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We deliberately focus attention on rare rocks and fragments which offer 
the best chance of revealing crystal-liquid differentiation. We frankly 
concentrate on Mg-rich fragments from breccias whose textures are equivocal. 
The regularity of chemical compositions is not inconsistent with moon-wide 
phenomena, and we boldly (rashly?) propose moon-wide differentiation whose 
general features rise above trivial local factors. We emphasize ~ g /  (Mg+Fe)= 

and minor elements in olivine and plagiocl.ase determined by electron 
microprobe analysis, and look forward to systematic trace analysis by ion 
microprobe analysis. Unfortunately we find evidence of inaccurate analyses 
of minor elements, and question the value of routine compilations. 

Dunite fragments are reasonably common in soils and breccias (e.g. 1). 
We argue that these are not brecciated single crystals of olivine from 
feldspar-rich rocks (2) on the basis of their high Mg content and 
similarities to large rock 72435. Fig. 1 shows the narrow range and high Fo 
content (85-90) for olivines from 10 dunitic fragments (ol+pl+chrom +arm _+ 
pyx): other evidence suggests that the one exception at Fo 70 is related to 
mare basalt. Chromite is a ubiquitous accessory, all but one clustering on 
Fig. 2 at low Ti02 in a region distinct from olivines from most mare basalts 
(some early A12 and A15 ones are similar). The correspondence with 
terrestrial layered intrusions is striking. "Armalcolite" with low Cr and 
Zr occurs in many fragments, and % correlates with that of olivine (3) 
indicating either igneous or metamorphic equilibration. Minor elements in 
olivine are: Cr 0-0.15 (mean 0.07), Ti 0.01-0.2(0.05), Ca 0.06-0.10(0.08), 
A1 0-0.07(0.02), Ni 0-0.07(0.02). Cr is consistently lower than for olivine 
from mare basalts, but higher than for terrestrial olivines (0.0-0.04) from 
peridotite xenoliths (4). Cr appears to correlate negatively with Ni (Fig. 1 
of part I), perhaps from progressive reduction of the lunar crust. One group 
of dunitic olivines is much lower in Cr, Ti and A1 than another group perhaps 
because of metamorphic adjustment with exsolution of spinel (? ) .  Calcium is 
consistently low, implying low-temperature equilibration by analogy with 
terrestrial olivine. The composition features of olivine and chromite 
suggest a homogeneous rock type related to terrestrial layered intrusions, 
perhaps even on a moon-wide scale though many local but similar intrusions 
are more likely. Dunites occur only at A14 and A17 sites, consistent with 
ejection from deep impacts. 

Troctolites (including troctolitic anorthosite and anorthositic 
troctolite) are common, and one large sample 76535 is known (5). From 
literature data we infer two types: Mg-troctolite is interpreted as plutonic 
and related to dunites while Fe-troctolite results from near-surface impacts 
mainly in highlands. The olivine (Fig. 1) from Mg-troctolites has slightly 
less Mg than for dunites (Fo 89-86: mean 86) whereas that for Fe-troctolites 
ranges from Fo 80 to Fo 62. The latter comes from Luna 20 (Prinz et al., 6) 
and A17 (Stoeser et al., 7), both being assigned to the ANT suite. The latter 
authors also recognized another suite which includes mostly Mg- but some 
Fe-troctolites, The Fe-troctolites are variously described texturally as 
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annealed cataclastic, metamorphosed, brecciated, altered and fine-grained 
basaltic. These textures suggest complex near-surface processes to us, and 
we do not ascribe them and many other "ANT" materials to cumulates. Minor 
element data are sparse for Mg-troctolite, but Ca is low in one olivine (5). 
Ca is consistently high (meanrv0.25 CaO) for olivine of Fe-troctolites (6), 
indicating a near-surface origin. Fe-troctolites are fine-grained, but at 
least one Mg-troctolite is coarse. Phase and crystallographic data suggest 
an origin at high-pressure for two Mg-troctolites, consistent with occurrence 
in A14 and A17 ejecta from depth. Fe-troctolites are more common in L20 
and A16 implying a long history of impact alteration. 

Spinel troctolites are characterized by Mg,Al spinel, plagioclase and 
olivine, although Prinz -- et al. (6) extended the definition to include 
spinel-free fragments whose bulk composition plots in the primary field of 
spinel in the 01-Plag-Qz diagram. The olivines of olivine-spinel fragments 
in the literature range from Fo 95 to 60. The fine grain size (maximum lmm) 
indicates rapid crystallization, and 15% silica-rich mesostasis is common. 
We prefer, like Agrell -- et al. (8), to ascribe spinel troctolites to near- 
surface impacts in 01-plag breccia, rather than to igneous cumulates (6). 

Anorthosites were interpreted by us (9) as cumulates, some composed 
almost entirely of plagioclase. Pyroxenes and silica mineral occurring at 
grain boundaries and inside plagioclase were ascribed to exsolution from a 
high-temperature, non-stoichiometric anorthite: this resulted from 
metamorphism of an igneous cumulate from a liquid with the same 3 as for 
the olivines with Fo near 90. Data obtained by Dowty et al. (10) are 
explainable by metamorphism of non-stoichiometric plagioclase with the 
secondary pyroxene ranging from 0 to a few %. 

Norites or noritic rock types show diverse textures. We suggest a 
3-fold classification: a) fine-grained, igneous texture often associated 
with KREEE'y trace-elements (e.g. 14310) - interpreted as near-surface melts 
produced by impact, or partial melts of crustal rocks extruded rapidly onto 
the surface, b) fine-grained, brecciated texture modified by various 
degrees of metamorphism which sometimes reaches partial melting - this type 
(often classified with ANT) probably originated from wide-scale disruption 
and mixing of cumulates, but present bulk chemistry usually represents a 
mixture of pre-existing rocks, c) coarse-grained (mm) rare noritic fragments 
and clasts found in several A17 samples (e.g. 78235 and Civet Cat clasts) - 
textures indicate shock metamorphism but several features indicate derivation 
from a large plutonic body (high %, P21ca pyroxene, coarse grain size, 
cumulate texture). We consider only the third type to be significant for 
early lunar history, and attribute the other types to trivial local 
conditions. A peculiarity of the third type is the segregations or veins of 
KREEPy phases of unknown origin: we attribute these to external infiltra- 
tions, either partial melts or late liquid differentiates. 
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