er-Tropsch (/7) or Miller-Urey (/8) pro-
cesses, H,S photolysis was not the initial
step. We have produced in other experi-
ments a brownish polymer from sulfur-
free reducing atmospheres; this result
demonstrates that sulfur compounds are
not essential for the optical absorption in
such products.

Some of the compounds found in our
ultraviolet syntheses are coal tar deriva-
tives. Many have impressive thermal
stabilities (for example, thiophene can be
maintained at 850°C for substantial peri-
ods without decomposition). We stress
that in our analysis we have not neces-
sarily identified the organics in the
brown solid but only some of the pyroly-
sis products of this solid. However, be-
cause of the deep circulation in Jupiter
and Saturn, pyrolysis must occur there
at depth. Our pyrolysis temperature of
450°C is achieved at a pressure of about
100 bars on Jupiter (8) at high H, dilu-
tions. Pyrolysis products are probably
circulated to high altitudes on Jupiter
where they may be observed and identi-
fied. As analytical techniques improve,
those products (Table 1) which may form
and persist at high H, abundances should
be sought in investigations of the atmo-
spheres in the outer solar system. The
promising candidates for this search
would be aliphatic and aromatic hydro-
carbons, thiophenes, and to a lesser de-
gree organic sulfides.
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Phobos Transit of Mars as Viewed by the Viking Cameras

Abstract. A Viking orbiting spacecraft successfully obtained pictures of the mar-
tian satellite Phobos with Mars in the background. This is the first time that a single
picture was obtained from a spacecraft which contained both a planet and a moon
and had significant surface detail visible on both. The region of Mars below Phobos
included volcanoes in the Tharsis Montes region. These pictures showed Phobos to
be smaller than previously thought. The image of Phobos can be used as a control
point to determine the map coordinates of surface features on Mars.

On 23 June 1977, the Viking Orbiter 2
(VO-2) spacecraft imaged Phobos as the
martian satellite was in transit across
Mars. The spacecraft camera viewed
Phobos against the volcanoes in the
Tharsis Montes region. Four television

sequences were designed to obtain a
photomosaic covering Olympus Mons,
Ascraeus Mons, and Pavonis Mons as
background to three separate views of
Phobos. Olympus Mons was beyond the
pointing limits of the camera when the

Fig. 1. A mosaic of 20 VO-2 television pictures (pictures 304B51-89) taken within a S-minute
period showing the Tharsis Montes region of Mars with Phobos in transit across Mars. The
exposures of these pictures were set for the brightness of Mars, making the much darker Phobos
appear as dark areas in the mosaic. This is the first time that a picture of any moon against its
primary planet has been obtained where the surfaces of both bodies were readily visible.
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Fig. 2. Phobos is seen above
Ascraeus Mons, one of the
largest volcanoes on Mars.
This VO-2 picture (picture
304B88) is the first ever taken
showing such detail on both a
satellite and primary planet.
Phobos is about 22 km in di-
ameter, whereas Ascraeus
Mons is more than 300 km in
diameter at the base of its
cone. The complete outline of
Phobos is seen from direct and
reflected sunlight.

pictures were actually taken; therefore,
one sequence was moved from Olympus
Mons to give additional coverage of the
other two volcanoes.

A similar view of Phobos was obtained
by the Mariner 7 spacecraft 1 day before
it flew by Mars (/). However, Phobos ap-
peared as a dark dot covering only a few
picture elements (pixels) in a picture that
contained the complete image of the illu-
minated side of Mars facing Mariner
7. In recent VO-2 close-up pictures,
Phobos covers an area of over 10,000
pixels with significant surface detail vis-
ible on both Phobos and Mars. These
types of pictures are valuable for deter-
mining the cross-sectional area of Pho-
bos since the complete outline of the sat-
ellite is seen. Moreover, the image of Pho-
bos can be used to give a tie point be-
tween inertial coordinates and surface fea-
ture on Mars surrounding the Phobos image.

