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On the ancient Mars, liquid 

water was widespread, 

volcanic activity and heat 

flow were present, a global 

magnetic field that have 

protected against hostile 

radiation, a thicker 

atmosphere and temperature possibly approximating the 

same of Earth. 

Mars 4 billions years ago       Mars today
"©"NASA, 2017



1) Pre-Noachian (4.5 - 4.1 billion years ago)

A serious hypothesis describes Mars at that

time with a very dense atmosphere, a global 

ocean, a mean temperature > 0° C: a first 

window for the possible emergence of life 

on Mars around 4.4 to 4.3 billion years ago 

(hundreds of millions of years before life 

arose on Earth).



2) Noachian (4.1 – 3.7 billion years ago)

A period of heavy bombardment, with 

numerous asteroid and comet impacts (as on 

Earth in the same time). Large-scale volcanic 

activity was taking place, pouring ash and 

gases into the atmosphere: the planet warmed. 

Precipitation rained down: without a doubt, 

the conditions remained favorable for  life. 



3) Hesperian (3.7 - 2.9 billion years ago)

Global geological activity was slowing down, 

although there was still considerable volcanism. 

Huge amounts of water and sulphur dioxide 

were emitted by erupting volcanoes, which 

then rained onto the surface. The climate 

became colder, much of the water became 

locked up as permafrost or subsurface ice, but 

ready to erupted onto the surface when heated 

by impacts, causing catastrophic floods: short-

lived flash floods unleashed torrents equivalent 

to thousands of Mississippi Rivers.



4) Amazonian (2.9 billion years ago-present)

The planet's surface turns dry and 

arid. The rocks slowly altered by 

weathering, punctuated only by 

occasional, short-lived, returns to 

warmer, wetter conditions.

The atmosphere became so thin that 

water instantly vaporizes on the 

surface. 

The current appearance of Mars 

began.

Mars: a cold, dry desert – today Mars, Utopia Planitia: China’s Zhurong Rover



4) Amazonian (2.9 billion years ago-present)

However, the climate and the stability of 

water at the surface vary over thousands 

to millions of years as the axial tilt of the 

planet undergo cyclical changes. 

At present, Mars is experiencing an Ice 

Age, but every 50 000 years the 

atmosphere becomes denser, the 

temperature increases, snow (water!) 

falls all over the planet.

An environment that becomes once 

again favorable to life



Mars 4 billions years ago                         Mars today

"©"NASA, 2017



Mariner 9, 1971 Mariner 9 (NASA) reaches Mars and for the first time 

enters low orbit and take high resolution photos.

Mars: huge volcanoes, active until recently, rivers, now 

dry, but which once flowed for thousands of kilometers.



At the beginning of this century new probes flew to Mars 
providing new data on the planet’s potential habitability 

2001 Mars Odyssey
(orbiter) (USA)

Mars Exploration, 
2003

Spirit & 
Opportunity

(rovers) (USA)

Mars Express, 2003 
(EU) (orbiter)



Early 2000s

Mars: Water!

Martian equator : 1 meter below the surface: 

large amount of water ice

South Pole of Mars: a huge amount of frozen water 

it’ s a frozen hoof, 3 km deep, 600 km large

Mars Odyssey

Mars Odyssey (orbiter) (NASA)



Korolev crater, 

Mars, today. 

Frozen water 

with fresh

snow in  a 

crater: 

Long ago 

there was an 

80 km water 

lake
Mars Express, ESA



Methane, a possible biomarker, on Mars!

Mars Express, ESA

PFS, Mars Express, ESA. Formisano V.- et al.Science

3 Dec 2004 Vol 306, Issue 5702 pp. 1758-1761



Martian methane: geological or biological origin?

PFS, Mars Express, ESA. Formisano et al., 2004.

…and  perhaps

formaldehyde!?

(another possible

powerful biological

signature)



THE DEEP LAKES (liquid water!) OF MARS (today!)

Lauro SE, Pettinelli E, Caprarelli G et al. (2020) 

Multiple subglacial water bodies below the south pole of Mars unveiled by new MARSIS data. 

Nature Astronomy 5: 63-70

Polo Sud. 1,5 

km di 

profondità. : 20 

km di diametro 

+ altri laghi 

minori. MARS EXPRESS:

ESA / ASI, EU, 2018 – 2020



In the meantime, a number of organic molecules were

discovered on Mars, by NASA Curiosity and Perseverance

Rovers
S. Sharma et al. (JPL, USA)

Diverse organic-mineral associations

in Jezero crater, Mars

Nature, 619, pages 724–732 (2023)

and a few months ago an article: the Chinese Martian 

rover Zhurong finds liquid water on what is now Mars

.. till 10C..

(from Perseverance rover)

(from Curiosity rover)







1976

Viking missions (NASA): the search of life on Mars starts!

