
Type A breccia is considered to be 
weakly lithified regolith that locally 
contains scattered clasts of mare ba- 
salt thrown up on the Apennine front, 
mostly from South Cluster. Type B 
breccia is the most common type col- 
lected on the Apennine front and is 
also common at the LM site and in 
samples from the mare surface at sta- 
tion 9. Because these breccias are the 
dominant rock type collected from the 
front and do not contain mare-like 
basalt clasts, they are presumed to 
represent premare material of the 
front. Type C breccias, of which there 
are only three documented samples, 
are also considered to represent Apen- 
nine front material, differing from 
type B mainly in the proportion of 
coarse-grained feldspathic clasts and 
in the intrusive relation of matrix and 
clasts in type C. Accordingly, rocks 
underlying the Apennine front are 
thought to be breccias whose clasts are 
mainly coarse-grained feldspathic rocks 
and nonmare-type basalts in varying 
proportions. 

The distribution of rock types (Fig. 
6) reveals an unexpected abundance 
of nonmare-type rocks on the mare 
surface, especially around the LM site 
and station 9. The best samples of 
mare basalts were obtained from two 
craters (Elbow and Dune) that pene- 
trated through the regolith on the mare 
and from the rille edge, where the 
regolith is very thin or absent. Much 
of the mare surface, where sampled, is 
covered by a ray that contributed an 
unknown quantity of foreign material 
to the surface. Furthermore, the area 
is bounded on two sides by high 
mountains composed at least partly of 
breccias; the downslope movement of 
material and lateral transport both 
tend to contaminate the mare surface. 
The North Complex, on a third side of 
the area, may also contribute breccias 
to the mare surface (2). These fea- 
tures, combined with the general lack 
of large craters on the mare surface, 
tend to enhance the contamination of 
the surface by foreign debris. 

A distinctive feature of the breccias 
collected from the Apennine front is 
the lack of the multiple brecciation 
that is so well displayed in the Apollo 
14 samples. This strongly suggests 
that the Apollo 15 crew sampled a 
level of the lunar crust that is lower 
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Chemistry, Geochronology, and Petrogenesis of 
Lunar Sample 15555 

Abstract. Lunar sample 15555 is a mare type basalt generally similar in chemical 
composition to the Apollo 12 basalts. Sample 15555 is older than any Apollo 12 
basalt but younger than the Apollo 14 basalts analyzed thus far. 
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Data are given for rock 15555, the 
largest sample yet returned from the 
moon, collected at the edge of Hadley 
Rille during the third period of extra- 
vehicular activity on the Apollo 15 mis- 
sion. Sample 15555 is thought to be a 
fragment of very locally derived bed- 
rock (1). It is an equigranular basalt 
containing olivine, plagioclase, and 
pyroxene in the size range from 0.3 to 
1 mm (1). We received a 0.56-g chip 
of sample 15555 for major element 
analysis. Since 0.3 g was sufficient for 
that purpose, we decided to use the 
remainder for microprobe analyses of 
minerals and for an isotopic age-deter- 
mination by the Rb-Sr method (2). 

The results of a chemical analysis 
of the major elements of sample 15555 
are given in Table 1. Data were ob- 
tained by x-ray spectrometry (except for 
Na), as for earlier lunar samples (2). 
Sample 15555 was thus seen to be a 
mare type basalt, generally similar in 
composition to Apollo 12 basalts. Its 
content of (MgO + FeO) and all other 
single components and its content of 
normative olivine resemble those of 
sample 12020. However, the MgO/FeO 
ratio of sample 15555 is lower than 
that of the Apollo 12 basalts, with 100 
Mg/(Mg + Fe) equal to 44.3 for sample 
15555 as compared with 53.5 for 
sample 12020. All Apollo 12 samples 
containing normative olivine have ap- 
preciably higher Mg/Fe ratios than 
sample 15555; those with low Mg/Fe 
ratios f(for example, samples 12038 and 
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12052) have lower contents of total 
(MgO + FeO) and normative quartz 
and higher contents of alkalies. These 
results independently suggest crystal 
fractionation (3). Such is not the case 
for sample 15555. 

After the sample was washed and 
screened, we separated 0.12 g in the 75- 
to 150-j,m size range into the mineral 
concentrates shown in Table 2 by hand- 
picking various density fractions. Every 
mineral sample is a different concen- 
trate; so, except for the total rock, there 
was no expectation of close agreement 
in the Rb and Sr concentrations between 
the A and B samples. The "ilmenites" 
both contain of the order of 50 percent 
ilmenite, both as free grains and as 
composites with pyroxene. The chemical 
processing and mass spectometry tech- 
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Table 1. Chemical analysis of rock 15555. 

Component Percentage Component (by weight). 

SiO2 43.82 
TiO2 2.63 
A1l23 7.45 
FeO 24.58 
MnO 0.32 
MgO 10.96 
CaO 9.22 
Na2O 0.24 
K2O 0.04 
P205 0.07 
S 0.06 
Cr2O, 0.59 

Total 99.98 
O S 0.03 

Total 99.95 
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Table 2. Isotope dilution analyses for Rb, Sr, and 87Sr/8Sr of rock 15555 and its mineral concentrates; ppm, parts per million; o, standard 
deviation. 

