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The unique characteristics of aluminous mare basalts have been discussed 
by several authors. Basalt 12038 is perhaps the type example. In a previous 
paper (11, we briefly considered the REE and Sr and Nd isotopic data for 12038 
in the context of the Apollo 12 basalt suite. Here we report additional 
analytical studies of 12038 and consider the data in the context of the model 
which we have used for other basalt types (see (1)). Because of the close 
similarity of the trace element and isotopic data of 12038 to those of Luna 16 
basalts (2,3,4,5,6), we extend some conclusions about the source region of 
12038 to the source of Luna 16 basalts. 

Our interpretations rely heavily on the age and initial 87~r/86~r (1(Sr)) 
and 143~d/144~d (1(Nd)) ratios of the basalts studied. Compston et al. (7) 
previously determined a Rb-Sr internal isochron age of 3.28 f 0.21 AE for 
12038; but because of the relatively large uncertainty on the age and the 
problem of interlaboratory bias, we decided to redetermine the age. Additional 
considerations which suggested that 12038 should receive further isotopic study 
are that it apparently suffered comparatively large 40~r losses so that its 
40~r/39~r age of 3.11 2 0.05 AE is based on only 35% of the 3 9 ~ r  release (8) 
and its uniqueness as a large example of an important but poorly understood 
lunar basalt type. 

Rb-Sr analyses of mineral separates and a bulk sample of 12038 define an 
internal isochron for T = 3.36 f 0.11 AE and I(Sr) = 0.69922 2 3 (Fig. 1 
x ( ~ ~ R ~ )  = 0.0139 AE-I). The age and 1(Sr) are similar to those of Luna 16 
basalt B1 (4). Sm-Nd analyses of mineral separates are as yet incomplete, but 
a whole rock analysis (1) and the Rb-Sr age provide an adequate basis for our 
interpretations. 

Low initial 8 7 ~ r / ~ ~ S r  and low Rb/Sr for 12038 suggest the possible presence 
of plagioclase in its source. This possibility is considered more explicitly 
with the aid of Fig. 2, which plots 1(Sr) versus 87~b/86~r (decay corrected) 
for 12038. Fig. 2 also shows a model evolutionary path for 87~b/86~r and 
87~r/86~r. As in our previous models (1,9,10) we assume that (i) the 12038 
source region was formed 4.4 AE ago with 87Sr1~~Sr = 0.69917, and (ii) that 
(87~b/86~r) = 0.05 in the magma ocean at the time of source region formation. 
Assumption Pi) leads to (87~b/86~r)s = 0.0036 in the source region. Assu;ption 
(ii) leads to D(~b)/D(sr) = 0.072 from the relation (87~b/86~r)s = D(R~)/D(s~) 
(87~b/86~r)o. With our usual assumption of D(R~) = 0.01, we obtain 6(~r) = 
0.14, which can be satisfied for sources containin8 < 9% pla ioclase. Modifi- 

87 86 cation of the assumptions by lowering either 87~r/ 6 ~ r  or ( ~ b /  Sr), at the 
time of source region formation could easily eliminate any need for plagioclase 
in the source in order to satisfy the Rb/Sr systematics. 

Sm-Nd systematics also constrain the nature of the 12038 source. Fig. 3 
illustrates the isochron intersection method (1) for determining present-day 
147~m/144~d in the 12038 source. For a source formed 4.4 AE ago with 143~d/ 
144~d = 0.50506 as preferred in our model (11, we find present-day (147~m/ 
144~d) = 0.210. The relation (147~m/144~d)s = ~(Sm)/6(Nd)(~~~Srn/~~~Nd)~ 
implie: 6(Sm)/6(Nd) = 1.23 for our choice of (147~~/144~d)o = 0.175. For our 
choice of distribution coefficients (9,111, D(s~)/D(N~) = 1.1, 2.4, 1.5, and 
0.77 for 01, opx, cpx, and plag, respectively. Thus, the sm/Nd data limit the 
amount of pyroxene which the 12038 source may contain and suggests that a 
plagioclase component could play a role in keeping Sm/Nd in the 12038 source 
down to acceptable values. Thus, both Sr and Nd isotopic systematics indicate 
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the presence of plagioclase in the 12038 source. 
Fig. 4 illustrates our attempt to match the Ba + REE abundance pattern 

