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20. ABSTRACT (Continued )

assignments to the Cactus core of 3.3 GPa at Sin. 5m . and 2.0 GPa at l 3mmi .
‘ 5m . Unshocked cora l core samples showed no splittin g amplitude variation
with depth. Results from coral subjected to a long duration pressure pulse in
the Mis er s B lutf TNT experiment are generally inconsistent. Laboratory
shocked sin gle crystal Calcite showed similar decreases in hyperfir ie peak
spl itt i ’’ , but at pressure levels three times greater than those producing
comparab le coral sample spectra . The decrease in  pea k splitting is interpreted
to reflect small increases in cation-anion distances produced by mechanical
ene n qy inp ut d un n the shock process. Another parameter , the non—central to
centra l transition F)eak amplitude , is observed to decrease with increasing
pressure in spectra of sin g le crystal calcite, and mit ay provide a means of
empi r ically correlating very low ( 4.5 (Wa ) shock pressure levels in calcite.
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LNTRO UE C ’I ’  I ON

Our inves t iga t i ons  ov er  t hc  last  s i x  m o n t  u s  h i v e  s ’onst ’iitrated almost

exc lus ive ly on the  r e — e x a m i n a t i o n  and r e f  iIltiiW’flt .1 the F ’ I F ’ I  t ron s p i n  r esonance

techn ique  as means of det e ct  i i sq  and p Iacin ~ q u a n t i ta t i v e  pr e s s u rt  l i m i t s  on

shocked c a r b o n a t e  m a t e r i a l s .

An e xt e n s i v e  ser ies  of  usa I v s t ’s  on n , i t t i r , i I l v  and l a b o r a t o r y  5111 11 ked and

on unshocked samp it ’ s of b o t h  s i n g le c rv s t  i i  s - i  I c  i t t ’  and lii i irIs! f l i lase ( r i  1’ i t

p l u s  a r agon it e )  cI r , l l l i I s I ’  n u 1 t i ’ r i i l s  have  vF ’ r i t  I I ’ C lint’ 01 ‘l i i llr I ’ v i I I I I W l V  rF’

por t ed  r e su l t s  ( V i c c , i rd : i  and Ahrens , 1.Y 1 7 )  . Spi ’s ’ i i  i t  l v , -;svs ’r ,II s I l t ’ s t r . I l

t e a t t i r e s , r e l a t e d  tI’ the  ,11115 I l ISt  (‘If ‘ r v s t . i  I I i c i d  . - ; s l i  t t  i ; i ~ , i i i  d l v i  I t - u t I1I.1fl1’ , i—

nese , a common t r i l l ’ t ’l em e l S I. i n  s I I s i t c , show L’ O l C i u l I - I t  \ r i I L i o fls W i t h  shock

p r e s s u r e .

P r e v i o u s  lv  r ep o r te d  v~ i r i i  i I rIS i n  t h e  . i r 1 ~~1 j i l l  I i i  the r. I s !  l i t  I s  Il l  dam agr

cen te r  p e ak s  (ri’ no is ’ lrMs ’r bel irvesi t o  b 1- C i l IsOd I’ . .SII4 ’ I’k in d ll. 5 ’sI .ilIIlt ,il iisg .

C on t r o l sa m p l es  f r o m  an linslI I.’k & ’Ii i’ s ’ r c  ( X d I — I )  p r od . r I  r i s l i s t  i on

c e n t e r  amp i i t t i d e  t r en d  s i m i  lar  to  th ~i I I 1 b 5 3 ’ i ’ , ,  -
~ i t he t:.~ t I ll -, ( : ra  t er  ~-o r~ ’

( be low  t h e  ( ‘ oI’ It.1r i IS . I t  I ’ll uppl’rl:II st  l e v e l s ) ,  i.~’ . • a sI is ’ll t ins ’rF’•lsl in  t h e

deeper  cor e  I eve is. C o n se q u e n t  l v , i t  i s  c o f i s  I Ii1lcd t ri t tile observed (till) l i t  (ide

in c r i tsi ’  w i t  ii d ep t h  i s  I IIS IS I  by c r 3 1 t er  number s  I f  t ie I ‘ 1 t S (ho iF ’  L en t e r s  j nd
!,Q, ~~~

~‘ I ed t ron  c e n t e rs )  l r l .I u,~~’ s1 by r i d  f a t  i ’t i  I rum i’ ement  s such is Is , and

and , li ens-c , ~sr , - I v  r s - l r s - s I n t s  t h e  incrt’ isiis ’ ,l i~ F’ III  the ds ’ 1 ’ 1 I 3 ’r l o re

rock. (A s u~i i  t a r  ip t ’  v a r i a t i o n  h i s  bet -n o b ser ve d  i n  3 S t i l l s  i N’  by N .  I k i - v i ,

l97’~. ) A low pressure sh~osk histor y does no t  , i p i l e . I r  s ’ i p a h l e  ol  mod i t  v i i i - t h i s

f i ~i i r e  to  mv . - r s ’ , I t  e x t  s i l t

i X l ’ C R  l1 ’l i .N I Al.

