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Introduction. Feldspathic fragmental breccias are polymict breccias which do not contain regolith 
components such as agglutinates and glass spheres [I]. Except for the lack of regolith-derived clasts, the 
feldspathic fragmental breccias are petrographically very similar to the ancient Apollo 16 regolith breccias, 
which may represent -4 Gy-old regolith [2]. Textures, grain size distributions, and clast types in the 
feldspathic fragmental breccias are very much like those in the ancient regolith breccias. However, the 
relationship of the feldspathic fragmental breccias to ancient regolith breccias, young ( ~ 4  Gy) regolith 
breccias, and soils is very poorly understood. Are these feldspathic regolith breccias derived from a very 
immature regolith? Are they derived from part of the megaregolith? Are they finely comminuted ejecta from 
the big basin-forming impacts? Are they the comminuted product of repeated impacts during the intense 
late-stage bombardment? Were they formed at or prior to 4 Gy ago or are they a product of much more 
recent impact events? 

We have undertaken a study of feldspathic fragmental breccias which includes disaggregation, sieving, 
grain size analysis, rare gas, ferromagnetic, petrographic and electron microprobe analysis using the methods 
we previously used for the Apollo 16 regolith breccias [2] in order to compare the feldspathic fragmental 
breccias to the characterized suite of regolith breccias and to the Apollo 16 soils. This information may be of 
key importance in understanding the history of the Apollo 16 site and in determining the genesis of the lunar 
regolith. 

Although definite regolith components are lacking, clasts of glass have previously been reported in 
some feldspathic fragmental breccias [3]. We have identified devitrified or quench-crystallized glass in some 
of these breccias and are analyzing these glass fragments as an extension of recent work on glasses in the 
Apolls 16 regolith breccias [4]. For breccia 67016, a typical feldspathic fragmental breccia, we have done 
major element microprobe analyses of glasses in thin sections and have also examined some glasses by 
scanning electron microscopy (SEM). 

Results. Glasses are extremely rare in 67016. Only 23 fragments were found in eight thin sections. 
None of the glasses are optically homogeneous; they are all quench-crystallized (mostly aphanitic) and some 
contain mineral clasts. Although they are not strictly glasses because of their finely crystallized texture, some 
fragments have rounded surfaces and are clearly derived from once-molten silicate droplets. Therefore, we 
include them in a glass category and will henceforth refer to them as glasses. Other fragments, while not 
displaying rounded surfaces, have similar finely crystalline or obvious quench-crystallized textures. It is 
possible that some of these fragments could be aphanitic matrix material from melt breccia clasts but the 
fragments we identified as glasses do not contain the abundant mineral clasts typical of melt breccias. 
Furthermore, none of the fragments identified as glass resemble fragments of the normal highland rock suite 
typically found as clasts. We have done multiple microprobe analyses of each glass, if permitted by fragment 
size, in order to obtain a representative composition. According to the compositional classification used for 
glasses in Apollo 16 regolith breccias and soils [4], 67016 glasses (Table 1) are predominantly of highland 
basalt composition (s 23 wt% A12Q3), similar to the bulk composition for 67016 [3]. A few glasses fall into 
the LKFM (low-K Fra Mauro) category, with < 23 wt% Al O3 and < 0.25 wt% K20, and one glass is enriched 
in silica This high-silica glass could be related to KREEF' k ~ ~ a l t  mesostasis because rare KREEP basalt has 
been reported in 67016 [5]. 

Discussion. Highland basalt and LKFM glass compositions in feldspathic fragmental breccia 67016 
are typical of compositions of glasses in Apollo 16 regolith breccias and soils. Proportions of glass types in 
67016, however, are distinctly different from the glass populations of any of the previously documented 
Apollo 16 samples with definite regolith components, including ancient regolith breccias, young regolith 
breccia, and soils (Table 2). KREEP glass, which is common in the other sample types, is not represented in 
the analyzed glasses from 67016. The lack of KREEP @ass indicates that 67016 may not be closely related to 
the petrographically similar ancient regolith breccias: the ancient regolith breccias contain about one third 
KREEP glass fragments and are clearly KREEP-enriched relative to other regolith breccias and soils (Table 
2). Another difference is that 67016 glasses do not have the trend towards high Mg' (atomic Mg/Mg+Fe) 
values that is characteristic of the ancient regolith breccias. 
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The feldspathic fragmental breccia contain abundant breccia fragments which have an extremely 
fine-grained aphanitic matrix. To help determine whether some of our identified glass fragnemts in 67016 
could actually be (clast-poor) fragments of aphanitic breccia clasts, we also analyzed a number of points on 
these aphanitic breccia matrices. Table 1 shows that virtually all of these aphanitic breccia matrices have 
compositions very similar to those of the highland basalt glasses. Consequently, while the breccia clat  matrix 
material could contribute to our glass population, glass fragments in the feldspathic fragmental breccias also 
contain a distinct component which is unlike the glass populations in any of the regolith-related samples at 
the Apollo 16 site, including the ancient regolith breccia. 

