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Zeme (dnes)

Geosféra — Hydrosféra — Atmosféra — Biosféra — Noosféra
Geologickeé faktory:

Kosmické — slunecni energie (teplo, svétlo),
- zareni (UV, kosmickeé),
- hmota (1 t/den, impakty mimozemskych téles)

Zemské - geofyzikalni pole (gravitaéni, magnetické, teplotni, elektrickeé)
- radiace (radioaktivni prvky — rozpad — teplo — vystup etc.)
- energeticky systém (prijem sl. energ. — vydej vlastni energie)

!

zemsky metabolismus = latkové cykly
geotektonické (horniny — 100 000 000 mil. t/rok),
geochemické (voda, C, N, S, O, P),
biologické (+ ¢lovék — 50 000 mil. t/rok pevnych materiala)



Latkove cykly (jejich velikost)

Hydrologicky ....... 500 000 000 mil.t/rok

Tektonicky .......... 100 000 000

ClovéK ............... 4 000 000 (voda)™
50 000 jiné mat. ~

Biologicky ........... 200 000 ~

Sedimentarni ....... 10 000



A.R. Wallace (1823-1913) Ch. Darwin (1809-1882)

— » evolucionismus

Kazdy organismus je nositelem kvalit, které jsou konfrontovany s danym prostredim —
vysledkem konfrontace je ,.fitness““(zdatnost, zptisobilost) a ta je rizna u riznych jedinci —
jedinec s lepSi zpisobilosti zanecha vice potomkii — hlavnim faktorem rozhodujicim

o zpusobilosti je prirodni vybér — nékteré rozdily ve zpusobilosti jsou dédi¢né =>

|

zména prostiedi —*> zména hierarchie zpusobilosti (,,fitness“) —> posun v

rozmisténi zpusobilosti u potomstva (,,struggle for life“- ,,struggle“ = boj, ale
také ,,usili“, prirozeny vybér + pohlavni vybér, adaptace)



A.R. Wallace — biogeografie, rozsifeni druht zivocichu a rostlin podle oblasti,

klasifikace oblasti, srovnani druhii podle anatomické ptibuznosti a paleontologického
zaznamu, druh vznikl jednou a na jednom misté a Ize zjistit sméry jeho Sifeni do

jinych oblasti = > domnénka, Ze nékteré pevniny byly dFiive spojeny;

TAL REGION

k pochopeni souc¢asného rozsireni rostlin
a zvirat je nezbytné nutny paleontologicky
zaklad

Ch. Darwin — formulace ,.teorie vzniku druht* —
jeji zasadni pfinos:

Druhy se méni vlivem prirozeného vybéru

(selekce) a ziskavaji postupné a pomalu

ucelné vlastnosti (gradualismus) — akceptace
\ sloganu ,,Natura non facit saltum*

ale

»1 am convinced that natural selection has been
the main but not the exclusive means of
modification* oo %, Do

(1859)



Tehdejsi geologie a zakladni spor

geologicky Cas v Darwinové dobé (trvani Zemé 200-400 Ma; Cm — recent ~ 60 Ma),
velmi mala znalost prekambria — zcela bezfosilni

George Cuvier (1769-1832), katastrofizmus, ale kreacionista
(opakované stvoreni)

VERSUS

Charles Lyell (1797-1875) — Principles of Geology (1830-1833):
»soucasnost klicem k minulosti®, uniformismus (princip
aktualismu, ontické chyby), stalost druhii

gradualismus

Darwin se priklonil k Lyellovi



Stru¢ny prehled evolu¢nich nazoru
zahrnujicich geologii



Pierre Teilhard de Chardin
(1881-1955)

Pierre Teilhard de Chardin
se narodil 1. 5. 1881 v Sarcenatu,
Puy-de-Déme.
R. 1889 vstoupil do jezuitského ¥idu.
Po filosofickych a teologickych studiich se
specializoval na geologii a paleontologii.

R. 1922 se stal profesorem geologie
~ na Katolickém institutu v PaiiZi.
Mnoho let stravil v Cing, kde se podilel
na objevu a studiu sinantropa.
R. 1940 zalozil v Pekingu Geobiologicky
institut. R, 1950 byl zvolen do francouzské
Akademie véd. Jako &len americké Wenner
Gren Foundation for Anthropological
Research se pak zabyval studiem
_ australopitéka.
Zemiel v New Yorku 10. 4. 1955.
- Jeho hlavnf myslitelska dila byla vydana
a% posmrtné. Rada jeho praci zistava
dosud v rukopise.

Ortogeneze + emergentismus:
kosmogeneze, chemogeneze, biogeneze, noogeneze, christogeneze

[
»




Emergentismus — jedna z verzi

Theosphere

(Theogenesis) Mental-Spiritual

Reality

Soul/Inner Being

Consciousness

Outer Being
Physical Matter
Ohjects of
Consciousness
Spatiosphere Physiosphere Biosphere Sociosphere Noosphere
(Cosmogensis) (Chemogenesis}] (Biogenesis) (Psychogenesis) (Noogenesis)
o
A

Physical Evolution (Cosmogenesis to Theogenesis)

[increasing "spirt" or "wang" or "withinfconzciouzness" polarty)



Saltacionismus — Richard Goldschmidt (1878-1958)

- Kritika neodarwinismu a gradualismu (Evoluce probiha nikoliv
gradualné, ale skokovité; selekce jako E mechanismus je |
nedostatecna)

- Spontanni mutace mohou vést k velkym reorganizacim
genomu individui

-VétSina takovych mutaci je letalni

- Nékteré nahodné prezivaji a mohou byt zdrojem
preadaptaci k novym podminkam prostredi

- Takové mutace mohou byt zdrojem nového druhu

Saltacionismus — odmitnut neodarwinisty a gradualisty (genetika nezna cestu
velkych muatci k dédi¢né fixaci ?), prijat Fadou paleontologii — predevSim
Otto Schindewolf:

» Lypogeneze — typostaze — typolyza (typostroficka hypotéza)*
Paleontologicky zaznam totiz Casto ukazuje na nahlé objeveni druhu,
evoluce probiha v etapach ,,evolu¢niho vzryvu* a ,,evolucni stasis* (viz dale

Flegr — zamrzla evoluce)

(vysvétleni gradualistii = neuplny zaznam)



PreruSovana rovnovaha (J. S. Gould & N. Eldredge, 1972):
Evoluce = stasis + rychlé speciacni kroky,

prirodni vybér pusobi na:

geny, organizmy, populace, druhy i vyssi taxony,
(tj. stabilni soudrzné jednotky diferencné
prezivajici),

makroevoluce oddélena od mikroevoluce, je :
vysledkem mezidruhové selekce, Niles Eldredge

katastrofy (specialni pripad darwinizmu).

3 druhy evolucniho casu (poradi):
1) ekologické momenty (zmény v kratkém casovém useku existence druhu =
zdokonaleni druhu prirodnim vybérem (darwinowsky)
2) déje a stavy mezi dvéma epizodami masového vymirani (dlouhé miliony let)
3) periodické katastrofy a decimace ekosystému a biosféry (Pr. P/T — Ophiceras —
300 rodii v T — konec sv. T + dalsi rozvoj J+Cr)



Modalni komplexita (J. S. Gould, 1994): evoluce zahrnuje chaos,
nahodilost, architektura modalni komplexity, evolu¢ni ,,ker* s Sirokou bazi,
SCastné nahodné prezivani
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PROGRESS DOES NOT RULY (and is not even a primary thrust of) the evolutionary
process. For reasons of chemistry and physics, life arises next to the “left wall” of -
its simplest conceivable and preservable complexity. This style of life (bacterial)
has remained most common and most successful. A few creatures occasionally
move to the right, thus extending the right tail in the distribution of complexity.
Many always move to the left, but they are absorbed within space already occupied.
Note that the bacterial mode has never changed in position, but just grown higher.



