Earth and Life through Time

before and during the Age of the Dinosaurs




2009 GEOLOGIC TIME SCALE

CENOZOIC

MAGNETIC

POLARI

1
2

=
<
2
E

30
31

32

33

Mor
M1

[M12]

ITY

H
8
4
T
S

c31
c32

Cc34

RAPID POLARITY CHANGES

PALEOZOIC

PICKS| | AGE PicKs|| AGE
PERIOD|EPOCH AGE My || (va) [PERIOD [EPOCH AGE Ma) || vy ERA PERIOD A(:\EAI:)S
MAASTRICHTIAN | *°° 542
706 0 CHANGHSINGIAN | 251 EDIACARAN
260 WUCHIAPINGIAN | 630
CAMPANIAN Ce\%;g{m“ 265 || 750 NEOPRO- | CRYOGENIAN
L= 835 ROADIAN 268 TEROZOIC
SANTONIAN 95:8 g;z} 850
CONIACIAN gos || 280 TONIAN
TURONIAN 935 284 1000
CENOMANIAN w0 297 TR
I GZELIAN 299.0
syl | —KASMOVIAN T 304 1200
ALBIAN A MOSCOVIAN I, MESOPRO- ECTASIAN
BASHKIRIAN TEROZOIC
12 || 320 | 318 1400
SERPUKHOVIAN .
APTIAN CALYMMIAN
EARLY
125 11 340 VRN 1600
BARREMIAN 345
130
HAUTERIVIAN SIALERIZN
136 359
VALANGINIAN 140 360 L 1800
BERRIASIAN FAUENINERDY
1455
TITHONIAN 374
151 380 FRASNIAN 2050
LATE 385
KIMMERIDGIAN . GIVETIAN e
M
OXFORDIAN o EIFELIAN -
CALLOVIAN ws || EVSIAN 2300
407
mppLe | BATHONIAN 168 E PRAGHAN |,/
BAJOCIAN B LOCKHOVIAN | .o
2500
AALENIAN | 176 || 420 <Z( L TubFoRDIAN | 419
TOARCIAN o HOHERAN 43
426 NEOARCHEAN
oo Rl e
PLIENSBACHIAN 440 = E AERONIA| 439
190 N RHUDDANIAN 444
HIRNANTIAN Py
197 L KATIAN uss
460 SANDBIAN
201.6 461
RHAETIAN [ oo
468
472
480 479
NORIAN
488
0D STAGE 10
IR STAGE 9 402
500 et PABIA a0
° Series 3 GUDZ e 8%
CARNIAN e 2o
- STAGE 4
235
520 CiED 2 STAGED =Y
241
245 STAGE 2
535
250 540 542

*International ages have not been fully established. These are current names as reported by the International Commission on Stratigraphy.
Walker, J.D., and Geissman, J.W., compilers, 2009, Geologic Time Scale: Geological Society of America, doi: 10.1130/2009.CTS004R2C. ©2009 The Geological Society of America.

Sources for nomenclature and ages are primarily from Gradstein, F., Ogg, J., Smith, A., et al., 2004, A Geologic Time Scale 2004: Cambridge University Press, 589 p. Modifications to
the Triassic after: Furin, S., Preto, N., Rigo, M., Roghi, G., Gianolla, P., Crowley, J.L., and Bowring, S.A., 2006, High-precision U-Pb zircon age from the Triassic of Italy: Implications for

AGE | POCARITY PICKS || AGE
Ma) PERIOD| EPOCH AGE wa) || e
QUATER- L 0.01
NARY | PLEISTOCENE K\’[‘“ 12 _g 70
PIACENZIAN 3-6
PLIOCENE ZANCLEAN -
5 5.3 80
MESSINIAN
7.2
L
o w TORTONIAN 90
=z % 11.6
W &5 SERRAVALLIAN 100
o O M 13.8
15 ol o LANGHIAN
| 3 16.0 110
Z BURDIGALIAN
20 E 204 || 1%
AQUITANIAN
230 11 130
L
25
> 5 L CHATTIAN
o 5 140
i: (@) 28.4
80 = ©) 150
o = E RUPELIAN
LLl (@)
|_ 33.9 160:
35 L| PRIABONIAN
37.2
170
BARTONIAN
40
LLl 404 1 180
zl =
w i ;
5 O O LUTETIAN 90
ol ¢
L
- 486 |]200
50 E
E YPRESIAN 210
55 558 || 220
% L| THANETIAN
EJ) 587 || 230
& O M| SELANDIAN
H 61.7 "
< E DANIAN
65 o
655 || 250
F THE GEOLOGICAL SOCIETY
‘ OF AMERICA®

the Triassic time scale and the Carnian origin of calcareous nannoplankton and dinosaurs: Geology, v. 34, p. 1009-1012, doi: 10.1130/G22967A.1; and Kent, D.V., and Olsen, P.E.,

AANO Favhis Liivmemim mamemimemtmetrmtimrmmbin s mmed memdaml et crd e frmmm hm Llm st rrd m~mmdim b wifb

e (et

ANlmvble Armamrimm)e Toetiomem fmr mmdmritr lime momed Ao iomd vmemdmr sarmmed ~ e T