Component Weight Rb PSr Percent blank Rb/Sr cTSr/Sr Component correction 87Rb/86r 
S/ 6S 

(mg) (ppm) corei (ppm) correction r 

Total A 10.0 0.68 3.5 ? 1.6 89.7 <0.1 0.0220 0.70042 ? 5 
Total B 11.0 .72 3.1 ? 1.4 91.7 < .1 .0226 .70062 ? 10 
Plagioclase A 6.3 .22 15.0 ? 6.9 295.5 < .1 .0022 .69960 ? 5 
Plagioclase B 4.0 .20 23.4 ? 10.8 390.9 < .1 .0015 .69933 ? 4 
Ilmenite A 5.7 1.22 3.5 ? 1.6 38.1 .32 .0927 .70402 ? 10 
Ilmenite B 5.9 0.93 4.4 ? 2.0 31.2 .38 .0867 .70372 ? 5 
Pyroxene A 11.0 .26 8.0 ? 3.7 17.8 .35 .0426 .70158 ? 5 
Pyroxene B 12.0 .34 5.8 ? 2.7 20.2 .28 .0483 .70180 ? 5 

Table 3. Mineral analyses of rock 15555, showing the extremes of compositional ranges found in the grain mounts for each mineral species. 

SiO2 0.27 36.39 29.99 52.93 46.68 47.39 49.91 83.31 
TiO,2 51.91 30.92 0.13 0.24 1.12 0.07 0.10 0.48 
A1203 1.83 0.65 0.99 33.12 31.12 10.72 
FeO 45.5 58.38 33.04 64.27 19.61 32.30 0.28 0.71 0.64 
MnO 0.46 0.43 0.36 0.79 0.38 0.47 
MgO 0.45 0.90 29.63 3.88 20.82 4.86 0.15 0.11 
CaO 0.25 0.39 4.75 13.07 18.13 16.44 2.15 
NaoO 0.99 1.42 0.37 
K2O 0.04 0.27 1.66 
Cr2Oa 0.47 6.90 0.21 0.08 0.51 0.13 
V203 0.12 

Total 99.06 99.48 99.88 99.53 99.89 99.62 100.17 100.08 99.33 

niques used were similar to those 
already described (3). 

The analytical data (Table 2) define 
an isochron of 3.63 ? 0.14 X 109 years 
(95 percent confidence) if plagioclase 
A is excluded, or 3.54 - 0.13 X 109 
years if it is not (Fig. 1). The regression 
analysis marginally indicates a "perfect" 
fit for all points, and so the latter esti- 
mate is preferred. The precision of the 
isochron is mainly limited by variability 
in the Rb processing blank, which be- 
comes increasingly important with the 
smaller samples. However, the present 
precision is adequate to permit one to 
clearly distinguish the age of rock 15555 
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Fig. 1. Isochron diagram for total rock 
and mineral separates from sample 15555. 
The rectangles represent the 95 percent 
confidence limits for each analysis. 
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as older than that of any. basalts from 
the Apollo 12 site, but younger than all 
the basalts reported so far from Apollo 
14. Our data do not conclusively dis- 
tinguish rock 15555 in age from the 
Apollo 11 basalts, but it appears slightly 
younger. 

Mineral analyses for rock 15555 are 
given in Table 3. The most magnesian 
olivine compositions are Fo61 (61 mole 
percent forsterite); yet the experi- 
mental data on Apollo 12 basalts 
are adequate to show that the liquidus 
olivine for this rock composition would 
be Fo72 ? 2, and an olivine of Fo61 com- 
position would become stable only in 
this composition at temperatures of 
1140? ? 10?C, at which stage the liquid 
would be quartz-normative and crystal- 
lizing olivine plus pyroxene, with pla- 
gioclase appearing at about that temper- 
ature (4). It is possible that rock 15555 
was a fractionated lava into which ~ 20 
percent olivine (- Fo6e) ? pigeonite 
accumulated at a temperature of 
~ 1140?C. The proposed origin is 
similar to that suggested for samples 
12022 and 12040, but for these ex- 
amples the added olivine was Fo67 
and ~ Fo74, respectively. 

We have carried out calculations de- 
signed to test whether the subtraction 
of olivine (o Fo61) and pigeonite from 
rock 15555 would yield liquid composi- 
tions analogous to those of Apollo 12 
basalts such as samples 12021 or 12065, 

that is, quartz-normative, iron-rich 
liquids crystallizing olivine close to Foi6 
composition. These calculations show 
that no simple relationship exists be- 
tween the analyzed Apollo 12 basalts 
and rock 15555. However, it remains 
possible that rock 15555 contains added 
olivine and pyroxene, locally concen- 
trated during the cooling of a parent 
magma. This parent magma would be 
slightly different from the parent mag- 
mas of the sampled Apollo 11 and 
Apollo 12 rocks, but clearly of the 
mare type, in contrast to "highland ba- 
salts," such as sample 14310. 
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