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Introduction:  Apollo-17 breccia 73217 (139 g) 

has been the subject of three petrologic studies, with 

widely divergent conclusions. Crawford [1] interpreted 

it as a “partially melted assemblage of plutonic rock 

fragments.” From a study focused on pyroxene, Ishii et 

al. [2] rejected Crawford’s partial melting interpreta-

tion and proposed that the breccia represents an im-

pact-generated mixture (the mixing model was admit-

tedly “nonunique”), dominated by relict mineral clasts 

from a wide sampling of a single layered intrusion. 

Finally, Ryder’s [3, 4] abbreviated studies led him to 

classify the rock as an impact-melt breccia, albeit “not 

part of Serenitatis melt sheet.” A large, cataclastic, 

ferroan-anorthositic clast was studied by [5]. We have 

obtained the first whole-rock trace-element data, and 

studied thin section 73217,73 by SEM and EPMA. 

Bulk-compositional results: Two separately 

chipped samples of 292-318 mg were analyzed by 

INAA and fused-bead EPMA. Results for incompatible 

elements are shown normalized to high-K KREEP [6] 

in Fig. 1. Chip ,64 is enriched compared to ,67. Both 

chips show major enhancements in alkali elements. In 

,64, enrichments in Zr and Hf are also evident. As the 

table below indicates, the two chips also differ in ma-

jor-element composition (in wt%, except mg in mol%; 

an analysis by [4] and our average of 37 EPMA of 

mesostasis glasses within thin section ,73 are shown for 

comparison). Note that among the 3 bulk-rock compo-

sitions, the outlier, in most respects, is ,67, which is 

anorthositic and relatively K-poor. Concentrations of 

Sc and V are also lower in ,67  (9.7 and ~8 µg/g) than 

in ,64 (20 and 19 µg/g). FeO is surprisingly high (and 

mg surprisingly low) in the [4] analysis. 

Siderophile data. Virtually all lunar impact-melt 

breccias contain large, easily detectable meteoritic 

components, with siderophile enrichments at levels 

typically of order 0.01-0.03 times CI [7]. If 73217 is an 

impact melt, it is a clear exception to this trend. Our 

more sensitive (RNAA) technique for siderophile ele-

ments has not yet been applied, but INAA results in-

clude (for ,67) Ni = 14 µg/g and Ir ~0.3 ng/g. For ,64, 

the results are not so low (Ni = 140 µg/g and Ir <0.5 

ng/g), but even 0.5 ng/g of Ir is only 0.001 times CI. 

Petrology: A striking feature of this impact-breccia 

is the presence of a mesostasis that consists almost 

purely of a highly uniform and granitic glass (see table 

above; cf. a few analyses shown by [2]; a single analy-

sis in [1] is much lower in K2O and Na2O, but we sus-

pect alkali volatilization during the analysis). Crawford 

reported a mode with 9.8% glass. We find ~ 15 vol% 

in thin section ,73. There is very little other K-rich mat-

ter in the thin-section modes, so we can extrapolate 

glass proportions for each of the analyzed bulk-rock 

chips: (in wt%) ~ 23 for ,64, ~ 8 for ,67, and ~ 25 for 

the chip analyzed by [4]. Minor components of the 

mesostasis include ilmenite and Ca-phosphate, traces 

of both baddeleyite and zircon (cf. the high Zr and Hf 

in ,64), along with other trace phases noted by [1]. The 

alkali enrichments (Rb, Cs, as well as K) of the bulk 

analyses are presumably linked with this mesostasis 

glass. As Crawford [1] surmised just from thin-section 

data, this evolved component of 73217 is not a form of 

KREEP. It is instead akin to lunar granitic materials. 

