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ON REPORTED OCCURRENCES OF SHOCK-DEFORMED CLASTS IN THE VOLCANIC 
EJECTA FROM TOBA CALDERA, SUMATRA. V.L. Sharpton and B.C. Schuraytz, Lunar and Planetary 
Institute, 3303 NASA Road One, Houston TX 77058 

Over 30 years of exhaustive research in the nature and occurrence of shock deformation products [I- 
31 have lead to the conclusions that (1) shock metamorphism is produced in the natural environment solely 
by hypervelocity meteorite impact; and (2) shock metamorphism produces some unique physical, chemical 
and mineralogical changes in the target rocks that can be used to distinguish meteorite impact from other 
geologic processes. Among these diagnostic shock features are shatter cones, multiple sets of rational 
planar lamellae in quartz and feldspar grains, diaplectic glasses, recognizable meteoritic trace element 
signatures in some melt rocks, and the formation and preservation of high pressure phases such as 
stishovite. Consequently, the suggestion by Carter et al. [4] that phenocrysts within the silicic volcanic 
deposits from the Toba caldera [5] in northern Sumatra show indications of shock metamorphism has 
fueled recent challenges to the proposed impact origin, not only of the Cretaceous-Tertiary boundary 
deposits [4,6-7, but of many terrestrial "cryptoexplcsion" structures, as well [q. Given these far-reaching 
implications, we have undertaken a detailed examination of Toba samples [8], hcluding many of the same 
sections documented by Carter et al. In this short note we review the salient findings of Carter et al. and 
present the results of our petrographic and geochemical analysis of Toba phenocrysts. We conclude that 
the mosaic extinction patterns in feldspars originally attributed to shock deformation [4] are more likely to 
be the effects of an extended and chaotic phenocryst crystallization history. 

Carter et al. report rare occurrences of single sets of planar deformation features in quartz grains 
within the Toba samples. Subsequent examination of these samples [9] supports rare occurrences of 
lamellae, but with optical characteristics more like common tectonic (Boehm) lamellae rather than shock 
features. We have examined approximately 200 quartz grains from 7 Toba thin sections and were unable to 
find any examples of planar features in quartz (single or multiple) that resembled shock features in quartz 
at impact sites. It is worth mentioning that the oilly occasion where single sets of planar elements are 
considered diagnostic of shock is when they parallel the basal pinacoid (0001) of the quartz lattice [10,11]. 
The orientation data for the 24 occurrences of planar elements reported by Carter et al. (their Figure 2) 
reveal that such basal features have not been observed in the Toba samples. 

The interpretation by Carter et al. of shock in the Toba deposits appears to rest heavily on 
occurrences of what they have interpreted as "shock mosaicism" in plagioclase feldspars. Mosaicism 
describes the highly irregular or patchy optical extinction pattern that, in shocked minerals, is associated 
with the formation of mutually disoriented domains in the crystal structure [3] resulting from dynamic 
compression above the Hugoniot Elastic Limit. Shock-induced mosaicism has been studied experimentally 
[I21 and has been reported at several impact structures [11,13]. However, mosaic or patchy extinction in 
magmatic feldspars also can result from compositional zoning imparted by a multi-stage history of crystal 
growth and resorption [14]. Such patchy zoning is exceedingly widespread in the common plagioclase-rich 
volcanic and plutonic rocks of calc-alkaline affinity and suggests an alternative interpretation for the 
features in the Toba samples. 

To see if chemical zonation might explain the mosaic texture in the Toba phenocrysts, we have 
determined the compositions of optical domains in 5 plagioclase feldspars (145 analyses) from sample T-65 
using the Cameca electron microprobe at JSC. One feldspar, showing no unusual extinction pattern, was 
determined to be a compositionally homogeneous alkali feldspar with cation variations of <3% (Or72- 
Or7.j). The remaining four feldspars are plagioclases showing well-developed patchy extinction and include 
one described by Carter et al. as expressing partially recovered mosaic structure (their Figure 3c). The 
results of two orthogonal traverses across this phenocryst (Figure 1) demonstrate a strong chemical zoning 
that is directly correlated with the patchy extinction domains. Compositions range from An40-44 for the 
host feldspar (bright zones), to An32-37 in the irregular extinct zones within the crystal. The remaining 
three plagioclase phenocrysts show a broad range of compositions from An83 to An32 and, in every case, 
distinct compositional variations coincide with extinction domains. 

In general, the host plagioclase composition is substantially more calcic than the discrete or 
interconnected extinction domains within the host. This seems consistent with crystallization within an 
evolving magma characterized by growth of an early-stage calcic plagioclase, followed by an episode of 
resorption producing internal corrosion and embayrnent of the host. A later-stage growth phase could have 
then filled the cavities with plagioclase of a more sodic composition producing the mottled, patchy or 
mosaic appearance of these phenocrysts under crossed polars. Zoning, rather than shock deformation, is 
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supported also by petrographic evidence from over 100 Toba plagioclase feldspars expressing similar 
mosaic textures: (1) All such phenocrysts show indications of resorption; (2) discrete optical domains 
extinguish simultaneously, unless interrupted by twinning; (3) where vestiges of normal zoning have 
survived along the feldspar rims, the discrete internal zones are in optical continuity with rim zoning; (4) in 
some phenocrysts, extinction zones can be detected in plain light by their high content of inclusions, and; 
(5) similar phenocrysts are observed within the passively extruded post-caldera dome deposits we have 
examined. 

The results summarized above indicate that the mosaic extinction patterns noticed by Carter et al. are 
not expressions of shock deformation; instead they appear to be the optical expression of patchy 
compositional zoning resulting from a complex and extended phenocryst crystallization history. Finally, we 
note that while occurrences of kinked biotites, plagioclase mosaicism and rare single sets of 
microdeformation features in quartz within Toba volcanic deposits are intriguing, none of these features 
are useful tools for distinguishing shock deformation because, as we have demonstrated here, other 
geologic processes can result in similar features. Thus, occurrences of such features in endogenic 
environments have little relevance to the interpretation of impact structures or the K-T boundary, all of 
which contain unique signatures of shock metamorphism. 
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43 Figure 1: This plagioclase phenocryst 
42 (T-65 [q)  from Toba Tuff shows typical 
41 expression of mosaic or patchy extinction 
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and is described in Figure 3c of [4] as 
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plotted here as mole % Anorthite, 
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correspond with the extinction domains. 
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Such intense chemical zonation indicates 
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this extinction phenomenon results from 
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crystal growth processes, not shock 
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deformation. Microprobe traverses are 
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