A l l  S~~~t ’ I l i t  w t’rt’ l F - r I iF ’ l  a t K—band I u 1 I q I o n e  ies  ( 1 .1 9.  ~ ( ‘ 11/)  on a

V i i ’ i lil V — . 100 1 ’ ’ I m ’ ’’lh’I l r . * Room t s - n j ) s - r a t l l r t ’ CF ’ Till der iva t ( V p  s p I l l  F l  WI -ri’

r t - c u r s t e d  i i  1101111 I 1 t ion  .tmp l it ti des rsing iti i I roll 5 t o  0.63 ~. i I i s S  t o in v e s t i ,  III

*The s p i u t r  ‘CL - U  I i .  el in t h i s  S t I I s I V  is a t , i s i l i t v  ol  t i l t ’  N ovi ’s  l . . i b o r i m u v ,
C I T .  I’r~ v l o t s  s p C C t i ’ .i W I - r e  r e l - I l r t lcd by F.  ‘l’ sav I i  t he  I p t  Propuls I l l  Lab .
In compar inq the two ss ’t  S ( II  Pi t t , i l  I o ~~, i i i s ,c 1111151 l I ’ made f r  t h e  l f l s t r l I m I  (1,11
( l i t  I (‘ r I- n ,  P.  
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t he  dL ’p e n d a n c v  ~l t  c r s - s t  i l  f i e l d  sp i i t t i l I p  on t h i s  p a r a m e t e r .  Peak s p l i t t i n g

r ema l U l l! 1 ’ I lnst  - l i l t  i t  l w  I l l o d u l i t  i on  l e ve l s  ( 0 . 6  1( 1 1. f tC ) and inc reased  a t

u -h e r ampi I tusk’s; i ni. ’s h i i i . i t  i on  amp l i t u d e  t t t  1 p. i i iss p r o v i d e d  an op t imum

S i p l l i l  1 ’ ’  1 1 , 1 1 5 1  r a t i o  i n  most  s ’ , 1 S s S i i i . I  q~ - s~~ 1 t he  ltI - . i su r ed  s pe ct r a  were  re—

.‘ r I , -.l It t i l l s  5-1 t i ng .

~-I. ’s (  s t m p l s - s  I I  i . i r i w e t ’k s i l l I ’  1 im est ~llI~~’ w I r l  hand  I r i a b l e  or  e a s i l y

U i .  t i l I ’ I’ , I  i~~J could be d i r e c t l y  p l.ii s ’II l u l t o  4mm d i i ! 1 . Icr  I~~ R q u a r t z  tubes .

I s i inp l F ’s r t ’ q l i i  r i d  gr  u i- I i i i y .  s i  t b  i l II rt , l r  ui~l p F ’st It ’ , hu t  t h e r e  was no

, , r r , , l i t  ( I ’ l l ‘ 1 1 5,  , - f l  h ut ’ amount sli g r i i d i n ’  l l t ’ I ’ I I t ’ i u s!  t h e  c r y s t a l  f i e l d  sp l i t —

h u e  i~: s j ’ I f t u d e .  U i ’  ~~i t l , ’ I ~ t r v s t a l  r , i l ’ i t e  S I - s I l l s -s U I , i t l t l v  I r s i - t u r e i l  and

r t ’ q t u i  t e -  ‘ i i  i i i  h ind 1 in g .

RI. sL’L’I S

I it  l t,”’t I Ik ( i r e  I - i r l . s ’ i t . i t i ’s

.\ I 1 It . s~ i m p I t - s  o t  C o - t u s  I t ’ i t t ’ ~~ s o r e  W e F ’  ~~I l t l I V -~I ’ II L I S i I S p  the  C I T

H ’ -  t i - -- V i i  ( ‘ 1  I I~ h v p e r t i t u e  i ’ i l I ps l I i ~ III ‘I lk si i’ I i t t i n p s  were  c o n s i s t —

i-n t Iv ~ ~~i t - s  l’ tW& ’ t  t i i , ij i  llFl ’ V 1 I l t l i , I V  r e ’ l i , , I  valu ,’s; l, Is- ,- v s - r , t he t rend of

r i - ,i i~
- .- sI S~1 I i t t  ( t i p  v i l i l l  - in s;’;’ ~ r ‘ I  3 ’  1 3 5 1  s I I l p i l  s i s  V e t ’  II led upon re—

i - x I m I I1 . j (  i t ~n .  h r  l i t - - I t i t  I ’ s ; . i i l I p l ( ’S , se v er , i l  ~i l  i l i l l I l t s  wer e  p repa red  and t h e

~~ 1l ,  t I  I iis’ i s i i r, ’d i l l  . 111  5 ’ I C eS , sp l i t t  u r i c V i l l i e C  I t h e  s’ i t ’ i it s i l  i q uoL-s ot

I l i t ’  - - I t ’ S ii 
~‘I ~ ‘ II’ 1 - • - I o w i t  ii i l l  less t h  I I I  0. 5 ,~ 11155.  I’ rom t hO I i’  pr l .  ‘S t

( I ,  I l l S  ‘t li’~~’ 1. - (5 . 1 ‘u I er S i  . ,. I i lIe ;‘ t - I ~ I I i t~ t ong I s)mI’r i t - , a 1 E q LIII t 5 of 1)5)111 t he

‘‘ . 1  - ‘ III 4 1 1 1  I l l - i t  m i i  r i - - - i t  s ’ r i i l  m d  the.’ c i  i S I  s W I l l’ m u  v ze d  ; l i i i -  I’ l a s t s

‘I  i i  I t  i I - i e n t s  I 511 W , ! no ‘ ‘ s i  ‘.‘ - i f ~ 1e ‘
~~i i si~ ’ t u . i l  , i m i t i  1 1 13 ’ r~ ’ p s ’ m ’ t t ’iI  Sp e ct r um

l o t  th i s sam p le I’ - ‘‘I the :‘ , I I I j X  ‘‘ s i t ~~~F l  i i .

