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Building a bridge between 
Paleontology and Astrobiology

Paleontologye sua aplicação em 
Astrobiologia Fósseis do Pré-Cambriano e sua 

aplicação em Astrobiology 



Paleontology

 From the Greek palaios = ancient + ontos = being 

+ logos = study

 Fossils

 From 10,000 years

 Material < 10 Ky = subfossils

 Deposition of sedimentary basins

 Stratigraphic correlations

 Paleogeography/plate tectonics

 Oil industry applications $$$

 Astrobiology

 Evolution of the biosphere

 Earth System Evolution

 Dating of rocks

 Paleoecology

 Paleoenvironments/

Paleoclimate

Spectrovenator rangei, 
110 Ma
Minas Gerais, Brazil

Application in:



Alfred Wegener

Glacial sequences

Mesosaurus tenuidens
Brazil/Uruguay – Namibia/South Africa, Permian 

Glossopteris sp., Gondwana, Devonian
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Paleontology

Fossils are direct 
evidence of
Biological 
Evolution

Fossils and rocks 
are the direct 

evidence of Earth 
System evolution



Paleontology

Fossils

Record of past 
life 

= 10 Ky

Applications

Biological 
Evolution

Earth System 
Evolution



Types of Fossils

Trace fossils = 
IchnofossilsBody fossils



Biomarkers = 
Chemical fossils 

Types of Fossils

Casts

Molds
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Geological Time

“…the extensive interval of time 
occupied by the geologic history of 

Earth.”
@Britannica

4.55 billion years (Ga)

Geological Time Scale

Absolute age dating 
(based on isotope half-life)

Relative age dating 
(based mainly on fossils)



Paleontology

Fossils

Record of past 
life 

= 10 Ky

Types of 
fossils

Applications
Relative age 

dating

Biological 
Evolution

Earth System 
Evolution
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Astrobiology

“Astrobiology addresses 
questions about the past, 

future, extent, and 
interconnection of living 
things in the universe.” 

(NASA roadmap, 2015) 

“Astrobiology, in the current 
view, is de昀椀ned as a 昀椀eld of 

research dedicated to 
understanding the origin, 
evolution, distribution and 
future of life, on Earth or 

beyond.”
(Rodrigues et al., 2016).

Astrobiology + de昀椀nition = 81.100 results

“… the study of how 
life interacts with the 
planets, moons, and 
other objects in our 
universe.” (Blumberg, 2003). 



Life in the context of the 
Universe

Multidisciplinary science

Astrobiology
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Astrobiology

Life in a 
cosmical 
context

Past, presente 
and future

Paleontology

Fossils

Record of past 
life 

= 10 Ky

Types of 
fossils

Applications
Relative age 

dating

Biological 
Evolution

Earth System 
Evolution

Earth

Other planets 
and moons

Comets





Hancock Summit, Pahranagat Range, 
Nevada

@Wikipedia

@Wikipedia



Woodleigh crater
Western Australia

@Wikipedia



Eccentricity Obliquity Precession

Gravit
y

Orbital Geometry

Changes in 
rotation

Changes in 
insolation

mantle-core 
coupling

Gravitacio
nal 

changes

Magnetic 
changes

Geode 
eustasi

a

Orientation 
and polarity 

of the 
magnetic 

昀椀eld 

Intensity of 
the 

magnetic 
昀椀eld 

Climate

science.org
Late Neoproterozoic glacial episodes
Snowball Earth paleoclimate model
714, 635, 580 Ma



Several 
examples in the 

geological 
record
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Identifying abiotic sources of organic 
compounds

Synthesis and function of 
macromolecules in the origin of life

Early life and increasing complexity

Co-evolution of life and the 
physical environment

Identifying, exploring, and 
characterizing environments for 
habitability and biosignatures

Constructing habitable 
worlds

Challenges and opportunities in 
Astrobiology

https://
astrobiology.nasa.gov

Beyond natural sciences: humanities and 
social science contributions to Astrobiology



Knoll & Bambach (2000)

Precambrian



Precambrian = 
Criptozoic, Azoic ou Pre-

Phanerozoic

88% of Earth´s history

Geological Time

“…the extensive interval of time 
occupied by the geologic history of 

Earth.”
@Britannica

4.55 billion years (Ga)

Geological Time Scale



http://www.stratigraphy.org/index.php/ics-chart-
timescale 



Proportionally…



Precambrian Fossils

Microbialites

Microbially Induced Sedimentary Structures 
(MISS)

Microbial 
fossils

Associated to microbialites

Free cells - planctonics or benthonic

Eukaryotes and prokaryotes

Microfossils



Precambrian Fossils

Biomarkers

Organic matter and molecules

Isotopes

Macrofossils

Metazoans

Rangeomorphs e Erniettomorphs

Algae

Incertae Sedis



Precambrian Fossils

HADEAN ARQUEAN PROTEROZOIC

4.0 Ga 2.5 Ga

Microbialites

Microfossils

MISS

Biomarkers

Macrofossils

3.7 Ga

3.7 Ga

3.4 Ga

2.9 Ga

2.1 Ga 1.0 Ga 0.6 Ga



Precambrian Fossils

Microbialites
Microfossils Biomarkers

Metazoans

Rangeomorphs
Erniettomorphs

Algae

Incertae Sedis

MISS



Microbialites - Stromatolites

Physico-Chemical 
gradientMicrobial mat vs. 

sedimentation

H2

O

Lithi昀椀cation and 
Diagenesis

Bambuí Group 
Ediacaran–
Cambrian
600-515 Ma

Cabloco 
Formation

Ectasian – 1.2 Ga



Microbialites - Stromatolites

Una Group 
Ediacaran–Cambrian



Microbialites - Stromatolites

Warrawoona Group
Paleoarchean, 

Australia



Microbialites - Stromatolites

Isua Supergroup
Paleoarchean, Greenland



Microbially Induced Sedimentary Structures
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Interaction microorganisms and sediments

Record of life in siliciclastic environments

17 types of MISS

3.4 Ga to Recent



Microbially Induced Sedimentary Structures

2 cm

MISS – Bambuí Group 
Ediacaran–Cambrian



Microbially Induced Sedimentary Structures

Warrawoona Group
Paleoarchean, Australia 



Cocolitóforos Ostracodes Foraminíferos

Radiolários Diatomáce
as
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Conodontes

Mao et al. (2012)

Acritarco
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Quitinozoári
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Esporos Pólen
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How to classify them?



