistent with this fault theory, leading to the 

suggestion that faults form at high angles but are subsequently rotated to lower angles 

and become inactive.  Paleomagnetic and thermochronological data support active slip on 

low-angle faults and thus, revisions to Andersonian theory have been proposed (e.g., 

rotation of stress due to lower crustal flow, pore fluids, extensional wedge theory).  

Although, definite observations of active listric and low-angle normal faults are rare, 

long-running continuous GPS stations in the Basin and Range provide a unique dataset 

for determining regional vertical deformation rates adding more constraints on admissible 

dip of normal faults assuming a model for elastic strain in a half space.  Published 

geodetic measurements estimate a total of ~3 mm/yr of horizontal extension across a 200 

km-wide region immediately west of the Wasatch Fault, of which the latter appears to 

accommodate only ~50%.  Seismic reflection data beneath the Great Salt Lake show 

Holocene activity along high-angle normal faults that become listric with depth and 

appear to sole into previous decolements and possibly reactivate them.  These 

observations of the subsurface are consistent with inferred geology in areas that have 

experienced significant extension.  New receiver-function analyses provide further 

constraints on upper crust structure and its role in relation to the overall extension in the 

Eastern Basin and Range.  The combination of GPS data with fault locations and 

geometries observed at depth in seismic data is key to understanding the movement on 

these faults.   
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SESSION IV: Posters 

 

SEISMIC REFLECTION IMAGING OF A BREAKAWAY ZONE: A NEW LOOK AT CORE-

COMPLEX DEVELOPMENT IN SOUTHEAST ARIZONA 

 

M. Serkan Arca, Roy A. Johnson, and Paul Kapp 

 

Department of Geosciences, University of Arizona 

 

The Basin and Range Province of western North America represents a broad zone of 

Cenozoic crustal extension characterized by various styles of extensional deformation 

and development of zones of extreme extension manifested as metamorphic core 

complexes. Models concerning core-complex development define a breakaway zone, 

along which extension is initially accommodated in the upper crust along faults that dip 

in the direction of transport. Slip is initiated on high-angle, listric, or low-angle normal 

faults, which then feed slip into a subhorizontal or low-angle ductile shear zone at depth. 

These models suggest that the breakaway-zone normal-fault system either slipped at low 

angle during the earlier stages of core-complex development or that folding/back-tilting 

of the original breakaway zone resulted from isostatic rebound of the footwall due to 

unloading of upper plate rocks and exhumation of a portion of the ductile shear zone. In 

Southeast Arizona, the San Pedro trough is an elongate structural depression flanked on 

the southwest by the Catalina core complex and bounded to the northeast by the relatively 

undeformed Galiuro Mountains. The detachment system has been interpreted to have 

initiated from a breakaway zone located on the southwestern flank of the Galiuro 

Mountains. 2-D seismic reflection data in Southeast Arizona shows that the San Pedro 

trough contains a thin sedimentary cover above Paleozoic and older rocks. In the seismic 

data, the detachment fault in the breakaway zone is imaged dipping SW toward the San 

Pedro trough and, in contrast to traditional models, can be interpreted as a moderate-

angle normal fault that cuts through mylonitic fabric to mid-crustal depths. However, if 

this breakaway fault forms a low-angle shear zone that crosses the San Pedro trough at 

shallow depths and re-emerges because of folding/back-tilting during the emplacement of 

the metamorphic core complex, the fault surface apparently must lie close to the bedrock 

floor of the trough. Field relations, outcrop data and borehole data help constrain the 

structure of the breakaway zone and development of the core complex. 
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PRELIMINARY RESULTS FROM NORTH ANATOLIAN FAULT PASSIVE SEISMIC 

EXPERIMENT: ANISOTROPY 

 

C. Berk Biryol and A. Arda Ozacar 

 

Department of Geosciences, University of Arizona 

 

The North Anatolian Fault (NAF) is one of the world’s largest continental strike-slip 

faults. Despite much geological work at the surface, the deep structure of the NAF is 

relatively unknown.  The North Anatolian Fault Passive Seismic Experiment is mainly 

focused on the lithospheric structure of this newly coalescing continental transform plate 

boundary.  In the summer of 2005, we deployed 5 broadband seismic stations near the 

fault to gain more insight on the background seismicity, and in June 2006 we deployed 34 

additional broadband stations along multiple transects crossing the main strand of the 

NAF and its splays.  

 

 Preliminary analysis of SKS splitting for the 39 stations indicates seismic anisotropy 

with delay times exceeding 1 sec at western part of the array while at the eastern part 

these delay times are relatively low (on the order of 0.5 sec).  This region of relatively 

low anisotropy corresponds to the location where multiple splays diverge from the master 

strand of the NAF.  The fast polarization directions are primarily in NE-SW orientation, 

which remains relatively uniform across the NAF.  This orientation is also similar to that 

observed from GSN station ANTO in central Turkey and stations across the Anatolian 

Plateau in eastern Turkey indicating relatively uniform mantle anisotropy directions 

throughout the region.  However, the sense of measured anisotropy is at a high angle to 

the surface trace of the fault and pattern of anisotropy sampled at uppermost mantle, 

suggesting decoupling of lithosphere and mantle flow. 

27



THICKNESS, COMPOSITION, AND FABRIC OF THE CRUST THROUGHOUT THE SIERRA 

NEVADA FROM TELESEISMIC CONVERTED WAVES 

 

Andy Frassetto 

 

Department of Geosciences, University of Arizona 

 

The Sierra Nevada EarthScope Project (SNEP) investigates the processes of lithospheric 

foundering beneath the Sierra Nevada batholith.  This study presents teleseismic receiver 

functions, records of P-S converted waves generated by seismic discontinuities in the 

crust and upper mantle, to provide estimates of crustal thickness and composition and 

seismically detectable deformation fabric.  In order to provide a complete image of the 

lithosphere beneath Sierra Nevada, this study combines the analysis SNEP broadband 

seismic dataset, as well as reprocessed findings from the 1997 Sierra Paradox Experiment 

and new results from EarthScope Transportable Array and regional networks operated by 

University of California-Berkeley, University of Nevada-Reno, and the California 

Institute of Technology. 

 

Several major tectonic features appear ubiquitous in receiver functions collected 

throughout the Sierra Nevada.  We see a reduction of the amplitude of the crust-mantle 

boundary from east to west across the range, entering a region bordering the Great Valley 

previously referred to as the “Moho hole”.  The center of this region coincides with 

clusters of deep earthquakes (Hurd et al., 2006), coupled with a gradual westward 

thickening of the crust, approaching 60 km thickness in the foothills of Yosemite 

National Park in the central Sierra Nevada.  Conversely, we see 30-35 km thick crust and 

a sharp crust-mantle boundary throughout the highest elevations of the Sierra Nevada 

along the entire length of the range.  Finally our observations also detect a significant 

region of seismic anisotropy localized along the Moho throughout the eastern Sierra 

Nevada.  These findings represent an image of continental lithosphere being actively 

modified by the foundering of an ultramafic root; sharpening the crust-mantle boundary 

where this process is complete, imparting a seismically anisotropic shear zone as 

evidence of this deformation, and obscuring the crust-mantle boundary where 

lithospheric foundering and deformation is on-going. 
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INSIGHTS INTO THE CRUST AND UPPER MANTLE STRUCTURE BENEATH NORTH-

CENTRAL TURKEY USING REGIONAL WAVEFORMS 

 

Christine R. Gans and C. Berk Biryol 

 

Department of Geosciences, University of Arizona 

 

The 1400km-long North Anatolian Fault (NAF), located in northern Turkey, forms a 

transform boundary between the Anatolian and Eurasian plates, and is capable of large 

destructive earthquakes.  Located in part on an old suture zone, continental basement 

material is found north of the NAF, while accretionary complexes are found to the south.  

The North Anatolian Fault Passive Seismic Experiment, lead by the University of 

Arizona, contains 39 broadband seismometers which are used to investigate the 

lithospheric structure of this region.  While the experiment is still ongoing, the first year 

of data has been retrieved and archived.  Using regional earthquakes located up to ~700 

km from the network, one can model the waveforms to investigate the structure of the 

crust and upper mantle.  The Pn phase, also known as the head wave, is a high-frequency 

compressional wave that travels through the crust and impinges on the mantle at or 

beyond the critical angle.  This phase propagates through the mantle lid at mantle 

velocities, and so is sensitive to changes in parameters of the uppermost mantle, such as 

temperature and composition.  The Pn phase can therefore provide important information 

about the uppermost mantle rheology.  The Pn arrival is distinct and recognizable 

throughout our network, and contains variations in frequency content.  A gradient in Pn 

velocity across the NAF has been interpreted by other researchers using data from 

stations located at some distance from the fault.  As our deployment sits directly on top of 

the North Anatolian Fault and this proposed velocity transition, we have access to an 

ideal dataset with which to observe this transition, and to look for possible differences in 

mantle signature across the fault. 
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EXPLORING EXTENSION: CRUSTAL AND UPPER MANTLE STRUCTURE IN THE BASIN 

AND RANGE 

 

Ryan Porter and George Zandt 

 

Department of Geosciences, University of Arizona 

 

A major objective of the EarthScope Transportable Array (TA) is to investigate the 

crustal structure of the United States with uniformly spaced seismic coverage across the 

entire continent.  Receiver functions (RFs) provide one means of estimating bulk crustal 

values of Vp/Vs and crustal thickness from the TA teleseismic data.  Although the ~70 

km average station spacing is too sparse to stack the data, the uniform coverage provides 

an opportunity to correlate crustal Ps phases and their multiples across a tectonic 

province such as the Basin and Range.  We have calculated receiver functions from ~18 

months of data for the TA stations in Nevada between latitude 37--42°N.  The best results 

obtained were from the O and N lines located in northern Nevada.  This particular 

corridor has been investigated in detail by the 1986 COCORP seismic reflection transect 

and the 1988--1989 PASSCAL experiments.  This provides us with an opportunity to 

compare the correlated RF results to prior work in the area as well as crustal thickness 

estimates calculated by the EarthScope Automated Receiver Survey (EARS) system. 

 

Preliminary results show that most of the stations in the O and N lines have a high 

amplitude positive arrival, interpreted as the Moho Ps phase, that correlates across the 

entire state.  The 2P1S Moho multiple is also strong enough to correlate across the lines.  

The arrival times of the two phases can be used to estimate Vp/Vs and Moho depth across 

the transect.  The Vp/Vs estimates range between 1.59 to 1.89 with most results between 

1.72 and 1.78.  Crustal thickness estimates range from 25 and 35 km.  Other crustal 

features observed in the RFs include an upper crustal low-velocity layer at ~10 km depth 

and a mid-crustal high velocity layer located between 15-25 km depth.  A new result is 

the observation of a lower crustal low-velocity layer at many stations.  The top of this 

layer may correlate with the zone of lower crustal reflectivity observed in the COCORP 

lines.  Our results roughly agree with previous active source experiments in that Moho 

depth increases from west to east and from south to north.  With a few exceptions caused 

by complicated crustal structure, the EARS results for crustal thickness are generally 

within ~2 km of our estimates. 
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THE SIEMBRA ARRAY: EXPLORING FLAT SLAB SUBDUCTION 

 

Ryan Porter, Christine Gans, Lepolt Linkimer, Susan Beck, and George Zandt 

 

Department of Geosciences, University of Arizona 

 

The SIerras pampeanas Experiment using a Multicomponent BRoadband Array 

(SIEMBRA) was designated to examine flat slab subduction, crustal and upper mantle 

structure, and crustal deformation of west-central Argentina (~30-32º S).  This project is 

a follow-up to the CHile ARgentina Geophysical Experiment (CHARGE) that took place 

between 2000 and 2002 and looked at slab and mantle structure, the transition from 

normal to flat slab subduction, and earthquake generation.  SIEMBRA focuses in greater 

detail in the area above the flat slab subduction beneath the San Juan and La Rioja 

provinces.  This region is particularly interesting since it is considered a modern analog 

for the western U.S. Laramide flat subduction. 

