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39Ar-40Ar age determinations of the Lincoln County (L6) and Kendleton (LA) breccias indicate impact 
degassing events at 03-05 Ga and '35 Ga, respectively. The Lincoln Co. age is consistent with K-Ar ages of 
several shocked L chondrites and represents a major, posslibly catastrophic impact involving its parent body. 
The Kendleton age is less common among chondrites and may represent a time of early impact bombardment 
of many meteorite parent bodies. 

Lincoln County is a fragmental L6 breccia that has a recrystallized texture, melt veins, and other 
evidence of having experienced strong shock (1). Kendleton is a fragmental LA breccia that contains various 
clasts of diverse origin; although its light-dark structure resembles a regolith breccia, Kendleton does not 
contain solar-implanted gases (2). One large melt-rock clast in Kendleton acquired its texture during early 
metamorphism, whereas other shock-blackened clasts were probably derived from pre-existing rock and were 
produced in later impacts (2). To further study the impact history of the L chondrite parent body, we measured 
the ages of a whole rock sample of Lincoln Co. and of a large, shock-blackened clast from Kendleton 
(similar to clast G with a glassy matrix in ref. 2). 

Figs. 1 and 2 show the ages (data "boxes") and K/Ca ratios (dotted lines) plotted as a function 
of cumulative release of BAr (produced from ?K by neutron irradiation) for stepwise temperature extractions 
of Lincoln Co. and Kendleton, respectively. Uncertainties in ages are given by the width of the age boxes and 
were derived from individual uncertainties in ratio measurements, blank and reactor corrections, and neutron 
irradiation constants (J values of 0.1004 and 0.1018). Both chondrites show complex release spectra, whose 
interpretation requires consideration of the evidence for Ar degassing from multiple K-bearing phases. The 
upper portion of Fig. 1 shows for Lincoln Co the rate of release of % (in units of le7 crn3~~F'/g per 1 0 W  
increase in extraction temperature). The BAr release rate shows two broad peaks at temperatures of '6000C 
and '12000C, which are separated by a deep minimum. This minimum in the 39Ar release rate occurs at the 
same temperature that the K/Ca ratio is ch+ most rapidly and the age shows a rapid rise (Fig. 1). These 
correlated changes indicate that K in Lincoln Co. is contained in at least two phases, which differ in K/Ca ratios 
and in the ease with which they degas Ar in the laboratory. 

We used Fig. 1 to divide the % release from Lincoln Co. into two phases and, from the relations given 
by (3), calculated the diffusion parameter D/a2 separately for each phase. Fw 3 is an Arrhenius plot of log 
D/$ versus reciprocal absolute temperature for the Lincoln Co. data. The diffusion trends for the two phases 
are not strongly linear, suggesting that simple volume diffusion is not the only mode of Ar loss. However, the 
two diffusion trends are distinct, and at 800°C they suggest a difference in D/$ between the two phases of 
nearly ld. This difference in D/$ between phases is consistent with the large temperature difference in the 
39Ar release peaks (Fig. 1). The rate of % release and Arrhenius diffusion trends for Kendleton also suggest 
Ar release from two or more K-bearing phases, but with greater overlap as a function of extraction temperature 
than seen in Lincoln Co. 

Considerations of Figs. 1-3 suggest that the %-40Ar age spectra of Lincoln Co. and Kendleton should 
be interpreted separately for each phase. The low-temperature (lo-T), high K/Ca phase of Lincoln Co. (0-67% 
39Ar release) shows a moderate and steady increase in Ar-Ar age with increasing extraction temperature. This 
pattern resembles that errpected for large Ar diffusion loss from a distribution of grain sizes (4), and suggests 
that the Ar degassing event for Lincoln Co. occurred 030.4 Ga ago. The highest observed ages (up to -1 Ga) 
occur for the early extractions of the hi-T, low K/Ca phase, whereas the later extractions of this phase suggest 
ages around 0.4 Ga. Such behavior may have been caused by a redistribution of the % component into lattice 
defects of the hi-T phase at the time of the impact, or to reactor-induced recoil of 39Ar out of grain surfaces of 
the hi-T phase. The total Ar-Ar age for Lincoln Co. is 054 Ga, which would be an upper limit to the time of 
the degassing event. Thus, Lincoln Co. most likely experienced a strong shock heating event in the time interval 
of '05-03 Ga. 

The hi-T, low K/Ca phase of Kendleton gives a quasi-plateau age of 3.48 + 0.06 Ga over '50-100% of the 
39Ar release. The lo-T, high K/Ca phase of Kendleton, however, shows a complex pattern that is difficult to 
interpret, because this phase should have lost its Ar more readily during the degassing event. The total Ar age 
for Kendleton is 3.77 Ga and could represent an upper limit to the time of degassing if % has been 
redistriiuted. However, because nearly half of the 39Ar was released from the phase with K/Ca ~ 0 . 0 5  and 
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because the total change in K/Ca throughout the extraction was only a factor of five, it seems doubtful that the 
observed age spectrum of the hi-T, low K/Ca phase was produced by effects of % recoil. Neither does 
Kendleton's Ar spectrum closely resemble saddle-shaped spectra observed in a few strongly shocked chondrites 
(5) and in some terrestrial samples, which have been interpreted as containing excess (6). In addition, 
there is no evidence that the high ages up to 4.66 Ga are due to adsorbed atmospheric Ar. An applied 
correction for possible atmospheric Ar, made based on the constant %ArPAr ratio measured at 4tsh temperatures, produced little change in the age spectrum. Also, the %Ar concentration of 3 8  xl0 C ~ ~ S T P / ~  
we measured for Kendleton resembles previous determinations (2). We suggest that the low K/Ca phase of 
Kendleton was totally degassed of Ar by an impact event 3 5  + 0.1 Ga ago, and that some redistriiuted by 
this impact was incorporated into the high K/Ca phase, giving it an artificially old age. 

The estimated Ar degassing time for Lincoln Co. of 03-05 Ga would be consistent with 39Ar-aAr 
degassing ages of '03 Ga and '0.5 Ga estimated for several other shocked L chondrites (5). This impact event 
affected a significant fraction of all L chondrites (7) and may have involved catastrophic disruption of the L 
chondrite parent body '0.5 Ga ago (8). The estimated Ar degassing age of 3 5  Ga for Kendleton resembles 
39Ar-aAr ages determined for several paired Antarctic L3 chondrites (9), a clad in the Plainview (H5) regolith 
breccia (lo), silicates from a few IIE iron meteorites (ll), and several eucrites (12). These ages represent Ar 
degassing in early impacts on various meteorite parent bodies, which may have been related to the early 
cataclysmic bombardment of the moon. 
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