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Thermally metamorphosed rocks and breccias with granoblastic or poiklloblastic textures are major components of 
rake samples and are frequently observed as clasts in polymlct fragmental breccias from North Ray Crater, Apollo 
16 (1,2). In our consortium studies we analyzed thin sections of granulites 67485,4; 67488,3; 67615,4; 67947,J; 
67749,4; 67566,laand ,2; and 67746,8 petrographically and chemically for major elements with the electron 
microprobe (defocussed beam, MA). Minor elements were determined by INAA of aliquots of the same samples. 

Modal composition and textural characteristics: Samples 67485, 67488, 67615, 67947, and 67749 are clast-rich 
fine-grained feldspathic granulites with a modal cmpositlon of 86.4-90.1 vo1.l plagioclase, and 9.9-13.6 vo1.x 
mafic minerals in the matrix. Oxides (spinel, ilmenite), sulfides, and metal grains amount to <1 vol.%. The mean 
grain size of the mafics in the matrix 1s below 10 microns. Clasts in these granulites are almost exclusively 
feldspathic: shocked or unshocked anorthite gralns, anorthosites with various degrees of shock metamorphiam 
(mosaicism, several sets of planar elements) and recrystallization, finegrained feldspathic impact melt clasta 
with subophitic textures and recrystallized glass. Both the melt clasts and the recrystallized glass are 
chemically identical to the granulitic matrix. Mafic mineral clasts are extremely rare. The textures of these 
granulitic samples apparently reflect differences in the degree of thermal metamorphism. In samples 67488 and 
67947 matrix plagioclase crystals are small, mafic minerals only show incipient growth of poikiloblasts, and 
minute ilmenite grains are arranged in stringers. These features are indicative of a low degree of t h e m 1  
metamorphism. A more pronounced metamorphism is indicated in samples 67485, 67615, and 67749 by increased grain 
size of matrix plagloclase, growth of orthopyroxene polkiloblasts, skeletal ilmenite crystals, and by 
recrystallization textures in shocked clasts. Samples 67566,laand ,2 also are fine-grained feldspathic 
granulites but contain more mafic minerals in the matrix (17.5 vol.l), and their clast population is different. 
Matrix textures vary between granular and poikiloblastic. In contrast to the other samples the 67566 granulites 
contain large orthopyroxene, olivine and ilmenite clasts (200-600 m), in addition to plagioclase and lithic 
clasts such as medium-grained rock fragments with subophitic textures and one clast of a poikiloblastic rock 
very similar to the poikiloblastic part of 67955. Sample 67746,8 is a completely recrystallized medium-grained 
noritic anorthosite with 23.2 vol.$ mafic minerals having mean grain size of 26 IJII (olivine) and 3 4 ~  m 
(clinopyroxene) . Texturally and modally this sample 1s similar to the poikiloblastic 67955 (20.7 v0l.X maf ice) 
whlch, however, was shocked after recrystallization. 

Chemical characteristics: The three groups of granulites as defined texturally and modally are also distinct 
in their major and minor element contents. The fine-grained feldspathic granulites 67485, 67488, 67615, 67749, 
and 67947 are high in Alfl3, low in Mg0 (Fig. 1) and the mg' of their matrix minerals is in the range betwen 55 
and 61 (Tab. 1). The feldspathic granulites with mafic mineral clasts (67566) also have an anorthositic matrix 
but the mg' of the matrix averages 72. The mafic mineral clasts in 67566 also have a mg' >70. The discrepancy 
between the mg' of the matrix (>70) as determined by microprobe analyses and the mg' for the bulk rock (<70) as 
determined by INAA in an effect of the presence of a of a large ilmenite grain (300 m) which has been avoided 
during DBA. The medium-grained noritic-anorthositic granulites 67746 and 67955 both have a high mg' of 76 and 
79, respectively. They are chemically similar to granulitic clasts in 67016 (3) (Fig. 1, hatched area). Trace 
elements also differ between the groups. The feldspathic ferroan granulites of the first group are l a  in Co and 
Ni and plot slightly below the line defined by Apollo 16 melt breccias (4) (Fig.2). The ferroan granulites are 
also low in Cr, Mn, Ir, and Au (Tab. 1). The magnesian granulltes 67566, 67746, and 67955 have higher Ni and Co 
contents and plot along the Apollo 16 line the slope of which defines a chondritic Ni/Co ratio. The Fe/Sc ratios 
of the ferroan granulites are consistently lower than those of the magnesian granulites (Tab. 1). T h e  granulites 
are enriched in REE by a factor of 10 as compared to anorthosites (5). The REE patterns of the ferroan 
granulites display La between 8 and 15 x C1, they have a positive Eu anomaly and a slightly negative s l o p  in 
the heavy REE. The slope of the 67566 granulite specimen in the heavy REE is nearly flat, while the 
noritic-anorthositic granulite 67746 shows a distinct positive slope. The slope of 67955 is also flat in the 
heavy REE (6). The Sm content of the granulltes is low and the RE€ patterns are typical for rocks with rare or 
absent KREEP, in agreement with REE patterns of other lunar granulites (7). 