Usmérnénost velkych trajektorii (A. Knoll & R.K. Bambach,
2000): 6 evolu¢nich megatrajektorii, jejich naslednost a usmérnénost od
pocatku historie Zemé v Case

A. Knoll




Knoll et Bambach, 2000:

Schopnost podrzet mysSlenky a komunikovat v ¢ase = stavét na minulych
zkuSenostech

Inteligence Aplikace technologickych vysledkii do schopnosti kontrol prosti-edi
Reverse tradi¢nich vztahli mezi organizmy a prostredim

7 N

Biomasa producenti se stava zakladni komponentou prostredi

Invase na suchou oy vz o .. , o o 5
Koevolucni vyuzivani vzajemnych vztahu producentu a konzumentu S

= Zemi Vyvoj schopnosti podrzet funkci v kolisajicich podminkach prostiedi
S
O ________________________________________________________________________________________________________
=< Oteviena velikostni Skala pro Zivot
g Mnohobunéénost VyZI.lamne hrom’adenl blomzfsy o 4
A (voda) YZIllk komplexniho potravniho retézce
g Zivotni aktivity — Zivot ovliviiuji nebo stavaji Casti fyzikalnihg
@ prostiedi
% ________________________________________________________________________________________
% | Jednobunécnost  Variabilita funkci
« | Eukaryota Vzrist velikosti

Diverzifikace Zarodek druhotného ekosystému (konsumenti)

Diverzifikace Yariace metabolismu

prokaryot Zivotni procesy: prostredi 2
Primarni ekosystém. struktura

Vzrist efektivity
Zivotnich procest 1 cas

\ 4



Bioticke krize a globalni ekosystémy v historii Zem¢é — Cast 1.

Hadaikum, archaikum, proterozoikum
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The Big Bang

Velky tfesk — 15 Ga — elementarni Castice, lehké prvky (H, He)-
hvézdy a galaxie prvni generace — bili trpaslici.

Neutronové hvézdy, Cerné diry, dalsi lehké prvky — supernovy —
tézke prvky, hvézdy druhé generace s planetami — chemicka evoluce



, o ., Zavere¢na diferenciace
Homogenni, — Odd¢leni materialu I - A
, ‘< na jadro / plast’ / ktru
roztavena Zeme podle hustoty
Liguid iren outer core
(Z801-5150 km)
[ron Lighter Solid iron inner core
matier (3150=-6370 kim) Mantle

e, (40-2891 km)

10

-Po pocatecnim oddéleni Fe a Ni jadra a vnéjsi silikatové slupky pokracovala diferenciace na vnitini (pevné, tlakovy
efekt — pevné Fe je hustsi nez tekuté Fe) a vnéjsi (tekuté) jadro, plast” (Fe + Mg silikaty) a kiru (K + Na silikaty).

-Chladnouci magma vytvarelo prvotni basaltovou (,,¢edicovou*) kiiru (tak jak je to dnes na dnech oceanii). Ta byla
nékolikrat pretavena energii impakti velkych asteroidii béhem hadaika.

-Kontinentalni kira je mladSi a jeji tvorba souvisi s rozbéhnutim geologickych cykli.



Origin of Continental
Crust

e 39t04.2 Ga
Acasta Gneiss

— 3.96 Ga +/- 3 Ma

(ZrSiO4) (+Hf)

4,404 Ga — Jack Hills (Australie) — nejstarsi zirkony

3 EIEEIHEE EISE EIE)

FIGURE 6-18 Photomicrograph of one of the 3.96-
billion-year-old zircon grains extracted from the Acasta
Gneiss, Slave province, Northwest Territories of Canada.
The grain is 0.5 mm long. Its polished surface has been
etched with acid to highlight crystal growth zones.
Numbers refer to points selected for analysis.  (Courtesy of
8. A. Bowring.) @9 Why are zircon crystals particularly valuable
in determining isotopic ages?



Horninovy cyklus

, SLUNCE ., '
1_WPAR DEST ‘.' \/?9 CHEM. SLOZKY

OCHLAZ# KRYST.
MAGMA Z PLASTE
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VNITRN| TEPLO



Jak Je to tedy s konvekénimi proudy &isih
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» Astenosféra je velmi plasticka a horka = musi v ni probihat konvekce

» konvekéni buriky jsou avsak relativné
malé a pravidelné

- experimenty prokazaly, ze konvek¢ni
buiky maji zhruba tvar Sestibokého
hranolu, o délce hrany ~500 km

» vzhledem ke své velikosti nemohou
konvekéni proudy hybat deskami,
jejich Ucinky se vzdjemné rusi

Konvekéni proudy (buriky) vytvar

jOk;’Si P°|§1'6F': po kfef'ém deSkY Desky se zaboruji a podsouvaji vlivem spredingu a
klouzou rozdilné hustoty litosféry a astenosféry



Podsouvani (subdukce) oceanské desky pod kontinentalni
desku (napr. Nazca pod Jihoamerickou) v soucasnosti

oceanska deska Nazca se podsouva

\

F"’ sestup hornin + roztaveni



Komory
»druha hot spot“

»hot spot*
REUNION
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— Part of the Indian
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s0c S| Deccan Traps. Age

i progression (in Ma)

is shown where acrtual
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Svédectvi rozevirani Indiku, pohybu desek a rozsahlé povrchové vylevy lav (Cedice) na konci



Oceanské dno — svét, dneSni pohled, rozloZeni nejdulezitéjSich
desek

_'___.-..,.:"

oceanské hibety
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Zemsky metabolismus

~
/f ‘-\\‘f 4w
cirkulace v atmosfere
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Propojeni vSech hlavnich soucasti sytému Zemé

lSLUNECNi ENERGIE

ATMOSFERA
2) (3
Y 1 -
7R 8
O, L
6\¢ 6}(\‘ I O@
% &
G, NS
N
2
CYKLY: 3- hydrologicky
1 - horninovy 4 - biologicky

2 - geochemicky 5 - lidska spolecnost



~ 4.5 Ga: srazka Zemé s planetou cca velikosti Marsu, nasledky: hmota Mésice vyrvana,
? likvidace puvodniho plynného obalu Zemé
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Hadaikum

(G. Richter 2014)



Prekambrium

Casna atmosféra

*Prvotni atmosféra Zemeé (H, He) byla odvata sluneCnim vétrem. V usvitu
planety jesté nebylo magnetické pole — vytvari se kolem 4 Ga (po spusténi
dynama tekutého jadra).
-Casna stabilni atmosféra udrzovana gravitaci = < inertni N + CO2
Aby byl CO2 odstranovan z atmosféry je tfeba voda v kapalném stavu.
—Mars je prilis studeny.
—Venuse je prilis horka.
—QObé planety maji CO2 atmosféru.
« Jen na Zemi je hydrosféra a proto vétSina CO2 vazana ve vapencich,
dolomitech a v zivé hmoteé!

