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Viking Magnetic Properties Investigation: Preliminary Resu 

Abstract. Three permanent magnet arrays are aboard the Viking lander. B 
one array, fixed on a photometric reference test chart on top of the lane 
clearly attracted magnetic particles from airborne dust; two other magnet 
one strong and one weak, incorporated in the backhoe of the surface sampl 
both extracted considerable magnetic mineral from the surface as a result 
insertions associated with sample acquisition. The loose martian surface r 
around the landing site is judged to contain 3 to 7 percent highly magnetic 
which, pending spectrophotometric study, is thought to be mainly magnetit 
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This investigation (1) is designed to de- 
tect magnetic particles, and their compo- 
sition and abundance if present, in the 
martian surface material around the Vi- 

king landing sites. The experiment is 

simple, employing a series of permanent 
magnet arrays that are either inserted di- 

rectly into the surface material or pas- 
sively exposed to windblown particles. 
The magnets are periodically viewed 
with the lander imaging system, the re- 
sulting pictures being the primary data 
on which conclusions are based. A 4x 

magnifying mirror will eventually be em- 

ployed to enhance particle resolution. 
Plans also call for the eventual use of a 

magnet cleaning brush to allow for more 
controlled experiments. 

Magnet arrays. The shape and dimen- 
sions of the samarium cobalt permanent 
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secretarial force provided by the strong and weak 

qASk (Vi- magnet arrays is in the approximate ratio 
NAS 1- 12: 1. 

The images of the magnets which had 
been taken at the time of writing are list- 
ed in Table 1. The results are summa- 
rized and interpreted below. 

Reference test chart magnet. Survey 
ilts mode images (lower resolution) of this 
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resolution of the imaging system (- 1 mm 
at this range). Because of the absence of 

any sign of a shadow cast by the magnet- 
ic particles in the sol 15 image taken at 
low sun elevation (15?) (Fig. 3), we calcu- 
late that the magnetic particle layer must 
be thinner than about 250 /tm. 

Backhoe magnet arrays. In the sol 8 

images which happened to include the 
collector head, the backhoe was either 
shadowed and too distant or too near and 
out of focus for confident interpretation 
of the image. Much clearer, high-resolu- 
tion direct view images of the back of the 
backhoe were obtained on sols 20, 24, 
31, and 34 (Fig. 4). The sol 20 image was 
obtained after a total of six insertions in- 
to the surface but before the vibration of 
the surface sampler that results from de- 
livery of the sample to any one of the ana- 
lytical instruments. This sol 20 image 
shows a substantial amount of material 
held by the magnets, together with parti- 

cles adhering elsewhere on the collector 
head. Later backhoe images, taken in 
each case after delivery of samples and 
the associated vibration, reveal a con- 
spicuous concentration of magnetic parti- 
cles in the characteristic bull's-eye pat- 
tern on both weak and strong magnets. 
The large amount of particles on the 
weak magnet is particularly noteworthy; 
comparison with terrestrial material sug- 
gests that a relatively pure, highly mag- 
netic mineral phase is involved. Quan- 
titative estimates of the concentration of 
magnetic particles in the surface material 
are hindered by the lack of clear backhoe 
pictures before sol 20, by which time six 
soil acquisitions had been performed and 
the magnets were approaching satura- 
tion. The amount adhering to the weak 
magnet, in particular, seems to have in- 
creased between the sixth and ninth ac- 
quisitions, but clearly the magnets were 
nearing saturation and there was very 

little difference between weak and strong 
magnets. On the basis of laboratory tests 
using flight-type magnet arrays and ter- 
restrial materials, we judge that the con- 
centration of highly magnetic particles in 
the surface material is 3 to 7 percent. 
More precise estimates must await clean- 
ing of the backhoe with the cleaning 
brush added to the lander for this pur- 
pose, followed by systematic imaging af- 
ter successive insertions. This experi- 
ment is proposed for the extended mis- 
sion. 

Discussion. Potential candidates for 
the highly magnetic mineral or minerals 
present in the surface material are metal- 
lic iron, Fe (or NiFe); magnetite, Fe3O4 
(or titaniferous magnetite); pyrrhotite, 
approximately Feo.,S; and maghemite, 
yFe203. Minerals of lower susceptibility 
such as hematite, aFe203; ilmenite, 
FeTiO3; and goethite and lepidocrocite, 
FeO* OH, can be excluded because 

Table 1. Magnet images received, sols 0 to 35. The image reference number consists of, first, the camera event number, and, second, the roll and 
frame number, the frame number of the best image being given. Survey refers to low-resolution camera mode; HR, high-resolution camera mode. 
Direct view is view of the back surface of backhoe. 

