
Figure 1. TES 507 cm-1 index 

map showing example distribu-

tions of Unit 1 (olivine-

deficient) and Unit 2 (olivine-

enriched) [3].  THEMIS day-

time radiance mosaic shown for 

comparison.  EB compositions 

are described relative to the 

target surface type (e.g. Unit 1 

or Unit 2). 

Figure 2. 

THEMIS 

nighttime 

radiance 

mosaic.  

Arrows 

point to 

examples 

of ther-

mally 

distinct 

ejecta 

blankets. 
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Introduction:  Impact ejecta provide a means for 

accessing subsurface mineralogy and evaluating re-

gional alteration processes.  Using thermal infrared 

data, which are highly sensitive to the abundance of 

minerals as well as thermophysical properties, I inves-

tigated the spectral properties and bulk composition of 

impact ejecta blankets (EBs) from craters with diame-

ters > 1 km within the region of Tyrrhena Terra and 

Iapygia Terra, Mars (60-100°E, 0-30°S).  Many of the 

EBs in this region exhibit differences in bulk composi-

tion from the surrounding target material.  Possible 

geological origins of the spectral differences and the 

implications for weathering in Noachian cratered ter-

rains are discussed (see also [1]).   

Study region:  The study area, located between 

Syrtis Major and Hellas Basin, is primarily composed 

of Noachian-aged cratered plains with a few inters-

persed Hesperian-aged smooth units [2].  Intercrater 

surfaces in the region can be subdivided into two main 

compositional subunits, which differ primarily in their 

olivine content, morphology and thermophysical prop-

erties [3]; the compositional distinctions between these 

two target surfaces provides important context for in-

terpreting EB compositions.  These subunits are distin-

guished with a TES 

spectral index near 

~507 cm
-1

 (Fig. 1) 

[3]. The olivine-

enriched intercrater 

surfaces [3-4], he-

reafter referred to 

as “Unit 2”, are 1) 

younger, less de-

graded and exhibit 

higher thermal iner-

tia than surrounding 

olivine-deficient 

surfaces (“Unit 1”), 

2) estimated to vary 

between <100 m 

and <500 m in 

thickness, and 3) 

likely volcanic in 

nature [3].   

Methods:  In an 

effort to locate EBs 

that have not been 

fully obscured by 

regionally-derived 

sediments, Thermal 

Emission Imaging System  (THEMIS) [5] band 9 

nighttime radiance images were used to identify “ther-

mally distinct” EBs (Fig. 2).  These are craters which 

have a discernable ejecta blanket in nighttime tempera-

ture images, indicating a difference in bulk thermal 

conductivity from surrounding materials. Compared to 

other craters in the region, these thermally distinct EBs 

may be more likely to expose excavated material in 

spectral measurements.  For each of these craters, Mars 

Global Surveyor Thermal Emission Spectrometer 

(TES) emissivity spectra [6] were extracted from 1) the 

EB and 2) surrounding target materials and corrected 

for atmospheric contributions.  Surface emissivity 

spectra from each EB-target pair were examined for 

spectral differences between EB and surroundings.  

Spectra were selected from the same TES orbit(s) to 

avoid interpreting spectral variations that might be at-

tributed to minor inaccuracies in atmospheric correc-

tion [e.g., 7].  Major mineralogic differences between 

EB and target material were determined using linear 

least squares modeling of TES surface spectra.  Mine-

ralogic differences between EB and target material 

were also determined from near infrared Compact Re-

connaissance Imaging Spectrometer for Mars (CRISM) 

[8]  multispectral summary parameter images [9-10]. 

Results: Fifty-two (52) craters within the study 

area have thermally distinct EBs in THEMIS nighttime 

radiance images and also have adequate coverage with 

TES data.  Of the 52, 18 EBs (~35%) exhibit spectral 

differences from the surrounding target materials [1]. 

In general, the spectral differences between EB and 

target surface are largely observed in the ~435-507 cm
-

1
 region, where EB materials exhibit a higher emissivi-

ty at ~507 cm
-1

 and lower emissivity at ~435 cm
-1

, rela-

tive to target materials. A spectral index map display-
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Figure 3. Example of a spectrally distinct EB.  TES 

465 cm-1 index map overlaid on THEMIS daytime 

radiance mosaic.  The EB associated with the center 

crater exhibits strong 465 cm-1 index values.  

