GEOLOGICAL TIME TABLE

HISTORY OF THE EARTH

Base column with vertical scale

THROPOCE
—0— M present
v~ | CENOZOIC
0 biconical projection
— 125
MESOZOIC g
250 8
375 =z
500 L
Chronostratigraphic Units
|| Geochronological Units |
— 625
750
— 875
1000
— 1125
1250

PROTEROZOIC

telesc.Plank: ESA

mi

OROGENIC ACTIVITY

~201.3

i’@ﬁ':‘ : '-Aa-"‘
DOMERIAN: marl

CARIXIAN: crinoid limestones
SINEMURIAN: micritic limestones

USAfacies post-tectonicas =
T Newark Sandstone(Molasas) |

Este

Limestone and marl
Limestone and tableted dolomites
Ochy limestone and breccia dolomites

Carniolas

¥
‘

Great volcanic activity
in the ocean ridges

Paleokimerica

CHRONOSTRATIGRAPHIC SEQUENCE Time
and PLANETARY GEOLOGY
Customize according to the country considered
biofacies .
CHRONOSTRATIGRAPHIC UNITS FACIES/FLOORS jiéic:, FACIES/FLOORS Local- | | Tectonic Phases
- . : Lithologies S _ | ext _
ONERA| SYSTEM SERIES STAGE 11| GLOBAL SCALE ;EUIpe:, GiROMIONES | Country: faic _  pradomment |9 Ma|  eomershoiosial s
PRESENT PRESENT
NEOLITHIC Soge ) NORTHGRIPPIAN() VERSILIAN POSGLACIAL  -bonancible stage> i Alluvials and Colluvials £ S3 Basins Sed.N/Q
7777777777777777 0.0117 H O LOC E N E <F|andrlense> <0.0 GREENLANDIAN(L) 10.0117 | “MEDITERRANEAN- T;ARDIGLA C}AL Rrepp[egl 10000 Magdalenian | Grave|S, sands and silts ---- = 0'01 1 7 ‘ : g Crater de Barnnger Arizona
U | TARANTIENSE -UPPER- t7irpenian 0.1260| WEISCHELIAN . . o000 Loess and peat 2 E’ & 2=1200 m (50000 a),UsA
MUSTERIAN (Homo neanderthalensis) Kite . = = P d .
C . PLEISTOCENE | M |cuisanax IONIAN 0.7810 | MILAZZIAN: fossil beaches and rver teraces  Ganzian River and marine terraces 2.5763 3 L s asadenica
Homo habilis PALEOLITHIC|, saay L gé_tﬁgfo!ﬁN ACHELAN 1.8000| Shkerman VILLAFRANQUIAN . - Raised beaches ‘_c_g § -g Iberomanchega (P.1.)
E T'" LL] P L I 0 C E N E U |PIACENZIAN (ASTIAN) T River deposits. Rafas: quartzite gravels with clay matrix 2 742 S i Walaqwca
= 5.33 L. |[ZANCLEAN 5,333 lRUSCINIAN Olistostromes and Tectosomes: . 2 Rodanica
N LL] ' MESSINIAN (ANDALUCIAN) ' dventan T < postogenic tectofacies > S<  Atica
> D) U (PONTIAN) 7.246 TUROLIAN Limestones of the moors 3 o Estairica
TORTONIAN 11.620 { VALLESIAN Marls and plasters E Betica-Rifefia piandiica| wisg
O @ o MIOCENE | M |PARGHIAN  |MELVETAN %) VINDOBONIAN| 17.70 |®  Neocastellana [P.1) | ¢
: : (Quirépteros en Teruel) Marl A
— [, |BURDIGALIAN 20.440 Post-alpine molasses 1) LGl s
23.03 AQU ITAN IAN 23.030 RA MBLIAN <postogenic tectofacies> Sandstones SaV|ca
% - U CHATTIAN R AGENIAN ____________ —Switzerland- . o
o ﬁ LL] OLIGOCENE RUPELIAN P ——— 2840 ARVERNIAN Calcareous conglomerates, sandstones and gypsum | 1(.87 Pirineos s.s.
( > A = 33.90 L 90 | SUEVIAN R 0scm | Pyrenean (1P
|| Z (I.I; I 38.00 1RHENANIAN PERIOD SRS £ e e 022" Himalayas.<Alpinas E>
BARTONIAN 4130 f 4 Limestone and marl
E O C E N E M LUTETIAN (BIARRITZIAN) 47.80 NUMMULITICAL base LUTEC. 2 1 9 ‘A t.4 Al
————————————— - ¢t Alps, Balkans ,
C = 8 56.00 L | YPRESIAN oo | e TRAN  ILERDIAN i S oL
H d U THANETIAN (LANDENIAN) 920 | GARUM =3 - Flysch rhythmic alterr::atlit:)r} of I|mestone-marl . LS Alpine W >
SELANDIAN 0k ? < synorogenic tectofacies > i . -
NEW LIFE E PALE O CENE (MONTIAN - UNNMEDIAN) - Me?. dCh}g;UIUb “P““SEI:ANE Sandstones 9.70 ‘ ﬁrae?'tavl‘.}ll(;a(?’acsa i
66.0 66.00 Lol 66.00 i re-ﬁr@eg - - _li—_.l. Carbonate rocks with foraminifera Crater Chicxulub: Gulf of Mexico
MAASTRICHTIAN != Coesita & [Ir]? Alternation of pelagic limestone and margocalestone -F.Flysch- @ de ~200 km
CAMPANIAN S . # Calcareous breccias and conglomerates " iif*=@rand Canyon of the Colorado
SANTONIAN S base SANTON Marl et dotr )
UPPER CONIACIAN 2 89.8~ | Limestone Rocosas m. ~70Ma
TURONIAN Massive limestones and dolomites fActt Andes chain o
M 100.5 CENOMANIAN w05 ¥ BB AC. Calcarenites @ | s Circum-Pacificas c. ¢
CRETACEOQOUS ALBIAN | i UTKILLAS:comnosmoseons ) Siliceous arches and sands | 79.0 | &r suphercinic -
E APTIAN e URGONIANA vl N Limestone Austric( 12 2
LOWER BARREMIAN = | susconmeacmy i . ustric(1"phase ) =
HAUTERIVIAN § mestoneiGiaysang WEALD Conglomerates, siliceous sands, Cov_er t of : -
S VALANGINIAN |8 DELTAICASFAC. | . sandstones and clays C.Pirenaica Pre-Pyrenean o
o Clay/Sand/Conglom. Limestone C.Cost Catal 2
~145.0 \/ BERRIASIAN = wod " - kY g -wostero-L.atalana o
O ; B PURBECK e S C.Cantabrica -
TITHONIAN -PORTLANDIAN- = Limestones, sandstones and clays C.Ibérica 0
M A L M KIMMERIDGIAN Late/Upperd. | iy Massive limestones and rhythmites : I
V4 163.5 OXFORDIAN 635~ - Man Neokimericas
CALLOVIAN i
O EATHONIAN _ L|mes_tone and marl -
Middle J. Massive limestone c
JURASSIC DOGGER BAJOCIAN g 56.3 » ;
I 174.1 AALENIAN . Ve Raleccone -
c
3
C :
0
|
0
1

