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Composition of the Atmosphere at the Surface of Mars:

Detection of Argon-36 and Preliminary Analysis

Abstract. The composition of the martian atmosphere was determined by the mass
spectrometer in the molecular analysis experiment. The presence of argon and nitro-
gen was confirmed and a value of 1 to 2750 = 500 for the ratio of argon-36 to argon-40
was established. A preliminary interpretation of these results suggests that Mars had
a slightly more massive atmosphere in the past, but that much less total outgassing

has occurred on Mars than on Earth.

The objective of the Viking molecular
analysis experiment is twofold: to detect
and identify the organic compounds, if
any, present in the surface of Mars, and
to determine periodically the composition
of the lower atmosphere (/). The central
part of the instrumentation for this experi-
ment is a mass spectrometer, coupled to a
gas chromatograph for the organic analy-
sis and, by way of a molecular leak, to a
gas sample reservoir. Although the in-
strument was designed primarily for the
detection of organic compounds in the
gas chromatographic mode (2), the mass
spectrometer’s high sensitivity (dynamic
range, six to seven orders of magnitude),
high mass range (m/e 12 to 200), and reso-
lution (1 : 200 at m/e 200; better at lower
mass) were used to advantage in deter-
mining the composition of the atmo-

sphere, particularly its minor con-
stituents. The penalty one pays for reso-
lution and sensitivity is a certain loss of
accuracy, mainly because the residual
background in the instrument becomes
more significant and the long-term repro-
ducibility of the fragmentation pattern is
lowered. ‘

Since the more important questions
concerning the composition of the mar-
tian atmosphere centered around the mi-
nor components and certain isotopic ra-
tios, an attempt was made to optimize
the experiment toward that goal. In par-
ticular, the detection of even traces of N,
was deemed to be extremely important
because previous data (3) suggested that -
it must be a minor component or could
be almost completely absent (¢). One of
the major problems in a mass spectromet-
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Table 1. Preliminary data on the abundances
of gases detected in the martian atmosphere.

Component* Abundance (%)
Carbon dioxide 95
Oxygen 0.1t 0.4
Nitrogen 2to3
Argon 1to2
36Ar/*°Ar ratio 1:2750 = 500

*Variable amounts of water, 0.16 percent carbon
monoxide, and 0.03 ppm of ozone have been found
in the martian atmosphere by ground-based or space-
craft observations [see (7) for references]. Because
of surface absorption the mass spectrometric data on
H,0 are rather meaningless. The reasons for the CO
remaining undetermined are mentioned in the text,
and ozone is far below our detection limit.

ric determination of N, in the martian en-
vironment is the interference of CO™
(from CO or CO,) with the ion current of
N,* at m/e 28. For this reason the gas res-
ervoir of the instrument is coupled via
separate valves to two cavities, one con-
taining Ag,O and LiOH, for the oxida-
tion of CO to CO, and absorption of all
CO,, and the other containing Mg(Cl0,),
for the removal of the resulting water.
During the fourth and fifth day after the
landing of Viking 1 (20 July 1976) a total of
six atmospheric analyses were per-
formed at approximately 6-hour inter-
vals. In the first four of these analyses,
CO and CO, were removed; in the last
two analyses, samples of unaltered atmo-
sphere were used. During the third anal-
ysis the spectrometer shut down tempo-
rarily, leaving us with a total of five sets
of mass spectral scans. Analysis of these
spectra gave the averaged results shown
inTable 1.

It is clear from these results that the
N, content is consistent with earlier lim-
its 3) and corroborates the results of the
upper atmosphere analysis (§) performed
during the descent of the Viking 1 land-
er. The argon content is much lower than
most recently suggested (6) and again
supports the value found for the upper at-
mosphere (5).

Of most importance is that the high
sensitivity of our mass spectrometer per-
mitted the determination of the abun-
dance of *Ar which was found to be
about ten times lower than the value cor-
responding to the terrestrial ratio of
3Ar to “°Ar. Neon, krypton, and xenon
could not be detected at the limits shown
in Table 2. It should be pointed out
that for this preliminary analysis - the
quoted detection limit of neon is higher
than the amount of *¢Ar actually deter-
mined. This is because of the low in-
strument background and little inter-
ference at m/e 36 (the absence of a corre-
sponding signal at m/e 35 excludes any
contribution from HCI) and because of
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the finite contributions of *°’Ar?* to m/e
20 even at45ev.

