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I n  an e a r l i e r  paper ( 1 )  t h e  Rb-Sr i n te rna l  isochron age (TI  and the 

i n i t i a l  87~ r /86~r  ( IEST) f o r  t h e  Estherv i  I l e  mesosider i te  were shown t o  be 

4.35t0.10 AE (20) and 0.69905t2 (20) respec t i ve ly .  With the  new 8 7 ~ b  decay 

constant  o f  1.42 x 0 r , T i s  4.26f0. I 0  AE (20). We r e p o r t  here 

add i t i ona l  s tud ies  o f  t h e  Rb-Sr and 40~r-39~r iso top i c  systematics f o r  t h i s  
40 39 

meteor i te .  The A r -  A r  s tud ies  were on a l i q u o t s  o f  samples used i n  t h e  

e a r l i e r  Rb-Sr study; new Rb-Sr data inc lude analyses o f  p lag ioc lase  and a 

mesostasis phase from a separate p o r t i o n  o f  t he  s lab  o f  E s t h e r v i l l e .  4.3 mg 

o f  t h e  mesostasis phase showed a Rb/Sr enrichment o f  60 t imes r e l a t i v e  t o  

p lag ioc lase  and h i g h l y  rad iogenic  87~ r /86~ r  % 0.713. The present  data 

toge ther  w i t h  r e s u l t s  repor ted e a r l i e r  a l l ow  a very p rec i se  d e f i n i t i o n  o f  T = 

4.24 t 0.03 AE (201, and I = 0.69904+2 (20) f o r  t h i s  mesosider i te  (Fig.  
EST 

I ) .  

The lEST i s  i d e n t i c a l  t o  BABl when adjusted f o r  i n t e r l a b o r a t o r y  bias. 

I n  t h e  d iscuss ion below a1 I S r - i so top i c  measurements made i n  our labora to ry  

are ad justed by -0.00006 t o  compare our data w i t h  CIT data ( 2 ) .  The Rb/Sr 

r a t i o  i n  orthopyroxene suggests t h a t  the  m s o s i d e r i  t e  paren t  body (MSP) i s  an 

extremely Rb-poor e a r l y  p lane ta ry  body; [Rb/SrIMSP 0.005. 
IMSP 

i s  thus 

0.69894 i f  t he  MSP formed a t  4.5 AE ago and d i f f e r e n t i a t e d  a t  4.3 AE ago. 

The evo lu t i on  o f  t he  I values o f  Es therv i  I l e  and t h e  MSP from the  p r i m i t i v e  I 

o f  the  A l lende me teo r i t e  must have occured i n  t h e  so t a r  nebu l a  over a  per iod  

o f  a 9 m.y. I EST 
cou ld  n o t  have evolved i n  a  condensed body, such as MSP, i f  

T represents a  lower I i m i t  t o  the age o f  t h i s  meteor i te .  

Stepw i se heat i ng 40~r -39~r  data have been o b t  a  i ned f rcm a p l ag i o c  l ase 

separate and from a "whole rock" sample ( a c t u a l l y  a  sample o f  the  s i l i c a t e  

f r a c t i o n  w i thou t  metal and t r o i l i t e )  o f  E s t h e r v i l l e .  The i n t e r p r e t a t i o n  o f  

these data a re  compl icated by the  presence o f  a  t h i r d  order,  bu t  n o n - t r i v i a l ,  

t rapped A r  component. M3st o f  t he  3 6 ~ r  and 3 8 ~ r  measured i n  t he  samples a re  
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36 36 spal logenic  w i t h  [ A r S D /  A r I m e a s  ranging from 0.97 t o  0.69 i n  t h e  

p lag ioc lase  and 0.97 t o  0:31 i n  t h e  whole rock  sample. The e r r o r s  associated 

w i t h  sub t rac t i ng  t h e  major spa l l a t i o n  component i n e v i t a b l y  lead t o  large 

unce r ta i n t i es  i n  t h e  res idua l  t rapped component. 

