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was unable to show any elements with atomic 
numbers greater than 11 (sodium); thus, it is 
unlikely that the brown contamination is com­
posed of lunar soil. 

( 2) The pitting is due to lunar material
blasted toward the Surveyor 3 spacecraft by the 
Apollo 12 LM as it landed. This possibility can­
not be discounted, as has been shown previously 
for the camera housing. Experiments have shown 
that parts of the tube are visible from the LM. 
Two problems arise with this hypothesis. One 
is that the pitting on the tube seems to be more 
intense than on the camera; the other is that the 
camera seems to have been brown before the LM 
landed ( and in a somewhat uniform fashion). 
However, the pitted side of the tube was dark­
ened. 

( 3) The pitting is due to lunar material
blasted toward the tube by the vernier engines; 
the contamination is due to incompletely burned 
propellant ( unsymmetrical dimethyl hydrazine 
monohydrate fuel combined with nitrogen tetrox­
ide oxidizer, with some nitrous oxide added as 
a catalyst). This also is a possible source, as the 
contaminated side of the tube could point down 
toward the lunar surface and somewhat in 
toward the Surveyor spacecraft if the tube is 
rotated 180° about the astronaut's cutter axis 
relative to possibility ( 2). 

The Surveyor strut seems to have been pitted 
by lunar material disturbed by either the LM 
descent stage or the Surveyor 3 vernier engines. 
The brown contamination also could have come 
from either source, as the propellants used are 

nearly identical. We feel that the Surveyor 3 
vernier engines are the more logical source. 

Conclusions 

The general conclusions arising from the MSC 
examination of the Surveyor 3 television camera 
housing and polished tube are-

( 1) Meteoroid flux at the lunar surface .is as
expected from near-Earth measurements. 

( 2) Lunar ejecta Bux related to meteoroid
impacts on the lunar surface could not be spe­
cifically identified. However, other non-natural 
sources of low-velocity impacts by lunar surface 
material were evident. 

( 3) Lunar surface experiments and hardware
must be shielded from the effects of spacecraft 
jet-exhaust-induced impacts. 

Although additional analysis of the data ob­
tained from the samples is continuing, it is not 
expected that the results given at this time will 
be altered significantly. 
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PART F 

MICROCRA TER INVESTIGATIONS ON SURVEYOR 3 MATERIAL 

E. Schneider, G. Neukum, A. Mehl, and H. Fechtig

Two screws from the Surveyor 3 spacecraft re­
covered during the Apollo 12 mission have been 
investigated for micrometeorite impact features. 
A general description of the scientific investiga-

tions of Surveyor 3 material is given in refer­
ence l. 

The positions of the screws on the Surveyor 3 
spacecraft are shown in 6gure 1. From this pho-
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FI G U R E 1.- P o siti o n s of s cr e w s 9 a n d 2 3 o n t h e S ur v e y or 
3 s p a c e cr aft. 

t o gr a p h, s cr e w 2 3 c a n b e s e e n t o p oi nt a b o v e t h e 
M o o n' s h ori z o n at a n a n gl e of 6 6 .6 ° wit h r e s p e ct 
t o t h e l o c al u p w ar d v erti c al dir e cti o n. S cr e w 9 
p oi nt s t o w ar d t h e l u n ar s urf a c e at t h e s a m e a n gl e 
wit h r e s p e ct t o t h e l o c al d o w n w ar d v erti c al di-
r e cti o n ( r ef. 2). T h er ef or e, i m p a ct cr at er s fr o m 
e xtr a-l u n ar p arti cl e s m a y b e e x p e ct e d pri m aril y 
o n s cr e w 2 3, p o s si bl y t o g et h er wit h l o w- v el o cit y 

2 

5 m m 1 

i m p a ct cr at er s fr o m s e c o n d ar y l u n ar d e bri s. 
S cr e w 9 s h o ul d s h o w l o w-v el o cit y i m p a ct s of s e c-
o n d ar y l u n ar d e bri s. 

