64455

Oriented, Glass-coated Impact Melt Rock
56.7 grams

Figure 1: Original PET photo of dusty glass egg 64455 in its upside down position (resting on
zap pits). Scale is in cm. NASA #S72-40132. (compare with figure 11)

Introduction

Sample 64455 has proven to be a nearly perfect sample
for studies of the effects of comic ray, solar comic ray
and micrometeorite bombardment of the lunar surface
over the last 2 My, because it apparently maintained
its orientation since it landed and been continuously
exposed to the space environment for that time.

64455 is an egg-shaped object about 5 cm long and 3
cm across (figure 1) almost completely covered with
thick black glass. The inside “yoke” is a fragment of
basaltic melt rock, which is exposed in one quadrant
on the top where the glass has broken off. The top
surface is almost completely covered with
micrometeorite craters, while the bottom surface has
none, indicating that the sample has maintained its
orientation since it landed on the lunar surface (figure
2).
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Petrography
Sample 64455 is a basaltic impact melt with very thick

glass coat (Ryder and Norman 1980). Grieve and Plant
(1973) describe four texture zones (a) interior fractured
highland basalt, (b) basalt with interstitial partial melt,
(c) a thin crust of brown devitrified glass, and (d) an
outer coating of fresh glass (figure 3). Vaniman and
Papike (1980) group the crystalline highland basalt
interior fragment with the Low-K Fra Mauro suite and
give the mineralogical mode as 59.9 vol. % plagioclase,
32.7 % pyroxene, 6.5 % olivine (with trace metal,
troilite, schreibersite and “rust”).

Mineralogy
The composition of pyroxene, olivine and plagioclase

of the interior rock fragment are presented in Vaniman
and Papike (1980) and Heiken et al. (1991) (figures 4
and 5). The composition of schreibersite and metal



Figure 2: Enlargement of portion of top surface (Bl) of 64455 showing high density of micrometeorite
“zap” pits and approximate position of saw cuts. Photo #S73-22656. Scale in mm is shown.

Figure 3: Photomicrograph of thin section of interior basalt fragment in 64455 (from Grieve and Plant 1973).
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Figure 4: Pyroxene and olivine composition of
interior “highland basalt” rock inclusion in
64455. Data replotted from Vaniman and Papike
(1980) with appologies.
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Figure 5: Plagioclase composition in basalt
fragment in 64455 (from Vaniman and Papike,
1980).

grains are given in Grieve and Plant (1973), who also
mention several metal grains showing alteration to a
“rusty” component.

Chemistry
Haskin et al. (1973) determined the major and trace

element chemistry of the glass and interior rock
fragment (table 1 and figure 6) and note that the glass
can not simply be derived from the included rock
fragment. Ganapathy et al. (1974) determined the trace
and volatile composition and note that the volatile-rich
glass may be from South Ray Crater (confirmed by
Hertogen et al. 1977). The composition of the glass
splashed on the outside of the rock has also been studied
by See et al. (1986) and Morris et al. (1986).

The interior rock fragment does not appear to be
“pristine” (Ir = 2.25 ppb).

Radiogenic age dating
None

Cosmogenic isotopes and exposure ages
The 3'Kr exposure age of 64455 is 2.01 m.y. and the

rock is associated with the South Ray cratering event

Lunar Sample Compendium
C Meyer 2011

1000

sample/chondrites

64455

100

interior rock

T g .

back glass rind

0.1 | | | | | | | | | | |
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Yb Lu

Figure 6: Normalized rare earth element plot for
basaltic interior fragment and glass coating of 64455
(data from Haskin et al. 1973).

(Marti 1975, as reported by Arnold et al. 1993). Bogard
and Gibson (1975) reported a >'Ne cosmic ray exposure
age of 1.2 m.y. and *Ar age of 1.8 m.y.

Nishiizumi et al. (1995) determined the '“Be, 2°Al
(figure 7) and 3*°Cl activity by accelerator mass
spectrometry of 19 sub-samples along a depth profile
in 64455,82 (slab B). The distribution of microcraters
and the "Be activity are consistent with exposure of
64455 to cosmic rays for only 2 m.y. (Nishiizumi et al.
1995).

Arnold et al. (1993) also determined the ’Be, Al and
3¢C1 as a function of depth below the surface of the
protected side of 64455,82, by grinding away (peeling)
thin surfaces with a drill.

Other Studies

Neukum et al. (1973) studied the distribution of
micrometeorite craters (figure 8). Blanford etal. (1974,
1975) studied the nuclear tracks (figure 9) and present
a figure illustrating the lunar orientation (figure 10).

