10057

[lmenite Basalt (high K)
919 grams

Sample is about 11 cm across.

Introduction

All of the Apollo 11 basalts have high TiO, and low
SiO, contents. Apollo 11 did not sample a very wide
area and it appears that only 2 lava flows may have
been sampled, distinguished by higher K, and slightly
higher REE, contents in one flow compared with the
other. There is also a correlation with cosmic ray
exposure age.

10057 belongs to the group of samples known as “high
K, Apollo 11 basalts”. Although they range in texture,
they are remarkable similar in composition and are
probably from the same basalt flow (Beaty and Albee
1978). The range of texture is attributed to differences
in cooling rate. 10057 is fine-grained and cooled rather
quickly (Grove and Beaty 1980). The crystallization
age is about 3.6 b.y. and the cosmic ray exposure age
is about 54 m.y.
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Figure 1: Photo of whole rock 10057,0 during preliminary examination. NASA photo # S69-46287.

Petrography
Lunar basalt 10057 is composed of intergrown

subhedral to anhedral plagioclase, euhedral to
subhedral ilmenite, subhederal pyroxene and a residual
fine-grained mesostasis composed of plagioclase,
cristobalite and potassic glass. 10057 has a high
abundance (~10%) of vesicles (figure 1). LSPET
(1969) termed this group of vesicular, fine-grained rock
“type A basalts”. James and Wright (1972) termed these
rocks “intersertal ilmenite basalts”. Schmitt et al.
(1970) termed 10057 as a “fine-grained, vesicular to
vuggy, granular basalt.” Grove and Beaty (1980) term
them “antiophitic”.



Figure 2: Photomicrograph of thin section of 10057 (plane polarized light). NASA #76-26315.

Mineralogy
Pyroxene: Pyroxenes in 10057 are chemically zoned

in major and minor elements (Lovering and Ware 1970,
Essene et al. 1970 and Beaty and Albee 1978) (figure
3). Large grains have pigeonite cores with augite rims
trending towards iron rich, but without the extreme iron
enrichment of other lunar basalts. Essene et al. (1970)
studied the variation of Ti and Al as a function of Mg/
Fe in pyroxene in 10057.

Plagioclase: The plagioclase in 10057 ranges in
composition from An_, to An, (Reid etal. 1970, Beaty

and Albee 1978). Steward et al. (1970) obtain An_
from cell size measurements.

Opaques: Ilmenite in 10057 is about the same size
(40 microns) as pyroxene or plagioclase (Lovering and
Ware 1970).

Chemistry
Lunar basalt 10057 was widely distributed and

analyzed by numerous persons (tables 1, 2). Figures 4

Mineralogical Mode for 10057
Haggerty et al. 1970

Olivine

Pyroxene 50.9 vol. %
Plagioclase 19.2
Opaques 15.7
Cristobalite

Troilite

Phosphate

Mesostasis 33
Metal

Vesicles 11
Armalcolite
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Figure 3: Olivine and pyroxene composition
diagram for 10057 (data replotted from Lovering
and Ware 1970 and Beaty and Albee 1977).

and 5 show that 10057 is a typical high-K, high-Ti
Apollo 11 basalt.

Radiogenic age dating
Papanastassiou et al. (1970) dated 10057 as 3.63 £ 0.02

b.y. by the Rb-Sr internal isochron method. Davis et
al. (1971) and Tatsumoto (1970) found that they could
not date 10057 by the *Ar/*Ar or U/Pb methods.

Cosmogenic isotopes and exposure ages
O’Kelley et al. (1970) determined the cosmic ray
induced activity of *Na (41 dpm/kg), *Al (75 dpm/
kg), *Sc (10 dpm/kg), 3*Mn (32 dpm/kg) and **Co (31
dpm/kg). Perkins et al. (1970) found **Na (43 dpm/
kg), Al (84 dpm/kg), “Sc (11 dpm/kg), >*Mn (41 dpm/
kg) and **Co (19 dpm/kg). Wrigley and Quaide (1970)
measured significant *?Na (49 dpm/kg) and **Al (75
dpm/kg) in 10057 due to recent cosmic ray events.

