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Abstract.  Ground penetrating radar (GPR) has been developed into an essential, non-invasive instrument for detection of shallow subsurface features. GPR is used in geology to understand subsurface relationships between different deposits or units as a context for surface observations. As NASA continues to send rovers to the surface of Mars, it is increasingly important to understand the shallow subsurface over which they traverse. It is therefore expected that NASA will select a GPR for inclusion on a future Mars rover. In anticipation of this, a small, low power GPR is being developed and will be proposed to the NASA Announcement of Opportunity for such an instrument. Part of the work to prepare the GPR is to demonstrate that it can be used effectively in terrestrial environments containing high-loss materials as may be expected on Mars. Sunset Crater Volcano National Monument can be considered a Mars analog in that high iron content ash and cinders cover lava flows within the Park. This study would demonstrate the ability of GPR to penetrate layers of ash and cinders in order to determine the depth to the lava flow. Results of the GPR measurements at Sunset Crater Volcano National Monument will be used in future proposals for instrument development and for Mars rover instrument selection. Results from this work will also be shared with the National Park Service so that they may be included in educational information. 

Overview
Statement of Issue

Ground penetrating radar is a fundamental tool capable of addressing a variety of geological problems on Earth and other terrestrial planets. Over the last 30 years, GPR has been demonstrated to be an efficient, rapid, non-intrusive instrument for probing radar properties of the subsurface to 10s of meters depth [e.g., Ulrikssen 1982; Grant and Schultz 1994]. GPR can also be used to help constrain the near-surface geology of Mars by measuring in situ radar properties [Barbin et al. 1995; Olhoeft 1998; Grant et al. 2001, 2003]. Measurements made by GPR would help achieve a range of goals and objectives of the Mars Exploration Program (MEP). A GPR could define stratigraphy, geologic setting, and help search for shallow water, all critical to accomplishing goals of the MEP. The potential value of a rover deployable GPR at Mars has been recognized by the Science Definition Team for the 2009 Mars Smart Lander (MSL) mission [Arvidson et al. 2001]. The capability to accurately interpret geologic setting, provide context for other rover instruments, and help guide in situ analyses, is critical to the success of the mission. As an instrument geared towards high-resolution definition of near-surface radar stratigraphy and possible detection of near-surface water, GPR has been recommended for inclusion on MSL [Arvidson et al. 2001]. 

Any GPR that will be deployed on a Mars rover must be tested on Earth under controlled and natural conditions. To this end, we are currently field testing our Mars GPR prototype. Testing will take place in Mars analog environments that include basalt flows, layers of ash and cinders, sand dunes, lacustrine deposits, permafrost, and Meteor Crater. Sunset Crater Volcano National Monument provides an environment of iron-rich ash and cinders of varying thickness overlying a lava flow. This location is of special interest because of the composition of the ash and cinders. GPR measurements at Sunset Crater Volcano NM would allow us to demonstrate and document the ability of our prototype Mars GPR to provide useful information about the subsurface structure beneath the ash and cinder deposits. 
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Scope of Study

We intend to collect GPR data in two locations within Sunset Crater Volcano National Monument in order to constrain the ability of the instrument to reveal information about subsurface structures.

Intended Use of Results

Data collected in Sunset Crater Volcano NM will be combined with GPR data from other Mars analog sites to show that our prototype Mars GPR returns data of sufficient quality and resolution to analyze subsurface geologic structure. These results will be highlighted in proposals for future instrument development and for rover instrument selection. Nothing of commercial use will be derived from this study.

Objectives
The objective of this study is to use a low power GPR to measure depths to subsurface structures buried by ash and cinders. These measurements will show the effectiveness of our GPR for operation in Mars analog environments.

Methods
Description of Study Area

GPR data will be collected within the ash deposit NNW of Sunset Crater near the boundary between the ash and the Bonito lava flow (~35.3701N/ 111.5080W). If time allows, data will also be collected at the cinder deposit at the View Point turnoff (~35.3714N/ 111.4893W). 

Procedures

GPR profiles will be collected by pulling the hardware in a child’s wagon, somewhat replicating data collection on a Mars rover. Several profiles will be collected at each site in order to construct a 3D understanding of the subsurface structure. The data will be processed initially in the field to confirm data quality, and will then be fully processed in the office. While collecting data, GPS location measurements will also be made so that the GPR data can be located accurately and corrected for surface topography.  Several material samples will also be collected as described below. We might collect seismic profiles, but we would not use an explosive charge as the source. 

Collections

Samples of ash, cinders, and basalt will be collected by coring and possibly light shovel work. Although we plan to collect samples at 2-3 locations at each of the two sites, care will be taken to minimize disruption of the surface. We plan to collect 500 cm3 samples at the surface and at every 20 cm to a depth of ~1 m. The samples will be recorded and stored in air-tight containers for later analysis.

