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INTRODUCTION: Previous laser 39~r-40~r studies done by our laboratory of breccia 
73215, a breccia lithologically almost identical with 73255, demonstrated that 
some fractions of the rock had not been completely outgassed of Ar in the brec- 
cia-forming event [1,2]. In these studies, it was possible to date various 
fractions of the rock separately and to resolve age differences over distances 
on the order of 100 pm. This paper presents the results of the first stages 
of a similar study of breccia 73255. 
Experimental techniques: The laser 39~r-40~r method has previously been des- 
cribed in detail [I-41. In brief, the gas samples analyzed for Ar isotopes are 
obtained by melting small volumes on polished rock surfaces by means of a 
pulsed laser beam. The volume melted by each pulse is a hemisphere 40-60 pm 
in diameter; the laser is focused through a petrographic microscope so that 
the pulses are accurately positioned. In this study, each gas sample was 
collected during a6 (felsic material) or %90 (groundmass) sequential laser 
pulses; thus, each gas sample analyzed is a composite. 

In this study, we have used a technique of preheating the samples prior 
to analysis. Stepwise-heating experiments on bulk breccia samples [5] indicate 
that the less retentive fractions of 73255 have had significant prior low-tem- 
perature Ar loss. The laser produces a one-step, high-temperature heating that 
outgasses all sites in the melted hemisphere, including those that may have had 
low-temperature gas loss. To reduce the effects of such Ar loss on our measure- 
ments, two of the three samples we studied were heated in vacuum for 1 112 hours 
at 650°C, after the neutron irradiation but before the laser work, in order to 
outgas the sites that had had low-temperature Ar loss and hence to remove their 
contribution to the laser-released gas. The third sample was not heated before 
the measurements presented herein were made, but it will be heated before sub- 
sequent measurements are made in order to provide a basis for evaluation of 
the effects of the heating technique. 
Sample description: Previous papers on 73255 by members of the consortium re- 
ported the results of petrologic, INAA, and Rb-Sr studies [ 6 ] ,  3 9 ~ r - 4 0 ~ r  step- 
wise heating experiments [5], and transmission electron microscopy (TEM) 
studies 171. The petrologic studies showed that 73255 formed as a fragment- 
laden melt (i.e., a mechanical mixture of cold clasts and hot melt) during a 
large lunar impact. 

In hand specimen, the breccia is a % 5x9 cm oblate spheroid, consisting 
of gray aphanitic rock containing a variety of fragmental materials. The brec- 
cia has a large core in which the aphanite is nonvesicular and a 0-1-cm-thick 
rind in which the aphanite is highly vesicular. One of the samples we have 
studied (255) is a 250-mg slab of nonvesicular core aphanite, and another (310) 
is a 280-mg slab of vesicular rind aphanite. Within the core are patches of a 
third lithology, a mottled lithology that consists of a1/2-2 mm particles of 
aphanite, lithic clasts, and mineral clasts in a network of veinlets composed 
of granulated clasts. Preliminary petrologic studies of the mottled lithology 
indicate that the aphanite it contains formed by the same process, and at the 
same time, as the other aphanites in the rock. The third sample we have stud- 
ied (312) is a 110-mg slab of material from the mottled lithology. The first 
two samples, 255 and 310, were preheated as described above; the third, 312, 
was not. 

In thin section, all the aphanites in the breccia are seen to consist of 
small lithic and mineral clasts set in a dark, very fine grained (<5pm) ground- 
mass. The groundmass is the fraction of the rock that crystallized from melt 
[6,7]; texturally, it is a microsubophitic intergrowth of plagioclase and pyrox- 
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ene, and minor other phases. In the nonvesicular aphanite, groundmass grain 
size averages ~ 2 p m ;  in the vesicular aphanite, it averages 4-5um. Duplicate 
age determinations have been made on this melt-derived groundmass in both non- 
vesicular aphanite 255 and vesicular aphanite 310; spots selected for laser 
melting had no clasts >10um across at their surfaces. 

In addition to the melt-derived groundmass, we have dated felsic clasts in 
all three samples. These clasts are the most K-rich material in the breccia. 
They most commonly consist of vermicular intergrowths of quartz and K-feldspar. 
Nearly all show some shock-induced deformation, shock melting, and/or thermal 
melting. Typically, quartz-K-feldspar contacts are marked by septa of K-Si- 
rich glass, or the clasts are cut by irregular veinlets of such glass. Some 
of these clasts consist entirely of glass. Previous laser [I] and stepwise- 
heating [8] studies of breccia 73215 demonstrated that age determinations on 
such clasts yielded the most reliable date for the breccia-forming event, after 
correction for low-temperature gas loss. 
Results: The age determinations  a able 1) show consistent patterns. The melt- 
derived groundmass in the g ion vesicular aphanite 255 yields ages of 4.02-4.12 
G.y., whereas the melt-derived groundmass in the vesicular aphanite 310 yields 
ages of 3.75-3.77 G.y. Felsic clast materials in the nonvesicular and vesicular - 

