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FRAGMENTS OF QUARTZ MONZODIORITE AND FELSITE IN APOLLO 14 SOIL 
PARTICLES. B. L. Jolliff, Dept. of Earth & Planetary Sciences and the McDonnell Center 
for the Space Sciences, Washington University, St. Louis, MO, 63130 

Introduction. As p q  of our compositional survey of 2-4 mm soil particles from Apollo 
14, we have found a particle that has the mineralogy and composition of quartz monzodiorite 
(QMD), similar to that found at Apollo 15 (15405 QMD) [1,2]. The REE concentrations are 
high and the chondrite-normalized pattern is nearly parallel to, but higher than, that of 
average high-K KREEP [3] (Fig. 1). We have also found a fragment that has the composition 
of lunar felsite, and one of a whitlockite-rich QMD that does not have KREEPy 
incompatible trace element (ITE) ratios, but rather is enriched in REE, Hf and Zr, but not as 
strongly enriched in elements that are concentrated in felsite, including Ba, Rb, Cs, Ta, Th, 
and U. We have made thin sections of these from same particles used for INAA. The 
compositions and petrographic features suggest a petrogenetic relationship between these three 
evolved lithologies. Are these the products of late-stage fractional crystallization of KREEPy 
plutonic rocks e.g., [I], and/or are they related by the process of silicate-liquid immiscibility, 
e.g., [4,5,6]? 

Q w t z  Monzodiorite, 14161,7069. This 23 mg particle is brecciated and partially 
recrystallized, but contains numerous medium-grained relict crystals in a fine-grained matrix 
of pyroxene, feldspar, ilmenite and phosphates. The bulk composition of the particle is 
similar to that of 15405,152 [2] (Table 1). It contains -20% K-feldspar and 20% of a silica 
phase, possibly cristobalite, and contains patches of granophyric intergrowths of silica with 
K-feldspar and plagioclase. Individual grains of zircon, plagioclase, phosphates, K-feldspar 
and the silica phase occur in the 100+ pm size range. Rare relict pyroxene grains exhibit thin 
exsolution lamellae. Pyroxene and feldspar compositions are highly evolved (Fig. 2) and very 
similar to those of 15405 [I]. 

Felsite, 14161,7269. This is a 36.4 mg fragment that consists of pink glass with -74% 
SiO,, 13% A120,, and 996 K20, and 3% FeO+CaO+BaO+Na20, surrounded by a finely 
crystallized (quench?) zone containing barian K-feldspar, plagioclase, and pyroxene, as well 
as some adhering breccia matrix. It is unclear whether this was an impact generated melt or 
whether it was produced by near-surface liquid immiscibility. There is no complementary 
mafic material included as part of this fragment. The glass has.very low concentrations of 
oxides other than SiO A120, and K20, suggesting that it was a residual melt, having lost all 
other components to tf;. crystalline assemblage that preceded it, including hopper phenocrysts 
of ferroaugite, and barian K-feldspar, plagioclase, and pyroxene crystals at the glass-breccia 
contact. 

Whitlockite-rich Q w t z  Monzodiorite (W-QMD). This 18.4 mg particle consists of a 
coarse-grained assemblage of 46% pyroxene, 26% plagioclase, 11% whitlockite, 7% silica, 5% 
K-feldspar, 1% zircon, 2.3% ilmenite and minor troilite. The pyroxene is mostly inverted 
pigeonite, up to -1 mm grain size, with broad (10 pm) exsolution lamellae (001) of augite. 
Augite hosts with pigeonite exsolution lamellae are less abundant. Plagioclase grains range up 
to 700 pm, whitlockite with rare apatite intergrowths, up to 700 pm, and blebby, granophyric 
intergrowths of K-feldspar and silica, up to 400 pm. The silica phase also occurs as discrete 
grains up to 300 pm, and as glassy areas with exsolved submicron blebs of troilite. Very fine 
troilite grains occur along the boundaries of coarse-grained crystals and in fractures that cut 
across grains. Pyroxene compositions are somewhat higher in Mg/(Mg+Fe) than those of 
QMD 14161,7069 (Fig. 2a). Plagioclase compositions range from Anso of the coarse-grained 
crystals to -Anw of fine-grained plagioclase and plagioclase intergrown with silica and K- 
feldspar. The coarse grain size and well developed exsolution in pyroxene reflect a deep- 
seated, plutonic origin. 

Discussion. The bulk composition of the W-QMD is extremely enriched in REE, 
reflecting the high modal abundance of whitlockite. The REE concentrations surpass even 

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



5'72 LPSC X X I  
APOLLO 14 QUARTZ MONZODIORITE AND FELSITE: Jolliff, B.L. et al. 

those of whitlockite-rich alkali anorthosite, 14313,34 [7]. It appears that pyroxene, 
plagioclase, whitlockite, and zircon crystallized early as a cumulate assemblage. The silica 
phase, K-feldspar, and less anorthitic plagioclase represent the crystallization of late, residual 
melt, or trapped liquid. A loss of some of this liquid (similar to felsite 14161,7269) left the 
bulk QMD composition depleted of those ITE not removed by early phosphate and drcon, 
and gave rise to granitic liquids, On the basis of ITE concentrations, the felsite composition 
can be derived by subtracti~n of about 20% of the W-QMD composition from a QMD parent 
with.KREEP-like ITE concentration ratios. This argues in favor of an origin of felsite in 
association with QMD Raving formed by late-stage fractional crystallization of a KREEP- 
bearing parental magma as suggested by [1,8]. 
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Table 1. QMD and f&ik eomporitionr by INAA. Figure 2a. Pyr0~0n8 analyses 
- 

QMD W-QMD F d t a  uneutsintia 
,7069 ,9373 ,7269 (%) 

mau 22.9 mg 18.4 mg 36.4 mg 
Na20 1.41 0.75 0.71 2-6 
c a o  9.0 11.3 7.5 6-15 
SC 30.2 422 15.6 1-1.5 -- 
Cr 361 982 680 1-1.5 141~1.73Tlmt.oyD 

FeO 13.99 16.05 7.40 1-1.5 A 1 4 1 ~ ~ r z s a r y b  

- - 
Zr 4240 7150 1240 2-4 
c8 1.68 0.36 5.03 5-15 

Figure 2b. Feldspar 
Ba 2050 740 2290 2-7 Analyses d 
Is 228 696 96 1-1.5 
Sm 96.5 326 35.6 1.5-2 * "  

+ EU 3.35 5.68 2.69 1.5-2 + 
Tb 18.7 02.2 7.95 1.5 + 
Yb 74 146 56 1-1.5 
Lu 1 0 3  18.7 7.9 1.5 
Hf 100 163 32.8 1-1.5 
Ta 9 2  4.26 11.0 1.5-2.6 
Ip -em- ---- <o.m 
Au ---- ---- <o.m 
Th 44 37 68 1-1.5 
U -l33 5.4 20 2-13 

Oxides in waight %, dl 0th- in ppm. 
Ab 

Uncertainties ur one-standard-deviation 
estimates of analytical praeirion. 

---- = no concentration value obtained 
/' / An 
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