
Spectra taken in the terrestrial atmo- 
sphere and in laboratory mixtures of 
varying proportions of CO2 and Ar show 
a strong peak at 2.96 kev that is caused 
by Ar K, x-rays (Fig. la). Calibration of 
the instrument for Ar determinations 
(Fig. 2) was made by introducing mix- 
tures of CO2 and Ar in various propor- 
tions and at different pressures into a vac- 
uum chamber in which a flight-type x-ray 
fluorescence spectrometer was installed. 
Spectra were obtained at three com- 
binations of total pressure and seven dif- 
ferent ratios of Ar to CO2. Appropriate 
integration limits for the Ar K. and 55Fe 
backscatter peak were chosen by in- 
spection. In addition, the instrument on 
Viking 1 lander was calibrated in an at- 
mosphere (6.9 ? 0.13 mbar) of pure Ar 
prior to being installed on the spacecraft. 
After correction for source decay (2.60- 
year half-life of 55Fe), the instrument sen- 
sitivity was 471 count/mbar (69.1 sec- 
onds, channels 35 to 50) at the time of 
landing. The spectral characteristics for 
5 percent and 20 percent Ar in CO2 (8 
mbar total pressure) are shown in Fig. 
la. Two days prior to landing a baseline 
spectrum was taken of the instrument on 
Viking 1 lander to verify instrument set- 
tings. This spectrum, which because of 
mission constraints was taken at a lower 
gain than the bulk of the landed spectra, 
was mathematically expanded and nor- 
malized to the backscatter peak. It is pre- 
sented as a solid line in Fig. lb for com- 
parison with a smooth curve of the 
pooled data from three separate scans af- 
ter landing. No Ar peak is apparent in 
the spectrum taken after the instrument 
was landed on Mars. Also not detected 
are gases containing chlorine (channel 
36) or sulfur (channel 30). Over the total 
measurement period of 6 hours, the tem- 
perature at the sample cavity slowly 
dropped from 25? to 19?C (calibration 
was at 28?C). Integrated over the Ar 
peak, the total count measured in situ 
was. virtually identical to that prior to 
landing. When the above Ar sensitivity is 
combined with the background count, 
the Ar concentration determined at the 
landing site of the Viking 1 lander is less 
than 0.15 mbar at the 95 percent confi- 
dence level. The reported 7.7 mbar total 
pressure (8) at the landing site would 
place the Ar concentration at not more 
than 2 percent by volume. This result is in 
good agreement with the data reported by 
the entry mass spectrometer (5) and the 
mass spectrometer on the lander (7), 
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mosphere reflects (i) the original abun- 
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dance and (ii) the balance of processes 
supplying and removing the element 
from the atmosphere. Because of the 
high 40Ar/36Ar ratio (5, 7), most of the at- 
mospheric Ar is radiogenic in origin, hav- 
ing been formed by decay of 40K. 
Clearly, considerable importance will be 
attached to the K contents of the martian 
surface materials analyzed by the x-ray 
fluorescence spectrometer on the lander, 
and it is hoped that clues can be provided 
by the x-ray fluorescence data not only 
regarding the internal and surficial differ- 
entiation of Mars but also regarding the 
evolution of its atmosphere. 
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Physical Properties of the Martian Surface 

