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Introduction:  The last manned mission to the 
Moon, Apollo 17, touched down at the 
southeastern margin of the Mare Serenitatis basin 
in the Valley of Taurus-Littrow [1].  The landing 
site was situated in a mare basalt region between 
two highland massifs.  While extracting the lunar 
rover vehicle (LRV) from the lunar module, 
Astronaut Cernan accidentally ripped off part of 
the right rear fender of the LRV.  The fender was 
temporarily repaired with duct tape but fell off 
during the first Extra-Vehicular Activity (EVA), 
allowing a “rooster tail” of dust to be thrown over 
the vehicle as it moved.  A makeshift fender 
extension was made using a geologic map and duct 
tape (Fig. 1).  Despite the repair, the dust continued 
to accumulate on the back of the rover during 
subsequent EVAs.  After the third and final EVA, 
Astronaut Schmitt noticed this accumulation of soil 
near the “Buddy Secondary Life Support System” 
and labeled it “BSLSS”.  Because the soil had no 
distinct provenance and was not believed to be of 
any real use to scientists, it was set aside in the 
Lunar Curatorial Vault and forgotten since 1972.  

 
Fig. 1. Apollo LRV with the makeshift fender 
extension made from a geologic map and duct 
tape. 

This BSLSS sample (subsequently named 
70051) is a unique sample that contains particles 
from all across the EVA traverses; it consists of 
various high and low-Ti basalt fragments, 
mineral fragments of highland rocks and 
minerals, volcanic orange glass, and typical 
agglutinates.  Randomly collected along the path 
of the Apollo 17 EVAs, it represents the only 
lunar soil to have a footprint equal to the site 
surveyed; therefore, it may have important 
scientific value.  For example, 70051 may be 
useful as a ground truth for remote-sensing data 

of the Apollo 17 site.  This soil may also be used 
for In-Situ Resource Utilization (ISRU) studies for 
Return-to-the-Moon endeavors, including micro-
waveability and dust mitigation endeavors. 

Methodology:  Two polished grain mounts of the 
<1 mm and the <45 µm grain-size fractions were 
prepared and labeled 70051,137A and 70051,137C 
respectively. Mineral modes were determined 
using an Oxford Instrument energy dispersive 
spectrometer unit (EDS) interfaced to a Cameca 
SX-50 electron microprobe (EMP).  Modal 
analyses were performed following the procedure 
of Taylor et al. [2], using the Feature Scan software 
by Oxford Instruments.  Mineral chemistry was 
determined by wavelength-dispersive spectrometry 
(WDS) on the EMP, using an excitation of 15 kV, 
a beam current of 10 to 20 nA, and a spot size of 1 
micron.  

Modal analyses: Modal abundances (Table 1) 
show an increase in the content of impact-produced 
agglutinitic glass with decreased grain size; this is 
consistent with the findings of Taylor et al. [3]. The 
low plagioclase content in the <45 µm section 
indicates that it has a higher mare component than 
the <1 mm section. The bulk composition of the 
<45 µm fraction of 70051 has also been determined 
by using X-Ray Fluorescence (XRF). 

Table 1 Modal percentage of minerals and glasses in <1 
mm and <45 µm size fractions and bulk chemistry of 
70051 from Hill et al. [4]. 

Modal Analysis Bulk Composition 
  <1mm <45µm 70051 <45µm 

Ag. Gl. 31 39.7 SiO2  41.1 
Ti Gl. 1.3 3.7 TiO2 4.51 
K Gl. 0.2 0.3 Al2O3 18.6 
Crist. 1.1 0.6 FeO 11.9 
Troil. 0.2 0.2 MgO 9 
Chrom. 0.1 0.1 CaO 11.8 
Pigeon. 3.2 5.9 Na2O 0.28 
Fe Cpx 0.8 0.9 K2O 0.1 
Cpx 5.1 8 MnO 0.16 
Oliv. 3.7 6.6 P2O5 0.09 
Ti Ox. 2.8 2.2    
Plag. 50.4 29.5    
Other 0.1 2.3    
Total 100 100 Total 97.5 

Lunar and Planetary Science XXXVII (2006) 2334.pdf



Agglutinitic Glass: The composition of the 
agglutinitic glass in the <45 µm fraction reveals 
that this glass ranges widely in composition, 
displaying both highly feldspathic highland 
contents and high FeO, reflecting a large mare 
basalt fraction as well.  The agglutinitic glass 
content for the <45 µm fraction is plotted in Fig. 
2 along with the approximate <45 µm 
agglutinitic glass from several soils analyzed by 
Taylor et al. [3].  
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Fig. 2 Fe-Al203 plot of agglutinitic glass from 
70051,137C (<45 µm) plotted with bulk 
composition of agglutinitic glass (20-45 µm) 
from highland (unpublished) and maria (Taylor 
et al. [3]) soils. 

Pyroxenes within Agglutinitic Glass: The 
chemistry of the <45 µm pyroxene fragments 
range from low Ca-pyroxene to Ca-rich 
clinopyroxene and cover the range of bulk 
compositions for nine published Apollo 17 soils, 
Taylor et al. [3]. These pyroxenes are plotted in 
Fig. 3 along with pyroxenes of other highland 
and maria from the various Apollo Missions. 
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Fig. 3 Pyroxene quadrilateral plot of 
70051,137C (<45 µm) plotted with pyroxenes of 
other highland and maria samples from Heiken 
et al. [8]. 

Pyroxene in Mare Basalt Fragment: 
Pyroxenes were used to trace the petrogenetic  
 

history of mare basalts, (Fig. 4).  The pyroxenes 
range around pigeonite, augite and pyroxferroite.  
Based on methods of Papike et al. [5] and 
Kridelbaugh and Weill [6], fragments can be 
classified based upon Ti versus Al in pyroxene, 
anorthite contents (An84 and An93 for <1 mm and 
<45 µm respectively), and wt.% FeO in the sample. 
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Fig. 4 Pyroxene chemistry in basalts of 
70051,137A  (<1 mm) 

Similarity to Apollo 17 Station: Comparing 
mineral modes of <45 µm sections with other 
Apollo 17 soils suggests a similarity with some 
soils from station 3.  The unusually high anorthite 
content in the <1 mm section, however, points to a 
greater proportion of highland massif material.  

Conclusion:  Apollo 17 soil 70051 has a unique 
lunar-collection heritage; it is composed of 
approximately 40% agglutinates by volume, 30% 
feldspathic material, 4% pyroclastic glass, and the 
remaining 26% is composed of extremely 
fractionated mare basalts based on <45 µm section. 
Initial FeO-Al2O3 plots suggest a higher Al2O3 
content than typically found in Mare Serenitatis 
soils. This is significant because high Al2O3 
contents are repeatedly required to explain remote 
sensing data in mare basalt regions. Further 
research will focus on bulk chemistry, abundance 
of nanophase Fe (e.g. [7]), and ferro-magnetic 
resonance (FMR) analysis in order to achieve a 
complete characterization of the soil.  
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