P11115 i s  t i nt  v i r i i  i I l ls  In ‘ . ; • -
~ 1 1 , 1  I I i t  l i t  l’s I rorn t he t S Ip t o  liii ’ 1)1) 1 tom of

li t ’  - -u ‘ F’ i l l  h i ’ -
- 

- - I u 1 in I - i s ’ , , 1. 1 I ll s  s p i- . t r i  w I  , I u k e n  i t  a l in i f o r n t  1

g a s .  m t ’ i l t m l , i t  i on  m n ; ’ l  i t  -~~ - -  , t i l l - I  s - t o ri ’ I l i i i ’  ‘ l l i ij ’ I I - . s i l l  lW d i r~~i t  l v  c o m p a r e d . )

l i i i  l o w e - u I ’  I t  f t5’ ~~s , -  I I I I I ,  ‘ I ’ i I ’ I i~ I t  (the It-I t— liand a r r o w  in  t he  f i g u r e )

t s ‘ f ., r , ’~ ii is .1 s l i ~~’ l  I ’ l l  I~ I l  I III 8.1, I I  .$ and l .~. m e t e r  s l . l p les; b e l o w

I i i  t i l ~1)t it I t  I S  I ’ l i i i  Is s i l l  i t  I l i t  ‘ t W O  s l l i l l l i ’  l~ - 11) 11 I h i s  sp l i t t  ing is in—

r ’ . , i ’ t i i t s ’h W~~l l~~- I .  I l i i t ’ s I  i n  I -wt , coN s . I I I Ip I t - s .  The h i g h es t  f i e l d  h y p e r f i n e

u I ’m p i ’ I n ’ n t  ( r i , - i ’ I  5 mud I I  t o W  in I s i r . - )  r e m a i n s  sj ) i i t t I 1 1 I ’ l l p I I s ’ i l (  t h e  ex t en t  of

t i n  , , ‘r i - , ‘II I th e  i~~qi i  It i i i ,  ‘I t i l t ’  S~~I i t t  Ing di’ s r eases a p t  ‘ X i i i I , i t p l V  30% from

t i ll It , . 1  ti)tti Lu t i l l  t ~~‘ . I rm i s I s !  II 1 on , lie i - l i ’  - ‘— I  I i t ’ I  d i l V jl I  rI In c  pe.ik d isplays
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Figure  1. Second d e r i v a t i v e  ESR s p ect r a  ol >1~s~~ in Cac tus
C r a t er  co re  ( X C — 1 )  samp les f r o m  severa l  dep ths .
Note t h i ’ cons i s t en t  v a r i a t i o n  w i t h  d e p t h  in the
sp l i t t i n g  a m p l i t u d e  of  the c e n t r a l  t r a n s i t i o n  h yper—
f i n e  component  peaks , p a r t i c u la r l y  the  h ig hest  and
lowest f i e l d  peaks ( i n d i c . m t e s i  w i t h  a r r o w s ) .  Magnet ic
f i e l d  s t r e n g t h  increases toward the r i g h t .
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a mo re conlplex s u b st r u t - t u rt ’ ; the lower f i e l d  “ sub—pea k ” of th i s  component  is

observed t o  be f u r t h e r  sp l i t  in the three  upper  core sampl es .  The amp l i t u d e

of t h is s p l i t t i n g  is 4 . 5  0 .5  gauss in the 8.1 and 11.8 meter  and 3 ± 0.5  gauss

in the 12.2  meter  samp les; no su ch  smal l  scale sp l i t t i n g  is observed Li o ther

NC—I samp les. Sp l i t t i n g  ( l ar 1’, t ’ s ca le )  Is , in t a c t , observed in al l  6 h y p e r f i n e

peaks i n samp les ta ken f rom be low 1 2. 2  m e t er s .  For  t i le  1 2 . 2  m samp le , howe v er ,

sp l i t  t i n g  can he r e s o l v e d  b r  on ly  the  I upp er  f i e l d  cs ’II t p o nen t s  . The highes t

f i e l d  hyper i  inc  peak shows sp l i  t t i n g  fo r  i l l  sani p i cs ;  t he  a m o u n t  of t h i s  sp l i t —

t j u g  has been mea sured  and the  r e s u l t s  , lr c  p l o t t e d  in  F I ~~~. 2.  The equa t ion  f o r

the power  c u r v e  f i t  f o r  t h e  XC — I d a t a  i s :

( UPS = S .0 7 d
0 . U )  

(1)

wh e r e  hIPS is  t h e  h ip h e s t  f l e l t i  Mn~~ hy pt ’r f i n e  p1 ’ t k  sp l i t t i n g , me ,Istlre d in gauss ,

and d is c o re  d e p t h  in  m e t e r s;  the c or r e l , i t i on  cs ’ c t ’ f i c i cn t , r , is 0.85.

