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Introduction:  Two basic questions have arisen 

from the recent discovery of significant OH in lunar 
apatites [1-3]: How much water does this imply for 
lunar magmatic source regions, and, what is the abun-
dance of water relative to that of other major volatiles 
with significant melt solubility, such as F, Cl, and S? 
As a first step towards answering these questions, [1] 
converted the volatile contents measured in apatite 
from three KREEP-bearing lithologies to the volatile 
contents of the instantaneous co-existing melts and, 
assuming an incompatible increase in water, Cl, and F 
during crystallization of volatile-free minerals, approx-
imated both the parental magma and source region 
volatile contents. However, if magma degassing took 
place during apatite growth and the composition of the 
fluid lost differed in relative abundance of volatiles 
from that of the magma, the absolute abundance of 
volatiles can be greatly underestimated and the relative 
abundances of volatiles changed drastically from that 
calculated in this manner.  

In order to assess the possibility that the apatites 
themselves preserved information on degassing, [4], 
[5] conducted a mass balance analysis of the apatite 
analyzed by [1]. They concluded that the apatites from 
all three lithologies showed evidence of a degassing 
history that involved first loss of a water- and Cl-rich 
bulk fluid (Fluid I in Fig 1) followed by a more water-
poor, Cl-rich bulk fluid (Fluid II in Fig 1). Using parti-
tion coefficients for F, Cl and OH between melt and 
apatite of [1],[6],[7] they computed the compositions 
of the instantaneous melts coexisting with each apatite 
analysis (colored hexagons in Fig. 1) and mapped out 
melt evolution paths during degassing (heavy colored 
solid arrows in Fig. 1). Their results indicated that both 
the absolute and relative abundances of these volatiles 
in the melts changed during degassing.  

Such analysis was continued to determine if infor-
mation regarding the relative abundance of water, F, 
and Cl in fluid and melt prior to open system degass-
ing could be extracted in order to provide first insights 
into the relative volatile abundances of parental mag-
mas of KREEP-bearing lunar lithologies.  

Fluid evolution:  Computed fluid compositions for 
the two-stage degassing process recorded in the analy-
sis of apatites from 14053,16 and 15404,51 (open co-
lored circles) form two linear arrays that emerge from 
the calculated bulk fluid composition of NWA 2977 
(thin colored arrows, Fig. 1) at a molar ratio of 86:7:7 
(H2O:F:Cl). It is proposed that this common ratio 

represents the composition of fluid just before open-
system processes commence and loss of fluid causes 
divergence of residual magma compositions.  

Melt evolution:  The calculated melt compositions 
show a path in H2O-F-Cl space that reflects the two-
stage degassing process recorded in the apatites. Al-
though the path for each lithology is unique, the melt 
paths emerge from a common point - the initial melt 
volatile ratio computed for NWA 2977 (as shown by 
the heavy dashed colored lines of Fig. 1). This sug-
gests that these different lithologies and melt evolutio-
nary paths shared the same initial water:F:Cl ratio. It is 
proposed that the emergence point at the molar ratio of 
82:10:8 (H2O:F:Cl) represents the point at which sim-
ple incompatible increase due to crystallization ended 
and fluid exsolution and open-system degassing began. 
Thus, this ratio would be that of the parental magma of 
these KREEP-bearing lithologies since the ratio does 
not change upon crystallization of volatile-free miner-
als (or only changes to a small extent upon crystalliza-
tion of minor amounts of apatite). 

 
Figure 1. Melt and fluid evolution paths in F-Cl-H2O space based on 

apatite analysis of [1] for 14053, 16 (red), 15404, 51(blue), NWA 

2977(green). Arrows and symbols as described in text.  
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