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APOLLO 15 OLIVINE-NORMATIVE MARE BASALTS: NEW CHEMICAL ANALYSES, 
CHEMICAL DISPERSION, AND CHEMICAL RELATIONSHIPS. Graham Ryder and Alison 
steelel Lunar and Planetary Institute, 3303 NASA Road One, Houston, TX 

i 77058. (  Acadia University, Wolfville, Nova Scotia, Canada). 

Crystalline mare basalts at the Apollo 15 landing site consist of two main and distinct 
series, one olivine-normative (ON), the other quartz-normative (QN). The ON basalts show a 
greater range in composition, and opinions about the relationships among them has varied: 
whether they are the product of a single magma, or more than one magma which differ a little in 
composition; and the cause of the compositional variation. For instance, Rhodes and Hubbard [I] 
favored a single magma evolving by fractional crystallization. Lindstrom and Haskin [2] 
modelled samples using a short-range unmixing model, which accounted for the variation without 
fractionation. Ma et al. [3] found similar variations and found even short-range unmixing to be 
inadequate unless the residual liquid varied in composition, but agreed that the variation was 
not larger than could be found in an undifferentiated flow. Binder [4,5], citing petrographic 
differences described by [6] among the ON basalts as a starting point, concluded that there 
were 3 distinct ON magmas, each controlled by olivine fractionation. In addition, there are a 
few basalts which are petrographically distinct from both ON and QN basalts (i.e., 15385, 
15387, 15388), and a couple of samples (15634, 15643) which are petrographically similar but 
chemically apparently distinct. All these studies have used different and limited sets of data, 
and in the case of [4,5] have resorted to defocussed beam microprobe analyses in the data base. 

In an attempt to better understand the relationships among the Apollo 15 olivine-normative 
basalts we have: 
a) increased the data base by analyzing both previously unanalyzed samples and more mass of 

previously analyzed samples for major and trace elements using INAA and microprobe fused bead 
techniques. We used enough mass to ensure a reasonable representivity. Our new analyses are 
shown in the table. 
b) Using the compilation of [7], for all analyzed ON basalts we checked the analyses, 

eliminating unreliable data and discarding DBAs (which we can show are inadequate for detailad 
chemical comparisons). We then made mass-weighted averages for each basalt, incorporating our 
new data. 
c) we are using these averages to inspect petrogenetic relationships among the olivine- 

normative basalts. 

-: We analyzed 
(a) 9 rake samples from Station 9a --15620, 15623, 15633, 15641, 15643, 15651, 15663, 15668, 
and 15672. 
(b) two splits of 15387, one of 15388, and a coarse-fine particle 15274,3 from the Apennine 
Front, Station 6. 

Most of the rake samples were analyzed to evaluate the suggestion of [4,5] that olivine 
microgabbros represent two chemical groups (according to defocussed beam data) distinct from 
each other and from olivine-phyric basalts. Except for 15651 these samples had had some 
previous kind of analysis, but most were of small mass or lacked critical data such as MgO or 
useful trace elements. 15643 for instance was singled out by [8,3] as a distinct magma type 
with a positive Eu anomaly, but the sample size used was only 49 mg. For 6 of our analyses we 
ground up about 500 mg of sample and took splits for INAA and HFB; 3 samples had only 250-300 
mg. 

15387 and 15388 are coarse basalts texturally distinct from most of the olivine-normative 
basalts, and their relationship is obscure. On the basis of their own chemical data, [I] 
concluded that 15385 could not be a cumulate from other olivine-normative basalt magmas. 15387 
had not previously been analyzed, but is petrographically like 15385 for which there is data. 
These two samples are olivine-rich and were called feldspathic peridotites by (61. We analyzed 
a total of about 300 mg (two combined splits which turned out to be not significantly 
different) of 15387. 15388 is texturally distinctive and lacks olivine (feldspathic 
microgabbro of [b]); existing analyses show a positive Eu anomaly and low overall REEs. We 
analyzed a split from 600 mg of homogenized powder, and also had a new thin section cut to 
check on the textural variation. 15274.3 (,21) was identified macroscopically as an olivine 
basalt [ 9 ] .  We used an 80 mg split. 

