
TEXTURALLYPRISTINE CLASTS FROM APOLLO 14: IMPLICATIONS FOR IGNEOUS PROCESSES 
J. W. Shervais and L. A. Taylor, Department of Geological Sciences, University of Tennessee, Knoxville, TN 37996. 

Introduction: The recent surge in data on the variety of highland rock types has led to the recognition that the 
primordial 'magma ocean' was succeeded by a number of 'seas' resulting in small layered intrusions (e.g., 1-3). Indeed, 
the upper crust in some regions of the moon is dominated by these 'younger' intrusive bodies. The Fra Mauro region 
sampled by Apollo 14 is apparently such o region, as suggested by the scarcity of 'ferroan anorthosites'. The most 
abundant "pristine" rock types present are troctolite and alkali anorthosite (3), which lie near the extremes of the 
crystal line of descent, leaving possible fractionation paths poorly defined. Currently, fractionation paths for lunar 
magma systems are based on a small number of samples from throughout the moon. Ideally, assessmentof 
fractionation trends should be limited to a single suite of inter-related samples, or at least to samples from a single 
geographic locale. 

Recently, the concept of "chemically pristine" rocks has been questioned (4) because of the use of the absence of 
siderophiles as a criterion. A sample may be a complete melt rock and not contain any meteoritic contamination. In 
fact, most "chemically pristine'' rocks have been subjected to significant shock metamorphism, making their mineral 
compositions suspect. This is of major importance when distinguishing groups and trends on An vs Fo (or M ) plots. 
Therefore, the use of texture as a prime criterion for pristinity is preferred and allows for expansEn of t h e 2 t a  base 
derived solely from chemicol criteria. 

Recent data show that 'mare-type' volcanics overlop Mg-suite rocks in age, and may be their extrusive 
equivalents (5). Additional data on the liquid and crystal lines of descent can be gleaned from a comparative study of 
the mineralogyfpetrology of both groups. These data are summarized in Figure I. Previous studies (3, 6, 7) have 
shown that the relative abundance of pristine plutonic rock types of Apollo 14 is troctolite >> alkali anorthosite > 
ilmenite gabbro > granite. Ferroan anorthosite is rare. We find that the scarcity of norites and gabbronorites is more 
apparent than real; in practice, mafic-rich noritesfgabbronorites are almost indistinguishable from the crystalline 
matrix of Fro Mauro breccias and have undoubtedly been overlooked. 

Some important new clasts/clast types we hove discovered during w r  latest scrutiny of Apollo 14 breccias are: 
Gabbronorites: Three clasts have mineral compositions that lot in the between the Mg-suite and FAN on Figure I. 
These are mineralogically and texturally distinct from FAN a k n o t  simply part of a gradation between the two 
suites. More likely, they define an 'elbow' in the Mg-suite trend. These clasts ore (a) a mafic-rich Pig + Plg + Sp (+ 
Aug) cumulate, with abundant post-cumulus avgite and ilmenite (Fig. 2A), and (b) two 'quasi-cumulate' 
(hypidiomorphic-granular) static gabbronorites with early-formed subhedral to euhedral Plg + Pig, and later, 
interstitial/anhedral augite and ilmenite (Fig. 2B). The two 'static' gabbronorites have relatively restricted mineral 
corrpositions which are similar to the cumulus phases in the mafic-rich cumulate. Post-cumulus minerals in the mafic- 
rich gabbronorite are zoned considerably with respect to the primary phases (Fig. I ). Pyroxenes in all three lack 
exsolution features, and their compositions reflect high temperatures of equilibration (T = 1000-1 100°C). These 
gabbronorites probably formed in rather shallow intrusive bodies. 

Troctolitic Norite: This unusual clast was chipped from breccia 14305. Examination of a thin section reveals evidence 
for  some shock metamorphism (Plg = maskelynite; 01 is kink banded but euhedral; Px is partly granulated and has 
common patchy extinction). However, we include i t  because i t  is a rare Opx-rich "troctolite". I t  contains % 30% Fo 89 
olivine; % 4046 En 90 Opx and ?. 30% An 95 Plag, as well as an unusual spinel-enstatite symplectite. Although this 
mode may not be representative of the rock, the large size of the relict px (up to 1. 2 mm) is the same as that of the 
olivine and "plag", and suggest that Px is indeed a major component. I t  plots at the top of the troctolite field in Figure 
I, a position heretofore virtually restricted to 'pure' troctolites. 
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Other Plutonic Clasts: Other texturally-pristine clasts that we have recently examined include more troctolite, 
alkali anorthosite and norite. A l l  have mineral compositions that plot onlnear the Mg-rich trend. Also, a single 
ferroan anorthosite clast was found in two thin sections I t  is a medium-grained granulite with a xenomorphic-granular 
(mosaic) texture. Pyroxene (augite + hypersthene) is 2 5% modally. Both the polygonal texture and the relatively low 
equilibration temperatures (T =8004500C) are consistent with slow-cooling deep in the crust. 