from the Viking 1 Lander: Preliminary Results 

Abstract. The purpose of the physical properties experiment is to determine the 
characteristics of the martian "soil" based on the use of the Viking lander imaging 
system, the surface sampler, and engineering sensors. Viking 1 lander made physi- 
cal contact with the surface of Mars at 11:53:07.1 hours on 20 July 1976 G. M. T. Twen- 
ty-five seconds later a high-resolution image sequence of the area around a footpad 
was started which contained thefirst information about surface conditions on Mars. 
The next image is a survey of the martian landscape in front of the lander, including 
a view of the top support of two of the landing legs. Each leg has a stroke gauge 
which extends from the top of the leg support an amount equal to the crushing experi- 
enced by the shock absorbers during touchdown. Subsequent images provided 
views of all three stroke gauges which, together with the knowledge of the impact 
velocity, allow determination of "soil" properties. In the images there is evidence of 
surface erosion from the engines. Several laboratory tests were carried out prior to 
the mission with a descent engine to determine what surface alterations might occur 
during a Mars landing. On sol 2 the shroud, which protected the surface sampler 
collector head from biological contamination, was ejected onto the surface. Later a 
cylindrical pin which dropped from the boom housing of the surface sampler during 
the modified unlatching sequence produced a crater (the second Mars penetrometer 
experiment). These two experiments providedfurther insight into the physical proper- 
ties of the martian surface. 
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area viewed by Viking 1 orbiter clearly 
revealed that the uppermost martian sur- 
face has been modified by wind. In the 
immediate vicinity of the initial site 
(19.5?N, 34?W), images revealed what ap- 
peared to be volcanic cones, necks, 
dikes, dark flows, and both ridges and de- 
pressions controlled by conjugate joint 
sets in a dark layer of probable volcanic 
origin-the stark relief of these features 
attested to erosional processes. In the 
northern part of Chryse (20?N, 35?W) 
small dark halo craters (approximately 
600 m in diameter) surrounded by a light- 
er background indicated that dark materi- 
al was excavated by impact cratering and 
deposited on a lighter surface material 
which presumably had been deposited or 
modified by the wind. Some craters had 
bright wind tails on their southwestern 
sides, confirming aeolian modification of 
the surface materials. 

Likewise, farther to the northwest at 
the actual landing site, the surface dis- 
played evidence of deflation and erosion 
as well as deposition by the wind. Here 
too, small craters, hundreds of meters in 
diameter, had excavated material from a 
dark layer, and were subsequently modi- 
fied by the wind, producing bright wind 
tails on the southwestern sides of the cra- 
ters and stripping the northwestern 
flanks. 

Of equal importance to the physical 
properties of the surface are the ubi- 

quitous impact craters ranging in size 
from 200 m to several tens of kilometers 
in diameter. These craters evidently 
ejected to great distances large blocks, 
fragments, crushed rock, and frothy 
chunks of shocked rocks. Thus, the gen- 
eral setting for the description of physi- 
cal properties of the martian landing site 
is a surface material of crater ejecta mod- 
ified by aeolian processes. 

Lander camera images confirm the in- 

terpretation of the Viking orbiter im- 

ages (2). The Viking lander camera images 
reveal a panorama similar to that seen in 
the southwestern parts of the United 
States; the large number of blocks and 
fragments were reminiscent of some lu- 
nar surfaces such as areas on the flank of 
the crater Tycho where Surveyor 7 land- 
ed (3). Thus, an initial impression of the 
martian surface is that it is intermediate 
between a lunar mare and a terrestrial 
aeolian environment. As in the orbiter 
images, there is evidence for a north- 
easterly wind which has produced defla- 
tion hollows on the northeastern sides of 
the rocks and left aerodynamically 
shaped ridges pointing downward to- 
ward the southwest. The detailed charac- 
ter of the physical properties of the mar- 
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Fig. 1. Lander camera image of the surface 
near footpad 3, showing the general character 
of surface and the crater produced by the im- 
pact of the shroud (event L.L.T. 002 102950; 
Fr 12 A 013/002; sun elevation angle is 65.5?, 
sun is to the right). The width of the footpad 
shown is 20 cm. 

tian surface materials are discussed be- 
low. 

Surface erosion by descent engines. In 
the site alteration studies simulated in 
1971 (4), an 18-nozzle descent engine 
similar to those on the Viking lander 
was fired while it was lowered at a rate of 
about 1.52 m/sec (5 feet/sec) from a 
height of about 12.2 m (40 feet) above a 
soil bed. The thrust employed was 667 
newtons (150 pounds), and the chamber 
pressure was that of the Mars surface in 
a carbon dioxide atmosphere. 

Viking 1 descended on Mars at about 
2.44 m/sec at a thrust of about 743 new- 
tons per engine so that, although the de- 
scent velocity and thrust employed in the 
1971 site alteration studies are both 
slightly low, they are not dissimilar to 
those involved in the Viking 1 landing. 
At the present, the best estimate of the 
mechanical properties of the Viking 1 
landing site is that they are consistent 
with a material somewhat stronger or 
denser, or both, than the "lunar nomi- 
nal" soil (5) used, among others, for pre- 
flight site alteration tests. 

During the tests, observations were 
made of the depth and extent of the cra- 
ter formed in the soil below the descent 
engine, and the amount and distribution 
of the soil removed from the crater. In 
addition, before each test firing, rocks of 
varying sizes and other features such as 
model craters, troughs, and ridges were 
placed or located at different distances 
from the engine descent axis. 