F A N E R O Z2 O

CAMBRIAN

OLD LIFE ~541.0

PROTEROZOIC

~ 4600

(BEGINNING OF LIFE )

Vla

U Chronostaaphi

Verified geological record

Uds Geoctronelogiel

Intangible units of time

EONOTENA

EON

ERATENA

ERA

RHAETIAN
UPPER NORIAN
237.0 CARNIAN

LOPINGIAN

GZHELIAN

UPPER KASIMOVIAN

PENSYLVANIAN 2

MIDDLE

~ SILESIAN MOSCOVIAN

323.2~ LOWER BASHKIRIAN

~ DINANTIAN

_P RIDOLI PRIDOLIAN

FRANCONIAN
POTSDAMIAN

. STAGE 10

s05~ UPPER

Periods

ERAV EDIACARIAN

~635

= .
§ —KEUPER: conT. FACIES(RAINBOW MARGINS) Variegated clays and plasters
S oy
=, MUSCHELKALK | Q%EE}A Limestone Limestones with dolomites, marls and clays
= Red clays and sandstones (quartzites and rhodennes)
8 —BUNTSANDSTEIN: conT. FACIES (SANDS) Base clusters
...... — . Sandstones
Bituminous (fetid), calcareous and clayey shales: Germany
WERFENIAN Series ceilin . . rgn s .
THURINGIAN | jucass limestones ? i FACIES Detrital series with intercalation
SAXONIAN Cong’!NIFNTAi-S of volcanic rocks
and shallow water
AE <collations of R.Volc.>
ESTEFANIAN { Fm Barruelo:Cont. Fac. gy oton e [mineralizations] >>
BARRUELIAN _| r7n5yitCers Molasasclastic sed.)
WESTFALIAN LANGSETTIAN CANTABRIAN | lmarrefossist] | Granitoids
...................... Arenas great transgression 5 )
NAMURIAN T Aremiscas  BRIGANTIAN __ acpav [Cupper <Palencia- | Mountain limestone
Pizarras HO N
DINANTIAN ~ CULMY | czs.. HO Bian N — ARUNDIAN Slates and sandstones
S | e, BASTamaw —fvoRwaN || | in peripheral areas of Ib.M.
AR OVIAN “p 1 d dstone” Volcanite intercalation : FeS en Riotinto
ge e re 7 an stone Slates and Quartzites
ORCADIAN Red sandstones
= Limestones and nodular dolomites
ﬁﬁmﬁ" Old Red Sandstone Granites (-)
_DownTowaN Suramerioa(taurisi®) | t*/in peripheralareas of InM. —
Slat d Sandst Slates with graptolites and sandstones
ates an andasiones . .
= Cinnabar from Almadén and Fe del NW
A O DVORIAN Slates, Sandstones, Quartzites and Limestones (-]
BEROUNIAN Armorican Massif Granite(-)
DOBROTIVIAN - Armorican Zi
ORETANIAN Brittany (France) orican Quartzite

“Black slates and lavas of Wales”

—quartzites, quartz-sarenites and grauvacs
Glandular gneiss and Porphyroids Fm.

Saalica

Asturica (I.
Erzica

Sudetica
Bretonica

(M.Hesperico o Hercinico)

Iberian Massif (Ib.M.)
Antepais

British Is.
Ardemica

Scandinavia

Taconica

Mongolia (N

Appalachian North T

Palatina (rraicica)
i Great volcanic activity

Uralica: Urales
Apalaches centery S

Alleghanica

Coastal-Catalan Zocalo
Pyrenean axial zone

Appalachian North

Great volcanic activity

Greenland P. (SE)

Erica hibernica

Australia (SE)

Iberica-Toledanicajrpr)

P.)