Analysis

Composition and dielectric properties of the samples will be measured. These values will be used in the RADAN software by Geophysical Survey Systems, Inc. to fully process the GPR data to show the subsurface structure in the study area. 

Schedule

Collection of field data will occur during the last week in March or the first week in April, and samples will be processed as soon as possible thereafter. Data collection within the Park will only take one day. Processing and analysis of the GPR data will be completed by the end of April. 

Budget

This work is funded by the NASA PIDDP award (NAG5-10256), ‘Development of a Rover Deployed Ground Penetrating Radar’.
Products
Publications and Reports

Results of this work will be included in a NASA MIDDP proposal and will contribute to a proposal for an upcoming NASA Announcement of Opportunity for the Mars Smart Lander mission. Results will also likely be included in a peer-reviewed journal paper on field testing of this GPR instrument. 

Collections

Geologic samples will be analyzed to measure composition and dielectric properties. The samples will be discarded after analysis. 

Data and Other Materials

Other than inclusion of the collected data in the aforementioned proposals and paper, data and results may be used in conference presentations. Data will be retained at the Center for Earth and Planetary Studies, National Air and Space Museum, Smithsonian Institution. 

Literature cited
See ‘relevant literature’ above.

Qualifications
Kevin Williams is a recent Ph.D. with experience in airborne radar penetration of sand and dust. He is a postdoctoral scientist working with John Grant and is responsible for field testing the GPR. John Grant has extensive experience with GPR measurements of geologic structures.  He is also heavily involved in Mars research and future mission planning.  

Supporting documentation and special concerns
Safety

N/A

Access to Study Sites

This study will be performed in easily accessible areas adjacent to roadways. Our vehicle will be parked on the side of the road and measurement locations will be accessed on foot. All data collections will take place during one day. 

Use of Mechanized and Other Equipment

A GSSI GPR configured in a wagon will be used to collect GPR data. GPS measurements will be acquired using Trimble equipment.

Chemical Use

N/A

Ground Disturbance

Two to three cores will be collected at each study location (NNW of the cinder cone and at the View Point turnoff). The cores will be collected to a depth of ~1 m. We may also collect 2-3 surface samples by hand or with a small shovel.  Sample collection will only disturb a small surface area, and we will minimize any extraneous disturbance.

Animal Welfare

N/A

NPS Assistance

We will not require any NPS assistance beyond specification of any restrictions affecting this work. 

Wilderness ‘Minimum Requirement’ Protocols

N/A
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Research Experience
7/02-Present
Postdoctoral Fellow at Center for Earth and Planetary Studies, National Air and Space Museum, Smithsonian Institution, Washington, DC

Research involves field tests and data analysis for a rover-deployable Ground Penetrating Radar. Other research includes studying the effects of various terrains on GPR data and SAR images, monitoring potential dune movement on Mars, and investigating a possible relationship between crustal thickness and crater morphology. 

8/96-5/02
Research Associate and Ph.D. candidate at Arizona State University, Tempe, AZ 


Ph.D. awarded in Geological Sciences, 2002
     Concentration:  Planetary Geology/Remote Sensing

Dissertation research involved using laboratory experiments, field studies, and radar images to study quantitatively radar penetration of sand and dust with application to imaging subsurface geology and estimating sand and dust thickness on Earth, Mars, and Venus. Also, MOC images were processed and projected to determine whether changes have taken place during the MGS mission in selected areas of sand dunes on Mars. Other research using Galileo data included geophysical analysis of relatively young surfaces on Europa to estimate the ice thickness on that satellite and initial geologic interpretation of the crater Cilix. Other geological and geophysical research included geophysical modeling of tessera (highland) formation on Venus, analysis of the effect of crustal thickness on the morphology of lunar craters, analysis of the Australian impact crater Connolly Basin using SIR-C radar images, and measurement of aerodynamic roughnesses of venusian wind streaks using Magellan radar data. 

7/96
Research Assistant at the Smithsonian Center for Earth and Planetary Studies, Washington, DC

Research involved identification of fractures in the lunar surface using Lunar Orbiter, Apollo panoramic and metric, and Clementine images. The locations, lengths, and orientations of the features were digitized on a global map for later analysis.

9/93-6/96
Research Assistant and graduate student at Johns Hopkins University, Baltimore, MD 


M.A. awarded in Planetary Geophysics, 1995

Research included laboratory modeling of the location and style of initial fracturing of an elastic plate caused by surface loading, analysis of the depth/diameter relationship for large lunar craters and basins based on Clementine LIDAR data, and a study of lunar lithospheric thickness based on stress magnitudes due to mascon loads and the locations of related tectonic features.