Source of the granulites: The modal and grain size data, the major and minor element concentrations and the 
RE€ data strongly indicate feldspathic microporphyritic melt breccias -fmnb- ( 8 )  to represent the aourn 
lithology of the ferroan fine-grained feldspathic granulites. Figures 1 and 2 show the MgO/A1203content and the 
Ni/Co content, resp., of fmnbs according to own data and literature data (9,10,11). All of our ferroan 
granulites and most of those from other authors (9,10,11) plot within the fields for fmnbs while the magnesian 
granulites plot at distinctly different values. The REE data of fmmbs are also similar to those of the ferroan 
granulites. Fmnb 67715 contains La 8 x C1 and displays the same positive Eu anomaly and the sane slightly 
negative slope as the ferroan granulites (5). The mg' of micro orph ritic melt breccias is in the range of 45 to 
68 (3.9) and thus covers the range of the granulites. The t~Ar/39Ar plateau ages of ferroan feldapathic 
granulites are in a narrow range of 3.84-3.89 AE (5). Ages of fmnbs are consistently higher (3.96-4.14 AE) ( 9 ) ,  
so also the age data allow a derivation of granulites from fmnbs. Ferroan granulites which are thermally 
metamorphosed fmnbs appear to be related to North Ray crater, and therefore are typical for the Descartes area. 
Some of the ferroan granulites among our consortium samples might be related to similar clasts in the m i t e  
Breccia Boulder 67455 (10,ll) which is in close vicinity to the sampling place of the 67485 and 67488 rakes but 
others were collected at distinctly different places. For the formatinn nf fine-grained ferroan granulites by 
thermal annealing of fmmbs a time span is given in the range of 0.07 to 0.3 AE but the textures indicate 
caparatively short annealing times for at least two of the samples. A local heat source such as an impact melt 
sheet is more likely to produce the observed characteristics than a global metamorphism of the Apollonian type 
(12). 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



APOLLO 16 GRANULITES 

O s t e r t a g  R. e t  a l .  

,ices: (1) Stoffler, 0. et al. (1981) Proc. Lunar Planet. Scl. 128, p. 185-207. (2) Biachoff, A. et al. 
~ 5 )  In Lunar and Planetar Science XIV, p. 49-50, Lunar and Planetary Institute, Houston. (3) Lindstrom, M.M. 

and Salpas, P.A. (1983) Proc-t. Sci. Conf. 13th, in J. Geophys. Res., 88, p. A671-683. (4) Palme, H. 
(1980) Proc. Lunar Planet. Sci. Conf. llth, p. 481-506. (5) Stoffler, 0. et al. (1984) This volume. (6) Palrne, 
H. (19787 Proc. Lunar Planet. Sci. Conf. 9th, p. 25-57. (7)Warner, J.L. et al. (1977) Proc. Lunar Sci. Conf. 
8th, p. 2051-2066. (8) Stoffler, 0. et al. (1980) In Proc. .Conf. Lunar Hi hlands Crust, p.51-70. (9) James, 0.0. 
E e l )  Proc. Lunar Planet. Sci. Conf. 128, p. 209-233. (10) Llndstrm, M.;. and Salpas, P.A. (1981) Proc. Lunar 
Planet. Sci. Conf. 128, p. 305-322. (11) Lindstrom, M.M. and Salpas, P.A. (1977) Proc. Lunar Sci. Conf. nth, p. 
2137-2151. (12) Stewart, D.B. (1975) In Lunar Sience VI, p. 774-776, Lunar and Planetary Institute, Houston. 

Table 1: Chemical data of Apollo 16, Station 11 granulites. 

thin 67485.4 67488,3 67615,4 67749,4 67947,3 67566,l 67746,8 
sect ion , 2  .............................................................................. 
microprobe (DBA) 
A1 20 3 w t %  31.04 33.74 33.33 29.76 31.97 32.32 24.77 
CaO 18.02 18.04 18.17 16.33 17.58 18.22 11.24 
kcJ 2.34 1.59 1.60 3.28 1.80 1.99 9.77 
FeO 2.71 1.99 2.12 3.67 2.54 1.30 5.46 .............................................................................. 
INAA 
Fe wtZ 2.45 2.54 2.83 2.39 2.61 3.44 3.99 
sc PPm 6.72 6.60 7.20 5.71 6.74 6.32 7.43 
Cr 360 350 386 324 340 590 873 
k 330 365 393 342 364 420 541 
Ni 25 19 35 32 40 240 226 
Cr, 6.2 5.37 7.28 6.44 7.15 22.7 20.4 
La 2.38 2.06 3.79 2.64 3.76 3.33 2.98 
Sm 1.14 0.93 1.79 1.38 1.81 1.61 1.06 
Eu 1.14 1.16 1.28 1.22 1.23 0.888 0.911 
Yb 0.91 0.78 1.41 1.05 1.41 1.30 1.75 
Lu 0.13 0.11 0.202 0.146 0.199 0.19 0.274 
Ir PIJb 1.4 <2 1.7 1.7 2.1 8.9 15.2 
Au < 1 < 1 0.5 <2 <0.5 3.5 2.8 
*----------------------------------------------------------------------------- 

w ' 57 56 57 61 5 5 7 2 76 
(44) 
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Fig. 1: MgO/Al@~ontent of Apollo 16 granulites. 
Circles: own data; squares: (9); diamonds: 
(10,ll); striped: magnesian granulite clasts In 
67016 (3); dashed envelope: feldspathic 
microporphyritic melt brecclas (3,9,11), and own 
data. Filled symbols: magneslan, open symbols: 
ferroan. 
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Fig. 2: Ni/Co content of Apollo 16 granulites. 
Circles: own data; diamonds: (3,10); striped: 
magnesian granulites (10) ; dashed envelope: 
feldspathlc microporphyrltic melt breccias ( 3 3 ;  
triangle: fmnb, own data; solid line : Apollo 16 
melt rocks (4). Filled symbols: magnesian, open 
symbols: ferroan. 
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