ACADICA

P. (NW)

of China)

Or. ASSINTICA - Cadomian-

CRYOGENIAN
~850

NEOPROTEROZOIC

|/ Geochronological Units: Geochronometry ]

TONIAN
~1000

STENIAN

~

MESOPROTEROZOIC

ECTASIAN
~1400

CALYMMIAN
~1600

STATHERIAN

~1800

OROSIRIAN

Geocr. Units : ERA

NEOARCHEAN

~2800

(Pr)

(SIGNS OF LIFE : ~ 4280 Ma)

SISTEN

PERIOD

SERIE

EPOCH

TAGE

AGE

(RONOZONA

CRON

EPISODE ELSONIANO
Or. HUDSONIANA'Y KARELIDA

_______________________________________________________________________________________ Ollo de Sapo domain ———— Sardica
TREMPEALEAUIAN ~ Conalom. _
R G eI Slgtes LAMGUEDOCIAN Salarrica
Fm de Burgess Shale MAYAIAN Sandstones ~{AFSARAUGUSTIAN 55 6 Innuitian
Shales with [invertebrates]>> AMGANIAN '—",',}3,%,23“9 A .
£€middle, W Canada ﬂ HL Dolomites (CJXERBIﬂBIIAN
TOMMOTIAN . Vulcatites _ pusian
Diamictites and Volcanic Sediments (Canadian Shield) | ALCUDIAN = Sre — dneissschistssiates |
VARANGIAN “Complex Vendien | Cantéb?ica Z. (W) ‘%‘
Intratonic and peripheral basins (GONDWANA Continent) rZ?J?/I:chic” ;T’D " Astur Z.(W) - Leonesa
Sparagmites under VARANGIAN (Baltic Shield) 2 CEBEHIMDETE) Z
______________________________________________________________________ BETURIAN Polymetamorphic materials
Group BELT y Serie GRENVILLE / HASTING (Canadian Shield)
<<metamorphic belts >> ) Oldest rock date({
Shallow Platform Sediments (GONDWANA Continent) | Eclogites: Polymetamorphic Complex
GOTHIES low DASLANDIAN | Baltic Shield | in' Cabo Ortegal (A Coruna) - ~1160 Ma
______________________________________________________________________ I(\/I_l,eER <Protolith: Basalt-Gabbro >. P>>T>p>>@> 1959

Group COBALTO under Group ANIMIKIAN (Canadian Shield)
Volcanic Sediments (GONDWANA Continent)

Base (wall) of the Grand Canyon -Shales and Gneiss-

Bushveld Igneous Complex in South Africa [pt-C

—— Appearance of tillites globally ——

— Sedimentary rocks of glacial origin —

CARELIDES bajo SUECOFENIDES (Baltic Shie

Formations “Banded Iron” < BIF >
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First Earth Crust

-solidify, initially, peridotite-type ultrabasic materia

FIRST GRANITOID MASSE

It was formed on the basis of a tonalite (protolith): intrusive igneous rock
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Achondrites and Planetesimals (>950°C): Qz-Fto.K-Zircon-Titanite, etc.

GRANITES / PEGMATITES

—— Oldest dated rocks ———
Gneiss of Amitsoq-Uivak (Pen.del Labrador, Canada) ~ 3700 Ma
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Drew by : A. Caballero Source: Rodriguez J.

Ref:(13),(34) et al.

1 - There is no proportionality between the vertical linear space and

the timescale in Ma (10° years)
In the column-base, paleoclimatology, paleomagnetism and palaeoanthropology,
there is such proportionality.

2 - The floors are based on the European nomenclature.

3 - Some data exposed in this Table are in permanent discussion
and update phase.

Standard colors according to IUGS | oo | [
Quatermairy Cijietaceols Shluriamn Proternozoic
Neogene Ordoviciamn Archaic
Raleoyene Cambliian: Hadic

prenebular minerals

(5)
Eliamond, graphite, olivine, corundum, rutile, spinel, carbides, nitrides, etc )
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Legend

Some examples of points SSP

Base LUTECIENSE: Beach of Gorrondatxe -Getxo-
Vizcaya (Spain). Nanofossil : Blackites inflatus

Bases of the SELANTIENSE and THANETIENSE: Flysch
Beach of Itzurun(Fm)-Zumaia, Guipuzcoa (Spain) -UPV-

Base of the SANTONIENSE in Olazagutia, Navarra (Spain)

# Limit LIAS /DOGGER (Jinf. /Jmed.): Section from

Fuentelsaz en Guadalajara (Spain) -UCM-
Shallow and warm water sediments with T[fossils]: AALENIAN base

ﬂ Limit P:/€: Fortune Head, SE from Terranova Is.(Canada).
Marker fossil : Icnofossil Treptichnus pedum

Legend

*» Ext. = Extinction

* [.LP. = Iberian Peninsula
= Regional / local apartments in the L.P. and the Balearic Islands (IGME. 1999). Ex. TOMMOTIAN (base of €)

« <ANDALUCIAN> < TERTIARY > : Declining or under discussion nomination
Pres. = Present

Or. PANAFRICANA
Sup. Pannotia

Fragmentation of Supercontinent Rodinia
Or. RIFEENSE
Or. GRENVILLE

Or. ALGOMICA

Or. TRANSAMAZONICAY HURONIANA
Sup. Columbia (Nuna)

