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The aim of the Viking magnetic proper- 
ties investigation (1) is to estimate the 
abundance and composition of magnetic 
minerals in the martian surface material 
at the Viking landing sites. Two magnet 
arrays in the surface sampler backhoe en- 
ter the surface material during sample ac- 
quisition and attract and hold any mag- 
netic particles present. Another array 
mounted on one of the imaging reference 
test charts (RTC) on top of each lander 
attracts magnetic particles already in, or 
raised into, the Martian atmosphere. 

Details of the magnet arrays have been 
given by Hargraves et al. (2). Briefly, 
each array consists of a cylindrical mag- 
net surrounded by, and separated from, 
a ring magnet. The overall dimensions of 
each array are 1.8 cm diameter and 0.3 
cm thick, and the central and ring mag- 
nets are oppositely magnetized along 
their axes. Two arrays are placed in the 
backhoe in such a way that their surfaces 
are respectively 0.5 mm and 3.0 mm be- 
low the backhoe surface on one side and 
3.0 mm and 0.5 mm below on the other; 
thus, at each face of the backhoe there 
are two levels of attractive force, in the 
approximate ratio of 12: 1. Images of 
the backhoe are periodically taken by the 
lander cameras, the back face directly 
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and the front by way of a 4 x magnifying 
mirror. The RTC magnet is a single array 
equivalent to a strong backhoe array. 

Results from Viking 1. Results from Vi- 
king 1 (VL1), based on images received 
up to sol 34, have already been described 
(2) and are summarized here. 

After initially attracting some particles 
out of the dust cloud raised by the termi- 
nal descent engines during the final 
stages of the landing, the magnet on the 
RTC attracted considerably more materi- 
al during the mission, indicated by a 
well-defined bull's-eye pattern of parti- 
cles over the magnet array. The chief 
source of this material is believed to be 
dust raised by surface sampling activity 
and subsequent distribution of the soil 
samples to the three analytical experi- 
ments. There may also be a contribution 
from magnetic particles attracted from 
the martian atmosphere. 

The backhoe magnets attracted a con- 
siderable quantity of relatively low al- 
bedo magnetic particles from the soil dur- 
ing surface sampling activity, including 
one or two small fragments 2 to 3 mm 
across. The existence of well-defined 
bull's-eye patterns of similar extent on 
both strong and weak magnets indicated 
the presence in the soil of a strongly mag- 
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netic, relatively pure mineral. This was 
considered most likely to be magnetite, 
and by comparison with laboratory tests 
on terrestrial materials its abundance 
was estimated as 3 to 7 percent by 
weight. 

On sol 40, a high resolution, direct 
view image of the backhoe was received, 
after a cumulative total of 13 insertions 
into the surface. This image indicates 
that slightly more material was held on 
sol 40 than on sol 28, and that some milli- 
meter-sized fragments were still adher- 
ing on sol 40; 

On sol 41, further images of the back- 
hoe were received that were taken dur- 
ing a special sequence in which insertion 
of the backhoe into the surface was fol- 
lowed by imaging, by way of the mag- 
nifying mirror, the material held on the 
front of the backhoe both before and af- 
ter vibration. Considerably more materi- 
al was held on the magnets before than 
after vibration of the collector head, in- 
dicating that much non- or weakly mag- 
netic material entrained with the strongly 
magnetic particles was purged by this vi- 
bration. 

A list of images of the RTC and back- 
hoe magnets received since sol 34 is giv- 
en in Table 1. [For a list of previous im- 
ages received, see (2).] 

Results from Viking 2: The RTC mag- 
net. A low resolution image made in the 
survey mode on Viking 2 (VL2) on sol 0, 
in which no clear bull's-eye pattern can 
be discerned, and a high resolution im- 
age on sol 6 were received before any 
sampling activity had occurred (Fig. la). 
In the sol 6 image there was significantly 
more material on the magnet than was 
observed on the Viking 1 magnet at the 
nearest corresponding time (sol 3). This 
could have been the result of a relatively 
larger or denser dust cloud which might 
have been raised during the landing of 
VL2 because of an extra burn of the ter- 
minal descent engines just before touch- 
down. It is believed that the material was 
not seen in the sol 0 image of the magnet 
because of its small size and the lack of 
contrast. A comparison of the material 
held on the RTC magnets on sol 15 (VL ) 
and sol 13 (VL2) shows somewhat less 
material held on the latter than the 
former. On both landers there was sam- 
pling activity on sol 8, but because of an 
anomaly on the surface sampler only one 
delivery had occurred on VL2 as op- 
posed to four on VL1. This difference 
probably explains the above observa- 
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A further comparison of the RTC mag- 
nets on the two landers can be made for 
sols 31 (VL1) and 33 (VL2). After a simi- 
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Viking Magnetic Properties Investigation: Further Results 

