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The importance of KREEP as a primary lunar rock type is recognized by 
most lunar scientists. The origin of this rock type by partial melting of an 
OL-OPX-PL parent material is strongly suggested by the proximity of KREEP to 
the peritectic region in the OL-SI-AN pseudoternary system(1). However, the 
origin of the distinctive LIL pattern and extremely high levels of LIL en- 
richment observed in KREEP samples remains enigmatic, and an understanding 
of anything more specific about the KREEP parent material than the types of 
minerals present still eludes lunar petrologists. However, the application 
of crystal/liquid partitioning for trace and major elements (eg.2,3) has 
placed some constraints on the nature of the source region. This year we have 
continued our efforts to elucidate the origin of KREEP by measuring additional 
crystal/liquid distribution coefficients and by further modeling partial 
melting processes which may have given rise to this rock type. Preliminary 
results are reported below. 

Experimentally determined crystal/liquid distribution coefficients for 
Ce,Sm,Eu,Yb,Ba and Cr are given in table 1. D's were measured using the 
electron microprobe on doped charges, as described in (4,3). Ilmenite/liquid 
D's were determined using a high-Ti mare basaltic composition at 1140'~ and 
fo2 corresponding to IW. OPX/LIQ,OL/LIQ, and PL/LIQ D's were determined using 
compositions close to the OL-PL-OPX peritectic in the OL-SI-AN pseudoternary, 
but displaced slightly so that only a small amount of a single crystalline 
phase was present in each charge. These charges were run at 1 2 0 0 ~ ~ ~  and at IW 
or 1~x10-1. 
Table 1. Crystal/liquid distribution coefficients. OL, OPX and PL D's 

determined at 1200°C. Oxygen fugacity indicated in 0 .  

C e Sm Eu Y b Ba C r 
IL/L (1140°, IW) .006 .010 . 007 .075 - - 
OL/L (IW) - .006&.003 .006f.003 .031 .007f.003 1.5 
OL/L (1~x10-1) - - - - - 1.2 
OPX/L (IW) - - - - -013f.005 9.1 
OPX/L (1~x10-l) - - - - - 5.1 
PL/L - - - - .20 - 

.................................................. 
IL/LIQ D's for four REE's are reported here primarily so that they will 

be available to workers investigating mare basalt petrogenesis. The Cr D's 
for OL/LIQ and, to an even greater extent, OPX/LIQ are oxygen fugacity depen- 
dent. This observation is most easily explained if a significant (but dif- 
ferent)fraction of the Cr is present in the divalent state at the two f 's 

O2+3. investigated, and if the D's are significantly different for ~ r + ~  and Cr 
The data of Schreiber(pers. comm.) suggest that this is the case. The measured 
fo2 under which many lunar materials crystallized is about 1~x10-0-5(5). 
Consequently, for subsequent calculations the mean of the Cr D at IW and 
the D at 1~x10-1 for each phase will be taken as the appropriate value at 
1200°C under lunar redox conditions. 
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Last year we showed that if the LIL content of the parent material for a 
KREEP partial melt is 7xChond., then the major element composition of the 
parent material is similar to proposed whole Moon compositions(3). We have re- 
fined these calculations using the same D's for PL and OPX as in (3), but 
using experimentally determined OL/LIQ D's for Sm, Eu and Yb, and an assumed 
D of .003 for Ce (obtained by extrapolation, assuming a linear REE pattern). 
The OL/LIQ D for Sr was assumed to be the same as for Eu. The new parent 
compositions are given in table 2, along with refined parent compositions 
calculated for DOL=.Ol for all LIL's, and proposed whole Moon compositions 
for comparison. 
Table 2.Bulk compositions of model KREEP parents(7xChond. LIL's), calculated 
according to (3). F is wt. fraction melt. For comparison, two estimates of 
the whole Moon composition are given. 

Wt.% Oxide PPM 
F Si A1 Fe Mg Ca Cr Ba IJ Rb 

64815(A) -052 44.9 10.4 8.8 30.1 5.8 3300 38 .086 .61 
64815(B) -048 46.6 10.0 8.4 29.3 5.6 4200 37 .079 .58 
15386(A) .018 41.8 7.3 11.4 35.2 3.6 3000 52 .076 .84 
15386(B) .014 42.6 8.2 11.2 35.2 3.6 4700 46 .060 .77 

(A) DOL1s = measured or extrapolated values as explained in text. 
(B) DOL1s = .O1 for all REE and Sr. 

...........*..................................... 
The major effect of nsing the new D's for OL is to increase OL/OPX in 

the calculated parent, thus slightly lowering Si02. The major element compo- 
sitions of all model parents resemble the proposed whola Moon compositions. 
Using the distribution coefficients for Ba and Cr given in table 1 (interpo- 
lated to fo =IWX~O-O-~) and reasonable values for Rb and U (D~:PL=. l,OPX=. 02, 

2 
OL=. 01; D'=. 001 for all phases) , abundances of these elements in the model 
parents for 64815 and 15386 were calculated(tab1e 2). Details of similar 
calculations are given in (3,8). The higher OL/OPX caused by using measured 
OL D's results in a significantly lower Cr abundance for these model parents 
than for the corresponding parents calculated using OL D's of .01. Agreement 
between the model parent compositions and the proposed whole Moon composition 
is fortuitously good for U, but fair to poor for the other elements, suggest- 
ing that we do not yet have all the answers. 

Numerous authors have proposed that KREEP is a partial melt of various 
hi hland rock types. We have modeled the partial melting of several represen- 
tative highland rocks and rock types. The results of these calculations show 
that it may be possible to produce some of the less LIL enriched KREEP rocks 
(such as 64815) by rather extensive partial melting of already LIL-enriched 
rock types such as the low-K Fra Mauro basalts. However, to produce the levels 
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of enrichment observed in rocks such as 15386 requires smaller degrees of 
partial melting, and the resulting melts are too rich in Fe. Fig. 1 shows the 
calculated Fe and Eu contents of liquids derived from various highland rock 
types melted to a sufficient degree to produce the Sm enrichment observed in 
15386. The FeO and Eu contents of 15386 lie within the balloon. Any material 
which could be parental to 15386 must give calculated liquids lying in or 
near the balloon. Most melts are clearly too Fe-rich. While the Mg-rich troc- 
tolites (eg. 62295) produce melts with reasonable Fe contents, the Eu contents 
of these melts are too low, thus ruling them out as parents for 15386. The 
large value of the PL/LIQ D necessitates a parent which is less PL-rich than 
the troctolites, if the fraction of melting necessary to produce the required 
Sm enrichment is small. The only material which is close to the balloon 
(60315) is already highly enriched in LIL's. 

In order to illustrate the nature of Rb/Sr fractionation during equilib- 
rium partial melting or crystallization, we have calculated Rb and Sr evolu- 
tion for compositions HL and "FMG" in (3). Results are shown in Fig. 2. The 
curve marked F represents (Rb/Sr)melt/(Rb/Sr)bUlk. Note that F is large for 
both compositions at, small degrees of partial melting, but decreases with 
partial melting, and does so more rapidly for "FMG" than for HL. Rb/Sr isotope 
data suggest that little Rb/Sr fractionation occurred after the very early 
part of the Moon's history. Hence, any late melting episode involving KREEP 
must have resulted in a rather large fraction of melt. Because Rb D's have not 
yet been measured experimentally, these results are preliminary. However, 
unless some surprises turn up when the D's are measured, the general results 
will probably remain unchanged. 
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