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An ~ p a t i i b l c - d c m m t ~ e d  chemical signature, termed KREEP (elevated in K, REE, and P)[l] is pervasive in samples 
rrttrmed h the moon Warm & Wason [2] have postulated that this KREEP signature is actually the last 05% of d u a l  liquid 
rrmainiag after crystalliration of the Lunar Magma Ocean (LMO); t h y  called this late-stage liquid urKREEP. Haamr, the exact 
-cal composition of this urKREEP component has remained elusive Neal & Taylor have hypothesized that a magma this late in its 
haabahn sequence (>995% crystallized) would have undagone silicate liquid immisciity (SLI) PI. Although glascs representative 
of hmkibk mdts have ken knm since the cariy days of Apollo [4], the importance d the occumnce of SLI has only rcantiy ken 
mlitrri. ?he magma prrtursor to SLI is an Fe-IWI, Late-stagc basaltic melt which has undergone atreme Fenaer-trend fract ionah [5]. 
As outlined by R o d e r ,  this magma then reaches the threshold of misciiity [q and splits into granitic (devated K and Si or K-fraaion) 
and fcmbadtic  (devated Fe, Ti P, and RE& or REEP-Man) liquids The K-Fraction commonty crystallizes as granite, whereas the 
REEP-fraction is IargeIy diyipated into the crust as a metasomatizing agent [3]. 

In an &Fort to calculate the chemical composition of u r w ,  Neal & Taylor [3] have backcalculated the prcSLI magma 
compositioa from glasxs which represent k n m  immisciile liquids on the moon Thy have also backcalculated urKREEP from lunar 
granites by utilizing published liquid-liquid partition d d e n t s .  Compositions calculated hm'both methods agree This study continuer 
the search for the elrrsive urKREEP composition by re-analyzing immisciile glasses from ApoUo 14. 

IMMISCIBLE GLASSFS IN lJOOL,7003: An elegant study by Morris et aL [71 of samples 14001,7003,283 and 14001,700328.4 has 
mtalcd gksses which represent W b l e  immiscible liquids T h y  have also presented electron microprobe analps of these glasses 
'Ihesc samples are 2-4 mm in size and arc wholly compoKd of granite dasts and b m  to tan glan The glasses ocau as ropy axitinp on 
the granitic portion and as s d i e t ~ l  and veins interstitial to the granitic dasu. The granitic dasts contain  qua^?^ and feldspar (up to 1 mm, 
but gcncdy ~ 0 . 4  mm) set in a colorless glas matrk Angular grains of n'rcon o a r  (.04 to 0.06 mm) in the colodess @as We report 
h c r r ~ ~  of the brown, colorless, and intermediate tan glasses from these sections. Using these new trace element data and the 
major dement data of Morris et aL m, we have calculated the pce-SLI composition for these immiscible liquids. 

SIMS DATA: Monis et al. [q suggested that the 
REE pattans (concave dowmvard) of the b m  %asses, Figure 1 
as anat@ oa an elearon microprokc, indicated the . 2s000 

b c t h a t i m  of apatite and zircon. SIMS analyses of 
spotr in the same glasses, however, do not indicate a 1, 
c o m  dmmard pattern (Figure l), but a pattern 
w h i c h i s ~ ~ & ~ K R E E P , o l b a i c u r o r d e r o f  - 500 : 
mognincdeg~lerinabwxhe. REEpattemsfromthe Q 
intamcdiate tan ghscs are similar to the brown glassq 
but a by a fa- of 4-5 in abun&nm t b n  the 6 a 

v 
Anatysa of the cobrfes glassa arc cqu,ivocaL 

w One sampk has a pattan and abundanas similar to the 
tan gkwa; the other has much lower abundanar of the a 
REE (& = 7Q chondrita), hints i t  a conolvc-upwad 
pattun @artictllarty indicated in the very l m  (Gdhu)n), 
and slmm ontg a slight negative Eu anomaly. 'Ihe REE 
pattan and abundances of this colorkss glas arc nearly 20 
. . .  . Lace Pr Nd SrnEuGdTb DyHo ErTmYb Lu ladrsbgrmhabk from a lunar felsite, 73255~  [gl. This 
fdsite har a major drmeat composition which coasists almost solev of Si02, -03, and K20 and has ken interpreted a s  a product of 
silicate liquid iamisci'b'ity (SLI) by Blanchard & Budahn (81. By analogy, our cotorfess glasses could be the K-frac produced by SLI as 
proposed by Neal & Taylor [q. The brown glassa could rrprrsent the REEP-bac component of liquid immiscib'ity. 