In the lunar nominal soil the area be- 
low the descent engine was scrubbed and 
some soil removed to a depth of a few 
millimeters, but no distinct crater was 
formed. Finer grains were removed until 

coarse particles were exposed at the soil 
surface, giving the appearance of a fine- 
grained lag gravel. No sign of separate 
craters caused by the individual engine 
nozzles was apparent. By contrast, in 
the dune sand (6) individual craters were 
visible in a general broad erosion crater 
up to a centimeter deep. Furthermore, 
regions of the lunar nominal soil which 
had been prepared (7) at lower density 
than the bulk of the test bed showed no 
difference in erosion. This finding in- 
dicates that the soil's grain size is more 
important in the erosion process than its 
density. 

During the surface alteration tests, 
blowing dust was observed as soon as 
the descent engine was ignited at 12.2 m 
above the soil surface. The test area was 
totally obscured by blowing dust after en- 
gine shutdown and several minutes were 
required for the chamber to clear. It 
seems likely, on the basis of the presence 
of fine-sized grains on Mars, that the 
dust cloud caused by the landing would 
also last several minutes in view of the 
lower Mars gravity. Subsequent mete- 
orological observations (8) indicate that, 
for the most part, the prevailing winds at 
the landing site of the Viking 1 lander 
blow from the northeast at a few meters 
per second. At the time of landing, the 
sun was in the southwest. Thus the dust 
cloud generated by the landing would 
drift to the southwest and could have 
passed between the lander and the sun. 
Depending on the dispersion of the 
cloud, a shadow would therefore be cast 
on the lander within a few seconds to a 
minute or so after touchdown. The first 
picture of the footpad commenced 25 sec- 
onds after landing, and shows a shaded 
vertical band at a time approximately 40 
seconds later. It seems quite possible, 
therefore, that the streaks in the first mar- 
tian picture frame (12 A 001/000) are due 
to the landing dust clouds passing be- 
tween the sun and the scene in view at 
the time the camera was scanning this 

portion of the frame. In addition, the 
noise in the first few seconds of the first 
picture may have been caused by the 

imaging of coarse particles falling out of 
the dust cloud. 

Soil fillets or tails, generally ascribable 
to aerodynamic processes, are visible ad- 

jacent to a number of Mars rock frag- 
ments. The direction of these tails is par- 
allel either to wind direction or to the pat- 
tern of exhaust gases from the nearest 
descent engine (engine 2) and may de- 

pend on both sources. In this area [near 
footpad 3 (see Figs. 1 and 2)] the tails are 

generally parallel to the currently pre- 
vailing northeast winds and are also ap- 
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proximately radial to descent engine 2. 
Discrimination is therefore difficult, al- 
though it appears more likely that they 
have developed in the prevailing wind. 

In the course of the site alteration tests 
in 1971, rocks located at a distance of 0.6 
m from the descent engine axis were 
moved by the exhaust gas; the largest of 
these had a (terrestrial) weight of 74 g 
and was roughly equidimensional with a 
size of about 3.0 cm. The pressure re- 
quired to move this rock was approxi- 
mately 0.7 x 103 newton/m2 (0.10 pound 
per square inch). The rock traveled 1.65 
m from the engine axis; an initial pres- 
sure of about 0.35 x 103 newton/m2 was 
required to keep it moving at this dis- 
tance. On Mars, a rock of the same di- 
mensions and density would weigh 0.38 
times as much as the rock on Earth. With 
the same engine pressure conditions, 
therefore, larger rocks will be moved on 
Mars if they are not embedded. At a radi- 
al distance of 0.61 m from a descent en- 
gine axis on Mars, equidimensional loose 
rocks with dimensions up to about 7.0 
cm would be moved under the nominal 
descent engine thrust conditions. At dis- 
tances of 1.65 m on Mars, rock frag- 
ments on the surface up to dimensions of 
about 3.5 cm would be moved. 