Abstract. The amounts of magnetic particles held on the reference test chart and 
backhoe magnets on lander 2 and lander 1 are comparable, indicating the presence 
of an estimated 3 to 7 percent by weight of relatively pure, strongly magnetic parti- 
cles in the soil at the lander 2 sampling site. Preliminary spectrophotometric analy- 
sis of the material held on the backhoe magnets on lander I indicates that its reflec- 
tance characteristics are indistinguishable from material within a sampling trench 
with which it has been compared. The material on the RTC magnet shows a different 
spectrum, but it is suspected that the difference is the result of a reflectance contribu- 
tion from the magnesium metal covering on the magnet. It is argued that the results 
indicate the presence, now or originally, of magnetite, which may be titaniferous. 
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_: . .. dlar total number of sample deliveries (six 
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nificance of this observation is difficult to 
-, la assess; variables include wind speed and 
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As described below, the evidence 
from the backhoe magnets is that the con- 
tent of magnetic particles in the surface 
at the two landing sites is comparable. 

i~:_~ 
":: 

jThe grain size at the Bonneville and Beta 
sites may be somewhat coarser than at 
Sandy Flats at the VL1 site (3), but we 
think that neither the relative abun- 
dance, nor the particle size, can cause 
the differences observed. 

? .................... Meteorological data obtained on 20 
sols from each lander were averaged, 
and the results indicate that the wind di- 
rections are variable at both sites (4). At 
the VL1 site, the winds blew from be- 
tween SE and SW during the times of 
sampling activity, tending to transport 
dust raised into the atmosphere by this 
activity toward the RTC magnet. At the 
landing site of VL2, the prevailing winds 

a b C d during sampling periods blew from be- 
Fig. 1. The RTC magnet as seen on sol 6 (a), sol 13 (b), sol 33 (c), and sol 42 (d). Images (a) and tween SW and NW, tending to blow 
(b) were taken with camera 1, (c) and (d) with camera 2. These images clearly show the increase raised dust away from the RTC magnet. 
in the density of the bulls'-eye pattern of adhering particles between sols 6 and 13. The apparent If atmospheric particles are being at- 
increase after sol 13 may be an artifact of image processing and geometry, because the two pairs trce,henu ei al bede 
of pictures were taken with different cameras. A thorough analysis with the raw digital data is in tracted, the number held will also be de- 
progress. pendent on the average speed and direc- 

Table 1. Magnet images received from Viking 1. This table continues Table 1 in (2). 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. All color and infrared pictures are low resolution. Direct view is view of the back surface of backhoe. 

Sol Imagerefeence RTC magnet Backhoe magnets Comments 
No. 

36 12B054/036 HR, shade Direct view after 11th sample acquisition: 
F1043/61 out of focus 

38 12B067/038 HR, sun Direct view, out of focus 
F 1045/36 

39 11 B073/039 HR, shade Out of focus 
F 1046/60 

40 11B088/040 Color, infrared, survey, shade 
F 1047/67 

40 11 B092/040 Color, infrared, sun First color image of backhoe 
F1047/8 

40 11B093/040 HR, sun Direct view after 13th sample acquisition 
F1047/14 

40 11 B099/040 HR, sun Out of focus 
F1048/20 

41 12B 104/041 HR, sun Front of backhoe x4 mirror; after insertion 
F1049/7 into surface, before vibration 

41 12B105/041 Color As above 
F1049/12 

41 12B 106/041 HR, sun As above, after vibration 
F1049/19 

41 12B 107/041 Color, sun Color, sun Combined image of backhoe and RTC magnet 
F1049/24 

