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Introduction: ~80 kg of “intermediately” (20-80 

GPa) shocked basalt, which exist as clasts in the up-

permost suevite breccia layer at Lonar Crater, India 

[1,2] were collected during a recent 2-month field sea-

son.  These add to a large collection of unshocked ba-

salts and impact melts/glasses at UNM.  Petrographic 

and electron microprobe images reveal of range of 

shock pressures (deduced by phases and mineralogies 

of labradorite and augite); various protoliths such as 

fresh Deccan basalt, weathered basalt (altered before 

shock) showing hematite, calcite, and silica 

veins/pockets; and what we interpret as a consolidated 

soil or a sample from weathering horizons in-between 

individual basalt flows.  Impact melt veins (Figure 1) 

and pockets [3] were also found.  Further, as shown in 

this LPSC volume [4], the hand sample textures are 

unique, which allowed SPW to find these materials 

both in-situ as clasts in outcrops of suevite breccia 

[1,2] and as loose rocks on the ejecta blanket. 

 
Figure 1. Cut surface ~7 cm in length showing black 

impact melt veins and black melt pockets in a maske-

lynite-bearing basalt (see petrography of same sample 

in Figure 2).  White regions are quartz deposited 

(aqueously) before shock metamorphism.  

Rarity / Preservation: Unbeknownst a decade 

ago, there are a handful of terrestrial impact structures 

in basalt [5]. All except Lonar Crater are millions to 

tens of millions of years old, meaning that pristine 

ejecta and thus clasts of shocked basalt have been 

eroded away.  Lonar Crater, being just ~650,000 ka 

[6], still has <10 outcrops of a thin, ~1 m suevite ejecta 

layer [2], and thus this sample collection is likely the 

only one of its kind. 

Petrography:  Class 2 (20–40 GPa) shocked basalt 

shows intense shattering and fracturing of clinopyrox-

ene grains, and labradorite has been converted to 

maskelynite (Figure 2). Classes 3 and 4 (60–80 GPa) 

can be differentiated from Class 2 as the labradorite 

glass shows evidence of flow and vesiculation (e.g., 

Class 4 in Figure 3), respectively, and augites are 

somewhat rounded due to melting on their edges. 

 
Figure 2. 5X magnification showing plain and cross 

polarized light of groundmass near vein in Figure 1. 

“Needles” of labradorite are isotropic, indicating a 

solid-state transformation to maskelynite. 

 
Figure 3.  5X PPL image of a Class 4 shocked basalt 

showing vesiculated labradorite glass and rounded, 

fractured augites.  The original crystal shape of labra-

dorite has been destroyed with higher pressures and 

associated temperatures. 

 
Figure 4. Broken surface showing “decompression 

cracks” in a Class 2 shocked basalt.  Also see [4]. 

Hand Sample Texture:  [4] and Figure 4 show the 

foliated-like texture of Class 2 and 3 shocked basalts 

that we term “decompression cracks”.  Might this be 

useful to compare to data from the MER’s Microscopic 

Imager? [7] 
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E-probe: Back scattered electron (BSE) images 

(Figure 5) are shown. 

 
 

 
Figure 5.  BSE images of a weathered Class 2 (top) 

and a Class 4 (bottom, same sample as Figure 3) 

shocked basalt.  Class 2: Zoned glass with relict au-

gites within are found next to the “decompression 

cracks” seen in hand samples (Figure 4).  Class 4: 

Black vesicles are always found in gray glass (of la-

bradorite composition) with white, rounded augites and 

bright white oxides. 

 

Spectroscopy: As our only samples of Mars are 

~55 shocked basalts, along with the wealth of VNIR 

and TIR data from Rovers, orbiters, and future (MSL, 

ExoMars) instrumentation, it would be fortuitous to 

collect and understand the VNIR and TIR spectroscopy 

of these samples along with Mossbauer and really all 

other techniques and instruments used for Martian 

meteorites and/or sent to Mars.  Recall that all Martian 

meteorites are shocked in the 25-45 GPa range, which 

tells us something about the energy needed to be 

ejected off Mars while not melting during this process. 

TIR spectroscopy of Class 2 and Class 5 provide 

constraints to Mars data [8], and that of Class 3 and 

Class 4, along with various alteration mineralogies, is 

forthcoming.  With a smaller “spot size”, scanning 

micro-FTIR and Micro-Raman data of various slices 

are shown in this LPSC volume [3].  Some VNIR data 

has been acquired [9], and further characterization us-

ing other instrumental analyses is needed to understand 

the VNIR spectra.  Mossbauer spectroscopy [10] is 

ongoing to study the behavior of Fe (in glass or oxides 

such as magnetite and titanomagnetite) at various 

shock pressures, including both melted and annealed 

materials.  More work is also planned for lapilli [11] 

found in the matrix of the suevite breccias [2,12]. 

One Last Field Note: Kieffer et al. [1] classified 

and described petrographic features ~35 years ago, but 

the abundance of shocked loose rocks, along with their 

thick coatings, found by SPW over a 2 month field 

season lead us to surmise that very few of these were 

studied in the earlier work [1], and very few remain 

after SPW collected ~50 of them around the ejecta 

blanket.  The locations of suevite breccias outcrops 

were well-documented [2,12], but it is hoped that these 

provide “test beds” for future analog studies and stu-

dies of physical weathering over the next few decades 

[12].  Might these shocked outcrops and loose rocks be 

found by current and future Rovers on Mars? 

Implications: The wide variety of protoliths and 

shocked altered basalts suggest that the bias of martian 

meteorite delivery is even more biased than believed, 

as only dense, cohesive, “fresh” basalts with large 

grain sizes (“cumulates”) appear to safely reach escape 

velocity and survive Earth fall.  In the absence of Mars 

sample return, shouldn’t these samples be examined 

for insight into what samples do not get ejected off 

Mars? 
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