Fi g ur e 2 · s h o w s t h e t w o s cr e w s i n cl u di n g t h e 
w a s h er s. T h e i n v e sti g ati o n s w er e m a d e u si n g a 
s c a n ni n g el e ctr o n mi cr o s c o p e ( St er e o s c a n). T h e 
s c a n ni n g m a g nifi c ati o n w a s c h o s e n t o b e 5 0 0 0 X, 
w hi c h all o w e d t h e i d e ntifi c ati o n of cr at er s d o w n 
t o a b o ut 0. 5 µ, m i n di a m et er. 

T h e ori gi n al s urf a c e s of t h e s cr e w s a n d w a s h-
er s w er e n ot s p e ci all y pr e p ar e d i n a n y w a y f or 
s ci e ntifi c i n v e sti g ati o n s. T h e y ar e r o u g h a n d 
pr o b a bl y i n a d e q u at e t o yi el d r eli a bl e r e s ult s. O n 
s cr e w 2 1 

( s e e fi g . 3), str a n g e f e at ur e s c o ul d b e 
o b s er v e d. Fi g ur e 4 s h o w s si x i nt er e sti n g o bj e ct s 
o n s cr e w l; t h e s e o bj e ct s c a n b e c o n si d er e d as 
i m p a ct p h e n o m e n a. 

T h e cr at er o bj e ct s f o u n d o n t h e s cr e w s c a n b e 
c o m p ar e d wit h artifi ci all y pr o d u c e d mi cr o m et er-
si z e d i m p a ct cr at er s o n m et al t ar g et s. R u d ol p h 
( r ef. 3) h a s p u bli s h e d p h ot o gr a p h s of mi cr o cr a-
t er s pr o d u c e d i n t h e l a b or at or y u si n g a 2- M V 
V a n d e Gr a af £ d u st a c c el er at or. Fi g ur e 5 s h o w s 
s o m e cr at er s pr o d u c e d b y i m p a ct s of ir o n pr o-
j e ctil e s o n v ari o u s m et al t ar g et s wit h a n i m p a ct 
v el o cit y of 5. 2 k m/ s e c. T h e si x o bj e ct s o n s cr e w 
1  ( s h o w n i n fi g. 4) a p p e ar t o b e l o w- v el o cit y 
i m p a ct cr at er s ( L. 5 k m/ s e c). T h e y m a y h a v e 
b e e n pr o d u c e d eit h er b y i nt er pl a n et ar y d u st p ar-
ti cl e i m p a ct s or b y s e c o n d ar y l u n ar d e bri s fr o m 
l ar g er i m p a ct s o n t h e l u n ar s urf a c e . T h e t hr e e 
o bj e ct s o n t h e s urf a c e of s cr e w 2  ( fi g. 3), h o w-
e v er , ar e c o n si d er e d t o b e m a n uf a ct uri n g arti-
f a ct s r at h er t h a n i m p a ct cr at er s. 

1 T h e i d e ntifi c ati o n n u m b er s of t h e s cr e w s h a v e b e e n 
l ost. T h er ef or e, w e h a v e ar bitr aril y a s si g n e d t h e n u m-
b er s 1 a n d 2 t o t h e s cr e ws. 

I It 
15 m m , 

FI G U R E 2.- S ur v e y or 3 s cr e w s wit h w a s h er s. 
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A s s u mi n g t h at t h e si x cr at er s o n o n e of t h e 
s cr e w s ar e a r e s ult of pri m ar y i m p a ct s, it is p ossi-
bl e t o c al c ul at e a fl u x, <I >, f or t h e 3 1- m o nt h e x-
p o s ur e ti m e a n d t h e s urf a c e ar e a of a b o ut 0. 1 2 
c m 2