Figure 4. Comparison of derived (feldspar + high-silica 

phase)/pyroxene ratio for spectrally distinct EBs. 

ing the emissivity slope between ~502-470 cm
-1

 (also 

known as the “TES 465 cm
-1

 index” [11]) commonly 

highlights the EBs clearly (Fig. 3) [1].  This spectral 

slope index was developed by Ruff and Christensen 

[11] to detect high-silica phases; however, it is also 

sensitive to changes in plagioclase/pyroxene ratio [1]. 

For Unit 1 target surfaces, differences between EBs 

and targets can be summarized by using a ratio of 

feldspar+high-silica phases to pyroxene (Fig. 4), where 

EBs generally show an increased ratio relative to target 

materials [1].   These trends are not as clear for Unit 2 

targets (Fig. 4). 

There is no apparent relationship between CRISM 

phyllosilicate detections and elevated (plagioc-

lase+high-silica)/pyroxene ratio occurrence: only three 

of the spectrally-distinct EBs contain detectable phyl-

losilicates.   However, 5 of the 18 spectrally distinct 

EBs lack data coverage with the CRISM summary pa-

rameter or higher resolution targeted products, reduc-

ing the number of craters available for meaningful sta-

tistics [1]. 

Discussion: Approximately one third of craters ex-

hibit spectral differences from target material in TES 

data.  Craters that exhibit these spectral differences 

from the target material do not strongly correlate with 

phyllosilicate exposures detected in near infrared data 

from CRISM. An unreasonably high fraction (>30%) 

of highly shocked materials is needed to reproduce the 

observed spectral trends.  Rather, the more likely ex-

planation for the spectral differences is that the EBs 

contain mineralogical assemblages that are distinct 

from target materials, either from stratigraphic varia-

tions in primary lithology or by some alteration process 

at the surface or subsurface.   For most craters, the ob-

served spectral differences are consistent with enrich-

ment in plagioclase and/or high-silica phases, and defi-

ciency in pyroxene, in EBs relative to the target ma-

terial.  Possible scenarios to explain the observed mine-

ralogic trends include:  1) vertical changes in lithology, 

2) alteration in the subsurface, then subsequent expo-

sure by impact, 3) post-impact alteration of shock-

deformed materials including impact glass or high-

pressure phases [12], or 4) surficial alteration of target 

material, then subsequent exposure of less-altered ma-

terial by impact.  Scenario 2 is consistent with CRISM 

phyllosilicate detections; scenarios 1, 3 and 4 are con-

sistent with phyllosilicate detections in some impact 

craters if phyllosilicate mineral abundance is volumetr-

ically small.  For example, for scenario 4, thermal 

infrared and near-infrared measurements may be de-

tecting separate alteration processes.  Uncertainty 

about which phases (feldspar or high-silica phases or 

both) are changing with pyroxene abundance makes it 

difficult to distinguish between these scenarios.  If an 

increase in high-silica phases with decreasing pyroxene 

could be more confidently identified in EBs, scenario 4 

could be more easily ruled out, as high-silica phases 

are common secondary products produced during dis-

solution of basaltic minerals [e.g., 13].  See [1] for a in-

depth discussion of observations and interpretations.   

References: [1] Rogers A. D., EPSL, in press 

[2] Greeley and Guest (1987) USGS Map I-1802-B [3]  

Rogers A. D. and R. L. Fergason, “Geologic, Thermo-

physical and Compositional Characteristics of Surface 

Units in Tyrrhena and Iapygia Terrae, Mars,” submit-

ted to JGR-Planets [4] Seelos, K. D. et al. (2010) 41
st
 

LPS, #2400. [5] Christensen et al. (2004) Space Sci. 

Rev. 85-130 [6] Christensen et al. (2001) JGR, 106, 

23823-23871 [7] Rogers, A. D. et al. (2008) Icarus, 

200, 446-462 [8] Murchie et al. (2007), JGR, 112, 

E05S03. [9] Pelkey et al. (2007), JGR, 112, E08S14 [10] 

Seelos F. P. et al. (2007) 38
th

 LPS, #2336 [11] Ruff S. 

W. and P. R. Christensen (2007) GRL, 34, L10204 [12] 

Tornabene et al. (2007) 7
th

 Intl. Mars Conf., #3288 [13] 

Tosca N. J. et al. (2004) JGR, 109 E05003. 

1310.pdf42nd Lunar and Planetary Science Conference (2011)


