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Introduction: Vesicular glasses found in the vicinity of 

Centinela del Mar (CdM), Argentina have been interpreted 
as products of a bolide impact into thick loessoid sediments 
approximately 450 ka [1]. The age, abundance, and strati-
graphic setting of these glasses in addition to petrographic 
evidence of extremely high temperatures (baddeleyite, le-
chatelierite) and rapid quenching (β-cristobalite) support an 
impact origin. However, specific examples of shock-induced 
transformations previously have not been reported.   

Here we report the identification of diaplectic glass, pla-
nar deformation features (PDFs), and other planar lamellae 
in plagioclase and alkali feldspar grains, entrained in the 
CdM glasses, that only have been observed in association 
with hypervelocity collisions and nuclear explosions [2-4]. 
We also report the presence of ballen quartz grains which 
have been considered diagnostic of shock formation [4-6].  

Planar Deformation Features: We expect PDFs, in 
quartz and feldspar, to be extremely rare in the CdM glasses 
due to the characteristics of the presumed target materials. 
Porous, hydrated sediments facilitate both poor shock cou-
pling [7] and early onset of melting [8]; consequently, many 
of the few grains that do form PDFs may be destroyed soon 
thereafter. Nevertheless most impact melts contain at least a 
few grains with these diagnostic microstructures, and the 
CdM glasses are no exception.    

Shocked plagioclase grains (e.g., Fig. 1) display the dis-
tinctive ladder texture discussed by French [4].  In these 
grains one or two sets of PDFs appear as series of short, 
closely spaced rungs stacked between albite twin planes.  

Alkali feldspars account for the majority of mineral 
grains in the CdM glasses [1] and thus more frequently are 
observed to exhibit shock signatures (planar fractures, PDFs, 
or diaplectic glass). PDFs in alkali feldspars are identified 
optically as single, continuous arrays of 1 µm wide planar 
features spaced 2 to 4 µm apart (e.g., Fig. 2). SEM observa-
tions suggest that these features are sharp, sub-micron wide 
zones (Fig. 3) possibly filled with glass. The refractive index 
of the filling material is significantly higher than the indices 
of the host grains (which notably are lower than the indices 
of unshocked feldspars [3]). This situation is very similar to 
PDFs in some sodic feldspars discussed by Robertson et al. 
[9].        

Diaplectic Feldspars: Above the pressures required to 
produce PDFs, a shock wave can destroy the long-range 
order of quartz and feldspar, thereby forming diaplectic glass 
(i.e., without physically melting the grains). Because this 
transformation occurs in the solid state, grain boundaries and 
internal fabrics are preserved [3]. Often only portions of a 

grain are converted [2, 4] leaving an irregular patchwork of 
amorphous, isotropic regions (e.g., Fig. 2). We find that 
these patches of glass are common in feldspar grains within 
the CdM glasses, especially alkali feldspars which also ex-
hibit anomalously low refractive indices.  

Other Planar Features: Two alkali feldspar grains ex-
hibit peculiar planar features that require special comment. 
The grain illustrated in Figure 2 contains a set of N-S trend-
ing sub-planar lamellae 3 to 4 µm wide separated by nar-
rower lamellae of lower birefringence. The lamellae are 
slightly displaced along the PDFs. These might represent 
shock-induced mechanical twins. 
        Similarly the grain shown in Figure 4 contains alternat-
ing sets of wider (2 to 3 µm) and narrower (1 µm) lamellae 
reminiscent of polysynthetic twinning except that the nar-
rower bands are isotropic and apparently filled with a so-
dium-rich glass. Alternating albite twins in shocked plagio-
clase feldspars commonly are transformed to glass [4], but 
whether the amorphous lamellae here reflect a similar cir-
cumstance or are themselves PDFs is yet to be determined.   

Ballen quartz: Ballen quartz generally is considered to 
be a reversion product after lechatelierite or diaplectic quartz 
[4, 5], but an argument can be made that the ballen loops are 
primary, shock-induced features [6]. In either case, the oc-
currence of ballen grains has been considered a diagnostic 
feature of impact products. In the CdM glasses, ballen grains 
(e.g., Fig. 5) are common in the vicinity of lechatelierite 
blebs and shocked feldspars.     

Conclusions: The identification of feldspar PDFs, 
diaplectic glass, and ballen quartz within the CdM glasses 
provides strong additional support to the conclusion that they 
were produced during a hypervelocity impact. These find-
ings also suggest the types of shock deformation that might 
be preserved during other impacts into similar sedimentary 
targets. 
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Figure 1. Photomicrograph (plane-polarized light) 
of shocked plagioclase exhibiting two sets of closely 
spaced PDFs trending NW-SE and SW-NE across 
through the grain. Albite twin planes (tp) run N-S. 
Circled areas are regions composed of partially re-
crystallized diaplectic glass. 

Figure 2. Photomicrograph (cross-polarized light) 
and backscattered electron micrograph of alkali 
feldspar grain illustrating probable PDFs, planar 
fractures (PFs), twin planes (tp), and diaplectic glass 
(dp).  
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Figure 3. Backscattered electron micrograph of alkali feld-
spar grain exhibiting thin, straight PDFs trending NW-SE. 
Arrows highlight some of the more easily resolvable 
planes. 

Figure 4. Photomicrograph (XPL) of alkali feldspar grain 
displaying peculiar planar features. Dark bands are iso-
tropic lamellae apparently filled with sodium-rich glass. 

Figure 5. Photomicrograph (plane-polarized light) of ballen 
quartz exhibiting its characteristic “fish scale-like” texture
consisting of incompletely closed loops.  
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