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Introduction: Many ordinary chondrites show evidence of shock metamorphic features due to planetary colli-

sions. Shocked effects in plagioclase includes amorphization, deformation and transformation to glass. Two hypoth-
eses for the formation of maskelynite from plagioclase include solid-state transformation to a diaplectic glass [1] and 
by complete melting and quenching at high pressure [2]. It is important to understand whether a single formation 
mechanism or a combination of transformation mechanisms are active to reasonably estimate the pressure-
temperature conditions of the material and to assess possible resetting of isotopic systems [3]. The purpose of this 
study is to understand whether maskelynite in three shocked ordinary chondrite forms via solid-state transformation, 
melting, or a combination of both. 

Sample and Methods: Thin sections of Sahara 98222, 00293 and 00350 were studied in polarized and reflected 
light with a petrographic microscope. Detailed textures of maskelynite and partially transformed feldspars were ac-
quired with back-scattered electron (BSE) imaging on a field-emission scanning electron microscope, and their loca-
tions were mapped relative to shock melt. The mineralogy, transformation textures and chemical compositions were 
acquired with Raman spectroscopy, BSE imaging and electron microprobe analysis (EPMA) at the LeRoy Eyring 
Center for Solid State Science facilities at Arizona State University. Results from EPMA compositional profiles of 
feldspars will be presented. 

Results:  Sahara 98222, 00293 and 00350 are heavily shocked L6 chondrites with transformed olivine to wads-
leyite and ringwoodite, and majoritic garnet in the melt assemblage. The primary host rock mineralogy consists of 
olivine (Fa24.8-25.0), orthopyroxene (Fs20.9-21.1Wo1.5-1.7), clinopyroxene (Fs8.0-8.4Wo44.3-44.8) and plagioclase (Ab77.0-

85.4An9.3-13.8Or4.4-12.2) with minor metal, troilite, Ca-phosphate and chromite. Feldspar grains are abundant, reaching 
up to 200 µm. The plagioclases display variable deformation and transformation features, including mosaicism, pla-
nar deformation features, undulatory extinction or they have been partially to completely converted to maskelynite. 
Some untransformed feldspars have retained twinning. In crossed-polarized light, crystalline plagioclase remnants in 
partially transformed grains show first-order grey to yellow interference colors surrounded by isotropic glass. Ener-
gy-dispersive spectra of the remnants confirm they have a plagioclase composition. 

Feldspars that have been completely converted to maskelynites are associated with interconnecting networks of 
dark shock melt veins. With increasing distance from the shock melt, the abundance of crystalline plagioclase in-
creases. Maskelynites in direct contact with melt vein contain pyroxene fragments and local schlieren, indicating 
local shearing and mixing with the chondritic melt vein. Observations of partial melting appear to be restricted to 
maskelynite-melt zone boundaries. BSE images of transformed plagioclase along melt-vein margins and clasts en-
trained in melt have polycrystalline textures. Raman spectra from collected from these regions have diagnostic jade-
ite peaks at 375, 698 and 1035 cm-1. Jadeite may form by the reaction albite = jadeite + SiO2 phase, but there is no 
Raman evidence for a silica phase.  

Discussion: Evidence for melting, including melt schlieren and mixing textures were observed along 
maskelynite boundaries in contact with melt. The distribution of completely transformed plagioclase to maskelynite 
is closely associated with melt veins. Plagioclase located in the host rock matrix exhibits planar deformation fea-
tures, mosaicism and crystalline plagioclase remnants in maskelynite. Previous work has shown that higher tempera-
tures facilitate both maskelynitization and the formation of high-pressure minerals [4]. Raman spectroscopy indi-
cates the presence of jadeite along melt-vein margins, with no evidence of a silica phase. This can be explained by 
faster nucleation kinetics of jadeite compared to high-pressure silica phases in amorphous plagioclase [4]. The ob-
served deformation, transformation and melting of plagioclase in Sahara 98222, 00293 and 00350 is consistent with 
shock stage S4-5. We have presented evidence of solid-state transformation of olivine to wadsleyite and ringwoodite 
in previous work, which is consistent with shock stage S6 ([5] and references therein). Although shock stages S4-5 
and S6 are recorded in these chondrites, each meteorite experienced a single equilibrium shock pressure after ringing 
out the initial pressure heterogeneities [6]. The close association of S6 features and local melting of feldspar is 
strong evidence for the importance of high temperature in phase transformations that define shock stage S6. The 
textures observed in this study suggest that maskelynite may be locally melted in regions close to the shock melt, 
however they are not evidence of complete melting of the original feldspar. We infer plagioclase was converted to 
diaplectic glass via a solid-state mechanism and that melting only occurred along melt boundaries. 
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