The cosmic ray exposure ages for 10057 were reviewed
by Hintenberger et al. (1971) and Srinivasan (1974).
Hohenberg et al. (1970) determined 34 + 5 m.y. by
8Kr, Marti (1970) and Marti and Lugmair (1971)
determined 47 + 2 m.y. by ¥Kr, Bochsler et al. (1971)
reported 52.5 m.y. Hintenberger et al. (1971) and
Guggisberg et al. (1979) determined 58 m.y. and 52
m.y. by *®Ar. Arvidson et al. (1975) reported a 3'Kr
exposure age of 52.5 m.y. (determined by Schwaller
1971). Eugster et al. (1984) determined 54.2 m.y.
Srinivasan (1974) used the Xe data from Marti et al.

Summary of Age Data for 10057
Rb-Sr  Ar-Ar
3.63+0.02 b.y.

K-Ar
Papanastassiou et al. 1970

Caution: Age not corrected for “new” Rb decay constant.
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Figure 4: Composition of lunar basalts showing
position for 10057 (data from table 1).
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Figure 5: Normalized rare-earth-element diagram
for high-K basalt 10057 (data from Wanke et al.
1970 and Haskin et al. 1970 only).

(1970) and Hohenberg et al. (1970) to calculate 34 and
54 m.y. respectively.

Other Studies

The rare gas contents and isotopic ratios of 10057 were
reported by Hohenberg et al. (1970), Hintenberger et
al. (1971), Bogard et al. (1971) and Eugster et al.
(1984).

Oxygen isotope ratios were reported for whole rock
and mineral separates of 10057 by O’Neil and Adams
(1970) and Taylor and Epstein (1970).



Table 1a. Chemical composition of 10057.

reference Engel 70
Engel 71

weight
Si02 %
TiO2
Al203
FeO
MnO
MgO
CaO
Na20
K20
P205
S %
sum

Sc ppm
\%

Cr

Co

Ni

Cu

Zn

Ga

Ge ppb
As

Se

Rb

Sr

Y

Zr

Nb

Mo

Ru

Rh

Pd ppb
Ag ppb
Cd ppb
In ppb
Sn ppb
Sb ppb
Te ppb
Cs ppm
Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Tm

Yb

Lu

Hf

Ta

W ppb
Re ppb
Os ppb
Ir ppb
Pt ppb
Au ppb
Th ppm
U ppm

technique (a) wet chem. (b) INAA, RNAA, (c ) SSMS, (d) AA, (e) radiation counting, (f) emission spec.

39.79
11.44
10.84
19.35
0.2
7.65
10.08
0.54
0.32
0.17

100

2400
21

1"

130
180
400

130

16

(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)

®

(f)
)
(f)
)

(f)
®
U

()

®

Wanke 70 Wasson 70 Wrigley 70 Ganapathy 70 Anders 71 Morrison 70 Perkins 70 O’Kelly 70

40.43
10.84
7.56
18.01
0.23
6.96
11.75
0.4
0.24

87
2160
254
<10
4.3

52

52
100

10

2.7

0.2
208
79
60

1.8
30

24
5.5
16

16.8
2.15
16.9

430

1.6
3.94
0.8
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(b)
(b)
(b)
(b)
(b)
(b)
(b)
(b)

(b)
(b)

(b)
(b)

(b)

(b)
(b)

(b)

(b)
(b)

4.9
<70

0.1

<03

(b)
(b)

3.27
0.97

(e)

(e)

3.68

560

7.3
0.69
3.15

0.159

0.023

0.017

() 30  (b)

(b)

(b) 1.75 (b)
0.181 (b)

(b)

(b)

(b)

(b)

(b) 35  (b)

(b)

(b)
(b)

(b) 0.009 (b)

(b) 0.013 (b)

46
7.56
10.84
20.2
0.22
6.13
14.13
0.47
0.26
0.09

4.8
130
210
360
42

0.4

4.5
0.56

(b)
(b)

0.28

3.6
0.95

(e) 0.31

(e) 3.3
(e) 0.79

(e)

(e)
(e)



Table 1b. Chemical composition of 10057.

reference Smales71 Turekian70 Kharkar71 Annell 70 Tatsumoto70 LSPET 70 Duncan76 Neal2001

weight Haskin 70

Si02% 414 Baedecker70 36 (c) 40.67 (9)

TiO2 10.9 8.2 12.18 (b) 125 (c) 11.35 (g9)

Al203 8.1 11 (c) 7.99 (9)

