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Introduction:  Small craters, of both impact and 

volcanic origin, may represent some the most recent 
geologic activity on Mars [1].  Determining forma-
tional and erosional processes associated with these 
craters may have larger implications concerning the 
climate and surface evolution of Mars.  The question of 
whether analysis of crater morphology, ejecta, and 
sediment transport can be ascertained through remote 
sensing data in a terrestrial analog and applied to Mars 
is the focus of this research. 

Research objectives include first field observa-
tion/data collection coupled with a multi-wavelength 
remote sensing analysis.  This methodology will be 
used to quantify formational and erosional processes 
that operate at smaller scales than previous studies.  
Ultimately, they will be applied to Mars datasets to 
determine the surface processes which operated on 
Mars at these small craters. 

 
Background:  Multiple remote sensing instruments 

have been selected for this study to give broad spectral 
coverage at similar resolutions to those in current op-
eration or expected future operation on Mars.  Previous 
remote sensing work at Meteor Crater has focused on 
the topographic asymmetry of the ejecta, its distribu-
tion, and its subsequent erosion and transport. Several 
past studies focused on lithologic unit mapping using a 
linear deconvolution approach of thermal infrared 
(TIR) data (both high spatial resolution <10m/pixel 
airborne as well as lower resolution 90m/pixel 
ASTER) [2-4].  Because of resolution constraints, this 
approach is ineffective for small scale analysis if 
lithologies are present in small percentages or if non 
mineralogic TIR spectra are present.  Therefore, what 
is lacking from these previous studies is a detailed field 
analysis that describes spatial, spectral, and topog-
raphic patterns within the ejecta field.  Examination of 
this problem and the application of similar remote 
sensing and field analysis techniques to volcanic maar 
craters (in order to compare and contrast formational 
and sediment transport processes) is a component of 
this research. [1]. 

Detailed field and remote sensing analyses have 
been undertaken at both an impact and a phreatomag-
matically-generated crater.  The data span a broad 
range of the electromagnetic spectrum with higher spa-
tial and spectral resolution than those used in the past.  
It is hypothesized that interpretation of these datasets in 

conjunction with the field based data will allow the 
formational and erosional processes specific to each 
crater type to be distinguished.  Ultimately, this meth-
odology applied to only remote sensing data will pro-
vide an analog for small crater processes on Mars.  

 
Study Areas:  Two craters with different origins 

(impact and volcanic) of similar size, age, and climate 
conditions have been selected as field sites.  Meteor 
Crater, located in the desert climate of central Arizona, 
formed ~50,000 years ago from the impact of a large 
iron nickel meteorite [5].  El Elegante Crater is a maar 
crater in the Pinacate Volcanic Field (PVF) in north-
central Sonora, Mexico.  It formed from a phrea-
tomagmatic explosion ~150,000 years ago [6-7].  The 
craters have a diameters of 1.2 and 1.6 kilometers, 
depths of 180 and 250 meters, and  rim heights of 30 
and 50 meters, for Meteor Crater and El Elegante, re-
spectively [5-7]. 

 
Field Observations:  Data collection and field ob-

servations began in June, 2004.  Five days of investiga-
tion included data and sample collection at Meteor 
Crater, AZ.  Similar work was completed in December, 
2004, at El Elegante Crater, Mexico.  Cerro Colorado, 
a tuff cone in the PVF near El Elegante was also stud-
ied for comparison to El Elegante, but is not the pri-
mary focus of this study. 

Equipment used included 1) a real-time differential 
GPS (d-GPS) with centimeter horizontal accuracy for 
locating positions, 2) a laser range finder, which when 
combined with the GPS, generated topographic profiles 
of the crater rim and near ejecta field with decimeter 
vertical accuracy, 3) a Forward Looking Infrared 
(FLIR) camera for thermal analysis of ground deposits 
including thermal inertia data, and 4) a Visible and 
Near Infrared (VNIR) field spectrometer for collection 
of vegetation spectra. 

