
ISOTOPIC ANOMALY 
WHAT HAVE WE LEARNED?

Theorist is the first to believe 
his own result while

experimentalist is the last.
Typhoon Lee @KIAA Dec. 2009



Iƻǿ ǘƻ ŘŜŦƛƴŜ άƴƻǊƳŀƭέΚ
There exists a nearly uniform 

isotopic composition for almost all 
elements within the sampling  

range of men (earth, moon, Mars, 
asteroids, and , most recently, solar 

wind & comets). 



Sample analysis vs. Remote sensing
ÅMicroscope Telescope

ÅSingle batch?  Rock  vs Gas  (grand average)

Åground based vs.  space mission: 

Ålimited  window vs. high cost, long lead time 
Iterative experiment design,  risky  

ÅMeteorites & IDP are free (almost)

ÅGENESIS, solar wind  composition

ÅSTARDUST,  comet sample return 



main reservoir is not precisely known 



Sampling range increased
from  < 3 AU to >30 AU 



Iƻǿ ǘƻ ǇǊƻŘǳŎŜ άƴƻǊƳŀƭέΚ

Most elements were made in the 
interior of stars, ejected and 

solidified into circum-stellar dust ,  
fractionated in the ISM and 

transported  to the proto-solar-
molecular cloud as solid.



Iƻǿ ǘƻ ǇǊƻŘǳŎŜ άƴƻǊƳŀƭέΚ  -2

Mixing and heating are needed to 
isotopicallyƘƻƳƻƎŜƴƛȊŜ άǇǊŜ-solar 
ƎǊŀƛƴǎέ ƛƴǘƻ ǎƻƭŀǊ ǎȅǎǘŜƳ ƎǊŀƛƴǎΦ  
Early speculation assumed a hot 
solar nebula that  everything < 3 
AU vaporized then re-condensed. 
Recent suggestion  (such as the X-

wind) relied on cycling the disc 
material near the early sun. 
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Nucleo-synthetic(?) anomaly

ÅPre-solar grains: 
ÅC-rich: Ne, Kr, Xe,  C,N,  Si, Mg, Ca, Ti, 
Å Sr, Zr, Mo, Ru, Ba, Nd, Sm, Dy.
Å=> AGB stars, s-process, more extreme 

evolutionary paths. (hot bottom burning)
ÅSN and perhaps nova  
ÅExtinct nuclides (circum stellar)  Ti-44, Al-26
ÅISM : D/H , Meteorites and IDP 
ÅAbundance decrease with metamorphism.