Assuming t h e  trapped component t o  be o f  t e r r e s t r i a  l atmospheric compo- 

s i t i o n ,  both t h e  p lag ioc lase  and whole rock samples y i e l d  age spect ra  which 

s t a r t  a t  %3.5 AE and r i s e  smoothly, w i t h  no obvious plateau, t o % 4 . 5  AE. The 

900 through 1300°C f r a c t i o n s  o f  t h e  p lag ioc lase  data (which con ta in  56% o f  

the  t o t a l  3 9 ~ r )  def ine a I inear  a r ray  i n  a 40~r /36~r  versus 40~/36~r t r  

diagram. The s lope o f  t he  l i n e a r  a r ray  corresponds t o  an age o f  3.550t0.096 

AE ( h40 = 5.543 x 16' Yyr)  and t h e  i n te r cep t  corresponds t o  a trapped 

40~ r /36~ r  r a t i o  o f  443t37. The use o f  t h a t  t rapped 40~r /36~r  va lue f o r  t h e  

whole rock  data resu I t s  i n  negat ive ages f o r  t h e  500°, 600°, and 1000°C 

f r ac t i ons .  There i s  no trapped composit ion which w i  I I resu I t  i n  a 40~r -39~r  

age which agrees w i t h  t h e  very p rec ise  Rb/Sr age. 
37 The 38~rSd A r  r a t i o  i s  remarkably constant i n  t h e  p lag ioc lase  data 

s e t  and corresbond t o  an exposure age o f  %80 M.y. us ing t h e  product ion r a t e  
37 f o r  3 8 ~ r  given i n  (3 ) .  The 3 8 ~ r  / A r  r a t i o s  i n  t he  whole rock data agree 

s P 
w i t h  the  p lag ioc lase  data a t  low temperatures. Th i s  e f f e c t  may be due t o  t h e  

i n f  l uence o f  add it iona l t a r g e t  elements i n  t he  nonp l ag i o c l  ase phases and/or 

t o  poss ib le  c o n t r i b u t i o n s  from neutron c a p t u r e  reac t i ons  on 3 7 ~ ~  i n  t h e  

reactor .  The cosmic ray  exposure age presumably dates t h e  f i n a l  d i s r u p t i o n  

o f  t he  parent  body which produced t h e  meter sca le  E s t h e r v i l l e  ob ject .  

We, there fo re ,  i n t e r p r e t  our  r e s u l t s  as record ing  t h ree  d i f f e r e n t  

events i n  t h e  h i s t o r y  o f  t h i s  meteor i te .  The we1 I-def ined event a t  4.24k0.03 

AE which se t  the  Rb-Sr c lock, a poo r l y  def ined event a t  %3.6 AE which 

p a r t  i a  l l y r ese t  t h e  K / A r  clock, and the  f i n a l  breakup a t  ~ 8 0  M.y. 

The complex therma l h i  s t o r y  i n f e r r e d  f ran  t h e  4 0 ~ r - 3 9 ~ r  systematics and 

t he  h i gh l y  b recc ia ted  nature o f  t h i s  mesosider i te  makes t h e  i n t e r p r e t a t i o n  o f  

the Rb-Sr i n te rna l  isochron age somewhat ambiguous. The age i s  con t ro l  led by 

t he  mesostasis phase. I f  t h e  age r e f e r s  t o  the  c r y s t a l l i z a t i o n  o f  the  

mesostasis as a la te-s tage res idua l  mate r ia l  i n  the  parent  body t h a t  melted 

a t  %4.5 AE ago, t h e  rad ius  o f  t h e  parent  body can be i n f e r r e d  t o  be i n  t h e  

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



E s t h e r v i l l e  Mesosiderite 

V. Rama Murthy 

range o f  200-400 Km. Al te rnat ive ly ,  the  age may r e f e r  t o  t he  t ime o f  intense 

brecc ia t ion  when the Rb-Sr i so top i c  system in  the mesostasis has been reset.  
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Fig. I .  Rb-Sr in te rna l  isochron f o r  the  E s t h e r v i l l e  mesosiderite. 
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