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Granites may form from silica-rich primary melts or by the fractionation o f  basoltic melts. The probability of a 
primary granitic melt on the moon is remote. Thus, lunar granites derive from basalts and may represent either the 
end product of extreme fractional crystallization of basaltic melts ( I )  or a late stage immiscible liquid which separates 
from iron-rich basaltic magmas (2). In either case, they yield important information on the evolutionary paths of lunar 
magma systems. During a recent survey o f  Apollo 14 lunar breccias, we discovered in 14305 a number of small 
granitic clasts up to  2 m m  @ that range from crystalline to glassy. These "granites" are mineralogically distinct from 
those previously described f rom Apollo 14 (3) and emphasize the diversity of lunar granites. Preliminary petrographic 
and mineral data on these 14305 granites are presented here. 

14305,l 1 1 :  This probe mount contains a single rounded clast of micrographic granite, = 2 mm in diameter, 
comprising 4 grains of Ba,K-feldspar/quartz intergrowths (2.35% Qtz; 2. 65% Ksp). Optically continuous Kspar grains 
(Or?S:Ab5:An0; BaO= 1.64.1 w t  %) are up t o  1.0 x 0.6 mm in size and contain 'graphic' quartz blebs (also optically 
continuous) 20-60 p m thick (Fig. I ). "Ternary" feldspar (Or69:Ab 15:An16) occurs as rare blebs and is probably 
exsolved. The clast contains about 30% pale brown glass, r ich in Si, Al, and K, which separates the optically 
continuous Qtz/Ky, intergrowths from one another and also mantles the outer periphery of the clast. Some optically 
continuous quartz blebs extend out into the pale brown glass from within Kspar, showing that this glass is a shock melt  
of pre-existing rnicrographic intergrowths, not 'mesostasis'. 

Clear glass forms a vermicular selvage % 10 p m  thick that outlines the QtzIKsp grain boundaries and imports to  
this clast (and the other crystalline granites) its distinctive textural appearance in plane light. The clear glass appears 
t o  represent a minimum melt  composition. The brown glass contains higher K, Fe, Ca and Ba than the clear glass and 
commonly contains thin acicular quench crystals of pyroxene (?) and rare rel ict  pigeonite. 

14305 102: Eleven clasts with granitic mineral assemblages or compositions have been noted in this probe mount. 
~hree.-(~l, G2, G7) are crystalline ( < 25% glass) while the rest consist mainly o f  K,Si-rich glass. GI  is the 
largest clast (2 x I mm). I t  consists of 8 separate rnicrographic QtzIFeldspar intergrowths, with traces of accessory 
ilmenite and phosphate. Optically continuous 'feldspars1 are up to  I x 0.5 rnm in size and contain micrographic qtz 
blebs 20-50 u m  thick. Feldspars o f  two compositions are found in GI: almost pure Kspar w i t h %  2.2% BOO 
(Or95:Ab5:AnO) and ternary feldspars (Or45:Ab25:An35) which contain 0.7 to 2.3% BOO. The ternary feldspars hove 
conpostions that lie in the forbidden region of the feldspar ternary diagram (Fig. 2), similar to those from the Apollo 
17 granites (4,5). Their occurrence as large blocky grains (0.5 to  1.0 mm long), coexisting with Kspar of similar size, 
supports a primary igneous origin for this assemblage. 