(N ’ r i  I ci ’ Fe 5 Uil~~ i s ’s s h o c k — i  o ,ided in the l a b o r -  I t o r y  a t  p r t - s s u r e s  up to

3. 3 CPa h ive ,i iso be en r e — e x a m in e d ; rs-so Iv eab  I~ ’ spt ’c t r a  have been o b t a i ne d  I or

on lv  t h r e e  S Lfl J )  I t ’s int l  I h i r~ ,- a r t -  r e p r s ’ s l t i . t’d in F’lg . 3. N o te  t I le  s i m i l a r  i t  V in

the  s p e c t r i  ‘ I  t i l~ 2 . 0  CPa lsiboi - ,ito rv shio~~kc’d co ra l  and ti le N C — i  12 . 2  C f t ’ t t F

s imp h e ;  in S I t  h ‘as&5’ • t in 1~’ t i t ’ tiu ret ’ li igh f i t - I d  i l v p e r f  i n c  peaks , t  I.e r & ’s s l lv e a hl y

I i t  , int l  t i u t ’ m t - . t s u r ed  l i sp  i i  t u d e  of sp i i tt  i np  of  t i le  h i g h e s t  f i t ’  id  componen t

is 12 ‘ 0.5 ,~ iu ss. lilt’ tw o  s;ub—p &- iks-s 01’ tlit’ Iii c h t t - u t  t it -Id c&’ i i ips ’uli’nt i t t ’ Sonic—

wha t d i t  f i c i , u l t  to i s l l , I t t ’  in t he  3. 1 C l i  s h i s ’cked s~imp h’ 5 i l e c t r l L :
~~, h u t  s l i g h t l y

h ighe r -t~ 5I~~l t t  i on  t r . i c , - S  O i V t ’ a r e , m d i ~ic of 11 - 2 p ;u u s s .  R e s u l t s  I ron t l i t ’ s e

t ’xp e r i me n t  a 1 l v  sllol ’ ked s ilt) )  k-s .1 r i -  s i l } l e r  i~st po sed s ’i i  t h t -  p ’s  t -r c l i r v , ’ I’ i t  to N C — i

d , m t a  i n Fi g. 2 .  t trs ’~- r t . i i n t j t ’ s j il  , i 5 S 1~~~t t i ’ I s ’ t i t  s l I  p r e ss i r s -  1, -v t - I s  to t’t’r t i jn

d e p t hs  wi -r i ’ d e t t ’t - ii~in t ’d  by  c - u i t n l i t  j u s  t h e  ~ t - i i t I i r d  d , ’ \ ’ i a t j s ’il ‘ 1  t h e  N C — i  d a t i

ri - s i  t s i 1 ~
F E  Id s imp i l ’S f r o m  the NFl’ — I c o r e  WI t t ’  ,l tl - i[v ~i esI intl meas-otremt ’nts l,isip s ’Il

t h e  sp i i t t i t i p  l f l  hilt’ I i i - i i , ’ s t  I it’lt I h Y p t ’r t 1111.’ t ’ s I I I lJ ls l i l t ’ f l t .  f lit ’ ri - s t i l t s  i r e

pl otted in Fig. ‘s .  No t r t - rid i s  obs,- r vtsI in  ti lt’ d a t i ;  i n  p a r t  k u l , i r , thu. - u p p e r

OI- P l ev i  Is sb not 51 151W ’ l I l y  l e t  ri ’ i ss ’ in  I i t ’  - , i f l l s ’ l u t i t  ( It  ~P 1 i t t  i i i i .  A 1 p 1 5

sq u i r t ’s I i t  h u e  t o  t h e  d a t a  prov i d e s  t h e  r . l i t  i ’t i s h i i p :

UPS = —0.0USd 4 1-s . -. , ’ ( 2 )
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XC- I CORE DEPTH (METERS)

F i p u r t ’ 2 .  V ar  l i t  ion of  Mn~~ h y p e r f i n e  pt -ak sp l i t  t i ng , as measured
I
. for t i lt ’  I i i  it t -s t  f i e l d  componert , w i t h  d e p t h  in t h e