9/89-5/93
Student and research assistant at Boston University, Boston, MA

B.A. awarded in Astronomy and Physics, 1993

Research consisted of work in the Reduced Dimensional Semiconductor Laboratory in the Physics Department where experience was gained in electronics, metal machining, cryogenic processes, fiber optics, CCD operation, optics, vacuum systems, mechanical and chemical preparation of 20 Angstrom thick semiconductor samples, experimental techniques, and data analysis.

Education

Arizona State University, Tempe, AZ; Ph.D. Geological Sciences, 2002

Johns Hopkins University, Baltimore, MD; M.A. Earth and Planetary Sciences, 1995

Boston University, Boston, MA; B.A. Astronomy and Physics, 1993
Professional Training
1994 NASA Planetary Science Summer School - Planetary Satellites, JPL/Cal Tech

1995 NASA Planetary Volcanology Workshop, Hawaii

1996 UCLA/JPL short course, Synthetic Aperture Radar, Understanding the Imagery

1997 ASU Geology Field Mapping Course

1998 USGS Workshop on using VICAR for planetary image processing

1999 ERIM Radar data processing and interpretation, 13th ERIM Geologic Conference

Teaching Experience

Historical Geology Laboratory (4 semesters) [ASU]


Nature of the Solid Planets (geophysics) [Hopkins]


Guided Tour of the Solar System [Hopkins]

Awards and Achievements

ASU Department of Geological Sciences Outstanding Teaching Assistant Award, 2002


Geological Society of America Planetary Geosciences Student Paper Award, honorable mention, 2001


ASU Graduates in Earth and Life Sciences Symposium Best Poster Award, 2001  ($150)


NASA/Arizona Space Grant Consortium Fellowship, 2000  ($4500)


IEEE International Geoscience and Remote Sensing Symposium Student Paper Prize, semifinalist, 2000


National Space Club Dr. Robert H. Goddard Scholarship, 1999  ($10,000)


NASA Graduate Student Researchers Program fellowship 1997-2000  ($66,000)


Geological Society of America Planetary Geosciences Student Paper Award, honorable mention, 1997


Arizona State University Geology Field Mapping Course, Best Mapper Award, 1997


Arizona State University Academic Scholarship, 1996-1997


Gilman Fellowship, Johns Hopkins, 1993-1994


Congressional Leadership Council, Youth Leadership Conference delegate, 1989


MA State and Regional Student Leadership Council Representative, 1988-1989

Memberships

ASU Graduates in Earth and Life Sciences Symposium planning committee, 1999-2002


American Geophysical Union, member, 1993-present

Geological Society of America, 1997-present


IEEE Geoscience and Remote Sensing Society, 1999-present

Sigma Gamma Epsilon, National Earth Sciences Honor Society, 1997-present (president, 1997-8)


ASU Geology Club, president, 1996-1997

Phi Kappa Phi, National Honor Society, inducted 1998


Gamma Beta Phi, National Honor and Community Service Society, inducted 1998


Kappa Kappa Psi, National Honorary Service Fraternity for College Bands, 1990-1993

Education outreach

As part of the ASU Planetary Geology Group's educational outreach activities, I have given planetary science presentations to approximately 1000 elementary school and middle school students. I have also worked with five high school students from North Canyon High School, AZ, to expose them to research at the university level, and I acted as a mentor for six high school students during a 2-week EarthWatch program held here at ASU.
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Professional Appointments

• Geologist, Center for Earth and Planetary Studis, National Air and Space Museum, Smithsonian Institution, Washington, DC (2000 to present).
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• Participant on the NASA/JPL Mars Exploration Program Analysis Group (MEPAG) (10/99-present)

• Appointed to the NASA Office of Human Exploration and Development of Space Categorization Committee for selection of Additional Payloads for the Mars Sample Return 2003 Lander (10/99)

• Appointed to the NASA Office of Space Science Steering Committee for UNEX and MIDEX Missions (12/98)

• Appointed Panel Chief to the NASA Discovery VI Mission Review Panel (7/98)

• Appointed to the NASA Discovery V Mission Review Panel (2/97)

• Appointed to the NASA Mars Surveyor 2001 Review Panel (10/97)

• Appointed to the NASA Planetary Geology Management Oversight Working Group (MOWG) (7/97-present)

• Appointed to the NASA Planetary Geology Planetary Cartography and Mapping Working Group (PCMWG) (7/97-present)

• Appointed to the NASA Planetary Geologic Mapping Committee (GEMS) (6/97- present)

• Appointed to NASA Planetary Geology/Geophysics Review Panel (6/97-present)

• Appointed to the Program Committee of the Lunar and Planetary Science Conference (1995-1996, 1999)
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•  Member of the American Geophysical Union

•  Member of the Geological Society of America
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