
CONSORTIUM BRECCIA 73255: GENESIS AND HLSTOKY OF TidO COARSE-GRAINED 
"NORITE" CLASTS: O.B. James and J.J. McGee, U.S. Geological Survey, Reston, VA. 
INTRODUCTION: Two clasts of relatively coarse-grained ANT-suite igneous rocks 
having noritic affinities were extracted from breccia 73255 for consortium study. 
The clasts are of special interest because: 1) their coarse grain sizes suggest 
that they may have formed relatively deep in the lunar crust; and 2) their ig- 
neous origins and relatively simple postcrystallization histories indicate that 
there should be less uncertainty in interpretation of the compositional and i- 
sotopic data than there is for most ANT-suite rocks; therefore, the consortium 
studies should yield information on the compositions of endogenous highland 
melts and the chronology of lunar highlands magmatism. 
PYROXENE ANORTHOSITE 27,80: The total clast weighed a250 mg. Separates of its 
pyroxene and plagioclase were analyzed by INAA [I]; thin sections have been 
studied with the optical microscope and electron microprobe (results presented 
herein) and with the transmission electron microscope (TEM) [2]; and the re- 
mainder of the clast has been sent to G . J .  Wasserburg, D.A. Papanastassiou, and 
J.C. Huneke (Cal Tech) for isotopic studies and age determinations. 

Mineralogy and Texture: The major minerals are plagioclase (homogeneous 
Or0,7Ang3.1Ab6,1) and orthopyroxene (homogeneous Wo2,2En72,9Fs24,9); minor con- 
stituents are augite (homogeneous Wo44,8En46.0Fs9,2) and quartz (partly con- 
verted to glass and/or tridymite by postcrystallization events). The pyroxenes 
contain exsolved lamellae of each other and of oxide minerals. 

The overall clast texture is that of an igneous cumulate. Plagioclase 2nd 
orthopyroxene form a hypidiomorphic-granular intergrowth of 0.3-2.0 min equant 
grains having size distributions, shapes, and spatial relationships typical of 
igneous cumulates. Plagioclase grains show subhedral outlines against pyroxene 
grains. Triangular interstices, which are bounded by crystal faces of the major 
minerals, are filled primarily by quartz and augite; these phases are accompa- 
nied by minor numbers of grains of (in decreasing order of abundance) Ba-rich 
K-feldspar, plagioclase, Ti-Mg-A1 chromite, Nb rutile, Co-bearing (2.7-3.6%) 
iron metal, fluorapatite, big-REE-rich whitlockite, baddelyite, and troilite. 

The clast has textures indicative of moderate shock. Orthopyroxene has 
patchy extinction variation, and augite contains abundant closely spaced thin 
(001) and (100) twin lamellae. Plagioclase contains patches of lenticular bent 
lamellar structures; extinction is mosaic on both coarse (0.2-0.8 mm) and fine 
(~1-2pm) scales. Quartz is intensely fractured, and the fractures are filled 
by silica glass and/or tridymite; most quartz has been almost entirely converted 
to glass and/or tridymite that locally contains traces of shock lamellae. The 
edge of the clast is locally strongly granulated. In some granulated areas, 
fractures are filled by veinlets of devitrified troilite-rich glass; these 
veinlets commonly have thin medial concentrations of troilite plus minor iron 
metal ( ~ 5 %  Co, <0.02% Ni). Defocused-beam microprobe analyses demonstrate that 
the composition of the devitrified glass is a mixture of the silicate mineral 
that is cut by the fracture plus troilite and minor iron metal. 

Genesis and History. The texture of the clast indicates that its parent 
rock formed by crystal accumulation during crystallization of a melt. Crystal- 
lization was slow relative to most lunar rocks that crystallized from melts and 
did not take place at the lunar surface, as is indicated by the coarse grain size 
and hypidiomorphic-granular texture and by the fact that there was opportunity 
for crystal settling. The interstitial phases crystallized from late-stage re- 
sidual melt. After crystallization, the rock had a significant period of sub- 
solidus reequilibration, during which the exsolution lamellae grew in the pyroxenes 

The parent melt was probably of endogenous rather than impact origin. The 
rock contains no xenocrysts or xenoliths; the melt crystallized slowly and not 
at the lunar surface, and the composition of the iron metal suggests that it 
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contained no meteoritic component. Thus, the three most common indicators of 
impact melt origin are absent. 