Haq & Boersma (1994)



Oldest microfossils Dood et al. (2017)

3.7 Ga
Quebec, Canada

Banded Iron Formation
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Oldest microfossils

4.2 Ga
Quebec, Canada

Banded Iron Formation



4.55 Ga 4.0 Ga 2.5 Ga 0.5 Ga

3.4 Ga3.7 Ga Ca, Si, P

C

100 
µm

4.2 Ga



Biological a昀케nity? 
Modern analougues



Biota de 
Gun昀氀int

bwca.com

Subtidal setting

Associated to BIFs

16 taxa 

6 txs of uncertain 
a昀케nity







Microbial Mats

Fotos: T.R. Fairchild (IGc, USP

20 µm

10 µm

300 µm



Bangiomorpha pubesces Butter昀椀eld 2000
Mesoproterozoic, Canada

Sexual dimorphism 



Acritarch
s

Oldest 
Eukaryotes



50 umHermann & Podkovyrov (2006)

Fungi

Oldest occurrence: 
1.0 Ga, 

Lakhanda Series, 
Siberia

                               
       
Molecular clocks: 

1.5 Ga



Vase-shaped microfossils

Porter & Knoll, 2000



Prave et al. (2007)

Otavia antiqua
Porifera

Namibia, 760 Ma



Precambrian Microfossils

Morphology
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Biomarkers

Organic matter and molecules
(C, O, H + acessory elements)

Isotopic ratio
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Porifera 
Algae

Protists

Dino昀氀agellat
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Science 2005



https://
astrobiology.nasa.gov

Identifying abiotic sources of organic 
compounds

Synthesis and function of 
macromolecules in the origin of life

Early life and increasing complexity

Co-evolution of life and the 
physical environment

Identifying, exploring, and 
characterizing environments for 
habitability and biosignatures

Constructing habitable 
worlds

Challenges and opportunities in 
Astrobiology

Beyond natural sciences: humanities and 
social science contributions to Astrobiology



1. When would life have become 
established on Mars?

2. Where would life have settled on 
Mars?

3. Where would life have expanded 
(colonized) to?

4. Where would life have persisted?

Questions
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Five lines of research for the 
search for past life on other 

surfaces:

 Microfossils

 Biomarkers

 Biominerals or 
microorganisms/minerals 

interaction

 Bioweathering

 Sedimentary structures



(1)Fluid inclusions: isotopic signatures and biomolecules
(2)Veins and diagenetic material: isotopic, mineral and microfossil si
(3)Fractures and pores: biofabrics or biotextures

Michalski et al. (2008)



h
tt

p
:/

/w
w

w
.p

la
n
e
ta

ry
.o

rg

4.1 Ga

3.7 Ga

3.1-3.0 Ga

Hoje

 Planetary accretion and differentiation
 High impact rate

 Formation of the oldest impact basins

 Large diameter impact bowls
 Large-scale erosion caused by water

 Complex systems of rivers and 
estuaries

 Changes in planetary dynamics
 Large scale volcanism
 Extensive lava plains

 Records of major floods

 Few impact craters
 lava flows

 Glacial and periglacial activity
 liquid water



Paleoenvironments



Farmer & Des Marais (1999)
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Utopia Planitia

Gale Crater

Jezero Crater



Gale Crater
Exploration area of 
Curiosity

https://mars.nasa.gov/



Imagens de www.wikiwand.com

Yellowknife Bay sequence
Lacustre (playa lake)

3.7 Ga



Noffke (2015)                           
Escala = 10 cm



No昀昀ke (2015)

STRATEGIES:

To detect

Identify

Con昀椀rm

 Di昀昀erentiate from abiogenic 

structures



Biomarkers
Parnell et al. (2007



Thiophene 
(C4H4S)
Aromatic 

compounds
Aliphatic 

compounds

Eigenbrode et al. 
(2018)

Gale Crater
Exploration area of 
Curiosity



Webster et al. (2018)



Voosen 
(2018)



Several 
examples in the 

geological 
record
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Life in a 
cosmical 
context

Past, presente 
and future
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Fossils

Record of past 
life 

= 10 Ky

Types of 
fossils

Applications
Relative age 

dating

Biological 
Evolution

Earth System 
Evolution

Earth

Other planets 
and moons

Comets

Precambrian fossils

Technology

Biological 
a昀케nity

Paleoecologica
l

Preservation
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Conclusion

Understanding modern life:
- Physiological limits

- Genteics 

Understanding past life:
- Morphology

- Paleoecology/Paleoenvironments
- Biological evolution

- Preservation
- Models

Processes and Products

Search for past life:
- Preservation

- Models
- Paleoecology/Paleoenvironment

- Morphology

Products and Processes



Recommendation



Clair Patterson and the age of 
Earth

S01 – E07

https://doi.org/10.1016/0016-7037(56)90036-9



http://journals.cambridge.org/
abstract_S1473550412000183





http://tikinet.kinghost.net/astrobiologia.pd
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Thank you!
evelyn.sanchez@ict.ufvjm.edu.br

@fosseis_precambriano_br
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