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APOLLO 14 HIGH-AI BASALTS MAY NOT REPRESENT EARLIEST 
VOLCANISM ON THE MOON: THE ENIGMA OF DISTURBED Sm-Nd AND 
UNDISTURBED Rb-Sr ISOTOPIC SYSTEMS -- Gregory A. Snyder and Lawrence A. Taylor, 
Planetary Geosciences Institute, Dept. of Geological Sciences, University o f  Tennessee, Knoxville, TN 
37996. 

Conventional wisdom is that high-A1 mare basalts from the Apollo 14 landing site are the oldest known basalts 
from the Moon (as old as 4.3 Ga; [l-21). As such, they represent the earliest melting of the lunar deep interior after 
solidification of the Moon-wide magma ocean. The samples analyzed previously have yielded Rb-Sr ages from 3.9 
to 4.3 Ga and would indicate that they were coeval with KREEP basalt volcanism. Although the Rb-Sr systematics 
of these rocks yield well-defmed ages, the Sm-Nd systematics of all but one of the samples indicate disturbance. 
These observations are in direct contrast to other lunar and terrestrial rocks which often show disturbance of the Rb- 
Sr systems, but yield well-defined Sm-Nd ages. It is our contention that the Rb-Sr ages may not be true 
crystallization ages, but may be indicating complete re-setting by an impact or other heating event. This heating 
event also could have involved mixing with highlands rocks. The disturbed Sm-Nd isotopic systems in these rocks 
are the indicators of this heating event which only partially reset the Sm-Nd "ages." Therefore, high-A1 basalts may 
not represent the earliest volcanism on the Moon. 
MINERALOGY & PETROGRAPHY: In order to understand further the chronology and petrogenesis of high-A1 
basalts, we have analyzed the Sm-Nd isotopic composition, abundances, and mineral distrbution in 14053. Basalt 
14053 is relatively coarse-grained, but other ways is typical of other high-A1 basalts. Rock 14053 is composed of 
mostly plagioclase, clinopyroxene, and olivine, with minor amounts of K-feldspar, cristobalite, chromite, 
ulvospinel, ilrnenite, troilite, FeNi metal, fayalite, and phosphate. Crystals range in size from 0.5 to 2.0 mm with 
clinopyroxenes occasionally up to 5 mm in length. Clinopyroxenes are strongly zoned and contain Fe-rich rims, 
including rims of pyroxferroite composition. Individual grains of pyroxferroite also occur. As is typical of other 
mare basalts, the rock contains pockets of "mesostasis" with Si- and K-enriched glass, fayalite, cristobalite, Fe-Ni 
metal, and phosphates. This rock and its pair, 14072, display evidence for extreme reduction by the presence of 
fayalite breakdown to Fe + silica [3] and the reduction of Cr-Ulvospinel to ilmenite + Al-chromite + native Fe [4]. 
These rocks have undergone the most extreme reduction of any lunar rock yet found. Could this be indirect 
evidence for 14053 being a "melt rock" of highlands material, with an abundant solar-wind proton (i.e., hydrogen) 
component to facilitate the intense reduction? 

These Apollo 14 rocks are unique among lunar basalts because of their high-A1 character. This is due to the 
large proportion of plagioclase that typically exhibits a "haystack" texture [5] reminiscent of impact melts. Still 
other high-A1 basalts have granulated textures also suggestive of impact metamorphism. Plagioclase compositions 
span a range, but many grains are extremely calcic up to Ang7 This range in plagioclase composition encompasses 
the total range from highlands lithologies including ferroan anorthosites, Mg-suite, and alkali-suite rocks. One of 
the most important indicators of meteoritic influence is the abundance of Ir (which should be vanishingly small); 
however, none of the samples have been analyzed for this element. 
ISOTOPIC DATA ON 14053: The Sr isotopic composition of basalt 14053 was determined by Papanastassiou 
and Wasserburg [6]. They also divided a crushed sample into four separates based on both mechanical and liquid- 
density means. Two of these separates were of plagioclase composition, one was labelled 'cristobalite', and a fourth 
was labelled "quintessence". Papanastassiou and Wasserburg [6] reported an age of 3.92 2 0.04 (ARb = 1.402 x 10- 
l l) and initial 8 7 ~ r / 8 6 ~ r  of 0.69948 for this rock. 

