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GEO-Y OF REEPy BASALTS.. A NEW BASALT SUITE FROM APOLLO 14 Gregory A SNYDER & 
Laamoa A TAYLOR, Dept of Geological Saenas, University of Tennesce, KmmUe, TN 37996-1410; Y.G. LN & Roman A 
XI-DATT, Radiation Centa and Dept of Chemisery, Oregon State University, Corvallis. OR 97331. 

'Ihc variety and ages of basalt, from the Apollo 14 site have pmvided invaluable insight into the nature of anaent basaltic wlcanism. 
In an effort to reap evm mom information From the rocks at Fra Mawq fiftetn new rocks wac picked from Apollo 14 soils (2-10 mm 
dasts) for study. The mineralogy and petrology of these samples arc given in companion abstractr in this vdume [1,2]. 

W of the roctt contain geochemical signaturn which arc a m i s t a t  with mixing of high -tag= of high-K KREEP [3]. In fkd, 

two d tbe rocks (U59 rod 160J93) a h b i t  major and tPQ ekmcPt c b m & & l h  which IdenUcd b high-K KREEP [3]. 
R&oudy, KREEP has only ken identified ar a chemlcal dgmhrq ubiquitous m sob, and common in rocks from manylanding sites. 
'Iberc two new rocks give primary evidence of both the geochemWrl and miwralogy of this KREEP component at the ApoUo 14 landing 
site The otha baralts from this study arc compositionally didnct From a t h a  vay-high K (VHQ basalts or high41 (HA) basalt, at 
ApoIlo 14. 

BASALT SmDIES AT APOLU) 14: l h  different basalt suita havc ken disaibed from Apollo 14. The most abundant suite, the 
HA basalts, contain 11-14 w t %  AIZ03, c 0 3  WL% D O ,  and charactcristicaliy havc WLa ratios ol apprcodmateiy 100 [4]. The range in 
compositions for thesc basalt, was likely generated by a proem of assimilation of KREEP coupled with fractional qstallhtion of a HA 
basaltic magma. The second suite, the VHK basalts, wcn fht rrcognized by Shavais et al. M to be a unique subset of high-A1 (HA) 
halts. This suite is sixnilat in composition to HA basaltswith a few noteable diffemas. F m  the K20 abundanca of VHK basal& arc 
genaaUy > 0 3  wt% with K 2 0 W O  > 1 and K/La >150. Second, VHK basalt, amtain interstitial K-Ba-fddspar~ and Si-rich glass which 
arc not found in HA basal& Third, VHK hasalts often contain both fayalitic and forstaitic olivines, whereas HA basalt, contain only 
forstaitic divines. Both the unique mineralogy and range in chemical compositions for this suite can be explained by animilation of lunar 
granite by a fractionating HA basalt magma. 

EXENDING THE ENVELOPE - REEPy BASAL= FROM APOLLO 14: Major dement chemistry of these new basalts indudc 
a 0 2  = 1-255, W 0 3  = l e m ,  Fco = 6-ll%, M ~ O  = 6-16%, CaO a 814%. Thae new basal5 paally have lower Ti02 and FeO 
and higher A n 0 3  than HA basalts, but are within the range of published data for VHK basalt, [5,6,7,8]. Hoama, thesc new data would 
atead the VHK major element ewelope to e m  higher abundanccs of both AI203 and MgO. The new suite of basalts a h  d i m  from 
HA basalts in having much higher K20 (05-1.0 wr% as compared to 0.03429 a % ) .  Although the K20 values are similar to those found 
in VHK basalts, the WLa ratios arc distinctly I- ( ~ 1 0 0 )  than those for VHK basalk (cg. 150-500). Mineralogy and mineral chemisny 
of the major phases in thesc rocks arc similar to the VHK basalts (see companion abstracts, [1,2]). One noteabk differmce is the absence 
of -tic olivine (both fayalitic and forstcritic i c e  arr found in many VHK basalts) and theprrsncc of wfiidocRite (a REE- and P-rich 
mineral) in these rrew basal& Ir abrmdanccs ( 4 2 3 ppb) in thesc samples are consistent with a small amount ( e m )  of meteoritic 
contamination (as per the critaia of Wamn & Wason [9n. However, this small pmprtioa of meteoritic contamination would likely not 

affeb major dewnt compositions and lithophiie ma element abundanas Furthamorc, many of the basalt, d i b i t  primary igneous 
(ophitic to subophitic) t a t u c ~  The pristine tartura indicate that melting during impact did not awr. We contend that the small 
proportioa of meteoritic component (as evidenced in the sidaophile dement abundanca) auld be due to vapor-phase "metasomatif 
intiltration during an impact event 

