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WHAT I’LL TALK ABOUT

• Why the fascination of Mars?

• Exobiology and NASA Ames Research Center.

• Scientists of the Exobiology Division at Ames 

who guided the Viking Experiments.

• Viking search for life on Mars, details of the 

experiments and results, and future.



WHY THE FASCINATION OF MARS?

 Mars is a red planet with changing patterns of 
coloration.  White patches at the poles wax and wan, 
and patterns of light and dark appear over the surface 
of the planet. 

 Giovanni Schiaparelli  announced in 1876 the 
discovery of „Canali‟ (channels) on Mars. The press 
misinterpreted this to mean Canals.  

 Percival Lowell, a wealthy amateur astronomer, built 
an observatory in Flagstaff Arizona around 1894.  He 
published several books on Mars, discussing the 
canals of Mars and speculating on complex life there.



CANALS ON MARS

Left image, (Canali) concept attributed to Sciaperilli

Right from Hubble Telescope

South Pole up.



INTEREST IN MARS

 4th planet from the sun

 Mass  relative to earth is .11

 Day length 24.7 hrs

 Atm Pressure:  6.36 mb  (4.0 

to 8.7 mb). Earth 1013.25 

mb  (~1/100 earth)

 Average Temp -63 C (-81 F)

Mars appears to be the most earthlike of our sister planets.



WHAT IS EXO BIOLOGY

 Extra terrestrial biology, the modern term is 
astrobiology.

 Attributed to Joshua Lederberg, Nobel Prize winner, 
Stanford University and member of the Space 
Sciences Board established by the National Academy 
of Sciences. 

 NASA  established a Life Sciences group in 1961 at 
Ames Research Center at Moffett Field which included 

an Exobiology Division.  



NASA AMES RESEARCH CENTER

Exobiology was a division of the Life Sciences 

Directorate. Established prior to 1964.  In time 

Dr. Harold P. Klein was appointed the 

administrator of the Life Sciences directorate.

Other Divisions in Life Sciences were devoted to 

Man/Machine Interactions and  studies of 

human and animal physiology as related to 

space exploration.



DR. HAROLD P. KLEIN

Dr. Klein was a graduate of 

Brooklyn College and UC Berkeley 

in Bacteriology.   Reportedly he 

established the Department of 

Biology at Brandeis University and 

was its chairman  prior to hire at 

NASA in 1962 or 63.

He is considered the father of 

Exobiology



EXOBIOLOGY DIVISION

Exobiology 
Division

Biology Adaptation
Milton Heinrich 

Chemical Evolution
Cyril 

Ponnamperuma

Life Detection
Vance Oyama



Other Important Exobiology Scientists

Dr. Cyril Ponnamperuma,

Chief of the Chemical Evolution 

Branch

Dr. Ponnamperuma, from Sri Lanka did his undergraduate work in London.  He received his 

Doctorate under Melvin Calvin (Nobel Prize in Physics)  from UC Berkeley.  

In his research at NASA, he and his team investigated the products of spark discharge through 

CH4, NH3, H20 and H2 (originator Harold Urey and Stanley Miller, 1953).   Amino Acids were found 

that were common to life, such as Alanine, Glycine, Proline, Valine, Aspartic Acid and Glutamic

acid.  

He also analyzed the Murchison meteorite, (1969 from Australia) for carbon rich materials and 

found Amino acids similar to that from the Spark Discharge experiments.  He also had a Mass 

Spectrometer laboratory which could identify unknown organic compounds.  This laboratory was 

used in the analysis of  lunar  rocks.  



VANCE OYAMA
CHIEF OF LIFE DETECTION BRANCH

Vance Oyama (left) is entering 

the Life Sciences building 

with Dr. L. Pete Zill

Vance was head of a group of 
dedicated technicians and 
scientists.  His branch was 
devoted to engineering and 
microbiological studies to design, 
develop, and test unique 
instruments  to detect life.   

His group established an ultra 
clean room with Laminar flow 
cabinets  to analyze the Moon 
rocks.   



Space Race:   Russian Space Craft to Mars

 From 1960 to 1962 :       5 space craft to Mars
 Largest was ~900 KG,  1962C landed, no communication

 From 1971 to 1973, 6 missions:   MARS 2 through 7
 Large craft, up to 4,680 KG (10,800 pounds) 

 Minimally successful.  Atm P, (Mars 3) 

 Mars 5 orbiter, imaging data for 6 and 7.  

 Mars 6 lander returned descent data but failed at surface

 On March 6, 1974, Mars 7 failed to go into orbit and the Lander 

missed the planet.