 

There are currently 35 broadband (STS and Guralp sensors) and 4 mid-period 

seismometers (Trillum) deployed as part of this project. Site construction and deployment 

was conducted from September 2007 to January 2008.  The array consists of a grid of 

stations spaced every 15-20 km with denser NE-SW lines that are aligned with the axes 

of the flat slab portion of the subducting Nazca plate.  Site selection and construction was 

done mostly on hard rock in order to avoid basin effects caused by loose sediments. 

 

Initial results (< 1 month data) show numerous local events identifiable across the array. 

As more local and teleseismic data become available, a variety of different techniques 

will be utilized to better understand the region, including receiver function analysis, 

moment tensor inversion, seismic tomography, attenuation, earthquake location, and 

surface wave inversion. 
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PRELIMINARY RESULTS FROM NORTH ANATOLIAN FAULT PASSIVE SEISMIC 

EXPERIMENT: S-WAVE RECEIVER FUNCTION ANALYSIS 

 

Hande E. Tok 

 

Department of Geosciences, University of Arizona 

 

The North Anatolian Fault is a nearly 1400 km long major right-lateral strike-slip fault.  

It forms the northern margin of the Anatolian plate, which escapes eastward as a result of 

the convergence between the northward moving Arabian plate and the relatively stable 

Eurasian plate.  The North Anatolian Fault, which has caused many destructive 

earthquakes, is a young and active continental transform boundary located on an old 

suture.  In order to gain a better understanding of this region, we deployed 39 broad-band 

seismic stations in the central part of the North Anatolian Fault. 

 

The aim of this study is to investigate the lithospheric deformation and deep structure 

beneath the convex middle portion of the North Anatolian Fault.  Further, we hope to 

identify differences in lithospheric structure across the fault between its northern and 

southern blocks.  In order to analyze the lithospheric structure, we are using teleseismic 

data from the NAF (North Anatolian Fault Passive Seismic Experiment 2005-2008) 

project. 

 

We are testing the S-wave receiver function technique using this high quality teleseismic 

data set.  Receiver functions are time series computed from three component seismic data 

and they contain information about the response of the structure near the receiver.  The S-

wave receiver function technique isolates the S-to-P conversions, which are generated at 

discontinuities beneath the station.  Our goal is to identify S-to-P conversions from the 

Moho and the base of the lithosphere.  We are using events with moment magnitudes 

greater than 5.8, depths shallower than 60 km, epicentral distances between 60° and 75° 

and high signal to noise ratios.  

 

Our goal is to determine whether there is an offset in the Moho and/or the base of the 

lithosphere across the North Anatolian Fault.  Eventually, S-wave data will be compared 

with the surface wave data to determine the overall structure of this region. 
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INVESTIGATION OF THE SAN ANDREAS FAULT: GPS MONITORING OF SAN GORGONIO 

PEAK AND SAN JACINTO PEAK 

 

Andrew McCallister 

 

Department of Geosciences, University of Arizona 

 

Using GPS data we are looking into the San Andres Fault restriction bend located at San 

Bernardino.  The fault zone is straddled by the San Jacinto Peak to the south and the San 

Gorgonio Peak to the north.  These two peaks are the highest peaks south of Mt. Whitney 

and bordered by thrust faults making them ideal for our investigation.  By repeatedly 

placing a temporary GPS unit over benchmarks on the peaks for ~72 hours once every 

year for a total of 3 years, we are investigating what direction and velocity both peaks are 

moving in relation to each other and the stable North American continent.  To date we 

have completed our first of three campaigns.  At this stage, we are able to assess the 

precision of the first measurements, which allows us to anticipate the precision of our 

experimental results following the third campaign.  Using an estimate for the weighted 

RMS scatter in the range of 2mm-4mm, found from nearby stations, we were able to 

calculate a predicted velocity uncertainty in the range of 1 to 2 mm/yr.  We expect to 

achieve this precision at the end of the campaign series.  Current San Andres fault slip 

rate estimates in southern California vary a very wide range between 5 and 30 mm/yr.  

With the anticipated level of velocity precision that we will achieve with our experiment, 

we hope to shed new light on possible along strike variability of San Andreas slip rate, 

the role of local thrust faults,  and the accuracy of older slip rate measurements. 
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STRUCTURAL AND STRATIGRAPHIC CHARACTERISTICS OF THE HEIDRUN OIL FIELD 

FROM ANALYSIS OF 3-D SEISMIC DATA 

 

Russell D. Edge and Roy A. Johnson 

 

Department of Geosciences, University of Arizona 

 
The Heidrun Oil Field is located on the Halten Terrace within the Norwegian Sea, 
northwest of Norway, and is one of the largest petroleum reservoirs discovered on this 
continental shelf.  Upon discovery in 1985, it was believed to contain 180 million cubic 
meters of oil; the current production rate throughout 2007 was 125 000 barrels a day.  
The reservoirs within the Heidrun field are within Lower to Middle Jurassic sandstones, 
which structurally have undergone Jurassic rifting that has led to a network of heavily 
faulted horst blocks.  This network consists of sealed faults that have led to structural 
traps and consequently zones of petroleum interest formed within various stratigraphic 
units.  Interpretations of multiple seismic time horizons help characterize the reservoir 
structures and facilitate evaluation of other geological attributes.  Using complex attribute 
analysis on 3-D seismic data within the fault-bounded structures, discrimination can be 
applied between features that act as traps and areas where there is petroleum migration.  
Such an application to the data provides oil migration predictions and alterations to the 
positioning of the reservoir. 
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A NEW GLOBAL PLATE VELOCITY SOLUTION 

 

Eric Flood 

 

Department of Geosciences, University of Arizona 

 

In 1990, DeMets published the NUVEL-1 model of current plate motions, a standard that 

is still commonly referenced today.  In 2000, Sella published the REVEL model using 

GPS data available at the time.  A majority of this data was from GPS sites less than 2 

years old, which gave the solution large errors.  In the years since, no study has been 

published with better-resolved GPS data.  Using a definition of a plate as a rigid body 

without internal deformation, we propose a new solution using a wealth of GPS data that 

is currently available.  The goal of our study is to use modern high-precision GPS 

velocity estimates from sites within the interior regions of the plates to determine new 

Euler poles for representing current plate motions.  We anticipate significant 

improvements over previous GPS-based solutions due to the increased number of data 

now available and the significantly improved spatial distribution of existing stations 

relative to earlier periods. 
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COMBINING GEOPHYSICS AND HOMICIDE: GROUND PENETRATING RADAR 

INVESTIGATIONS OF A POSSIBLE HOMICIDE BURIAL SITE IN THE ARIZONA DESERT 

 

Philip J. Stokes and Ben K. Sternberg 

 

Department of Mining and Geological Engineering, University of Arizona 

 

Recent Ground Penetrating Radar (GPR) surveys were undertaken northwest of Tucson 

in cooperation with the Pima County Sheriff’s Department.  Case evidence indicated the 

possible desert burial of a victim from an unsolved homicide.  Some areas of the site 

warranted further investigation, and a GPR survey was initiated to identify areas of 

interest. 

 

With the aid of GPR, six possible subsurface excavations were identified.  One of these 

locations showed strong evidence of disturbed soil reflectors and was interpreted as a 

possible excavation site.  Five other locations showed weaker evidence of disturbed 

reflectors and were also considered for excavation sites.  Additionally, two profiles with 

narrow diffraction events were identified within the approximately hundred meter square 

grid.  Finally, a strong reflection, interpreted to be due to the presence of metal, was 

mapped.  With backhoe support, all reported anomalies and interpreted excavation 

features were explored.  Unfortunately, no human remains were found.  The soil 

excavations were indeed visible in trenches, but as naturally (i.e. via alluvial processes) 

formed.  Further, excavation of the anomaly caused by metal returned a small, dense 

cluster of barbed wire that had been buried to some depth.  Though the survey was 

unsuccessful at locating a body, law enforcement was able to rule out this specific burial 

site with very limited excavation and reduced cost. 
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TEAPOT DOME 3-D SEISMIC INTERPRETATION PROJECT 

 

Shoba Maraj and Roy A. Johnson 

 

Department of Geosciences, University of Arizona 

 

Teapot Dome is part of the Naval Petroleum Reserve, and is perhaps most famous for its 

role in the Teapot Dome scandal during the Harding administration in the 1920’s. 

Located about 50 miles north of Casper, Wyoming, the Teapot Dome is a doubly 

plunging anticline that is cored by a Laramide reverse fault. As a part of the Naval 

Petroleum Reserve, considerable data have been obtained from this structure which is 

useful for testing attribute analyses on zones with and without petroleum accumulations.  

Sonic and density logs from key wells that penetrate production zones in the dome were 

used to generate synthetic seismograms for correlation to 3-D seismic data that image the 

structure. Modern techniques such as spectral decomposition and complex attribute 

analyses performed in the study areas show both the presence and absence of 

hydrocarbons, and can be compared with other areas to interpolate hydrocarbon 

signatures, and predict additional zones of potential production interest. 
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When considering the observed taxonomic richness of a community, the effects of 

sampling intensity and evenness on diversity patterns must be considered.  Evenness is a 

measure of the relative abundance of a species in a collection, where the probability of 

sampling all species decreases as abundance distributions become more uneven.  

Sampling intensity also affects richness estimates because many species are only rarely 

encountered.  A low sampling intensity and an uneven community will produce a 

richness level that is artificially low.  The goal of this study is to examine the evenness 

and richness of molluscan communities in Florida, spanning the Miocene to the 

Pleistocene, to determine if a late Pliocene extinction event took place or if a drop in 

diversity is due to low sampling intensity or low evenness.  To do this we constructed the 

first molluscan database of the Chipola Formation using standardized samples and then 

compared these samples to unpublished data of late Neogene molluscan collections. 

 

Sample collection in the Chipola Formation occurred along a horizontal transect and at 

different bedding planes in the section along the Apalachicola River.  The samples were 

collected in 1-gallon bags as bulk samples and sieved with a 5mm and 2mm stacked 

mesh.  Only gastropods with a complete apex and bivalves with a complete umbo were 

used for analysis.  Each specimen was identified to species level when possible using 

literature and museum collections.  We identified 141 species of gastropods from 1499 

individuals.  The PIE, E(1/D), E(1-D), and E –ln(D) evenness indices were applied along 

with the Simpson Dominance Index and the Shannon Diversity Index. 