41 12B112/041 HR shadow Out of focus 
F1049/68 

57 12B141/057 Color, shade 
F1056/20 

76 12B166/076 Color, shade 
F1063/12 

130 SCEC,VL-9 
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tion of the wind at each site, and also on 
the number density of the particles. 
There is evidence from the atmospheric 
extinction coefficients at the two sites, 
0.35 and 0.25 at VL1 and VL2, respec- 
tively, that there are fewer atmospheric 
particles at the VL2 site, if one assumes 
a similar size distribution (5). Also, the 
prevailing winds at the two sites would 
tend to favor particle capture by the RTC 
magnet on VL1 rather than VL2. Be- 
cause of these observations, we believe 
that the difference in the amount of mate- 
rial adhering to the RTC magnets reflects 
different wind conditions during sample 
acquisition and delivery, and possibly al- 
so indicates the presence of less very 
fine-grained material at the VL2 than at 
the VL1 site (3). This, if true, would im- 
ply that less dust persists in the atmo- 

sphere and drifts over the RTC magnet 
during the delivery procedure on VL2. 

During the extended mission, there 
will be an opportunity for imaging the 
RTC magnets on both landers after long 
intervals during which there will have 
been little or no sampling activity. Any 
changes observed in the material on the 
magnets will presumably be due to acqui- 
sition of dust from the atmosphere or its 
removal by wind, or a combination of 
both of these effects. Significant removal 
of the material by winds would indicate a 
weakly magnetic mineral, most probably 
goethite or hematite, both of which are 
candidate minerals for atmospheric parti- 
cles. Any strongly magnetic minerals 
(see Fig. 2) would not be removed in 
this way. 

Backhoe magnets. The first good im- 
age of the VL2 backhoe was received on 
sol 28 (Fig. 3a) after three insertions of 
the backhoe into the surface and sub- 
sequent vibration during sample delivery 
and purge. Each magnet is well covered 
with particles, both weak and strong 
bull's-eye patterns being very similar in 
size and intensity, as in the images from 
VL1. This again suggests the presence of 
a relatively pure magnetic mineral in the 
surface material at the VL2 site. Sub- 
sequent images obtained during sample 
acquisitions and rock-moving activities 
on sols 29, 30, 33, 36, and 45 (see Table 
2) confirmed the above observations. 
The later images suggested that the mag- 
nets were near saturation, in that there 
appeared to be a more or less constant 
amount of material held. However, fur- 
ther images received on sol 46 and 47 af- 
ter additional sample acquisitions at the 
Beta site (3), showed evidence of consid- 
erably more material on each magnet. 
These later images were taken when the 
sun was at an angle of about 15? relative 
to the backhoe surface (Fig. 3b), and the 

17 DECEMBER 1976 

extent of the shadow suggests a particle 
pile 2 to 4 mm high. These images were 
received after the backhoe had been in 
the surface 9 times (including 3 in- 

104 

102 

sertions at the Beta sampling site) on sol 
46, and 11 times (including 5 insertions at 
the Beta site) on sol 47. Because the im- 

age on sol 45 is too far out of focus, the 

0-6 10-5 10-4 10-3 10-2 10-1 

EFFECTIVE SUSCEPTIBILITY (G cm3 g-1 Oe-1) 

Fig. 2. Diagram illustrating the response to the backhoe magnets of the common magnetic miner- 
als, according to their grain size and magnetic susceptibility. The diagram is based on extrapola- 
tion of the results of laboratory experiments (with Viking backhoe magnets and natural and syn- 
thetic materials) to the conditions which we consider to apply when the magnets are actually 
deployed during sampling activity on Mars. The vertical broken lines refer to composite 
particles containing different percentages of any of the four strongly magnetic minerals. The 
broad stippled bands separate the three main levels of magnetic attraction between which there 
is no clear division. (G, gauss; Oe, oersted.) 

a b 
Fig. 3. Direct view images of the backhoe after a total of three insertions (a) and 11 insertions (b) 
into the surface. Note the similar amount of material adhering to both strong and weak magnets: 
in (a) the weak magnet is to the right and in (b) to the left. 
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best previous image obtained of the back- 
hoe after insertion at the Beta site was on 
sol 28 (after 2 insertions). The adher- 
ing material appears to be relatively 
much less in this earlier picture, but on 
sol 28 the sun angle was greater (about 
45?), so shadows were unlikely to be cast 
and the contrast may not be so marked. 
We tentatively conclude that there is a 
greater concentration of magnetic parti- 
cles at the Beta site (3) compared with 
the other sampling sites, and it is hoped 
that this result may be further investi- 
gated during the Viking extended mis- 
sion. 