 Conclusion:   Very difficult to reach Mars and Land a 

craft



NASA pre Viking Mars exploration

Mariner 4 Flyby 260 kg, Nov-Dec 1964

 Results:   22 close up photos,  CO2 –5 -20 mb,  sm magnetic field

Mariner 6 Flyby 412 kg, Feb 1969

Mariner 7 Flyby

 Results 6 & 7:  200 photos, temp, surface molecular comp, atm. Pressure

Mariner 9 Orbiter  974 kg, May 1971-72
 Results:  Photos of Surface and Hi Res pics of Phobos and Deimos



Mariner 9  Success

 Arrived to a Massive Dust storm on Mars.

 As storm cleared, huge volcanoes were disclosed 

 Photographs indicated a dynamic geology.

 Volcanoes

Olympus Mons

 Tharsis Montes

 Valles Marineris „Grand Canyon‟







VIKING TO MARS

 The Mission to Mars (Voyager) funded in 1965,  budgeted 

$4,000,000,000.

 Plan was for a fully robotic controlled Laboratory, 50,000 lbs

 Budget cutbacks resulted in final budget of $1,000,000,000 

 Biology Experiment project reduced to three „wet chemistry/biology 

apparatus which were modestly controllable from earth.  Budget around 

$60,000,000.  

 Inclusion of a Gas Chromatograph /  Mass Spectrometer on board in 

addition to analyze atmosphere and soil.   Additional Budget around 

$55,000,000.



Viking Spacecraft Engineering Aspects

 Two space craft, each consisting of an Orbiter and a 
Lander. 

 Orbiter designed and built by JPL (Jet Propulsion Laboratory managed by 

Cal Tech).  

 Lander designed and built by Martin Marietta.  Size of a Volkswagen 
bug.

 Weight of one craft (Orbiter and Lander), fueled, was 
3527 KG  (7759 pounds)

 Power source on Orbiter was 34,800 Solar cells 
generating 620 Watts. On Lander were 2 RTG‟s 
generating a total of 60 W continuous power at 4.4 
volts.  



Space Craft continued

 Landing sites were preselected and would be in 

the Northern Hemisphere of Mars.

Orbiter had cameras which would survey site for 

successful landing prior to separation.  

 Viking 1 launched August 1975

 Viking 2 launched September 1975



VIKING ORBITER AND LANDER



MISSION PROFILE



Viking Lander photo



Viking  Landers on Mars

 VL-1 Reached the surface of Mars on July 20, 

1976.  (Anniversary of 1st Man on Moon in 

1969)

Predetermined site was found to be too rocky so landing 

was delayed until Orbiter photographs could be examined 

to select a „safe spot‟.   Chryse Planitia.

 VL-2 reached the Surface of Mars on 

September 3, 1976

Landing closer to the North pole of Mars, (More water?) 

and half way around the planet from VL-1. Utopia Planitia
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OLYMPUS MONS



VIKING 1 LANDER VIEW OF BIG JOE



VIKING 1 LANDER ANOTHER PICTURE



VIKING 2 LANDER PANORAMIC PHOTO



3 BIOLOGY EXPERIMENTS AND GCMS

 Team Leader:  Dr. Harold P. Klein

 Gas Exchange:   Vance Oyama

 Labeled Release:    Gilbert Levin

 Pyrolytic Release:   Norman Horowitz

 GC_MS:   Klaus Biemann Independent of 

Biology Experiments 



EXPERIMENTERS AND THEIR  PREDICTIONS ON 

DETECTION OF LIFE:

 Harold P. Klein Project Leader:    1 in 50

 Vance Oyama:  GEX,    50%

 Norman Horowitz: PR,  Member NAS, Graduate 

of Cal Tech and Professor there. He was most 

pessimistic. 

 Gilbert Levin: LR,  A  sanitation engineer.   Still 

believes that there was evidence of life.



Life:  What are the assumptions?

Water probably necessary

 Carbon based life (Nitrogen)

 One or more of the nutrient compounds would 

be metabolized.

Microbial Life would be widely disseminated

 Life would either be Autotrophic (plant like) or 

Heterotrophic (animal like).



Metabolism of Autotrophs and Heterotrophs

 Autotrophs (Plant like)

Example:   CO2 + H20       Light CH20  +  O2

Carbohydrate   example:   Glucose C6H1206

 Heterotrophs consume substrates from 

environment

Carbohydrate + O2 CO2 and H20

Oxygen is just one of several electron acceptors possible.  



Biology Experiment Module

 Module weight 15 KG around 33 lbs

 Roughly 1 cubic foot.