Leich et al. (1973) determined the depth distribution
of H and F in exterior chips. Goldberg et al. (1976)
attempted to determine solar wind implanted carbon.

Processing
Two slabs have been cut from top to bottom of 64455

(figure 11). Slab A was prepared in 1972 (figure 12).
Slab B was cut in 1992 (figure 13). Figure 14 illustrates
the saw cuts on the T1 surface.
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Figure 9: Cosmic ray particle tracks as a
function of depth in 64455 (Blanford et al. 1975).
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Fig. 1. A sketch of lunar sample 64455 in its supposed lunar orientation determined from
its distribution of microcraters. Daughter samples 64455,14 and 64455,16 are shown as
determined from cutting photographs taken by the curatorial staff. Dotted lines represent

[ radii along which track density profiles were measured.

g el

: Figure 10: Orientation of 64455 from Blanford et
Figure 8: Closeup photo of zap pits illustrating al. (1973).

glass-lined pits with surrounding spall zones.
Luckly, non of these impacts was large enough to
disturb the orientation, although one may have

Note: The initial PET photography (with the sample in
been big enough to break the glass coating, an upside down orientqtion, resting on the zap-pitt.ed
exposing the interior rock sample. The uppermost surface, figure 1) established the orientation cube with
surface was saturated with small craters (Neukum the B1 surface being the zap-pitted surface. This has

et al 1973). A few microcraters can also be seen on caused a lot of confusion.
the exposed rock surface.
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Figure 11: Schematic sketch of glass egg 64455 showing approximate positions of saw cuts to obtain two
slabs for accurate depth profile studies of cosmogenic nuclides. Compare with figure 1.

. .

Figure 12: Photo of E1 surface of slab B
(64455,82), side next to slab A, showing vesicles
in thick black glass and glass veins in rock. NASA Figure 13: Photo of Wi surface of slab B (64455,82).
#8591-36325 from NASA # S91-36324 (orientation uncertain)
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Table 1.

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

S %
sum

Sc ppm
\%

Cr

Co

Ni

Cu

Zn

Ga

Ge

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

Chemical composition of 64455.

Haskin 73 Haskin 73

48.5
0.65
22.4
5.47
0.074
9.29
134
0.57
0.245

7.8
1110

31.1
540

3.05

0.27

211
56

34
1.23

1.97
12.2
2.7
6.7

6.6
0.96
7.8

glass
44.6
0.45
252
6.15
0.081
7.76
14.5
0.37
0.106

1000
48.2
760

1.72

3.1

0.1

12.6
32.1

21

1.1
7.4
1.14
7.5
1.6
4.5

3.92
0.56
43

(a)
(a)
(a)
(a)
(b)
(a)
(a)
(b)
(a)

(b)

(b)
(b)
(b)

(b)

(b)

(b)

(b)
(b)

(b)
(b)
(b)
(b)
(b)
(b)
(b)
(b)

(b)
(b)
(b)

Ganapathy 74

rock

80

2.2

62

190
6.6

0.45
12.8
0.28

0.284

2.25

1.43

glass

905
2.4
500

390
3.9

3.6
38
0.144

4.11

40.6

0.86

(c)
(c)
(c)

—_~—
o0
~ —

—_~
o0
~ —

(c)
(c)
(c)

(c)
(c)

(c)

Grieve and Plant 73

rock
47.17
0.6
24.96
5.28
0.06
7.76
13.54
0.28
0.21

technique (a) AA, (b) INAA, (c ) RNAA, (d) elec. Probe (broad beam)

Lunar Sample Compendium

C Meyer 2011

glass
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0.39
24.75
6.4
0.04
8.34
14.44
0.44
0.05

(d)
(d)
(d)
(d)
(d)
(d)
(d)
(d)
(d)

Morris 86

glass
44.76
0.44
25.84
5.6
0.06
8.07
14.31
0.36
0.13

6.88

899
59
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12.09
35.1

5.88
1.14

1.22
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0.57
4.13
0.51
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0.54
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Figure 14: Photo of the T1 surface (lunar bottom) of 64455 after cutting first slab A. The approximate
location of the second slab is indicated by the line. The scale is in mm and the cube is 1 cm. There are no
zap pits on this surface as it was below the soil line. Photo # S72-53870.

NASA Photo #s
S72-40130-40135
S72-43250-43266
S72-48510-48511
S72-53857
S72-53870-53872
S73-22655-22659
S89-39846-39849
S91-36321-36325
S93-45928
S93-45939-45942
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