Impact of two meteorites

Crater de Sudbury (Ontario,Canada): 1850 Ma
Crater de Vredefort (South Africa NE): 2020 Ma

- Craton Formation: Shields

“Large stable and emerged areas before the Cambrian ”

S.Canadiense, S.Baltico, S.Brasilefio, S.Antartico,
S.Arabigo, S.Siberiano, S.Australiano, S.Africano,

S. de Groenlandia.... (= 2600 Ma)

Orogeny 2540 Ma

KENOSICA 27
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(chondrites

50 Ma

Exothermic regime

e

?Io allr

Period “LHB”

Formation of the Moon
-impact of the protoplanet Theia-
Accretion of planetesimals: ~ 4567 Ma

Orogeny
LAURENTICA

Stable and permanent first Earth's crust : 2800 - 3800 Ma

post-magmatic pegmatitic / pneumatolytic phases
among 400°C y 650°C——

The Pilbara (NW Australia) and Kaapvaal (South Africa) cratons

(protocontinents) are part of the supercontinent Vaalbara
Gratidoid masses of 3400 - 3600 Ma

Permobile horizontal tectonic regime

0T

ﬂi wE

Little cratonization and immature sediments

SAAMIC Orogeny: First stable protocontinents ?

.
g ‘%‘I\‘g EYS

Massive meteorite bombardment over 3920 Ma

aeroliths £S|) - siderites (Fe/Ni) - lithosiderites (Si/Fe/Ni)

. ~ 4527 Ma

BIOCHRONOLOGICAL

SEQUENCE

~ (+2000 Ma) => T>400°C (Tierra) "Life comes to an end" = (- 4500 Ma) & x 30, masa: -30% => Red giant

H nuclear
agotado

=(+10000 Ma) => “flash del helio” & x 200 = p?a@mb@m{]tﬂa@

PALEOCLIMATOLOGY

PALAEOGEOGRAPHY

PALEOMAGNETISM

Ib.M. = Iberian Massif (Hercynian or Varisco)

+* Ma: time in millions of years
* Geomorphological Units in the |.P. and Canarias Is.

+ Significant reliefs on a global scale

Mf. = Mammals

T = Temperature

* I.C.S. : International Commission on Stratigraphy, of the IUGS

Point GSSP: Stratotype section (complete and clear sequence) and limit point
global (homologated reference point ) <Global Boundary Stratotype Section and Point>

“Golden Spike” ? f  In study

+ ) GSSA: Global Standard Stratigraphic Ages (Standard Global Stratigraphic Ages)
Radiometric dating : U/Pb - Rb/Sr - Sm/Nd - K/Ar, etc. - — Chronometric definition

+ Table (listing) of GSSP / A points on a global scale: https:/stratigraphy.org/gssps/ ICS

b (+):

(-) : to a lesser extent

peak, abundance

Legend

~ ~ ~: approx. equal, similar to

(oxygen)
< : size | dimension

[0.] : concentration of ...
p: density
&) : species extinction (%)

(T>>) o (T<<) : very high or very low temperature

C.: Mountain range Z.:Zone Or.: Orogeny
O.M. / I.M. : organic / inorganic matter
m.o. / i. : organic / inorganic molecules

Fm : Training Ser : Serie
Pangea: All the Earth
E.M.F. = Earth's Magnetic Field

Gp : Group

<
B A
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rst elements: "H, ‘,He, ",Li, °,Be...i00——> Current Periodic System