 Clean room assembly of module.

 Three biology Experiments, LR, GEX, and PR





Robotic Surface Sampling Arm 



TRENCHES DUG BY VIKING 1 LANDER



Gilbert Levin:  Labeled Release Experiment

 Sanitation Engineer who monitored pollution in 

water supplies in towns along part of the 

California Coast.

 He had invented an automated method of 

detecting microbes utilizing metabolic release 

of carbon gases.   

 He worked closely with Normon Horowitz and 

Gerald Soffen of JPL.  



LABELED RELEASE 

EXPERIMENT

Purpose: to detect the 
metabolism of heterotrophic 
microbes.

Radioactive Nutrients 

Products predicted to be 
carbon containing gases, such 
as CO2

Detected radiation, no 
identification of gases .



Labeled Release Experiment:  Substrate 

(Nutrients)



Procedures for Experiment

 0.5 cm3 of soil placed inside 

test cell

 Background radiation 

measured (RTG)

 Nutrient injected (0.115 ml) 

wait 7 sols, inject another,

 Incubate for another 6 sols

 Product of reaction would  

be a radioactive gas, like 

Carbon dioxide, Carbon 

Monoxide, or Methane,



First Results LR Exp.  VL 1 Cycle 1

1



Control Experiment Heated to 160o C.



Conclusions from LR Experiment

 Positive life-like result.  Terrestrial soils would 

like wise yield no activity after „sterilization‟.

 However rate of the reaction was not similar to 

life, ie. it never approached an exponential 

curve.   (Growth curves of bacteria doubling 

every few minutes, approach a exponential 

curve)



Bacterial Exponential Growth Curve



Introducing Norman Horowitz:  PR     

Ph.D. from Cal Tech in 1939,  

Professor at Cal Tech

Head of Biology Section at JPL

Member of National Academy of Sciences

Significant Discovery: One gene produced 

one enzyme in the 50’s.

Experiment: Most Martian-Like conditions for 

incubation, (Least Water). 

Wrote book, “To Utopia and Back”



PYROLYTIC RELEASE EXPERIMENT  HOROWITZ

Purpose:  Detect Autotrophs under 

Martian conditions of ultra low 

moisture, low temp, and light.  

Product :  Complex organic 

radioactive compounds.  

Column: Trap Organics >CH4 ,  

and when heated to 625o C 

oxidizes organics to CO2

Measured:   „Ashed‟ organic 

compounds,  CO2



1. Soil Added to test vessel

2. Inject 14CO2 & 14CO

3. Measure background Radiation

4. Incubate for 120 hrs under 
illumination  (5 earth days)

5. Stop incubation by venting and 
heat. 

6. Heat soil to 625o C

7. Sweep material to column (He) 
Organic Trap (>CH4) and CuO 

8. Peak 1

9. Heat column to 625o C  oxidize 
organics.

10. Measure CO2 of Peak 2

Experimental Sequence PR Experiment



Results of PR Experiment

Location Conditions Temp Peak 1 
(dpm)

Peak 2 
(dpm)

C1 Dry, light 17 67,465 842

C2 Dry, light 175 sterile 69,536 105

C3 Dry light 13-26 61,027 215

C4 Dry,light 16 18,545 289

C5 H20,light 90 20,295 275

C6 H20,light 15 193,803 255

U1 Dark, dry 15 64,845 178

U2 Light, H20 18 113,845 -7

U3 Dark, dry 10 118,309 36



Conclusions of Pyrolytic Release Experiment

 The first experiment gave evidence of radioactive 
incorporation into Martian soil.

 Second experiment as a control was consistent with 
experiments on earth.

 The results from the next series of experiments did 
not repeat previous results.

 Horowitz concluded that the results from the 
experiments was not conclusive of life, but possibly 
chemical reactions.



GAS EXCHANGE EXPERIMENT      V. OYAMA

The gases in the atmosphere of the 

vessel were sampled periodically to 

determine if changes would occur under 

different conditions of nutrition, and 

humidity.   

Nutrition consisted of complex organic 

compounds and inorganic salts.  The 

compounds were not radioactive.

Measured changes in gases in the 

closed vessel cycling over time, which 

would indicate metabolism in 

heterotrophic microbes (CO2 would 

increase over a period of time)



GEX Experiment

 Designed to distinguish 

between gas changes from 

purely chemical (or physical) 

reactions and biological 

phenomena.   