Nearby roads, crater rims, and distinguishing fea-
tures such as ejecta lobes and sediment units were 
mapped using the d-GPS.  These data are used for pre-
cise image georeferencing and unit mapping.  A VNIR 
field spectrometer was used at Meteor Crater for vege-
tation spectra.  These data will be critical for later sub-
traction from remote sensing data in order to produce 
uncontaminated mineralogic spectra.  The FLIR was 
positioned to gather discrete images over the course of 
the day to capture thermal trends of rock and sediment 



units.  Both crater wide and small ground areas (~1m) 
were examined with the FLIR. 

Radial transects 500 to 1000 meters long were es-
tablished.  These projected from the crater rims into 
near field ejecta and were used for topographic data 
collection and detailed ground cover sites.  These sites 
were placed at 50 meter intervals along each transect 
and were gridded into 2 meter by 2 meter areas for site 
classification and data/sample collection.  Surficial 
fines and small blocks were sampled for later labora-
tory based spectral collection and comparison to re-
mote sensing image data.  Distinguishing features at the 
sites, such as ejecta lobes and sediment units, were also 
characterized and samples collected. 

 
Results:  Site classification methodology included:  

1) ascertaining vegetation types and percentage surface 
cover, and 2) environmental description including loca-
tion and erosional environment characteristics.  Surfi-
cial physical characteristics were also quantified at 
each study site and included a surface roughness classi-
fication by comparing the percentages of blocks to 
fines and quantifying block size/groups within the 
gridded area.  Mineralogic data were recorded includ-
ing block/fine compositions and percentages where 
possible and each site was photographed in detail. 

From this field based collection, a dataset of crater 
rim and near ejecta topography, block and fines pro-
portions, block sizes and compositions, vegetation 
types and percentages, and qualitative environmental 
observations for both Meteor Crater and El Elegante 
Crater have been generated (Figure 1).  Sediment 
transport environments data also includes Cerro Colo-
rado. 

 
Conclusions:  Application of field data and results 

to integrated remotely sensed datasets provides an op-
portunity for verification of remotely sensed data that 
is not available in planetary scenarios.  To facilitate the 
application of developing formational and sediment 
transport methodologies of small craters to Mars data-
sets, the removal of vegetation influences in remotely 
sensed spectra is an important factor.  On average, Me-
teor Crater is 5-10% vegetated and El Elegante Crater 

is 15-20% vegetated.  In addition, the understanding 
and application of the effects of vegetation on sediment 
transport processes is also a consideration.  Near rim 
and far field ejecta and crater morphologies differ be-
tween the impact and maar crater sites, however, 
whether this is due to formational or erosive proc-
esses/erosional exposure time is still under study. 

 
Continuing Work:  Remote sensing dataset acqui-

sition and analysis is a continuing part of this project.  
The HiRISE and CRISM instruments planned for the 
future Mars Reconnaissance Orbiter (VNIR and 
VNIR/SWIR, respectively) pair with this study’s 
IKONOS and Hyperion datasets.  THEMIS and 
ASTER act as the Mars/Earth TIR instrument analogs 
respectively; MOLA (Mars) and ASTER (Earth) func-
tion as comparable surface elevation datasets [8-9, 3].  
IKONOS and Hyperion datasets for both Meteor Cra-
ter and El Elegante Crater will be analyzed and inte-
grated into the broad spectral dataset obtained for this 
study. 

Spectral analysis of samples in the University of 
Pittsburgh’s Image Visualization and Infrared Spec-
troscopy (IVIS) Laboratory will be used for more pre-
cise end member analysis, quantification of the atmos-
pheric effects in the remote sensing data, and determi-
nation of the spectral effect of vegetation on the VNIR 
and TIR data collected from space. 
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Figure 1.  Meteor Crater:  a. A ground based image of a transect classification site.  b. A comparison of fines and block percent-

ages from crater rim to near field ejecta.  c. A comparison of block sizes from crater rim to near field ejecta. 