As noted by [1], the vast majority of the large relict 

mineral clasts in 73217 are plag, mostly of typically 

Na-poor lunar composition (near An92). Detailed stud-

ies of the relict pyroxenes by [2] show them to encom-

pass a broad yet systematic range in compositions, with 

a consistent tendency toward extensive exsolution; 

characteristics which led [2] to suggest that possibly 

the pyroxenes came (virtually all) from a wide range of 

depths within a single layered intrusion. The exsolution 

lamellae are typically decorated in a distinctive way 

with oriented opaque inclusions, which our SEM study 

shows consist mainly of ilmenite, along with traces of 
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73217,67

Alkalis

avg. glass

 SiO2 TiO2 Al2O3 Cr2O3 FeO MnO

73217;64 52.5 1.93 20.3 0.107 5.45 0.078

73217;67 48.8 0.57 26.2 0.070 4.66 0.080

73217 [4] 52.7 1.48 18.0  -- 8.77 0.12

glass 77.4 0.71 11.2 0.06 0.47 0.03

MgO CaO Na2O K2O sum mg

73217;64 2.97 14.1 0.86 2.08 100.46 49.3

73217;67 2.73 14.9 0.77 1.01 99.69 51.1

73217 [4] 3.45 11.9 0.78 2.21 99.41 41.2

glass 0.03 0.49 1.47 7.49 99.40 11.4
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Cr-spinel and FeS. 

The relict pyroxenes are often mantled with a com-

plex layer of altered or overgrown pyroxene that is 

more ferroan and more moderate-Wo compared to the 

relict grain’s core. Crawford [1] described the mantles 

around augites as reverse-zoned, but neither we nor [2] 

found this relationship. An interesting feature of the 

pyroxene overgrowths is that their compositional het-

erogeneity is not in the form of continuous zoning, as 

often results from rapid, disequilibrium crystallization 

in impact melts or mare basalts. Instead, the mantles 

(or overgrowths) typically consist of numerous discrete 

lobate domains of both low-Ca and high-Ca px. 

An example is shown in the BSE image (Fig. 2). 

The core of this relict grain is mostly En65Wo2; the 

~15-30 µm thick mantle varies from lobes of slightly 

more ferroan and moderate-Wo low-Ca px to lobes 

near En40Wo39. In the groundmass, the similarly light 

gray phase is similarly px, the medium gray is plag, 

and the darker gray is mesostasis glass. The long eu-

hedral white blades and stubby laths amid the glass are 

mostly ilmenite, occasionally Ca-phosphate. 

In their discontinuous-lobate heterogeneity, the 

mantle portions of the relict pyroxenes appear re-

markably similar to the much smaller pyroxenes that 

are scattered throughout the groundmass; the ground-

mass grains often appear to have grown around small 

low-Ca nucleii. In section ,73, we also found one grain 

in which a pyroxene mantle extends for ~ 60 µm 

around a 60×40 µm relict olivine (Fo56). In this case 

the pyroxene mantle is consistently low-Ca 

(~En56Wo8, with ~ 4 mol% normal zonation in mg). 

One to 2 vol% of ,73 consists of granoblastic-

anorthositic clasts; similar to clasts described by [2]. 

Inferred petrogenesis: As noted by Crawford [1], 

the discontinuous-lobate, rather than continuously 

zoned, nature of the px overgrowths suggests that the 

material cooled slowly during the process of px man-

tling; even though, paradoxically, the end result was a 

mesostasis that is thoroughly vitreous and highly uni-

form in composition. The viscosity of melt as granitic 

and (presumably) dry as this material is very high, so 

the transport of cations to the overgrowth areas, and 

subsequent quenching of the glass, should not be too 

closely analogized/contrasted with more normally ba-

saltic-composition systems. Certainly the “partially 

melted assemblage” model of [1] is implausible. Par-

tially crystallized might be more apt. Still, the origin of 

the granitic melt is highly enigmatic. Impact melting, as 

implied by [3] and to some extent by [2], will seldom 

yield such a uniformly granitic and siderophile-poor 

melt within the granite-poor and siderophile-

contaminated lunar crust. Also, impact melts tend to be 

vastly hotter than the clastic matter with which they 

mingle in the latter stages of their emplacement. The 

result is usually a digestive assimilation of fine and rim 

clastic matter, ensuring that the groundmass is similar 

in composition to the bulk rock; unless cooling is so 

rapid that little reaction between melt and solids takes 

place (but this was clearly not the case with 73217). As 

emphasized by [2], the breccia is also peculiar in that 

nearly all of the non-glassy matter appears likely to 

have derived from a single, gabbronoritic layered intru-

sion. It seems most plausible (or least implausible) to 

assume that the melt component of 73217 was already 

molten (or at least very nearly so) before involvement 

at some peripheral position relative to an impact 

caused it to become mingled with a petrologically lim-

ited range (gabbronoritic) of clastic components. 
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