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Introduction:  Two terrestrial craters of different 

origins have been selected as field sites for this con-

tinuing work: El Elegante Crater, a maar crater in the 

Pinacate Volcanic Field (PVF) in northern Mexico, 

formed approximately 150,000 years ago from phrea-

tomagmatic explosions [1-2], and Meteor Crater, an 

impact crater located in central Arizona, formed ap-

proximately 50,000 years ago from the impact of an 

iron nickel meteorite [3].  Both craters are located in 

arid regions and were selected due to their similarity in 

size, age, and climate history since formation [4]. 

The purpose of this work is to determine if forma-

tional and sediment transport processes can be estab-

lished from remote sensing datasets, with field ground-

truthing, in a terrestrial setting.  Methodologies to dis-

tinguish and characterize small crater formational and 

modification processes, which can be applied to Mars 

datasets, will then be developed.  For this reason, ter-

restrial remote sensing datasets similar to those cur-

rently or soon to be available from Mars were selected 

for the study of these two craters [3]. 

Background:  Small craters may represent some of 

the most recent geologic activity on Mars; therefore, 

quantifying formational and post-formation modifica-

tion processes associated with these craters may have 

implications for understanding climate and surface 

evolution [4, 5].  Because maar craters are created by 

phreatomagmatic eruptions, the ability to recognize and 

distinguish them from small impacts remotely is inte-

gral in ascertaining the possible role of volatiles in 

Mars surface processes. 

Previous remote sensing work at Meteor Crater has 

focused on ejecta topography and transport resulting in 

lithologic unit mapping using linear deconvolution of 

thermal infrared (TIR) data at varying resolutions [6-

8].  Current work expands on this analysis by using 

datasets over a broader spectral range and higher reso-

lution at Meteor Crater and applies similar methodolo-

gies to El Elegante Crater remote sensing datasets.  At 

both sites, the effects of non-mineralogic TIR spectra, 

small scale features and lithologies, and lithologies of 

small percentages are considered through the analysis 

of higher resolution data [4]. 

Field Data:  In June, 2004, and December, 2004, 

data collection and field observations were conducted 

at Meteor Crater and El Elegante Crater, respectively.  

Equipment used included a real-time differential GPS 

(d-GPS), a laser range finder, a Forward Looking In-

frared (FLIR) camera, and a Visible and Near Infrared 

red (FLIR) camera, and a Visible and Near Infrared 

(VNIR) field spectrometer [4]. Topographic profiles 

with centimeter horizontal and decimeter vertical accu-

racy were generated of the crater rims and nearby 

ejecta fields.  Thermal data of ground deposits and 

crater walls and vegetation spectra were also collected. 

Radial transects from the crater rims into near field 

ejecta were used for topographic data collection and 

detailed ground cover classification.  Sites were estab-

lished at 50 meter intervals along the transects.  Classi-

fications of 2 meter by 2 meter gridded areas were per-

formed in addition to sample collection of surficial 

fines and small blocks for laboratory spectral analyses 

and comparison to remote sensing image data.  A digi-

tal photograph of each site was also taken. 

Remote Sensing Data: IKONOS, Hype-

rion/AVIRIS (AVIRIS for Meteor Crater only), and 

ASTER data have been collected and analyzed over 

both Meteor Crater and El Elegante Crater, as well as 

compared to field-based data.  

IKONOS is a 4 band VNIR satellite based imager 

that produces 1m resolution Geo product datasets.  It 

was chosen for this study due to its similarity to both 

Mars Orbiter Camera (MOC) with 1.4m resolution and 

High Resolution Imaging Science Experiment 

(HiRISE) with sub meter resolution.  MOC is currently 

imaging Mars from the Mars Global Surveyor satellite 

and HiRISE is part of the Mars Reconnaissance Orbiter 

instrument package due to arrive in March, 2006. 

Hyperion is a hyperspectral Earth Observing-1 

(EO-1) satellite instrument that covers a VNIR and 

short wave infrared (SWIR) spectral range from 0.357 

to 2.576µm over 220 bands with a 30m resolution.  In 

addition to Hyperion, Airborne Visible/Infrared Imag-

ing Spectrometer (AVIRIS) data, a hyperspectral air-

borne instrument covering a range from 0.4 to 2.5 µm 

over 224 bands with 5m resolution data is available for 

Meteor Crater.  These datasets were selected for their 

similarity to the Compact Reconnaissance Imaging 

Spectrometer (CRISM) also aboard the Mars Recon-

naissance Orbiter due for Mars arrival in March, 2006.  