: 

w h er e 
<I > = c u m ul ati v e fl u x, m- 2 s e c- 1 

N = n u m b er of p arti cl e s/ cr at er 
F = e x p o s e d s urf a c e ar e a, m 2 

t = e x p o s ur e ti m e, s e c 

Wit h t h e d at a i n v ol v e d i n t h e s e i n v e sti g ati o n s, 
o n e o bt ai n s a fl u x of <I > = 5 X 1 0- 3 m- 2 s e c- 1

• 

It s e e m s d o u btf ul t o r e g ar d t hi s r e s ult as i nt er-

1 0 µ. m 

FI G U R E 3.- St er e o s c a n p h ot o gr a p h s of o bj e ct s 
f o u n d o n t h e s urf a c e of s cr e w 2  ( pr o b a bl y 
n ot mi cr o cr at er s). 

pl a n et ar y c o s mi c d u st fl u x. B y c o m p ari n g t hi s 
r e s ult wit h t h e fl u x o bt ai n e d fr o m t h e st u di e s of 
l u n ar s urf a c e s a m pl e s ( r ef s. 4 a n d 5), 2 o n e 
s h o ul d - b e a w ar e t h at t h e p arti cl e n u m b er d e n-
sit y i n t h e i nt er pl a n et ar y s p a c e at 1 A U s h o w s a 
d e vi ati o n i n t h e mi cr o cr at er di stri b uti o n i n t h e 
pit di a m et er r a n g e ar o u n d 5 0 µ, m. T hi s c or-
r e s p o n d s t o a d e vi ati o n i n t h e mi cr o p arti cl e di s-
tri b uti o n i n t h e p arti cl e di a m et er r a n g e of a b o ut 
2 5 · µ, m. H o w e v er, e v e n s u b mi cr o m et er- si z e d 
p arti cl e s e xi st i n t h e i nt er pl a n et ar y s p a c e, as i n-
di c at e d b y W ei n b er g (r ef. 6) a n d H a n n er 3 fr o m 

• F. H or z, J. B. H art u n g, a n d D. E. G a ult, L u n ar 
S ci e n c e I n stit ut e C o ntri b uti o n 0 9, u n p u bli s h e d. 

• M. H a n n er, pri v at e c o m m u ni c ati o n, 1 9 7 0. 
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FI G U R E 4.- St er e o s c a n p h ot o gr a p h s of o bj e ct s o n s cr e w l; m o st of t h e o bj e ct s ar e a s s u m e d t o 
b e mi cr o cr at er s. 
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limit. This result is in general agreement with 
other similar investigations on Surveyor 3 mate­
rial. Benson et al. ( ref. 8) have reported the 
existence of many dips that have been quoted 
as produced by the Lunar Module (LM). Only 
a few craters have been found; none were iden­
tified as hypervelocity impact craters. Cour-Palais 
et al. (ref. 9; also see ch. VI, pt. E, of this 
report) and Brownlee et al. (ref. 10) have re­
ported a low number of impacts with conclu­
sions similar to those given in this article. 
Buvinger (ref. 11} has published less than 0.2 
hypervelocity impact/cmi, which suggests our 
results to be considered as secondary impacts. 
Zernow ( ref. 12) reports negative results for a 
scanned area with a magnification of 315 X, 
which seems to be low. 

In conclusion, one can summarize that only 
few impact craters could be detected. As little 
is known concerning the velocity distribution of 
interplanetary dust particles, one can interpret 
the results in two ways. First, the impacts could 
have been produced by interplanetary particles, 
then the flux of 5 X 1()-3 m-2 sec-1 for particles 
with diameter ::::..1 µ,m would indicate that a 
deviation from the normal distribution can exist 
only for particles below 1 µ,m in diameter. The 
alternative interpretation is that most of the 
craters found by different investigators on Sur­
veyor 3 material are due to secondary lunar 
debris impacts. In this case, the flux of 
5 X 10-8 m-2 sec-1 for particles with a diameter 
�I µm must be interpreted as an upper limit 
for interplanetary particles. This final result is 
in agreement with recent fiux results from lunar 
samples ( refs. 4 and 5) and with the results of 
the Pioneer dust experiment (ref. 13). 
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