Mars Venuse Zemé



Vznik Zivota — viz minuly semestr
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Zachycuji prolinajici se plisobeni Zivé a neZivé sloZky, jejich rozruziiovani a tvorbu neustiale proménujiciho se obrazu planety.




kosmos

Prvni stabilni ekosystém v archaiku (3, 6- 2, 3 Ga)

UV zareni

atmosféra

l l l stratosfer.
metan — rozpad SmMog
rovnovaha
ubyvani sklenikovych plynii ptibyvani sklenikovych plynii

¥ CO2 CO2 + metan ¥

\CG Nav

> >

N 2

& o,

= 3
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)

hydrosfera
litosféra

fotosyntéza = organicka hmota = metanogeneze
(Slnl ce ) (Archaea)

V archaiku prevladala CO2 + metanova atmosféra (sopecna ¢innost + Zivotni ¢innost archaei

— metanogenti), prakticky chybél volny kyslik (pokud byl produkovan sinicemi, byl vazan na oxida¢ni reakce

Fe2 a tvorbu paskovanych Zeleznych rud). Teprve koncem archaika a za¢atkem proterozoika

se obsah volného kysliku vyrazné zvySuje a nastupuje ekosystém na bazi CO2 a O2. (podle Lovelock 1994)



The magnetic field protects Earth's surface from deadly
cosmic radiation and provides clues about the planet's
interior. Tarduno ez al. found that some of the oldest minerals
on Earth, Jack Hills zircons, preserved a record of a magnetic
field over 4 billion years ago (see the Perspective by Aubert).
Earth's magnetic field appears to have been fully operational
a mere few hundred million years after the planet formed.
This suggests an early start for plate tectonics and an ancient
cosmic radiation shield that was important for habitability

Science 2013, this issue p. ; see also p.


http://science.sciencemag.org/lookup/doi/10.1126/science.aaa9114
http://science.sciencemag.org/lookup/volpage/349/475?iss=6247

Archaické az proterozoické sedimenty (litosfera):

Archaikum:
* V¢étSinou hlubokovodni klastické uloZeniny (bfidlice, piskovce) s vysokou koncentraci
erodovan¢ho vulkanického materialu.

*Prevazuji rohovce.

*Absence mélkovodnich selfovych vapencu (karbonatl) a evaporitu.

*Casté paskované Fe rudy (vukanismus = volné Fe + nastupujici volny kyslik vlivem
Zivotni Cinnosti prokaryot). Paskovany = hydroxidy Fe + polohy rohovcii

— Stromatolity (laminovan¢ sedimenty vznikl¢ Zivotni ¢innosti cyanobaktérii a fas)

—V proterozoiku nastupuje jiz silna tvorba karbonatti a ustupuji rohovce.



Zastoupeni hlavnich sedimentarnich hornin
v historii Zeme

100
s P T
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o5 23
s
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miliardy let —, 4 B 2 1 evapority

nastup zivota 1% O, 10 - 30 % O,



Evidence for early life in Earth’s oldest
hydrothermal vent precipitates

Matthew S. Dodd1,2, Dominic Papineaul,2,
Tor Grenne3, John F. Slack4, Martin Rittner2,
Franco Pirajno35,

Jonathan O’Neil6 & Crispin T. S. Little7

Although it is not known when or where life on Earth began, some of the earliest habitable
environments may have been submarine-hydrothermal vents. Here we describe putative
fossilized microorganisms that are at least 3,770 million and possibly 4,280 million years old
in ferruginous sedimentary rocks, interpreted as seafloor-hydrothermal vent-related
precipitates, from the Nuvvuagittuq belt in Quebec, Canada. These structures occur as
micrometre-scale haematitetubes and filaments with morphologies and mineral
assemblages similar to those of filamentous microorganisms from modern hydrothermal
vent precipitates and analogous microfossils in younger rocks. The Nuvvuagittuq rocks
contain isotopically light carbon in carbonate and carbonaceous material, which occurs as
associated with carbonate in direct contact with the putative microfossils. Collectively, these
observations are consistent with an oxidized biomass and provide evidence for biological
activity in submarine-hydrothermal environments more than 3,770 million years ago.

doi:10.1038/nature21377,
2017



Nuvvuagittuq
Supracrustal
- Belt (NSB)
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Filament s terminalnim uzlem‘(NSB)
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Figure 2 | Transmitted light images of
haematite tubes in the NSB and Lekken
jaspers

Tube showing a twisted filament
(red arrow) and walls (black arrow).

Tube showing filament
(red arrow) and walls (black arrow).



The Acasta gneiss in Canada’s NWT was formed 4.0 Ga
ago. Along with similar metamorphic rocks in southern
Greenland, these are the most ancient pieces of crust

remaining on Earth.



Stromatolity
| (petr1ﬁk0vana aktenalm bahna)

BIF — magnetit (Fe 304), haematit (Fe203), ~ 3,7 Ga, maximum kolem GOE (2, 4 Ga), az 30 % Fe




rez

2 Ga,

2

Fe rudy,

Paskované

B
g
=
2
=
3
L=
0
oy
&
L
W
=
£
_m
O
&

Formation, BIF, 2.2 Mrd.Jahre




Paskované Fe rudy, makroskopicky pohled




Vznik stromatolitu

Za dostatku svétla produkovaly cyanobakterie Kyslik (fotosyntéza), ten pouzivali
jini mikrobi k ziskavani energie (svétlejsi vrstva) - pokud kyslik chybél, prechazeli
k fermentaci, za absence kysliku prezivali jen fermentanti (tmavsi vrstva). Bahnité
sedimenty byly zpevnény uhli¢itanem vapenatym z vody a vytvarely pevné
paskované horniny.

Where light is plentiful,
oxygen-producing pho-— -
tosynthetic cyanobacte-
“ria coexist with oxygen-
- dependent microbes. . s :
‘ Rty ) A menagerie of
species makes up a
~stromatolite. One
square foot may
- contain half a billion -
individuals linked by
. symbiotic relation-
ships that hold the
. community together.
Microscopic views
(left) show organisms
.- under conditions at
- different levels.

i i . L ACTUAL SIZE '
These microbes use S R Tt e

oxygen that seeps from ~Inthe absence of

the surface or, when it : oxygen, the only

is unavailable, switch to _microbes that survive

fermentation. : -~ are those powered by . ]
fermentation. ' = " _ART BY KEN EWARD







Stromatolity, 1,8 Ga, Great Slave Lake (Kanada)




Recentni stromatolity, Shark Bay, Australie vzicne se tvori

jeSté dnes v hypersalinnich podminkach, které zabranuji vstup pripadnym poZiraciim)

© 2005 Pearson Education, Inc., publishing as Addison Wesley

At right is a layered stromatolite, produced by the activity of ancient cyanobacteria. The layers were produced as
calcium carbonate precipitated over the growing mat of bacterial filaments; photosynthesis in the bacteria depleted
carbon dioxide in the surrounding water, initiating the precipitation. The minerals, along with grains of sediment
precipitating from the water, were then trapped within the sticky layer of mucilage that surrounds the bacterial colonies,
which then continued to grow upwards through the sediment to form a new layer. As this process occured over and over
again, the layers of sediment were created. This process still occurs today; in western Australia is well known
for the stromatolite "turfs" rising along its beaches.


http://www.ucmp.berkeley.edu/bacteria/stromats.jpg
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Mikrofosilie - bu rfiky s uzavieninami
S minerall vznikajicich pfi Zivotni €innosti
S baktérii (dtto rec.)

Strelley Pool, Pilbara Fm. (Australie),
silicitv. 3.4 Ma



Bunécny filament — 3465 Ma




Archaeosphaeroides barbertonis, Barberton, J. Afrika, ~ 3.2 Ga
(Procaryota)



Cyanophyta ~ cca 3.4 Ga, Z. Australie







Spheroid

/9

Spindle-like
Filamentous

Souhrnna morfologie archaicko-proterozoickych mikrofosilii



Horniny 2.9 Ga staré (Pongola Supergroup,
J. Afrika) obsahuji struktury

shodné se strukturami, ktere

vytvareji mikrobialni filmy (,mats®)

v pribreznich zonach recentnich mori
(vlevo fosilie z Pongoly, vpravo recentni
srovnani)

‘uvolnény a premistény lupinek,

* b) zvrasnéna hornina




The Proterozoic Timescale

Eon

Era

when began
My ago

My

duration

630 88
850 250
Tonian 1000 150
1200 200
1400 200
Calymmian 1600 200



http://palaeos.com/timescale/timeunits.html#period
http://palaeos.com/proterozoic/neoproterozoic/neoproterozoic.html
http://palaeos.com/proterozoic/neoproterozoic/ediacaran/ediacaran.htm
http://palaeos.com/proterozoic/neoproterozoic/cryogenian/cryogenian.html
http://palaeos.com/proterozoic/mesoproterozoic/mesoproterozoic.html
http://palaeos.com/proterozoic/mesoproterozoic/stenian.html
http://palaeos.com/proterozoic/mesoproterozoic/ectasian.html
http://palaeos.com/proterozoic/paleoproterozoic/paleoproterozoic.html