J
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H A =L, 7 = % .
g « First cereals h scurrent dinosaurs” 2 g £ ? Elephant similar to the current one
2 w | Present Hominids (bipeds).
b * Abundant 8 w | 4  * Mastodons, gorillas, chimpanzees, 1 Pliohippus
o pastures of Present w |4 _ ruminants, rabbits, c. megalodon, etc. ~
% grasses: 1 < 2 o Hominoids: Gibbons, Péngids and Hominids
> meadows of . i ) . :
@% herbaceous S 2303 = * Dolphins and whales thrive. Mollusks(+)
= © 3 S U S * Anthropoid primates (Apes).
3 L) R = Ext. S 3 v * Bears, giraffes, rhinos, dogs, seals, birds, etc.
£ : § § A 3- g _%3 9 &, P " LY.L L]
= S s |t 0 = fj | Siloaialcriss oo res. « Diversification of mammals : ungulates,
L
» = ] 3 = s, 8 8 z G_U rodents, first felines, whales and primates. J 4
% Ig g :% £ £ § % W é E * Nummulites (+): Shallow marine water foraminifera (delta type).
(o2 ~ .
o E g < £g8 S X | 558 = Present * Mesohippus (forerunner of the horse) and camels. ]
2 g 7 z* = Q| ) . q
= B ‘§ ! ‘E" o M * First Octopods: eight feet, Cephalopods moll. (~ current octopuses)
"""" e . " . " Act.
i Significant extinction of species: ; = S Y. | ] o = »| * Small Purgatoris type mammals: "Protoprimates
- time of very cold and low light. W g S | k= < O T . 0 T .
| B | > € e g —-66.01 |- - .=|-- « Extinction of the dinosaurs - 85% extinction of species -
€ Present Ext. Present © & = ma  |Great crisis
] ] o m H . n H (1]
= T $  *Pine trees = - o S . . +  Chaotic state on the globe: "Nuclear winter ‘W
= T Birches o | a £ e L Yo @ o biological N Impact of a large meteorite @=10km in the Gulf of Mexico. R W e
7 S rese Poplars... & g c .- | o X 85% (e} Ornithomimids ~ Triceratops
(@) e = = L o) (7)) + : . . 0 g
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x % % g © VE | § ------ A erisis 2 | §?‘i + % Archeopteryx: First birds (?): Graceful and light dinosaurs.
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3 g |e * A gvn’t::; g |B g : < O o P Theropods Theropods (carnivores) and Sauropods (herbivores)
0 b T) o 1 N " — = -
€ 12 1z & Z243| |E . | g Present 3| : + Dinosaurs rule the Earth. N
£ |& |8 I g 2 3 ‘€ g 3 * Reefs of warm seas formed by hexacoralarios. DI
= (o) S i 2
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A — —~ — o = = . agm . P
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= 5 S| Present |S | S o Biological £ g -% Pterosaurs (flying reptiles) *»
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2 -E £ < % rexen > | & — o 0 ~ S| & - reptile hip - ~ bird hip - v T 2° Period [Oz]>>
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. __ | OV IS i SR IR NN [ (N PN R X____E ___. E_-|-—-E - |=---252 _Ext. | o1 T w 1PUdIldS UledIUs) oy RAtes. . _
o - e 3 = * 5% et~ 521, . R ety S : glacial in Gondwana
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+ First vascular plants S | o |o §. T e |2 |@ |8 |o |@ o S = Centipedes and Scorpions (palacophonus: oldest land fossil) Tg iR it E I e lE el
Present Psylophytes with roots) |8 | £ % = % :-3 o © g § T |0 § = I Arthropods invade the terrestrial environment, the first animals with air respiration:
N 3 2 4 g 4 _E §_ = = _g- 3 s % — ﬁ T 443 _gi’oelztgfgsl's @ horseshoe crabs, spiders, millipedes, lobsters, primitive insects , etc. late Ordovician
. . (o] ~ = Y= ~ © N\
Micorrizas o ~ ©C | © (@) - T = . o Agnat . . laciation
wnarsoomesn | | § |2 |8 |2 o 22 |8 2 | |2 |2 o = |0 5y .AeEe= . The first vertebrates appear: they would be primitive 2
s | 8_ o S o 8 |8 J |5 g g ®T = R-Y z fish with dorsal spine (internal skeleton). ;‘;’;2 e
£ g o S 2 -‘g = S ey LU k. © '6 o © - A B coral ey @Z@NE ILAYER
< (g |S |O T I3 g < A S e o & * Abundance of marine invertebrate fossils.
-2 Brvonhvt @ o |2 =2 § 2 |< c 52 8. o g N O |E 8 Procordant "Life develops in the oceans™ ﬁ The at o
(o) es C =~ © ~ Q - w» Eurypterid . . e atmosphere nas
= Sryopny = |+ (5 I A c |QE3S O = 485 S8 Hypenies %« Hydrozoans (Cnidarians-type coelenterates) — Present ) P
o First land plants o) g g (G) = = 25 s R 2. Q <Zl: 250 Sahara:ll [0:2] =~ Act.(20%)
© non vTcu'ar 2 |8 S — | § E 5. s = g « Arthropods (HAVE EXOSKELETON): “Shells”
w = B A . A .9 ‘6 % Sy m
Green algae = s ‘g 3= |@ N = |_ g: * Rapid emergence of life in marine environments: Aerobic life. [oz]T [0,]1
i .y |& | 0o Fooee N (&) 8 " W -
| by sl plinfayiiss ey |8 B B Bl eyt ?3 541 52 2|__"Animals articulate to be able to move’ s £ Aromain, |
R % Py 5. M |25 q_): * Scifozoans -phylum Cnidaria- —Act. "Annelid animals, nematodes, jellyfish, etc.” /My = Oxygenation reaches the deep seas
Non-vascular plants ik AR L & , annh d type” , DIACARIAN | (T<<) C: * Fossilized bodies: Namacalathus, fossil sponge in Namibia / Canada ... (~550 Ma) great ice age MARINOANA