 

There is little difference in evenness between the standardized and non-standardized data 

across the Neogene.  The trend across indices shows a decrease in richness and a slight 

decrease in evenness from the Miocene to the Pliocene, and then a greater drop in 

evenness and richness from the Pliocene to the Pleistocene.  Richness estimates from 

rarefied data of 95 specimens each in the Chipola, Pinecrest, Caloosahatchee, Bermont 

and Fort Thompson formations showed 35, 30, 37, 21 and 25 specimens in these 

formations, respectively.  Changes in richness occur independently of evenness across 

these formations until the Bermont where a drop in evenness may compromise the true 

diversity. 
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NITROGEN ISOTOPES IN BIVALVE SHELLS FROM THE COLORADO RIVER ESTUARY: 

EVALUATING A PROXY FOR CHANGES IN NUTRIENT DELIVERY 

 

Robert D. Dietz, Karl W. Flessa, and David L. Dettman 

 

Department of Geosciences, University of Arizona 

 

Could stable isotopes of N be used to detect the source of nutrients in modern and past 

estuarine ecosystems?  We examined 15N from the organic matrix of shells in live-

collected and sub-fossil bivalve mollusks from the Colorado River and its estuary.  We 

compared 15N in three species: Corbicula fluminea, an introduced freshwater species, 

Mulinia coloradoensis, a brackish species once abundant in the estuary, and Chione 

fluctifraga, a fully marine species.  All three are found alive today, and the latter two also 

occur in historical shell deposits.  15N values obtained from modern Co. fluminea are 

low ( 15N = 6.4 ‰) with respect to live-collected M. coloradoensis and Ch. fluctifraga 

(average 15N = 14.1 ‰), documenting a distinct difference between fluvial N signals 

and marine N signatures.  We hypothesized that a significant difference in 15N values 

would also exist between live-collected individuals and sub-fossil individuals of the same 

species.  Terrestrially-derived nutrients are largely absent from the modern Colorado 

River estuary because the river no longer reaches sea, yet prior to dam construction and 

large-scale water diversions, such nutrients were likely available to estuarine biota.  

However, no significant difference in 15N was found between modern and 

“predambrian” shells.  To test for possible diagenetic distortion of the 15N signal 

preserved in fossil shells, we subjected modern shells to conditions of strong heat (60oC 

in a drying oven) and intense sunlight (rooftop exposure in Tucson, Arizona) for 180 

days.  No significant shift in 15N was detected in these shells relative to controls.  

Diagenesis can therefore be ruled out as a source of bias in 15N measurements.  The 

similarity of 15N in modern and predambrian shells suggests that either terrestrial 

nutrients were not important to predambrian biota or terrestrial nutrients lose their 

isotopic character as they are cycled in the deltaic environment prior to incorporation into 

estuarine bivalves. 
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INTERCOMPARISON OF IPCC COUPLED CLIMATE MODELS’ ANTARCTIC SEA ICE 

PREDICTIONS AND IMPLICATIONS FOR PENGUIN HABITAT 

 

Alison Drain 

 

Department of Geosciences, University of Arizona 

 

IPCC AR4 climate models give a wide range of predictive variance for modeled 

diagnostics, including sea ice concentrations.  The model ensemble more accurately 

represents observed sea ice distributions, because errors among the different models 

cancel each other.  It is more useful, then, to examine a few models that best represent sea 

ice than the entire suite.  Using a set of “more accurate” models, selected for their ability 

to realistically represent sea ice concentrations and run with the SRES A1B until the next 

century, future sea ice extent and thickness can be predicted.  In the southern hemisphere, 

sea ice extent and thickness are important for penguin colonies on Antarctica.  An 

accurately modeled representation of sea ice may aide in predictions of the survival of 

various penguin colonies and species.  
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PHYSICAL EVIDENCE OF DEFORESTATION ALONG A MODERN RIFT LAKE: AN ON LAND 

AND NEAR SHORE COMPARATIVE STUDY BETWEEN TWO WATERSHEDS AT LAKE 

TANGANYIKA, TANZANIA 

 

Morgan Helfrich, Kiram Lezzar, Andrew Cohen, Mwasiti Rashid, William Guerra, Jon 

Husson, Anthony Ramano, Mohamed Uwesu, and Athumani Yohana 

 

Department of Geosciences, University of Arizona 

 

Tanganyika is a tropical fresh water lake associated with the East African Rift Valley.  

Active deforestation over the past several hundred years has resulted in considerable 

damage to both watershed and nearshore ecosystems.  Key areas, protected from fires and 

anthropogenic activity, such as Gombe Stream National Park, act as analogs to non-

deforested ‘natural’ depositional environments.  This allows for the impact of regional 

deforestation to be measured through a comparison of geologic observations from the 

Kasekera stream/delta located in Gombe Stream National Park, and the nearby deforested 

Mtanga stream/delta watershed.  Mtanga stream flows through a populated and heavily 

used land typical of many of the watersheds surrounding Lake Tanganyika.  Using a 

multi-indicator approach, a comparison was made between the two similar size/slope 

watersheds, which both enter the lake laterally on the eastern shore.  Our high-resolution 

3-D bathymetric maps of both offshore deltas show that there is an increase in sediment 

supply volumes in the deforested region.  There is no measurable difference in total 

organic carbon in these systems; however, there is a distinct increase in total inorganic 

carbon in the Kasekera delta sediments due to a greater abundance of shelled organisms.  

A grain size analysis was made in both streams and deltas.  While Mtanga stream is 

dominated by poorly sorted gravels and sands, in Kasekera there is a clear fining 

downstream.  The Mtanga delta also shows a general fining towards deeper waters, which 

is not as apparent as on the Kasekera delta.  This is interpreted as an effect of increased 

erosion from the Mtanga stream watershed.  Our study has shown that there is 

significantly more erosion occurring in the deforested region.  This is affecting the 

morphology of both the onshore stream and the offshore delta.   
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Creating a multicentury-scale fire record for East Africa is important for understanding 

large-scale climate patterns and resulting ecological changes as well as establishing a 

baseline with which to compare natural and anthropogenic effects on climate variation 

and fire frequency.  Considering the remoteness and size of the study location and the 

time-scale under investigation, paleolimnology provides a practical and unique approach 

to reconstruct a record of fire frequency in East Africa.  Wildfires within the watershed of 

Lake Tanganyika burn plant material, producing charcoal and other charred particles, 

which are then carried into the lake by wind and water.  These particles sink to the 

bottom of the lake and are deposited in the sediment below.  We have obtained a 

sedimentary charcoal record from a partially laminated multicore NP01-MC01, collected 

from the Kalya slope area of east-central Lake Tanganyika in 303m water depth.  The age 

of the sediment, along with the accumulation rate of sediment was determined using Pb-

210 analysis.  Using the charcoal concentration obtained at different depths and 

correlating the data with the age estimates from Pb-210 analysis a record of fire 

frequency was obtained over the past four centuries in East Africa.  The data shows a 

distinct peak in fire frequency at the end of the Little Ice Age (~1800).  Comparisons 

with biogenic silica concentrations in the same core and regional paleoclimate data are 

ongoing. 
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A SYNTHESIS OF AFRICAN PALEOCLIMATE AND POSSIBLE IMPLICATIONS FOR MIDDLE 

STONE AGE ARCHAEOLOGY: 150KA – 35KA 

 

Margaret Blome, Andrew Cohen, and Christian Tryon 

 

Department of Geosciences, University of Arizona 

 

A synthesis of African paleoclimate covering the period vital to the origin of Modern 

Humans and their migration out of Africa (150ka-35ka) reveals discrete and continuous 

data from over 40 sources including both terrestrial and marine records that are used to 

interpret climate change on a continental scale and to identify regions with coherent 

patterns of aridity and temperature.  We infer regional differences in broad climatic 

histories based on many climate indicators: lake level histories, magnetic susceptibility, 

pollen, dust, speleothem growth, and dune migration.  All of the records compiled in this 

study are radiometrically anchored in time.  We divided the continent into four regions 

based on the presence or absence of a megadrought signal between 90 and 105ka.  These 

include (1) North Africa, extending to the Sahara/Sahel boundary, (2) the Sahel including 

the southwestern shoulder of Africa, extending southeast through Congo, Zaire and 

Tanzania, (3) the tropical megadrought region, and (4) South Africa.  We interpret these 

regional differences in climate to result from changing global atmospheric circulation 

patterns including the location of the ITCZ and the westerlies.  This is supported by the 

circum-Africa sea surface temperature (SST) data, which are consistent with each other 

and warm during the megadrought period.  This suggests that changes in the delivery 

mechanism of moisture to specific regions are responsible for the extreme aridity of the 

megadrought, and not the amount of moisture available to the entire continent from the 

surrounding oceans. 

 

We explore the extent to which these environmental changes provided the context for 

behavioral innovations seen in Middle Stone Age archaeological sites from this period, 

perhaps through demographic shifts among early populations of Homo sapiens that 

included local increases in relative population pressure.  Several archaeological indicators 

suggest behavioral change as a possible response to increased risk due to local 

environmental degradation.  These include novel hunting technology such as composite 

stone- and bone-pointed hunting weapons, a broadened resource base that included low-

ranked food sources such as shellfish, and early suggestions of social networks expressed 

through symbolic artifacts and the long-distance movement of stone tools, the timing and 

relative abundance of which is assessed through a composite database of radiometrically 

dated archaeological assemblages. 
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PRELIMINARY RESULTS FROM A MULTI-CENTURY RECONSTRUCTION OF CHAPARRAL 

FIRE HISTORY IN SOUTHERN CALIFORNIA 

 

Keith J. Lombardo, Thomas W. Swetnam, and Christopher H. Baisan  

 

Laboratory of Tree-Ring Research, University of Arizona 

 

Fire management plans require a full understanding of fire regime variability and the 

ability to assess current departures from 'natural' conditions.  Despite recent advances in 

southern California chaparral fire ecology, temporal perspectives on fire regime 

variations and changes in this type are relatively short.  Most chaparral fire history 

research spans only portions of the 20th century, a time when documentary records 

are available.  Unlike many other woody species of the semi-arid western United States, 

chaparral is usually not directly suitable for traditional dendrochronology.  Thus, a set of 

novel dendrochronology approaches is needed.  We hypothesize that fire primarily 

spreads between patches of bigcone Douglas fir (Pseudotsuga macrocrpa) via the 

surrounding chaparral and that synchrony of fire events between these patches would 

support this premise.  Using P. macrocarpa stands that exist as scattered islands of 

forest in a chaparral matrix across the southern California landscape, our goals include 

the evaluation of fire regime changes, and the effects of climate on these fire regimes -- 

particularly foehn winds and interannual to decadal-scale climate variations.  Replication 

of our sampling plan at multiple scales will allow us to create a regional fire-scar network 

that can be compared with known fire events derived independently from the 20th 

century fire atlas.  Fire-scarred samples were collected from four southern California 

National Forests and initial analysis reveals a rich fire history, with a multitude of fire 

dates over the past 500 years.  There is evidence for synchronicity in past fire dates 

across large spatial scales in the Los Padres National Forest (LPNF).  There is also 

evidence of numerous small fires burning in LPNF during this same time period.  Further 

data collection and analysis is necessary in all four forests.  With additional data, we will 

obtain a more accurate assessment of past fire frequencies and sizes, as well as elucidate 

potential regional and sub-regional differences in fire regimes that relate to climatic 

controls. 
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FLUID AND GAS GEOCHEMISTRY OF UPPER DEVONIAN ORGANIC-RICH SHALES, 

NORTHERN APPALACHIAN BASIN 
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Upper Devonian organic-rich fractured shales from the Northeast U.S. host economic 

accumulations of natural gas that are microbial in origin.  Research in the Michigan and 

Illinois basins has shown that microbial methane generation was enhanced by Pleistocene 

glacial meltwater recharge diluting formation water salinity.  In contrast, thermogenic gas 

resources are generated by thermal degradation of organic matter at depth within 

sedimentary basins, and are often associated with saline fluids.  The Appalachian basin 

shares a similar glacial history and lithostratigraphy as the adjacent Michigan and Illinois 

basins.  Yet, little is known about the brine geochemistry and recharge history at the 

basin margin where microbial gas may have been generated.  The lack of published 

formation water data from the northern Appalachian basin margin has precluded an 

adequate assessment of the glacial recharge history, fluid flow, and salinity gradients 

aimed at understanding the geologic controls on microbial methanogenesis in organic-

rich shales.  This research may have broader implications for energy and water resources 

in sedimentary basins worldwide.    