On sol 56, an image of the backhoe 
was received showing two small (2 to 3 
mm) fragments held by the strong mag- 
net. These fragments appear to have 

been extracted from the soil during the 
biology sample acquisition from under 
"Notch" rock (3) on sol 51, and are simi- 
lar in size to those attracted to the VL1 
backhoe magnets (2). After a further in- 
sertion into the surface, these or other 
similar-sized fragments can still be seen 
on the magnets. 

Spectrophotometric analysis. The 
lander cameras have six channels for use 
in defining spectral reflectivity in the 
wavelength range from 0.4 to 1.1 ,um. Be- 
cause of signal-to-noise constraints, the 
channels were constructed with inter- 
ference filters with bandwidths of ap- 
proximately 0.1 ,im (6). Three of the 
channels have appreciable out-of-band 
response. Because of the nature of the 
channels it is difficult to assign each an 

effective wavelength and then to plot 
wavelength against reflectance; this is es- 
pecially true for two of the infrared (IR) 
channels (7). An alternative method of 
data reduction has been developed, how- 
ever, that utilizes the channel responsivi- 
ty functions and their out-of-band signals 
to advantage by treating reflectivity as a 
linear sum of basic functions embedded 
in the integral that defines the channel 
preamplifier voltage (8). 

A preliminary comparison of the re- 
flectivity of material clinging to the mag- 
nets can, however, be derived by utiliz- 
ing the blue, green, red, and IR 1 chan- 
nels as discrete wavelengths (9, 10). 
More refined analyses are in progress. 
Although treating the channels as having 
effective wavelengths degrades the re- 

Table 2. Magnet images received from Viking 2. 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. 
All color and infrared pictures are low resolution. Direct view is view of the back surface of backhoe. 

Sol Image reference 
No. 

0 22A002/000 
F2001/39 

6 21A040/006 
F2013/20 

10 21A076/010 
F2019/2 

12 22A086/012 
F2021/47 

12 21A081/012 
F2021/21 

13 21A090/013 
F2022/20 

16 21A120/016 
F2025/10 

18 21A129/018 
F2026/3 

21 22A 160/021 
F2030/39 

22 22A166/022 
F2031/46 

23 22A181/023 
F2034/7 

23 21A184/023 
F2034/14 

24 21A196/024 
F2035/12 

25 21A204/025 
F2035/40 

25 21A212/025 
F2035/102 

28 21A229/028 
F2039/38 

29 22A239/029 
F2040/32 

29 21A241/029 
F2040/40 

30 21A246/030 
F2040/56 

30 21A248/030 
F2040/64 

30 21A249/030 
F2040/68 

30 21A250/030 
F2040/72 

33 22B020/033 
F2043/19 

33 21B022/033 
F2043/15 

RTC magnet Backhoe magnets Comments 

Survey, sun 

HR, sun 

HR, shade 

Survey, shade 

Color, sun 

HR, sun 

Survey, shade 

HR, sun 

Color, infrared, shade 

Color, sun 

Color, infrared, survey, 
shade 

Color, infrared, survey, 
shade 

Color, sun 

HR, sun 

Before any sampling activity 

Out of focus, after first sample acquisition 
(Beta site) 

Out of focus, after first sample acquisition 
(Beta site) 

First color image 

Out of focus 

Out of focus 

Color, infrared 

HR, sun 

HR, sun 

HR, shade 

HR, sun 

HR, sun 

HR, sun 

HR, sun 

After a total of three sample acquisitions 

Weak magnet visible only 

After a total of four sample acquisitions 

Long range, direct view images taken 
during rock moving activity 

As above 

As above 

HR, sun 

HR, sun Magnets partially shadowed 
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flectivity estimate, it does serve to delin- 
eate similarities and differences. Effec- 
tive wavelengths for these channels are 
0.500, 0.556, 0.669, and 0.867 Am, re- 
spectively (7). 

Figure 4 shows estimated reflectance 
values for material on the backhoe mag- 
net, for material on the reference test 
chart magnets, and for the bare magne- 
sium cover on the RTC magnet (11). Al- 
so plotted is the reflectance for a portion 
of the trench imaged on sol 26 (11). Note 
that these reflectivities are actually a 
product of normal albedo and the photo- 
metric function, that is, lighting and 
viewing geometry effects on reflectivity 
have not been taken into account numeri- 
cally. 

