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\Vc report here an attempt to decipher the age of the protolith of breccia 65013 using the 40Ar- 
",Ar technique. Petrographic and Rb-Sr isotopic studies have shown the presence of clasts which have 
11ot hecn brought into chemical equilibrium with the recrystallized ground mass (1,2).  Studies on 
such rocks are important in penetrating the time barrier at -4.0 AE reflecting the terminal lunar 
cataclysni and are applicable to the characterization of the early lunar crust and the time scale for its 
r,\lolution. 

Ar analyses were made on a whole sample and mineral separates (two plagioclase, a pyroxencb 
and a pyroxene with 4% whitlockite [Ph-A]), using 30-50 heating steps to provide high resolution in 
40hr/3QAr variations. It was anticipated this would allow the contributions from relict retentive phases 
to 1)t. isolated. Fig. 1 shows that the age spectra of all samples increase rapidly to a local maximum at 
-600" C and then decrease. A low resolution experiment ~ rou ld  not show this fine structure, but 
\\.auld give age plateaux at 3.9 to 4.05 AE for all samples between 500-900" C. Above 900' C, pyrox- 
oric, Ph-A and whole rock ages all decrease sharply, while both plagioclases show a rapid increase in 
apparent age. For plagioclase B, the highest age of -4.5 AE is approached in a regular sequence of 
precise data. This increase in apparent age of the plagioclase is unusual. Plagioclase separates have 
t!.pically exhibited well defined age plateaux, with the one exception of plagioclase from rock 68415 
(3) .  \vht>re the ages increased to -4.5 AE in a pattern very similar to that observed here. 68415 also 
cotltains large plagioclase relicts to which the age of -4.5 AE in the last Ar release can be ascrit~ed 
(-lj, although Sr isotopic equilibration with the matrix is indicated (3).  

Of the K in 65015, 90% resides in an irregularly dispersed, very fine quintessence (1)  which con- 
tril)utrs a large fraction of the total 40Ar at low temperatures, as demonstrated by the high K/Ca in 
tlic~sc, rc~lt~ascs (cf. Fig. 2). Plagioclase B is -99% pure, but an admixture of only 1.5% quintcsscnce 
coulcl account for two thirds of the K. In contrast, plagioclase has -13% Ca whereas quintessence has 
only 2% C:a (1) .  Thus 37Ar from the plagioclase samples is related almost entirely to release from the, 
I)lagioclase, not high K-low Ca impurities, and a true plagioclase plateau should be associated with 
37:Ir rc.lt.ase. The data presented this way in Fig. 2 show the distinct peak at -600" C in the high 
Ki(:a rc>girric lvhich, instead of being interpreted as an intrinsic part of the plagioclase plateau, is 
itlc~ntificd in the 37Ar plot as a minor contribution from an admixed high-K phase. There is a 
rc~:~soriahly well defined plateau corresponding to a K/Ca of 0.005 appropriate to plagioclase and ex -  
tc,tiding 0vc.r 35% of the 37Ar release. It is most reasonable to associate this plateau with plagioclase 
\\,liich has conipletely lost 40Ar in a metamorphism at 3.98 AE and to associate the age peak at 
-600" (; ~vith the crystallization of quintessence at the same time. About 15% of the "'41- releast, 
Frorr~ plugioclase B and -5% from plagioclase C can be related to high ages, in striking agreenient 
\\,ith -14% and -8% inferred from Rb-Sr studies of the same separates (2). This provides a very ini- 
p o r t a ~ ~ t  argr~nient for the association of the -4.5 AE age with unequilibrated plagioclase clasts, and it 
is thus plar~sil~le to correlate this age with the plagioclase clasts which have not been thoroughl}. 
c~cluilil)ri~tcd and outgassed during the metamorphism at 3.98 AE. These results support reports by 
otl~c'r \t,orkt>rs ori evidence for more ancient lunar sample ages (6).  The firm assignment of a precise 
t i r ~ ~ c .  to a part of a 40Ar-3yAr release pattern requires a more complete understanding of the nature of 
4():\rl"Ar variations. Spallatiorl 384r/37Ar in plagioclase B was found to be 10% higher in the last 15% 
of 37.Ar rrleasc~, indicating an older exposure age for the same plagioclase showing high 40Ar-mAr ages. 
7 7 I his suggc,sts that the protoliths of meny impact breccias may include material which resided for 
son~o tilnc in the. outer few meters of the lunar surface prior to the metamorphism. 

t\r agc>sand trapped Ar compositions were measured for green glass and devitrified spheres 
Iland-picked fro111 the Apollo 15 breccia 15086 from Elbow crater. All of the spheres are presunied 
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Fig. 1 ;\l)lxlruit agc. vs. extractiorl temperature for 65015 whole sample and mineral separates. All show a rapid iricrcasc. 
to :I Ioc~tl in:ixiinc~~n at -600° (:corresponding to release from a high KiCa phase, probably quintessence. Abovc 900' C:, 
t l i c ,  I)lagioc.lusc.s iilcrtaasc. in agt3 to -4.5 AE, while the others decrease sharply. 

Fig. 2 Al)l>:w(~~it ngt. and K / C n  vs. S7Ar release (top) and apparent age vs. 39Ar release (bottom) from 65013 plagioclase B 
I.o\\ tc~l~il)(~ratr~rc~ rclrasc,s froin high K ,  low Ca contaminant phases dominate the 39Ar plot. A plateau at 3.98 AE and tho 
\ i i l ) \ c ~ ~ ~ ~ c ~ ~ i t  rise, to liighrr agei, which we associate with retentive relict plagioclase, includes a significant portion of 3iAr 
r(4(~;1\(,. F i g .  :3 3 6 i \ r 1 4 0 A r  ~ 5 .  
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