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Several rocks of alkalic a f f i ,  fiom the western highlands of the Moon, have been analyzed for their Nd and Sr isotopic compositions. One 
sample yields a Sm-Nd mineral isochron of 41 10 + 41 M a  This age, in conjunction with U-F'b zLmn ages on two other alkalic rocks h m  the Apollo 
14 landing site [I], suggests a distinct western highlands alkalic "event" which was approximately 100 Ma in duration Since the last dregs of the 
Lunar magma ocean likely crystallized prior to 4.3 Ga, this alkalic "event" may have included the re-melting of evolved plutons or the remobilization 
of urKREEP trapped liquid h m  upper mantle cumulates. 

Alkalic lithologies such as @tes and felsites have been k n o w  fiom the Moon since 
the earliest days of the Apollo lunar sample returns [2]. However, not until 1977 [3] were 
alkali-rich r& recognized fkom typical highlands suites such as ferroan anMthosites 
(FAN) and norites and Mg-suite rocks. In the intervening years several other alkali suite 
samples have been discovered and characterized, mostly through labor-intesive breccia pull- 8 80 
aparl studies of clasts and analyses of coarse-fme tiactions of soils. We will speculate on the 
origins of this suite of lunar highlands rocks. g 

MINERALOGY AND PETROLOGY O F  THE HIGHLANDS ALKALI SUITE - +a 70 
- To be considered part of the alkali suite h m  the lunar highlands, only samples which are PC 

E determined to have &ed this character through primary igneous differentiation will be .- 60 
included Criteria for inclusion in the alkali suite include evolved (elevated) large-ion 
lithophile elements (LILE) in the whole-rock chemistry combined with evolved mineral 
chemistry (plagioclase, An < 90; pyoxene, En < 70). Samples which exhibit evolved LILE 50 
chemistry in conjunction with FAN-type (Ang1.97) or Mg-suite-type (En > 70) mineral 
chemistry are considered to have attained that signature ria metasomatisn Obviously, 
designation as monomict and pristine (or "quasipridme"; in shorf endogenous) are also 
prerequisites for inclusion in the atkali suite. Several "new" clasts were analyzed from 40 80 85 90 95 100 
breccia 14304. These clasts of alkali anorihosites and a gabbra have plagioclase, pyoxene An in Plagioclase 
and olivine compcsitions consistent with an alkalic a f f i  (Fig. 1). 

GEOCHRONOLOGY AND ISOTOPE GEOCHEMISTRY OF ALKALI SUITE ROCKS Nd and Sr isotopes are reported on three 
separate clasts of alkali anorthosite h Apollo 14 breccia 14304 (Table 1). 

Table 1: Rb-Sr and Sm-Nd isotopes h m  crustal rocks and mined separates at Apollo 14 

Sample Rb Sr 8 7 ~ b / 8 6 ~ r  87~r186~r 87~r/86~r(4.1 Srn Nd 1 4 7 ~ d 1 % d  143~d/1%d 
- - - - - - - - - - - - - -- --- 

14304,267 3.090 471.3 ,01896 .700306+11 0.69917 7.01 26.1 0.16237 0.511648+7 -1.2 
"residue" 4.964 93.74 ,1532 .708647+11 10.7 37.8 0.17079 0 511880+8 
CPX 9.082 1052.7 .02495 .700657+10 12.8 47.2 0.16361 0.511683+9 
~ 1 %  1.141 553.9 .00595 .699448+11 1.54 7.55 0.12311 0.510580+10 

14304,270 24.03 178.1 .3910 .722780+13 0.69928 32.7 117 0.16966 0.511848+7 -1.0 
14304,272 17.99 184 9 ,2818 .717431+12 0.70049 41.6 149 0.16839 0.511814+7 -1.0 

14304,267 Alkali 
0.5116 - Anorthosite 

Mineral Isoehron 

MSWD = 0.09 
Nd(i) - 0.507226 + 13 

One clast is moderately enriched in Rb and the REE (,267) 
whereas the others exhibit extreme enrichment for lunar rocks. In 
an atiempt to achieve an age for this alkalic event in the western 
lunar highlands, isotopic analyses of minerals in sample 
14304,267 have also been performed (Table 1). A four-point Sm- 
Nd "mineral" isochron, including whole-rock, plagioclase, 
clinopyoxene, and a non-magnetic picking residue yields an age of 
4110 + 41 Ma (Figure 2). The initial qqd (relative to CHLJR) 
h m  this line is -1.0. To date, no radiogenic isotopic analyses of 
alkali gabbronoritednorites have been performed 

