wind to interfere with the observation,
then one would expect to detect between
one and three events per month with the
Viking seismometer. To date, no seismic
events positively identified as quakes
have been detected during the 450 hours
(19 days on Earth) of operation in the qui-
et period of the martian day. The proba-
bility that such an observation results

when an average of one seismic event is -

expected per month is as high as 50 per-
cent, under the assumption that events
are randomly distributed with time. For
a nonrandom distribution in time, the
probability may be greater. Thus, from
the limited amount of seismic data from a
relatively short period of time, it is pre-
mature to draw any conclusions about
the seismicity of Mars relative to that of
Earth. A few anomalous events have oc-
curred during the noisier part of the day,
but more data must be accumulated.
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The Viking Carbon Assimilation Experiments: Interim Report

Abstract. A synthesis of organic matter from atmospheric carbon monoxide or car-
bon dioxide, or both, appears to take place in the surface material of Mars at a low
rate. The synthesis appears to be thermolabile and to be inhibited by moisture.

The carbon assimilation, or pyrolytic
release (PR), experiment measures the
capacity of the martian surface material
to convert atmospheric CO and CO,, or
both, into organic matter. The experi-
ment is performed under conditions that,
as far as possible, approximate the actual
martian environment in order to ensure
the survival of whatever indigenous life
may be present. The operation of the ex-
periment was described in a preliminary
report on the results of the Viking mis-
sion (/) and in earlier papers (2).

Essentially, martian ‘‘soil”’ is exposed
to martian atmosphere labeled with “CO
and CO, and, simultaneously, to a light
source that simulates the martian solar
flux longwards of 320 nm. After 120
hours of exposure, the atmosphere is re-
moved from the chamber and the temper-
ature of the ‘‘soil”’ is brought to 625°C in
order to pyrolyze any organic matter
present. The volatile products of pyrol-
ysis, together with unreacted *CO and
4CO, desorbed from the soil grains and
chamber walls, are transferred to a col-
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Fig. 1. Peak 2 plotted against peak 1 from labo-
ratory tests with sterilized soils or no soils
(closed circles), compared with the Mars re-
sults (open circles). The laboratory data are
fitted by the regression line peak
2 =28.8 +2.84 x 1075 peak 1, with peak
heights in disintegrations per minute (DPM).
The standard deviation of peak 2 is 27 DPM
and that of the regression coefficient is 2.6 x
10~%. The high peak 2 value at peak 1 = 41 x
10° DPM was not used in computing the re-
gression line. For comparison with Table 1,
DPM x 0.11 = count/min, and the symbols
C1 to C4 correspond to Chryse 1 to 4, and Ul
to U3 to Utopia 1 to 3.

umn which separates them into two frac-
tions: peak 1, containing CO, CO,, and
CH,, if any; and peak 2, containing or-
ganic fragments larger than methane.
The radioactivity of each peak is
counted. The radioactivity of peak 2 rep-
resents organic matter synthesized from
the labeled gases. Peak 2 also contains a
small residue of “CO, not eluted with
peak 1. The size of this residue is known
from laboratory tests made on flight-con-
figured columns with either sterilized
soils or empty chambers (Fig. 1).

The results of all experiments con-
ducted on Mars from the start of opera-
tions until the beginning of the solar con-
junction period are summarized in Fig. 1
and Table 1. (Counts per minute are con-
vertible to disintegrations per minute by
dividing by 0.11, the efficiency of the
counters. All counts are corrected for
background.) The first two experiments
(Chryse 1 and Chryse 2) were described
previously (7). Chryse 3 was intended to
repeat Chryse 1 with a fresh sample from
the same site. The result, 245 dis-
integrations per minute (27 count/min), is
weakly positive. In seeking an explana-
tion for the difference between Chryse 1
and Chryse 3, it was found that the two
samples had different temperature his-
tories. Chryse 3 was acquired at 1120
hours, Mars local time, when the surface
temperature was some 60°C higher than
at 0700 hours, when the Chryse 1 sample
was acquired. Perhaps more important is
the temperature increase (to 26°C) that
occurred during the Chryse 3 incubation
because of a programming error which
deactivated the thermoelectric coolers.

Chryse 4 was another attempt to dupli-
cate Chryse 1. Since the three incubation
cells provided with the instrument had
now been used, Chryse 4 was incubated
in the chamber that had been used for
Chryse 2; fresh surface material was add-
ed to that already in the chamber. The
thermal control was satisfactory in this
experiment, but the unusually low first
peak indicates either an incomplete deliv-
ery of soil or of radioactive gases, or a
leak from the incubation chamber. Pedk
2 is, nevertheless, clearly positive; in
fact, the ratio of peak 2 to peak 1 is high-
er for Chryse 4 than for any other
sample.

The first Utopia sample was incubated
in the dark. The result, weakly positive,
suggests that illumination is beneficial
but not essential for the reaction. Of par-
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Table 1. Summary of carbon assimilation data from Mars. Column 2 indicates whether the lamp
was on or off, whether or not water vapor was injected, and whether the soil sample was heat-
sterilized (control) or not. Counting rates are given with their standard errors. See text for fur-

ther details.

Experi- Incubation

ml::nt Conditions temperature Peal/( 1. Peak 2 .