Cactus Cr , l t e r  c o r e .  C i r c l e s  r ep r t -sen t t i le  Cactus  d a t a .
Sq I iar ~ ’s r e p r e s e nt  l a b o r a t o ry  shocked c o r a l  core samples ;
the numbers  above the squares  are  shock pressures  in
g i d i ) ) s l s c l ls .
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F i g u r e  3. Cora l  core  (NRC—I) samp les e x p e r i m e n t al l Y  shocked to

i n d i ca t e d  pr e s s u re s  ( i n  CPa) . N o t e  the v a r ia t i o n  w i t h

p res sure  in the  sp l i t t i ng  of tile c e n t r al  t r a n si t i o n

hiv p i - r f I n c  component  p eaks .
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Fiprz rc -~~~. H i g h e s t  f i e l d  ~Iti~~ h y p e r fin e  peak sp l i t t i n g  v a r i a t i o n
w i t h  d e p t h  i n  the unshocked XRU— 3 core .
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‘the XRI’ — 3  d a t a  ( t o p t ’t h ie i ’  w i t h  t i l t ’ -~,p ’r IIs~- u t .i I I shocked s~itti p les) stib st~in t i ,itt ’s

t u e  o h - s e r v e d  sp i i t t  ing  v ar i , i t  is ’i i  in  tiit ’ NC— I .- ,‘rt- ‘is a shot -k  s i s - l  ‘r i ’~.i t i s ’ f l

i t ’, i t u r t ’ and  n o t  , i  r e f  i s ’ s’t i o n  of t r ends  i i i  l i t  ‘
1 J o - , ’’ , s etti e l i l  i t l o i l , c o m p a c t i s tn ,

Ct  c

N I~~e r ’ s IS I uf I’ 5 imj ~ l t -~

i~SR Sp ot ’ t t’ ,i ,~ t IS’ s ’ I v t  s i t t t p l e s  , 5 ~-a Ic i t 1 ’ ant I  i. r . s  I • sh io s kt- d i n  t h e

N i s e r ’s B l i i t  f i N !  h 1 , i s t  of  l b t ’c s -III h - s t ’r l~~77 ws ’ t  t- o b t - i i n i ” .l and  r t l - ,i s i i r , - d .  Si:.:

cv i  in d r i c . i I  s . i : t i p l e  , i s semb i it ’s wer e  enip l a .  e~I i n  t v ’  d i f f s - r e u t  I l o l t ’s in alluvium .

As si i sc l l s s c5i h i - l w  th e se  . I p p t ’ .I r t o  n o t  I i , i v t  h t ’e :l  s t ’ ,’ t t . i l i  i c o  I I  y !5 ’ ,-Je d in ,i V o ry

i l n i t O r I s t  ,~ r lIs ’t I,’ ( , ’ t l s ’ I’ ., i l I t t e l .  Ih i s is p r i ’ b i i ’ l v  :1 I ’o t i s t - h t i ’ i l s ’ e ‘ 1 i nns - is - i tt lo s - i l

, - t i e  i t  i ~‘s i I: t i l t  coy  j F  ‘Ii’1, ’.:

R e s u !  I s  t or  t t r ’ ’ co r a l  sa m p i1 -s i i , ’ l i s t t i l t  i r s -tv agree w i t h  t h e  -

t ’N pt ’ r i l t ~- n t - i l p r ’ - s -~ - s r - s. I l t i  t h t ,  b a s i s  s’f  I I I I  . 1151 ’ l I l t !  , ‘ t ’ ’ ’ : t i -S S  i ’ l l  01 sp l i t t  i t t : ’

in tN - t h r. -e lower I it ’ld hiv p~- i I i n 1 - i s ’III;” ’ l t e r l t S , h i t  samplt’s can be p i t 1  I t . t  I V e l ’ -

r a nk 1 ’ l , in  ‘ u - : . ‘r - I  d .o  i ’ e . l s i n p  s h o c k  s - I i i ’ c t • ,t s  I s ’ I  l, ’s’ s : c v i  i n d c r s  ~~~~ :53 , 0].,

1 intl -“ . t h e  c, i  1 c i i i ti  ted pr  s r e s  t o r  t h t t ’~~t ’ cv  l b  1 s F  s ( i n  t h a t  ‘ ‘r s l e r )

-I r e  . 3 , 0 . 0) , 1 .0 , 0 , 5 , 13.1 and  0.00 1 d l i .  h l v p s ’t ’I j n ’ po.ik sp l i t  t i u ~ - I t t l p l i t s l l i , -S

f s t l l s ’Is’ .1 h~j~’s, ’sl.i I di s: ri P -tb C - I I :  salt p ]  , -s i r on  cv i  i t t ! ,  r s  °2 .  i - i i i , !  sI show a

sp l i t t i n g  ‘ t  i i  t - - 12 , , i u s s ,  w h i l e  t h o s e  t r o l l  - — - m d  i f ’  s i t ’ s’ \‘, i I l i c S  of  15 su i d

‘) i’ i’spt ’ s t  j v~- I - .- . ‘l i l t ’ Sj’ , .- t r . I  I t -  s i t ’ p ’ l s  ~“ N  s t i s’ s ~‘ 1- r ’,- v , - 1 I  ~!eI in ~’d o I N S

pi- n e t i l l y  r t ’s~’m h 1 t -s t n s i i , ’, - k e d  c r v o i i l l i n ,  c’ . i l c i t , -  5)’ .’ ’ t r i ;  t h i s ’  s p l i t t i ng  .P1 . ; - l  I —

tt i sl , - of  t h e  h i : h t  ,- ‘ ~~ I i~ ’ i d  p s ’ N  i s  I . 7 N  ,~~olss .  I I i ,  , i I l o t s , l I o l i S  - i i -  - - i - ’, ’ t  i o n  i n  t h i s