Paleoproterozoikum (2.5-1.6 Ga)

Siderian (2.5-2.3 Ga):

- prvni volny Kkyslik v hydro- a atmosfére,

- zformovany stabilni kontinenty,

- 2.4 Ga — GOE (nékdy téz OC), vrcholi srazeni Fe — paskovane Fe rudy,
anaerobni organizmy likvidovany Kyslikem,
startuje huronské zalednéni

- chybi jeSté Acritarcha,




Ostreococcus — nejmensi Zijici eukaryot (0, 8 um)

?(Zivot na této Grovni ~ 2,4 Ga)



- biomarkery ukazuji na existenci fytoplanktonu (vesmés sinice,
Eoentophysalis),
- recentni Entophysalis Ziji v hypersalinnich vodach

Eoentophysalis

Paleoproterozoic cyanobhacterial colony. -



recent

fossil

(G) Entophysalis, compared with (H) Eoentophysalis

G, living stromatolite-building H, fossil, 2100 Ma,
cyanobacteria from northern Mexico Belcher Supergroup of Canada,
Hudson Bay.

Bars for scale represent 10um
J. W. Schopf (1999)



Rhyacian (2.3-2.05 Ga):

2.2 Ga — nastup organizmu s mitochondriemi — aerobni dychani
2.1 Ga — konec huronské orogeneze

2300 M.Y.A




Grypania, nejstarsi mnohobunécné
fosilie (?rasy, ?kolonie bakterii), Iron
Mine (Michigan, USA, ~ 2.1 Ga)

Pozn.: néktefi autofi zpochybiiuji zafazeni
k mnobunécnym organizmum. G. spiralis
z rampurskych bridlic (Indie, Rohtas Fm.,
1.6 Ga) vsak patfi jiz jisté k mnobunécnym

Dtto, Negaunee Iron Fm.




JV Gabon (Z. Afrika),
Franceville Group,
¢erné bridlice,
moiska delta,

2.1Ga

Gabonské fosilie

Trojrozmérna stavba |
+ nékteré struktury
=> mnohobunécnost

EL ALBANI

Bengtson:
., prvni pokus multicelularity*

()

Nature news, 2010)



Rekonstrukce gabonskych fosilii
(News Staff, 2010)

Pozn.: ,,Gabon“ je 0 200 Ma starsi nez tzv. Stirling Biota (Z. Australie)



Dalsi ukazka gaboniontu



Orosirian (2.05-1.8 Ga):

Intenzivni orogeneze
-2023 Ma — velky impakt, Vredefort, J. Afrika, 300 km prm. krater,
téleso prumér > 10 km
-2000 Ma — slunecni zarené = 85 % dneSni intenzity
- zacatek akumulace kysliku v atmosfére
-1850 Ma — impakt, Sudbury, Ontario, Canada, 250 km prumér,
téleso prumér > 10 km
Vredefort crater is the largest verified impact crater on Earth.It is located in the Free State Province of South Africa and

named after the town of Vredefort, which is situated near its centre. The site is also known as the Vredefort dome or
Vredefort impact structure. In 2005, the Vredefort Dome was added to the list of UNESCO World Heritage |...]




Mikrofosilie (Procaryota) z Gunflint
(Kanada, ~ 2.0 Ga) - rekonstrukce

Eoastrion (Fea S Eosphaera
redukujici baktérie) (neznama pribuznost)
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Mikrofosilie (Procaryota) z Gunflint (Kanada,
~ 2.0 Ga) — snimek el. mikroskop

Eoastrion (Fe a S Kakab’eki’a
redukujici baktérie) *— (neznama
pribuznost)

Foto: H.Hoffmann) —5

Eosphaera
(neznama

Huroniospora pribuznost)

Animikiea '
(pravdépodobné sinice




jednobuné¢ny protist

kolonie

Stadium 7richoplax adhaerens lokomocni bunky

i : L1 F

1 Py,
(viz dile) T\

.'. \

travici buniky

mnohobunécény
ancestor se
specializovanymi
nezavislymi
bunkami

organismus s gametami
a somatickymi

e 15.24 (télesnymi, ne-reprod.)
bunkami




foto - v pohybu

Trichoplax adhaerens, recent

Placozoa — kmen s jedinym druhem 7. adhaerens, organizmus sloZen
pouze ze 4 typu bun€k (cca soubuni) funkéné diferencovanych,
studium genomu v r. 2006 prokazalo, ze geny obsahuji introny
(nepiesaditelné oblasti uvnitt genu) a dalsSi genetickée struktury
typicke 1 pro jednobunécne¢ organizmy => Trichoplax je blizky
prechodu od jedno- k mnohobunécnym (nikoliv regrese)



2cm

Beltanelliformis brunsae — Gabon, Franceville Group, prz. ~2Ga




Franceville Group, prz. ~ 2Ga, rezy

Gabon,

Beltanelliformes —



Mozna (?) rekonstrukce Beltanelliformes



Making traces. (Left) Reconstruction of Gromia making traces on the sea floor. (Right) Trace fossils of Myxomitodes dated
at 1.8 to 2 billion years (2).

vlevo: Gromia, recent, stopy po pohybu obrich ménavek

vpravo: Myxomitodes v horninach starych 1.8-2 miliardy let
(Stirling Range Formation, jz. Australie), jsou povazovany
za stopy vytvorené pohybem mnohobunécnych nebo
syncytialnich organizmu => problém (???,
meénavky potvrzeny az cca 850 Ma)



1850 Ma — impakt, Sudbury, Ontario, Canada, 250 km primér
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Statherian (1800-1600 Ma)

r

-rozvoj komplexniho jednobuné¢ného Zivota
- hojné baktérie a archaea

+ akritarcha, vzacna, sféricka (jednoducha - Tappania, Dictyosphaera,
Satka) = ? prasinophyta (zelené rasy) nebo glaukophyta ¢i bazalni skupina
ke vSem eukaryotiim, vesmés akinetes = spici stadia sinic.

Predstavuji vesmés eukaryotické buniky planktonnich
ras, nastupuji cca 1,6 Ga,

ve srovnani s prokaryoty:

- jsou vétsi, komplexnéjsi

- geologicky mladSi maji ornamentovanou vnéjsi
sténu.

L N

Acritarchs from the Mesoproterozoic Roper Group. Javaux et
al. (2001). Bar=35,10,15 &40 p.



- pri hranici Paleoprz/Mesoprz uz Casta Grypania = z€asti (okolo 1
mm v pruméru) mohou byt Kolonie baktérii, vétsi jsou
interpretovany k ¢erviim = ¢asna eukaryota ?




Mezoproterozoikum (1600-1000 My):

- rozvoj fototosynetizujicich organizmi a
eukaryot,

- vzrust O2 v atmosfére az na 10 %,

- nastup tvorby ozonové vrstvy blokujici slunecni
UV zareni
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Makroskopické fosilie
souvrstvi Gaoyuzhuang
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Bunécné tkané ziskané z hornin Gaoyushuang Fm.
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Rafatazmia chitrakootensis
- 1.6 Ga, Rhodophyta

The 2017 studies were based on visits to sites in central India and fresh collections
were made by Swedish researchers led by Stefan Bengtson. The 2017 studies
visualized the filamentous structures using Synchrotron-Radiation X-ray
Tomographic Microscopy (SRXTM) renderings and attempted to place the

affinities of the life-forms as shown by the evidence. Based

on their studies

Rafatazmia may be the oldest known confirmably eukaryotic fossil organism.[6]

PLoS Biol. 15, ¢ 2000735 (2017)


https://en.wikipedia.org/wiki/Rafatazmia#cite_note-plos-6

1.6 Ga

itrakootensis —

la ch

Rafatazm

Rhodophyta
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Calymmian (1600 - 1400 Ma) - eukaryontni organizace je
definitivni. Spociva: (1) struktura stény a povrchova ornamentace, (2)
processes that extend from vesicle walls (3) otvory pro komnikaci bunééného
obsahu s okolim, (4) ultrastruktura stén a (5) sténova chemie . Velké bunky
ziejmé jiz maji eukaryoticky cytoskeleton. To souhlasi s '"'molekularnimi
hodinami“, jejichz vypoCty davaji prvotni radiaci rostlin (Plantae) do
calymmianu. V profilech Roper (Australie) jsou uz i zretelné ekologické trendy

Tanarium conoideum, calymmian,.....


http://www.cushmanfoundation.org/resources/slides/stromato.html
http://www.cushmanfoundation.org/resources/slides/stromato.html
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(E) Gloeocapsa, compared with (F) Gloeodiniopsis.