FeO 19.1 18.65 (b) 20 (c) 194 (9)

MnO 0.23 0.25 0.23 (b) 0.28 (c) 0.49 (c) 0.233 (9)

MgO 7.4 9.5 (c) 7.65 (9)

CaO 10.4 9.37 (b) 10 (c) 10.75 (9)

Na20 0.54 0.55 0.55 (b) 0.54 (c) 0.57 (9)

K20 0.33 0.43 0.18 (c) 0.287 (9)

P205 0.197  (9)

S % 0.26 (9)

sum

Sc ppm 86 90 (b) 99 (c) 110 (c) 77.2 (h)
\% 65 (c) 50 (c) 47 (g) 45.5 (h)
Cr 2250 2290 (b) 2790 (c) 6500 (c) 2374 (g) 2063 (h)
Co 26 (b) 30 (c) 22 (c) 25 (9) 26.8 (h)
Ni 6.1 (c) 25 (c) <2 (g) 5.91 (h)
Cu 5.7 (c) 60.5 (h)
Zn 75.6 (h)
Ga 5 (c) 4.9 (b) 4.19 (h)
Ge ppb <0.2 (b)

As

Se 0.12

Rb 4.7 (c) 6 (c) 6.5 (g9) 5.27 (h)
Sr 140 (c) 230 (c) 166 (g) 144 (h)
Y 165 (c) 310 (c) 170 (g) 176 (h)
Zr 635 (c) 517 (g) 523 (h)
Nb 29 (c) 28.7 (9) 26.7 (h)
Mo 0.1 0.07 (h)
Ru

Rh

Pd ppb

Ag ppb 52

Cd ppb

In ppb

Sn ppb

Sb ppb 20 (h)
Te ppb

Cs ppm 0.36 (h)
Ba 440 (c) 180 (c) 319 (9) 261 (h)
La 25 23 (b) 26 (c) 28.2 (b) 23.4 (h)
Ce 69.6 (b) 75 (b) 83.3 (h)
Pr 111 (h)
Nd 69 (b) 59.4 (h)
Sm 17 143 (b) 20.8 (b) 20.1 (h)
Eu 2.5 2.4 (b) 2.18 (b) 1.95 (h)
Gd 26 (b) 26.4 (h)
Tb 5 (b) 4.53 (h)
Dy 37 29.9 (b) 34.7 (b) 29.3 (h)
Ho 6.5 (h)
Er 19 (b) 17.8 (h)
Tm 2.43 (h)
Yb 13.2 (b) 18.8 (b) 6 (c) 17 (h)
Lu 248 (b) 2.66 (b) 2.26 (h)
Hf 18.1 (b) 13.6 (h)
Ta 1.7 (b) 1.76 (h)
W ppb 520 (h)
Re ppb

Os ppb

Ir ppb

Pt ppb

Au ppb 6.4

Th ppm 3.415 (a) 2.77 (h)
U ppm 0.47 0.865 (a) 0.76 (h)

technique (a) IDMS, (b) INAA, (c ) emission spec., (g) XRF, (h) ICP-MS

Lunar Sample Compendium
C Meyer 2011



Table 2. Light and/or volatile elements for 10057

Engel 70 Wanke 70 Annell 70  Morrison 70 Ganapathy 70

Li ppm 14 14 17 8

Be 3.3 2.5

B 0.8 4

C

S

F ppm 70

Cl 12 50

Br ppb 100 25.2
|

Pb ppm

Hg ppb

Tl ppb 1.09
Bi ppb 0.27

Figure 6: Space Window at US
National Cathedral in Washington
DC with piece of 10057 located in
center of rose window.

Figure 7: Photo of thin slice of
10057 located in Space Window.
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Figure 8: Photo of 10057 after sawing into chunks. NASA S75-33923. Cube is I cm.

Housley et al. (1970) determined the Mdssbauer
spectra.

Processing

Apollo 11 samples were originally described and
cataloged in 1969 and “recataloged” by Kramer et al.
(1977). There are 12 thin sections.

Apiece of 10057 (large area thin section) is in the center
of'the Space Window of the National Cathedral (figures
6 and 7). In 1976 the sample was sawn at various odd
angles into several chunks (figures 8 and 9).

