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Two sentence summary The petrography and  
thermal infrared (TIR) spectrum of Deccan basalt 
shocked to the specific pressure range that shergottites 
are shocked to are nearly identical to the same data of 
the Los Angeles shergottite.  Extrapolating these data 
to other shergottites and their unshocked precursors 
not available in meteorite collections provides some 
clues to locating their source region and reconciling 
remote TIR data and laboratory TIR spectra. 

Introduction  With the abundance of orbital data 
currently being returned from Mars and the recent in-
crease in the number of shergottites found in hot desert 
environments, it would appear that much is known 
about Mars.  However, with sample return from known 
locations likely decades away and the bias in receiving 
ejected samples from Mars, it can be difficult to recon-
cile remote data with rock data.  Our only samples of 
Mars are basalts shocked 25 – 40 GPa by meteorite 
impact when delivered to Earth [1], but the low 
amount of sample, the difficulty in obtaining these, 
and costly destructive analyses can make studying 
these materials difficult.  Due to these reasons, an early 
approach in this attempt to “close the loop” between 
remote sensing and sample analysis has been to exam-
ine the effects of shock metamorphism on the thermal 
infrared (TIR) spectrum of a terrestrial basalt [2].  
Here, perhaps the best terrestrial analog material for 
the basaltic shergottite meteorites is described.  Field 
geology, instrumental analyses, and TIR spectroscopy 
are described with the hope that these data might serve 
to better understand martian environments and sam-
ples. 
     Background   Previously, it has been shown that 
Deccan basalt is an excellent analog for an orbital TIR 
spectral type labeled Surface Type 1 (ST1) [3].  Fur-
ther, whereas Mini-TES data of the sands of Meridiani 
and the soils of Gusev provide “ground truth” for ST1 
[4,5], large areal extents of shergottite-like materials 
were not located [6].  Fortuitously, the only known 
terrestrial impact site emplaced in basalt, Lonar Crater, 
India, formed ~50 ka in 6 flows of ~65 Ma Deccan 
basalt [7].  Whereas the majority of the pulverized 
fines making up the matrix of  two impact breccia 
units have altered to clay, the clasts of the upper 
suevite breccia have been shocked to various levels of 
shock pressure that result in the creation of maske-
lynite (20-40 GPa) up to the complete melting of both 
plagioclase and clinopyroxene (>80 GPa) [7].  The 
modal mineralogy (45–50% labradorite, 30–35% 
augite, and low olivine) mirrors that of ST1 interpreta-

tions [4] and some basaltic shergottites such as Los 
Angeles [8], whereas the majority of basaltic shergot-
tites are dominated by clinopyroxene (Table 1 of  [9]). 
    Petrography The petrography of a sample of Lonar 
basalt collected in the upper ejecta layer is shown (Fig-
ure 1). 

 

 

 
Figure 1.  Petrography of Class 2 “intermediate” 
shocked basalt in plain polarized (top) and cross 
polarized light (bottom).  What appears to be needle-
shaped plagioclase (labradorite) in plain polarized light 
is isotropic in the same view with cross polarized light, 
indicating maskelynite.  The absence of twinning and 
the onset of isotropism indicates the solid state trans-
formation of plagioclase into a glass of plagioclase 
composition.  The clinopyroxenes (augite and pi-
geonite) are fractured, but not melted, which is better 
seen on a BSE image of intermediate shocked basalt 
(Figure 2). 
 
    Locality  From field work, it was found that all lev-
els of shocked basalt exist in an upper suevite ejecta 
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layer.  This thin (~1 m) layer is draped over a thicker 
(~8 m) impact breccia layer made of up relatively un-
shocked basalt clasts and fines (Figure 2 of [9]), which 
agrees with interpretations of Meteor Crater surmised 
by Shoemaker [10]. 

 
Figure 2.  Backscattered election (BSE) image of 
Class 2 shocked basalt from Lonar Crater.   
Nearly identical to the Los Angeles shergottite, light 
gray augite and pigeonite crystals are heavily fractured 
(where compared to unshocked basalt) and dark gray 
labradorite crystals have been converted to maske-
lynite (see Figure 1).  White areas indicate sulfides. 
 
   Spectroscopy  Whereas petrography and BSE analy-
ses of martian samples are not available remotely, TIR 
data are.  Hence, it is necessary to examine the labora-
tory TIR spectrum of Lonar shocked and unshocked 
Lonar basalts and shergottites with comparison to the 
Mars orbital data (Figure 3). 
     The differences between unshocked and Class 2 
shocked basalt can be seen (Figure 3) and compared to 
recent work examining the TIR spectra of plagioclases 
and basalts experimentally shocked to specific shock 
pressures [11-13].  Concurring with these works, a 
shift in the Christiansen Feature occurs in the Lonar 
Class 2 shocked basalt where the Si–O absorption fea-
tures of labradorite are disordered along with an emer-
gence of a ~475 cm-1 spectral feature attributed to 
glass.  The spectral features attributed to augite and 
trace pigeonite are not affected.  Though not shown 
here, deconvolution of the TIR spectrum of Class 2 
Lonar shocked basalt with a mineral spectral library 
containing experimentally shocked plagioclase end-
members [11-13] provide correct mineral abundances 
and the correct range of shock pressure of the shocked 

plagioclase end-member is selected (though experi-
mentally shocked labradorite is not available), agree-
ing with previous results of Los Angeles (Figure 2 of 
[2]).  The outputs of deconvolution without these valu-
able end-members result in incorrect mineral abun-
dances. 

 
Figure 3. TIR spectra of basalts from far and near (offset for 
clarity) Whereas the laboratory spectrum of Deccan basalt pro-
vides a good match to TES Surface Type 1 (ST1) [4], the same 
Deccan basalt shocked to Class 2 levels (20-40 GPa) [7] pro-
vides an excellent analog for the Los Angeles shergottite [6,8], 
as all four contain ~45% plagioclase/maskelynite and 35% cli-
nopyroxenes augite and/or pigeonite.   
 
    Implications for Mars  As the comparison of the 
TIR spectra of unshocked and shocked basalt in Figure 
3 demonstrates, one extrapolation is that Los Angeles 
could have been ejected from ST1 regions on Mars.  
Given the shared crystallization age of Los Angeles 
and other shergottites likely ejected with it, Amazo-
nian regions with ST1 signatures are good candidates. 
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