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Figure 6: Normalized rare-earth-element composi-
tion for high-K basalt 10017 (the line) compared with
that of low-K basalt 10020 and high-K basalt 10049
(the dots) (data from Wiesmann et al. 1975).

general agreement if one considers the counting errors
(see references).

Eberhardt et al. (1970) observed that high-K basalts
had distinctly different exposure ages from low-K
Apollo 11 basalts. Eberhardt et al. (1974) determined
the cosmic ray exposure age as 480 + 25 m.y. by the
reliable 3Kr method and 371 m.y. by '*Xe (as
calculated by Srinivasan 1974) while Marti et al. (1970)
determined 509 +29 m.y. by ¥*Kr and 308 m.y. by '*Xe
(calculated). Turner (1970) and Hintenberger et al.
(1971) reported exposure ages of 440 and 510 m.y.
respectively by ¥Ar.

Shedlovsky et al. (1970) and O’Kelley et al. (1970)
reported significant **Co (77 days) on the “top” surface
of 10017 (125 and 44 dpm/kg respectively), thus
establishing its most recent lunar surface orientation.

Other Studies

A detailed cosmic ray depth profile was attempted by
Shredlldaft (1970), but only *Na showed significant
variation with depth (table 3). The problem is that this
sample was irradiated on both sides, and it was not
thick enough to stop high-energy cosmic rays.
Additionally, the analytical techniques in 1969 required
large subsamples. 10017 was the first of these studies,
later carried out with more success on 14310, 68815
and 74275.

Fleischer et al. (1970), Lal et al. (1970) and Crozaz et
al. (1970) studied solar flare and cosmic ray tracks as
a function of depth in 10017 (figures 15 and 16). The
near surface regions were dominated by solar flare
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Figure 7: Composition of 10017 compared with that
of other lunar basalts.

tracks and the erosion rate from micrometeorite
bombardment could be determined.

Oxygen isotopes were reported for mineral separates
of 10017 by Onuma et al. (1970) and Taylor and Epstein
(1970).

O’Hara et al. (1970) and Ringwood and Essene (1970)
experimentally determined the phase diagram for
10017 (figures 12 and 13). These experiments showed
that Apollo 11 basalts probably formed at depths of
200 to 400 km by a small degree of partial melting
from pyroxenitic source material.

Eugster et al. (1970) reported a significant isotopic
anomaly in '"8Gd proving that 10017 had received a
high dosage of low energy neutrons over a long period
of time (burial?).

Bogard et al. (1971) and Eberhardt et al. (1974)
reported the abundance and isotopic ratios of noble
gases in 10017.

The elastic properties for a lunar basalt
(compressibility, sound velocity) were determined on
10017 by Anderson et al. (1970). The magnetic
properties of 10017 were determined by Runcorn et
al. (1970) and the remanent magnetization was found
to be weak.

Processing
10017 was returned in ALSRC #1004 and originally

processed in the “Vac Lab”. It was one of the rocks in
the F-201 at the time of the glove rupture (with
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Figure 9: Rb/Sr isochron for 10017 (from

10017 originally broke in two large pieces (,5 and ,6)
along a penetrating fracture (figure 19). Surface pieces
,74 and ,42 from opposite ends of this fractured surface
were allocated to Arnold.

Shredlldaff (1970) illustrated the cutting plan as it
pertained to their depth profile studies (figure 14). A
cube (,180) and a column (,64) were cut from the
sample by sawing (figure 18). All the Kings men
couldn 't put 10017 together again !

There are 24 thin sections for 10017.

Papanastassiou and Wasserburg 1970).

Figure 10: Original PET photo of side of 10017,0 in
F-201. The sample is sitting on its top surface (flatter
side). NASA S69-45375.