Low concentrations (less than a few
percent) of CO cannot be detected with
our system, because of the interference
by the large amount of CO, in the two
analyses of the unmodified atmospheric
sample and the concomitant removal of
CO when removing the CO, in the analy-
ses where it was exposed to Ag,0. Also,
the determination of O, is reliable only in
the unaltered atmosphere, because of the
possibility that some of the Ag,O pro-
duces O,. For this reason the value for
O, in Table 1 is from only two measure-
ments. ,

The determination of other minor con-
stituents, including the isotope ratios for
N,, must await further refinement of
the data and additional analyses, which
are planned. The abundances of *C and
B0 as determined from the m/e 44, 45,
and 46 signals appear to be equal to the
terrestrial values within the accuracy of
our preliminary measurements.

At this stage of the analysis and acqui-
sition of data, it would be premature to
draw any firm conclusions regarding the
outgassing history of the planet. We can,
however, relate some of our results to a
theoretical consideration of this problem
using ideas developed in anticipation of
the experiment (7).

The noble gases provide a particularly
useful measure of the degree of planetary
outgassing. The report by Istomin and
Grechnev (6) that the martian atmosphere
might contain as much as 35 percent *°Ar
was widely interpreted to indicate that
Mars had outgassed as thoroughly as
Earth, and led to the prediction that mas-
sive amounts of concurrently produced
volatiles had either escaped from the
planet or were presently buried in the
regolith (8). The discovery that the *°Ar
abundance is only 1 to 2 percent of the
present atmosphere indicates that the
other volatiles should be proportionately
reduced in such models. But the fact
that the *Ar/*Ar ratio is less on Mars
than it is° on Earth by a factor of
10 suggests that the interpretation of
martian outgassing may not be quite so
straightforward. The *°Ar may be anoma-
lously abundant on Mars. It should be
safer to scale the abundances of other
volatiles relative to **Ar, the nonradio-
genic isotope.

If we compare the absolute abun-
dances of 3¢Ar on Mars and Earth,
taking ratios of the mass of gas to the
mass of the respective planet, we find
that the amount in the martian atmo-
sphere is approximately 100 times small-
er than the terrestrial value. This implies

Table 2. Upper limits on the gases not de-
tected in the atmosphere.

Initial upper

Gas limit (ppm)*
Neon 10
Krypton 20
Xenon 50

*We expect to decrease these limits for the analysis
of the atmosphere under conditions of enrichment
of the minor constituents.

that the total degassing of Mars is less
complete than that of Earth by about
the same factor, if we ignore the possi-
bility of *Ar escape. The ratios CO./**Ar
and N,/*Ar are both roughly ten times
smaller in the martian atmosphere than
in Earth’s inventory of volatiles. It is
especially interesting that the relative
abundances of N, and CO, now in the
martian atmosphere are very similar to
the values found in Earth’s inventory.

One interpretation of these results is
that Earth and Mars have a similar bulk
composition, so gases are produced in
similar proportions but degassing and
subsequent weathering on Mars have
been much less: complete.. The present
martian atmosphere would then repre-
sent about one-tenth the mass of the total
outgassed volatiles exclusive of water.
The corresponding amount of water is
equivalent to a layer a few tens of meters
deep.

The missing volatiles may be trapped
in subsurface permafrost (H,O) and at
the polar caps (H,O, CO,), chemically
bound in the soil (nitrates, oxides, carbon-
ates), and some portion must have es-
caped from the planet ¢). In this view,
the **Ar abundance represents an anoma-
ly, being roughly ten times more abun-
dant than predicted. This discrepancy
could result from several causes, for ex-
ample, an enrichment of potassium in the
martian crust relative to Earth, or a dif-
ferent degassing history for *°Ar com-
pared with the other volatiles, an inter-
pretation that would be consistent with
its radiogenesis from *°K. :