5)’t ’~ ~ r. i  may  t s ’p r , - - ‘:11 ‘ ‘t o - ’ s ’ r i t - r i t . i t  i n  s i t  I - o , : t ’ s i i i ~~1t ’  t r y - - l u  ‘ ‘ I  c . i l c i t t ’

‘~~ i n _ i t  i i i  0 t bI t ’ ‘iv 5 ’r .  ipe  p’ ‘s’,h 5 ’r p i t  t i t  . i h i ’ ,  t ’ xc i -  t fo r s,intp 1 ’  1 , Il l s  - t Is’, ’ V ~~t S

01 1sF c I i t e t ’ i . i  (“q i i i l i t i t  i v , - ” in t l  ‘ , - . I s t t r e . 1  Sp l i t t i l l p )  h i V i l ’  t il e s . I : ’ j ’ l I ’~ f l I t s )

S s i t ’  I i n  i t t ’ I ‘.- shock a t  t o t t  1 - i ‘s i p  c o n s i s t  i n ’ , 01 v I i n d et ’ s ~i 2 , 1 mi ld  :‘l , us

- v I  I t i l i er s  - :~~~ , “N intl ‘ ‘  s- h i - s t  - ‘ ‘ r u  s - e p i c s  - sN ’ s’ l i t t l e  or  Il s ’ ‘-di - ’ , 
~. s t . i l i Ce .

( d i r  b u s  I v  , t h . ’ss-  Is-~’ I ‘ t - — t e t  - - ; cor  r .- s p I - i ld  I s ’  t h’ I Is’s ’ h o !  , ‘ s .  i t t  W’ll i i ’  h l i t - s_ v i  n . t .  rs

wi’r t - i - : ’ t p l  ‘ I t’sl . l i i? ’ , - I - - s ’ r s ) ’ i r i s o n  w i t h  i uhou ’  t r y  d , i t , i  i s  ;s 5 s i l ’ l ~~’ I l l  l’u l l ’~ ‘ t i l t ’

s - t m .1 ’ ;  s p e c t r a  I r o  c o r a l  s i l l ) ’ !  “ b r - I ” ’  ‘ l . s  t h - i t  s ’ t  ‘ ‘ ‘ r . m l 1 , i l ’ o r i t  ti ‘ ‘  sh i s ’ , ke , I

2 . 11 ( ; i ’ , i  1.-v ’ -l ~~.

- S l i t ’ ’ ’ ’ I iu - .- p ’ r t I lls ’ 1’ t ’ ,i k s~’ l  b t t  i i i , ’. V , i l l m e s  I~~’r t h e  t e t ’ 1 , u t t l ‘p I r  i l s  i t .

s m mp l’’s s b -  k ’,l  i n  t i l t- N i  s - I ’ S s . l t t t  I i ’ i , i s t  l I e  , m l l  1 s F ’ . 5 1 1 ; i l , i t  I l I s i  t i l l  j u t

t i l t ’  l in s l l o, k s ’ s l  r , t n d e ’’ ‘ 1  1 .2 1  Is ’ I t ‘ ,i I iss. Ill .51 ~‘F  I -  I t s ’ , . - .t  I~~’ , i t e  ‘ - I  I , e ~
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515cc t ra 1 f i t  t O r t -s wh Ic Ii i t i , i  v he St ’ I lS  U iv ~ I s ’  s I i s ’c  k p resstl re I eve  I s  lower  t han

I ii , ’s, - Ilt’s ’ s ’SSI IFV I s ’ I S tIll l i i i 1, 1 1 ll~ sp l i t  I b i g  s i t  h y p e ! ’ I li lt ’  e o f lip ( l l l ef lt  peaks , ( I l l —

shocked :Illsl  h a h o l l I s I r y  ~ h is ’s’kt’d Ct i l~’i t e  samp 1~ ’’-t S’t ’t ’ ,’ I I n : I l \ ’zed . ‘l ’hic s ’ I , - . i t li r e s

i r s ’ I ab e l  eti on a spot ’ I runt ot i insho, ’ki’ d [t t ~ I t m n d  S~~. i F  i l l  Fi g.  5. Ilk ’ b 111(1St

p r o m i nen t  pi ’ i k u  i r s ’ t h e  h y p e r f  Inc s ’ s ’m i ’ s ’u e n t s  du e  t o  t lit ’ ci -i i t r a l  Sp i l l  t I - i t i s i t  l o l l ,

N = 
+

1 / 2  1 /2 , ‘ i t t
1 

= 0. ( I t  i s  y , i r  i , m t  b o I l s  i i i  t h s ’ s s ’ I c i t  u r t ’s We have  hi ’ t ’ i i

t O i l S  l t i er  l u g  up to  15 5 w .  ) Abss ’i’ pt 1 5 1 1  p e :m k s  due  to I ’ l l —  s i - l i t  I’ .I  I sp i ~ i I r u u ~ i I I 5 ’llS

.ir ’ in t l  i s ’ , i t i ’sl Oil I l i t ’ ii i i ~Ii S m u t1 1 5 1 W  I i o l d  ends sO t l i t ’ sp~ ’c t r u t s . Allo t h e r  s a t  o t