Summary of Age Data for 10017

Rb/Sr  Nd/Sm Ar/Ar K/Ar
Papanastassiou et al. 1970  3.59 + 0.05 b.y.
deLaeter et al. 1973 3.71 £0.11
Gopalan et al. 1970 3.575+0.215
Turner 1970 3.23 £0.06

Eberhardt et al. 1974
Caution: These ages have not been corrected for new decay constants.
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Table 1a. Chemical composition of 10017.

reference LSPET69 Maxwell70 Maxwell70  Gast70 Wiesmann75 Perkins70 Wrigley70 O’Kelley70
weight GSC GSF Abbey 187 mg 115¢g 1159 971g
Si02 % 40 a) 40.78 40.77 (b) 40.14

(a)
TiO2 1" (@ 11.71 11.82 (b) 11.16
Al203 10 (a) 8.12 7.92 (b) 8.17
FeO 19 (a) 19.82 19.79 (b) 19.38
MnO 0.35 (a) 0.22 022 (b)
MgO 85 (a) 7.65 7.74  (b)
CaO 10 (@) 10.55 10.58 (b)
Na20 0.65 (a) 0.51 0.51 (b) 0.51 51 (e) 0.51 (e)
(a) ) 31 (d) 0.31 (d) 0.31  (h) 0.29 (h)
)
)

oo

K20 0.22 03 029 (b
P205 013 018 (b
S % 0.22 (b
sum

~
~
N
A~~~ o~~~ o~~~ o~
O0O000O00000O0
—_—— = — - —

Sc ppm 55 (a) 52 77 (b)

\Y 30 (a) 49 70 (b)

Cr 4600 (a) 2200 2260 (b) 2463 (c)
Co 10 (a) 20 30 (b)

Ni

Cu 20 (b)

Zn 49 47 (b)

Ga

Ge ppb

As

Se

Rb 6 (a)

Sr 55 (a)

Y 310 (a) 160 160 (b)

Zr 1250 (a) 410 430 (b)

Nb

Mo

Ru

Rh

Pd ppb

Ag ppb

Cd ppb

In ppb

Sn ppb

Sb ppb

Te ppb

Cs ppm 0.16 (d) 0.155 (d)
Ba 120 (a) 309 (d) 309 (d)
La 26.6 (d) 26.6 (d)
Ce 773 (d) 77.3 (d)
Pr

Nd 59.5 (d) 59.5 (d)
Sm 25 (b) 20.9 (d) 20.9 (d)
Eu 2.1 (b) 214 (d) 2.14 (d)
Gd 274 (d) 274 (d)
Tb 4 (b)

Dy 31.7 (d) 31.7 (d)
Ho

Er 20 (d) 20 (d)
Tm

Yb 19
Lu 5
Hf 12
Ta 5
W ppb

Re ppb

Os ppb

Ir ppb

Pt ppb

Au ppb

Th ppm 4.6 (b) 3.2 (h) 2.9 (h) 3.25 (h)

U ppm 0.86 (h) 0.9 (h) 0.83 (h)
technique: (a) OES, (b) mixed, (c ) atomic absorption spec., colorimetry, (d) idms, (e) AA, (f) wet, (g) XRF, (h) radiation counting

563 (d) 5.63 (d)
175 (d) 175 (d)

19.2  (d) 17.1 (d)
2.66 (d) 2.66 (d)

—_——
O O T T
===

Lunar Sample Compendium
C Meyer 2011



Table 1b. Chemical composition of 10017.

reference Tera70

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

Sc ppm
\Y

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

10.3
0.47
0.29

5.57
156

0.159
280

(d)
(d)

(d)
(d)

(d)
(d)

Wanke70 Dickinson89
41.9
11.7
8.3
18.8
0.19
7.96
11.5 8.8 13.4
0.42 0.4 0.43
0.25
86 (a) 73 80
820
2310 (a) 1500 2600
24.5 (a) 24 26
7.7 (a)
4.2 (a) 56
5.5 6
4.2 (a)
151 (a) 151
418
1 (a)
138 (a)
0.12 (a)
256 (a) 254 258
21 (a) 221 23.8
64 (a) 62 62
7.3 (a)
58 (a) 56 54
18 (a) 15 19
1.89 (a) 1.9 2.1
19 (a)
4.6 (a) 4.7 5
19 (a)
3.8 (a)
13 (a) 11.5
2
15.6 (a) 15.8 16.4
2.12 (a) 2.4 2.7
16.5 (a) 13.2 14.9
2.2 (a) 1.9 2.1
0.4 (a)
8.1 (a)
3.94 (a) 2.9 3.1
0.69 (a)