Cyanophyceae: phylum Cyanobacteria /U jeliyfish T anemoda  radiolaria e /i phylum Annelida. pyckinsonia b CRYOGENIAN %| % Marine invertebrates type Dickinsonia: NW-Rusia (J.Brock, ANU).3 cholesterol (lipid / fat ) (~558 Ma) Cryogemc Period _40°C o
. . 6 ” S| * Multicellular without shell : Ediacara F., ichnofossils (worms, jellyfish, etc). Australia-S (~635 Ma) ( from "snowball" ) x
scant fossil record scarce fOSSI| record: “soft” animals of the Phyla Cnidaria, etc . * Eukaryotic multicellular organisms: algae, sponges, etc. (~750Ma)  =[0>]' +1km of ice i ball
9 : : : : : Earth
fossils are footprints or impressions Biological] 4 Marine planktonic animals: Protozoa (unicellular eukaryotic amoeba type)  (~ 800 .
< icnofossils: ethological structures > GIISISEN o . . £
I 0 ~160Ma | * Very primitive marine invertebrates. Prokaryotes and eukaryotes coexist. ~ # % & [O ]m Thff atm?sph;r‘e and the
Ingdom Protistas surface from the oceans
examples of fossil vegetables | examples of fossil animals o & | * Development of eukaryotes: Chromosome carrier nucleus with genetic information. they go enriching in O:
| Plant Animali N Q . A of discontinuous shape.
antae nimalia o )
| (Metazoa) 8 g. * Metaphytes: Multicellular red and green algae (~1200 Ma) ¢
| w| o [O.1V
| Eukaryota S g * Stromatolites reach their peak over the 1400 Ma. (02! :
| x 5 * Shuiyousphaeridium macroreticulatum: Euc. unic. & en N-China (shales Gp. Ruyang) (~7600 Ma) great HURONIAN ice age or
| = g * “Fm. Gunflint”(Canada): algae and fungi (eukaryotes) in anthracitic strata. (~7900 mMa) (“Makganyene” ~ 2450-2220 Ma
Skull of "Homo" Di = ros . . . . .
IARCHAE CTERIES o o Temo inosatr g | * 1™ multicellular in Gabén(Africa): Jellyfish-like eukaryotes .  [02]| —[02]| (2100-1900 Ma)—l
| 0 P.RHYACIAN "E % Grypania spiralis: Filamentous alga : Michigan“ Primer ? “Eukarya” pluricelular (1870 Ma) & ©
- ) = . - . . é: por
| — B | * Stromatolites in glacial deposits. 1* unicellular eukaryotes (~2300 Ma) 5™ | .
| - Q ~ jellyfish
o FePERAn) e |+ Prokaryotic unicellular organisms (without nuclei): Blue-green algae.
unicellular autotrophs Lad ~ 2500 I © - . " " .
CYANOBACTERIA 35 Cyanobacteria and proteobacteria type . (the "DNA" was free in the cytoplasm).
Ammonites Insect 0w . — , , :
v S| * Metallogenium personatum: oxidize el Fe & Mn (Rodesia & Carelia,Russia) 2800 m
€3 - 1 . . .
§ > Anaerobic life: Energy is obtained from the fermentation of glucose. . """
< &| * Cyanobacteria of "Fig Tree" and "Onverwacht" in South Africa. (3300-3100 Ma): Oxygen poor atmosphere [0,]<<
E E § Blue-green prokaryotic algae that synthesized O.M. from light energy (oxygenic photosynthesis), o
Ww|os absorbing CO: y releasing O: into the atmosphere , thus preparing the future aerobic life Igrggg 50“9"'3 glaciation : snowball Earth
e S _'” S hn g g’ (Glycobacterias) oxygenic photosynthesis : H,O — 2H +2e +1/2 0, m = -
Araucaria R RO O (e g__ Fig Tree: Eobacterium isolatum (bacillus ~ 3300Ma) Photolithotrophs
ét: They were photosynthetic anaerobic cells with autotrophic nutrition that generated organic amatter. -
3500 * Stromatolites in Pilbara craton, al NW de Australia (Fm.Strelley Pool): They are steit
STROMATOLITES 3700 Ma sedim. stratified in various ways (~ mushrooms , etc) that formed, in warm shallow waters
from~ 3500 Ma f' t : f 'l (?) fossils cyanobacteria by precipitating carbonates that were interspersed with layers of sand. Similar st
. . . . ) | plus have been found in Siyeh Fm (Montana-USA) Hematite appears : Fe,0, = O: already existed
| First L1v1ng Belngs. ANCL%’%(’:Pe%aI; Eggg%%};?TAs Irs mlcro 085;77 0 ancient Grupo Warrawoona (Australia) & Isua (Groenlandia). [Fm. Nuvvuagittuq, Canada (+ 4000 Ma) ?]
% = oo , e - Eobacterias (type Cloroflexus)—~ anoxygenic photosynthesis:H,S— 2H +2e +S Chemolith otrophs
S ~3800 | *
Orlgln of life: Microorganisms named PROKARYOTES, they were cells without a nucleus
? with asexual reproduction (~3800 Ma). First self-replicating molecules (~47150 Ma): PROTOBIONTS.
T In organic solutions of sugars and proteins ("prebiotic broth") in shallow waters:
< |- éb union of protobionts —= continuous biomembranes — 1% eubiote —= 1°°* PROCARIONTES
4280 l.l<.| 2= 9 They were anaerobic cells with heterotrophic nutrition that consumed O.M. and LM. &2 .
rev. Nature-017 . Q “6 o 0 o 0 ~ Coacervates
a>  The beginning of life could be generated on a clayey substrate.
> Absence § — 8 8 , 8 yey
. . . » . . " ? a io genes is .
The rock-liquid water chemical interaction gave rise to the elements that would later be of fossils é mineral world (not biological) 1 0 OO biological world (living beings) i,
the baSiS Of Iife:—) H-C-N-O-P-S (bioelements ) —> (+) Li-Na-Mg-Ca ... S trace elements — 4600 Ma < inorganic molecules: inert matter 1%food: sulfides. #0.,T>> organic and inorganic biomolecules (R
a 80
L Y"H —He — XY *He — ‘He —=1%X+ "“C —— favorable conditions for the beginning of life