Table 1: Nd and Sr Isoto~ic Com~osition of Whole-rock and Mineral 
We have analyzed the Sm-Nd isotopic 

Se~arates from High-Al Basalt 14053.234 composition of a whole-rock split, as well as four 
"mineral separates", including olivine, pyroxene, 

~ o c k  wt.(mg) s m  ~d 1 4 7 ~ m / ' " ~ d *  1 4 3 ~ d l ' 4 4 ~ d  plagioclase, and a magnetic (mostly ilmenite) 
( D D ~ )  

Whole-rock 40 9.52 32.4 0.1774 0.512084+09 fraction (Table 1). These separates and whole- 
Plagioclase 55 0,848 2,92 0,1755 0 . ~ ~ ~ 9 ~ 6 ~ ~ ~  rock split are plotted on a conventional Sm-Nd 
Pyroxene 34 3.97 11.1 0.2159 0.513065+09 isochron plot on Figure 1. A linear regression of 
Olivine 42 0.804 2.03 0.2395 0.513815t13 all five samples yields an "errorchron age" of 
Ilmenite 47 19.2 65.2 0.1779 0.512046207 4.24+0.33Ga(MSWD=55.8). Sm-Nddatafor 

the whole-rock split has most likely been disturbed as it lies above the regression line for all five samples. The 
cause of this disturbance is unknown, but could be meteorite impact or later metasomatic effects that are not as 
evident in the mineral separates. The four mineral separates alone yield an "age" that is similar to that above, 4.33 2 
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0.28, but with a lower MSWD (33.4). 
Therefore, even though the mineral separates 
show less disturbance, the data suggest that the 
disturbance has occurred throughout the sample 
and is not localized to interstitial material or 0.5135 

mesostasis. Although the Sm-Nd "age" a 
determined on this subsample of 14053 is just 0.5130 
within analytical uncertainty of the Rb-Sr age -- - 
3.92k0.04 Ga [6] -- Sm-Nd systematics suggest 3 

0.5125 
that instead it is older than the original Rb-Sr 
age. S 
CHRONOLOGY OF HIGH-A1 BASALTS 0.5120 
AND RESETTING OF ISOTOPIC 
SYSTEMS: To date, ages have been 
determined on sixteen high-A1 basalts from the 0.18 0.2 0.22 0.24 
Apollo 14 landing site. Of these sixteen basalts, 147sm/144Nd 
only five have been analyzed for their Sm-Nd 
isotopic compositions. Of these five samples analyzed (including 14053 presented herein), four of the samples 
indicate Sm-Nd isotopic disturbance. Dasch et al. [2] found that the whole-rock Sm-Nd isotopic compositions of 
their three high-A1 basalt samples (14321,1383, tridyrnite ferrobasalt; 1432 1,1394; and 1432 1,13 84) were 
discordant to the mineral separates for each sample. This is similar to our findings and suggests that the whole-rock 
splits for four of the five basalts have had their SmNd ratios altered to lower values. However, contrary to Dasch et 
al. [2,7], our Sm-Nd "errorchron age" for 14053 (4.33 0.28 Ga) is much older than the Rb-Sr age determined for 
this sample. Note that our Sm-Nd "age" is controlled by the much higher Srn/Nd olivine analysis. If this analysis is 
rejected then the age for the remainder of 14053 reduces to 4.06 2 0.52. Could it be that this olivine is xenocrystic 
from older highlands material? 

Either the disturbance that caused the "errorchrons" for the Sm-Nd systems in these basalts was specific to this 
isotopic system alone, or the Rb-Sr systems were completely reset by this disturbance yielding well-defined, albeit 
spurious, isochrons. Only partially resetting of the Sm-Nd isotopic systems yielded approximate, albeit poorly 
defined, crystallization ages. The simplest explanation is that the Rb-Sr isotopic systems in these rocks give the true 
crystallization ages. But, if this is so, then why the consistent disturbances in the Sm-Nd systems? Experimental 
diffusion data suggest that Sr, and especially Rb, should be more easily mobilized than the REE. Therefore, one 
would expect that the Rb-Sr system would be more easily reset by meteoritic impact, and/or some other form of 
heating, than the Sm-Nd system. 

However, another alternative is possible. High-A1 basalts may not be true basalts, but could be impact melts that 
contain a mixture of basaltic and highlands components. The high-A1 nature of the samples alone suggests additon 
of a plagioclase component to the rock. The composition of the plagioclase is also consistent with a highlands 
origin. If this plagioclase component was older highlands material, then isochrons could be mixing arrays and may 
not yield true crystallization ages. If the mixing was caused by meteorite impact, one might expect that the Rb 
would be readily mobilized and Rb-Sr systems completely reset by the heating subsequent to impact. The Sm-Nd 
isotopic systems, however, may not be totally reset and would yield a scatter of data about a mixing line. 

The implications of this hypothesis are great for understanding early lunar evolution and melting of the lunar 
interior. KREEP basalts then would be the oldest volcanic rocks, and widespread lunar volcanism would not have 
occurred until 3.9 Ga, with the extrusion of the voluminous high-Ti basalts [8,9]. 
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