The transit of Phobos was viewed by
VO-2 at about 2 hours and 20 minutes af-
ter periapsis of revolution 304 about
Mars. At this time, the region of Mars
below VO-2 was illuminated and was
within the pointing limits of the televi-
sion cameras. This region of Mars in-
cluded Tharsis Montes, an area domi-
nated by the largest known volcanoes in
our solar system. The spacecraft was
about 13,000 km above the surface of
Mars and about 8000 km above Phobos,
which enlarges the apparent size of
Phobos relative to the surface features.
The phase angles of Mars and Phobos
were about 60°, with Phobos moving
from the morning terminator to the illu-
minated portion of Mars.

A mosaic of the raw pictures is shown
in Fig. 1. Phobos, which has an albedo of
~ 0.05 (2) as compared to a martian al-
bedo of ~ 0.2, appears very dark in
these pictures whose exposures were set
for the brightness of Mars. The surface
of Mars is obscured by dust and clouds
associated with the seasonal dust storm
that was in progress. Calderas of two
volcanoes, which reach ~ 27 km above
the local surface, are higher than the dust
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and clouds and reveal surface detail.

Figure 2 was enhanced to bring out
surface detail on Mars and Phobos. The
entire outline of Phobos is seen because
of the bright Mars background; this pho-
tograph is in contrast to pictures showing

only a partially illuminated Phobos
against dark space. With Phobos in syn-
chronous rotation about Mars, the anti-
Mars side of Phobos is facing us. The
longest axis of Phobos is toward Mars;
therefore, we are seeing the smallest
cross-sectional area of Phobos in these
views.

A comparison was made between the
predicted and observed cross-sectional

Table 1. Ellipsoidal radii of Phobos; a, toward
Mars; b, in the orbit plane; and ¢, normal to
the orbit plane.

Vol-

Source (k(:n) (k[l’n) (km) ume

(km®)

Mariner 9 13.5 10.8 9.4 5741

Transit pictures  13.5 10.5 9.0 5344
(VO-2)

Fig. 3. Picture 372A03 showing a large depres-
sion on the illuminated limb of Phobos. The
VO-1 spacecraft viewed Phobos at a phase
angle of 85° and a range of 2900 km. This is the
first picture in which a major variation of the
surface of Phobos is seen on the limb.

area of Phobos. The predicted area was
computed with Phobos modeled as an el-
lipsoid in synchronous rotation; the axes
of the ellipsoid (Table 1) were deter-
mined from Mariner 9 imaging data. Ob-
served radii were determined from the
outline of Phobos, with corrections made
for the electronic response of the camera
and scattered light (< 3 percent). The
observed values of the two shorter radii
of Phobos were less than the predicted
values. Using the smaller radii values ob-
served here, I obtained a volume of 5344
km? for Phobos as compared to the vol-
ume of 5000 km?® proposed by Tolson et
al. (3), which they used to obtain a mean
density of ~ 1.9 g/cm3.

The actual volume of Phobos may well
differ significantly from either of these
values. Mariner and Viking imaging have
shown that the actual topography of
Phobos varies markedly from the simple
ellipsoidal model of the surface. A recent
picture taken by VO-1 (Fig. 3) shows a
local depression which deviates about
2.5 km (over 20 percent) from the nomi-
nal ellipsoidal surface. A precise value
for the volume (and density) of Phobos
will need to take into account the size of
the mean surface as well as topographic
variations, regolith thickness, and crater
depressions.

These pictures of a satellite against the
primary planet are thus useful for geo-
detic studies of both the satellite and
planet. The size and shape of the satellite
can be determined from the satellite out-
line. The inertial position of the satellite
can be used to determine the map coordi-
nates of surface features of the primary
planet surrounding the satellite image.
Phobos was observed to be smaller than
predicted on the basis of Mariner 9 data
but not as small as proposed on the basis
of other Viking data. Additional process-
ing of Viking imaging data will be needed
to accurately determine the volume of
Phobos and to determine the mean den-
sity to an accuracy of better than 10 per-
cent.
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