I lh s s 1r p t  i s ’ I i  I l i l t ’S I l l  t ile c, ’ t l t r t i l p o r t  j o t )  s . f  t i l t ’ s I j i e s t t ’ imil l , i l s t h i s t s t ’ s -u i  r s -s; ps ’ I i s i i n g

5 5 1 o r b  i slds’n I r a il s  i t  b o i l s , N = 
+ 

I / 2 
— 

I / 2 , ‘ it = ‘

l” o u u r  sp. ’c t  r , i  o f  s ’ x j s t ’ r i r r r t -ll t i I l v  sho cked  s I i l ’ i s ’ - r v , ; t : i l s , i l c i t , - i r e  r i —

pr otiut’s - sI i l l  El 5’ . . . .- \ i sss ’r p1 l o ll pt ’.i ks s l u t ’ I s ’ i i s ’n— - s - t i t r , i l  t I , i i i s i t l ( I I I S  I r e

i n s h i s , i t ’_ ’sI by  I t r , ’s’s on t h e  t u s h )  s)’ s ’ s ’l r i .  H i , ’ i i i i p l i t  u s l , - s t  t h i s:, - p e aks  h i s  s i e~

s’r e t is ~’~h s i g n i  I j t ’ t ln t  I v  i i i  l i i i ’  5i1f l l~~ I t ’  i - ih i s ’ , i . . t ’ s I  ( 5 ’ 1 .5 CI’,i ;mns i  i la s  t’Ofll p l ( ’ tt - I v

d i s , ip p t ’ i u ’ , ’ 1h I l l  t i l t ’ “I . 5 CI’ ,i s;ililp l t ’ . Ns ’t  s- a! s-a’ t l i s t  , s ’ V t ’l l i l l  t i l t ’ h i g h e s t  sh i t s -ked

SIlnIp le ~t, . 
‘) d h ’ , u )  s pi  i t t  I Ilg i s  cv i t l t ’nt  i n  a I I f t  ct - l I t  r H  t l’5 i u l s  i t lo l l  i l v p t ’ t I  i i ll ’

peaks .

t h r , - , u~~t t h e  M i  :.‘r ‘ s O h i f  I ~s h i s ’ s ’ k t ’ ,i c i  I s i t e  s S ) ) t ’c t r . u  I n -  shown in  1 - i g .

A l l  show s ’ l t ’ . u i I v  t’ , ’ss ’ l v i ’s .h sp l i l t  l u g  I l l  t i m e  ,- e u t t r ; m l  b l , l i i s - j t i s ’ll  i l l - p e r t  l i l t ’  peaks .

his’w ,’vt-l — , s i l s ’ 5 -k s i t - I  s ’ t i t i , i  t i ‘i t  i s  I nd l ea  t ed  i ’v t h i s ’ r edn s ’ s ’ ,l ,iiii ~
) I i t i m s i t ’ s I b  t l i t ’ 1 1 s 1 1 ) -

s - (‘1) t i  - i I I r , i l l s  i I’ i O il  N’- ks , p i t t  Ic u l i r  lv in t h e  l i i i ”  Ii. ’t; i III , ’ , ked s immp I e (. ‘vi  i lId e r

1 1 . i s ’ss kl t ig i t  t i l t ’  r , i t i s ’ s l I  l lO~~— , t i l t  r i l  I a s ’ , ’ t i t  t , i l  t r a n s i t  ion  p.~’. ik amp I i t  ~u tht’s ,

thit ’ 5 , 1  1, - l I .  samp le s  s ’ , i l i  N t  1t r ’ ’ ’ i 1 ’ , ’d j ilts ’ I h o s t ’ si ls ’t, ’ i  i l s ’ r , ’ d t i s s sh l i t  I s ’s m d  i , ’ , i t  i~ ’c

sf s i r s ’, k ,l , - I s r s s,,u t Is’n , cvi l n sl , -rs I , 2 , i t i s i  I , m u d t h i s 5,’ w i t  h , I I ’ l ’ r s ’ x i i t t , i t  s l y  c s ’ l i s t . m u l t

r a t  l o s  s ’ ’s:tp .ir t b lt ’ I ’  t m i r s ; b i s ’ c k , ’ t i  I , c l - l u s h  s p u r , s v l  i u l s l t ’ r s ;  s , N ,i nsl ‘~~ ( l e . i r i v ,

t i l t ’ “ b i — . ’i ’ i; il l u t t  s , i r s ~’l c s-p ot. t i  I - I l l  i uidi, - , i t , - sh us ’, N s i t ’ I o r m , i t  i t ’ l l  It - v s - I s  s l i ’ n l I  i —

l i lt  l v  I,’ : ;  t h m , i n  t . C P a ;  ii , ’ws ’v , - r  , 11. 0, t ’ i l s l l i f S i l  s,iu ttp ls ’~ s ’xpt ’i’ t lilt ’l l t  i t  I v  slis ’, ks - sI I l l

t i ,  0. . 2.0 :i’~ ~~~~ m l .  v o l  1 m b !.- I s ’ 1 1 5 1 ’  P r s ’ s l S ’ l l ’  ( lu S I l t  I l l ’  s l s ’ t s l l’ i i l ; m t  l s ’ l i