Qtzlfeldspar grain boundaries are outlined by a vermicular selvage o f  clear glass; brown glass is much less 
abundant. These glasses are similar in composition to the clear and brown ones in 14305,l 1 1 .  The crystalline clasts G2 
and G7 are small (i0.7 mm), and each consists of a single Kspar (G7) or ternary feldspar (G2) grain intergrowth wi th  
qtz with clear vermicular glass along the qtzlfeldspar interface. G7 also contains a large (160 x 55 subhedral 
apatite grain in the feldspar, which is probably primary. 
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Clasts G3-6 and G8-I I range in major dimension from 0.1 to 1.5 mm and consist o f  =50 % to  > 90% K,Si-rich 
glass, plus acicular quench crystals. Rel ict  grains include qtz, Kspar, ternary feldspar, apatite and rare pyroxene. The 
feldspars are similar to  those f rom the crystalline clasts. G8 contains a single large pyroxene grain (80 x 50 p m) that 
is zoned from Wo29En4IFs30 t o  Wo25En37Fs38. This pyroxene lies near the edge of the clast and may be exotic. It 
differs f rom an acicular quench pyroxene (Wo40En42Fs18) which has much higher A l  and lower T i  than the large 
pyroxene. The large pyroxene & similar to  pyroxenes from most other lunar granites, however, and may be a rel ict  
grain. Most of the glass in these clasts is pale brown in color, but clear glass also occurs, especially in  oreas that are 
r ich in quench crystals. In general, the brown glass has higher K, Fe, and Ba, and lower Si and/or A l  than the clear 
glass. The glass-rich fragments were st i l l  molten when emplaced into the breccia matrix, as shown by their flattened 
or irregular shapes and by discantinous selvages of fine-grained crystallites at  the matrix contact. 

The similarity o f  rel ict  mineral assemblages and compositions in the glass-rich clasts to  those in the crystalline 
clasts suggest that the glass-rich clasts were derived from the same lithology as the crystalline clasts and simply 
represent larger degrees o f  shack melting (i.e., they are not comminuted 'mesostasis"). Glass compositions were 
subsequently modified by varying amounts of quench crystallization. 

Discussion. Although crystalline granite clasts are rare, K,Si-rich glass is a ubiquitous, i f  sparse, component in most 
Apollo 14 soils and breccias (6). We propose a direct connection. Granite has the lowest melting temperature of ony 
silicate igneous rock making it more s~sceptible to  shock-induced melting than 'ANT' or basalts. Thus, i t  is not 
suprising that rhyolit ic glasses are mlich more abundant than crystalline granites in lunar soils and breccias and are a 
more reliable index of "granite" abundance than the crystalline clasts. Based on the Apollo 14 soil data of Simon and 
Papike (6), the 'granite' component in the Fra Mauro region can be estimated at 2 112% by volume. The discovery o f  
granitic clasts in lunar breccias 14303 and 14321 (3) and 14305 (this report) establishes the importance o f  granite and 
granitederived material as a minor component of the Apollo 14 Fra Mauro breccias and hence of the breccia source 
terrains. Ferroan Anorthosite is rare a t  Apollo 14, and most plutonic rocks are members of the Mg-suite (7,8). This 
suggests that these lunar granites are related to  extreme fractionation of Mg-suite magmas and are not the final 
products of magma ocean crystallization. Mineral asserrblages and compositions in the 14305 "granites" are distinct 
from those in the granophyres reported by Warren &. (3) and are similar to 'granites' f rom Apollo 17 (4,5). We 
concur with (3,4) that these lunar granites are equivalent to  the granophyres of terrestrial layer intrusions. The 
diversity o f  granites now known from the Apollo 14 site requires a t  least three separate parent bodies, (Table I )  which 
also argues against derivation f rom a single "magma ocean". This conclusion is consistent with recent data from 
Apollo 14 which shows that 'pristine' cumulate lithologies from there cannot be related to  a single parent magma (7,B). 

Table 1: Modes o f  Apol l o  14 C r y s t a l l i n e  Granites 

Qtz+Ksp Qtz+Tf l d  
(BaO&) (BaO%) Maf ics-fig# Refer. 

14305,111 99% - - pigeoni t e  Here 
(3.2) 60-65 

14305,102 40% 60% - augi t e  Here 
(2.2) (1.5) 40-60 

14303,204 55% - 33% augi t e  (3) 
(3.3) (~n83-59)  40-60 

14321,1027 99% - - ferroaug (3) 
(2.2) fay 5-10 
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