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THE K/T BOUNDARY AND OTHER ENVIRONMENTS: IMPLICATIONS FOR THEIR ORIGIN. J.S. 
Alexopoulos (I), M.R. Owen (2) and R.A.F. Grieve (1). (1) Geological Survey of 
Canada, Ottawa, Canada, KIA OY3, (2) Dep't of Geology, St. Lawrence Univ., 
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The cause of the K/T mass extinctions continues to be the subject of debate 
(1). Well-documented chemical evidence for the impact hypothesis (2,3,4) has been 
challenged by volcanic supporters, who believe an equivalent chemical signature 
can result from endogenic processes (5,6). Physical evidence for impact was 
originally presented by Bohor et al. (7 ) ,  who observed quartz grains exhibiting 
distinct shock lamellae in boundary deposits. Subsequently, Carter et al. (8), 
based on their findings of so-called "equivalent" shock lamellae, argued against 
an impact origin and in support of a volcanic origin for these lamellar features 
in K/T boundary deposits. Recently, Owen and Anders (9) presented evidence 
against a volcanic origin for the K/T through the association between general 
rock type (source rock) and the cathodoluminescence of quartz grains from the 
K/T in the Raton Basin and from the Bishops Tuff. 

Alexopoulos & A. (10) discriminate shock (impact)-produced lamellar 
features from other dynamically-produced lamellar features and conclude that 
their development in K/T quartz is consistent with production in an impact event. 
The parameters, which must be met in order for lamellar features to be considered 
shock (impact)- produced, are: the features must be well-defined, sharp, 
straight, parallel within a set, continuous, and must extend across most of the 
grain. With the exception of basal features, multiple sets predominate, and 80% 
of measured features must have c, o, and x crystallographic orientations. 

Carter and Officer (11) present evidence on the appearance, multiplicity, 
and abundance of lamellar features in quartz from K/T (Raton Basin and Gubbio), 
volcanic (Toba, Bishops Tuff), and experimentally cold and hot shocked samples, 
that they claim repudiates all assertions of (10). They stress the occurrence 
of mainly single sets per shocked grain and note similarities in appearance, and 
the small proportion of shocked to unshocked grains from the K/T, volcanic and 
experimentally hot shocked samples. In order to clarify these statements and 
elaborate on previous observations (lo), we have examined additional samples 
from the Raton Basin and Toba. Specifically, we observe shock lamellae in -25% 
of all quartz grains from the Scollard Canyon and Raton Basin and 70% of the 
shocked grains exhibit multiple sets (Fig. 1). This is at variance with the 
results of (ll), who imply that multiple sets occur in only 22% of shocked quartz 
grains. The observations of (11) are based on 100 unshocked and shocked K/T 
quartz grains. However, if only -30% of all quartz grains exhibit shock lamellae , 
then in the sample of 100 grains 22 of 30 grains contain multiple shock lamellae, 
i.e. -70% of shocked grains contain multiple sets. This would be equivalent to 
the results of (10,12) (Fig. 1). We, therefore, suspect that semantic differences 
are the cause of these apparently divergent observations for K/T quartz. 

Shocked and unshocked quartz grains in samples from a known impact site 
(Haughton), from two K/T boundary sites (Raton Basin and Scollard Canyon) and 
from a known volcanic site (Toba) were utilized in the cathodoluminescence 
section of this study. Shocked and unshocked quartz grains in quartzites from 
the Haughton impact structure revealed a diversity of luminescence color. Shocked 
grains, with planar features characteristic of low to high levels of shock, 
luminesced a variety of colors; dark blues for intrusive igneous and 
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high-grade metamorphic rocks, and reddish-brown for recrystallized low-grade 
metamorphic rocks. This variation in colors indicates that these meta-sediments 
were derived from a variety of source rocks. Shocked quartz grains from the Raton 
Basin and Scollard Canyon K/T boundary samples luminesced a similar variety of 
colors, also indicating a mixed lithologic source. Negligible volcanic 
contribution (light blue CL) is evident. A suite of over 40 Toba caldera 
samples, including those utilized in (8), were also analyzed. Quartz grains 
without lamellar features, and rare (<<I%) quartz grains with single sets of 
lamellar features all luminesced the pale blue color characteristic of a strictly 
volcanic source. These observations are similar to those previously observed in 
samples from the Bishops Tuff (9) and support an impact event over a volcanic 
event at the K/T boundary. 

This preliminary cathodoluminescence study adds further support to the 
impact hypothesis for the K/T boundary and argues against assertions of (8,ll) 
and for a volcanic origin. Our initial results for K/T quartz do not reveal a 
correlation between level of shock in quartz and source rock, as defined by 
cathodoluminescence. From the diversity of luminesced colors, multiple source 
rocks with various shock levels are apparent. A more quantitative statistical 
approach currently underway may reveal a bias of certain levels of shock to 
certain source rocks and the proportions of the various lithologies in the K/T 
samples. Such observations along with our current knowledge and understanding 
of the impact process, could provide a stratigraphic restriction for the 
postulated K/T impact event, with implications for its location. 
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