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Abstract: 40Ar-39Ar dating of six samples 

from two L-melt rocks was performed, giving 
ages very different from typical L chondrite ages 
of about 500 Ma.  Three samples of 
LAP031047,5 all have multiple steps that give an 
age of 50 to 100 Ma, suggesting a possible 
impact event at that time.  Three samples of 
MIL05029,5 all have a very well defined plateau 
at 4540 ± 21 Ma, showing that an impact melt 
can survive intact since the beginning of the 
solar system.  Additionally, Arrhenius plots 
indicate a single phase as the host of K, with a 
possible change of diffusion properties above the 
melting temperature of the suggested host. 

Introduction:  Meteorites provide 
information about the formation of the Solar 
System and subsequent evolution of the asteroid 
belt.  By utilizing the 40Ar-39Ar dating method 
we can determine when a meteorite formed, or 
when the chronometer was last reset (or partially 
reset) by heating, which is typically during the 
last major collision.  Most L chondrite ages fall 
into one of two groups.  The largest group has a 
40Ar-39Ar age near 500 Ma, and the second 
largest group has an age between 3500 and 4000 
Ma [1].  The “500 Ma” event also shows up in 
the fossil meteorite record in Sweden, suggesting 
a major disruption of the L chondrite parent body 
at 470 Ma [2].  Since it is not required to know 
the host phase of K in order to determine an age, 
the mineral source of K has not been heavily 
studied.  What is known is that the Arrenhius 
plot typically has high and low temperature 
releases that give different activation energies.  
This suggests the K is sited in two separate 
phases, possibly feldspar and pyroxene [3].  
However Weirich et al. [4], have found that 
feldspathic material with a composition that is 
close to albitic can account for all the K in the 
meteorite.  This study has found one of the 
youngest L chondrites, an impact melt that 
formed near the beginning of the solar system, 
and a possible explanation of how a single 
mineral can produce two apparent activation 
energies. 

Samples:  LAP031047 is a shocked type 5-6 
chondrite.  Olivine and pyroxene are fractured, 
have undulose extinction, and are riddled with 

opaque spherules.  In contrast, MIL05029 is a 
medium-grained igneous rock dominated by 
large pyroxene crystals that poikilitically enclose 
olivine.  Melt and crystalline inclusions are 
strewn throughout both phases.  Plagioclase is 
interstitial to the pyroxene.  Thus, if MIL is an 
impact melt, it saw higher shock pressures and 
post-shock temperatures than LAP.  

Procedure:  Samples were irradiated at 
USGS-Denver with a J factor of 2.1X10-3 ± 
4X10-6. PP-20, CaF2, and K2SO4 were used as 
standards for age, 37Ar production, and 39Ar 
production, respectively.   Samples were 
analyzed on a VG5400 at the University of 
Arizona noble gas mass spectrometry laboratory.  
Corrections were made for blanks, radioactive 
decay, and reactor interference.  Corrections for 
any trapped component could not be done 
because of Cl in the meteorite. Because shock 
effects produced by a collision can change on 
localized scales, we analyzed multiple samples 
of each meteorite to eliminate any bias. 

Results and Discussion:  Figs. 1 and 2 are 
“plateau plots” of apparent age vs. fraction of 
39Ar released. Fig. 3 is an Arrhenius plot of 
Log10(D/a2) vs. 10,000/T. 

LAP031047,5.  For all three samples, the 
38Ar/36Ar ratio is always quite a bit less than 1.5, 
suggesting there is not major Cl contamination.  
However, even after removing spallation, a 
three-isotope plot gives no apparent isochrons, 
suggesting multiple trapped components, highly 
variable degassing, minor Cl contamination, or 
some combination of the three.  Hence, no 
trapped correction could be made.  While no 
plateau is visible in any of the samples, all 

samples have at least one step that gives an 
apparent age of 100 Ma or less (Fig 1).  The 
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most likely age is 50 Ma, indicated by a dotted 
line.  Although an apparent age is really a 
maximum instead of an absolute age, the 
consistency of the minimum apparent age 
between samples lends credence to this being a 
true age.  An age of 50-100 Ma could mean the 
impact that ejected the meteorite from its parent 
body was large enough to also partially reset the 
K-Ar chronometer, something rarely seen. 

MIL05029,5.  For all three samples, the 
38Ar/36Ar is >1.5.  This indicates contamination 
from Cl, and again no trapped correction can be 
made.  A plateau in apparent ages can be 
observed over most of the 39Ar release in all 
three samples, giving an age of 4540±21 Ma (Fig 
2).  This is the second pre-4.0 Ga age in our 

study of shocked L-chondrites.  We found 4.4 Ga 
melt clasts in Ourique [5] demonstrating that 
pre-existing impact products are not necessarily 
destroyed by a later 3.9 to 4.0 Ga bombardment 
of asteroids.  This either undermines a 
pulverization model for old melts on the Moon 
and a principal criticism of the lunar cataclysm 
[6] or requires different processing of melts on 
the Moon and asteroids [6].  

Large amounts of K present in this sample 
allowed for many heating steps, resulting in a 
high-resolution Arrenhius plot.  Fig. 3 shows the 
Arrehnhius plot of chip B for both 39Ar (K) and 

37Ar (Ca).  The vertical dotted line indicates 
1100°C, which is the melting temperature of 
alkali feldspar.  Ar-37 is present in both the 
feldspathic material (low T release) and 
pyroxene (high T release), and this can be seen 
as a sharp increase in the slope around 1000°C. 
Ar-39 shows no such sharp increase of the slope, 
indicating 39Ar is not being released from 
pyroxene in this sample.  Below 1100°C, the 
39Ar shows a classic pattern of multiple domains 
with the same activation energy (~26 kcal/mole), 
but different grain sizes [7]. This grain size 
behavior can also be seen in the 37Ar (offset is an 
artifact due to most of the 37Ar being released 
from pyroxene).   

Because 94% of the 39Ar was released below 
1100°C, it is safe to say the major carrier of K in 
this sample was the feldspathic material.  While 
this meteorite shows no drastic change in the 
diffusion behavior of 39Ar above 1100°C, a 
sample of Chico melt (L6) from Bogard et al. [3] 
does show a sharp increase starting at 1100°C.  
Arrhenius plots of terrestrial alkali feldspar from 
Lovera et al. [7] sometimes show a sharp 
increase above 1100°C, and other times do not.  
Presumably, this is due to some peculiar 
behavior of the melt.  Nonetheless, the diffusion 
properties of chip B above 1100°C do not 
contradict melted feldspathic material as the 
source of 39Ar.  The other high resolution sample 
of MIL05029,5 (chip C) generally confirms the 
results from chip B, though it does have some 
odd behavior below 470°C. 
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