In the first image made after landing, 
several rocks which appear to be resting 
on the surface may have in fact been 
moved to their present positions by the 
engine exhaust gases. One such fragment 
appears at location 1 in Fig. 2. It is about 
1.6 m from engine 2 and is estimated to 
weigh about 80 g on Mars. It could have 
been moved by the engine to its present 
position if it had been initially about 0.60 
m or closer to the engine axis, for ex- 
ample at location 2, where a remnant fil- 
let of soil appears to indicate the former 
presence of a rock. Other rocks that may 
have been moved are shown at location 
3. Smaller loose rocks at the martian sur- 
face close to the engine axis could have 
been lifted off the surface, traveled 
through the martian atmosphere, and 
landed nearby. The soil seen in the foot- 
pad is additional evidence of soil moved 
during the landing either by footpad im- 
pact or engine-induced erosion. This 
finding is dramatic indication that some 
of the particles are less than 1 mm in di- 
ameter. 

A view of the area below engine 2 was 
obtained by means of the mirror 
mounted on the side of the surface sam- 
pler. In this picture (Fig. 1), two small de- 
pressions are apparent. They occur at a 
spacing and in locations consistent with 
their formation by the jets out of two of 
the nozzles of engine 2. This appears to 
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indicate that the grain size and cohesion 
of the surface material are different from 
those of the lunar nominal soil used in 
the site alteration tests. Since the grain 
size is below the resolution of the high- 
resolution frames, it is finer and has a 
broader range of sizes than the dune 
sand of the tests. This result may demon- 
strate that the finer grains are not as 

small as those of the lunar nominal mate- 
rial. 

Interaction of the footpads with the 
martian surface. Although there is no 
distinct visual evidence of disturbance of 
the surface (by the footpad) in the area 
adjacent to footpad 3 (some of the appar- 
ently unsettled rock fragments may have 
been moved by the pad), analysis of the 
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prepared from an image obtained prior to shroud impact. Numbers correspond to selected ob- 
jects referred to in the text. 
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Fig. 3. Plan view of Viking 1 lander showing the spacecraft orientation, salient spacecraft 
parts, and location of surface disturbances and natural features relevant to the physical proper- 
ties experiment. Location of the site where the surface sample was collected on sol 8 (28 July) is 
also shown; RTG, radioisotope thermoelectric generator. 
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shadow of the footpad on the adjacent 
surface indicates that the footpad has 
penetrated the martian material to a 
depth of about 3.6 cm. Unfortunately, 
footpad 1 cannot be viewed by the imag- 
ing system (see Fig. 3). 

To date, no image of footpad 2 has 
been obtained, and so it is not possible to 
describe its attitude with respect to the 
surface. However, one high-resolution 
image in the vicinity of footpad 2 was re- 
turned; the area in the bottom left corner 
of this picture (see Fig. 4) is about 1.4 m 
from the center of footpad 2, which is 
0.45 m in diameter. The surface in this 
picture is quite different from that in the 
neighborhood of footpad 3, lacking the 
rock fragment distribution. This surface 
(near footpad 2), by contrast, appears to 
be a relatively fine-grained soil surface, 
exhibiting only a few rocks (in the upper 
part of the picture). In the image are sev- 
eral additional features of interest. At the 
bottom left corner is a region of dis- 
turbed soil, intersected by a number of 
cracks or fractures running nearly paral- 
lel to the left edge of the frame. In all 
parts of the picture are small pits and 
tracks made by the impact of rock frag- 
ments or soil clods ejected by descent en- 
gine exhaust gas. From preflight tests 
and other data, it seems likely that such 
particles with dimensions of up to a few 
millimeters may have velocities in flight 
of up to several tens of meters per sec- 
ond. The tracks appear to belong to two 
groups which can tentatively be identi- 
fied with ejecta from the directions of de- 
scent engines 1 and 2, respectively. The 
presence of the pits and tracks, assuming 

Fig. 4. Lander camera image showing the area 
believed to be disturbed by the interaction of 
footpad 2 with the martian surface and small 
rimmed pits, some of which contain small frag- 
ments, produced by small fragments pro- 
pelled by the engine exhaust gases (event 
L.L.T. 004 071159; Fr 11 A 022/004; sun eleva- 
tion angle is 22.5?, sun is to the upper left). 
Lower width of picture, -23 cm; upper width, 
-50 cm. 
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Table 1. Leg stroke and footpad penetration. 

Leg Leg stroke Footpad 
number (cm) penetration (cm) 

1 7.0 + 0.6 No data 
2 3.2 + 0.6 Image not yet taken 
3 8.3 + 0.6 3.6 

a particle velocity range, gives some in- 
formation on the mechanical properties 
of the top few millimeters of surface ma- 
terial which in this region appears to be 
weaker and more porous than the soil 
around footpad 3. 