After the rock reequilibrated, it was moderately shocked. The pyroxenes 
were deformed plastically, the plagioclase was deformed plastically and partly 
converted to maskelynite [2], and the quartz was fractured and probably partly 
converted to thetomorphic glass. Most of the rock retained its original igneous 
texture, but parts were strongly fractured and granulated. Some fractures were 
penetrated by hot Fe-S-rich vapor or melt. Textures and bulk compositions of 
the veinlets that fill these fractures indicate that heating by the injected 
material melted the silicate minerals bordering the fractures, producing a mix- 
ture of silicate melt and injected material. Some or all of the injected Co-Fe 
component probably represents remobilized metal from the clast because the metal 
in the veinlets has a composition like that of the primary metal. Most or all 
of the injected S component, however, is probably exotic because troilite is quite 
rare in the primary assemblage. 

After the clast was shocked, it was incorporated in the 73255 breccia. The 
textures offer no clear evidence as to the time elapsed between these two events. 
During one of these events, the plagioclase that had been converted to maskely- 
nite devitrified. Plagioclase microstructures observed with the TEM suggest 
that the temperature of the clast at the time of devitrification was above the 
glass-transition temperature for anorthite, ~840°C [2,3]. 

Evidence obtained in a previous TEM study [3] indicates that cooling of the 
bulk 73255 breccia after it formed was rapid and that there was no subsequent 
shock >25 kb or reheating >500-600°C. Thus, the 73255 breccia-forming event was 
the last thermal-deformational event affecting the clast. 
GRANULATED NORITE 27,45: The total clast weighed 2.900 mg. Total-rock chips were 
analyzed by INAA [I], thin sections have been studied with the optical microscope 
and electron microprobe (results presented herein) and with the TEM [ 2 ] ,  and the 
remainder of the clast has been sent to G.W. Lugmair and K. Marti (UCSD), where 
mineral separations are being made for Sm-Nd- dating and Xe analyses, 4 0 ~ r - 3 9 ~ r  
dating (J.c. Huneke, Cal ~ech), S isotopic analyses (J.F. Kerridge, UCLA), and 
siderophile-element analyses (J.W. Morgan, USGS). 

  in era lo^^ and ~exture: ~la~ioclise (averaging Or0. 4~n88. 6 ~ b 1  1, 0) and or- 
thopyroxene (averaging Wo2.9En71.6Fs25.5) are the major minerals; augite (aver- 
aging W 0 ~ ~ , 1 E n ~ 4 . 9 F ~ ~ ~ , 0 )  is subordinate; and Mg ilmenite, Ti-Mg-A1 chromite, 
fluorapatite, Mg-REE-rich whitlockite, iron metal (%1.5% Co, %3.5% Ni), troilite, 
Ca-Zr-Cr armalcolite, and rutile are present in trace amounts. 

The clast is an aggregate of angular mineral fragments. Relict pregranu- 
lation texture is very poorly preserved. A patchy distribution of the fragments 
of the plagioclase and pyroxenes indicates that the grain size of the parent rock 
was fairly coarse, ~ 1 - 2  mm. In a few polymineralic fragments, relict grain bound- 
aries are preserved. The relict textures and related variations in mineral chem- 
istry, enumerated below, indicate that the parent rock was igneous. (1) Small 
euhedra of relatively calcic plagioclase (OrO.lAngO,OAbg.g) are included in 
orthopyroxene; large plagioclase grains that border pyroxene are subhedral and 
have edges that are slightly more sodic than their centers (e.g., An87.5 vs. 
A n ~ ~ ~ 4 ) .  These relationships indicate that the plagioclase crystallized from a 
melt. (2) A thick continuous rim of augite envelops orthopyroxene; this augite 
has slightly higher Fe/Fe + Mg than does the augite exsolved from the core ortho- 
pyroxene, and it contains exsolved orthopyroxene lamellae that have significantly 
higher Fe/Fe + Mg than the core orthopyroxene. These relations are consistent 
with melt crystallization but not with metamorphic recrystallization. 

