
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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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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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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are shown in Fig. 1; the Viking 1 A sites 
were located at about 20?N latitude; for 
the Viking 2, the prime and backup B 
sites were at about 44?N latitude while 
the alternate C sites were at about 5?S lat- 
itude. The Al site was located at the 
place where the largest Mars channel 
complex debouches onto Chryse Plan- 
itia. It was therefore considered to be the 
best area to observe where water and 
possibly near-surface ice had occurred in 
large quantities in the past-the optimum 
place to look for complex organic mole- 
cules. The B 1 site was selected at the lati- 
tude of maximum water vapor concentra- 
tion, the optimum place to land the biol- 
ogy experiment; at this longitude the two 
orbiters could provide relay support to ei- 
ther lander, and the second orbiter could 
observe the polar region. The C1 and C2 
sites were selected primarily on the basis 
of their radar signatures, which indicated 
that they were relatively smooth. These 
sites also have acceptable characteristics 
in the Mariner 9 imagery and allow obser- 
vations to be made of the polar regions. 

The overall sequence of the major site 
certification decisions is shown in Fig. 2. 
Important points and mission rules were: 

I) The Al site area would be observed 
visually from orbit (2) and by the X-band 
Goldstone and S-band Arecibo radars 
(3.5 cm and 12.5 cm wavelength, respec- 

tively) from 29 May through 10 June 1976 
(3). The A2 site could not be observed 
with the orbiter cameras prior to the deci- 
sion to land or not land at Al, but could 
be studied by both Goldstone and Are- 
cibo radars 10 June through 15 June. 

2) The Viking 1 lander would land at 
Al unless new information shows Al to 
be unsafe. 

3) Lander 2 would land at B 1 unless (i) 
lander 1 failed, or (ii) lander 1 is delayed 
so that success has not been determined 
at the time when lander 2 must be com- 
mitted, or (iii) new information shows B1 
to be unsafe or of inadequate scientific in- 
terest. 

4) If lander 1 either failed or was de- 
layed, or new information caused B1 to 
be rejected, the lander 2 would be tar- 
geted to the best available site based on 
all data available. 

5) The C sites at about 5?S were ob- 
served by the X-band radar at Goldstone 
and the S-band radar at Arecibo during 
the winter of 1975-1976; hence the data 
were available and the sites selected in 
March 1976, well before the first space- 
craft encountered Mars 19 June 1976. 

6) Photographs of the B 1 and C 1 sites 
would be taken before the AI landing to 
obtain a broader base of Mars data to aid 
the interpretation of the Al results as 
well as to provide additional information 

for choosing between the 44?N and 5?S 
latitudes for Viking 2. 

Analysis techniques. The orbital pho- 
tographs were made into uncontrolled 
mosaics from the rectilinear (tilts not re- 
moved) images. Then orthographic mo- 
saics adjusted to the scale of 
1: 1,000,000 were made. Geologic and 
terrain maps were compiled, and hazard 
probabilities were entered into the com- 
puter so that statistics based on various 
approaches could be made. Crater 
counts were computed to compare sub- 
units of areas studied. There were also 
comparisons of areas with each other 
and with Surveyor (automated space- 
craft) landing sites on the moon. Contour 
maps and terrain statistics were comput- 
ed for parts of the area by means of ana- 
lytic photogrammetric techniques. The fi- 
nal maps were compiled after control 
point nets were computed. Lastly, photo- 
metric roughness maps were made-so- 
called digital number variance maps- 
that quantified brightness variations. El- 
lipses were then fitted to these maps with 
the radar interpretations being taken into 
account. 

Results, decisions, and effects on mis- 
sion plans. The prime site radar observa- 
tions were completed on 10 June 1976; 
on 19 June 1976, Viking 1 was placed in 
its orbit about Mars. As a result of the 
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spacecraft observations taken through 
orbit 6 the original Al area was rejected 
on 26 June primarily on the basis of the 
orbital imaging data, which indicated 
that the terrain was unexpectedly com- 
plex. Additional coverage on orbits 8 and 
10 to the northwest of the original Al 
area was planned, as shown in Fig. 3. 
Consideration was given to going to the 
A2 site at this time, but the three Mariner 
9 high-resolution images in that area in- 
dicated the presence of knobs and small 
craters in that area, while the radar ob- 
servations showed the area to be relative- 
ly smooth on a small scale. But there was 
concern that blocks, not detected by the 
radar, might be abundant at that loca- 
tion. By 1 July, the coverage from orbits 
8 and 10 had been obtained and that area 
appeared visually satisfactory. A tenta- 
tive decision was made to go to a new site 
"A1NW" at 23.4?N and 43.4?W, and at 
the same time obtain additional Arecibo 
radar data on 2, 3, 4, and 5 July, at 23?N. 
This site was selected by adjusting the 99 
percent landing ellipse to avoid the haz- 
ardous features visible in the orbiter im- 
ages. Radar data from Arecibo were ob- 
tained, and reviewed on 7 July. The ra- 
dar observations showed the A1NW 
location to be an area of anomalous radar 
scattering, interpreted as a surface that 