(x10%) m above current sea level
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SRR R on

the Mediterranean is‘flooded : 5,5 Ma
< the Strait of Gibraltar opens >
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Transgression

Transgression

Transgression

Transgression

Transgression

Transgression

tracing
indicative

Transgression

+250Ma

CONTINENTAL DRIFT

e,
-Movement of Lithospheric Plates -

“+200Ma

EVOLUTION OF MAGNETIC POLARITY

-Changes in the Earth's Magnetic Field -
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With reference to: “2”,“6” y “7”

Oceanic trench:
subduction zone

« = "Bark is destroyed"
fragmentatlon phase i -~ - convergent contact:

7 17 CONTINENTAL ACRETION Bariodosroe

Terrarealtime.blogspot.com

~650-1250 Ma

"Bark is destroyed"

<=|== divergent contact:
expansion of the C.O.

N North/

"Bark is generated" North Pole ;
(oceanic dorsal axis) Geomagnetlc Geographical
ear zone: Magnetic south 0 -in Boreal Hemisphere

tearfault (heading)

global movement
of the continents
(general trend)

~1300-1800 Ma  similar to Sup. Nuna o Hudsonia

LASSA OCEAN
HA _}h‘

pANT!
. R ) Ly

Columbia Sup. PALEOPROT / MESOPROT.

Atlantica Sup.: Paleoproterozoico 1800-2100 Ma
Arctica Sup. : Paleoproterozoico... 2100-2500 Ma
Kenorland Sup. : Neoarcaico........ 2500-2750 Ma

www.taringa.net

~2750-3600 Ma

Geographical

-in the Southern Hemisphere-

/

normal polarity: current situation (foday)

z

South Pole

the movement of the Geomagnetic

lithospheric plates
could be started
on 3500-4000 Ma

...or maybe before.

With reference to: “24”

6 : magnetic declination 0L : magnetic tilt angle

B, o"ball of fire 4 ; . oS
oo @0 : e . _T ~ 6000°C -Actually, magnetically speaking, it is a South Pole-
ADN,? 44 . B S

2,

“Panspermia

Yok
s
1"
'

NSt P
. oA tintufones de Van Allen

http://radbelts.gsfc.nasa.gov/outreach/Radbelts0.htm &

http://www.slideshare.net/astromatematica

dipole magnetism
or internal to Earth

Dipole magnetic north

_____ magnetic equator

Z - Z’ : magnetic shaft

The Earth's magnetie north pole is currently located about
1,600 km from the geogiaphic North Pole, near Bathurst Island, in
the northern (northern) part of Canada, in the territory of Nunavut.

The E.M.F. was generated about 4000 Ma
The crystallization of the“[_n_n‘er Core begins

\ interstellar magnetism
i or external to Earth

NASA/Van Allen Sondes/Goddard Space Flight Center: www.astronoo.com

supernova explosion —p protosolar nebula rotating —p protoplanetary disk

Formatlon of the Solar System°~ 4650M£ﬂ
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ANEXOS

Palaeoanthropology
—— Human Paleobiology ——

G+ — Leaves Africa : 0.18 Ma — Suez Canal - middle East — Europe &
0.04-0.015 ma )

ANTROPOCENE

Neolithic & | 0.30 4 Homo sapiens -%%4 cromagnon (Grinaid y Chancelade (71 ot
~10.000 a. — Paleolithic D.35{Homo neanderthalens:s (Europe y Oriente Médlo)ﬁ
~2.8 Ma. — - 0.6| Homo heidelbergensis (Europe) :

® { 0.6-Homo sapiens archaic (Africa): H.rhodesiensis _
neanderthalensis
I L0.9 Homo antecessor (Europe: Atapuerca, Spain)

I18

I22

i 25

3.8

I 4.3

H. ergaste 1

H. erectus
Dmanisi
1.8Ma

Antecesor
Atapuerca-0.9Ma
Credit: J. Trueba

* Ho 1 -Pi - (o
Paranthropus robustus [1 .6 *Homo erectus (Asia: Pekin y Java -Pithecanthropus-)
(Sudafrica) E1 .7 Homo ergaster : from East Africa to Europe and Asia

A
¥

Paranthropus boisei il
(Africa Oriental)  Par. 5§

Nifio de Orce ?

1— Homo habilis | H.rudolfensis®

(Africa sudsahariana)

Q

Early Homo ?

Austral. garhi
. TR

Ethiopia ®
~2.5Ma A. garhi —

(Africa oriental)
Paranthropus aethiopicus
(Africa Oriental)

H.habilis

23 Australopithecus

H.habilis ~— 9 —
39 africanus

Austral, afarensis
Australopithecus afarensis
T (Ethiopia-Tanzania)

H.habilis
Austral.
africanus

38 A. afarensis

4.3-3.8 Australopithecus anamensis (Kenya) (Ethiopia-Tanzania)

Australopithecus |
anamensis

(Kenya)

? Ardipithecus ramidus

o e e

Kenya 6.0 Millenium man & Orrorin tugenensis ;Common nexus Apes / Hominids ?

Chad 6.5 Sahelanthropus tchadensis

Chad 7.0 Toumai (ancestro del Homo ?)

Hominids o o
Chlmpanzewm 2

Great
Pan troglodytes ks A pes
§ ‘
& .ﬁ}

<chimpanzee>

Africa Kenyapithecus: ~ Gorilla
Asia 14-8{ Ramapithecus J
. . A ~ Orangutan
Palestina Sivapithecus w o e
a gorilla ?\\rf
France 13.0 Dryopithecus (1* Superior Anthropoid ) b " esser
- Apes
Kenya 20.0 Proconsul (quadruped ) >

Africa ~ :3'0.0 Aegyptopithecus (ancestral primate)
a

(*) H.erectus (from Beijing ): Possible discoverer of fire , 1.6 Ma®) ?