 

Formation water and gas samples were collected from active oil and gas wells producing 

from Mississippian, Devonian, and Silurian formations at the basin margin (W. NY, 

N.W. PA, N.E. OH, and E. KY) to understand the source of fluids and solutes, salinity 

structure, and assess the potential for microbial methane generation.  Stable isotope (O, 

H, and C), alkalinity, and elemental analyses were conducted on water samples.  Gas 

samples were analyzed for composition and compound specific isotopes (CH4, CO2, and 

C2).  There is evidence for freshwater dilution of brines at the basin margin by modern 

meteoric water (
18

O values between -7.4 and -0.4 ‰, in the range of modern 

precipitation for the region) along a mixing trend with an evaporated Paleozoic seawater 

end-member.  Salinity generally increases towards the basin center to levels inhibitory for 

methanogenesis (>2000 mM Cl).  Low alkalinities (<12 meq/kg) and positive 
13

CDIC 

values (up to 27 ‰) may indicate the early stages of methanogenesis and/or a relatively 

open hydrologic flow system.  The relatively positive 
13

CCH4 values (>-50‰), with 

increasing thermal maturity, and high mole% of ethane and propane indicate that 

thermogenic gas is dominant.  Future studies will focus on understanding why microbial 

activity may be limited across the northern basin margin, despite low salinity 

environments favorable for methanogenesis in organic-rich shales. 
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Ground-water in the San Pedro Basin in southeast Arizona is the main source of water for 

domestic, industrial, and agricultural use. As the population and demand on water 

resources increases, an improved understanding of the ground-water system is needed for 

effective water management. We are studying major ion chemistry and isotopes (O, 
2
H, 

3
H, S, 

13
C, 

14
C) in groundwater to investigate recharge areas, ground-water flow paths, 

and discharge of ground water in the San Pedro River. The San Pedro Basin is an alluvial 

basin-fill aquifer comprised of upper and lower units separated by a clay confining unit. 

The basin is bounded by crystalline and carbonate rocks of the Whetstone and Rincon 

Mountains on the west, and by crystalline rocks of the Rincon and Dragoon Mountains to 

the north and east.  These mountain blocks contain distinctive mineral assemblages, 

which creates a chemical fingerprint in the ground-water allowing the identification of 

contributions of ground-water from the eastern and western sides of the basin to the San 

Pedro River.  Initial results from 18 ion and isotope ground-water samples, combined 

with chemical data from ADEQ reports and the U.S. Geological Survey QW database 

show varying chemical compositions throughout the basin, as well as with depth between 

the upper and lower aquifers.  Preliminary data suggests that ground-water chemistry 

varies spatially and with depth, reflecting interaction with the diverse geologies present in 

the basin. 
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High elevation ecosystems are among the most sensitive to changes in climate and 

atmospheric deposition.  Few studies have integrated reaction path and tracer approaches 

to study the evolution of these waters.  The streamwater chemical composition in these 

catchments is a result of the chemical composition of precipitation and changes in that 

composition due to reactions along the meltwater flowpath to the stream.  Chemical 

reactions between rocks, soils, talus and rock glaciers and meltwater lead to chemically 

distinct source water compositions.  The proportion of end-member contribution to the 

streamwater has been determined using chemical tracers to perform end-member mixing 

analysis (EMMA) for the Green Lakes Valley (GLV) in the Colorado Front Range (Liu et 

al., 2004).  EMMA yields limited results; it does not spatially differentiate the physical 

flowpaths of waters, nor enable chemically distinct end-members to react.  Chemical 

reactions are used to determine potential physical flowpaths in the alpine system by 

determining reactions between end members and the extent of incongruent mineral 

weathering using chemical data collected in 1996 and an available mineral assemblage 

Platts-Mills and Williams, Unpublished) for the GLV.  Chemical reactions are calculated 

using the USGS computer program PHREEQC for inverse geochemical modeling.  

EMMA solutions have shown variability in the contribution of end-members to the 

streamwater over snowmelt (Liu et al., 2004).  These changes in contributions were 

related to the hydrograph and the year was divided into three time periods when EMMA 

was found to show similar contributions of end members.  PHREEQC was used to 

determine the differences in mineral weathering between end members within these three 

time periods.  The change in chemistry was determined both with a change in time and 

change in location (along the assumed flowpath).  Volume of snowmelt associated with 

each end member was found for each 10x10 meter area of the GLV using a model 

(Molotch, Unpublished) that calculated spatially distributed snowmelt based on daily 

meteorological and physical conditions.  The daily volume of snowmelt in each grid area 

was summed to determine the total volume of melt within each period, and the spatial 

distribution of melt was then overlain by the surface cover to determine the volume and 

therefore relative input of snowmelt for each end member.  Flowpath estimation using 

mineral weathering reactions is a critical step to further our knowledge of the hydrologic 

system and its affect on the landscape buffering capacity to atmospheric deposition. 
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INNOVATIONS IN K-CA GEOCHRONOLOGY USING MC-ICP-MS AND APPLICATIONS TO 

SEDIMENTARY DATING 

 

Robinson Cecil and Mihai Ducea 

 

Department of Geosciences, University of Arizona 

 

While the decay of 
40

K to 
40

Ar has been used extensively in geochronology, the other arm 

of this branched decay, the beta decay of 
40

K to 
40

Ca, has received much less attention, 

despite the system's potential application to important geologic problems.  Unfortunately, 

measuring calcium isotopic ratios has proven to be challenging with conventional single 

collector TIMS instruments given the relative signal intensity of 
40

Ca with respect to all 

other calcium isotopes.  Additionally, TIMS analyses take many hours (and a steady 

signal) to complete and the thermal source does a relatively poor job of ionizing calcium.  

Here we present a technique that makes it possible to precisely and reproducibly measure 

calcium isotopic ratios in solution using a multicollector ICP-MS.  The success of this 

technique was predicated upon overcoming two significant analytical problems: 1) the 

interference of argon (the carrier gas) at mass 40 and 2) the general problem of mass 

distribution of calcium isotopes, in which 
40

Ca is significantly more abundant than the 

other naturally - occurring isotopes.  Through repeated measurement of 
40

Ca/
42

Ca in the 

NIST SRM 915b we achieve an external precision of ~ 0.05% at the 95% confidence 

interval.  Internal errors on individual analyses are ~ 0.02% at the 2  level.  Our aim is to 

apply our MC-ICP-MS technique for calcium isotope analysis primarily to the dating of  

K-rich authigenic sediments, such as glauconite and K-salts.  So far we have analyzed 

glauconite and sylvite (KCl) of known age, as well as igneous whole rock and mineral 

separates with variable K/Ca ratios.  Measured 
40

Ca/
42

Ca ratios in these materials match 

well with modeled values based on their ages and K/Ca ratios. 
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APPLICATION OF U-PB GEOCHRONOLOGY TO QUESTIONS IN OLD WORLD 

ARCHAEOLOGY 

 

Lisa Molofsky, John Chesley, David Killick, and Joaquin Ruiz 

 

Department of Geosciences, University of Arizona 

 

Archaeologists have traditionally defined and constrained ore sources through circular 

groupings of lead isotope ratios.  However, cassiterite, the main tin-bearing ore, has a 

similar structure to rutile which excludes lead but incorporates U and Th when it forms 

(Metzger et.al. 1991).  This results in lead isotope ratios that fall along an isochron which 

spans a much larger isotopic range than the conventional groupings.  Thus, a different 

observation is needed to distinguish the signatures of tin ore sources from one another.  

U-Pb geochronology provides a method by which we can determine the age of tin-ore 

formation from the lead-lead isochron produced by the analysis of tin objects. This age 

can then be used to directly locate the geological source areas for the tin in question, 

which has enormous implications for tin-sourcing world-wide. 

 

The research presented here uses this methodology to successfully determine that 

cassiterite from the Rooiberg tin deposit was utilized to produce over 20 tin ingots found 

across Southern Africa. Furthermore, we propose that in addition to pure tin, the lead 

isotopic signatures of tin-bronzes can also be utilized in some cases to determine a 

geologic age of the tin-ore utilized in its production.  Discovery of the tin source (or 

sources) in the Bronze Age of the Ancient Near East (c. 3000-1500 BCE) carries the 

promise of illuminating where tin-bronze technology first emerged, and establishing the 

extent of trade and cultural exchange during this landmark period of human cultural 

development.  
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MINOR ELEMENT COMPOSITIONS OF PYRITE AND EPIDOTE-GROUP MINERALS FROM 

IOCG DEPOSITS, COPIAPO, CHILE 

 

Douglas C. Kreiner, Mark D. Barton, and Dipak C. Pal
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Center for Mineral Resources, University of Arizona 
1
Current address: Department of Geological Sciences, Jadavpur University, Kolkata 700 

032, India 

 

Cobalt, nickel, and the rare earth elements are distinctive minor components in iron-oxide 

(-Cu-Au) (IOCG) deposits yet their distribution and genetic significance remains 

enigmatic.  These elements can help elucidate paragenetic and ultimately genetic 

differences that are not evident from other observations.  We have begun a systematic 

examination of the distribution of Co, Ni, and REE in the context of a broader study of 

the geology, paragenesis, and origin of IOCG systems near Copiapo, Chile (e.g., 

Candelaria, Punta del Cobre).  This district contains multiple separable and genetically 

diverse types of hydrothermal systems hosted by the dioritic Cretaceous Copiapo 

batholith and surrounding rocks (Barton et al., this volume).  We focus here on Co-Ni-

bearing iron sulfides and REE-bearing Ca-rich silicates.  Field relationships, core-

logging, detailed petrographic study, and application of electron microprobe techniques 

reveal multiple types, generations, and parageneses of these minerals.  

 

Iron sulfides (pyrite, pyrrhotite, marcasite) are present in multiple ore types, including 

those with intense metamorphic overprint in the Candelaria deposit, and in other 

mineralized and unmineralized settings.  In the deposits themselves, complex textures 

seen in reflected light and in electron microprobe X-ray maps and other data indicate that 

distinctly different types of iron-bearing sulfides and oxides are present and that fluid 

conditions fluctuated among pyrite, chalcopyrite, and iron-oxide (magnetite or hematite) 

stable conditions.  X-ray mapping and analysis of Ni and Co in ore-related pyrites reveal 

compositional zoning patterns that demonstrate multiple pyrite generations even within 

single grains, commonly with evidence for dissolution and precipitation.  For example in 

X-ray maps, zoning in pyrite can be cut off by chalcopyrite and magnetite and new pyrite 

grows unconformably over these truncations.  Broadly, pyrite from the IOCG 

mineralization is most complex and contains the highest Co and Ni (to ~2 wt %), yet 

other occurrences vary in these elements as well.  Although patterns differ, cores tend to 

be Ni-rich and rims Co-rich.  

