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Figure 1:  Soil scooped from under legs of lunar module (LM).  AS17-143-21930 

Introduction 
Lunar landers use hydrazine and N2O4 as rocket fuel. 
One wishes to know if residual gas or reaction products 
(H2O, CO2, N2) from the rocket engine contaminate 
the lunar regolith. 

Thus a soil sample was collected from beneath the LM 
(figure 1) and sealed in a special environmental sample 
container for return to earth (figure 5). 

Petrography 
Morris (1978) determined the maturity index (Is/FeO 
=54). 
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Figure 2:  Composition of 70011 compared with 
other Apollo soil samples. 
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Figure 3:  Carbon content and maturity index for 
70011 compared with that of other Apollo 17 soils. 

Figure 4:  Normalized rare-earth-element diagram 
for 70011 compared with mare soil 75061 and 
highland soil 72221. 

Chemistry 
70011 is a typical mare soil (figure 2 and 4). 

Moore et al. (1974) determined 120 ppm carbon (figure 
2). Muller (1974) determined 73 ppm nitrogen. 
Petrowski et al. (1974) determined 132 ppm carbon, 
77 ppm nitrogen, 36 ppm He and 55 ppm hydrogen. 
Gibson and Moore (1974) reported 1300 ppm sulfur. 
Goel et al. (1975) found 91 ppm nitrogen. Epstein and 
Taylor (1975) reported 88 ppm carbon.  Norris et al. 
(1983) reported 94 ppm carbon and 81 ppm nitrogen 
and determined the isotopic composition as function 
of outgassing temperature. 

Gibson and Andrawes (1978) studied nitrogen release 
by crushing soil (very high values due to hydrozine? ). 

Figure 5:  Special environmental sample container 
(SESC) used to sample soil beneath lunar module 
(LM). 

Other Studies 
Rees and Thode (1974) determined the sulfur 
concentration and isotope ratios in Apollo 17 samples. 

Hubner et al. (1975) reported the rare gas content and 
isotopic ratio. 
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Table 1.  Chemical composition of 70011. 

reference Rose74 Wanke74 
weight 
SiO2 % 41.03 (a) 41.52 (b) 
TiO2 8.3 (a) 7.36 (b) 
Al2O3 11.98 (a) 12.4 (b) 
FeO 16.25 (a) 15.95 (b) 
MnO 0.23 (a) 0.22 (b) 
MgO 10.08 (a) 9.93 (b) 
CaO 11.08 (a) 11.06 (b) 
Na2O 0.31 (a) 0.37 (b) 
K2O 0.08 (a) 0.08 (b) 
P2O5 0.1 (a) 0.048 (b) 
S % 
sum 

Sc ppm 57 (a) 53.1 (b)
 
V 84 (a)
 
Cr 2805 (a) 2630 (b)
 
Co 52 (a) 31.6 (b)
 
Ni 240 (a) 110 (b)
 
Cu 23 (a) 11 (b)
 
Zn 28 (a) 39 (b)
 
Ga 7.2 (a) 5 (b)
 
Ge ppb 290 (b)
 
As 23 (b)
 
Se
 
Rb 1.2 (a)
 
Sr 180 (a) 210 (b)
 
Y 78 (a) 61 (b)
 
Zr 252 (a) 210 (b)
 
Nb 26 (a) 15 (b)
 
Mo
 
Ru
 
Rh
 
Pd ppb 5 (b)
 
Ag ppb
 
Cd ppb
 
In ppb
 
Sn ppb
 
Sb ppb
 
Te ppb
 
Cs ppm
 
Ba 290 (a) 102 (b)
 
La 8.03 (b)
 
Ce 23.5 (b)
 
Pr 4 (b)
 
Nd
 
Sm 8 (b)
 
Eu 1.67 (b)
 
Gd 10.9 (b)
 
Tb 1.9 (b)
 
Dy 12.5 (b)
 
Ho 2.8 (b)
 
Er 7.7 (b)
 
Tm
 
Yb 6.4 (a) 7.04 (b)
 
Lu 1.02 (b)
 
Hf 6.5 (b)
 
Ta 1.2 (b)
 
W ppb
 
Re ppb 0.63 (b)
 
Os ppb
 
Ir ppb
 
Pt ppb
 
Au ppb 5.7 (b)
 
Th ppm
 
U ppm 0.24 (b)
 
technique: (a)”microchemical”, (b) multiple 

Figure 6:  Nitrogen isotopes for 70011 (Becker and 
Clayton 1977). 

References for 70011 
Becker R.H. and Clayton R.N. (1977) Nitrogen isotopes in 
lunar soils as a measure of cosmic-ray exposure and regolith 
history.  Proc. 8th  Lunar Sci. Conf. 3685-3704. 

Butler P. (1973)  Lunar Sample Information Catalog Apollo 
17. Lunar Receiving Laboratory.  MSC 03211 Curator’s 
Catalog. pp. 447. 

Epstein S. and Taylor H.P.  (1975) Investigation of carbon, 
hydrogen, oxygen and silicon isotope and concentration 
relationships on the grain surfaces of a variety of lunar soils 
and in some Apollo 15 and 16 core samples.  Proc. 6th  Lunar 
Sci. Conf. 1771-1798. 

Gibson E.K. and Moore G.W. (1974a)  Sulfur abundances 
and distributions in the valley of Taurus-Littrow.  Proc. 5th 

Lunar Sci. Conf. 1823-1837. 