Basalts: The use of textural criteria for basalt pristinity is mvch more conjectural than for plutonic rocks. 
Textural criteria we used include: coarse grain-size, mafic-rich modes, plg-free phenocryst cores, lack of obvious 
relict crystals, and lack of the 'jackstraw' texture seen in many impact melt rocks (e.g., 14310). In addition, the CO-Ni 
contents of Fe-metal show that the basalts studied here have metal compositions typical of many mare basalts (Fig. 3). 
Three basalt types can be defined petrographically: olivine-phyric, olivine-pigeonite phyric, and pigeonite-phyric. 
Feldspar saturation occurred after pigeonite, but before augite. Augite most commonly occurs as a later interstitial 
phases or as a spongy, inclusion-rich montle on pigeonite. Mineral compositions in the basalts define two distinct 
trends on Figure I:  ( I )  a relatively f lat trend coincident with that defined by Mg-suite gubbronorites and (2) a steep 
trend which subparallels that of the ferroan anorthosites, but as lower An contents, The latter trrend is similar to that 
calculated by Longhi (8). The two trends intersect in the region around MCJ = 70 and An 1 94, near the three plutonic 
gabbronorite clasts described earlier. 

Fractionation Trends: When the data are confined to the Apollo 14 location (which is admittedly itself a mixture 
of adjacent terrains), rocks of the Mg-suite show a complex trend on Figure I. The troctolites define a steep trend 
subparallel to FAN but a t  higher &s, approximating the upper part of Longhi's trend (8). Norites and gabbronorites 
define a shallow trend, beginning at the 'elbow' of gabbronorites and extending to our alkali anorthosite. The trend 
after this is unclear but may become steeper again (e.g., 3, 7). This geometry suggests that the Mg-suite trend, as i t  is 
currently envisioned (based upon data from many locales), is in fact an average of several partly overlapping trends 
which are initially steep (i.e., troctolites) and then flatten out. The 'elbow' between the steep and shallow sections of 
the trend corresponds approximately with the first occurrence of cumulus pyroxene. This suggests that the shallow 
trend may be due to the onset bf pyroxene fraction and the resulting effect of a Ca partitioning between plagioclase 
and pigeonitelaugite. 

Grove et al. (9) have recently discussed the importance of reaction relationships as a possible mechanism for 
creating Fe-enrichment trends in terrestrial lavas Although his data are not directly applicable to lunar composit ions 
and conditions, the overall geometry and concepts of the reaction situation may help explain the different trends 
exhibited by plutonic and volcanic clasts in Figure I. Equilibrium crystallization of magmas at invariant reaction 
points can cause Fe-enrichment with l i t t le or no effect on alkalis or silica (9). This is the trend exhibited by basalts 
which plot subparallel to FAN in Figure. Liquids undergoing fractional crystallization will ignore all reaction points, 
and both iron and alkali enrichment will occur. Cumulate plutonic rocks evolve by a two-stage process: ( I )  fractional 
crystallization from the porent magma; (2) subsequent 'quasi- 
equilibrium' crystallization of trapped liquid within the crystal 25 
pile. ~hus,  primary cumulus crystals wil l  not be effected by Fe- Fe' Metal FIG. 3 I 
enrichment at the reaction point, but post-cumulus crystals may. 

Regardless of the mechanism that controls these 
fractionation trends, i t  seems clear that the Mg-suite is more 0 Sabbronorltrs 2-0 t 
complex that previously envisioned. Compositional variations in 
pyroxenes and in accessory phases require that these 'Fra Mauro" ' o 
fractionation trends are themselves composites of two or more 
unrelated magma suites. The use of texture as a prime criterion 
for pristinity will facilitate the expansion of data necessary to 

I .  .O O O further separate and define the several specific fractional . . *. 
crystallization trends 
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