  

Epidote group minerals, sphene, and apatite are among the REE-bearing minerals in the 

district; they each occur in diverse paragenesis both ore-related and not.  REE are highest 

in the epidote group where allanite is a common phase early in the paragenesis and 

locally comprises upwards of 10% of the rock.  Sphene contains up to 0.4% REE2O3, 

whereas allanite contains up to 21% REE2O3.  Back-scattered electron images show 

complex textural relationships between epidote and allanite.  The latter overgrows and is 

overgrown by variably REE-enriched epidote in the ores, whereas epidote, sphene, and 

apatite have lower REE and less well developed zoning in other areas.  The highest 
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REE’s apparently occur in inferred upwelling zones of IOCG-style hydrothermal 

systems, typically with Ca(-K) alteration which is related to Cu-mineralization. 
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PROTEROZOIC PALEOGEOGRAPHY AND STRATIGRAPHY OF THE EASTERN NEVADA AND 

SOUTHERN IDAHO MIOGEOCLINE 

 

Whitney Rutherford
1
, Scott Johnston

1
, Paul Link

2
 

 
1
Department of Geosciences, University of Arizona 

2
Department of Geosciences, Idaho State University 

 

While the provenance of the Phanerozoic Cordilleran miogeocline has been extensively 

studied, very little is known about the miogeoclinal sediment dispersal patterns in the 

Proterozoic.  Here we present new, detrital zircon data from the northern Snake Range 

and the Grouse Creek Range of eastern Nevada and southern Idaho that provide valuable 

information on the Proterozoic paleogeography and unit correlations in the region.  Our 

results indicate that in the northern Snake Range, the Precambrian McCoy Creek group 

contains detrital zircon age peaks at 1.0, 1.4, 1.6–1.8, and 2.6 Ga, while the Cambrian 

Prospect Mountain contains similar age peaks, but with significant majority of grains at 

1.6–1.8 Ga.  In the Grouse Creek region, the basal Elba Quartzite nearly matched the 

results of the McCoy Creek group.  The stratigraphically higher Yost Quartzite only had 

ages >2.6 Ga, whereas the Clark's Basin and Harrison Summit showed age spectra with 

peaks at 1.8 and 2.6 Ga.  These results indicate that the Clark’s Basin and the Harrison 

Summit are stratigraphically equivalent, and support previous mapping with thrust 

relationships in the area.  Also, the similarity of the Elba to the McCoy Creek Group 

suggests that Grouse Creek siliciclastic sequence represents the Precambrian–Cambrian 

miogeocline of southern Idaho.  More speculatively, the omission of 1.0 and 1.4 Ga ages 

in the Grouse Creek sequence suggests the emergence of the paleo-Toole–Uinta arch that 

provided a proximal Paleoproterozoic sediment source for the Grouse Creek Basin while 

simultaneously blocking distal 1.0 and 1.4 Ga sediments from the southeast. 
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SESSION V: Geophysics/Seismology 

IDENTIFICATION OF UNEXPLODED ORDNANCE FROM CLUTTER USING NEURAL 

NETWORKS 

 

Anna Szidarovsky
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, Mary Poulton
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2
 

 
1
Department of Mining and Engineering, University of Arizona 
2
Zonge Engineering and Research Organization, Tucson, AZ 

 

In many countries Unexploded Ordnance (UXO) remain buried on land from warfare or 

from military practice.  UXO pose a problem to society in two main ways: cost of 

detection and removal, and safety of civilians and removal crews. 

 

The largest costs associated with subsurface Unexploded Ordnance (UXO) remediation is 

the cost associated with removing non-UXO.  Discrimination between UXO and non-

UXO is important for both cost and safety reasons.  A Neural Network from the Statistica 

package was used to develop a routine to distinguish between UXO and non-UXO 

clutter.  There are two stages for the learning process of Neural Network, training and 

validation.  A synthetic dataset was created using actual acquisition configurations, with 

varying amounts of added random noise.  This dataset included 932 UXO targets 

representing 7 different UXO types, and 863 clutter objects based on four templates with 

varying size and random asymmetry.  The results show 97% accuracy for correctly 

classifying clutter, and 97% accuracy for correctly classifying UXO. 

 

The level of success on classifying is based on the classification Receiver Operating 

Characteristic (ROC) curves.  The ROC curve represents the relationship between UXO 

classified correctly (Hit rate) versus clutter miss classified (False alarm). 
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ANALYSIS AND INTERPRETATION OF 3-D SEISMIC REFLECTION DATA, KEVIN DOME, 

CENTRAL MONTANA  
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The Kevin Dome region of central Montana is an area of known oil and gas production; 

however, initial discoveries in the 1980’s were quite random, with no apparent seismic or 

geologic direction.  3-D seismic reflection data in the area provides a relatively detailed 

image of the subsurface, but may not resolve structural or stratigraphic features 

controlling petroleum distribution.  With the availability of more sophisticated software, 

a more in-depth seismic interpretation is allowing the correlation of observations from 

available well logs to attributes in the seismic data in an attempt to characterize specific 

seismic responses associated with oil, gas, and porosity zones.  Identified areas of interest 

are analyzed via attribute extraction and spectral decomposition to examine relationships 

between anomalies and areas of known production.  In addition, a detailed structural 

interpretation using the 3-D capabilities of the software provides new insight into the 

character of key stratigraphic intervals, as well as potential zones of accumulation.  The 

result is an improved understanding of the geologic setting, and a clearer perspective on 

what benefits 3-D seismic data can provide in choosing potentially productive well 

locations. 
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CRUSTAL THICKNESS AND DEPTH TO THE SUBDUCTING SLAB UNDERNEATH NORTHERN 

COSTA  RICA BASED ON RECEIVER FUNCTION ANALYSIS 

 

Lepolt Linkimer, Susan Beck, and George Zandt 

 

Department of Geosciences, University of Arizona  

 

Costa Rica is located near the southern end of the Middle American Trench (MAT) in a 

complicated tectonic setting controlled by the interaction of four major crustal blocks: the 

Cocos, Caribbean, and Nazca plates and the Panama microplate.  The oceanic Cocos 

plate subducts to the northeast underneath the Caribbean plate and the Panama 

microplate, creating a volcanic arc located 150 km away from MAT.  In northern Costa 

Rica, the arc basement is represented by serpentinized peridotites, Albian silicic 

sediments, and Paleocene to Middle Eocene turbidites. 

 

For this study, P and PP wave receiver functions have been calculated using teleseismic 

events recorded in Northern Costa Rica by the Pocosol, CRSeisze, and Corisubmod 

experiments, and stations JTS and HDC from the Global Seismology Network and the 

Geoscope Project, respectively.  Moho and slab depths are estimated using a stacking 

algorithm which sums the amplitudes in the receiver functions of direct and multiply-

converted phases. 

 

Our preliminary results show that the crustal thickness varies underneath the Costa Rican 

Isthmus.  The Moho discontinuity is visible at depths of 36 km beneath the stations of the 

Pocosol Network located in the back-arc region, 41 km underneath HDC located in the 

volcanic arc, and 37 km beneath JTS in the forearc region.  Underneath the Nicoya 

peninsula a Moho signal is absent or unclear which may be evidence of serpentinization 

in the forearc mantle wedge.  The depth to the subducting slab is observed at depths 

between 19 and 40 km underneath CRseisze stations at the Nicoya peninsula, 76 km 

underneath JTS, and 72 km underneath HDC.  The shallower depth to the subducting slab 

underneath station HDC is consistent with a shallower subduction in central Costa Rica. 

Understanding the nature and thickness of the crust is a relevant topic in the Costa Rican 

region since it may help determine whether the basement is part of the Caribbean plateau 

or is a fragment of oceanic crust that was accreted to the margin. 
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SOURCE RUPTURE PROCESS OF THE SOLOMON ISLANDS EARTHQUAKE OF APRIL 1, 

2007 INFERRED FROM TELESEISMIC BODY WAVES  

 

C. Berk Biryol 

 

Department of Geosciences, University of Arizona 

 

A large earthquake (Mw 8.1) followed by a tsunami took place in the southeast Pacific 

along the New Britain subduction zone on April 1, 2007.  This region displays a complex 

tectonic nature where multiple plates intersect.  Along the Solomon Island convergent 

margin the relatively small Woodlark and Solomon plates enter into the subduction zone 

side-by-side with the much larger Australia plate and the boundaries of these three plates 

are defined by transform faults.  On a regional scale this subduction zone plate boundary 

is characterized by the occurrence of large earthquake doublets in 1971, 1974, 1975 and 

2000.  We investigated the source process of the April 1, 2007 earthquake assuming three 

different faulting patterns; (1) fixed thrust mechanism over the entire extent of the fault, 

(2) varying slip directions over the area of rupture and (3) varying focal mechanisms 

along the faulted region.  All three models indicated that a major part of the seismic 

moment is released in the form of two pulses separated by 15-20 seconds.  The second 

pulse is the largest one and it is located northwest of the hypocenter, implying a 

northwestward directed unilateral rupture.  The results also reveal a complex rupture 

pattern for this earthquake that we interpret as due to fault plane heterogeneities.  These 

heterogeneities are also thought to be responsible for the occurrence of earthquake 

doublets in this region.  Analysis of coulomb stress changes showed increased stresses on 

the neighboring fault segments and the trench-ward face of the outer rise. 
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FLOWING ASTHENOSPHERE AND A SLAB WINDOW BENEATH THE COAST MOUNTAINS 

BATHOLITH, BRITISH COLUMBIA 

 

Andy Frassetto 

 

Department of Geosciences, University of Arizona 

 

I use three well-developed techniques for shear-wave splitting analysis on high quality 

teleseismic recordings to develop a preliminary model of mantle deformation fabric 

beneath the Coast Mountain Batholith (CMB) in British Columbia.  High quality results 

show a consistent shear-wave splitting trend of ~1.5 to 2 seconds for the highest signal-

to-noise earthquake recorded during the Batholiths Continental Dynamics Experiment 

seismic deployment.  These new observations show a pronounced trend of seismic 

anisotropy corresponding to an east-west striking fabric superimposed beneath the entire 

region, crossing several Mesozoic-age terrane boundaries as well as the Cenozoic-age 

CMB.  This trend contrasts with previous work showing null or weak measurements of 

shear-wave splitting observed elsewhere along the Canadian Cordillera and continental 

margin.  This distinct trend of splitting occurs near the inferred northern edge of the 

subducted Explorer Plate (Madsen et al., 2006).  The anisotropy also strongly mirrors the 

trend of the 14-0 Ma Anahim Volcanic belt (Souther, 1986).  The orientation of splitting 

coincides with neither the current absolute plate motion of North America, nor the 

predicted angle of convergence during subduction in the late Cretaceous and early 

Cenozoic.  In addition, the magnitude of the splitting requires a layer of significant 

seismic anisotropy exceeding 100 km in thickness.  These constraints imply that the 

fabric is likely to have developed more recently, resides to a significant extent in the 

asthenosphere, and may relate to a dynamic interaction of the northern edge of the 

subducted Explorer Plate and the subcontinental mantle of the North American and 

Pacific Plates. 
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SESSION VI: Paleoclimate, Surface Processes and Geoscience 

Education 

TEACHING PHYSICAL GEOLOGY TO THE VISUALLY DISABLED: A REVISED LAB 

MANUAL AND TEACHING GUIDE 

 

Mark Howe 

 

School of Earth and Space Exploration, Arizona State University 

Geology is very much a visual science and because of this, we have modified our current 

laboratory manual to accommodate students with visual disabilities.  The new teaching 

format draws on the teaching method called EMBed
©
, which uses physical Examples, 

Map assessment methods and feasible Body demonstrations.  This method is intended to 

enable any instructor (including graduate and undergraduate teaching assistants) to teach 

visually disabled student(s) based on using the current lab manual.  The revised manual is 

set up like the original lab manual but with step-by-step methods, instructions, exercises, 

diagrams with pictures and interpretations with cues for the instructor to use on complex 

teaching problems using the EMBed
©
 teaching method.  There are also sections on 

supplies needed, suppliers and probable cost of these supplies.  The individual labs each 

have materials needed to teach the labs that can be ordered for minimal costs or found in 

a regular lab class and collections on campus.  These processes and materials used are 

detailed for each individual lab with an appendix on using different styles of the EMBed
©
 

method at the end for each chapter.  

This presentation will highlight how the manual is designed to help the novice or 

seasoned instructor roll through the teaching process of working with a visually disabled 

student.  This guide will also give them the mastery skills in teaching the visually 

disabled without stumbling by having to improvise from scratch in a current lab format.  

