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Recent Neon-21 analyses 111 indicate that individual grains in some 
CM meteorites show the effects of enhanced exposures to energetic 
particles beyond that which can be attributed to conventional cosmic 
ray exposure. The exposures clearly occurred prior to the final 
compaction of the CM meteorites. These exposures were of such a 
magnitude that they require that we either have to revise our 
understanding of regolith dynamics and the time scales involved in the 
regolith activity of meteorite parent bodies, or must invoke an 
exposure of the irradiated grains to an enhanced energetic particle 
environment, an environment which would most likely be produced by an 
early active sun. Constraints on the compaction ages of the meteorites 
which exhibit the large precompaction exposures could play a critical 
role in resolving this issue [5]. 

So-called 'compaction agesn have been reported previously for CM 
meteorites [2], but these CM 'compaction ages" are model-dependent and 
rest on assumptions that may not be true. The chronometer used in the 
reported CM compaction age studies is extinct Pu-244. Briefly, the 
basic idea is to determine the track densities on the very surfaces of 
large isolated actinide-element-free mineral grains (primarily olivine 
grains) imbedded in the fine-grained CM matrix. The normal sources of 
the nuclear particle tracks at the grain surfaces are galactic and 
solar cosmic rays and the energetic charged products of the fissioning 
of U (essentially all coming from the matrix, since olivine 
incorporates only negligible amounts of U). Grains showing surface 
track densities greater than can be explained by the known U content of 
the matrix and the known galactic cosmic ray exposure age are of 
primary interest. Some of these (a few percent of the total; 
Hohenberg, et al., 1990) can be explained by exposure to solar flares, 
presumably in the regolith at the surface of its parent body; these 
grains can be identified by their extremely high surface densities and 
their steep track density depth profile. Non-solar- flare-irradiated 
grains with excess track densities are most plausibly explained by the 
grains' exposure to the CM matrix very early, prior to the decay in the 
adjacent matrix of the now-extinct Pu-244 radionuclide, which decays by 
fission and has a short, 72 Gyr half-life. The excess track density 
attributable to Pu, is a function of the "contact timeu, the time 
period during which the grain was exposed to the Pu-bearing matrix, and 
a 'contact age" (a term we prefer to the more commonly used, but the 
possibly misleading, term: 'compaction agen) can be determined as 
long as an initial Pu abundance can be inferred. 

In the original work [2], the Pu-fission track densities on the 
surfaces of isolated grains in selected CM meteorites were observed to 
vary by about two orders of magnitude. This variability was 
interpreted as being due to a variability of Pu in the matrix of these 
meteorites, and the authors argued on this basis that the average track 
density for each meteorite and the average chondritic initial Pu/U 
could be used to determine a compaction age for the individual 
meteorites. Ages progressing from 4.22 up to 4.42 Gyr were determined 
for Nogoya (youngest), Mighei, Murchison, Cold Bokkeveld, and Murray 
(oldest), based on the initial Pu/U ratio given by [31. In the 
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interim, a re-evaluation of the initial Pu/U ratio has resulted in a 
value for that ratio that is lower by about a factor of two [41, which 
would translate into revised compaction ages ranging between 4.32 and 
4.52 Gyr. These new ages compound the problem in explaining the 
precompaction exposures with unusually long regolith exposures even 
further. There does not appear to be time enough between 4.56 Gyr and 
the inferred compactions. For example, for Murchison, the excess Neon- 
21 observed requires at the very least 100 Myr regolith exposure with 
present day fluxes and with the total exposure spent at a depth 
corresponding to the peak in the production profile; a more realistic 
exposure history would indicate more like several hundred Myr regolith 
exposures. Because of the inherent importance of the question of 
meteorite compaction ages and their relevance to the interpretation of 
the Neon-21 data, we have undertaken to re-evaluate the CM ucompaction 
ages" . 

One of the key assumptions in the reported ages is that the fission 
track variability is due to Pu variability in the matrix. While Pu is 
now extinct, there are ways to assess the likelihood of this 
assumption. Cosmochemically, Pu is expected to behave either like an 
actinide (e.g., like U) or like the LREE (especially Ce, Sm Nd), 
depending on redox conditions. If Pu variability of up to two orders 
of magnitude is the explanation for the fission track variability, then 
one would expect to find comparable variability in either the actinides 
or the LREE. Based on neutron-induced fission track maps of CM 
sections, Macdougall and Kothari [2] determined that, in general, U 
appeared homogeneously distributed on the 100 micron scale spatially in 
the CM matrix. 

We report here the results of our assessment of the LREE variability 
in CM matrices. We have determined the Ce, Nd, Sm abundances in the 
matrices of CM meteorites Murchison, Murray, Mighei, Nogoya, and 
Cochabamba by ionmicroprobe analyses performed at Washington 
University, St. Louis. We have focussed our analyses specifically on 
the matrix abutting isolated olivine grains. This IS the only "brand" 
of matrix that counts in the calculation of the Macdougall/Kothari 
compaction ages, since fission fragment ranges are only about 15 
microns. 

We find that the LREE abundances in the matrices abutting isolated 
mineral grains vary significantly, by about a factor of six for all CM 
meteorites analyzed, although the elemental ratios are all roughly 
chondritic. To the extent that it is fair to compare the LREE data 
from CM polished sections from one set of meteorite samples (kindly 
provided to us by Mike Zolensky and Chuck Meyer) with the track 
densities obtained from separate samples, both reported by [21 and 
obtained by us (preliminary work in progress), we conclude that the 
absolute variation of the LREE abundances, while significant, does not 
explain the two orders of magnitude variation of the surface track 
densities observed, if Pu cosmochemically followed the LREE and all the 
grains' actual matrix contact ages were truly synchronous. 
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