F, fossil, 1550 Ma,

E, living stromatolite-building
Satka Formation of Bashkiria;

cyanobacteria from northern Mexico

Bars for scale represent 10um
J. W. Schopf (1999)



Homd jfsma

cal';rmmlan of Montana. Inset;
L life reconstruction. Fedonkin

& Yokelson {2002).

? koralovita Horodyskia, calymmian - 1500 Ma, S. Amerika, Australie,
nejasnosti v syst. zafazeni



Ectasian (1400-1200 Ma)

Mzprtrz akritarcha obsahuji druhy s novymi znaky: elipticky tvar,
vesikularni pory a mnohobunécny nebo kolonialni vzhled. V ectasianu jsou
prtz akritarcha kosmopolitné rozsirena. Podle jejich izotopickych analyz
byla Groven CO2 v Mzprz cca 10 az 1000 krat vysSi neZ dnes.

Vsechna tato akritarcha jsou povazovana za fotosyntetizujici organizmy.

Hojné jsou jiz zelené (Chlorobionta) a ¢ervené (Rhodophyta) rasy.


http://cambridgephotoblog.blogspot.com/2005/02/bangiomorpha-fossil-red-alga-from.html

Stenian (1200-1000 Ma):
1200 Ma — tvorba spor a gamet indikuje nastup sexualniho rozmnozZovani

1100 Ma — vznik Rodinie

Rodinia — 1.100 — 750 Ma
850 Million Years Ago
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Neoproterozoikum

V tonianu (1000 - 850 Ma), rozvoj mnohobunécnych , objevuji se houby a
moderni rady (az do rec.) zelenych ras, ale také Parnia

.
= o

~ Pammia ﬂ?.
- ] jedunkin (2003)

_Interpretace:
4 quothuroidea
nebo ? Annelida ¢

1000 My — jasneé projevy multicelularity,

950 My — start Stuartského zalednéni
900 My — zemsky den ma 18 hodin

Meésic je 350.000 km od Zemé



recent fossil
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(A) Lyngbya, compared with (B) Palaeolyngbya.

A, living stromatolite-building B, fossil, 950 Ma, . o
cyanobacteria from northern Mexico Lakhanda Formation, Siberia

Bars for scale represent 10um

J. W, Schopf (1999)



recent fossil

(C) Spirulina, compared with (D) Heliconema.

C, living stromatolite-building D, fossil, 850Ma, o
cyanobacteria from northern Mexico Miroedikha Formation, Siberia

Bars for scale represent 10um J. W. Schopf (1999)



Cryogenian (850-630 Ma)

Paleogeografie zavéru proterozoika (srv. rozsah kont. zemské kry
s dneSnim). Sitka kontinentd v archaiku:100-500km, v proterozoiku, 1000-2000 km,
fanerozoiku: 5000-10000 km). Nové prace = rust byl rychlejsi do sv. Prz (2x-3x).

L ate Proterozoic 650 Ma © C R, Scotess 1867
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850 Ma- prvni zaznam ménavek jako heterotrofnich eukaryot,
750 Ma — triSténi Rodinie a tvorba superkontinentu Pannotia a konec silné

magnetické reverze

Ldh ded
Variation in test and aperture shape
of Neoproterozoic testaie amoehae.
Porter & Enoll (2000).

~ ,Snowball Earth
hromadné vymirani ras - 70 %

Meésic je 357. 000 km
vzdalen od Zemé

(dnes prtim. 384 400 km)



Outcrop photographs of the peritidal Cryo gen ian reefs, J.Au stralie,
Angepena Formation fromthe o i

Arkaroola Platform. A. Mudcracks on [A 5%
bedding surface in clayey dolomite.
Hammer for scale. B. Clayey dolomite
bedswithwell developed small-scale
tepees and erosion surfaces. C.Small-
scale tepee structures in dolomite.
Hammer for scale. D. Clayey dolomite &
intraclasts within fine ooid grainstone.
Coin is 2.5 cm in diameter. =

- — : Stratigraphic diagram for the

© E m S Cryogenian sediments of the
: A% /L , : northern Flinders Ranges (modified
from Giddings and Wallace,

2009b). wiLpena crouP

Marinoan cap carbonate

|[EDIACARA

| / MARINOAN

/

Elatina Formation.- Marinoan glacials

o Enorama Shale
=---Wundowie Limestone Member ...

/

Amberoona Formation

Q. |Angepena Fm
. 8 (peritidal dol.)
Backreef facies of the Balcanoona = |&
reefs. A. Fenestrae developed in g 2 : :

. cq. . ii|=| Z |Balcanoona Formation Yankaninna Fm
oo1d—pe101d—1ntraclast gramstones. 8 & (platform\allreefal dolomite) , (basinal calcareous mudrocks)
Polished slab, Arkaroola Platform. > || Y \ A carbonate units

. o E \ MU
B. Large marine-cemented sheet O @
cavities. 5

e Tapley Hill Formation
lic unit
(o (basinal mudrocks)

Polished slab, Arkaroola Platform.
C. Sheet cavities with tepee

_Stunian cap dolomite

. 4 » 4 LAV 4 4 <4 4 4 4 »
structure. Outcrop, Oodnaminta ¥ Merinjina Tillite- Sturtian §lacials-658 Ma  »  » ‘
< < - - « - 4 - ] L -

Platform. D. Small sheet cavities
and fenestrae. Polished slab,
Arkaroola Platform.

A. Domal stromatolite, Arkaroola Platform. B. Laminar stromatolites from the
lower stromatolitic boundstone. Growth orientations for these stromatolites are near-vertical and
facing north. Oodnaminta Platform. Hammer for scale. C. Columnar branching

stromatolites within allochthonous block. Coin is 2 cm in diameter. Mt Lyndhurst Platform. D.
Scalloped stromatolites within allochthonous block. Coin is 2 cm in diameter. Oodnaminta
Platform. E. Divergent branching columnar stromatolites from the upper stromatolitic boundstone
Oodnaminta Platform.