This framework will enable other institutions introductory help on setting up a basic lab 

course or geology lab for teaching the visually disabled using this lab manual.  It is hoped 

that this manual / teaching guide will enable any instructor to be able to organize with 

minimal cost a lab to enable a visually disabled student to enjoy the learning of geology. 
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THE IMPACT OF TURBULENCE ON DETERMINING CLIMATE VIA RADIO OCCULTATION?  

PERFORMANCE OF ATOMMS UNDER THE EFFECT OF ATMOSPHERIC TURBULENCE 

 

Angel Otárola  

 

Department of Atmospheric Sciences, University of Arizona 

 

Evidence continues to mount that our climate is evolving rapidly and its likely 

anthropogenic contribution has created an important and exciting period in atmospheric 

science.  While the cause may be relatively simple, the reaction is complex.  How are 

temperatures at the surface changing and how is the vertical structure of the atmosphere 

evolving? The ability to determine, interpret and predict the magnitude of these changes 

depends on the quality of the measurement of key field variables such as temperature, 

humidity and winds and the accuracy of climate models in representing the complex 

processes and feedbacks taking place. 

 

Models predict the upper troposphere should be getting wetter and warming more rapidly 

than the surface.  However, balloon-borne temperature measurements have not seen the 

predicted levels of warming which some have argued is the result of measurement 

problems.  Satellite data with their global coverage should in theory resolve the issue but 

use of satellite IR observations has been limited because of calibration issues and the 

inability to penetrate Earth’s 60 to 70% cloud-cover.  Furthermore, the vertical resolution 

of present passive IR and microwave detection systems is insufficient to answer some of 

these key questions. 

 

University of Arizona researchers in the Departments of Atmospheric Sciences and 

Astronomy are developing a new remote sensing approach called the Active Temperature 

Ozone Moisture Microwave Spectrometer (ATOMMS).  ATOMMS is a satellite-to-

satellite radio occultation system that uses selected frequencies between 10 and 200 GHz 

to probe the atmosphere.  ATOMMS’ anticipated order of magnitude improvement in 

accuracy and vertical resolution and ability to probe in and below clouds will greatly 

improve our knowledge of climate variability and trends as well as the processes at work.  

This information is critical to evaluating and improving the climate model realism and 

reducing uncertainties regarding future climate. 

 

The research presented here focuses on understanding how amplitude scintillations 

caused by atmospheric turbulence will affect the ATOMMS measurements.  These 

scintillations are both a source of noise and a signal for remotely sensing turbulence.  

This talk will include observational and theoretical aspects of the influence of turbulence 

including our analysis of aircraft and balloon-borne measurements used to determine 

turbulence strength and its spectral characteristics as well as a simple theoretical relation, 

supported by the data, that relates the “wet” turbulence to the mean water vapor that is 

relevant to ATOMMS and radio propagation in the atmosphere in general. 
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TROPICAL SEA SURFACE AND SALINITY DURING DEGLACIATION INFERRED FROM A 

NEW TAHITIAN CORAL OXYGEN ISOTOPE AND SR/CA RECORD  

 

Alysha Coppola, Julie Cole, Heidi Barnett, Alexander Tudhope, and Toby R. Ault  

 

Department of Geosciences, University of Arizona  

 

We have developed a new record of sea surface temperature and sea surface salinity 

variability in the tropical Pacific for a 15-year period that dates near 14.2-15.0 kyr BP, 

during the last deglaciation.  We use a subfossil Porites sample collected near Tahiti as 

part of IODP Expedition 310 in September 2005.  The coral, recovered at ~115 m below 

modern sea level, appears mineralogically pristine, as SEM, thin section, and X-ray 

images show no evidence of diagenesis where we sampled.  Annual density banding 

indicates that our record spans roughly 15 years with an annual growth rate of 9-15 

mm/yr.  We measured 
18

O and Sr/Ca at 0.5mm intervals down the on-fan length of the 

core; paired Sr/Ca and 
18

O values on subannual samples allow us to reconstruct the 

seasonal-interannual variations in both temperature and salinity.  We find seasonal 

variability in both 
18

O and Sr/Ca values, along with interannual variability that may 

exceed today’s.  However, the average 
18

O value of -2.2‰ for the fossil coral is 

isotopically heavier compared to a modern coral from nearby Moorea (Boiseau et al. 

1998), with an average 
18

O of -4.2 ‰.  Assuming an ice volume correction of 0.75‰, 

the remaining 
18

O difference of 1.25‰ suggests that SST was cooler by 6
o
C.  The large 

18
O offset between the modern and fossil coral suggests a strong impact of regional 

salinity changes at the end of the glacial that altered regional seawater 
18

O.  Our fossil 

Sr/Ca values imply a temperature change of less than 2°C, although the lack of a modern 

comparison makes this estimate uncertain. 
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PALEOCLIMATE AND PALEOECOLOGICAL RECONSTRUCTIONS OF THE PLIOCENE 

ARCTIC: WHAT TREE-RINGS, MOLLUSKS, AND PEAT CAN TELL US ABOUT THE PAST TO 

HELP US UNDERSTAND THE FUTURE 

 

Adam Z. Csank 

 

Department of Geosciences, University of Arizona 
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Studies of Pliocene climate have in recent years begun to gain more prominence in 

scientific circles.  This is because the Pliocene represents the last period when global 

temperatures were as warm as future projections predict they will be.  One of the most 

intriguing facets of the Pliocene, are the vast numbers of forest sites that have been 

discovered well north of the modern boreal tree-line.  These forest sites contain numerous 

fossils of flora and fauna with remarkable preservation, affording the opportunity to use 

multiple proxies to reconstruct climate and the paleoecology during this time.  This study 

presents paleotemperature reconstructions using tree-rings and isotopes of fossil wood 

and mollusks from a well-known fossil forest site at Strathcona Fiord on Ellesmere 

Island.  
18

O, D, and 
13

C values of fossil wood indicate a variable climate with 

alternating intervals of cool/wet to warm/dry weather.  These fluctuations may be 

attributable to phase changes in climate modes.  Paleoclimatic modeling of tree isotope 

values implies growing season temperatures of 11-15 °C (warm month mean), and 

estimated isotope values of precipitation of –18.3 ‰ (
18

O) and –228 ‰ ( D).  

Paleotemperature estimates derived from 
18

O values from fossil mollusks show 

comparable temperatures on the order of 12-14 °C (warm month mean) and 
18

O values 

of peat provide source water estimates of –21 ‰.  Both paleotemperature estimates and 

source water calculations are comparable to those found in a modern Boreal Forest.  

Time-series spectral analysis was applied to the data, revealing prominent short (<10 

years), intermediate (16-35 years) and long-term (~45-50 years) cyclicity, providing 

evidence for decadal and inter-decadal periodicity in the Pliocene.  Preliminary 

investigations of similar but younger sites from Alaska and Bylot Island indicate similar 

periodicities suggesting that this is not simply a regional phenomenon. 
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COMPARING SATELLITE AND TREE-RING BASED MEASURES OF NET PRIMARY 
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The net primary production (NPP) of forests is a key component of the global carbon 

cycle, yet there are very few NPP records longer than ten or fifteen years.  This limits our 

ability to understand how ecosystem productivity has varied in the past and might change 

with future changes in climate and atmospheric chemistry.  Tree-ring characteristics have 

long been used to reconstruct temperature and precipitation, the same variables that are 

commonly used to model production in biogeochemical models.  In spite of this, there 

have been surprisingly few attempts to generate long-term records of NPP from tree 

rings.  Classic measurements of NPP are time-consuming, labor-intensive, and provide 

highly local estimates, typically for stands or plots less than one hectare in area.  Eddy-

flux tower assessments of forest carbon dioxide flux are representative of larger areas.  

However, they do not provide measurements of NPP, but of net ecosystem production, 

which should be less directly related to plant growth than NPP.  In a few instances tree 

rings have been compared to modeled NPP, but unless the model has been validated 

against local flux tower or field measurements, the quality of the simulation is unknown.  

Indeed, one key reason for developing tree-ring based NPP chronologies is to validate 

productivity models.  Net primary production can also be estimated by satellite, and a 

number of satellite-derived products exist.  GLO-PEM is a satellite-based measure of 

NPP derived from advanced very high-resolution radiometer (AVHRR) observations.  It 

has two primary advantages over similar products.  First, GLO-PEM is available for 10-

day and annual periods for 20 years (1981-2000), in contrast to MODIS, which has fewer 

than 10 years of data.  Second, the GLO-PEM algorithms are not parameterized with an 

ecoystem model such as Biome-BGC, so tree-ring reconstructions of NPP based on 

GLO-PEM could provide independent validation for forest productivity and 

biogeochemical models.  Here we show preliminary results of a study comparing tree-

ring-based estimates of NPP from the continental United States with NPP from the GLO-

PEM data set. 
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THE ROLE OF EXTREME HYDROLOGIC EVENTS IN LONG RUNOUT GRAVEL 

PROGRADATION IN ALLUVIAL BASINS 

 

Todd Engelder and Jon Pelletier 

 

Department of Geosciences, University of Arizona 

 

Sediment entrainment requires a critical shear stress.  Several recent studies have used the 

critical shear stress concept, together with measurements of median grain size and 

channel depth in ancient fluvial deposits, to infer the paleoslopes of alluvial basins in the 

western United States.  In some cases, paleoslopes inferred in this way are sufficiently 

large that large-magnitude tectonic tilting must be invoked.  In this paper, we evaluate the 

robustness of the paleoslope-estimation method within the context of a coupled numerical 

model for the postorogenic topographic decay of a mountain belt coupled to a coarse-

grained foreland sedimentary basin.  In the model, critical slopes for entrainment are 

varied stochastically in time (to represent fluctuations in flow depth) with a lognormal 

distribution characterized by a mean and variance equal to the values obtained from a 

large dataset of gravel bed rivers in North America.  The model shows that when critical 

slope values vary stochastically, foreland basin sediments can persistently prograde 

(albeit slowly) at slopes far below the minimum value predicted by paleoslope-estimation 

theory.  As such, the model suggests that coarse-grained “long runout” gravels do not 

necessarily require steep slopes to form, especially in arid hydroclimatic regions (i.e. 

those characterized by large temporal variation) and when deposition occurs over long 

spans of geologic time.  The model also suggests that postorogenic topographic decay is 

characterized by three distinct phases: an initial phase characterized by knickpoint retreat 

in the mountain belt and proximal deposition in the adjacent foreland basin (lasting ~ 10 

Myr), a second phase in which erosion and deposition balance to maintain a constant 

basin aspect ratio (~ 100 Myr) and a third phase of gradual isostatic rebound of the 

mountain belt and adjacent basin, proximal sediment reworking, and basin thinning by 

episodic transport during rare, large-magnitude floods (> 100 Myr).  This sequence adds 

further refinement to the classic two-stage model of gravel progradation in foreland 

basins. 
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WIND EROSION AS THE PRIMARY SOURCE OF EROSION SINCE DRY CLIMATE 

ESTABLISHMENT IN THE QAIDAM BASIN, CHINA, AND TECTONIC IMPLICATIONS 

 

Alexander Rohrmann, Paul Kapp, and Jon Pelletier 

 

Department of Geosciences, University of Arizona 

 

Yardang fields along with actively growing intrabasin folds in the hyperarid, internally 

drained, high elevation (~ 2.9 km) Qaidam Basin (QB) in central Asia, vividly 

demonstrates interactions between erosional forces, which are decreasing relief, and 

tectonic forces, which are causing surface uplift and deformation.  We identify in the QB 

episodes of modern and past severe wind erosion initiating 2.8 Myr ago, sculpturing 

impressive geomorphic features called yardangs, which are streamlined parallel ridges (~ 

70 m) and valleys that are elongated in the prevailing wind direction.  They commonly 

form in hyperarid regions and are found in most of Earth's deserts.  Although previously 

assumed to form over time periods of millions of years, our observations indicate bedrock 

erosion rates for yardangs on the order of 1 mm/yr.  These rates are comparable to 

erosion rates along the Himalayan front, where focused, seasonal precipitation in 

response to the Asian Monsoon has enhanced and localized rock deformation and uplift.  