Sol refeImagne RTC maBackhoe Sol reference RTC magnet magComments magnets No. 

0 12A002/00 Survey, shade 
F1001/24 

3 11 A018/003 Survey, shade 
F 1005/13 

5 1 1A032/005 HR, shade Direct view before sampling 
F1007/5 

7 12A054/007 HR, sun Direct view before sampling 
F1012/19 

8 11 A060/008 HR, shade Long-range direct view after fourth 
F1012/42 sample acquisition 

8 12A061/008 Survey, shade Backhoe over inorganic analysis sample receiver 
F1012/46 after fifth sample acquisition, out of focus 

15 12A101/015 HR, sun 
F 1020/6 

17 11A 105/017 Survey, shade Long-range direct view after a sixth sample 
F 1023/2 acquisition 

19 12A110/019 HR, shade 
F 1026/33 

19 12A112/019 HR, shade Direct view, slightly out of focus 
F 1026/49 

20 11A118/020 HR, sun and shade Direct view, strong magnet in sun 
F 1027/66 

24 12A140/024 HR, sun Direct view after sample delivery 
F1031/23 

26 12A145/026 Survey, shade 
F1033/2 

27 12A160/027 Color, sun First color image 
F1034/68 

28 12A171/028 Color, infrared, survey, sun 
F 1035/56 

31 12A247/031 Color, infrared, sun 
F 1038/65 

31 12A242/031 HR, sun 
F 1038/41 

31 12A252/031 HR, sun Direct view after seventh sample acquisition 
F1039/4 

34 12B034/034 Color, infrared, survey, sun 
F1041/57 

34 11 BO 19/034 HR, sun Direct view images after eighth and ninth sample 
F1041/82 acquisitions 

I11B020/034 
F 1041/87 
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they could not possibly adhere to the 
weak backhoe magnet in the amount ob- 
served. None of the potential minerals 
can be excluded unequivocally on the 
basis of data currently available. Color 
and infrared imaging of the backhoe will 
be taken on sol 40, and it is hoped that 
these will help identification of the miner- 
als. 

The magnetic particles adhering are 
likely to be very fine-grained (< 100 /Lm) 
(5), which favors their being mono- 

mineralic. We believe that small parti- 
cles of metallic iron are unlikely to sur- 
vive in the relatively oxidizing martian 
surface environment. The vapor pres- 
sure of sulfur above pyrrhotite, espe- 
cially the magnetic variety (Fe-0.9S), is 
thought to be sufficiently high (6) that it 
would probably have been detected after 
the 500?C heating for organic analysis 
(7). This, however, does not exclude the 
possible presence of more iron-rich, non- 
magnetic pyrrhotite or troilite. The most 

Fig. 3. (a) The center photometric reference test chart as seen on sol 31, with (b) an enlargement 
of the magnet array. The bull's-eye pattern is unambiguous evidence of adhering magnetic 
particles. 

Fig. 4. The surface sampler backhoe as seen from the rear on (a) sol 31 and (b) sol 34. The dense 
bull's-eye concentration of dark magnetic particles on both magnets [particularly in (b)] is unmis- 
takable. A slight, dark protrusion at about 5:00 o'clock on the left (stronger) magnet is thought 
to be the shadow cast by a -2-mm particle. 

86 

likely mineral candidates, in our opinion, 
are magnetite and maghemite. Maghe- 
mite is produced in the weathering cycle 
leading to red lateritic soil in Hawaii (8), 
but in the pure state it tends to be yellow- 
ish brown to reddish. Ideally magnetite 
is also unstable in the martian atmo- 
sphere, but could survive metastably in 
the cold environment, as it does on 
Earth. 

Color and infrared images of the RTC 
magnet have been taken (those for the 
backhoe magnets are scheduled on sol 
40, too late for this report); the magnetic 
particles appear reddish black. This 
could (i) be the color of the magnetic min- 
eral phase; (ii) indicate that black parti- 
cles have a red coating; or (iii) result 
from an overlay on black particles of red- 
dish dust that mantles everything and 
may be concentrated on the magnet. A 
more definite interpretation of the miner- 
alogy of the magnetic particles should be 
possible when the full spectrophotomet- 
ric studies of the backhoe magnet are 
completed. 

Provisionally, we believe a black min- 
eral is the principal phase present, and 
that it is most likely magnetite. If this is 
correct, then it suggests that a significant 
fraction of the loose surface material 
sampled is mechanically weathered or 
disaggregated, relatively unoxidized 
rock-mineral debris. 
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