LIQUID-LIQUID ELEMENT PARTITIONING BEHAVIOR: Relarive partitioning of dements indicates that these glassa may be 
arplaioed by the K-fraJREEP-Erac modd of liquid immiscibility. Colorless glasq which have the lawat Fc Ti P, Mg and the highest K, 
Na, and Sib also tend to have the lawcst REE abundancer Brown giasstr have the highest REE abundances by m a  an orda of 
m@hldt exception, these partitionings arc parallel to the apwimental liquid-liquid data compiled by Neal & Taylor [9, and 
~ Q D Q S  thacin]. 

Using the most cvdvcd brown @as and the most primitive colorless @ a s  ( F l  I), maximum liquidlliquid distribution coemdents 
can be calculated for this sample. These calculated distribution codiaents are given in Table 1, dative to those given in Neal and Taylor 
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Table 1: I ?\piid-liquid 
Partition Gxfficients 

D W ~  ~b/pZ 
P 4.6 
Na 037 0234.67 
Mg 5.0 1.080.0 
Si 0.74 OJ0.081 
P 5 8  3.8-35.6 
K 030 0.01-0.46 
Ca 3.1 
Sc 260 
a 4.1 201-9.00 
V 5.48 
a 4.98 1.67-203 
Mn 4.60 1.60-219 
Fe 4.4 1.73-455 
Co 489 
Ni 3.78 
Cu 19.45 
Zn 1.73 
Rb 056 
Sr 1.05 
Y 172 
Zr 287 1.17-3.77 
Ba 054 0.4P150 
Hf 199 
La 2l.l 3.91-138 
Sm 181 4.42 
Eu l.94 

[9]. Most of the liquid/liquid dismiution cdtkients fall within the ranges of partitioning data 
which were determined expcrimentaliy or taken Erom other natural lunar gtaY samples. 

avc , However, sample 14001,7003 ahibits much higher basidacidic ghs partition coetficients for 
the REE than any other system from the literature [9](see Table 1, ranges). 

0.44 BACKXALCUL4TING PRESLI, arKREEP 
4.7 MAGMA: Fdlowing the method outlined in Neal & Taylor Table 2: Back-Cd~lllated 
0.64 [q, the composition of the prrSLI magma which gave rise W L I  Magmas 
1°8 to the brown and colorlm glasses may be calculated. lEis STC N&T 

0.45 calculation asumer that the b m  giasses ( R E E P ~ C )  SiOZ 51.74 485 
and cdoriat  glass (Kfrac) arc produced in proportions n o 2  u s  242 

A m 3  844 9.15 
421 of 80320 during SLI of the parent magma [2]. The FcO 22.74 20.9 

calculated preSLI magma has a composition similar to that M ~ O  1.85 OOSO 
4.83 calculated by Neal & Taylor from lunar granites [q  using CaO 6.14 13.1 
5-12 two-liquid partition cwmcients pable 2). The preSLI Na20 0.98 0.50 
7.17 melt calculated from ApoUo 14 glassa has higher CaO, but K20 1.92 3.10 

both melts arc roughly fmbasaltic in composition. Traa P205 1.50 153 

dements for both calculated p S L I  magmas arc also 
Ba 

distinctly similar. That prc-SLI magma compositions, La 
1832 2645 
290 ni 

calculated by different mahods from vastly different S, 106 74 
samples, should achieve such similarity is telling. It would yb 115 98 
appear that wt arc converging on the true bulk composition Lu 18 19 

2.44 of urKREEP. 
0'49 CONCLUSIONS: The similarity in the condusions of this study with other Wa, in 

529 
both the partitioning khavior of magmas which have undergone SLI and ba&alculated prc- 

4.42 SLI (urKREEP?) magmas, indicates the uniformity and consistency of SLI in the differentiation 
of the upper mantle and crust of the moon It is also evident that this praxss is penrasive in the 

Gd 184 upper portions of the moon. Mast important is the understanding that R E E d c h m e n t  in 
Yb 8.27 3.6-16.6 4.18 lunar basalts and plutonic rods is not 0axssx-Q accompanied by K d c h m e n t .  In fact,the 
Ln 781 5 .6  5-66 REE may be enhanced by orders of magnitude in a rock, without changing the bulk 

composition, by addition of a small proportion of the REEP-frac component of S U  
A-14 bmwn @aWclear glass. 

*range in erperimental D's. 
average of ap. D'r 
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