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INTRODUCTION

With the return of the Apollo 14 rocks and soils in 1971, the 
Preliminary Examination Team reported that the majority of the 
rocks were breccias (Swann et al. 1977). Only four rocks were 
reported to be basalts: (1) 14310 and its smaller pair, 14073; and 
(2) 14053 and its smaller pair, 14072. After some initial studies 
of 14310 treating it as a �normal� lunar basalt (e.g., Ridley et al. 
1972), it was determined by chemistry and dynamic crystalliza-
tion studies that this was rather an impact-produced �melt rock,� 
and 14310 became the type-specimen for this �new� lunar rock 
type (Lofgren 1977). This type of rock is basically igneous, albeit 
non-endogeneous, in origin having originally been a mixture of 
lithic, mineral, and glass phases in the regolith (Nabelek et al. 
1978). That left 14053 and 14072 as the only initially recognized 
true basalts, and these were unusual�indeed unique�in con-
taining evidence for extreme reducing conditions during their 
formation (e.g., El Goresy et al. 1971, 1972). It is the origin of 
these unusual rocks that is addressed herein. 

Apollo 14 basalt 14053, with a mass of 251 g, is rectangular 
in shape (8 × 6 × 3 cm) and a Þ ne-grained, holocrystalline, equi-
granular mare basalt, heterogeneous on a scale of 1�2 cm. The 
rock is friable and fragile due to 3 planar and 4 non-planar sets of 
fractures, as well as numerous hair-like cracks a few millimeters 
long (Lofgren and Lofgren 1981). One large relatively ß at surface 
is noticeably covered with �zap pits,� formed by micro-meteorite 
impacts. Rock 14072, with a mass of only 45 g, resembles 14053 
in all macro- and microscopic aspects, albeit without apparent 
zap pits. Both were found in close proximity to each other, about 
130 m south of Cone Crater in the ejecta material from this crater. 
These rocks, 14053 and 14072, are considered to be paired (El 
Goresy et al. 1972) and appear to be identical microscopically 
and mineralogically. Therefore, we have speciÞ cally addressed 

the larger and more thoroughly studied of these samples, 14053, 
during this present investigation. 

This rock, 14053, is commonly used as an example of pristine 
high-Al basalt (Kushiro et al. 1972; Taylor et al. 1983; Neal and 
Taylor 1992; Neal et al. 1989a, 1989b). Rb-Sr studies yielded 
a well-deÞ ned age of 3.92 ± 0.04 Ga (Papanastassiou and Was-
serburg 1971; Nyquist and Shih 1992); however, when 14053 
was reinvestigated by Snyder et al. (2000) and Snyder and Taylor 
(2001), the Sm-Nd systematics were determined to be disturbed, 
indicating that some of the components formed before the 3.92 
Ga Rb-Sr age. This result is highly unexpected, as Rb-Sr isotope 
systematics are almost always more easily disturbed then those of 
the Sm-Nd system (e.g., Dasch et al. 1991; Giletti 1991: Neal and 
Taylor 1992; Lesher 1994). These results led to the hypothesis 
that 14053 and other Apollo 14 high-Al basalts actually had an 
impact-melt origin, similar to 14310. This interpretation would 
imply that their pre-4.0 Ga ages represent melt rocks that were 
not reset after impact (Snyder and Taylor, 2001). Likewise, pe-
trographic evidence of unique reduction features led to questions 
about its origin. We have revisited these unusual features as they 
relate to the origin of 14053.

Rock 14053 is one of the most well-studied high-Al basalts in 
the Apollo collection (Neal et al. 1989a, 1989b; Neal and Taylor 
1992, and references therein). This sample was chipped from a 
large (~0.5 m long) boulder at station C2, about 130 m south of 
the rim of Cone crater, during EVA 2 of Apollo 14 (Swann et al. 
1977). Basalt 14053 is relatively coarse-grained, but otherwise is 
typical of other Apollo 14 high-Al basalts. It has an ophitic tex-
ture and consists of pyroxene (~50%) and plagioclase (~40%), as 
listed in Table 1. Crystals range in size from 0.5 to 2.0 mm, with 
clinopyroxenes locally up to 5 mm in length. The remainder of 
the rock consists of olivine, ilmenite, chromite-ulvöspinel, silica 
(in the form of tridymite), FeNi-metal, fayalite, troilite, K-Ba-rich 
glass, K-feldspar, F-Cl apatite, merrillite, and baddeleyite. Clino-* E-mail: lataylor@utk.edu
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ABSTRACT

The Apollo 14 high-Al basalt, 14053, is the most reduced lunar rock examined to date. Both 
fayalite in the mesostasis and spinel minerals have been extensively reduced in the exterior of the 
rock, whereas the interior contains relatively limited reduction. It is shown that these products are the 
effects of solar-wind hydrogen that was implanted on the exterior of the �normal� 14053 basalt after 
it originally crystallized and was weathered to become part of the regolith. Subsequent reheating, 
probably in an impact-ejecta blanket, caused extreme subsolidus hydrogen reduction, particularly of 
the weathered exterior of this rock. The limited permeability of the rock prevented the entire rock 
from being subjected to the same degree of reduction. It is proposed that this extreme reduction, 
especially of the mesostasis, also affected the phosphate minerals, F-Cl apatite and merrillite, each of 
which vary greatly in REE contents. This effect on the phosphate minerals could relate to the upset 
Sm-Nd radiogenetic systematics, whereas the Rb-Sr system may have been largely immune to the 
subsolidus reduction. 