This raises the possibility of wind-enhanced tectonics in the QB. 

 

If the present observations of severe wind erosion are characteristic for the past, then 

paleoyardangs should be prominent features in the stratigraphic record.  Downwind of the 

QB in the Loess Plateau, the Earth's largest accumulation of loess is exposed, indicating a 

connection between timing of wind erosion events in the QB and depositional events on 

the Loess Plateau.  Our observations show the significance of wind as an erosional agent 

in hyperarid regions.  
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NUTRIENT SOURCING FOR TEN PLANT SPECIES IN THE SOUTHWESTERN U.S.A. USING 

STRONTIUM ISOTOPES: EFFECTS OF GROWTH FORM, ROOTING DEPTH, BEDROCK 

TYPE, AND LANDSCAPE AGE 
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2
U.S. Geological Survey, Tucson, AZ 

 

Basalt flows of varying ages from El Malpais National Monument, New Mexico provide 

the ideal setting for examining Sr (and, hence, Ca) nutrient sources in desert plants as a 

function of growth form, rooting depth, and bedrock type and age.  We measured 
87

Sr/
86

Sr ratios in cellulose and bedrock to gauge tree, shrub, & grass (Pinus ponderosa, 

Pinus edulis, Juniperus monosperma, Juniperus scopulorum, Populus tremuloides, 

Chrysothamus nauseosus, Fallugia paradoxa, Rhus trilobata, Bouteloua gracilis, and 

Xanthoparmelia lineola (Berry) Hale) dependence on atmospheric dust and local bedrock 

as nutrient sources.  Sampling sites varied by bedrock type (limestone, sandstone, granite, 

and basalt) and by age (Quaternary to Precambrian) providing a wide and discrete range 

of 
87

Sr/
86

Sr ratios.  Thus, we can discern the relationships that landscape age (3 ka to 

greater than 200 ka) and mineral weatherability have to soil nutrient budgets.  The El 

Malpais data suggests that, in semi-arid settings, dust dominates the nutrient budget of 

soils on younger landscapes (3 ka), shows a mixture of bedrock-dust inputs by 9 ka, and 

is bedrock-dominated by 120 ka.  Aeolian dependence remerges on older landscapes 

(>200 ka) as bedrock mineral supplies are depleted.  This is the opposite of the pattern 

observed on a moist tropical chronosequence on basalt in Hawaii, where basalt 

weathering dominates the Sr inventory of the youngest soils, and aerosols dominate in 

older, deeply weathered soils.  The rates of bedrock nutrient depletion in the Malpais 

soils vary in older, non-basalt landscapes, depending on the type of the parent bedrock.  

For example, soils developed on Paleozoic limestone still show significant bedrock 

contributions whereas the Sr in soils developed on quartz-rich, carbonate-cemented Zuni 

Sandstone is largely aeolian.  Cellulose 
87

Sr/
86

Sr variation by plant species at a single site 

allows us to monitor plant rooting depths and interspecies competition for vital nutrients.  

Within semiarid ecosystems, nutrient concentrations exhibit both vertical and lateral 

heterogeneity.  The reasons for this variation include vertical and lateral heterogeneity in 

soil moisture and foliar trapping of nutrient-rich dust followed by incorporation of the 

throughfall nutrients into the underlying soil.  This study shows that throughfall does play 

a significant role for certain species (e.g. Pinus and Juniperus sp.) but not for others.  

Foliage density and maximum rooting depths both influence plant nutrient uptake.   
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SESSION VII: Geochronology and Geochemistry 

A GEOCHEMICAL STUDY ON INTERMEDIATE MAGMAS FROM THE SIERRA DE VALLE 

FERTIL: INSIGHTS INTO CONTINENTAL MAGMATIC ARC MECHANICS AT DEPTH 
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The Sierra de Valle Fertil (northwestern Argentina) is a basement block in the Sierras 

Pampeanas representing a continuous tilted crustal section that exposes a portion of a 

magmatic arc from paleo-depths of over 25 km to shallow upper crustal levels.  This 

block was uplifted during the late Cenozoic involving Laramide-style tectonism above 

the flat slab of the central Andean subduction system.  Several of the Sierras Pampeanas 

uplifts consist of continental basement rocks of Gondwanan affinity that were intruded 

during the early Paleozoic by calc-alkaline magmatic rocks of a sizable Cordilleran-style 

magmatic arc, the Famatinian arc.  This arc was presumably generated in response to 

subduction ceasing when a Laurentian derived terrane accreted to the paleo-margin of 

South America.  

 

Previous work states that the trace element distribution within this arc system cannot be 

explained solely by closed system fractional crystallization.  This study, therefore, looks 

to other differentiation mechanisms involving crustal contamination to explain the 

geochemical signatures in the middle crust of the Cordilleran arc.  New isotope 

geochemistry (Rb-Sr, Sm-Nd, Pb) were acquired on whole rock 24 samples in the Sierra 

de Valle Fertil.  This area presents an ideal location to study the processes of 

hybridization because the system has two distinct end-members.  In addition the data 

quantifies the chemical and isotopic composition of primitive, mantle-derived mafic 

rocks progressively emplaced in the section with all intermediate composition magmas 

falling between the two end-members.  Isotopic values of the most primitive mafic rocks 

suggest that the mafic unit is derived exclusively from an old continental lithospheric 

mantle. 
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RADIOCARBON CHRONOLOGY OF SITE QJ-280, QUEBRADA JAGUAY, PERU 
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Quebrada Jaguay in southern coastal Peru is one of the oldest fishing sites known in the 

Americas.  Radiocarbon dates on charcoal from site QJ-280 range from terminal 

Pleistocene (11,343 ± 300 14C yBP) to early Holocene (7500 ± 130 14C yBP).  We 

summarize the radiocarbon chronology of Quebrada Jaguay, report new pairs of 

radiocarbon dates on charcoal and mollusk shells that we consider to have been deposited 

contemporaneously in the early Holocene, and discuss implications of these paired dates 

for the marine reservoir correction and thus radiocarbon dating of marine samples in 

Peru. 
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FOLLOWING THE CORONADO TRAIL THROUGH ARTIFACT-BASED LEAD ISOTOPE 

ANALYSIS 
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In March, 1540 an imposing expedition, lead by Francisco Vázquez de Coronado, left the 

town of Compostela in West Mexico and headed northwards into Tierra Nueva (the New 

Land) in search of fabled Cities of Gold.  The ~2000 members of the expedition trekked 

through areas of present-day Sonora, Arizona, New Mexico, Texas, and Kansas.  

Surprisingly, the trail followed by the expedition is largely unknown, as the written 

accounts of the participants often provide vague and sometimes contradictory details 

regarding the route.  In recent decades, archaeological research has greatly advanced our 

knowledge of the route, but, in many cases, it remains difficult to distinguish between 

sites associated with Coronado, and sites linked with later Spanish exploration and 

occupation. 

 

One of our primary goals in attempting to trace the route of the Coronado expedition is to 

develop more definitive methods of identifying Coronado-related artifacts and sites.  

Lead isotope analysis of the metallic artifacts left by the expedition offers a particularly 

promising approach.  Because the expedition brought supplies of lead and copper from 

New Spain, we hypothesize that the copper and lead artifacts should have a restricted 

range of lead isotopic values which reflect the deposit(s) that supplied the necessary lead 

and copper ores.  The identification of such a diagnostic signature could provide a 

significant line of evidence for researchers attempting to discriminate between 

archaeological sites associated with Coronado and later Spanish activity in the Greater 

Southwest and surrounding regions. 

 

We apply lead isotope analysis to copper and lead artifacts from two distant sites 

associated with Coronado: a campsite near Amarillo, Texas (the Jimmy Owens Site), and 

Piedras Marcadas, a pueblo that the expedition appears to have attacked in the vicinity of 

present-day Albuquerque, New Mexico.  We find that lead isotopic values of copper 

artifacts from these two sites are similar to one another and match the isotopic signature 

of copper mines in the present-day state of Michoacán.  In addition, the majority of lead 

artifacts have an isotopic signature that overlaps with or is similar to the copper artifacts, 

leading us to believe that the lead has a geologic origin in the same region.  Based on 

these results, we suggest the existence of a geochemical fingerprint for metallic artifacts 

associated with the Coronado expedition.  If this fingerprint differs from the isotopic 

signature of metallic resources used by later Spanish entradas and settlers in the Greater 

Southwest, it could be used to help identify archaeological sites associated with 

Coronado, and thus better interpret the expedition’s route.   
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PREHISTORIC TRADE OF TIN IN SOUTHERN AFRICA REVEALED BY LEAD ISOTOPES 

 

Lisa Molofsky, David Killick, John Chesley, and Joaquin Ruiz 

 

Department of Geosciences, University of Arizona 

 

Evidence of tin, gold, or bronze smelting in Southern Africa has not been found dating 

prior to the mid-twelfth century CE.  This period marks the beginning of a substantial 

gold trade out of Africa to the Islamic world, but little is known about the establishment 

of tin mining and bronze smelting in the area.  Bronze production has been recognized 

elsewhere in Africa in the well-known metallurgical industry of the Igbo-Uku and Ife in 

Nigeria dating back to 800 cal CE.  However, these North African bronzes contain over 

20% tin and many have more than 3% lead.  This differs significantly from bronzes 

discovered in Southern Africa which contain less than 16% tin and under 0.5% lead.  

These contrasting chemical compositions suggest that a separate tin industry had begun in 

earnest in Southern Africa by the 14
th

-15
th

 centuries CE and that the Southern African 

bronzes contain tin originating from a different source.  The Rooiberg tin deposit is the 

only tin source known to have been mined prehistorically in Southern Africa, and 

consequently, is hypothesized to be the source of tin in these early bronze objects. 

 

The research presented here uses lead isotopes to determine if tin ingots found across 

Southern Africa were indeed smelted from the Rooiberg tin deposit.  The lead isotope 

ratios of the ingots produced an isochron indicating the ingots were smelted from tin-ore 

that formed 2.06 +/- 0.03 billion years ago.  This age is within error of the approximate 

age of the Rooiberg tin deposit, confirming that this area did supply tin to Southern 

Africa during this time.  This research represents the first successful use of isochron-

dating to establish artifact provenance in archaeology, and has promising applications to 

the long-standing question of which tin-ore source(s) supplied tin to the Bronze-Age of 

the Ancient Near East.  

69
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Terrestrial in situ cosmogenic nuclide (TCN) analytical techniques have enabled broad 

advances in Quaternary geologic and surficial process research over the past two decades, 

yet the lack of a commonly accepted framework for TCN measurements and spatial and 

temporal production rate scaling has limited the ability to draw robust comparisons on a 

global scale.  The CRONUS-Earth and CRONUS-EU projects seek to remedy this 

situation through a multidisciplinary investigation of TCN production and measurement 

systematics. 