Gibson E.K. and Andrawes F.F. (1978a)  Nature of the gases 
released from lunar rocks and soils upon crushing. Proc. 9th 

Lunar Planet. Sci. Conf. 2433-2450. 

Goel P.S., Shukla P.N., Kothari B.K. and Garg A.N. (1975) 
Total nitrogen in lunar soils, breccias, and rocks.  Geochim. 
Cosmochim. Acta 39, 1347-1352. 

Heiken G.H. (1974)  A catalog of lunar soils.  JSC Curator 

Heiken G.H. (1975)  Petrology of lunar soils. Rev. Geophys. 
Space Phys. 13, 567-587. 

Lunar Sample Compendium 
C Meyer 2010 



 

 

 

Hubner W., Kirsten T and Kiko J. (1975)  Rare gases in 
Apollo 17 soils with emphasis on analysis of size and mineral 
fractions of soil 74241. Proc. 6th  Lunar Sci. Conf. 2009
2026. 

LSPET (1973a)  Apollo 17 lunar samples : Chemical and 
petrographic description. Science 182, 659-690. 

LSPET (1973c) Preliminary examination of lunar samples. 
Apollo 17 Preliminary Science Report. NASA SP-330, 7
1—7-46. 

Mitchell J.K., Carrier W.D., Costes N.C., Houston W.N., 
Scott R.F. and Hovland H.J. (1973)  8. Soil-Mechanics. In 
Apollo 17 Preliminary Science Rpt. NASA SP-330. pages 
8-1-22. 

Moore C.B., Lewis C.F. and Cripe J.D. (1974a)  Total carbon 
and sulfur contents of Apollo 17 lunar samples.  Proc. 5th 

Lunar Sci. Conf. 1897-1906. 

Moore C.B., Lewis C.F., Cripe J.D. and Volk M. (1974b) 
Total carbon and sulfur contents of Apollo 17 lunar samples 
(abs). Lunar Sci. V, 520-522. Lunar Planetary Institute, 
Houston. 

Morris R.V. (1976)  Surface exposure indicies of lunar soils: 
A comparative FMR study.  Proc. 7th  Lunar Sci. Conf. 315
335. 

Morris R.V., Score R., Dardano C. and Heiken G. (1983) 
Handbook of Lunar Soils. Two Parts.  JSC 19069. Curator’s 
Office, Houston 

Morris R.V. (1978)  The surface exposure (maturity) of lunar 
soils: Some concepts and Is/FeO compilation. Proc. 9th 

Lunar Sci. Conf. 2287-2297. 

Moynier F., Albarede F. and Herzog G.F. (2006)  Isotopic 
composition of zinc, copper, and iron in lunar samples. 
Geochim. Cosmochim. Acta 70, 6103-6117. 

Müller O. (1974a) Solar wind nitrogen and indigenous 
nitrogen in Apollo 17 lunar samples.  Proc. 5th  Lunar Sci. 
Conf. 1907-1918. 

Müller O. (1974b)  Solar wind and indigenous nitrogen in 
Apollo 17 lunar samples (abs). Lunar Sci. V, 534-536. Lunar 
Planetary Institute, Houston. 

Müller O. (1975)  Lithophile trace and major elements in 
Apollo 16 and 17 lunar samples. Proc. 6th  Lunar Sci. Conf. 
1303-1312. 

Norris S.J., Swart P.K., Wright I.P., Grady M.M. and Pillinger 
C.T. (1983) A search for a correlatable, isotopically light 
carbon and nitrogen components in lunar soils and breccias. 

Proc. 14th  Lunar Planet. Sci. Conf. in J. Geophys. Res. 88, 
B200-B210. 

Papike J.J., Simon S.B. and Laul J.C. (1982) The lunar 
regolith: Chemistry, Mineralogy and Petrology.  Rev. 
Geophys. Space Phys. 20, 761-826. 

Petrowski C., Kerridge J.F. and Kaplan I.R. (1974)  Light 
element geochemistry of the Apollo 17 site.  Proc. 5th  Lunar 
Sci. Conf. 1939-1948. 

Rees C.E. and Thode H.G. (1974a)  Sulfur concentrations 
and isotope ratios in Apollo 16 and 17 samples. Proc. 5th 

Lunar Sci. Conf. 1963-1973. 

Rose H.J., Cuttitta F., Berman S., Brown F.W., Carron M.K., 
Christian R.P., Dwornik E.J. and Greenland L.P. (1974a) 
Chemical composition of rocks and soils at Taurus-Littrow. 
Proc. 5th  Lunar Sci. Conf. 1119-1133. 

Wänke H., Palme H., Baddenhausen H., Dreibus G., Jagoutz 
E., Kruse H., Spettel B., Teschke F. and Thacker R. (1974) 
Chemistry of Apollo 16 and 17 samples: bulk composition, 
late-stage accumulation and early differentiation of the 
Moon. Proc. 5th  Lunar Sci. Conf. 1307-1335. 

Wolfe E.W., Bailey N.G., Lucchitta B.K., Muehlberger W.R., 
Scott D.H., Sutton R.L and Wilshire H.G. (1981)  The 
geologic investigation of the Taurus-Littrow Valley: Apollo 
17 Landing Site. US Geol. Survey Prof. Paper, 1080, pp. 
280. 

Lunar Sample Compendium 
C Meyer 2010 


