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Introduction: Silica is a characteristic component of the evolved lunar rocks and is mostly represented by low-

pressure polymorphs: quartz, tridymite and cristobalite. Recently found clast of evolved rock in impact melt breccia 

fragment of Luna-24 soil samples contains two silica polymorphs [1]. Their identification along with study of their 

textural characteristics may clarify thermal history of the rock fragment. 

Methods:  The impact melt breccia fragment of Luna-24 soil samples (grain #2026, sample 24176, fraction 

>200 µm) was studied using optical microscopy. Chemical composition of silica polymorphs and other phases was 

perfomed using Tescan Mira 3 FEG SEM with Oxford Instruments EDS in Vernadsky Institute, Russia. Raman 

spectra were obtained using a JY Horiba XploRA Jobin Raman spectrometer attached to an Olympus BX41 micro-

scope equipped with two lasers (532 and 785 nm) in Lomonosov Moscow State University, Russia. 

Results: The impact melt breccia of basaltic composition (grain #2026) contains small vitrophyric clast (150-

270 µm) of highly silicic composition. [1]. Using laser Raman spectroscopy, we identified quartz and cristobalite in 

the evolved rock. Peak positions used for quartz identification are 456, 457, 458 cm-1 and 350, 351 cm-1. Peak posi-

tions used for cristoballite identification are 401, 402 cm-1 and ~220, 224 cm-1. Texturally the silica phases occupy 

different areas in the rock. Quartz forms elongate crystals embedded into the K-felspar glass and evenly distributed 

throughout the rock. In some areas it exhibits a fracture pattern but most of the crystals forms smooth curved bound-

ary with the enclosing feldspathic glass (fig. 1a). In contrast cristobalite is present mainly in outer portion of the 

clast in contact with surrounding basaltic melt. It forms congestions of idiomorphic crystals commonly overgrown 

quartz grains (fig. 1 b,c).  

Discussion: The inversion of tridymite or cristobalite to quartz is accompanied by a significant volume change. 

resulting in formation of a fracture pattern which is commonly observed in quartz of granitic lunar samples [2,3]. 

The relics of a fracture pattern observed in some quartz crystals in the studied rock means that the primary silica 

rapidly crystallized as a high-temperature polymorph (>870ºC), afterwards inversing to quartz [2]. However, in most 

quartz crystals the fracture pattern is hidden by subsequent impact melting. Proximity of cristobalite to the contact 

zones as well as its growth on quartz crystals suggest its formation as second generation after impact-induced heat-

ing at a temperature above 1470ºC and the pressure less than 1GPa rather than preservation of primary cristobalite 

relics. Meanwhile observed peak shift in the quartz Raman spectra which is thought to be related to a shock pressure 

experienced by a sample corresponds to a pressure ~30GPa according to [4]. Such a high pressure could result in 

formation of the high-pressure silica polymorfs which has not been found in the evolved clast. However, aftershock 

melting and annealing in a hot ejecta blanket could erase the traces. 
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Fig.1. Textural characteristics of silica polymorphs in the evolved rock clast from Luna-24 sample #2026 (BSE 

images): a) a fracture pattern in quartz; b) cristobalite idiomorphic crystals; cristobalite and quartz relations in the 

contact of the evolved clast and surrounding impact melt. 
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