Nevertheless, some preliminary obser- 
vations can be made. First, the material 
on the two backhoe magnets is spectrally 

indistinguishable to the accuracy that 
can be discerned by the technique of 
data reduction used. Second, the materi- 
al on the backhoe magnets is similar to 
the material in the trench. The particular 
region chosen for reflectivity of the 
trench has lighting and viewing angles 
similar to the backhoe images, thus re- 
ducing brightness differences due to light- 
ing and viewing geometry. Third, the ma- 
terial on the RTC magnets is either spec- 
trally distinct from the other materials or 
the magnesium cover on the magnets 
composes part of the observed bright- 
ness. We favor the latter interpretation, 
pending the results of experiments in 
progress designed to measure more accu- 
rately the reflectance of the bare RTC 
magnet. 

Discussion. The appearance of both 
RTC and backhoe magnets at VL2 up to 

sol 47, is very similar to that at an equiva- 
lent time at VL1 (sol 41), and hence we 
would infer a similar abundance of rela- 
tively pure magnetic particles, 3 to 7 per- 
cent by weight (2). There was some in- 
dication of a variation in the abundance 
between the Alpha and Beta sites (3), 
however, and these estimates of magnet- 
ic mineral abundance are tentative. In 
the extended mission it is planned to 
clean the magnets with the cleaning 
brush and perform specific experiments 
to refine the abundance estimate at the 
two landing sites. However, the meaning 
of the present estimate, the possible iden- 
tity of the magnetic mineral particles, 
and their potential significance are dis- 
cussed below. 

Purity of magnetic particles. The sus- 
ceptibility and saturation magnetization 
of the common strongly magnetic miner- 

Sol Image reference No. 

34 22B027/034 
F2044/28 

36 22B041/036 
F2047/74 

36 22B045/036 
F2047/84 

36 21B043/036 
F2047/78 

42 22B 101/042 
F2053/7 

42 22B098/042 
F2052/34 

43 21B 104/043 
F2054/5 

44 22B 111/044 
F2054/51 

45 21B121/045 
F2055/24 

46 22B 129/046 
F2056/37 

46 22B 136/046 
F2057/20 

47 22B 146/047 
F2058/47 

48 22B 151/048 
F2058/64 

49 22B 180/049 
F2059/51 

50 22B 190/050 
F2060/104 

51 21B203/051 
F2061/4 

51 22B207/051 
F2061/21 

56 22C021/056 
F2067/20 

56 22C022/056 
F2067/24 

56 22C026/056 
F2067/40 

56 22C030/056 
F2067/56 

57 22C037/057 
F2067/83 

57 22C039/057 
F2067/94 

(Table 2 continued) 

RTC magnet Backhoe magnets Comments 

Color, sun 

HR, sun After a total of six insertions into surface 

HR, shade 

Color, sun 

Color, shade 

HR, sun 

Color, shade 

Color, infrared, survey, sun 

HR, part shaded 

Color, infrared, survey, sun 

Color, infrared, 
survey, sun 

HR, sun 

After a total of eight insertions into the 
surface 

First color image of material on backhoe; total 
of nine insertions 

After a total of 11 insertions into the surface 

Color, infrared, survey, sun 

Color, infrared survey, sun 

Color, infrared survey, sun 

HR, shade After total of 13 insertions into the surface 

Color, infrared, sun 

HR, sun 

HR, sun 

HR, sun 

HR, sun 

Color, infrared 

HR, shade 

Color, infrared 

HR, sun 

Front of backhoe in x 4 mirror 

Direct view, before insertion 

Direct view, after total of 14 insertions 
into surface, after vibration 

Front of backhoe in x 4 mirror 

Combined image of backhoe and RTC magnet 

As aboye 
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als are so high, that the admixture even 
of as little as 1 percent magnetite (or 
equivalent) in an otherwise nonmagnetic 
100-/1m particle enhances its susceptibili- 
ty to the extent that it will be attracted to 
the strong Viking magnets (Fig. 2). But if 
the apparently magnetic particles were 
generally composite, and the concentra- 
tion of the truly magnetic phase were low 
in each particle, there would usually be a 
marked difference in response between 
the weak and strong magnet arrays of the 
backhoes. After five or more insertions 
into the surface, the appearance of the 
two backhoe magnets at both landing 
sites has, on the contrary, been remark- 
ably similar. It is this which prompts the 
inference of relative purity for the mag- 
netic particles at both sites. From experi- 
ments with natural terrestrial samples, 
the clear contrast in the response be- 
tween weak and strong magnets begins 
to disappear if the particles contain more 
than 25 percent of the highly magnetic 
phase (usually magnetite). Thus, our pre- 
liminary abundance estimate of 3 to 7 
percent by weight of "relatively pure" 
magnetic particles could be consistent 
with the presence in the soil of as little as 
1 percent Fe304 or y-Fe203 equivalent. If 