Viking 1 & Viking 2, the orbiters confirm what was previously discovered by 
Mariner 9: undoubtedly in a distant time, albeit billions of years ago, water 
flowed and enormous floods of water shaped the surface of Mars



Vikings on Mars : searching for metabolism

and organics



Vikings: Biological 
analysis of the Martian 
regolith. 

The first (and only) time 
biological tests were 
conducted to search for 
life outside of planet 
Earth.

July 20 

1976

Viking 1,

lander

(Chryse

Planitia)



September 3
1976
Viking 2,
lander
(Utopia 
Planitia)



1976
Viking 1
Viking 2

Life on Mars?

Labeled release test: simple organic compounds 

(sugars and amino acids) were added to the Martian 

regolith. 

In the presence of living beings (bacteria, algae ..), the 

organics would have been decomposed and CO2

would be released. Preliminary sterilization at 160 ° C 

would have eliminated the response confirming the 

biological response.



Viking1
July 30, 1976

Life on Mars?

Labeled Release test: the answer is YES

G.V. Levin, LR 

Principal Investigator 

(and inventor of the 

device)



August-September 1976
Viking1/Viking 2

Labeled release: CO2 released after sugars and aminoacids were added. 

Preliminary sterilization at 160 ° C reduced the response to almost zero.                  

The experiment was repeated several times: 

Around 50 ° C the response was around zero. 

A sample under a rock of Martian soil (to prevent the possible "activation" by the 

solar UV of oxidizing substances) was positive. 

A regolith sample left for more than 100 days inside the probe did not react (" 

starvation "). 

The same happened in the samples taken 3000 km away (Viking 1 vs Viking 2) . 

Everything happened by confirming the biological response.

Chryse Planitia: 10 000 cpm

Utopia Planitia: 13 000 cpm



BUT, successively 

Viking's GCMS (gas chromatograph – mass spectrometer) found 

no traces of organic compounds in Martian soil (regolith)

No organic compounds? No life!



Many scientists, after the data from GCMS, hypothesized that 

the release of carbon dioxide in the LR experiments would be 

the result of the action of strongly oxidized compounds 

(superoxides and peroxides) that could be present in the 

Martian regolith:

No organic compounds? No life!



)

The plaque placed in front of the Viking Lander Exhibit, Smithsonian National 

Air & Space Museum, Washington D.C. , USA.
"©"«Mars, The living Planet», Barry E. DiGregorio)

Today, an epitaph for the presence of life on Mars



Andrew C. Schuerger & Benton C. Clark

Viking Biology Experiments: Lessons Learned and the Role of Ecology in Future 

Mars Life-Detection Experiments

Space Sci Rev (2008) 135:





Viking GCMS cannot recognize pyrolysis products of <1 million 

Escherichia coli, bacteria / g (while LR is able to recognize 10 

bacteria / g) > GCMS had a huge sensitivity problem 

Detecting pyrolysis products from bacteria on Mars    Daniel P. Glavin, Michael Schubert, Oliver Botta, Gerhard 

Kminek, Jeffrey L. Bada, Earth and Planetary Science Letters Volume 185, Issues 1–2, 15 February 2001, 1–5

Many cocluded that there are not any trace of life in 

the present Mars, 

but others take LR evidences of life in the distant 

past of Mars very seriously, and return to the 

results of Levin's Labeled Release

http://www.sciencedirect.com/science/article/pii/S0012821X00003708
http://www.sciencedirect.com/science/article/pii/S0012821X00003708
http://www.sciencedirect.com/science/article/pii/S0012821X00003708
http://www.sciencedirect.com/science/article/pii/S0012821X00003708
http://www.sciencedirect.com/science/article/pii/S0012821X00003708
http://www.sciencedirect.com/science/article/pii/S0012821X00003708
http://www.sciencedirect.com/science/journal/0012821X
http://www.sciencedirect.com/science/journal/0012821X/185/1


The Phoenix lander (NASA) 

descended on Mars on May 25, 

2008

Perchlorate on 

Mars

discovering



Rafael Navarro Gonzalez et al. Reanalysis of the Viking results suggests

perchlorate and organics at mid-latitudes on Mars, Journal of Geophys. Res.-

Atmosph.), 115 /(E12010) 1-11, 2010 

Repeating the GCMS test in the Atacama 

Desert, Earth (it contains organic compounds: 

bacteria and fungi!) by adding perchlorates 

(as now we know they are on Mars) 

the GCMS DENIES THE PRESENCE OF 

ORGANICS, except some chlorinated 

derivatives of methane, EVEN IF AT ATACAMA 

LIFE BEINGS WERE PRESENT!



Rafael Navarro Gonzalez et al., 2010: Reanalysis of the Viking results suggests

perchlorate and organics at mid-latitudes on Mars

Perchlorates destroy organic compounds when heated to 500 ° C (as in GCMS) 

and produce chloromethane and dichloromethane, ATTENTION: the same 

compounds was  detected by the GCMS on Mars (and attributed to solvents left 

over during the preparation of the probe): the GCMS actually recognized the 

presence of organic compounds on Mars!