Although the disturbed area and 
cracks may be natural features, they oc- 
cur so close to the spacecraft that they 
can be more plausibly attributed to inter- 
action of the vehicle with the surface. In 
particular, it seems possible to relate the 
disturbed area at the bottom of the frame 
(Fig. 4) to the penetration of footpad 2 in- 
to the martian surface soil. A distur- 
bance as extensive as that observed (1.3 
m from the center of the footpad) implies 
a considerable depth of penetration of 
footpad 2 into soil less strong than that 
observed around footpad 3. Alternative- 
ly, the surface material may be the same, 
in which case it was less displaced by the 
footpad impact. The question of the prov- 
enance of the disturbance and cracks in 
the frame in question will ultimately be 
resolved by imaging of footpad 2. Pene- 
tration of an object such as a footpad into 
a relatively dense, slightly cohesive gran- 
ular material is generally accompanied 
by bulging and cracking of the soil to a 
distance from the footpad which depends 
on the soil properties. With additional 
pictures these properties can be identi- 
fied more closely. 

Significance of stroke gauge exten- 
sions. The Viking 1 spacecraft landed on 
the martian surface at a vertical velocity 
of 2.5 m/sec with a lateral component of 
less than 0.15 m/sec. After the lander 
came to rest, leg 1 was oriented 38.1? 
west of north and tilted 2.99? from the lo- 
cal gravity vector. The downslope direc- 
tion of tilt was 36.7? west of leg 1 (9) (see 
Fig. 3). 

The kinetic energy prevailing at touch- 
down was absorbed by the crushing of 
elements in the leg struts during leg strok- 
ing and by deforming of the surface mate- 
rial around the footpads. The stroke of 
each of the primary struts was obtained 
from images of the three stroke gauges. 
The penetration of footpad 3 was de- 
duced from the shadow cast by the outer 
edge of the footpad on the martian sur- 
face. Preliminary estimates of stroke and 
penetration are listed in Table 1. The 

strokes in Table 1 indicate that the plane 
through the three footpad attachment 
points is tilted about 2? relative to the top 
of the lander. Since the lander is tilted 
about 3? relative to the local horizontal, 
the footpad plane (an approximation to 
the local surface plane) is tilted about 1? 
relative to the local horizontal. 

A comparison of the footpad pene- 
tration and leg strokes in Table 1 with 
theoretical predictions imply that the sur- 
face material is a little stiffer than the lu- 
nar nominal soil model (the average den- 
sity was 1.67 to 1.8 g/cm3) (10) and much 
stiffer than the most porous and weakly 
cohesive soil models considered during 
the design of the landing gear system. 
The theoretical landing dynamic behav- 
ior of the lander used in these prelimi- 
nary comparisons was based on a verti- 
cal landing onto a horizontal surface. 
The prediction model made use of foot- 
pad penetration data obtained from static 
tests of a 3/8 model footpad penetrating 
various model soils, along with geometri- 
cal and load stroke properties of the land- 
ing gear. 

Shroud impact. In the morning of sol 
2, a shroud covering the surface sampler 
collector head was ejected by eight 
springs along a trajectory inclined down- 
ward about 40? from the local horizontal. 
High-speed camera photographs of 
shroud ejection on Earth indicate an ini- 
tial velocity of 3.2 m/sec. Although the fi- 
nal velocity at impact on Earth is 4.6 m/ 
sec, the reduced gravity on Mars implies 
a smaller velocity at impact (3.6 m/sec) 
and a larger range from the launch site. 
This larger range is in fact the case be- 
cause the location of the impact crater 
produced by the shroud (see Figs. 1 and 
2) is well beyond the footpad, as it 

Fig. 5; Enlarged image showing the latch pin 
(8 cm long) on the martian surface (indicated 
by arrow). Note the small crater and dis- 
turbed surface around the pin (event L.L.T. 005 
115359, Fr 12 A 033/005; sun elevation angle is 
69.6?, sun is to the left). 
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should be in a reduced gravity field. Pos- 
sible effects due to local topography 
have not yet been fully analyzed. 