Wiik70

40.77
11.82
7.92
19.79
0.22
7.74
10.58
0.51
0.29
0.18

(a) 77
(@) 70
(a) 2258
(@) 30
<5
20
47

160
430

—
QO
= =

o

(a) 4.6

Philpotts70 Haramura in Compston70 Wakita70

Philpotts69
125 mg
(b)
(b)
(b)
(b)
(b)
(b)
(b)
(b)
(b) 0.29 (d)
(b)
(b)
(b)
(b)
(b)
(b)
(b)
(b)
5.7 (d)
165 (d)
(b)
(b)
287 (d)
75.5 (d)
66.1 (d)
(b) 23.4 (d)
(b) 2.26 (d)
28.4 (d)
(b)
32.8 (d)
19.1 (d)
(b) 18.1 (d)
(b) 2.63 (d)

(b)
(b)

(b)

Kushiro 70

40.03
11.61
8.04
20.46
0.24
8.17
10.26
0.49
0.3
0.17

2326

19.59

V)

5.72
164
159
476

3.7

637 mg
42.8

)

)

) 7.94
) 21.9
) 0.24
) 7.96
)

0.49
(9) 0.19

87
49
2450
35

(9) 6
(9)

(g) 184
(9) 1200

0.26
350
24

12.9
74

23
30

36
8.3
21
17.8

23

(9) 4.3

technique: (a) INAA & RNAA, (b) mixed, (c ) atomic absorption spec., colorimetry, (d) idms, (e) AA, (f) wet, (g) XRF
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343 mg
44.5

13

7.6
23.3
0.25
7.63
10.6

0.26

93
43
2710
37

1570

410
28

27
2.9

23

26

6.4

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

(a)
(a)

(a)

(a)

(a)
(a)

(a)
(a)

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

(a)



Table 1c. Chemical composition of 10017. 1o
£ 10017 P
S v
reference Anders71 Neal2001 g r oho co.N, loos
weight = % P ,'" co, 2
Si02 % g o P {0 A
; E % P RN
I\Ilg(%S §w_— oo iV FE 4
> [ o° ! . 28 T A
FeO % - :: ,’. o ::
O A /
MgO E [ 2o i 3
Ca0 o x ] S
Na20 <o, -9‘2 ..... H, :'/ ..'.DE’._E%-‘ I’fzs ‘f
K20 e i Tt
200 1400
220/05 TEMPERATURE °C
0
sum Figure 11: Gas released as function of increasing
Sc ppm 754 (b) temperature for 10017 (Gibson et al. 1971).
\% 47.6 (b) Depth in moon (km)
Cr 2019 (b) AT X S0 w0 ™o o ww e
Co 31 @) 279  (b) ol ]
Ni 6.37 (b worms: g
Cu 32.8 (b) TYPE B (RocK) g
Zn 18 (a) 73.6 (b) 1o % TiO2 1
Ga 5.1 (@) 4.9 (b) cooame +
Ge ppb 1300 4
As o .
§ Cpx,grim,
Se 0.215 (a) ;1200 P 4
Rb 6.6 @) 522  (b) 5
Sr 143 (b) g
Y 147 (b) E 1100+ eoxegrel 4
Zr 334 (b) -~ P,
Nb 25 (b) 1300 1
Mo 0.99 (b)
Ru
Rh 12004 ilm, ruqz 1008416 4
Pd ppb . TYPE D (FINES)
Agppb 16 (a) 1100 ECLOGITE e .
Cd ppb 68 (a)
In ppb 70 (a) R Not' Reacted ) Not Reacted
Sn ppb 10 20 30
Sb ppb 20 (b) Pressure (kb)
Te ppb Figure 12: Phase diagram determined for 10017
Csppm 0.186  (a) 0-%7 Eb; (and 10084?) by O’Hara et al. 1970.
Ba 24 b
La 23.2 (b) -
Ce 81 8 (b) 200 400 600 800
Pr 1.2 b 1500 L B R [
Nd 61.6 Eb; MODEL LUNAR BASALT (APOLLO 11}
Sm 212 (b) f
Eu 2.03 (b) ool o
Gd 27.7 (b) //C/Ga £Re
o 4.8 (b) b LQuiD ,’” pretas,
Dy 298  (b)
Ho 631 (b) ook
Er 17.7 (b)
Yo s 0 A:
Lu 212 (b) 12001 EZLS:TE
Hf 14 (b)
Ta 169  (b) s
W ppb 0.51 (b) cripr
Re ppb 100" )
Os ppb fgzmz/o‘ .
Ir ppb 0.02 (a) s
Pt ppb Cpxs Fsall /b
Au ppb 0.72 (a) 10008 ol b 2\0 .
Th ppm 2.66 (b) P Kb
U ppm 0.77 (b) Figure 13: Phase diagram for Apollo 11 basalt from

