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Planar deformat ion features  i n  t e c t o s i l i c a t e s ,  pa r t i cu l a r ly  i n  quartz ,  
have been recognized a s  unique evidence of shock deformation since ear ly  
petrographic s tud ies  of t e r r e s t r i a l  impact breccias .  Carter (1) and 
Engelhardt and Bertsch (2) es tabl ished tha t  such features  i n  quartz are  the 
t races  of g l ide  d i s loca t ions  containing dense Si02 g lass  or high-pressure 
quartz polymorphs. Robertson e t  a1  (3) demonstrated t ha t  the planar fea tures  
developed p a r a l l e l  t o  a r e l a t i ve ly  few r a t i ona l  crystal lographic  planes,  and 
tha t  a succession of shock leve ls  could be defined from the appearance, 
disappearance or r e l a t i v e  abundance of pa r t i cu l a r  o r ien ta t ions .  Laboratory 
experiments ( 4 , 5 )  confirmed tha t  such features  were the product of shock and 
tha t  they developed between approximately 10 and 20 GPA. Although there  
s t i l l  e x i s t s  some uncertainty i n  the absolute cor re la t ion  of pa r t i cu l a r  
l eve ls  of planar feature  development with pressure values ,  l a rge ly  due t o  
the change of sca le  between laboratory experiments, nuclear explosion 
c r a t e r s ,  and large hypervelocity impact s t ruc tures  , with the accumulation of 
new or refined data  the ear ly  descr ipt ions and in t e rp re t a t i ons  have remained 
va l id  with one or two annoying exceptions. The number of exceptions, 
however, has now reached the point where some reassessment is required. 

Our scheme (3)  of the progression of planar feature  or ien ta t ions  was 
based on samples of c r y s t a l l i n e  rocks of minor porosi ty ,  general ly  "grani t ic"  
gneisses ,  and was corroborated by the Ries c rys t a l l i ne  mater ia l  (2). The 
progression has since been supported i n  every case where measurements are  on 
c rys t a l l i ne  rocks. Our e a r l i e r  caution tha t  ". . . the sequence out l ined for  
gneiss ic  rocks of low porosi ty  w i l l  d i f f e r  i n  d e t a i l  from sequences of shock 
fea tures  formed i n  more porous mater ia l s  . . . " (3)  has been borne out by the 
exceptions which occur i n  sedimentary rocks of some porosity.  

The anomalies f a l l  in to  two groups: ( i )  s i t e s  where planar fea tures  a re  
completely lacking, or almost so,  i n  quartz shocked to  normally su i t ab l e  
pressures,  ( i i )  s i t e s  where the normally predominant g o r i e n t a t i o n  i s  lacking 
or severely reduced, whereas or ien ta t ions  supposedly cha rac t e r i s t i c  of 
r e l a t i ve ly  high deformation leve ls  appear i n  rocks which have obviously not 
experienced the required shock pressures .  

In the f i r s t  category Barringer provides the most s t r i k i n g  example. 
Coconino Sandstone spans a range from unshocked t o  en t i r e ly  g l a s s ,  with up 
t o  32% coes i te  ( 6 ) .  However, i n  no instance do planar features  occur i n  
more than 5% of the gra ins  whereas i n  c r y s t a l l i n e  rocks 100% of the quartz  
would display planar fea tures  a t  equivalent shock leve ls .  A t  Gosses Bluff,  
planar features  a re  considerably l e s s  abundant i n  porous sandstone than i n  
adjacent heavily s i l i c i f i e d  un i t s  ( 7 ) .  Athabaska sandstone a t  Carswell 
appears unshocked although quartz of the immediately underlying garnet gneiss 
shows planar fea tures  Indicat ive of > 15 GPa (8 ) .  The extensive l i t e r a t u r e  
on the Ries, where the c r y s t a l l i n e  rocks furnish a v i r t u a l l y  complete 
spectrum of shock e f f e c t s ,  contains p rac t i ca l l y  no reference t o  shock 
features  i n  the sedimentary rocks except to  note t ha t  such e f f e c t s  i n  a 
Bunte breccia  sample a re  almost exclusively confined t o  the 1% of 
c r y s t a l l i n e  rock fragments ( 9 ) .  
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The c i r c u l a r  s t r u c t u r e  near Uvalde, Texas has  been proposed a s  an impact 
c r a t e r  (10) al though t h e r e  was no d i s t i n c t i v e  evidence of shock metamorphism 
repor ted  from the abundant b r e c c i a  of  l a r g e l y  ferruginuous sandstone c l a s t s .  
However, from examination of numerous b recc ia  samples, con ta in ing  s e v e r a l  
sandstone c l g s t s  each,  one s i n g l e  quar tz  g r a i n  was found t o  con ta in  two s e t s  
of d e f i n i t e  p lanar  f e a t u r e s  p a r a l l e l  t o  u. This seems s l i g h t  evidence t o  
confirm an o r i g i n  by meteor i t e  impact b u t  i n  l i g h t  of the f indings  descr ibed 
above it can be considered c h a r a c t e r i s t i c  of the  e f f e c t :  of low t o  moderate 
shock pressures  on such l i t h o l o g i e s .  Uvalde may now be c l a s s i f i e d  among the 
t e r r e s t r i a l  impact s t r u c t u r e s  which con ta in  evidence of shock metamorphism. 