CRISM covers a spectral range of 0.370 to 3.920 µm 

over 560 bands with 18m resolution.   

The Advanced Spaceborne Thermal Emission and 

Reflection Radiometer (ASTER) is a 14 band multis-

pectral VNIR (3 bands), SWIR (6 bands), TIR (5 

bands) instrument aboard the Terra satellite with 15m, 

30m, and 90m resolution, respectively.  The VNIR and 
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Figure 1. Block distribution from crater rim, Meteor Crater, El Elegante Crater              Figure 2.  ASTER DEM vs. field topographic profile, Meteor Crater 

TIR datasets from ASTER correlate well with the 

Thermal Emission Imaging System (THEMIS) cur-

rently orbiting Mars aboard the Mars Odyssey space-

craft.  THEMIS is a multispectral instrument with 5 

bands in the VNIR and 9 bands in the TIR spectral 

range.  ASTER also provides a Digital Elevation 

Model (DEM) dataset using an optical stereo data pair 

through Band 3 at a 30m resolution and approximately 

10m vertical accuracy. The Mars Orbiter Laser Altime-

ter (MOLA) aboard the Mars Global Surveyor space-

craft has provided a global dataset with 130m resolu-

tion and 10m of vertical accuracy.  

Results:  Integrating field-based observations and 

data with satellite datasets has provided insight regard-

ing morphology and ejecta characteristics, including 

the distribution of block sizes with distance from the 

crater rim, calculation of ejecta volumes from DEMs 

vs. field-based data, and the effects of juvenile volcanic 

material on ejecta volume.  In addition, we have exam-

ined spectral vegetation removal, mineralogic mapping, 

and thermal interpretation of FLIR data and its rele-

vance to crater wall stratigraphy and ejecta thermal 

inertia. 

From field classifications, block sizes and abun-

dances versus fines abundances have been recorded 

and compared between craters (Figure 1).  At El Ele-

gante Crater, friable deposits of pre-existing altered 

volcanics were pierced by the vent and easily torn 

loose during eruptions; ejecta from depths much 

greater than the exposed stratigraphy is evident in the 

surrounding deposits [1].  At Meteor Crater, similar to 

many craters observed by MOC [9], coherent strata is 

evident in the crater walls despite asymmetric uplift of 

the rim due to structural control by regional faults [3].  

Over 500m of transect distances, El Elegante deposits 

consistently exhibit larger sizes and quantities of 

blocky material when compared to Meteor Crater de-

posits along similar rim transects.  Considering fractur-

ing of overlying rock that can take place due to volatile 

propagated cracks in phreatomagmatic volcanic envi-

ronments [10], pre-fracturing of the overlying strata 

may be a factor in generating observed block sizes at 

El Elegante Crater. 

Comparison of field generated topographic profil-

ing to ASTER DEMs demonstrates that there is a dif-

ference in calculation of ejecta/crater rim volume (Fig-

ure 2).  An important consideration is that ejecta vol-

umes using field data has been generated from only 4 

transects at each crater, however, resolution is sub me-

ter both vertical and horizontal.  ASTER DEMs vol-

umes are calculated from the entire crater rim, but are 

subject to a 30m resolution constraint. 

Both the IKONOS high resolution VNIR dataset 

and the other lower resolution datasets clearly indicate 

the gullied eroded tuff south of El Elegante.  The 

asymmetry of the juvenile deposit in relation to the 

crater is a significant differentiation factor in compar-

ing El Elegante and Meteor Crater.  The presence of 

the largest block sizes on the northeastern rim indicate 

the vent location was northeast of the crater center, but 

fines removal has left armored lag deposits there [1].  

Meteor Crater does not have a similar asymmetry in its 

primary ejecta deposit. 

Vegetation types and percentage of surface cover 

were gathered through field observations and site clas-

sification.  On average, Meteor Crater is 5-10% vege-

tated and El Elegante Crater is 15-20% vegetated.  

Using statistical techniques, vegetation masks have 

been generated to remove vegetative spectra from the 

datasets creating a lithologically uncontaminated data-

set for more accurate mineralogic mapping.  Spectral 

analysis of samples in the University of Pittsburgh’s 

Image Visualization and Infrared Spectroscopy Labo-

ratory has been used for end-member generation and 

remote spectral comparison to laboratory spectra. 

FLIR data at both craters demonstrates differing in-

ertial characteristics between blocks and fines based on 

particle size, but there is also an indication of differ-

ences based on composition in comparing different 

stratigraphic unit components.  Analysis of this dataset 

continues and may lead to a geographically local ther-

mal inertia model for each crater applicable to Mars 

data for similar small craters.   
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