I t Vt ’  Is.
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i-i c ur e  5. St ’c s ’c t d  dt -r  1 t’ , i t  11 ’,- s ) l t ’ s ’ I r i i r n  ( s I  Mu I D  .1 powder samp le s ’l
I i t l s l i s l c k s ’ sh c a l c i t e  ( v a n i t y  I t ’ e l : m n t i  s p : mr )  . The s i x  p r o m i n e n t
sp l i t  p s ’,i k s - i r e  t h e  hyp e  r I i no 11 omponen  Is due  to  t hi ’ c i n t ro !
t r - t l s i t i . ’u i s , ~~ 

+ 1 / 2  1/2 , mj  = ( 1 ;  t h e  i nt e r v e n i n g
- wt ’r I n t o t l s  i t  1 - i h s . ’r p t  1 0 1 1 5  - i r s ’ duo to I ‘rb i dden  t r an s  i t  ions

(> 1, = + 1 / 2 • ~ 1 / 2. rn ‘ 1) . i~ -p s ’ r I  no c o m p o n e n t s  t -o r re spou i d  lug
I , ’ tl’’ll s ’ t ’ i i t  r , i I  t r a n s i t  i -us - i r e  O b S s ’l’ l’esl - i t  t h e  h i g h  and low f i e l d
en ds o t  t i t s ’ ~~l’ ’’ ’ t r r i t n .
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F i g u r e  6. Second d e r i v , t t i v e  ESR s p e c t r a  of  Mn ’
~~ in powder

samp les ot  e x p e r i m e n t a l ly  shocked c a l c i t e , v a r i e t y
Icel and  s p a r .  N o t e  t h e  d e c r e a s i n g  amp l i t u d e  of the
m b s o r p t i o n  peaks c o r r e sp on d i n g  to t h e  n o n — c e n t r a l
t r a n s i t i o n s  ( i n d i ca t e d  by ar rows ) w i t h  i nc reas ing
sh i s ’ck  p r e s s u r e .
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Figure 7. lcd  and s par  shot ’k t,’,islt ’ tl in the M i ser ‘ S R I  o f f  I N i

b l a s t .  No te ’ t u e  ( s i  i g h t l v )  de c r e a s i n g  amp l i t u de s  of

the Mn~
”
~ 

non—cent ral transiti on peaks ( i u d i c , m t t i d by

a r rO W s )  w i t h  i n c r e - I s i n g  shock pressure.
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Thus, it is possible that what ths ESR method is detecting in shucked

c,mrhonate samples is a very slight enl.mrgernent of th is’  un i t  ct ’l 1 r e s u l t i n g  I rum

input of m e c h a n i c a l  energy in the shsn’k and raref;ic tion prslci’ss

The second observa t ion , tha t Is t h e  sht ’c re - u s e  in  n o n — c e n t r a l  to central

t r , u u i s i  t i on  pe u k a m p l i t u d e s  w i t h  i n c r e a s i n g  p r e s s u r e , is not  readil y understood

on theoretic ,i 1 grounds , but h I , u s  been  observed  b y o ths’ r w o r k e r s  (P , igt ’ r et al.,

A c u r  b u s  aspect encountered in invest i g i t  1,1 11 s t  t h e  M i  s i r ’ s B l u f i  samp l os

is the  d I f  ~‘r~’n c ~t in  r e - s t i l t s  hetwis er’ t h e  c a l ’,; ftc and this ini:- ; t ’d ‘hi , i s, c s ’r , u  1

samp los .  The l a t t e r  c I t ’ ,i r 1 y showed a shuck  et I e c t  is lI e’ , i s i i n t ’ sl b y t i m e  dec r , ’ , u 5 , -N

sp l  i t t  jug of the h i gh e s t  t it ’ld  h y p c r f  inc peak. I’Iit ’ c i  Ic I t t ’ 
~~~i l ’ L ’

i
I i c s , on the

o t h e r  hand , sh owed 5u c o n s t a n t  amoun t  of spi i t t  l u g ;  iu l ’w . ’ver  I , i b or a t s ’r v  samp les

siis sckcd to h i g h e r  p r e s su re  !t ’v s ’ls t h a n  t h i s i s e  in t N t ’  N i  s i r ’s B l u f f  b l a s t  d i d

show a measureab  I c  sIt e r easc  in t h i s  sp l i t  t i i i , : . I h i u s  , I t ip p t ’ ,Ir  s t h a t  m ix e d

phase car b o n a t e  m a t e r  in is a r e  more  r e a d i l y d,’l i t r t nt ’d i t ,u p h v . ’ t i  st res,s i s l e  I , by

t h i s ’ shock p r s ’cess  t han  s iu lg le  c ry s t a l  c i  I c  i I c .

H i g h  p r s -c is ion level  X — r , u v  p owd er  d i  f I r i ,  t ion st u dj t ’s ar t ’  h is i i ~’. under t ik e n

t s ’ st ’ s if  t h e r e  i: , is  been any  change  in t h e  l a t t i c e  p a r ;h m t ’t  i r s  o f  t i u t ’ M I  sir ’s

B l u f f  c;i l, - i t t ’ , l l l s i  i r ;m g o n i  t i  samp les
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