MalcolmW. Wallace, Ashleigh v.S. Hood, Estee M.S.Woon, Jonathan A. Giddings, Thomas A. Fromhold (2015)



© 2001 Brooks/Cole Publishing/ITP

? cysta ras, ? eukaryontni prvok, ménavka - Kkryogenian



Vandalosphaeridium walcotti - zastupce akritarch, kwaguntské souvrstvi,
Grand Canyon, 850 Ma
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Cyanobacteria (sk. Nostocales), Bitter Springs souvrstvi, Stfredni Australie, 850 Ma,
vynikajici zachovani v horninach (fosilni ,,kiFremity gel*)



L’ia.no bactevia (-:._;f.Np.rl-oc)

Cesky masiv (~ 800 Ma)



., Snowball Earth* —

predstava Zemé béhem sturtského
zalednéni v nejvysSSim proterozoiku
(~750 Ma) — tani => obrovske mnozZstvi
z1vin do oceanu = rozkvét nanoflory =
prudké zvySeni O2 => dostatek energie
pro rozvoj velkych organizmil (. Nabome, 2006)

Annual Surface Air Temperature
{Sturtian snowball Earth, reduced solar, CO2, OHT)

Modelové teplotni hodnoty
béhem sturtského zalednéni
(~750 Ma) ] ——— |

-50.0 -3r.5 -25.0 -12.5 0.o 12.5 25.0 7.5 50.0
Fit: -49.59 S.Hem: -1.30 Global: -2.79 M.Hem:-E.28 Plax: 16.15

Surface Air Temperature (deg C)




Kuesty Jizni Australie, neoproterozoikum, kryogenian

....research team member Adam Maloof co-wrote a March 2010 Science
paper demonstrating that glaciers reached the equator some 716.5 million
years ago, providing further evidence to support the existence of a
Cryogenian "snowball Earth."



http://www.princeton.edu/geosciences/people/display_person.xml?netid=maloof&display=All
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Fig. 5. Stratigraphic occurrences of morphological characters utilized in this study: (1) spherical
vesicle; (2) ellipsoidal vesicle; (3) barrel-shaped vesicle; (4) bulb-shaped vesicle; (5) polyhedral
vesicle; (6) medusoid vesicle, (7) cylindrical process; (8) dome-shaped process; (9) tapered process;
{10 hair-like process; (11) triangular process; (12) rounded-tip process; (13) capitate-tip process; (14)
blunt-tip process; (15} pointed-tip process; (16) funnel-tip process; (17) hollow process; (18) interior of
process communicates with interior of vesicle; (19) branching process; (20) processes fuse at tip; (21)
enveloping membrane; (22) excystment-like structure; (23) internal bodies in vesicle; (24) concentric
ornamentation on vesicle surface; (23) plates on vesicle, (26) multi-celled appearance (vesicles con-
tained in a larger envelope); (27) colonial appearance (aggregation of vesicles); (28) pores in vesicle
wall; (29) flange ornamentation; (30) crest ornamentation; (31) costae meshwork surrounding vesicle.

Evoluce akritarch podle Huntley et al. (2006) - upraveno



Horodyskia

AKkritarcha (neornament.)

Grypania

Souhrnny pohled na nékteré predediakarské fosilie



Ediacaran (630-542 Ma)

Ediakar zacina po Marinoanském zalednéni (SE), 630
Ma, vzrust atmosferického O2, nasleduje rada eventi.
Oceanské dno = Kkryté bakterialnim filmem, jinak
pevny substrat, malo mobilnich herbivoriu, vétSina
peviného substratu tvorena Kkoraly a calcifikujicimi
baktériemi. Cetné diskuse o zptisobu Zivota tehdejsich
tvoru. Zajimavost - vétSina dobre znamych
ediakarskych zivociSnych fosilii se zda pochazet z
hlubokych vod (pod dosahem slune¢niho zareni).

Prehled dat:

600 Ma - zemsky den ma 20.7 hodin

590 Ma - J. Australie, Acraman, impakt meteoritu (90 km primér krateru)

580 Ma — objevuji se mékkotélé organizmy, Dickinsonia etc.

570 Ma — konec Sturtského zalednéni, nastup schranecnych struktur u bezobratlych
550 Ma — Pannotia se tFiSti na Laurasii a Gondwanu



Acraman Crater South Australia
580 million years ago

-Taking us back over half a billion
years back, the Acraman meteor
created what is today known as Lake
Acraman,

featuring an impressive 56-mile

(90 km) diameter.

Sateliite_ !

Imagety E2006 DigtalGlobe - Terms of Use
act Craters - Click a Red lcon to Learn More
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Mistaken Point, Newfoundland, Canada.

The biota of the Ediacaran period (635 — 541 ma).
Localities of this age are justly famous for the exceptional
quality of preservation of soft-bodied organisms.

FCOLOGCAL RESERVE |
* RARE PRECRAMBRIAN FOSSLS
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http://www.palaeocast.com/wp-content/uploads/2012/10/02.jpg
http://www.palaeocast.com/wp-content/uploads/2012/10/18.jpg

Lo A R S

Mistaken P.oint, New Foundland

.f_aj . . E
ol T .

The large, expansive bedding planes seen in this image each lie beneath a volcanic tuff, which has been weathered away to
reveal this record of ancient seafloors. The angle of the rocks and the fact that the tuff is easier to weather than the overlying

siltstones results in large areas being exposed for study.


http://www.palaeocast.com/wp-content/uploads/2012/10/15.jpg

Mistaken Point, vrstevni plocha
s fosiliemi



http://www.palaeocast.com/wp-content/uploads/2012/10/07.jpg

A simple horizontal surface locomotion trace from
late Ediacaran rocks at Mistaken Point, formed
roughly 565 million years ago. Contrast this simple
and rare structure with the abundant evidence for
locomotion by animals in rocks of Cambrian age,
~20 million years later (next image).



http://www.palaeocast.com/wp-content/uploads/2012/10/19.jpg

Fractofusus misrai na vrstevni ploSe,
staken Point



http://www.palaeocast.com/wp-content/uploads/2012/10/16.jpg
http://www.palaeocast.com/wp-content/uploads/2012/10/05.jpg

Mistaken Point — dalSi ukazky

Fractofusus misrai
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Charniodiscus

Ediacar, New Foundland, Avalon, inc. sed.





http://www.palaeocast.com/wp-content/uploads/2012/10/08.jpg

Bradgatia linfordensis, fosilni a mozZné interpretace
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http://www.palaeocast.com/wp-content/uploads/2012/10/21.jpg

Charniodiscus,

Rangea

< Bradgatia

< Fracrofusus

velikost cas

Avalonské fosilie, narist velikosti v ¢ase + zména formy



Fosilie z Ediacary (Australie, ~600 Ma,
mnohobunécna Vendobionta, Vendozoa)
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Dickinsonia Spriggina

Zachovany jako otisky v jemnozrnnych poundskych kfemencich (Ediakarian,
Austrélie) a desitek dalSich lokalit na svété. Organizmy: mnohobunécéné, mekka téla
bez tvrdych ¢asti, nékolik cm velké. Studium hornin souvrstvi Doushantuo ukazalo,
ze ocean byl v t€ dob¢ dobfte stratifikovan na okysli¢ené a neokyslicené vody s vyso-
kym obsahem sulfati a zeleza => problematické podminky pro zivot => mezerovité @ Pamela Gorg 1997
a nepravidelné zachovani fosilii.

Tribrachidium




Dickinsonia - interpretace

Dickinsonia, an iconic member of the Ediacara biota, is abundant in the Ediacaran deposits found at the
Nilpena field site, South Australia. Despite exquisite fossil preservation at this site, many specimens of
Dickinsonia appear to be incomplete, with an apparently “missing piece” on the periphery. Orientation
measurements from specimens on three fossil beds suggest that these so-called “missing pieces” are aligned
irrespective of the axial orientation of Dickinsonia. The nonrandom orientation of incomplete specimens
matches that of other aligned structures found on two of these beds. The preferred directionality of this
feature suggests the molding of incomplete specimens under the influence of current activity prior to or
during burial. We propose that this feature originates where part of a Dickinsonia was lifted off of the
substrate during a storm event and that sand was deposited beneath this lifted portion. This model suggests
that Dickinsonia was easily separated from the sea floor and was not attached to the substrate on which it
lived. This is consistent with the data from Dickinsonia footprints suggesting that Dickinsonia was mobile.