Table 2 Uppm Thppm K ppm
Perkins 1970 0.95 3.6 2300
O’Kelley 1970 0.79 3.3 2550
Haskin 1970
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Rb ppm

Sr ppm

Nd ppm

69

Sm ppm

20.8

technique
rad. Cout.
rad. Cout.
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Figure 9: Group photo of pieces of 10057. NASA §75-20522. Cube is 1 cm.

C Meyer 10057
2005 919 g
I
| | | | | 28I [ 4|0 6!;
15 9 13 | [17 , 30 , ,
PB 79g|]9.19||26.44 19 12.1 230 g 7.|3 gl |355¢g
:13 222 L 1 ] ] ‘1217159
'35 1969 19 |[,102][,103][,104] [ ,105
61 1569 ||12g||8g ||279||33¢ |
64 141 204
67 14.3 g 37g
81
85 78
TS |
| | | |
230 | [,231 ||,232| | 248
7249|629 2.5? g 69
256
25¢g

Lunar Sample Compendium
C Meyer 2011



References for 10057

Arvidson R., Crozaz G., Drozd R.J., Hohenberg C.M. and
Morgan C.J. (1975) Cosmic ray exposure ages of features
and events at the Apollo landing sites. The Moon 13, 2591
276.

Anders E., Ganapathy R., Keays R.R., Laul J.C. and Morgan
J.W. (1971) Volatile and siderophile elements in lunar rocks:
Comparsion with terrestrial and meteoritic basalts. Proc.
2" Lunar Sci. Conf. 1021-1036.

Anders E., Ganapathy R., Krahenbuhl U. and Morgan J.W.
(1973) Meteoritic material on the Moon. The Moon 8, 3[]
24,

Annell C.S. and HelzA.W. (1970) Emission spectrographic
determination of trace elements in lunar samples from Apollo
11. Proc. Apollo 11 Lunar Sci. Conf. 991-994.

Baedecker P.A., Schaudy R., Elzie J.L., Kimberlin J., and
Wasson J.T. (1971) Trace element studies of rocks and soils
from Oceanus Procellarum and Mare Tranquilitatis. Proc.
2" Lunar Sci. Conf. 1037-1061.

Beaty D.W. and Albee A.L. (1978) Comparative petrology
and possible genetic relations among the Apollo 11 basalts.
Proc. 9" Lunar Planet. Sci. Conf. 359-463.

Bochsler P., Eberhardt P., Geiss J., Loosli H., Oeschger H.
and Wahlen M. (1971) Tritium in lunar material. Proc.
Second Lunar Sci. Conf. 1803-1812.

Bogard D.D., Funkhouser J.G., Schaeffer O.A. and Zahringer
J. (1971) Noble gas abundances in lunar material-cosmic
ray spallation products and radiation ages from the Sea of
Tranquillity and the Ocean of Storms. J. Geophys. Res. 76,
2757-2779.

Davis P.K., Lewis R.S. and Reynolds J.H. (1971) Stepwise
heating analysis of rare gases from pile-irradiated rocks
10044 and 10057. Proc. Second Lunar Sci. Conf. 16930
1703.

Engel A.E.J. and Engel Celeste G. (1970) Lunar rock
compositions and some interpretations. Proc. Apollo 11
Lunar Sci. Conf- 1081-1084.

Engel A.E.J., Engel C.G,, Sutton A.L. and Myers A.T. (1971)
Composition of five Apollo 11 and Apollo 12 rocks and one

Lunar Sample Compendium
C Meyer 2011

Apollo 11 soil and some petrogenetic considerations. Proc.
2" Lunar Sci. Conf. 439-448.

Essene E.J., Ringwood A.E. and Ware N.G. (1970) Petrology
of the lunar rocks from Apollo 11 landing site. Proc. Apollo
11 Lunar Sci. Conf. 385-397.

Eugster O., Eberhardt P., Geiss J., Grogler N. and Schwaller
H. (1984b) Cosmic ray exposure histories and 5U-3¢Xe
dating of Apollo 11, Apollo 12, and Apollo 17 mare basalts.
Proc. 15" Lunar Planet. Sci. Conf. in J. Geophys. Res. 89,
C171-C181.

Ganapathy R., Keays R.R., Laul J.C. and Anders E. (1970)
Trace elements in Apollo 11 lunar rocks: Implications for
meteorite influx and origin of moon. Proc. Apollo 11 Lunar
Sci. Conf. 1117-1142.