they are not altogether pure, the esti- 
mated minimum of 3 percent magnetic 
particles could consist of an admixture 
with silicates, or with other nonmagnetic 
oxide phases. The admixture could, for 
example, be a solid solution of 

ulvospinel (Usp) with magnetite (Mt) 
or an oxidized magnetite-ilmenite inter- 
growth. It is interesting to note that if the 
magnetic particles on Mars are titanifer- 
ous magnetite (or titanomaghemite) con- 
taining 20 percent TiO2 (equivalent to 
about Usp60Mt40), then an abundance of 
about 5 percent would more than suffice 
to explain the 0.85 percent TiO2 in the 
martian soil (12). 

There is, however, no evidence of 
whether or not the TiO2 content of the 
soil is closely associated with the magnet- 
ic particles. No means of implementing 
on Mars an analysis of the magnetic parti- 
cles themselves or, alternatively, of the 
soil with the magnetic fraction removed, 
has yet been devised. 

Composition of particles. The spectro- 
photometric data available at present for 
the magnetic particles clinging to the 
backhoe magnet show them to be red 
and essentially indistinguishable from 
the martian surface material as exposed 
in the trenches. This corrects our origi- 
nal inference that the magnetic particles 
were darker (2) than the average surface 
material. To the extent that the color of 
the martian surface is attributed to ferric 
iron in the form of limonite or hematite, 
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Fig. 4. Estimated reflectance plotted against 
effective wavelength for the material on the 
VL1 RTC magnet (closed circles), VL1 back- 
hoe magnets (open circles) and for the trench 
in Sandy Flats (3) as imaged on sol 26 (open 
squares). Reflectance values from the magne- 
sium cover over the magnet are also shown 
(open triangles). 

both of which are nonmagnetic (Fig. 2), 
these results give no clue as to the com- 
position of the magnetic particles or the 
truly magnetic component of them. 

The particles could, conceivably, be 
composed of pure maghemite, y-Fe203; 
the color of this mineral, however, is not 
well known. A synthetic sample of y- 
FeO03 (13) is yellow-brown, rather than 
red, but in nature the color is probably 
highly variable. 

Alternatively, the magnetic particles 
could consist of a core of any one of the 
three other candidates (2) (iron, magnet- 
ite, pyrrhotite) with a thin coating of red- 
dish hematite or limonite. The only hope 
of resolving this uncertainty directly lies 
in the more complete spectrophotomet- 
ric analyses currently being made. 

Origin of magnetic particles. In addi- 
tion to hematite, a-Fe203, maghemite 
has been reported to result from the pho- 
tostimulated oxidation of magnetite un- 
der martian conditions (14). In addition 
to direct, low-temperature oxidation of 
magnetite to maghemite, the latter also 
forms by the dehydration of lepidocro- 
cite, y-FeO.OH in contrast to goethite, 
a-FeO.OH, which dehydrates to hema- 
tite, a-Fe203 (15). Goethite (possibly to- 

gether with lepidocrocite) is the principal 
component of limonite. 

If the magnetic mineral on Mars is 
maghemite formed by low-temperature 
oxidation of magnetite (titaniferous or 
otherwise) the petrogenetic significance 
associated with the original presence of 

magnetite will still apply. If, on the other 
hand, the maghemite formed by dehy- 
dration of lepidocrocite, which was a 

component of limonite formed by altera- 
tion of ferroan silicates, then magnetite 
is not a necessary precursor. Experi- 

ments utilizing magnetic property mea- 
surements are planned to test the extent 
of lepidocrocite production in connection 
with the oxidation and hydration of Fe 
bearing silicates under martian condi- 
tions. On Earth, however, most maghem- 
ite is apparently derived ultimately from 
magnetite (15). Thus, the magnetic par- 
ticles present in the surface material 
of Mars at the two Viking landing sites 
can be considered to reflect at least the 
original presence of magnetite, even if 
none is now preserved. The extent of the 
possible oxidation to maghemite cannot 
be determined. 