(Evans et al. 2015)



Dickinsonia, an iconic member of the Ediacara biota, is abundant in the Ediacaran deposits found at the
Nilpena field site, South Australia. Despite exquisite fossil preservation at this site, many specimens of
Dickinsonia appear to be incomplete, with an apparently “missing piece” on the periphery. Orientation
measurements from specimens on three fossil beds suggest that these so-called “missing pieces” are aligned
irrespective of the axial orientation of Dickinsonia. The nonrandom orientation of incomplete specimens
matches that of other aligned structures found on two of these beds. The preferred directionality of this
feature suggests the molding of incomplete specimens under the influence of current activity prior to or
during burial. We propose that this feature originates where part of a Dickinsonia was lifted off of the
substrate during a storm event and that sand was deposited beneath this lifted portion. This model suggests
that Dickinsonia was easily separated from the sea floor andwas not attached to the substrate on which it
lived. This is consistentwith the data from Dickinsonia footprints suggesting that Dickinsonia was mobile.



Predstava starSiho mozného pohledu na morské dno
v nejvyssim proterozoiku (,,ediakarska fauna*, ~ 600Ma)




Jina rekonstrukce ediakarské fauny _
Dickinsonia
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A peaceable kingdom

(Nat. geographical)
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Jina interpretace ediacarského Zivota




Graficke rekonstrukce nékterych forem
ediakarskych vendobiont
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Abb. 11. Charakteristische Formen der Ediacara-Fauna. Nach SeiacHer (2003).



Dalsi mozna
interpretace

ediakarské (vendske)

bioty

1 sedici polypi

2 bilateralni inc. sed.
3,7 bent. medizy
4 ? laCkovci-Cervi

5 nekt. Medtzy

6 scifomediizy

8, 9 Chamia, Chamiodiscus (inc. sed.)

10 tasa (Vendotaenia)
11 ? ptedek trilobitt
12 vymieli bezobratli
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Tribrachidium

Nemiana

Property of the Namibian gg"ﬂ'! gical Survey Muoscum
in Windhock, Na a
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Charnia Tribrachidium Nemiana

( Wikimedia, rtizné prameny)



Doushantuo Fm.

Shuyosphaeridium — Acritarcha
(Doushantuo, Cina, neoprz.)

Meghystrichospaeridium — Acritarcha, Doushantuc
Cina, neoprz.

! ; . Tianzhushania — Akritarcha-fezy
. (Doushantuo, Cina, neoprz.

Vyrazna ornamentace



778 JOURNAL OF PALEONTOLOGY. V. 74. NO. 5. 2000

Embryologie v horninach

Ryhovani vajicek
Souvrstvi Doushantuo (Cina)
(~ 600 Ma)

(pribéh ryhovani je podobny jako
u Clenovcii)

Pochyby: podobné déleni ma i baktérie Thiomargarita
(recent, v kazdé buiice vakuoly a membrany — dtto

i rentgenovy snimek parapandoriny — ta se ovSem dal
déli az na 100 bunék — baktérie ne)

FIGURE 8—Parapandorina raphospissa. 1-6. Eight-cell stage: 7—

12, later slages. /-3, Different views of the same specimen. a, B, v. . €, £ m.
0 identify the cight internal bodies. SRA-1, 410. 411, 412; 4, SRA-1, 258: 5. WIY-19E. 298; 6. SRA-1, 261; 7. SRA-1. 259: §. K94-21, 262:;
9. SRA-1. 82: /0. WIY-19E, 312; 7], WIY-19YE. 322: /2. SRA-1. 294. The scale bar in / represents 110 pm for 772 100 @wm all other picturcs.
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Unikatni fotografie zachycujici jednotliva stadia

ryhovani vaji¢ek (embriony) mnohobunéénych organizmu
(raz ryhovani je blizky ryhovani nékterych ¢lenovci)

z loKkality Doushantuo (jizni Cina), 570 Ma (nejvys§i
proterozoikum).

FIGURE 8—Parapandorina raphospissa. 1-6. Eight-cell stage: 7-/2. later stages. /-3, Different views of the same specimen. a. B. v. 8. &. £ w.
0 identify the cight internal bodics. SRA-1. 410. 411, 412: 4, SRA-1, 258; 5. WIY-19E. 298: 6. SRA-1. 261: 7. SRA-1. 259: 8. K94-21, 262;
9. SRA-1. 82: 0. WIY-19E, 312: I/, WIY-19E. 322: /2, SRA-1. 294. The scale bar in | represents 110 pm for /7: 100 gm ali other picturcs.




Paratetraphycus — mnohobunécné rasy
(Doushantuo, Cina, neoprz.)

Diaoyapolite — fasa, 5 cm, Doushantuo, Cina, neoprz.




??2??NASTUP BILATERALII — JiZni Cina, Doushantuo (~600Ma)

Vernanimalcula guizhouena - (Eucaryota, Eumetazoa, ??? Bilateralia), 0,1-0,2mm, mnohobunéény, pohyblivy.
bilateralni Zivo€ich, pozira¢ mikrobu (3 zar. listy, coelom, tsta, rozliSeny Zaludek-stieva_trakt, ? smyslové organy ?)

Model Sections

rez fosilii
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Cloudina - ~ 600 Ma

 Cloudina, jedna z nejstarsich fosilii s pevnym materialem (kostrou) —
poharky z uhli¢itanu vapenatého (podobné lackovcim), 3-4 cm velké —
nastup biomineralizace

N

§




Cloudina - fosilie

Dengying
(J. Cina)

Namibie

(Jz. Afrika)
Skupina Nama
(549-543Ma)




Vétvici se tubularni fosilie s horizontalnimi
strukturami (dna ??), povazovana za ¢asna
tabulata, Doushantuo, Cina, neoprz.




Ediakar, Porifera, jehlice hub



Anhui Province, South China, Lantian Formation,
Ediacar, l

cca stejna strat. pozice jako Doushantuo Fm.

vysoka diverzita, bentos, zachovani in situ,
makroskopicka eukaryota, ¢asny ediacar, kratce
po marinoanském zalednéni, kyslikaté prostiredi

Figure 3 | Photomicrographs of new Lantian forms with uncertain phylogenetic affinities. a—e, f, g—i, j and k represent Type A, |
C, D and E, respectively. a, b, Part and counterpart. Note abundant Chuaria circularis fossils (circular carbonaceous
impressions, I mmin diameter) in background. ¢, d, Part and counterpart. Scale bar, 3mm. e, Incompletely preserved specimen.
f, Specimen similar to a—e, but with a crown consisting of a single ribbon. g—i, Part, counterpart and magnification of upper par
showing a conical pyramid that supports a cluster of filaments (arrow in 1). j, Specimen with a holdfast, a stalk, a cylindrical tul
and an axial trace. Scale bar, 2mm. k, Specimen similar to j in having stalk and axial structure, but with a longer

stalk and a broader structure surrounding axial trace. Scale bars, Smm unless



Figure 2 | Photomicrographs of Lantian macrofossils of probably algal
affinities. a, Doushantuophyton cometa. b, Huangshanophyton fluticulosum.
¢, Anhuiphyton lineatum. d, Flabellophyton lantianensis with fan-shaped
thallus. e and f, Flabellophyton strigata with fan-shaped thallus and transverse
bands. g—1, Flabellophyton sp. with fan-shaped or conical thallus. j, Orbisiana
sp. Scale bars, 1 cm in b and h, 5mm in all others.