H.erectus

GEOLOGY AND ITS INTERDISCIPLINARY RELATIONSHIP

GEOL
ASTRONOMY PLANETARY GEOLOGY GEOLOGY _ |iisTORY
cosmoLoGgy PLANETOLOGY HISTORICAL
ARCHEOLOGY

PALEONTOLOGY
ASTROBIOLOGY

BIOLOGY

PHYSICAL

+mathematics

PHYSICAL - CHEMISTRY CHEMISTRY

Origin and Evolution of Living Things

Taxonomic Levels
domain —
kingdom —

edge —

class —

order —

Domains
of the
Living beings

o0 Plantae®
SAnimalia(Metazoa)w

family — % Fungi (Mushrooms) e
gend'er - yeasts (unic.), molds and mushrooms
species

()

" 20 Protista

Q'
¢ filo

chromists (% - ciliates @

-pseudohongos-

EUKARYA

Eukaryotes are unicellular and
multicellular with defined nucleus.

Developed multicellular (with tissues): animals,
vascular plants and the more evolved brown algae.

phylum Protozoa: unicellular - heterotrophs
- sometimes mixotrophs: flagellate class, with or without chlorophyll -

PROTIST or PROTOCTIST Kingdom

- Brown algae ()

' Glycobacteria

=2800 - 3500 Ma

a) Cyanobacterla (1)
Gram(—)

“blue-green cyanophyte algae”
oxygenic photosynthesis —O,

b) Proteobacteria (2)
nitrifying bacteria -of the H-of the Fe Gram(—)
(anoxygenic photosynthesis in purple
and colorless bacteria of S )

BACTERIUM

d.2° amoeba type, paramecium, giardia .....
5 piurpla S Soea betari 55 ) O Chioroplasts| e OMitochondri e
|\ ) C. N Protista
(anoxygenic photosynthesis )~ S "'e/re,, : | endosymbiosis ancestral eukaryotes
The oldest 2 a\nd(/phagocytoms (generate O) anaerobic
=3500 Ma e — ond. 1 (unicellular)
{} T (eatOy)

PROCARIONTES

unicellular wi_thout a differentiated nucleus
Monera kingdom:

e @ Euc. >> @ Proc.

Achaeophytes and Schizophytes ¢? ’@ - o -

Gram(+p) lIl’osibactena i “‘cﬁ Sl A R CHA EA First lemg Bemgs (SS)
(1 memorane) -~ Neomura _ ARCHAEOBACTERIES - “Extremophiles”

EUBACTERIA “bacterial cell organization without spores” (extreme conditions)

Ultraviolet R.:
mutations

:dlvers:ty
Last Universal

Common Ancestor “L UCA (Prokaryota)
=3800 M

—>PROTOCARIOTAS »
ANCESTRALES: 1™

HETEROTROPHS (O.M.)
unicellular phagotrophs
(no defined cell wall)

—Microbial life -

—Gram(—) Negibacteria
(2 membranes)

bacteria that live in media with [salt]>>—— halophiles Chemolithotrophs

thermoacidophilic <autotrophs>
methanogens <anaerobic>

acidic bacteria and T>>
CO, +4H, — CH,+ 2H,0

living beings with organic and inorganic

biomolecules: progenotes - archeobionts "
They would feed on O.M. dissolved in a "primeval broth"
Themophilic prokaryotes: First simple cells =4000 Ma

—— Microorganisms without cellular organization: Membranes incipient and RNA and DNA
are not present at the same time, they are strict parasites, lack metabolism and would

be coacervates, protocell type, with a prebiotic structure that would form the domain Acytota

Origin of life: 1*ARN ?

1.- Chemosynthetic or physicochemical theory (Oparin y Haldane):
Binding of m.i. (CO., H.S, H., N., NHs and water vapor) what generated m.o. simple
as CH., etc —» O.M. complex: Protobionts —» Coacervates : microspheres
enclosed in a permeable membrane that would be a lipid bilayer formed by
phospholipids, plus glycolipids and proteins, which separates them from the aqueous medium.
Inside there would be self-replicating RNA and the first proteins would be synthesized »
—— (protocells with abiotic character: lifeless): Biogenetic theory.

2.- Theory of spontaneous generation (C.Darwin & F.Engels):
I.M.—» certain forms of life (0.M.). Abiogenetic theory (L.Pasteur et al.)

, Abiogenesis

mineral world (not biological) - DDI:Il:> biological world (living belngs) o

"inert" matter: inorganic and organic molecules  1<food: sulfides. 30:,T>  organic and inorganic biomolecules (H,O)

http: //www amgen.es/biotecnologia

prebiotic synthesis

le “CNO” ? H H I Eon
cycle — 2 beginning of life e

nucleosynthesis

fusion of three helium nuclei to T>>

Proton-proton chain:
exothermic reactions

4H(p") — 2 2H* + 2¢* + 2y, + (5.0 MeV) Triple “Ho + “He + E — "Bei¥ .
2'H+22H* — 2°He* + 27 + (5.5 MeV) process-o. © . © g +6 @ @ +I ®r[® t@ @I@ t
2°Her ~(He)+ 2 H + (12.9 MeV) (r>10°°K) | Be +"He+E— +Y +E plus certain trace elements
4000 Ma amino acids (a) —  dipeptides [2aal]
0
mineral matter: Absence of life (Eon Hadic) ? polypepiides [ 3aa) ] ——- proteinas [ +100(az)

autotroph(I.M.): a) phototroph [photolithotroph](1) and b) chemotroph <g-synthesis> [chemolyttrophic](2)
heterotroph(O.M.) (organotroph or phagotroph ): with or without light (Photo -org. o chemo -org.)
mixotroph: they behave indistinctly (mixed)

Ref. http://www.astronoo.com J
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