Possible implications. The inter- 
pretation of the magnetic particles on 
Mars as indicating, directly or indirectly, 
the original presence of magnetite, has a 
variety of implications. 

Magnetite, per se, is not an equilibri- 
um product of weathering under martian 
conditions (16); hence, if present, it was 
most likely derived from some pre- 
existing igneous or metamorphic rock. 
Earth-based spectral reflectance studies 
of Mars (17) are interpreted to signify 
that the dark areas are composed of rela- 
tively less-oxidized basalt, containing 
considerable FeO. The light areas on the 
other hand are interpreted as being more 
oxidized, low in FeO relative to ferric 
iron, and rich in clay alteration products. 

If the magnetite is pyrogenic, and de- 
rived from breakdown of an extrusive ig- 
neous rock, such as basalt, then by ter- 
restrial analogy one would expect it to be 
titaniferous. On the other hand, if the 
magnetite is produced by metamorphism 
or deuteric alteration (serpentinization, 
for example), then it is probably low in 
TiO2. 

These arguments emphasize the desir- 

ability of determining whether or not 
the TiO2 of the martian fines is closely as- 
sociated with the magnetic fraction. 
Every effort will be made in the extended 
mission to implement an experiment to 
test this possibility. 
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where V,, is the preamplifier voltage for the ith 
channel imaging the magnetic material, Vi,RTC is 
the equivalent for imaging one of the test patch- 
es, Ci is a channel-dependent calibration con- 
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blue, green, red, and IR 1 channels can be 
approximated as single wavelength samples, this 
equation reduces to: 
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V P(h)RTC COS i 
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This report is primarily concerned 
with Viking 2 lander (VL2) data; how- 
ever, some of the results obtained on Vi- 
king 1 after sol 36 will be reported. Ear- 
lier reports (1, 2) on the "soil" (3) proper- 
ties of Mars were based on data obtained 
during the first 36 sols (4) of Viking 1 
lander (VL1). 

The dynamics of both landings were 
similar-an almost vertical descent dur- 
ing the last 10 seconds and a "soft" 
touchdown-but minor variations oc- 
curred. The activities of the surface sam- 
pler on VL2 were also similar to those 
carried out on VL 1 with the addition that 
samples were obtained from under rocks 
for the biology and gas chromatograph- 
mass spectrometer (GCMS) experi- 
ments. 

The surface materials in the sample 
field at Utopia Planitia can be described 
as blocks and fi-agments set in a matrix of 
finer-grained material (Figs. 1-3). 
Beyond the sample field, small dunes 
(pitted by rocks propelled by the engine 
exhausts) indicate a local wind direction 
near 320?. Blocks within the sample field 
attain dimensioAs of 0.65 by 0.23 m. Be- 
cause of the viewing angles, the third di- 
mension of blocks normally cannot be 
measured and much of the interblock sur- 
face is obscured. Finer-grained materials 
between rocks and fragments are present 
as fillets, small drifts, a weak platy crust, 
and subcrust materials; small clods and 
rock fragments are abundant everywhere 
between the rocks. Unlike the VL1 site 
at Chryse where the sample field could 
be divided into an area underlain by very 
fine-grained material and a rocky area (1, 
2), Utopia Planitia is more uniform. The 
sample field at Utopia Planitia near 
footpad 3 and the ejected shroud are rel- 
atively rock-free, but materials there 

This report is primarily concerned 
with Viking 2 lander (VL2) data; how- 
ever, some of the results obtained on Vi- 
king 1 after sol 36 will be reported. Ear- 
lier reports (1, 2) on the "soil" (3) proper- 
ties of Mars were based on data obtained 
during the first 36 sols (4) of Viking 1 
lander (VL1). 

The dynamics of both landings were 
similar-an almost vertical descent dur- 
ing the last 10 seconds and a "soft" 
touchdown-but minor variations oc- 
curred. The activities of the surface sam- 
pler on VL2 were also similar to those 
carried out on VL 1 with the addition that 
samples were obtained from under rocks 
for the biology and gas chromatograph- 
mass spectrometer (GCMS) experi- 
ments. 

