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PETROGRAPHY OF SHOCK FEATURES IN THE 1953 MANSON 2-A DRILL CORE. 
N.M. Short, Penn State University - Hazleton Campus, Hazleton, PA 18201 
and D.P. Gold, Penn State University, University Park, PA 16802. 

Drilling of Nx core in late 1953 into an anomalous zone of disturbed 
rocks northwest of Manson, Iowa disclosed presence of extensive breccias 
including cyystalline rocks brought to the surface from depths of 4 km or 
more [l]. Hole 2-A penetrated breccias dominated by leucocratic igneous and 
metamorphic lithologies, later interpreted to be part of a general ringed 
peak complex within a 35 km wide impact structure produced about 65 Ma ago. 
Proof of this origin was given in 1966 [2,3] by NMS through recognition of 
shock metamorphic features in 2-A materials during a cursory examination of 
samples provided by R.A. Hoppin, University of Iowa. A detailed study of 
this material now underway has revealed that most breccia clasts in 
2-A show abundant and varied evidence of shock damage, including extensive 
planar deformation features (PDF) in quartz, K-feldspar, plagioclase, and 
a pyroxene and varying degrees of isotropization and incipient melting 
in feldspars. 
In 1966 22 samples from 17 intervals at depths between 30 and 96 m (from 

the top 58% of the core taken to a depth of 145 m) were collected. Sampling 
was biased towards recovery of large or distinctive clasts but matrix binder 
accompanies 18 of these samples. At least 80% of rock fragment clasts con- 
sist of igneouslike rocks (mostly granodiorites) containing crystals (from 
2 to lo+ mm) of quartz, plagioclase (mainly oligoclase), some microcline, and 
biotite (5-252 by volume). Biotite schists, two types of diorite, and a 
fine-crystalline rock (which may be a phyllite derived from a shale protolith) 
comprise most of the remaining lithologies. The matrix varies from dominance 
of fine sized rock fragments and single (disaggregated) quartz and feldspar 
grains, and mica shreds to a similar mixture in which a possible molten phase 
now crystallized acts to hold particles together; chlorite is common in the 
matrix and replacement calcite may be present. Nearly every larger clast and 
many of the matrix fragments show conspicuous signs of shock damage (except- 
ing sample M-318, in which only a few quartz fragments contain some PDFs; 
its black matrix is anomalous). These effects are described below in 
terms of mineral categories: 
Quartz: The most diagnostic characteristic of shocked Manson crystalline 

rocks in the abundant and often unusual development of PDFs in most quartz 
crystals/grains. Many grains contain at least 3 and up to 8 sets of general- 
ly close-spaced PDFs; preliminary measurements indicate ~{1013) and T {  1012) 
are common (determination of crystal plane orientation, in progress, will be 
presented at the Conference). The predominant mode of PDF occurrence in the 
granodioritic clasts, and in most quartz matrix fragments, is associated with 
a pervasive alteration whose identity is under investigation. Individual 
crystals appear in plane transmitted light to have an orange-brown color 
related to extremely tiny specks of unknown identity; in reflected light, 
these crystals have a cloudy grayish translucent tone. Under cross- 
polarizers, this coloring effect replaces the normal gray to yellow bire- 
fringence of quartz with shades of deep reddish-brown. As the effect 
intensifies, the PDFs become more obscured until a stage is reached in which 
they seem to "disappear" as the quartz undergoes incipient isotropization. 
Where the brown color is less intense, individual PDFs often appear "decor- 
ated" with the specks. While this coloration is found in most quartz that 
occurs as single crystals or a cluster of several, some of these lar er 
entities (which normally display undulatory extinction) have few sucE specks. 
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A second mode in these leucocratic rocks is that of an area that looks like a 
single crystal but is composed of tens to hundreds of small, anhedral quartz 
crystals of varying orientation, giving rise to a granoblastic or mortarlike 
texture (smaller rock fragments in the matrix with this texture resemble 
quartzite but are probably disaggregated from their granodioritic parents). 
We speculate that this stainlike coloration is due to an iron-rich clay 
mineral that formed in the "vulnerable" shocked quartz after the impact 
event. Examination of quartz-bearing rocks from 23 other impact craters has 
failed to duplicate this degree of discoloration (only Steen River [Canada] 
material shows similarities); we believe this effect is a signature "unique" 
to Manson and thus may afford a diagnostic criterion for correlating it to 
K-T boundary shocked quartz. Examples of undecorated and decorated PDFs are 
shown below. 
Feldspars: PDFs form as low density, broadly spaced patches to continuous, 

contiguous (resembling fine polysynthetic twins) sets in plagioclase not 
showing twinning. Albite-twins show close-space sets arranged either normal 
or en echelon to the twin plane. PDFs form intermittently in parts of micro- 
cline grid twinning. PDFs occur in poikolitic quartz in feldspar and 
rarely in minute quartz in myrmekite. More highly shocked feldspars 
display fractures (offsetting twins), undulatory extinction, and breakdown 
through incipient isotropization into irregular patches and blebs that 
form complex light-dark extinction patterns during stage rotation. Some 
crystals in a sample appear to have been briefly melted, with internal 
flow bands. Rarely, maskelynite stage isotropization develops. Alternate 
albite twins are selec-tively altered to secondary minerals, as though 
converted to glass. A diorite clast contains feldspar glass recrystallized 
spherulit ically. 
Dark Minerals: Biotite is notably kinked in some samples; at higher shock 

levels its cleavage traces disappear and it may decompose to a brown phase 
with black (magnetite?) inclusions. Enstatite in the diorite clast develops 
fine polysynthetic twins resembling PDFs. 
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