Grove T.L. and Beaty D.W. (1980) Classification,
experimental petrology and possible volcanic histories of
the Apollo 11 high-K basalts. Proc. 11" Lunar Planet. Sci.
Conf. 149-177.

Guggisberg S., Eberhardt P., Geiss J., Grogler N., Stettler
A., Brown GM. and Pecket A. (1979) Classification of the
Apollo-11 basalts according to Ar*’-Ar*® ages and
petrological properties. Proc. 10" Lunar Planet. Sci. Conf.
1-39.

Haggerty S.E., Boyd F.R., Bell .M., Finger L.W. and Bryan
W.B. (1970) Opaque minerals and olivine in lavas and
breccias from Mare Tranquilitatis. Proc. Apollo 11 Lunar
Sci. Conf. 513-538.

Haskin L.A., Allen R.O., Helmke P.A., Paster T.P., Anderson
M.R., Korotev R.L. and Zweifel K.A. (1970) Rare earths
and other trace elements in Apollo 11 lunar samples. Proc.
Apollo 11 Lunar Sci. Conf. 1213-1231.

Hintenberger H., Weber H.W. and Takaoka N. (1971)
Concentrations and isotopic abundances of the rare gases in
lunar matter. Proc. 2" Lunar Sci. Conf. 1607-1625.

Hohenberg C.M., Davis P.K., Kaiser W.A., Lewis R.S. and
Reynolds J.H. (1970) Trapped and cosmogenic rare gases
from stepwise heating of Apollo 11 samples. Proc. Apollo
11 Lunar Sci. Conf. 1283-1309.



Housley R.M., Blander M., Abdel-Gawad M., Grant R.-W.
and Muir A.H. (1970) Mossbauer spectroscopy of Apollo
11 samples. Proc. Apollo 11 Lunar Sci. Conf. 2251-2268.

Hurley P.M. and Pinson W.H. (1971) Whole-rock Rb-Sr
isotopic age relationships in Apollo 11 lunar samples. Proc.
Apollo 11 Lunar Sample Conference 1311-1315.

James O.B. and Jackson E.D. (1970) Petrology of the Apollo
11 ilmenite basalts. J. Geophys. Res. 75, 5793-5824.

James O.B. and Wright T.L. (1972) Apollo 11 and 12 mare
basalts and gabbros: Classification, compositional variations
and possible petrogenetic relations. Geol. Soc. Am. Bull.
83, 2357-2382.

Kharkar D.P. and Turekian K.K. (1970) Neutron activation
analysis of milligram quantities of Apollo 11 lunar rocks
and soil. Proc. Apollo 11 Lunar Sci. Conf. 1659-1664.

Kharkar D.P. and Turekian K.K. (1971) Analyses of Apollo
11 and Apollo 12 rocks and soils by neutron activation. Proc.
2" Lunar Sci. Conf. 1301-1305.

Kramer F.E., Twedell D.B. and Walton W.J.A. (1977) Apollo
11 Lunar Sample Information Catalogue (revised).
Curator’s Office, JSC 12522

Lovering J.F. and Ware N.G. (1970a) Electron probe
microanalyses of minerals and glasses in Apollo 11 lunar
samples. Proc. Apollo 11 Lunar Sci. Conf. 633-654.

LSPET (1969) Preliminary examination of lunar samples
from Apollo 11. Science 165, 1211-1227.

Marti K., Lugmair GW. and Urey H.C. (1970) Solar wind
gases, cosmic ray spallation products and the irradiation
history of Apollo 11 samples. Proc. Apollo 11 Lunar Sci.
Conf. 1357-1367.

Marti K. and Lugmair GW. (1971) Kr*-Kr and Kr-Ar*
ages, cosmic-ray spallation products and neutron effects in
lunar samples from Oceanus Procellarum. Proc. 2" Lunar
Sci. Conf. 1591-1605.

Morrison G.H., Gerard J.T., Kashuba A.T., Gangadharam
E.V.,, Rothenberg A.M., Potter N.M. and Miller G.B. (1970)
Elemental abundances of lunar soil and rocks. Proc. Apollo
11 Lunar Sci. Conf. 1383-1392.