technique: (a) RNAA, (b) ICP-MS
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Table 2 Uppm Thppm Kppm Rbppm Srppm Ndppm Smppm technique
Perkins et al. 1970 0.86 3.2 2600 rad. Cout.
O’Kelley et al. 1970 0.83 3.25 2430 rad. Cout.
Tatsumoto 70 0.854 3.363 idms
Silver 1970 0.73 2.72 idms
Gopalan et al. 1970 2500 5.8 174.2
Murthy 2207 5.33 169 idms
Gast and Hubbard 1970 2610 5.63 174.8 59.7 21 idms
Philpotts 1970 2390 5.7 165 66.1 23.4 idms
Wanke et al. 1970 0.69 3.05 2060 4.2 58 1.9 inaa
Compston et al. 1970 3.7 5.72 163.7

0II
Table 3: Cosmic-ray induced activity in dpm/kg 10y ' " ROCK 17 T

10 ° ANgQ{THITE

e AUGITE

dept_h 0-4mm 4-12mm 12-30mm 60 mm 10 = UNIDENTIFIED -
nuclide TRACK :
Be10 14 16 109 _T—4SIE T-3SIDE_ |
Na22 81 43 37 31 DENSITY | |¥
Al26 133 74 66 65 8 .
CI36 <33 16 17 , 10 | I
Mn53 94 43 50 48 e?] A\ /
Mn54 36 39 10 36 0N e
Fe55 445 96 94 98 P Neg s ¥
Co56 125 <16 <8 108! Ak e i Lo
Co57 5.8 <15 <2.3 0 ! 2 2 1 0

(see SHRELLDALFF 1970 for associated counting errors)

DISTANCE FROM SURFACE [cm]

Figure 15: Track denisty for 10017 (from
Fleischer et al. 1970).
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Figure 14: Cutting diagram for 10017 (as depicted
in paper by Shedlovsky et al. 1970).

Figure 16: Track density of top and bottom of 10017
(as determined by Lal et al. 1970).
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ENTATIO

Figure 17 : Group photo of 10017. NASA S75-30215. Cube is I cm.

Figure 18: Group photo of 10017. NASA S76-21150. Cube is 1 cm.
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Figure 19: Photo showing original break of 10017.
8§69-49220.

The band saw used to cut lunar samples, created a lot
of heat, perhaps even melting the rock — see cube ,180
in figure 18.

Figure 20:  Photo of display sample 10017,37
showing micrometorite craters and vesicles. NASA
photo #584-40064.

C Meyer 10017
2005 973 gr.
|
[ |
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- I
| I | I | |
[ 1 74 42 1 [37 ][.81 |[s0 0
15 171 ][ 280 | [339] 196 9 ’110 g 1159||68g|(34g
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display 23
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