The presence of abundant KREEP glasses in the ancient regolith breccia suite and absence in the 
feldspathic fragmental suite, if confirmed by additional data, would essentially rule out the possibility that the 
feldspathic fragrnental breccia are derived from the ancient regolith breccia suite, but would still allow the 
reverse possibility: i.e., the ancient regolith breccia suite could be derived from a more primitive precursor 
(the feldspathic fragmental breccias) to which KREEP glasses and high-Mg' glasses have been added. We 
have previously noted that the ancient regolith suite contains somewhat higher levels of incompatible trace 
elements than do the feldspathic fragmental breccias [2]. If other data indicate that the feldspathic fragmental 
breccias are indeed precursors of the ancient regolith breccia suite, then the feldspathic fragmental breccia 
suite may be part of a very old megaregolith, perhaps even predating the basin-forming events. Clearly, much 
more data are needed before such problems can be solved. 

References: [I] Stomer et at. (1980) Proc. Conf. Lunar Highlands Crust, p. 51-70; [2] McKay et al. (1986) Proc. Lunar 
Planet. Sci. Conf. 16th, p. D277-D303; [3] Ryder and Norman (1980) Apollo 16 Catalog; [4] Wentworth and McKay (1988) Proc. 
Lunar Planet Sci. Conf. 18th (in press); [5] Norman (1981) Proc. Lunar Planet. Sci. Conf. 12B, p. 235-252. 

TABLE 1: Average compositions of 67016 glasses with standard deviations in parentheses. 
HIGHLAND HIGH- 
BASALT LKFM SILICA 

Si02 44.80 (1.40) 45.89 (2.51) 80.40 
TiOZ 0.32 (0.31) 0.82 (0.68) 0.57 

%O3 29.53 (3.01) 21.24 (1.49) 1151 

Cr203 0.06 (0.02) 0.10 (0.04) 0.01 
FeO 430 (203) 7.86 (2.59) 050 
MnO 0.06 (0.03) 0.10 (0.02) 0.01 
MgO 4.06 (209) 9.09 (2.87) 0.16 
CaO 16.45 (1.65) 14.34 (2.45) 5.55 

N%?O 0.61 (0.14) 0.60 (0.19) 0.33 
0.07 (0.03) 0.10 (0.05) 0.60 

p2°5 0.06 (0.10) 0.15 (0.13) 0.04 
Total 100.30 100.28 99.68 
Mg' 0.62 0.67 036 
No. of Grains 18 4 1 

TABLE 2: Relative proportions of glass types in ApoUo 16 samples. 
ma  ARB^ 

Highland Basalt 78.3% 39.4% 50.4% 

LKFM 17.4 24.1 9.9 

KREEP 0.0 32.8 17.1 

High-Si 4.4 0.0 0.0 
Si-poor 0.0 0.0 7.2 
Ultra Mg' 0.0 29  0.9 

Mare 0.0 0.8 14.4 
b a~eldspathic fragmental breccia 67016; Ancient regolith breccias; 'young regolith breccias 

MELT BRECCIA 
MATRIX 
44.30 (0.59) 
0.58 (0.57) 

28.64 (230) 
0.09 (0.05) 
5.14 (1.69) 
0.07 (0.02) 
4.88 (1.85) 

16.03 (1.35) 
0.57 (0.08) 
0.06 (0.02) 
0.04 (0.02) 

100.41 
0.63 

26 

SOIL 
54.2% 
10.7 
12.3 
0.0 

11.2 
0.0 

11.6 
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