Methods: We inspected the allocated chips macroscopically and described them. We crushed each 
chip to a fine powder to homogenize it and make it suitable for fusing a small (45 mg) split 
into z glass bead; analyses were made on an ARL microprobe at Acadia University. Each bead was 
very homogeneous and only 4 points were needed on each glass. For the INAA, 40-120 mg of powder 
was used, with BCR and BHVO as standards. The complete data are listed in Table 1. 

New Data: Our analyses for FeO and Na20 by both INAA and MPB are in good agreement, hence we 
consider the data to be good analyses of the powders. Our analysis of 15643 shows that its REE 
pattern is normal, hence it is not, as believed by [8,3], a distinct magma type. Two splits of 
15387 are very similar to each other and to previous analyses of 15385. The analysis of 15274 
is similar to those two rocks, but a little more aluminous; given the small sample size this 
does not appear to be a significant difference. The analysis of 15388 confirms the low REE 
abundances and its distinct composition; like the analysis of [lo], our analysis shows 
conspicuous Ti02. 
The remaining analyses are clearly of "normal" ON basalts, and each is quite similar to 
previous analyses of its source rock, giving substantial confidence in the data. 
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Comulete data set: results: Our inspection and numerical analysis of the compiled data base is 
not complete, but several conclusions can be made. 

(1) The data, as shown for instance in Fig. 1, suggest that the dispersion of chemical data 
for the ON basalts is real and controlled mainly by olivine fractionation. The dispersion is 
rather greater than that of a single homogeneous lava flow; the data sets used by [2,3] have a 
restricted range and do not include the well-characterized and less Mg-rich sample 15556, nor 
some others extending to such fractionated compositions. On the other hand, the claim of [ 4 , 5 ]  
for subgroups is not substantiated by the data; with the improved data set (cf. DBAs), groups A 
and B show complete overlap. (The Binder microgabbro groups A and B are not consistent from 141 
to [5], nor do they agree with petrographic groups postulated by [ 6 ] ;  instead they were 
determined solely from chemical plots). However, it is clear that the more magnesian samples, 
which have higher Mg' , are coarser-grained than the less-magnesian, olivine-phyric basalts, in 
general. Nonetheless, the more magnesian varieties do include some olivine-phyric samples, and 
very vesicular basalts occur throughout the range. 

(2) The major element range corresponds to about 15% olivine fractionation; one reason for 
believing that it is a genuine fractionation rather than short-range unmixing is that few 
samples contain more than a few % modal olivine. Thus the coarser varieties are not 
particularly olivine cumulates, and the parental magma of the series must be at least near the 
magnesian end of the sequence, not in the middle (i.e. not an average), as also suggested by 
the vesicularities. 

(3) Superimposed on the olivine-fractionation trend is some dispersion which is however 
close to analytical error for the major elements. For trace elements the dispersion is outside 
the range of analytical errors, but not outside the range of multiple analyses from a single 
rock (e.g. 15555). Therefore, one cannot easily claim that the trace elements suggest the 
presence of more than one flow [3]. For well-analyzed samples (i.e. a lot of mass) there is a 
very good covariation of Sm and Eu, but subsplits of a single rock and small mass sizes show a 
wider dispersion . Even 15634, claimed by [3] as necessarily being a separate basalt type, is 
not substantfally different from one split of 15555. The cause of such variation still needs 
determination, but seems likely to result from short-range mixing [2,3] or similar phenomena. 

Tahle 1. N e w  analvses of Auollo 15 mare basalts bv micro~robe fused bead (HFB) and I N A A  

~ 1 2 6 ~  ' 7.3. 5.8 5.5 11.1 9.2 8.2 8.5 9.3 8.8 9.9 8.3 9.1 8.9 - FeO 21.1 22.7 21.0 19.1 21.5 22.5 23.0 21.2 22.2 20.3 21.8 - - -  21.9 21.6 
FeO 21.3 21.5 21.3 19.8 21.8 22.5 23.1 21.5 22.2 19.8 22.1 22.3 21.7 21.5 

?In0 .32 .29 .25 .35 .35 .37 .35 .38 .35 .37 .34 - - -  .38 .28 
?Is0 15.0 17.4 16.9 8.0 11.3 11.6 10.5 11.1 11.5 10.3 10.8 - - -  8.9 11 7 
CaO 6.7 6.4 6.2 10.2 9.2 9.6 9.1 9.9 9.4 10.3 9.1 - - -  9.9 8.9 
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