Lunar Sample Compendium
C Meyer 2011

Neal C.R. (2001) Interior of the moon: The presence of
garnet in the primitive deep lunar mantle. J. Geophys. Res.
106, 27865-27885.

O’Kelley G.D., Eldridge J.S., Schonfeld E. and Bell P.R
(1970) Primordial radionuclide abundances, solar proton
and cosmic ray effects and ages of Apollo 11 lunar samples
by non-destructive gamma-ray spectrometry. Proc. Apollo
11 Lunar Sci. Conf. 1407-1424.

O’Neil J.R. and Adams L.H. (1970) Oxygen isotope analyses
of selected Apollo 11 materials. Proc. Apollo 11 Lunar Sci.
Conf. 1425-1427.

Papanastassiou D.A., Wasserburg G.J. and Burnett D.S.
(1970a) Rb-Sr ages of lunar rocks from the Sea of
Tranquillity. Earth Planet. Sci. Lett. 8, 1

Papanastassiou D.A. and Wasserburg G.J. (1971a) Lunar
chronology and evolution from Rb-Sr studies of Apollo 11
and 12 samples. Earth Planet. Sci. Lett. 11, 37-62.

Perkins R.W., Rancitelli L.A., Cooper J.A., Kaye J.H. and
Wogman N.A. (1970) Cosmogenic and primordial
radionuclide measurements in Apollo 11 lunar samples by
nondestructive analysis. Proc. Apollo 11 Lunar Sci. Conf.
1455-1469.

Reid A.M., Frazer J.Z., Fujita H. and Everson J.E. (1970a)
Apollo 11 samples: Major mineral chemistry. Proc. Apollo
11 Lunar Sci. Conf. 749-761.

Reid A.M., Frazer J.Z., Fujita H. and Everson J.E. (1970b)
Chemical composition of the major phases in Apollo 11 lunar
samples. SIO ref. 70-4 Univ. Calif. San Diego

Schmitt H.H., Lofgren G., Swann G.A. and Simmons G.
(1970) The Apollo 11 samples: Introduction. Proc. Apollo
11 Lunar Science Conf. 1-54.

Schwaller H., Eberhardt P., Geiss J., Graf H. and Grogler N.
(1971) The ®Kr/¥Kr — 3'Xe/'?Xe correlation in Apollo 12
rocks. Earth Planet. Sci. Lett. 12, 167-169.

Smales A.A., Mapper D., Webb M.S.W., Webster R.K.,
Wilson J.D., and Hislop J.S. (1971) Elemental composition
of lunar surface material (part 2). Proc. Seond Lunar Sci.
Conf- 1253-1258.



Stewart D.B., Appleman D.E., Huebner J.S. and Clark J.R.
(1970) Crystqllography of some lunar plagioclase. Science
167, 634-635.

Srinivasan B. (1974) Lunar breccia 14066: 8-33Kr exposue
age, evidence for fissionogenic xenon from ***Pu and rate of
production of spallogenic *Xe. Proc. 5" Lunar Sci. Conf.
2033-2044.

Sutton R.L. and Schaber G.G. (1971) Lunar locations and
orientations of rock samples from Apollo missions 11 and
12. Proc. 2" Lunar Sci. Conf. 17-26.

Tatsumoto M. (1970) Age of the Moon: An isotopic study
of U-Th-Pb systematics of Apollo 11 lunar samples - II. Proc.
Apollo 11 Lunar Sci. Conf. 1595-1612.

Taylor H.P. and Epstein S. (1970a) O18/0O16 ratios of Apollo
11 lunar rocks and minerals. Proc. Apollo 11 Lunar Sci.
Conf. 1613-1626.

Winke H., Rieder R., Baddenhausen H., Spettler B., Teschke
F., Quijano-Rico M. and Balacescu A.

(1970) Major and trace elements in lunar material. Proc.
Apollo 11 Lunar Sci. Conf. 1719-1727.

Wasson J.T. and Baedecker P.A. (1970) Ga, Ge, In, Ir, and
Au in lunar terrestrial and meteoritic basalts. Proc. Apollo
11 Lunar Sci. Conf. 1741-1750.

Wrigley R.C. and Quaide W.L. (1970) AI26 and Na22 in
lunar surface materials: Implications for depth distribution
studies. Proc. Apollo 11 Lunar Sci. Conf. 1751-1755.

Lunar Sample Compendium
C Meyer 2011



