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Introduction: It is important to study the degree of 

shock metamorphism in meteorite minerals to estimate 

the impact energy and to understand the role of shock-

induced metamorphism in the processing of the origi-

nal material. Unweathered meteorites quickly recov-

ered from meteorite falls are particularly valuable. 

The Villalbeto de la Peña (hereafter VP) meteorite 

was initially classified by Llorca et al. [1] as an L6 

chondrite with a degree of shock metamorphism S4 and 

later reclassified as a polymict breccia by Bischoff et 

al. [2]. Casual records of the bolide had the added val-

ue of allowing the determination of VP heliocentric 

orbit and the identification of the dynamic mechanism 

that delivered this meter-sized rock from the main as-

teroid belt [3]. Several impacts affected the history of 

this rock before being delivered to Earth vicinity [1-3]. 

In this paper we study further evidence of shock in VP, 

and we report the first identification of ringwoodite and 

majorite within the impact veins of Villalbeto de la 

Peña meteorite using Raman spectroscopy. 

 Method: A thin section of VP meteorite available 

at CSIC-IEEC was studied. A high-resolution mosaic 

of the section was created from separate 50X images 

taken with a Zeiss Scope petrographic microscope. We 

noticed in transmitted light the presence of abundant 

isotropic minerals in a shock vein that were probably 

colorless ringwoodites and majorites. To test this hy-

pothesis several Raman spectra of minerals in the se-

lected shock vein were recorded in backscatter geome-

try at room temperature, using the 514.5 nm line of an 

ion-argon laser with a spectrometer Jobin-Yvon T-64 

000 Raman connected to an Olympus microscope, 

equipped with a CCD detector. This device has high 

lateral spatial resolution of about ~1 μm. The Crys-

talSleuth software was used to remove the background 

from our spectra and compare them to the ones found 

in [4]. 

     Results and discussion: In the VP chondrite evi-

dence of shock metamorphism was found in form of 

melt pockets and shock veins [1,2,5]. A previous study  

 

also described two different regions of feldspathic 

composition in VP [6]: maskelynite and Na-rich plagi-

oclase. With the aim to identify shock-induced miner-

als we studied a thick melt vein. This dark-colored vein 

has a maximum width of approximately 3.5 mm. Fig. 1 

shows the spatial distribution of the point-and-shoot 

Raman analyses of different minerals studied so far.  

       
Figure 1. Spatial distribution of minerals in a VP 

shock vein: b) ringwoodite, c) low-Ca pyroxene and d) 

majorite. 

 

Figure 2a shows the Raman spectrum representative 

of olivine. It was taken clearly outside the melt vein, 

and its characteristic bands are at 820 and 851 cm
-1

. 

Highly deformed crystals with olivine-like composition 

were found within the melt vein. Their Raman analysis 

showed characteristic bands located at 799 and 842 cm
-

1
, typical for ringwoodite (Figure 2b). Also, some low-

Ca pyroxene Raman spectra were obtained inside the 

melt vein (Figure 2c). The Raman peaks were located 

at 337, 661, 683, and 1009 cm
-1

. However, in the spec-

tra of other crystals, the peaks were located at 596 and 

927 cm
-1

 and, thus, are characteristic for majorite (Fig-

ure 2d). 

     The Raman peaks at 799 and 842 cm
-1

 are character-

istic for ringwoodite, a high-pressure polymorph of 

olivine; while the peaks at 596 and 927 cm
-1

 corre-
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spond to majorite, the low-Ca pyroxene high-pressure 

polymorph [4]. In view of these results, the mineral 

grains surrounding the VP impact vein are composed 

mainly by olivine and low-Ca pyroxene; while, ring-

woodite and majorite were frequently identified inside 

the vein. This indicates that minerals within the vein 

were totally or partially transformed to high pressure 

phases of olivine and low-Ca pyroxene. The presence 

of minerals like ringwoodite, majorite and maskelynite 

[3-5] indicates a higher impact degree than S4.  

     Conclusions: Because of the presence of ring-

woodite and majorite in a shock vein the degree of 

shock metamorphism of Villalbeto de la Peña has to be 

discussed in more detail. Huge parts of VP do not con-

tain thick shock veins and a S4 classification is fully 

justified. However, in restricted areas like inside the 

studied shock vein, phases occur that indicate a shock 

pressure of S6. Stöffler et al. [5] also stated these S6 

parts would be restricted to local regions in or near 

melt zones. In summary, the bulk rock of the Villalbeto 

de la Peña chondrite breccia has been shocked to an 

equilibrium shock stage of S4, but disequilibrium pro-

cesses led to a S6 shock stage in restricted areas.  
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Figure 2. Characteristic Raman spectra of a) olivine, b) ringwoodite, c) low-Ca pyroxene, and d) majorite.

1477.pdf46th Lunar and Planetary Science Conference (2015)