Yuan et al. 2011, Nature 470/390



Nama — J. Afrika Nastup Zahavci - koralnatci

-rekonstrukce
Property of the Nam AL, '.'*, A i

in Windhock, Nami

Nemiana simplex (sk. Nama, Jz. Afrika
~565 Ma)

" ;
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Ausia fenestrata (?Vendozoa, ? Urochordata, ?Porifera)

J"rnp.rrn .1-r [45]% ".'11'||_E|.|-||1.n|' E. ]
gﬂ;.h:p;l:..:l Survev "nllj.:-:‘um-"l '.:
in Windhoek, Namibins ;

Fosilie (sk. Nama, Jz. Afrika, ~549Ma)

rekonstrukce




Loren Babcock (Ohio State Univ.,

2008) ohasil nalez

Pozn

stopy (? Arthropoda) v ediakaru (~570

Ma) — drobné diilky jako

aceni cca stonozkovitého

stopy po kr
tvora



Namapoikia rietoogensis
549 Ma, ?Porifera, ?Cnidaria
Namibie

Namacalathus, 550-542 Ma,
(Grobizinger et al. 2000)

Eoandromeda, Ediacar
Cina a Namibie

Narracalafhus
fhard ground elavatoe]

VENDIAN
ALCAREQUS
SHELLS,
Namibia




Namacalathus hermanastes, rekonstrukce



Souhrn o Zivoté v prz:

1) Ukazuje se, Ze po diversifikaci zivota v pozdnim paleoprz.
nasledoval gradualni rozvoj az do neoprz. a nic nenasvédcuje tomu,
Ze by tzv. snow-ball earth v cryogenianu ovlivnil tento postup.

2) Animalia zacinaji evolvovat v cryogenianu (Porifera) - nékteré vysledky pro
nastup Metazoi ukazuji ¢asnéjsi start (viz napr. koralovita Horodyskia,
calymnian - 150Ma, S. Amerika, Australie, nejasnosti v syst. zarazeni).

Kooperativni mnohobunéc¢nost se vyvijela nejméné v Sesti eukaryontnich
skupinach (Cervené rasy, zelené rasy, 2-3 skupiny chromistu, houby, metazoa).

3) V ediakaru pak lze rozliSit dvé (tfi) nova spoleCenstva:

- avalonska spolecenstva,

- ediakarské formy nasledované prechodnymi metazoi typu Doushantuo.
Tento typ obsahuje i moderni rady Cervenych ras. Mnoha akritarcha tohoto
obdobi nesou pravidelné vyristky a povrchovou ornamentaci.

4) Prekvapivé je, Ze je dosud znamo jen tak malo vymrelych eukaryontnich kladi.



Fig. 2. Reconstruction of a late Ediacaran reef. 1, Thrombolite; 2, Neptunian dyke; 3, stromatolite;
4, Cloudina; 5, Namapoikia; 6, Namacalathus; 7, cement botryoids; 8, trapped Namacalathus; 9,
sediment. [Image copyright: J. Sibbick]

A. M. Penny,1* R. Wood,1 A. Curtis,1 F. Bowyer,1 R. Tostevin,2 K.-H. Hoffman3 — Science 2014



Recentni trombolity,
Australie, Lake Clifton

Nedokonala vrstevnatost

Thrombolites are ancient forms of microbial communities that photosynthesize. They are clotted
accretionary structures formed in shallow water by the trapping, binding, and cementation of sedimentary
grains by biofilms of microorganisms, especially cyanobacteria. They are now only found in a few places in
the world. Stromatolites are similar but consist of layered accretions. Hundreds of millions of years ago the
ancestors of thrombolites and stromatolites produced the oxygen in the atmosphere that is required for life as

we know it.



https://en.wikipedia.org/wiki/Photosynthesize
https://en.wikipedia.org/wiki/Structure
https://en.wikipedia.org/wiki/Biofilm
https://en.wikipedia.org/wiki/Microorganism
https://en.wikipedia.org/wiki/Cyanobacteria
https://en.wikipedia.org/wiki/Stromatolite

Geologicky zaznam
prekambria ukazuje, ze

* - nas Zivot je nejspiSe Cisté zemskeho puvodu

e - prvni znamky zivota se objevuji od ~ 3.8 Ga

« - prvni mikrofosilie od 3.5 Ga

e - prvni horniny spojené s zivotni Cinnosti organizmu
od 3.5 Ga

« - ekosystem na bazi kysliku a eukaryota od ~ 2.3 Ga

e -rozvoj mnohobunecnych s pevnou kostrou, ~ 600
Ma

« - Zeme prodelavala silne bioticke krize jiz v
prekambriu

(napf. vymizeni 70% akritarch ve sv. prekambriu))



Prehled bioeventu v prekambriu 0.5 «—Nastup mechu a jatrovek na sousi
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1.0 1
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Proterozoikum (2.5-0.543 Ga) se vyznacuje:

1.

PocCatkem moderniho stylu deskové tektoniky. Lateralni pohyby,
podsouvani desek, rozpinani desek ocednského dna. Zemska kura narusta.

Pocatek moderniho stylu sedimentace.
Na kontinentech vznikaji Siroké kontinentalni Selfy. Na nich se ukladaji
klastika a karbonaty.

Zalednénimi (zacatek a konec proterozoika - cca 2.1 - 2.6, a 1.0 - 0.57
Ga).

Zvysovani koncentrace kysliku v atmosfére ma za nasledek vznik

ozonoveé vrstvy, konec sedimentace paskovanych Fe rud, které se tvori
jen pri nizkém a kolisajicim 02 a nastup sedimentace cervenych vrstev -
klastickych sedimentl (piskovce a prachovce s ¢ervenym Zelezitym tmelem).

Po ukonceni posledniho zalednéni (cca 575 Ma) prudce vzrlista obsah 02
v atmosfére i relativné hlubokych vodach (méreno na Novém Founlandu).
Zde poté nastupuje avalonska a ediakarska biota (Ediacarian). Prudky
vzrist 02 viz vyse.

Nazory (Knoll 2006): nastup hub a lidejnik( na sousi + zvétravani +
orogeneze




Role CO2

Pocatkem proterozoika vznikaly uz zna¢né plochy kontinentalnich Selfi. Pokryval
je diverzifikovany jednoduchy zivot v podobé fasovych filmi, povlaku ¢1 koberct.
To vedlo k tvorbé rozsahlych karbonatovych ploSin (podobné jaké dnes existuji v
tropickych oblastech — napt. na Bahamach).

Tvorba karbonatovych souvrstvi, podobné jako fotosyntéza, pouziva
atmosfericky CO, jako zakladniho zdroje. Zatimco organické latky produkovane
fotosyntézou jsou poté rychle reoxidovany a uvelnuji (vraceji) CO, zpatky do
atmosféry, karbonaty jsou ukladany jako sedimentarni horniny poedrzujici CO,
na velmi dlouhou dobu a vracejici ho zpét az béhem dlouheho geologickeho Casu
(napt. deskova tektonika-vulkanismus). Riist karbonatovych ploSin vede tedy ke
snizeni obsahu CO, v atmosféfe a ke snizeni obsahu sklenikovych plyni a tim 1 k
ochlazeni. Naopak, zastaveni rustu karbonatovych ploSin vede k opacnému
efektu a oteplovani planety. Tak v proterozoiku startuje stridani teplych
(»,greenhouse*) a chladnych (,,icehouse*) obdobi.

Viz nasledujici obr.




teplé obdobi (,,Greenhouse*)
o
globalni oteplovani

rust karbonatovych \'.

platforem ?
CO2 odniman narust CO2
z atmosféry v atmosfére L
oo, — CaCO3

\ vulkanické erupce
r /4 r r Jll
globalni ochlazovani karbonatové platformy

\' nerostou /
chladné obdobi (,,Icehouse*)

tvorba kontinentalnich ledovcu

Pro planetu je charakteristické stridani teplych a chladnych obdobi



Vymirani na Konci proterozoika:

- 750 Ma = zalednéni (Zemé jako ?? sn€hova koule) =
mizi 70 % vSech ras (akritarcha)

- 550 Ma = na hranici prekambrium/kambrium
tristéni kontinentu, v nejspodnéjSim kambriu
zména chemismu oceanu (napr. exkurse
izotopii Mo — profily Oman, Cina = upwelling
euxinickych dnovych vod, Wille et al. 2007),
mizi prakticky zcela mékkotéla ,,ediakarska
fauna*, nastup skeletonizace,
soucasné zaznamenana globalni regrese,
Zadné stopy po impaktu,
zadné zvySeni vulkanické ¢innosti.

: Hranice Prz/Cm = zemské faktory
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