within the context of our previous models. For relative REE abundances in the 
magma ocean as shown for the "assumed liquid", it is possible to obtain an 
acceptable fit to the 12038 abundance pattern for 3% partial melting of a 
source containing 4% plag, 60% cpx, and 36% olivine (C1 in Fig. 4). This 
mineral0 could also produce the correct (87~b/86~r)s in the source. However, 
(147Sm/1'zNd)s = 0.26 for this mineralogy and is unacceptably high. The SmlNd 
constraint can be satisfied by the mineral composition shown for C2 (i.e., 8% 
plag, 5% cpx, and 87% 01). A 2% partial melt of this mineralogy provides an 
acceptable match to the abundance pattern of the trivalent REE but would produce 
positive Ba and Eu anomalies which are not observed. The Rb/Sr ratio would also 
be greater than observed. The latter ratio can be matched by increasing the 
melt fraction to 7%. One could postulate plagioclase segregation and removal 
to produce small negative Eu and Ba anomalies as observed in 12038. 

The model presented here implies basalt petrogenesis by small (2% - 7%) 
degrees of partial melting of a source containing small amounts of cpx and 
plagioclase (5% - 8%) and with olivine dominant over opx. Although there is 
considerable uncertainty in choice of plagioclase/liquid distribution coef f i- 
cients (121, this uncertainty has little effect on the model because of the 
constraint on D(s~) imposed by Rb-Sr systematics (Fig. 2). We have used the 
plagioclase/liquid distribution coefficients given by Shih et al. (11) which 
are similar to the 1 2 0 0 ~ ~  values of Weill and McKay (13). ~la~ioclase/liquid 
distribution coefficients given by Drake and Weill (14) are threefold to four- 
fold higher for trivalent REE. However, use of these distribution coefficients 
has only the effect of changing the model source mineralogy to 5% plag, 8% cpx, 
and 87% 01 and the melt fraction from 2% to 3%. In all cases, the absolute REE 
abundances in 12038 can be modeled for a magma ocean with La 'L 60 x chondritic 
abundances as for the Apollo 12 olivine-pigeonite and ilmenite basalts. It 
appears that the magma ocean was co-precipitating olivine, pyroxene, and plag- 
ioclase at this stage in its evolution. The differing isotopic and chemical 
features of the three Apollo 12 magma types appear to result from segregation 
of differing mixes of the precipitating minerals. 

Several authors (2,3,5) recognized the similarity in REE abundance patterns 
of 12038 and Luna 16 aluminous mare basalts. This similarity is shown in Fig. 4 
for the recent data of Ma et al. (6). Although two basaltic samples analyzed 
by Philpotts et al. (5) and Helmke and Haskin (2) have similar REE abundances 
to those reported by Ma et al. (61, two others, A27 (5) and A31 (21, as well as 
the 125-425pm samples of the A and G core layers (3) nearly match 12038 in 
absolute as well as relative REE abundances. These observations, plus the 
similar age and major element composition of 12038 and Luna 16 basalts suggests 
that the above model for 12038 can be extended in a general way to the major 
basalt type of Mare Fecunditatis. Comparison of our 12038 model to that of Ma 
et al. ( 6 )  for Luna 16 basalts shows general agreement on the need for a heavy 
REE depleted magma ocean and for plag + cpx in the source regions. However, 
Ma et al. (6) suggest larger proportions of plag (5% - 40%) and cpx (55% - 25%) 
and larger melt fractions (15% - 30%) than found here. These conclusions are 
essentially unconstrained by Rb-Sr and Sm-Nd systematics. They seem to require 
a higher Rb/Sr ratio for the magma ocean and larger plagioclase/liquid distri- 
bution coefficients than we have assumed here. 
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