The surface materials in the sample 
field at Utopia Planitia can be described 
as blocks and fi-agments set in a matrix of 
finer-grained material (Figs. 1-3). 
Beyond the sample field, small dunes 
(pitted by rocks propelled by the engine 
exhausts) indicate a local wind direction 
near 320?. Blocks within the sample field 
attain dimensioAs of 0.65 by 0.23 m. Be- 
cause of the viewing angles, the third di- 
mension of blocks normally cannot be 
measured and much of the interblock sur- 
face is obscured. Finer-grained materials 
between rocks and fragments are present 
as fillets, small drifts, a weak platy crust, 
and subcrust materials; small clods and 
rock fragments are abundant everywhere 
between the rocks. Unlike the VL1 site 
at Chryse where the sample field could 
be divided into an area underlain by very 
fine-grained material and a rocky area (1, 
2), Utopia Planitia is more uniform. The 
sample field at Utopia Planitia near 
footpad 3 and the ejected shroud are rel- 
atively rock-free, but materials there 

18. Supported in part by the NASA Langley Re- 
search Center. We acknowledge with thanks the 
assistance of the Surface Sampler and Lander 
Imaging Teams in obtaining the pictures of the 
magnetic arrays on which our interpretations are 
based. 

15 November 1976 

18. Supported in part by the NASA Langley Re- 
search Center. We acknowledge with thanks the 
assistance of the Surface Sampler and Lander 
Imaging Teams in obtaining the pictures of the 
magnetic arrays on which our interpretations are 
based. 

15 November 1976 

appear similar to those elsewhere (Fig. 2). 
Deposits of cross-bedded drifts super- 

posed on a rocky substrate, which cov- 
ered extensive areas at the VL1 site, are 
virtually absent at Utopia Planitia. The 
rocky, deflated appearance of the VL2 
site is consistent with orbital images of 
the site, in particular, and the region 
from 44?N to 48?N in general. Orbital im- 
ages of the northern latitudes show par- 
tially stripped lava flows and ejecta blan- 
kets, hexagonal to reticulate structural 
patterns enhanced by erosion and defla- 
tion, secondary craters standing in stark 
relief because of deflation, and deflation 
hollows. These features are found in the 
general area of the VL2 landing site. 
There is no evidence for a thick aeolian 
mantle of fines or dune deposits as had 
been expected by many members of the 
landing site selection team. 

Touchdown. Landing conditions for 
both VL1 and VL2 were close to nomi- 
nal, with the exception of an anomaly 
which occurred during the last 0.4 sec- 
ond of the VL2 decent when there was a 
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gines is terminated upon contact of the 
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and the decay time constant is about 30 
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The average leg stroke on VL1 was 
larger than on VL2. These data were at 
first surprising because both landers 
nominally appeared to have the same ki- 
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The Environs of Viking 2 Lander 

Abstract. Forty-six days after Viking 1 landed, Viking 2 landed in Utopia Planitia, 
about 6500 kilometers away from the landing site of Viking 1. Images show that in 
the immediate vicinity of the Viking 2 landing site the surface is covered with rocks, 
some of which are partially buried, andfine-grained materials. The surface sampler, 
the lander cameras, engineering sensors, and some data from the other lander exper- 
iments were used to investigate the properties of the surface. Lander 2 has a more 
homogeneous surface, more coarse-grained material, an extensive crust, small rocks 
or clods which seem to be difficult to collect, and more extensive erosion by the retro- 
engine exhaust gases than lander 1. A report on the physical properties of the mar- 
tian surface based on data obtained through sol 58 on Viking 2 and a brief descrip- 
tion of activities on Viking 1 after sol 36 are given. 

The Environs of Viking 2 Lander 

Abstract. Forty-six days after Viking 1 landed, Viking 2 landed in Utopia Planitia, 
about 6500 kilometers away from the landing site of Viking 1. Images show that in 
the immediate vicinity of the Viking 2 landing site the surface is covered with rocks, 
some of which are partially buried, andfine-grained materials. The surface sampler, 
the lander cameras, engineering sensors, and some data from the other lander exper- 
iments were used to investigate the properties of the surface. Lander 2 has a more 
homogeneous surface, more coarse-grained material, an extensive crust, small rocks 
or clods which seem to be difficult to collect, and more extensive erosion by the retro- 
engine exhaust gases than lander 1. A report on the physical properties of the mar- 
tian surface based on data obtained through sol 58 on Viking 2 and a brief descrip- 
tion of activities on Viking 1 after sol 36 are given. 


