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Among mare basalts, high-Ti basalts are a curious enigma. They are LREEdepleted with low Mg#'s (43-48) and exhibit a 
multitude of other chemical characteristics which point to their being the products of low degrees of partial melting of a lateatage evolved 
cumulate in the lunar mantle (see [I]). Furthermore, high-Ti basalt samples represent almost half of the data-base on mare basalts 
returned from the Moon. They are an integral link in the ongoing quest to understand the interior of the Moon. 

In an effort to better understand the logistics of the high-TI cumulate from which these basalts were derived, a comprehensive 
isotopic study of the high-Ti basalts at Mare Tranquillitatis (Apollo 11 landing site) has been initiated. This study complements earlier 
reconnaissance isotopic studies of basalts from this site [2,3] and more recent isotopic studies on high-Ti basalts from the Valley of 
Taurus-Littrow (Apollo 17 [4]; also see [S]). 
ACE CONSTRAINTS ON VOLCANIC EPISODICITY AND PERSISTENCE 

It is now evident that high-Ti basaltic volcanism in the Tranquillitatis Basin persisted for at least 250 million years. Previous 
40~r/39Ar, Rb-Sr, and Sm-Nd age determinations for the high-Ti basalts from Apollo 11 have been evaluated and weighted averages 
(using the same decay constants) calculated for the four basic 

basalt types. Type A basalts are relatively high in K20 ( > 0 3  
' lW58(Type Bl) wt.%) and define the youngest volcanic episode (3.60fl.07 0'516 Mineral h h r o n  

Ga). Types B1, B2, and B3 basalts are low-K varieties E0.12 
oxide wt%) and exhibit a range of eruption ages from 3.89 to 0.5155 - = 3.70 f 0.08 Q 

3.71 Ga. B1 and B3 are similar in age (3.71L0.03 Ga vs. 2 , MSWD = 128 
NdO = 0.50818 * 4 

3.769.02 Ga, respectively). '?rpe B2 basalts are by far the - 
, c Nd = 7.1 f 0.8 

most ancient expression of volcanic activity at the Apollo 11 
landing site (3.89fl.01 Ga) and are the oldest of aU high-Ti , 
basalts. A Sm-Nd mineral-isochmn of a type B1 sample, 10058 0,514 - 
Fig. I), yields an age of 3.70fl.04 Ga 0 Sm = 654x10- 
12)which is within analytical uncertainty of previous 40~r/39Ar 0.5135 - Figure 1 
determinations for this basalt type [q. This confirms the 
usefulness of 4 0 A r ? 9 ~  ages in determining actual 0.513 0.2 0 . Z  0.24 0.26 0.28 0.3 0.32 0.34 

crystallization ages A Rb-Sr mineral-isochron for this sample 1 4 7 ~ m / 1 e e ~ d  
yields a similar age (3.669.04 Ga; h Rb=~.42x1~-11). 
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Unlike Sm-Nd data from the Valley of Taurus-Littw [4], whole-rock samples of high-Ti basalts h m  Mare Tranquillitatis do not 
form an isochron (Fig. 2). However, Types A, B 5  and B3 

0.5144 - basalts alone do suggest a line with a slope which yields an age 
' Fig. 2 

9.5142 - of 4.08+0.03 Ga. Type B1 basalts project off this line to higher 
143~d/144~d and 147~m/144~d ratios. 'Ibis suggests that the 

0.514 - Apdlo 11 High-Ti Basalts l j p e  B1 basalts contain a long-lived (perhaps 400-500 Ma) 
depleted mantle component. Since the parental magmas for all 

of the high-Ti basalts are LREEdepleted, this depleted 
component must have been even more depleted than the source 

which led to most high-Ti basalts. This extremely depleted 

Age=4.08f O.WQa component could be a cpx-olivine-ilmenite perfect adcumulate 
0.5132 - (i.e., no trapped liquid) from the lunar upper mantle [I]. 

