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Figure 1: Photo of 61135. Cube is 1 cm. S72-41516.

Introduction

James (1981), Fruland (1983), McKay et al. (1986),
Simon et al. (1988) and Eugster et al. (2001) found
that 61135 was an ancient regolith breccia that became
a closed system about 3.9 b.y. ago. It has an exposure
to cosmic ray for about 50 m.y. and has a few zap pits
(figure 1).

Petrography
61135 is a welded, clastic breccia with many

components. It has a light matrix with both light
and dark clasts. It has a high percent of glass, but
few recognized agglutinates. The maturity index
(Is/FeO) is low (McKay et al. 1986).

The modal analysis by McKay et al. and Simon et
al. do not agree, probably because they studied
different portions of the sample. While McKay et
al. reported fragments of KREEP basalt and
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Mineralogical Mode for 61135
(from McKay et al. 1986) (“Optical”)

>500 micron 20-500 micron
Mare basalt 0 0
KREEP basalt 11.3 0.7
Plutonic rock frag. 333 9
Other lithic 0 53
Granulitc 0 0
Poik. Rocks 17.3 2.3
Subophitic 2.4 5
Intergranular 20.2 2.7
Intersertal 0.3
Vitric breccia 10.1 0.7
Frag. Breccia 0.7
Plagioclase 42 53
Olivine 8.3
Pyroxene 2
Opaques 0
Glass 10



Figure 2: Photomicrograph of thin section 61135,8.

Scale unknown.

Figure 3: Thin section photomicrographs of 61135,8
and ,7. Sample is about 1 cm.

Mineralogical Mode for 61135
(from Simon et al. 1988)
20-90 micron

Matrix < 20 micron 45.9 %
Mare basalt 0
KREEP basalt 0
Feldspathic basalt 0
Plutonic rock frag. 0.3
Granulite 0.2
Poik. rocks 0.1
Impact melts 0
Regolith brec. 0
Agglutinate 0.1
Plagioclase 12.8
Olivine 3.5
Pyroxene 3.2
Opaques 0
Glass 1.9

Lunar Sample Compendium
C Meyer 2009

90-1000 micron

osrocooO

4.8

3.5
10.3
0.9
0.8

4.7

plutonic rock, Simon et al. found mostly mineral
and glass fragments. Plagioclase is dominant, with
minor amounts of pyroxene, Fe-metal and troilite.
Lithic fragments include granoblastic anorthosite,
noritic anorthosite, basaltic and poikilitic impact
melts (Ryder and Norman 1980).

Chemistry
Eldridge et al. 1973, McKay et al. 1986, Simon et al

1988 and Korotov 1996) reported high Al O, and high
Ni, Ir and Au contents (table 1). Moore and Lewis
(1976) reported 55 ppm nitrogen and 54 ppm carbon
for 61135 (figure 5).

Radiogenic age dating
Schaeffer and Schaeffer (1977) determined an Ar/Ar

plateau age of 3.9 = 0.1 b.y. for one split, but were
unable to get good ages from other splits, probably
because the sample is a regolith breccia full of trapped
gas.

Cosmogenic isotopes and exposure ages
Eldridge et al. (1973) reported the cosmic ray induced
activity of 2Al = 120 dpm/kg and *Na = 41 dpm/kg.
Schaeffer and Schaeffer (1977) reported *¥Ar exposure
ages of 44 m.y. and 61 m.y.

Other Studies
McKay et a 1. (1986) find the rare gas content to be
consistent with an ancient radiation.

Processing

The rock was not sawn. Allocations were from the
smaller pieces. There are only 6 thin sections.

Summary of Age Data for 61135
Ar/Ar

Schaeffer and Schaeffer 1977 39+0.1by



Figure 4: Photo of 61135. Cube is I cm. S72-38312
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Figure 5: Carbon content of Apollo 16 samples (Moore
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Figure 6: Eugster et al. (2001) identified 61135 as
one of the ancient regolith breccias with high 40Ar/

384r.
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Table 1. Chemical composition of 61135.