was very rough on the scale of the lander 
or of very low density (or both), although 
the pictures looked the smoothest of any 
examined. 

It therefore was decided to continue 
the search to the west in the hope of lo- 
cating a site in an area of more satisfac- 
tory radar characteristics, and one that 
was also free of terrain hazards visible in 
the pictures. Additional coverage was 
planned on orbits 20 from 43? through 
51?W, and on orbit 22 from 48.6? through 
56.6?W (Fig. 3). On 11 and 12 July, the im- 
ages obtained on orbits 20 and 22 were re- 
viewed, and three possible ellipses with 
acceptable visual terrain were selected 
as follows: 

Ala 22.4?N 
AlP3 22.5?N 
Aly 22.2?N 

47.5?W 
49.0?W 
51.0?W 

The Ala, also called A1WNW, was se- 
lected as a compromise between hazards 
visible in pictures, chiefly impact craters 
with their associated blocks and small- 
scale surface properties, based on radar 
interpretation. The landing was resched- 
uled for 20 July 1976. The Ala site con- 
tained two moderate sized fresh impact 
craters whereas Aly contained eight 
larger fresh impact craters. Farther west 
the incised channels reappeared on the 

basin slope and large fresh impact cra- 
ters are more abundant. The 1967 data in- 
dicated that this area is smooth. But the 
1976 Arecibo coverage did not include 
this region. 

An orbital trim maneuver, originally 
planned for 16 July to align the orbit over 
the 50?W longitude coverage area, was 
advanced 2 days in order to optimize con- 
ditions for a landing at 47.5? longitude. 
This maneuver was successfully per- 
formed on 14 July 1976. On 17 July 1976, 
78 stereoscopic images of the final land- 
ing ellipse were obtained. These pictures 
showed slightly increased crater counts 
in the Ala area, due to an improved 
viewing geometry. They will also pro- 
vide the material for the postlanding 
topographic and geologic maps of the 
area. 

High-altitude observations of the Ala 
area on 18 July show a large diffuse cloud 
extending into the southwest half of the 
dispersion ellipse, Fig. 4, giving some 
concern that a dust storm might be start- 
ing in that area. A cloud was seen pre- 
viously in that area on 9 July, but had 
cleared by 11 July. The cloud observed 
on 18 July was tentatively classified as a 
condensate probably formed by radia- 
tion cooling on the basis of appearance at 
several wavelengths. Its velocity was 
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measured to be less than 3 meters per 
second. The low values of wind rein- 
forced the conclusion that the cloud was 
a condensate. Consequently, it was be- 
lieved that this feature would not inter- 
fere with either the lander entry or post- 
landing imaging. The successful landing 
occurred on 20 July 1976 at 5:12 a.m. 
PDT. 

The lander pictures showed abundant 
blocks consistent with the presence of 
small impact craters in the vicinity. It is 
therefore suggested that the high radar 
reflectivity indicates that bedrock is near 
the surface and many blocks can be 
ejected by the impact. Such areas should 
be carefully considered prior to accept- 
ance as landing sites in the future. Fur- 
ther discussion of both the visual and ra- 
dar characteristics is presented by Carr 
et al. (2) and Tyler et al. (3), respective- 
ly. 
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Flagstaff, Arizona 86001 
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Radar Characteristics of Viking 1 Landing Sites 