NdO = 054146 5 4 The presence of a second component, which is KREEPy 
 EN^ =+3.0*0.8 (LILEenriched), is reflected in both the low 147~m/144~d 

0.5128 I I I I values and high 87~b/86Sr (Fig. 3) and K20 in Qpe A samples 
0 2  0.2l 0.22 0.23 024  025 

'47Sm/1"~d 
from Apollo 11. As illustrated in Fig. 3, the basalts dmde into 
only two distinct groups in Rb-Sr space. All of the low-K 

samples ( T y p  B1, B2, and B3) plot in a tight cluster, as do the high-K samples (Type A). Effectively, this creates a two-point isochron 
with an "agen of 3.67 Ga and an initial ratio of 0.69918. 'Ihis "agen is within the uncertainty of both 40~r/39Ar and RbSr  ages previously 
determined for the Type A basalts. 
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Combined Sr and Nd isotopic data indicate distinct fields 
0.705 

for the different basalt types (Fig. 4). Trace- and major- i 

element modelling by Jerde et al. [T indidices that the Type B1 ,,, , Apollo 11 High-Ti Basatts basalt5 are derived from the type B3 basalts by hctional 
crystallization. Taking into consideration the new isotopic data 

presented herein, this model must be modified to include the 0'703 - 
addition (pmsibly assimilation) of at least a second component $ 

I 
with a time-integrated elevated Sm/Nd ratio (i.e., LREE 2 0.'02 Age = 3.67 * 0.02 ~a 

depleted). A case could be made that basalts From the Apollo MSWD = 189 

11 site indicate two- and possibly threeamponent mixing ' O.'O1 * SrO = 0.69918 f 8 

between distinct, yet isotopically homogeneous components [q. 
A model of high-Ti volcanism is presented which 

dictates (hat the earlkst phase of volcanism (3.89 Ga ago, 

Type B2), represents that with the highest heat wntcnt and 0.699 
0 0.02 0.04 0.06 0.08 0.1 0.12 

woaM include the early removal of small fractions of KREEPy 
trapped liqaid The volume of this KREEF'y trapped liquid (or 

87 Rb/86Sr 
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contaminant) would be small, but, because of its high LILE 
content, could greatly affect the isotopic ratios of basaltic 
magmas which would have intruded through the upper crust en 

7 
route to the surface of the Moon. The next phase of volcanism 
(3.76 to 3.71 Ga, Types B3 --> B1) began by melting the total - 6 
remaining KREEPS, tmpped liquid component (either at the a a .  site of melting or during ascent of the basaltic magma), but c 

- 5 -  
eventually began to melt the mafic adcumulate. This lead to a 
magma with a more depleted signature. F i l l y ,  as the lunar 2 
interior began to freeze, a final stage of magmatism (approx. 4 1  

3.60 Ga ago, Type A) was initiated, near the Apollo 17 landing 
site, which included the fusion of a more KREEP-rich source. 

Evidence for the distal extrusion of Type A basalts is found in 
the surface extension of this flaw to the Apollo 17 site and the * 

- Q Apollo 11 . 
Tvpc 81 High-Ti Basatts - . 
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0.69915 0.6992 0.69925 0.6993 0.69935 
similarity in age between IS.pe A basalts from Apollo 11 and 
fire-fountaining (orange glass) at the Apollo 17 site [8]. Some 

srlSsr initial 

of the samples from the Type A source were cross- 
contaminated by the depleted (perEect adcumulate) mantle source leading to their dispersion on Fig. 4. 

CONCLUSIONS 

The source for lunar high-TI basalts is undoubtedly found in cumulates left from fractional aystalliition of the LMO prior to 4.4 

Ga. The range in Sr and Nd isotopk seen in basaIts from Mare Tranquillitatis (Apollo 11) k due to melting of an ellnopyroxene- 
pigeonitr-ilmenite-olivh cumulate layer with Parieble proportions of trapped intercrunulps liquid. Type B1 basalts are melted from a 
near perfect adcumulate podon of this layer. Type A basalts represent the melting of a portion of the layer which has the highest 

proportion of trapped KREEF'y liquid. II)rpes B2 and B3 basalts were melted from a portion of the cumulate layer with intermediate 

amounts of trapped KREEF'y liquid. 'Qpe A basalts were likely extruded from a vent(s) near the Apollo 17 landing site [T and could, 

therefore, represent melting of a similar source containing slightly more trapped liquid. 
High-Ti basaltic volcanism on the Moon oonured over a period of roughly 250 Ma, but involved the melting of the same cumulate 

layer in the rnantla Isotopic data indicate that this cumulate layerwas laterally heterogeneous in terms of the proportion and composition 

of trapped liquid. Trace element variations within groups of basalts from the Apollo 11 landing site are controlled by fractional 

crystallization of liquidus phases [n. Variations in Nd and Sr isotopic initial ratios are controlled by slight heterogeneities created in the 
source during fractional crystallization of the LMO (completed at approximately 4.4 Ga). 