In a study of zircons fiom various lunar rock types, Meyer et 
al. [I] achieved precise ages for two Apollo 14 rocks of alkalic 
highlands affinity: alkali anorthosite 14321,16 and mg alkali 
gabbronorite 14066,47 yielded ages of 4028 2 6 Ma and 4141 + 5 
Ma, respectively. These two agea bracket the age obtained for 
14304,267 (4110 5 41 Ma) presented herein and suggest an 
a D d c  "event" ofapprorImately 100 Ma duration on the 
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western limb of the Moon. However a single zirooa age on an alkali gabbrowrite h the Apollo 16 landing site (eastern limb of the Moon) 
yielded an age of 4339 2 5 Ma and points to tbe chronologically continuous Moon-wide Mture of allcalic magmatism 

ORIGIN OF WESTERN HIGHLANDS ALKALI SUITE - 
- Alkali anorthosites are distinguished h other highlands rocks 
by exhibiting relatively elevated LILE (La = 30-1000x C1 chondrites 
compared to 1-10 x C1 chon* f a  FAN) along with evolved 
mineral chemistry including plagioclase and pyroxene cotnpositiom 
of Am672 and E n 7 0 4  respectively (Figure 1). A total of 
eighteen alkali anorthosites (- lato, > 85% plagioclase) have 
been described and analyzed fiwn the Moon , however only eleven 
have been analyzed f a  the REE (Figure 3; Apollo 12 and 14 sites. 
[4-131). Only one known alkali Morthosite has been &bed h 
the eastem highlands (15405,181; [14]). 

The actual oomposition of the original liquid fiom which the 
alkali anorthosites Wona ted  was KREEP-like. Some samples, 
noteably 14160,217, 14305,283, and 14321,1060, ambin 
signXcant whitlodcite. Warren et al. [13] stated that the p~sence of 
whitlockite in an anorthosite may complicate its hkqmMi01~ 

However, Snyder et al. [15] have contended that the whitlodcite may 
be representative of the trapped liquid L.&-&age trapped liquids 
(mesostases) in basalts often contain Caphoapates including 

Alkali Anorthosites 1 1 

whitlodcite. 
The lowest REE rock, 14160,105, is "absolutely pure plagioclase, except f a  one 90x30 pm grain of augite" [4], and can be classified as a nearly 

perfect adcumulate. Assuming this sample is indeed pure plagioclase, the liquid in equilibrium with this mineralogy can be readily calculated using 
the mineraVmelt partition 4cient relation Snyder et al. [15] have shown that this equilibrium liquid has LREE abundances which are 
approximately 1OOOx C1 chondrites. The pattern is similar to that for high-K KREEP, but has abuodances which are a factor of two higher. However, 
this calculated liquid is similar to the "Super-KREEF'" quark m d &  (QMD) 15405~ quoted in Wmen et al. [13] fiom Ryder [16]: (Ce/Lu)n = 

2.64, Sm = 93 ppn. This liquid is also similar to recently reported analyses of QMD (14161,7069) h the Apollo 14 site [ l q .  
As pow out by previous workers (and summarized in [13]), the evidence continues to mount for a relationship between KREEP and the alkali 

anortbosites. It has been postulated that QMD is the find aydhtim produd of a KREEP basalt magma [18]. Snyder et al. [15] postulated that 
the alkali awrthosites are plagiocla~e ~unulates from this late-stage Super-KREEP residual liquid with variable proportiom of the liquid trapped in 
the rock. QMD (similar to 14161,7069) melt can be considered the parental liquid for tbe alkali anorthosite suite. AUcali anorthosites indicate 
generally <20% trapped intemunulus KREEPy (QMD) liquid [IS]. 

However, the age of the alkali awrtbosi (at least that h samples 14321,16 and 14304,267 - 4028 Ma and 4110 Ma, respectively) obviates 
their direct derivation from a &dual Liquid of the lunar magma ocean, as this early magma ocean could not have persisted beyond 4300 Ga ago. 
Indead, the p a d  liquid must be a later melt of the cqdlized ptoQAs of residual KREEPy magma ocean. Evidence that these r& are iodeed 
mehs of a KREEP scurce rwk (original urKREEP residuum?) is found in tbe initial 143~d/14%d of the three alkali anorthosites analyzed in this 
study. The initial qqd y-intercept of the mineral koctmm is -1.0, indiiguisbable h KREEPy rocks at this time. 

SUMMARY - Radiogenic isotopic data fiwn Apollo 14 suggest a relationship between alkali anod-siites and KREEP. A Srn-Nd mineral 
isochron for 14304,267 indicates an age of 4110 + 41 Ma which is bracketed by two z i rm ages of alkali suite rocks h m  Apollo 14 (4028 + 6 Ma 
and 4141 + 5 Ma; [I]). 'Ibis indicates that alkali awrthosites were famed after aystallization of the lunar magma ocean. However, alkali 
anorthosites may represent remelted portiorrr of differentiated plutoas or precipitotes h remobilized urKREEP. 
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