A t  a  number of s i t e s ,  almost a l l  i n  sedimentary rocks ,  the re  i s  a  
dev ia t ion  from the  normal sequence of  p lanar  f e a t u r e  o r i e n t a t i o n s .  A t  t he  
B.P. and Oasis s t r u c t u r e s  i n  Libya ( l l ) ,  r e s p e c t i v e l y ,  only 10% and 5% of  
the p lanar  f e a t u r e s  have u o r i e n t a t i o n s  with the vas t  ma jo r i ty  of 
o r i e n t a t i o n s  inc l ined  a t  5 40' t o  the basa l  p lane .  I t  has  been noted (12) 
t h a t  o; o r i e n t a t i o n s  a r e  d e f i c i e n t  i n  sandstones a t  Deca tu rv i l l e .  I n  the  
Dogger sandstone of the Steinheim, 30% o f  the quar tz  f e a t u r e s  a r e  ( 1 0 f i )  
wi th  no i n d i c a t i o n  of any   orientations (13) .  A t  t he  S l a t e  I s l ands  
s t r u c t u r e  shock d i s t r i b u t i o n  i n  the c e n t r a l  u p l i f t  has been es tab l i shed  from 
the t y p i c a l  progress ion of  p lanar  f e a t u r e  development i n  the  c r y s t a l l i n e  
rocks (14) .  I n  c e r t a i n  quar tz  v e i n s ,  however, o r i e n t a t i o n s  a r e  severe ly  
reduced whereas the  occurrence of fl and o the r  o r i e n t a t i o n s  would normally 
a s s i g n  a much h igher  deformation l&el t o  these  rocks than t h e i r  s t r u c t u r a l  
p o s i t i o n  a l lows.  A s i m i l a r  s i t u a t i o n  appears t o  e x i s t  a t  Vredefor t .  Here, 
most q u a r t z i t e  samples d i s p l a y  only c  f e a t u r e s  i n  keeping wi th  t h e i r  d i s t a n c e  
from the presumed shock c e n t e r .    ow ever, although w f e a t u r e s  a r e  r a r e  t o  
absent i n  these  a s  we l l  a s  i n  another population of samples, the  occurrence 
of high-angle f e a t u r e s  i n  the  l a t t e r  would ass ign  t o  them a  much h igher  
l e v e l  of shock deformation than accep tab le ,  using the normal progress ion of 
p lanar  f e a t u r e  development (15) .  

The sequence of deformation i n  the porous Coconino sandstone (4 )  
culminating i n  the enhanced production of coesi  t e ,  s t i s h o v i t e  and g l a s s  
provides an i n s i g h t  i n t o  the suppressed planar  f ea tu re  development. Below 
approximately 5.5 GPa work i s  done t o  reduce poros i ty  by physical  c los ing  of 
the  voids by compression. Above the HEL, i n  the regime where p l a s t i c  
deformation i s  normally manifested by g l i d e  d i s l o c a t i o n s  producing planar  
f e a t u r e s ,  p l a s t i c  deformation occurs as  marginal flow and r e c r y s t a l l i z a t i o n  
to f u r t h e r  reduce poros i ty  by forming an in te r lock ing  network. A t  s t i l l  
h igher  p ressures ,  aga in  where p lanar  f e a t u r e s  would normally develop, the 
energy deposited i n  the  voids c r e a t e s  a  pressure-temperature regime which i s  
more conducive to  the production of high pressure  s t r u c t u r a l  polymorphs a t  
an average shock p ressure  lower than required i n  c r y s t a l l i n e  rocks.  
Comparable behavior has been demonstrated i n  the l abora to ry  where the onset  
of d i a p l e c t i c  g l a s s  and shock mel t ing i s  lowered i n  porous ( p a r t i c u l a t e )  
m a t e r i a l  v s .  c r y s t a l l i n e  (16) .  - 

Explanation of the anomalous sequence and lack of 2 f e a t u r e s  i s  more 
s p e c u l a t i v e .  The l abora to ry  production of quar tz  p lanar  f e a t u r e s  ( 4 , 5 )  
d i f f e r e d  from t h a t  i n  c r y s t a l l i n e  rocks ( 3 )  i n  t h a t  w o r i e n t a t i o n s  were 
produced f i r s t  i n  t h e  l abora to ry ,  with c  f ea tu res  recorded a t  h igher  - 
pressures .  The l abora to ry  r e s u l t s  may 6e  app l i cab le  to  porous l i t h o l o g i e s  
and the sequence i n  sandstones ,  f o r  example, may be w followed by c .  I f  
such i s  the c a s e ,  and i f  a t  p ressures  where wshould-develop s t r a i z  was 
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taken up i n  c los ing  voids  and p l a s t i c  deformation and r e c r y s t a l l i z a t i o n ,  
the  w pressure  regime may be surpassed without t h e i r  s i g n i f i c a n t  formation.  
~ b o v e  t h i s  regime, where o the r  forms of  p l a s t i c  deformation have been . 

completed, the  normal production of  c f e a t u r e s  proceeded, followed by the 
remainder of the normal sequence. ~ i t h o u ~ h  t h i s  explanat ion may have some 
p l a u s i b i l i t y  i n  the  porous sedimentary rocks i t  i s  d i f f i c u l t  t o  apply such 
reasoning to  the  Vredefort  q u a r t z i t e s  and S l a t e  I s l ands  quar tz  v e i n s .  

It i s  apparent  t h a t  a t o t a l  comprehension of quar tz  p lanar  f e a t u r e  
development has not been achieved and t h a t  a t t e n t i o n  should be focussed on 
shock deformat ion of porous l i t h o l o g i e s  . 
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