Abstract. Radar observations of Mars at centimeter wavelengths in May, June, 
and July 1976 provided estimates of surface roughness and reflectivity in three po- 
tential landing areas for Viking 1. Surface roughness is characterized by the distribu- 
tion of surface landing slopes or tilts on lateral scales of the order of I to 10 meters; 
measurements of surface reflectivity are indicators of bulk surface density in the up- 
permost few centimeters. By these measures, the Viking 1 landing site at 47.5?W, 
22.4?N is rougher than the martian average, although it may be near the martian 
average for elevations accessible to Viking, and is estimated to be near the Mars 
average in reflectivity. The AINW site at the center of Chryse Planitia, 43.5?W, 
23.4?N, may be an area of anomalous radar characteristics, indicative of extreme, 
small-scale roughness, very low surface density, or a combination of these two char- 
acteristics. Low signal-to-noise ratio observations of the original Chryse site at 
34?W, 19.5?N indicate that that area is at least twice as rough as the Mars average. 
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The surface properties of Mars deter- 
mined by Earth-based radar were one of 
several factors that were considered in 

selecting the Viking 1 lander site. Esti- 
mates were made of surface roughness 
and density based on spectral broad- 
ening and the strength of centimeter- 
wavelength radio echoes returned from 
Mars. 

Radar observations have been con- 
ducted at each Mars opposition since 
1963. Since 1968 a combination of geo- 
metrical constraints and system sensitivi- 
ty limitations have restricted these mea- 
surements to Mars latitudes south of 
15?N, that is, below the planned landing 
areas of both the first and second Viking 
missions. Recent improvements at both 
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Arecibo Observatory (1) and Goldstone 
Tracking Station (2) made observations 
feasible at 20?N in May and June 1976 
and at 23?N from Arecibo in July. At 
these times the planet's distance was 
about 2 A.U. as compared with about 0.5 
A.U. at opposition. The wavelengths of 
observation were 3.5 cm and 12.6 cm at 
the Goldstone and Arecibo facilities, re- 
spectively. Observational conditions and 
site locations are summarized in Table 1. 

The use of radar in site selection for Vi- 
king 1 was based on properties of radio- 
wave scatter in the immediate vicinity of 
the sub-Earth point on Mars. Near that 
point, radiowave scatter is dominated by 
the multitude of reflections from those 
portions of the surface that are properly 
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oriented to produce a mirrorlike, or 
near-specular, redirection of the incident 
energy back toward Earth. This com- 
ponent of the scatter is dubbed quasi- 
specular. For surfaces that are generally 
free of sharp discontinuities and are of 
homogeneous material and statistics, it 
can be shown that quasi-specular scatter 
is controlled by the combination of the 
surface slope distribution and the electro- 
magnetic properties of the material (3). 
Under these conditions the effects of sur- 
face material and roughness are readily 
separated with the use of standard radar 
astronomy techniques (4). Methods used 
here, based on backscatter at normal 
incidence, should not be confused with 
earlier radar studies of lunar landing 
sites that were based on backscatter 
observed at oblique angles of incidence, 
especially the depolarized part of diffuse 
scatter (5). 

Both observatories transmitted un- 
modulated signals. Echoes of these sig- 
nals were broadened in frequency by the 
Doppler effect and the differing relative 
velocities of various scattering areas 
with respect to the radar. The broad- 
ening associated with quasi-specular 
scatter is quantitatively related to the dis- 
tribution of surface slopes. A gauge of 
surface roughness was obtained from 
measurements of the one-half power 
bandwidth of the echo signals. The results 
were expressed in terms of an r.m.s. 
landing slope /3o. Comparative values of 
,80 for lunar units are given in Table 2. 
The methods employed have been pre- 
viously tested by comparing radar re- 
sults from the moon with detailed analy- 
ses of the lunar surface at the same loca- 
tions based on orbital photogrammetry 
(6). 

Reflectivity corresponds to the Fres- 
nel reflection coefficient of the mean sur- 
face material, or po = [(/- 1)/ 
(-E + 1)]2, where e is the dielectric con- 
stant. The relationship between density 
of the surface and e has been established 
from laboratory experiments and theory 
(7). The lateral scale of relevant slopes is 
of the order of from 1 to 10 m based on 
theoretical considerations and on empiri- 
cal results from the moon (8); estimates 
of po apply to the top few centimeters of 
the surface. 

Values of /30 depend primarily on the 
shape of the echo spectrum, and are gen- 
erally free of systematic error. Estimates 
quoted below are typically accurate to 
about 10 percent. Estimates of pO depend 
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on a number of multiplicative parameters 
which are obtained by calibration of the 
radar. In addition, po is sensitive to varia- 
tions in the radar, such as antenna point- 
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