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Introduction:  Silica-rich rocks have been identi-

fied by remote sensing of the lunar surface and 
petrologic studies of lunar samples [1-3].  Many silica-
rich rocks on Earth form by magmatic differentiation 
along the calc-alkaline trend, which leads to alkali-
silica-rich compositions with moderate FeO-
enrichment [4,5] (Fig. 1).  In contrast, tholeiitic suites 
show FeO-enrichment with little increase in alkalis or 
silica. The tholeiitic trend is attributed to relatively low 
f(O2), which results in high FeO/Fe2O3 and wide 
ranges of Fe-Mg solid solution in mafic silicates; 
higher f(O2) can stabilize oxides or low-SiO2 amphi-
bole, driving residual liquids to higher silica contents 
with fractional crystallization [5-7].  

We argue that clasts in the lunar breccia Northwest 
Africa 773 (NWA 773; Fig. 2A,B) comprise a suite 
comparable to the terrestrial tholeiitic trend.  Quartz 
monzodiorite (QMD) clasts from Apollo sample 15405 
are more akin to calc-alkaline rocks (Fig. 2C,D).  
Although these rocks show analogies to terrestrial ig-
neous trends, the physico-chemical controls and mag-
matic processes are distinct from terrestrial cases.  

Methods:  Mineral textures and compositions were 
determined from one polished thin section (PTS) of 
NWA 773 (on loan from M. Killgore, Univ. Arizona) 
and three PTS of Apollo 15405 QMD (subsamples 56, 
57 and 145; on loan from NASA/JSC).  Back-scattered 
electron (BSE) images, X-ray elemental maps, and 
quantitative analyses were collected using a JEOL 
JXA-8900 electron microprobe at Waseda University.  
Wavelength dispersive analyses were collected using 
silicate and oxide standards at 15 kV, 20 nA and beam 
rastered at 100,000X (spot size ~ 1 µm).   

Fractionation trends were modeled using MELTS 
[8,9].  Models were run at 1 bar pressure, f(O2) 
buffered by Fe-FeO, fractionating solids at 5° intervals.  
Starting compositions included high Ti (70251 [10]; 
10024 [11]), low Ti (NWA 032 [12]); very low Ti 
(NWA 773 olivine cumulate "parent" [13]) mare ba-
salts, and KREEP basalt 15402,12 [2].   

Results:  Diverse clasts in the NWA 773 breccia 
show a wide range in Fe# (Fe/[Fe+Mg]) of olivine and 
pyroxene extending from the magnesian olivine cumu-
late to ferroan symplectite and FeO-alkali clasts (Figs. 
2-4).  Zoning trends and textural similarities indicate 
that these clasts can be plausibly linked as a magmatic 
differentiation sequence [3,13].  Only the FeO-alkali 
clasts (Fig. 3B) contain igneous silica (most symplec-

tite silica formed by pyroxferroite breakdown).  This 
trend is broadly similar to the tholeiitic trend.  Apollo 
15 QMD pyroxene also coexists with igneous silica, 
but has lower Fe# (Figs. 2,4), indicating silica enrich-
ment prior to extreme FeO-enrichment, similar to ter-
restrial calc-alkaline rocks.   

MELTS models of the mare basalts show tholeiite-
like FeO-enrichment trends, consistent with experi-
ments of [14] (Fig. 5).  Modeling of the KREEP basalt 
shows less extreme FeO-enrichment; for high-T steps, 
this is consistent with experiments of [14], but the ex-
periments show silicate liquid immiscibility at lower 
temperatures (Fig. 5).  Whole-rock QMD compositions 
collected by us (modal recombination) and [15] fall 
along a mixing line between immiscible endmembers 
(Fig. 5), suggesting that silica-alkali-enrichment of the 
QMD may have been controlled by immiscibility.  
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Fig. 1. Terrestrial tholeiitic and calc-alkaline trends [4]. 
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Fig. 2.  Images of NWA 773 (A,B) and quartz monzo-
diorite from Apollo sample 15405,145 (C,D).  Abbre-
viations:  aug = augite; Ca-ph = Ca-phosphate; ilm = 
ilmenite; Kfs = K-feldspar; ol = olivine; pig = pi-
geonite; pl = plagioclase. 
 

Fig. 3. BSE images of high FeO/(FeO+MgO) clasts 
from NWA 773 breccia.  (A) symplectite.  (B) FeO-
alkali clast.  Abbreviations as in Fig. 2 and:  fa = faya-
lite; KBafs = K-Ba feldspar.   
 

Fig. 4. Compositions of pyroxene from NWA 773 and 
Apollo 15405 QMD. 

Fig. 5. AFM diagram showing trends from MELTS 
models (black lines), experiments reported by Ruther-
ford et al (1976; gray lines), and whole-rock QMD 
compositions from this study and [15]. 
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