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REE-rich phosphates, whitlockite and apatite, occur together in relatively Mg-rich 
highland lithologies, including anorthosite, troctolite and gabbronorites (1,2,3). The oc- 
currences are puzzling in several respects. First, whitlockite is distinquished from the 
nearby or even neighboring apatite by much higher REE, MgO and FeO contents and 
higher MgOIFeO ratios. The REE differences are particularly noteworthy; apparent whit- 
lockitelapatite distribution coefficients reach values as high as 35 (4)! While the higher 
MgO, FeO and MgOIFeO may reflect crystal chemical controls, the high REE values in 
whitlockite argue strongly that a atite and whitlockite do not coexist stably; phosphate 
liquid REE partitioning studies ? 5,6) demonstrate that coexisting apatite and whitlockite 
should have virtually identical REE contents. 

Some authors have argued that whitlockite andlor apatite did not crystallize from 
highly evolved residual liquids. Instead, one or both may have been produced during an 
episode of infiltration metasomatism of halogen-rich fluids (4). For example, if whit- 
lockite crystallized from REE-enriched silicate melts, apatite may have been produced by 
some post-crystallization metamorphic event. In this hypothesis, the apatite reflects the 
composition of the metasomatic fluid rather than the melt. 

Textural data to support or refute this model in these Mg-rich highland rocks are 
ambiguous. However, in alkali gabbronorite 67975, a single apatite with an inclusion of 
whitlockite occurs as an inclusion within pyroxene (7). This proves that apatite postdated 
whitlockite but cannot have a postcumulus metasomatic origin (unless the pyroxene is also 
metasomatic). Moreover, the phosphates occur together in the mesostasis of mare non- 
mare basalts (8,9) and in lunar granites (10). In all these cases, the whitlockite is the 
REE-rich phosphate. It is hard to argue from these observations that one or the other 
phosphate is the product of open system metasomatism. Rather, the evidence favors a 
model by which both phosphates crystallize from highly evolved silicate melts, possibly in 
response to the changing fluorine fugacities. 

Experiments were performed to obtain F ~ O I M ~ O  distribution coefficients for whit- 
lockite and liquid. Liquids obtained along the crystallization path of KREEP basalts 
15386 (1 1) were doped with CaHP04 until whitlockite saturation was achieved and the 
composition of coexisting phases were determined by electron microprobe. In all cases, 
the liquid was enriched in FeOlMgO relative to whitlockite, the distribution coefficient (D 
= (FeO/MgO)LQ/(FeO/MgO)Wh) increasing from 2.6 at 1170' to 7.0 at 1000° C. 
Although both temperature and the composition of liquid vary simultaneously, the varia- 
tion in D is primarily due to variations in temperature, since two liquid partition studies 
indicate that the FeOIMgO is not strongly fractionated (12). This means that magnesian 
whitlockites may coexist with highly evolved silicate melts. A whitlockite with an Mg* = 
0.65 (Mg* = MgO/MgO+FeO in moles), for example, coexists with a liquid with Mg* = 
0.26 at 1050°C and Mg* = 0.12 at 100O0C! 

Apatite-liquid distribution coefficients have not been obtained in the same melts to 
date. Apatite-basanite distribution coefficients are available at 1080°C, however, and are 
close to unity (6). Apatites, therefore, have about the same FeOlMgO as the coexisting 
liquid. If this is generally true, then the apatitelwhitlockite FeOlMgO distribution should 
be about 5, provided that the temperature dependence of the exchange equilibrium is the 
same in both phosphates. Apatitelwhitlockite ratios of 4-7 are indeed observed and argue 
that the phosphates have approached FeO/MgO exchange equilibrium. 

The experimental results obtained on KREEP basalts argue that whitlockite and, per- 
haps, apatite in the magnesian and alkali anorthosites are the products of extreme crystal 
fractionation. Consider the experimental results for KREEP basalt 15 3 8 6. Whitlockite 
appears on the liquidus after more than 60% crystallization of pyroxene and plagioclase. 
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The liquid coexisting with whitlockite is basaltic andesite similar in composition to QMD 
15405. Continued crystallization of whitlockite, pyroxene and plagioclase will deplete the 
liquid in P2O5, REE but will enrich the liquid in halogens. Eventually, the concentration 
of halogens will allow apatite to crystallize with (or perhaps at the expense of) whitlockite. 
The observation that apatites are ferroan whereas whielockites are magnesian are consistent 
with the FeOIMgO partition results. The coexistance of REE-rich whitlockites with apatites 
containing less abundant REE (I )  may indicate h a t  the early crystallizing REE-rich whit- 
lockites did not exchange their REE with the late crystallizing apatites. The kinetics of 
Fe-Mg exchange should certainly be more favorable than the kinetics of REE exchange. 
The apparent coexistance of whitlockite and apatite does not imply cocrystallization, but is 
simply a consequence of the small volumes of melt remaining at the onset sf phosphate 
saturation. 
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