aphanite samples (preheated) yield ages in two ranges: felsic glass and partly 
melted vermicular intergrowths of K-feldspar and quartz yield ages in the 3.71- 
3.79 G.y. range, and crystalline K-feldspar grains yield ages in the 3.96-3.98 
G.y. range. A felsic glass clast in the mottled lithology sample 312 (not pre- 
heated) yields the youngest age obtained, 3.59 G.y. 
Discussion: In this stage of the investigation, a single unequivocal interpre- 
tation of the data presented herein cannot be made. We therefore choose to 
interpret the data in light of the previously obtained stepwise-heating re- 
sults [5], and in light of the results of our previous studies of 73215 apha- 
nites. The stepwise-heating data indicate that the date of formation of 73255 
is 3.88 + 0.03 G.y.; the data further show that all the aphanites had signifi- 
cant low-temperature Ar loss, the amount of this loss being positively corre- 
lated with vesicularity. We interpret the data presented herein, as follows: 

Groundmass in nonvesicular aphanite: The ages we measured for nonvesic- 
ular groundmass in breccia 73215 ranged from 3.97 to 4.04 G.y. and averaged 
4.01 G.y. [I]. The actual date of formation of 73215 is 3.87 ? 0.04 G.y. [8], 
essentially the same as the date of formation of 73255, so that in 73215 as in 
73255 the groundmass "age" as measured by the laser method is significantly 
older than the actual date of crystallization of the groundmass melt. Ue con- 
cluded that in 73215 the laser-determined groundmass ages have no chronologic 
significance. We speculated that these "ages" are older than the date of brec- 
cia formation because: 1) the laser-melted material contained not only melt- 
derived groundmass but small clasts that had not been completely outgassed when 
the breccia formed; 2) the melt itself was not completely outgassed when the 
breccia formed; or 3) the melt gained Ar during or after crystallization by in- 
corporating gas that diffused out of the clasts. We feel that a similar expla- 
nation probably applies to the laser-determined "ages" of the groundmass in 
73255 nonvesicular aphanite. 

Groundmass in vesicular aphanite: The ages of this material as determined 
by the laser method are younger than the 3.88 G.y. date of breccia formation. 
The most likely explanation for the discrepancy is that our preheating did not 
completely remove the effects of low-temperature gas loss. This interpretation 
is suggested: 1) by the TEM data [7], which demonstrate that this type of ground- 

- - 

mass contains more, or larger particles of, interstitial glass than groundmass 
in the nonvesicular aphanite, and thus should be more susceptible to low-temper- 
ature gas loss; and 2) by the results of the stepwise-heating studies [5], which 
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indicate greater low-temperature gas loss in the vesicular aphanite than in the 
nonvesicular aphanite. 

Felsic clast materials: Most of the ages we have obtained for these mater- 
ials are younger than the 3.88 G.y. date of breccia formation. As in the case 
of the groundmass in the vesicular aphanite, the most probable explanation for 
these young ages is that the preheating did not completely remove the effects 
of low-temperature Ar loss. This interpretation is suggested by the observa- 
tions that felsic material containing glass shows younger ages than crystalline 
K-feldspar, and felsic glass in the sample that has not been preheated shows a 
younger age than felsic glass in the preheated samples. Felsic glass should 
be less retentive than crystalline K-feldspar, and the preheating should have 
partly removed the effects of low-temperature gas loss; thus, the observed pat- 
tern is as would be predicted if the felsic clast materials had been affected 
to varying degrees by such gas loss. 

The two age determinations on crystalline K-feldspar yield ages that are 
about 100 m.y. older than the age of breccia formation. We interpret these 
ages as the result of incomplete outgassing of the K-feldspar when it was in- 
corporated in the breccia. The age determinations may thus be considered as 
setting an upper limit on the date of breccia formation and a lower limit on 
the age of the felsite parent rock from which the K-feldspar was derived. 
Further studies: As stated above, the work reported in this paper is only in 
preliminary stages. We are currently making age determinations on various types 
of clasts in the samples in addition to the felsites. After these measurements 
are completed, we plan additional preheatings of the samples to remove the re- 
maining effects of low-temperature gas loss. We will then make duplicate age 
measurements on the types of materials for which ages are reported herein to 
test the hypothesis that most of the measured ages younger than 3.88 G.y. are 
the product of low-temperature gas loss. 
Table 1. Ages of 73255 materials as determined by the laser " ~ r - ~ " ~ r  method 
Subsample Lithology Age (G.~.)~ 
255L Groundmass in nonvesicular aphanite 4.12t0.01 
2552 Groundmass in nonvesicular aphanite 4.0220.01 
3102 Groundmass in vesicular aphanite 3.7520.01 
3102 Groundmass in vesicular aphanite 3.7720.01 
2552 Felsite clast - crystalline K-feldspar 3.98t0.01 
2552 Felsite clast - crystalline K-feldspar 3.96t0.02 
255' Felsite clast - felsic glass 3.79t0.01 
3102 Felsite clast - partly melted vermicular intergrowth 3.7620.01 
3102 Felsite clast - partly melted vermicular intergrowth 3.71+0.01 
3 1 2 ~  Felsite clast - felsic glass 3.5920.01 

l~rrors indicate statistical precision of the mass spectrometer run only. 
2~reheated. 3 ~ o t  preheated. 
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