Each pyroxene contains abundant exsolution lamellae of the other, as well 
as abundant small exsolved particles of oxide minerals (ilmenite and chromite). 
The augite contains four sets of lamellae of low-Ca pyroxene. The lamellae that 
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form two of these sets are fairly thick, widely spaced, and oriented parallel to 
(100) and (001); those that form the other two sets are quite thin, closely 
spaced, oriented at low angles to the thick (100) and (001) lamellae, and occur 
in areas between the thick lanellae. These relationships indicate that the two 
thick sets formed relatively early, at relatively high temperature, whereas the 
two thin sets formed later, at lower temperatures [ 4 ] .  

The clast shows weak shock effects. Most pronounced of these are pervasive 
granulation and intense local shearing. In some places, injection veinlets of 
aphanite like the aphanite that forms the bulk of the surrounding breccia are 
present along shear planes. Plagioclase, orthopyroxene and augite locally show 
weak undulatory extinction, and plagioclase and augite locally show shock-in- 
duced twinning. Some fractures in mineral fragments have been filled by injected 
Fe-S-rich material; these fracture fillings are thin, sharply bounded, and con- 
sist almost entirely of iron metal and troilite. 

Genesis and History. The relict pregranulation texture preserved in the 
clast indicates that its parent rock formed by crystallization of a melt. The 
variations in pyroxene and plagioclase compositions cited above confirm an ig- 
neous origin. The relatively coarse grain size and the relict textures indicate 
that crystallization was not rapid enough to have taken place at the lunar sur- 
face, but the observed compositional variations in the pyroxenes suggest that 
the rate of crystallization was too rapid for equilibrium to have been maintained 
throughout the process. After crystallization, the rock underwent a period of 
subsolidus reequilibration, during which time the exsolution features for~ed in 
the pyroxenes. Terrestrial augites from the Bushveld complex show exsolution 
iamellae having similar thicknesses, spacings, distributions, and compositions 
[ 4 ] ,  suggesting that the subsolidus thermal history of the rock was comparable 
with that of the Bushveld complex. 

What little evidence there is concerning genesis of the parent melt sug- 
gests an endogenous rather than an impact origin. There are no apparent xeno- 
crysts or xenoliths. The melt crystallized more slowly than typical lunar im- 
pact melts, and subsequent reequilibration was more extensive than in typical 
melt rocks; these characteristics suggest an origin at some depth below the 
lunar surface. 

After it crystallized and cooled, the parent rock was intensely granulated 
and locally sheared by an impact event; there is no evidence of more than one 
such event. It appears that the impact was the 73255 breccia-forming event, 
because the shearing was accompanied by injection of aphanite lithologically 
similar to the aphanite that forms the bulk of the breccia. At the time of gran- 
ulation, parts of the clast were penetrated by hot Fe-S-rich vapor or melt; little 
or no melting of the fractured grains accompanied this injection. The clast shows 
no apparent modification by postshock recrystallization or recovery 121. In sum, 
the evidence suggests that the shock-induced residual temperature in the clast 
and its temperature immediately after it was incorporated in the 73255 breccia 
were not very high (not higher than %600°C) for any significant length of time. 

As stated above, the bulk 73255 breccia cooled rapidly after it formed, 
and there was no subsequent significant shock or reheating [3]. Thus, it is 
unlikely that any of the characteristics of the clast will reflect events that 
took place after its incorporation in the breccia. 
REFERENCES: [l] D.P. Blanchard et al., this volume. [ 2 ]  G.L. Nord, Jr. and 
J.J. McGee, this volume, [3] G.L. Nord, Jr. and O.B. James, PLPSC 9, in press. 
[ 4 ]  P. Robinson et al. (1977) Arner. Min. 62, p. 857. 
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