reference Eldridge73 McKay86 Simon88 Korotev95

weight

SiO2 %

TiO2 0.54 0.46

Al203 29.4 30.3

FeO 3.31 3.63 41 (b)
MnO 0.056

MgO 4.5 4.8

CaO 16.7 16.1 16.4 (b)
Na20 0.542 0.53 0.51 (b)
K20 0.083 (a) 0.091

P205

S %

sum

Sc ppm 4.96 5.7 5.96 (b)
\% 28

Cr 376 417 468 (b)
Co 13.2 17.2 171 (b)
Ni 146 200 195 (b)
Cu

Zn

Ga

Ge ppb

As

Se

Rb 5.6

Sr 21 170 182 (b)
Y

Zr 85 120 117 (b)
Nb

Mo

Ru

Rh

Pd ppb

Ag ppb

Cd ppb

In ppb

Sn ppb

Sb ppb

Te ppb

Cs ppm 0.1 0.09

Ba 78 110 101 (b)
La 6.41 9.1 9.19 (b)
Ce 16.7 23.1 23.9 (b)
Pr

Nd 10 15

Sm 2.98 4.18 4.22 (b)
Eu 1.22 1.23 1.24 (b)
Gd 5.3

Tb 0.54 0.85 0.87 (b)
Dy 5.5

Ho 1.3

Er

Tm

Yb 2.01 29 297 (b)
Lu 0.282 0.4 0.401 (b)
Hf 2.25 3.1 3.18 (b)
Ta 0.26 0.34 0.33 (b)
W ppb

Re ppb

Os ppb

Ir ppb 5.4 2.6 6 (b)
Pt ppb

Au ppb 29 0.65 3.2 (b)
Th ppm  1.39 (a) 1.04 1.22 1.45 (b)
U ppm 0.38 (a) 0.24 0.41 0.38 (b)

technique: (a) radiation counting, (b) INAA

Lunar Sample Compendium
C Meyer 2009



C Meyer 61 1 35
2009 245 g
I l [ [ [ |
’1 539 ijB 2 ’16.89 ’11.ng
[
— | | | | | | 7 —L
N 37 || .38 || 39|40 || 41 S
106 g|| 61g|| 169||59||6:79||259 |
34
35
36
TS
References for 61135

Butler P. (1972) Lunar Sample Information Catalog Apollo
16. Lunar Receiving Laboratory. MSC 03210 Curator’s
Catalog. pp. 370.

Eldridge J.S., O’Kelley G.D. and Northcutt K.J. (1973)
Radionuclide concentrations in Apollo 16 lunar samples
determined by nondestructive gamma-ray spectrometry.
Proc. 4" Lunar Sci. Conf. 2115-2122.

Eugster O., Terribilini Dario, Polnau E. and Kramers J.
(2001) The antiquity indicator argon-40/argon-36 for lunar
surface samples calibrated by uranium-235-xenon-136
dating. Meteoritics & Planet. Sci. 36, 1097-1115.

Fruland Ruth M. (1983) Regolith Breccia Workbook.
Curatorial Branch Publication # 66. JSC 19045

Hunter R.H. and Taylor L.A. (1981) Rust and schreibersite
in Apollo 16 highland rocks: Manifestations of volatile-
element mobility. Proc. 12 Lunar Planet. Sci. Conf. 2531
259.

James O.B. (1981a) Tentative classification of the Apollo
16 breccias (abs). Lunar Planet. Sci. XII, 506-508.

Korotev R.L. (1996c) On the relationship between the
Apollo 16 ancient regolith breccias and feldspathic
fragmental breccias, and the composition of the prebasin
crust in the Central Highlands of the Moon. Meteor. &
Planet. Sci. 31, 403-412.

LSPET (1973) The Apollo 16 lunar samples: Petrographic
and chemical description. Science 179, 23-34.

LSPET (1972) Preliminary examination of lunar samples.
Apollo 16 Preliminary Science Report. NASA SP-315, 70
1—7-58.

Lunar Sample Compendium
C Meyer 2009

McKay D.S., Bogard D.D., Morris R.V., Korotev R.L.,
Johnson P. and Wentworth S.J. (1986) Apollo 16 regolith
breccias: Characterization and evidence for early formation
in the megaregolith. Proc. 16" Lunar Planet. Sci. Conf. in
J. Geophys. Res. 91, D277-D303.

Moore C.B. and Lewis C.F. (1976) Total nitrogen contents
of Apollo 15, 16 and 17 lunar rocks and breccias (abs). Lunar
Sci. VII, 571-573. Lunar Planetary Institute, Houston.

Ryder G. and Norman M.D. (1980) Catalog of Apollo 16
rocks (3 vol.). Curator’s Office pub. #52, JSC #16904

Schaeffer G.A. and Schaeffer O.A. (1977a) *°Ar/*Ar ages
of lunar rocks. Proc. 8" Lunar Sci. Conf. 2253-2300.

Simon S.B., Papike J.J., Laul J.C., Hughes S.S. and Schmitt
R.A. (1988) Apollo 16 regolith breccias and soils: Recorders
of exotic component addition to the Descarts region of the
moon. Earth Planet. Sci. Lett. 89, 147-162.

Sutton R.L. (1981) Documentation of Apollo 16 samples.
In Geology of the Apollo 16 area, central lunar highlands.
(Ulrich et al.) U.S.G.S. Prof. Paper 1048.

Warner J.L., Simonds C.H. and Phinney W.C. (1973) Apollo
16 rocks: Classification and petrogenetic model. Proc. 4"
Lunar Sci. Conf. 481-504.