The W t s  reported herein have more Figure 1 
evdved trace dement chemistry than maa 500 
pmiousiy studied HA W g  but arc similar 
inmanYaspstp(acepttheREE)~VHK 
basalts &om Apoh 14. Abundanceo of the 
mcedcmuusindudc: L a - 4 3 4 4 p w L U  lm 
= 20-3.4 ppm, Sc = l O S 2 l 2  ppm, Ni = 95- - - 
SO8opp~~~620-1120ppm,andHf=  15-28 2 50 
ppm. The Wts & i t  LREE enrichment 
((Lahu)n = 2 1 5 1 )  and hrge negative Eu 

p,,w = 0.18-031). 3 6 20 
Representative REE ana3'sq normalized to W 
the chondritic macorites, are presented in n: 10 

F w  1 along with fields Erom the liteaturc 
forbothVHKandHAbasal& 5 

m A C  anrrP ROCK FOUND AT 
' 

AWLU) 14: Relative to all other basal& at 2 
the A-14 site, taro roc~epr (1559 and 160,193) La Ce Nd SmEu Tb Dy 
have REE abundancs that are elevated by 
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3045; other trace element abundanccs are also more evoked than prcviody reported data for 
TPM~~:HICEK~~-KREEP 

basal& As indicated in Table 1, the We-rock chemistry of these rocks is similar to the 
high-I( KREEP of Wamn & Warsoa PI. This high-KKREEP amposition was derived from 

H W - K ~ ' ' . ~ ' ~ '  b~ - two a -P*. c o d  represent KREEP mb horn 
1013P0011=P13=0eP==I 

- 
SiO2 479 46.M Apob 14 s i b  

no2 1.65 191 ATTEMPTED AFC MODELING OF BASALT DATA: Calatlatioos wue 
~ ~ 

A1203 166 U.6 performed in an attempt to aplaia an VHK basalt data and our new basalt data as a 
FeO 10.6 105 continuum of a single proass - ic, coupled airnilation and fractional crysgllization (AFC 
MgO 10.6 14.8 a la W a o l o  [Ion. Approximately 415% fracthnal aystallization coupled with assimilation 
CaO 952 9.4 (r = mass of Ircimitantfmacs of cumulate = 05) of a granitic c o m p a t  similar to 73255~ 
Na20 0.86 0.94 will generate the most primitive VHK basal& [W]. Substituting our newty found KREEP 
K20 0.83 0.64 
Mg# 0.64 0.71 roddcts as rcprrstntafh of the mt, the bulk of the trace element data for the VHK 

basalts can be modeled as a proms of simultaneous arsimilation of KREEP (r = 035) 

La 110 128 coupled with fracrioaal crystaIlization of this primitive VHK basalt Utilizing the most 
Ce 270 340 primitive samples at the lowest degree of granite as ida t ion  (2% for 304,108) and the the 
Nd 180 189 highest degree of aecimilation (75% for 305,304), two AFC curves can be calculated which 
Sm 49.0 54 encompass all of the VHK data, but which pats by the new basalt data at higher KZO Muer 
Eu 3.00 393 . (Figure 2). Changing the r value in the AFC modeling will not allow the explanation of our 
Tb 10.0 11.8 
Yb 360 39 

new basalts as a continuation of the VHK tmd. 

Lu 5.00 4.8 If it is assumed that these new basal& arc derived from a primitive HA basalt parent, a 

-In Zn 274 similar modeling approach (AFC) can k undertaka Modifying the r value as presented by 

Neal a al. to 0.29 and utilizing a KREEP assirnilant will allow the modeling of most of our 
PI* new data as a continuation of the HA basalt AFC trend. Howcvet, all of our samples have 
Basalt 14155,9. higha Mg#'s than even the most primitive HA basalt rendering this relationship untenable. 

Neither fractional crystallization, nor AFC, nor mixing of KREEP and/or lunar granite with 
dtha a VHK basalt or an HA basalt will generate our new data set If the conventional is untenable, then the unconventional may k 

pmtulat* 
REEP MEUSOMATISM OF VHK BASALT& Figure 2 

Thesc new basalts are compositionally very similar to VHK 
basal& but for thdr high REE wntentr and the ubiquity of 
whithldte We postulate that these samples were 
originally VHK basaltr and have kcn metasomatiztd by a 
REE- and P-rich fluid, the evidence of which is the 
abundance (up to 2-3 a%) of whitloddte. This fluid could , 
k a byproduct (REEP-frac) of silicate liquid immiscibility 
during the last stags of evolution of the Lunar Magma 10 

Oaan (111. This metasomatic event would~leavc the major 3 
d e w n t  and most of thc trace dement chemistry unaltered, 5 

but would devate the REE. 
CONCLUSIONS: A new group of baralts has been 

in Apollo 14 s a k  These samples are 
compositionally similar to VHK basalts, albeit with much 

1 
hi* REE abundanccs. These new baralts also contain I 2 s 10 20 50 100 

up 2-3 vd% whitloddtc Two rocks hsor tract clement K (1 000 x ppm) 
eom~us~arereprcsen la lkeoC8c(rra l  KREEP. 
The new REEPy basalts can be aplained by metasomatism of an originaI VHK basalt by a REE- and P-rich fluid which was posibly 

produced during silicate liquid immii i l i ty  (REEP-frac). 
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