The 480-g shroud, which is a hollow 
cannister with metal plate tip, produced 
a crater about 1 cm deep and 9 cm in di- 
ameter by the displacement of rocks and 
the ejection of fine debris. Unlike the 
case in Earth-based tests, the shroud 
ricocheted from the field of view in the 
image shown in Fig. 1. 

Latch pin impact. The boom latch pin 
of the surface sampler, which failed to re- 
lease at the scheduled time, ultimately 
fell to the martian surface (see Fig. 3) 
from an estimated height of between 1.0 
and 0.9 m in the morning of sol 5 (11). 
The velocity at impact from this height at 
the surface of Mars is between 2.7 and 
2.6 m/sec and is equivalent to a fall 
height near 0.36 m on Earth. The pin, a 
slender (8.2 cm long, 0.6 cm in diameter, 
and 11.3 g) rod, impacted on an end with 
two roller bearings and then fell over to- 
ward the spacecraft. Upon impact a 
small circular crater about the size of the 
roller bearings was produced (see Fig. 5) 
by the ejection of dark, very fine-grained 
material (probably silt size) to distances 
of 2.4 cm from the crater center where 
the rollers hit. The remainder of the pin 
fell toward the spacecraft, producing an 
elongate depression by the ejection of 
dark material to distances of 1.5 cm from 
its axis. The pin now rests in this depres- 
sion (Fig. 5). 

Although the exact orientation of the 
pin at impact is unknown, the crater, de- 
pressions, and their ejecta are consistent 
with those of terrestrial materials with 
very low cohesions, a small grain size, 
and reasonable densities (1.2 to 1.7 g/ 
cm3). 

Surface temperature measurements. 
A temperature sensor (thermocouple) at- 
tached to the inboard side of footpad 2 
was used to measure ambient temper- 
ature during the parachute phase of the 
landing (12). Its survival depended on a 
soft landing, which indeed was the case. 
Temperature readings are being record- 
ed periodically during the day and night. 
Since the sensor cannot be seen directly, 
it is not known whether the sensor is cov- 
ered with surface material. Images of the 
sensor will be obtained by use of a mirror 
on the surface sampler later in the mis- 
sion to aid in the interpretation of the 
data. 

This first report on the physical proper- 
ties of the martian surface must be con- 
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This first report on the physical proper- 
ties of the martian surface must be con- 
sidered preliminary. More refined mea- 
surements are to be made, based on 
stroke gauge extension, footpad pene- 
trations, stereo images of the landing site 
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area, and other new data such as motor 
currents during trenching and com- 
minution. As these data are obtained, 
better values of the surface properties 
can be reported. 
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The Viking Landing Sites: Selection and Certification 

Abstract. During the past several years the Viking project developed plans to use 
Viking orbiter instruments and Earth-based radar to certify the suitability of the land- 
ing sites selected as the safest and most scientifically rewarding using Mariner 9 
data. During June and July 1976, the Earth-based radar and orbital spacecraft obser- 
vations of some of the prime and backup sites were completed. The results of these 
combined observations indicated that the Viking I prime landing area in the Chryse 
region of Mars is geologically varied and possibly more hazardous than expected, 
and was not certifiable as a site for the Viking I landing. Consequently, the site certi- 

fication effort had to be drastically modified and lengthened to search for a site that 
might be safe enough to attempt to land. The selected site considered at 
47.5?W,22.4?N represented a compromise between desirable characteristics ob- 
served with visual images and those inferred from Earth-based radar. It lies in the 
Chryse region about 900 kilometers northwest of the original site. Viking 1 landed 
successfully at this site on 20 July 1976. 
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Chryse region about 900 kilometers northwest of the original site. Viking 1 landed 
successfully at this site on 20 July 1976. 

The initial plans for site selection in- 
cluded the identification of a prime and a 
backup landing site for each spacecraft 
(l), and an additional pair of sites to be 
used as a contingency, selected primarily 
on the basis of safety. Areas near the 
prime and backup sites for the Viking 1 
lander were first observed by Earth- 
based radar in 1967 and in the period 
from May to July 1976-about the time of 
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insertion of the spacecraft into orbit 
about Mars. The northerly sites consid- 
ered for the second lander are not observ- 
able by radar at any time, and are consid- 
ered therefore as somewhat more of a 
risk. The third pair of sites was selected 
where they could be readily observed by 
Earth-based radar, and could be used in 
the event that the first landing was unsuc- 
cessful. These preselected site locations 
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