So, Viking GCMS can’t deny the results of the Labeled

Release test on Mars: organics were present at the 

Vikings sites! 



JD Miller & GV Levin, 2002

The Viking LR showed a highly periodic gas 

release: the signal has a rhythm: 24.66 h, the 

length of a Martian day (Sol): a possible 

circadian rhytm?



Lacking the smoking gun!

But the temperature inside the Lander also showed a 2 ° C temperature 

fluctuation (reflection of the temperature variation during the day on 

Mars).

If the circadian rhythm of the released gas was determined by 

temperature, it would be a chemical phenomenon and not a biological 

one.





Labeled Release Experiment on Mars: a new approach.

Complexity analysis: Order and Chaos

Unstructured causality:    

White noise

Deterministic dynamics: 

the sine function

Life: there is no deterministic order of mathematical functions, but a 

highly chaotic, non-deterministic dynamic.

Heartbeat



Complexity analysis of the LR data on 

Mars vs. Biological data, Earth: the 

same dynamic behavior?

LIFE:  chaos, randomness and  fractal (statistical) order



Lempel Ziv Complexity

A value of LZ = 0 the time series of data

follows a perfectly predictable, regular

trend (sorted data)

A value of LZ = 1 the time series of data

follows a completely random trend.

Measure the degree of complexity of a

time series
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With the Hurst exponent it is possible to

distinguish a time series of data whose

structure is governed by a random process,

from one in which this process cannot be

properly defined as such, despite being a

non-deterministic type (process with memory).

H = ½ the time series under examination follows a random walk 

process.

Stochastic processes with memory:

0 <H <½ presence of an anti-persistent effect

½ <H <1 presence of a persistent effect

Hurst Exponent
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Lyapunov Exponent

This measure quantifies the degree of sensitivity of a system from the

dependence on the initial conditions by measuring the exponential

separation of two neighboring trajectories. In regular systems this

distance remains constant or decreases (negative λ or zero) while in

chaotic systems it diverges exponentially (positive λ).

Since the Lyapunov exponent can also be seen as the divergence

tendency of the attractor's orbits, in chaotic systems its value

represents the degree of chaoticness of the system.

Lyapunov <0 = ordered and predictable data

Lyapunov> 0 = chaotic system

Lyapunov >> 0 = unstructured data
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Entropy (Kolmogorov):

Measure of the disorder of the data,

the greater the more disorder there is.

Sine function, entropy = 0)

Dependence in a time series of the data in succession.

White noise, BDS = - 16.8 Pink noise = - 0.6

heartbeat = - 3.3 - +1.6 sine + noise = + 2.5

Measurement of the dependence of the data on its neighbors

White noise = 0.64                     Pink noise = 21.2 

heartbeat = 2.7 - 11.4                 sine + noise = 11.9
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Time correlation, τ:



Reanalysis of Viking LR experiment

by chaotic analysis
with Miller & Levin: #9 experiments on Mars, 16 000 test points, 

2004-2011 years

(sterilized, starved, protected.. martian samples), 7 nonlinear indexes
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16,000 Labeled Release 

data, all sols ( + Bacteria & Rats, 

Sterilization & Martian LR Active Tests, 

after Sterilizations, Temperature 

fluctuations, radioactivity inside the 

Martian probe), 

performing chaotic analysis



LR data on Mars 

overlaps perfectly 

with biological data 

tested on Earth and is 

clearly separated 

from all abiological

data (p <0.001) after 

chaotic analysis



Focusing on FIRST 6 DAYS (SOLS) ON MARS

Complexity analysis of Labeled Release data 

4  LR experiments performed by the Vikings on Mars adding a solution of formate, glycine, glicolate, D- L- Lactate, D- L- Alanine 

labeled with 14C.and   1  LR experiment performed on Earth, terrestrial soil with a known microbial population, using the same

LR nutrient.  The amount of radiolabeled gas released during the first 6 sols (Mars) or 6 days (Earth), read every 16 minutes, was

analyzed by Chaos Data Analyzer Pro, ( Sprott & Rowlands, American Istitute of Physics) to determine :   L-Z , Hurst, Lyapunov, 

Entropy, BDS, indices.

LR, active

Earth (biology) vs. Mars



Complexity analysis of Labeled Release data, focusing on FIRST 6 

DAYS (SOLS) ON MARS

The rhythms observed by Miller in 2001 they were not due to the 

variation of temperature (we have found the smoking gun!)

A terrestrial biological sample (bacteria) in the LR has a behavior of 

the chaotic indices perfectly superimposable to what was observed 

on Mars during the first 6 days (sol) on Mars.



If it looks like a duck, cackles like a duck and walks 

like a duck> then IT'S a duck!

Pluralitas non est ponenda sine necissitate  (William of Ockham)