 By flushing the test chamber 

of atmosphere and nutrition, 

gases would either be 

reduced or eliminated in 

subsequent cycles (chemical 

or physical reactions) or else 

continue or increase 

(evidence of biology)



GEX Procedure

 Place soil into flask (fines from 
martian surface)

 Vessel was closed, head space 
contained Martian atmosphere 
and test gas (92% He, 5.5% Kr, 
2.8% CO2)

 Mars atmosphere: CO2 96.2%, N2

2.3%, Ar 1.5%,  O2 <0.15%, 

 Humidity could be changed to: 

 a. none , 

 b. humid 0.5ml ,  or 

 c. wet 2.0 ml of nutrient.

 Temp was 8 to 11o C, Pressure 
200 mbar,  Dark



GEX Results  VL-1, Sandy Flats Chryse

Humidified 

test 

chamber

Argon Nitrogen Oxygen Carbon 

Dioxide

Expected*

in nmoles 

62 96 4.4 9800

Results

in nmoles

13 83 790 9800

Duration until sol 58

* From Martian atmosphere



Oyama and Berdahl conclusion: 

 “Never saw O2 evolution on earth in dark”.

 “The evolution of O2 on humidification of the Martian 
Surface samples was clearly a chemical reaction 
involving one or more reactive species such as 
ozonides, superoxides, and peroxides.”



GAS CHROMATOGRAPH/MASS SPECT UNIT

No carbon compounds were detected.   According to Biemann the system was 

capable of detection down to ppb range.   On Mars the system detected the 

solvent used to clean the system while in assembly stage at the Cape.



Results reported to the Press in 1976

Preliminary results:  Per H.P. Klein et al., Science, 194, 4260, 99-105, October 1976,  

“The experiments are still in process, and these 

results so far do not allow a decision regarding the 

existence of life on the planet Mars.” The failure to detect 

carbon compounds by the GC/MS instrument was the reason that these 

scientists could not declare that life had been found.

After further experiments the conclusion tended 

toward chemical reactions from a strong oxidant in the 

soil of Mars, such as H202, or K20.  



Why not Life?

 There was no detection of carbon compounds in the Martian 

Soil.  Biemann et al., Science, 194, p. 72,  1976

 Kinetics of reactions need to be explained.  Reactions on earth 

generally show a lag and slower to reach rapid reaction.  

 The low temperature of Mars would suggest (chemistry) that 

metabolic rates would be slow.

 For a summary, see H.P. Klein :  Origins of Life and Evolution in 

the Biosphere, “The Viking Biology Experiments:  Epilogue and 

Prologue” 21: 255-261, 1992



Nancy’s thoughts

 The LR experiment may have given evidence of life.   The results from the 
experiments were consistent throughout all experiment cycles. (Levin)

 The PR experiment may have given positive results too, but due to 
complexity of retrieving results may have had malfunction in column.   It was 
thoughtfully designed but implementation was difficult.  

 GEX experiment most important of all, it indicated that the Martian surface 
is hostile (UV and Solar wind).  Results were hardest to determine. 

 GC/MS instrument design might have „missed‟ complex organic salts in soil 
as suggested by  Brenner, et al, PNAS 2000.

 Need alternative, and corroborative techniques for Carbon detection.

 Important now to search for „protected environmental niches‟
 Site selection critical.

 Important to search for a „fossil‟ record.   Evidence of water is everywhere, at 
least for major deposits in the past.



IMPORTANT FINDINGS REGARDING LIFE

 Water Everywhere?

Evidence of water (Ice or vapor) returned from Mars: Mariner, Viking, and 

more current missions, the Mars Global Surveyor.

 Recent evidence of Methane release

Earth Based Studies,   Michael J. Mumma at NASA Goddard Space Flight 

Center in Greenbelt MD  with his spectroscophic studies.   This methane  

„release‟ is seasonal and is located around the Nilli Fossae and Syrtis

Major, and Terra Sabae somewhat near the Utopia Planitia.

Michael J. Mumma, et. Al, “Strong Release of Methane on 

Mars in Northern Summer 2003” Science,     January 6, 2009. 

1165243.



Mumma’s Mars

Michael J. Mumma, et. Al, “Strong Release of Methane on mars in Northern 

Summer 2003” Science,     January 6, 2009. 1165243.



Earth Based studies show Methane

 Spectrums indicate chemical elements and 

compounds.



Area of Methane Release



Possible Sources of Methane

 Geochemical:  Volcanoes

Underground sources of CO2 and H2. (Under 

conditions of heat and pressure.)

 Biological:   Derived from Anaerobic (without 

Oxygen) respiration in Microbes

CO2 + 4 H2 CH4 + 2 H20

Or   CH3COOH        CH4 +    CO2