No. e (count/min) (count/min)
Chryse 1 Light, dry, active 17 £ 1 7,421 + 59 96 =+ 1.15
Chryse 2 Light, dry, control 151 7,649 + 60 15 +1.29
Chryse 3 Light, dry, active 13t0 26 6,713 = 58 27 +=0.98
Chryse 4 Light, dry, active 16 +2 2,040 + 42 35 +1.6
Utopia 1 Dark, dry, active 15+3 7,133 = 58 23 + 1.7
Utopia 2 Light, wet, active 18 £ 1.5 12,523 + 76 2.8 +0.92
Utopia 3 Dark, dry, active 10 £2 13,014 + 44 7.5 +2.5

ticular interest is the similarity between
the first peaks of Utopia 1 and the first
three Chryse experiments, a finding con-
sistent with other Viking data which
show the surface fines at the two landing
sites to be very much alike. A slow leak
from the radiation counter was detected
in the course of this experiment. To fore-
stall a loss of data should the leak worsen
in later experiments, the counting pro-
gram was changed so that peak 2 was
read out in both 1-minute and 16-minute
segments instead of 16-minute segments
only. (Peak 1 is normally counted in 1-
minute segments.)

The Utopia 2 sample was acquired
from the same spot as Utopia 1. Approxi-
mately 80 ug of water vapor was injected
at the start of the incubation from a reser-
voir connected to the incubation cham-
ber through a valve and flow restrictor.
The near-doubling of the first peak con-
firms that the injection was successful.
Peak 2 was very low, although the lamp
was on, and was the first clearly negative
result obtained in these experiments.

The sample for Utopia 3 was acquired
from under Notch Rock, and it was in-
cubated in the dark for this reason. No
water vapor was injected, but the high
first peak suggests a higher water content
for this sample than for surface samples.
This inference has been confirmed by di-
rect determination of the water content
of a different sub-rock sample from the
Viking 2 landing site (3). Again, a low
second peak, indistinguishable from
those found in sterile or blank laboratory
runs, was obtained.

Discussion. The findings to date from
the PR instruments on Mars suggest that
an organic synthesis from atmospheric
CO or CO, occurs in the martian surface
material. The synthesis is weak com-
pared to that found in biologically active
terrestrial soils (2) and, unlike the latter,
is inhibited by small amounts of water. It
resembles a biological reaction in being
thermolabile, although there is room for
doubt that the synthesis was completely
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abolished in the Chryse 2 sample, which
had been heated to 180°C for 3 hours.
The second peak of Chryse 2 is higher
than that expected for an inactive sample
by 105 + 30 disintegrations per minute;
that is, the difference is more than three
times its standard deviation (Fig. 1). It
would seem likely that some synthesis
was occurring in Chryse 2, but this is un-
certain owing to the fact that no lower
peak has as yet been obtained in a
Chryse sample. It seems reasonably
clear, nevertheless, that the major part
of the reaction is thermolabile, even at

moderate temperatures. A nonbiological
explanation for this thermolability could
be the evaporation of traces of H,0, or
possibly H,0,, required for the reaction.
It is hoped that these and other ambi-
guities can be resolved by further experi-
mentation on Mars and in the laboratory.
N. H. Horowitz
G. L. HoBBY
Division of Biology,
California Institute of Technology,
Pasadena 91125
J. S. HUBBARD
Department of Biology, Georgia
Institute of Technology, Atlanta 30332
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Viking Labeled Release Biology Experiment: Interim Results

Abstract. This report summarizes all results of the labeled release life detection
experiment conducted on Mars prior to conjunction. Tests at both landing sites pro-
vide remarkably similar evolution of radioactive gas upon addition of a radioactive
nutrient to the Mars sample. The ‘“‘active’’ agent in the Mars sample is stable to
18°C, but is substantially inactivated by heat treatment for 3 hours at 50°C and com-
pletely inactivated at 160°C, as would be anticipated if the active response were
caused by microorganisms. Results from test and heat-sterilized control Mars sam-
ples are compared to those obtained from terrestrial soils and from a lunar sample.
Possible nonbiological explanations of the Mars data are reviewed along with plans
for resolution of the Mars data. Although such explanations of the labeled release
data depend on ultraviolet irradiation, the labeled release response does not appear
to depend on recent direct ultraviolet activation of surface material. Available facts
do not yet permit a conclusion regarding the existence of life on Mars. Plans for con-

clusion of the experiment are discussed.

Prior descriptions of the labeled re-
lease (LR) Mars life detection experi-
ment have indicated its scientific con-
cepts (I, 2) and instrumentation 2, 3)
and have presented data obtained from
terrestrial soils (1, 2). Recently, prelimi-
nary data from the first two Mars sam-
ples have been reported (¢). Briefly, the
radiorespirometric LR experiment seeks
to detect metabolism with or without
growth by monitoring the evolution of ra-
dioactive gas from a 0.5 cm?® surface
sample after the addition of 0.115 ml of a
nutrient (2, 4) containing seven organic
substrates (formate, glycolate, glycine,
pL-alanine, DL-lactate) uniformly Ia-

beled with “C. Total oxidation of any
one of the 17 carbon positions would pro-
duce gas containing approximately
15,000 counts per minute (cpm) (based
on instrument counting efficiency),
whereas total utilization of the nutrient
would produce gas containing approxi-
mately 257,000 cpm if we assume com-
plete conversion of all carbon atoms to
gas.

Each of the two Viking LR in-
struments, one aboard each lander, has
now conducted three analyses of Mars
surface material (‘‘soil’’) between the
time of touchdown and the communica-
tion blackout period, which occurs dur-
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