This Earth-analog model implies that
the martian atmosphere was never much
more than ten times as massive as it is
now, producing a maximum surface pres-
sure of ~100 mbar. But with the possi-
bility that CO, can be trapped at the poles
and that large amounts of water could be
present in the form of permafrost, we
leave open the opportunity for cyclical or
at least episodic variations of the mean
climatic conditions on the planet, which
would permit the formation of the sinu-

- ous channels by water erosion during

temperate periods (9).
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The relative importance of the various
processes for disposing of the missing
volatiles, as well as an improved esti-
mate of their total bulk, must await fur-
ther analysis. It is reassuring to realize
that the Viking landers have the capabili-
ty for performing some of the most criti-
cal experiments needed to answer these
questions.
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Viking Lander Location and Spin Axis of Mars:

Determination from Radio Tracking Data

Abstract. Radio tracking data from the Viking lander have been used to determine
the lander position and the orientation of the spin axis of Mars. The areocentric
coordinates of the lander are 22.27°N, 48.00°W, and 3389.5 kilometers from the cen-
ter of mass; the spin axis orientation, referred to Earth’s mean equator and equinox
of 1950.0, is 317.35° right ascension and 52.71° declination.

Analysis of the first few days of radio
tracking data from the Viking 1 lander
has provided preliminary determinations
of the location of the lander on the sur-
face of Mars, the radius of Mars at the
landing side, and the orientation of the
spin axis of Mars. Determination of
these parameters constitutes part of the
overall experimental objectives of the Vi-
king radio science team (/). These re-
sults illustrate the strength of the precise
Viking radio tracking data in the determi-
nation of astrodynamic constants; they
are also important for the interpretation
of data from other Viking experiments
and for providing accurate reference
points for measurements involving topo-
graphic parameters.

The Viking lander data used in this
analysis consist of approximately 1 hour
of Doppler (range rate) measurements at
1-minute count rate on each of the first 3
days after landing, and approximately 10
minutes of ranging data (three range
points) on each of the first 2 days after
landing. The estimated precision of the
Doppler data is better than 1 mm/sec,
and that of the ranging data is better than
15 m.

The spin axis orientation and the two
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components of the lander position in cy-
lindrical coordinates, the longitude and
the distance from the spin axis, are best
determined from the Doppler tracking
data. The third position component, the
distance from the equator along the spin
axis, is best determined from the ranging
data but is subject to large uncertainties
if there are even small relative errors in
the ephemerides of Earth and Mars. A
previously developed special technique
(2) that uses nearly simultaneous orbiter
and lander tracking data has been used to
correct the ephemeris errors.

The present analysis consists of a si-
multaneous solution for five parameters,
three lander coordinates and two spin
axis orientation components, with all oth-
er parameters fixed at their nominal or
best-known values. The results obtained
for the lander position components, ex-
pressed in areocentric coordinates are:
latitude, 22.27° = 0.02°N; longitude,
48.00° = 0.07°W; radius from the center
of Mars, 3389.5 + 0.3 km. The corre-
sponding value for the latitude in areo-
graphic coordinates, frequently used as
the reference latitude on maps, is
22.48°N. These results were obtained
with a nominal (3) and unadjusted spin

rate for Mars; any adjustment in spin
rate will affect the longitude.

The results indicate that Viking 1 land-
ed about 28 km from its targeted landing
site, well within the expected landing dis-
persions. The radius to the center of
Mars is in good agreement (within 1 km)
with earlier estimates of the radius at the
indicated surface location @), which in-
cluded consideration of regional topo-
graphic variations.

The values determined for the right as-
cension «, and declination §, of the spin
axis, referred to Earth’s mean equator
and equinox of 1950.0 are:

(1950.0) = 317.35° = 0.06°
80(1950.0) = 52.71° = 0.01°

When compared with the values of Lo-
rell et al. (5) and of de Vaucouleurs,
Davies, and Sturms (3), these values and
the corresponding uncertainties repre-
sent a statistically significant improve-
ment. The larger uncertainty for the right
ascension is due to its high correlation
with the lander longitude. Since long
arcs of lander tracking data provide an
excellent data source for these determi-
nations, additional data will improve
these estimates and could provide infor-
mation on pole motion.
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