 

Under the CRONUS-Earth project, we aim to improve the calibration of in situ 

cosmogenic 
14

C (in situ 
14

C) production rates.  In situ 
14

C is a particularly useful nuclide 

for late Quaternary surficial process studies by virtue of its short half-life (5.73 ka) – 

unique among commonly measured TCNs.  Lifton et al. (2001, GCA 65, p. 1953) 

estimated the in situ 
14

C production rate in quartz based on measurements of wave-cut 

quartzite bedrock benches associated with the highstand of Pleistocene Lake Bonneville, 

Utah (17.4 ± 0.2 cal ka).  To allow direct comparison of production rates for commonly 

measured TCNs in the same samples, CRONUS-Earth resampled the Lake Bonneville 

site in 2005, and sampled Late-Glacial-age (11.6 cal ka) moraine and landslide deposits 

in northwest Scotland in 2006, with additional sites underway as well. 

  

A more robust quartz pretreatment protocol than was employed by Lifton et al. (2001) 

and Miller et al. (2006), combined with improved extraction procedures, may necessitate 

a downward revision of the Lifton et al. (2001) time-integrated site production rate 

estimate of up to 13.4%, from 52.9 ± 1.7 to 45.8 ± 2.1 
14

C at g
-1

 yr
-1

.  Initial data from 

new Lake Bonneville samples yield a time-integrated site production rate of 47.3 ± 0.8 
14

C at g
-1

 yr
-1

 - consistent with the revised estimate.  Initial measurements of samples 

from 2 sites in Scotland have been completed as well.  

 

Modern production rate estimates for sea-level high latitude (SLHL) were calculated with 

each of 4 published production rate scaling models in order to compare results from the 

various sites.  The Scotland samples consistently predict slightly higher modern SLHL 

production rates than those from Lake Bonneville (significant at 2 ). Weighted mean 

modern SLHL production rates from both sites range from 15.2 ± 0.3 at g-1 yr-1 for the 

Lal (1991)/Stone (2000) model to 17.5 ± 0.3 at g-1 yr-1 for the Lifton et al. (2005) model. 
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GEOCHEMICAL EVIDENCE FOR THE DEVELOPMENT OF AND REMOVAL OF 

GRAVITATIONALLY UNSTABLE RESIDUAL ARC ROCKS, COAST MOUNTAINS, B.C. 

 

James Girardi 

 

Department of Geosciences, University of Arizona 

 

New geochemical, Nd, and Sr data from plutonic rocks of the Coast Mountains Batholith 

(CMB) ranging in age from 52 to 188 Ma have initial eNd ranging from -2 to +8, initial 

87Sr/86Sr ratios mainly in the range of 0.703 - 0.705, and (La/Yb)n ratios ranging from 

10 - 60.  The isotopic values of the Mid Cretaceous – Eocene arc vary cyclically as it 

evolved from 108 – 52 Ma and are correlated with peaks in the magmatic flux.  Separated 

in time by a magmatic lull from 140 – 120 Ma, the older eastern (more primitive) and 

western (slightly evolved) Jurassic arcs which straddle the CMB become more evolved 

during 185 – 145 Ma but do not appear to have an isotopic evolution linked with younger 

magmatism.  We hypothesize that near steady-state tectonic processes of deformation in 

the upperplate (related to rates of plate convergence) and non-steady state tectonic 

processes of lower crustal delamination (gravitational instabilities) associated with the 

formation and removal of dense igneous residues/lithospheric mantle occurring deep 

beneath the arc drive the cyclicity observed in initial eNd, initial 87Sr/86Sr, and 

(La/Yb)n. 

 

Geochemical and isotopic data provide strong evidence for a cycle of igneous residue 

formation and removal during 108 – 70 Ma.  Preceding the hypothesized delamination 

event, the evolution of the arc magma source and creation of large volumes of dense 

igneous residues are manifested in the CMB by isotopic trends that become steadily more 

evolved from 108 – 90 Ma (reaching minimum in initial eNd and maximum in initial 

87Sr/86Sr and maximum in (La/Yb)n) during Mid – Late Cretaceous dextral oblique 

convergence.  This was a period of rapid deformation and thickening in the upperplate 

related to terrane accretion where underthrusting provided a mechanism to supply 

evolved material to the source of the arc plutons.  As dextral oblique convergence 

persisted, isotopic trends become steadily more primitive at the onset of proposed 

delamination during the Mid Cretaceous (~90 Ma), and eventually reached a maximum in 

initial eNd, a minimum in initial 87Sr/86Sr and a minimum in (La/Yb)n following the 

completion of residue removal  ~70 Ma.  The hypothesized removal of dense igneous 

residues/lithospheric mantle during 90 – 70 Ma provides a mechanism to bring fresh 

asthenosphere, into the source region of the arc plutons and drive isotopic trends towards 

more primitive signatures.   

 

The fate of residues formed during the Paleocene – Eocene, where there is a dramatic 

change to evolving signatures and increasing (La/Yb)n  from 70 – 52 Ma, is still 

unknown.  The observed isotopic and geochemical variations in these rocks indicate a 

~20 My timescale to create a volume of igneous residue large enough to delaminate, and 

~20 My timescale to remove such a root.  From these estimates based on the CMB 

evolution from 108 – 70 Ma and 70 – 52 Ma, the CMB may have experienced a second 

delamination event within 20 My of the cessation of magmatism at 50 Ma.  This event is 
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not documented in the isotopic characteristics of arc plutons due to the shutting off of arc 

magmatism by 50 Ma, precluding the completion a cyclic isotopic trend as subduction 

beneath the CMB ceased. 
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U-PB AGES OF DETRITAL ZIRCONS FROM SANDSTONE OF THE OLIGOCENE CHUSKA 

FORMATION, NORTHWESTERN NEW MEXICO 

 

Carla M. Eichler 
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We sampled semiconsolidated crossbedded eolianite of the Narbona Pass Member of the 

Oligocene Chuska Formation from an outcrop on the north side of NM Highway 134 (at 

mile 75.5 of the 2003 NMGS 54th Annual Field Conference Guide).  The sands that 

make up the formation accumulated between 33.5 and 27 Ma.  A point count of the 

sample yielded 55% quartz, 38% feldspar (with K-feldspar including microcline and 

perthite twice as abundant as plagioclase), and 7% lithic fragments including 2% chert 

grains and subequal proportions of volcanic and sedimentary rock fragments.  The grains 

themselves are well-rounded of medium sand size.  A total of 95 detrital zircons analyzed 

using the LA-MC-ICP-MS with a beam diameter of 35 microns have concordant or 

nearly concordant U-Pb ages.  The largest fraction (55%) of the detrital zircons were 

derived from Yavapai-Mazatzal basement (1600-1800 Ma) of southwest Laurentia.  

Other significant fractions are Paleozoic to Neoproterozoic (500-650 Ma) and Grenville 

(1000-1200 Ma) in age (6% each), Mesoproterozoic (12% at 1200-1400 Ma and 10% at 

1400-1600 Ma), and Paleoproterozoic to Archean (7%).  We found no detrital zircons of 

Oligocene age even though derivation of significant proportions of Chuska sand from 

Oligocene volcanic fields has been inferred from regional sedimentological analysis. 

Their lack in our sample may reflect a paucity of zircons of sand size in potential 

volcanic source rocks, although the low content of lithic fragments and the low P/F ratio 

(0.34) of the sand suggests derivation dominantly from plutonic basement sources. 
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The Qiangtang metamorphic belt in central Tibet is one of the largest and most recently 

documented high-pressure to near-ultrahigh-pressure belts on Earth.  Lu-Hf ages of 

eclogite- and blueschist-facies rocks within the Qiangtang metamorphic belt are 244–223 

Ma, indistinguishable from the age of ultrahigh-pressure metamorphism in the Qinling–

Dabie orogen.  Results of a U-Pb detrital zircon study suggest that protoliths of the 

Qiangtang metamorphic belt include upper Paleozoic Qiangtang continental margin strata 

that were derived from a Paleozoic arc terrane that developed within the Paleo-Tethys 

Ocean.  A U-Pb igneous zircon age of 364.2 ±5.4 Ma for an epidote-bearing granite from 

the metamorphic belt is interpreted to represent a portion of this arc terrane.  
40

Ar/
39

Ar 

studies indicate that the Qiangtang metamorphic belt was exhumed to mid-crustal levels 

by latest-Triassic time, coeval with exhumation of the Qinling–Dabie, and immediately 

following near-ultrahigh-pressure metamorphism.  We attribute metamorphism to 

continental collision between the Qiangtang terrane and a Paleo-Tethys arc terrane.  This 

collision, synchronous with the South China–North China collision, may have slowed 

convergence between Laurasia and Gondwana-derived terranes, and initiated 

Mediterranean-style rollback and back-arc basin development within the remnant Paleo-

Tethys Ocean. 
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LOW-TEMPERATURE THERMOCHRONOLOGY OF BOREHOLE AND SURFACE SAMPLES 

FROM THE WIND RIVER AND BEARTOOTH RANGES, WYOMING AND MONTANA 
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We dated borehole and surface samples from the Wind River and Beartooth Laramide-

age, basement-cored uplifts of the Rocky Mountain foreland using the apatite (U-Th)/He 

(AHe) system.  Comparison of these results to new and previously published apatite 

fission-track (AFT) data along with the incorporation of new He diffusion models 

(Shuster et al., 2006), reveals several new insights into, and poses new interpretational 

challenges for, the shallow exhumation histories of these ranges.  

 

Key observations from our data are: 1) deep samples (>~2 km below surface) have AHe 

ages ranging from 14 to 9 Ma, suggesting at least 600 m of rapid exhumation during the 

late Miocene; 2) for many samples with multiple single-grain replicates, AHe ages 

correlate with the effective uranium (eU) content of the apatite crystals; and 3) samples 

from at or near the surface in both ranges have AHe ages that are as much as ~20 Ma 

older than the corresponding AFT ages.  This observation is consistent across different 

transects, different basement lithologies and different ranges. 

 

Forward modeling of the cooling ages of these data using well-constrained thermal 

histories and diffusion kinetics of the Shuster et al. radiation-damage trapping model can 

explain the observed age trends of the deeper samples.  The thermal histories required to 

approximate the borehole data require burial up to the end of the Cretaceous of ~3-4 km 

followed by at least two phases of cooling and exhumation.  The first and larger cooling 

event of several tens of degrees (~3-4 km of exhumation) occurred during the Paleocene-

Eocene, followed by a smaller cooling event of a few tens of degrees (~1 km of 

exhumation) during the Miocene.  The Shuster et al. trapping model predicts that over a 

certain depth range, the observed AHe age of a single apatite grain will be proportional to 

its eU content, a proxy for radiation damage, which is consistent with our observations.  

Although the radiation damage trapping model predicts that some AHe ages may be close 

to the corresponding AFT ages, thermal-diffusion forward models cannot explain the 

observation that AHe ages are significantly older than AFT ages of surface and near-

surface samples, even if trapping model kinetic parameters are varied by 5%.  Thus, 

discrepancies in AFT and AHe ages of these samples remain problematic. 
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 Map to GeoDaze Party 
 

 

Tucson Botanical Gardens 

2150 N. Alvernon Way 

Tucson, AZ 85712 

 

Friday, April 4th 

7:00 – 10:00 PM 

 

 

Directions from the University: 

 

West on Speedway (2.2 mi), North on N. Alvernon Way (0.8 mi), the Tucson Botanical 

Gardens is located on the East side of the street.  
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Map of the Student Union 

Grand Ballroom (North), Student Union Building, University of Arizona 

GeoDaze will be held in "Ballroom North" (northern half of the Grand Ballroom) of the 
Student Union Memorial Center at the University of Arizona. This is located on the third 
floor of the building (the main floor is the second) on the northern side. Posters will be 
displayed in the adjacent conference room. Coffee and snacks will also be served in the 
conference room. 
 
Location of Student Union:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 3rd Floor of the Student Union: 
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