Plate tectonics

CONVERGENT TRANSFORM DIVERGENT CONVERGENT CONTINENTAL RIFT ZONE
PLATE BOUNDARY  PLATE BOUNDARY  PLATE BOUNDARY PLATE BOUNDARY (YOUNG PLATE BOUNDARY)

\\\

TRENCH ¢ TRENCH
ISLAND ARC SHIELD OCEANIC SPREADIND

VOLCANO RIDGE
STRATO- ;
VOLCANOC ‘f . - ~
‘ | <= I =P  oCEANIC CRUST
J LITHOSPHERE
R

ASTHENOSPHERE ;L:'JET:'[I_IZHHG

HOT SPOT

CONTINENTAL CRUST

-



















CONVERGENT TRANSFORM DIVERGENT CONVERGENT CONTINENTAL RIFT ZONE
PLATE BOUNDARY PLATE BOUNDARY  PLATE BOUNDARY FLATE BOUNDARY (YOUNG PLATE BOUNDARY)
\ i
P g ," -‘“
TRENCH ¢ TRENCH g
ISLAND ARC SHIELD DCEANIC SPREADIND
VOLCANO AIDGE .
. STRATO- ,_ | 8
| VOLCANO ‘f‘ - : <z :
‘ : « * QCEANIC CRUST CONTINENTAL CRUST
LITHOSPHERE
— »~ |
ASTHENOSPHERE SUBDUCTING
PLATE
HOT SPOT

conservative — productive — destructive plate boundaries
continental vs. oceanic crust

shape of continents not stable during earth history (amalgamation vs. breaking apart)
heat in the Earth’s is the driving force




compare Mars’ Valles Marineris!




Break-up of Rodinia







Break-up of Pangaea
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Precambrian (4.6 Ga- 0.545 Ga)
* 88% of geological time

* only 20 % of the the rocks exposed




Precambrian

e 3 eons: Hadean — Archaean — Proterozoic




Hadean (4.6-3.8 Ga)

* the time period before the earliest known rocks

* individual minerals (zircon) date from this period
(4.4Ga) = oldest material of terrestrial origin

* potentially already liquid water on Earth’s surface




Archaean (3.8-2.5 Ga)

heat flow still high (3x higher than today)
high volcanic activity
first continental crust and first proto-continents

first sedimentary basins by the end of the
Archean

no free oxygen in atmosphere
presence of liquid water




The Rise of oxygen

* no free oxygen in the Archean, but first BIFs in
oceanic basins

e Oldest BIFs date 3.7 Ga > LIFE!
* Great Oxydation Event (2.4 Ga)







First life

3.85 Ga: 1°C enrichment in fluorit
- photosynthetic life

3.85 Ga: Graphite with kerogen
- photosynthetic life

3.7 Ga: First BIF

3.5 Ga: Cyanobacteria (stromatolites)
3.45 Ga: Bacteria in chert

2.7 Ga: First potential eucaryotes










Other
prokaryots

3.3 Ma
Kromberg
Formation

of South Africa

3.4 Ma
Strelley Pool
Chert

of Australia




Proterozoic (2.5-0.542 Ga)

Much better geologic record than in the
Archean (-> much more known)

Life present, but essentially no complex life yet
(eucaryotes, acritarchs, stromatolites)

first supercontinents (Rodinia)
various glaciations (climax Snowball Earth)

First continental red beds - Oxygen in
atmosphere




Snowball Earth




Snowball Earth

* Glacier deposits at tropical latitudes

(dropstones, varves, striations, tillites)










Snowball Earth

* Paleontological evidence does not confirm a
totally frozen Earth = Slushball Earth




Arkarua

Ediacaran Fauna

first macroscopic fossils

fossils are of unknown affinity
(ancestors of modern groups?)

no hard shells or skeletons
definitive multicellular

Ediacaria



Ediacaran rangeomorphs Modern sea feather
(a cnidarian / nasseldjur)




Dickinsonia

modern coral




Spriggina

trilobite










Cambrian (542-488 Ma)

 named after Cambria (Lat. Wales)

* lower boundary defined by the first
appearance of complex trace fossils

* time of first appearance of hard parts and
essentially all major modern animal phyla

- Cambrian Explosion




Trichophyus pedum







Cambrian Lagerstatten

* Burgess Shale, Sirius Passet & Chengjiang

Opabinia




Marrella




Anomalocaris




Our and the dinosaurs’ ancestors

Pikaia Pikaia

Haikouichthys

Branchiostoma










movie break




Reasons for Cambrian explosion

* Oxygen increase in atmosphere

- shortage might prevent evolution of complex animals

- certain level needed to maintain a functioning
ecosystem

* Evolution of movement and eyes

- predator-prey competition accelerates evolution
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Cambrian in Sweden

* quite famous

* sandstones, limestones and
alum shale

* Orsten Lagerstatte
















Ordovician (488-444 Ma)

* named after the Celtic tribe of the Ordovices

e starts with an extinction event and ends with
one

—> first extinction due to sea level drop

- followed by major radiation and sea level
rise

— second extinction due to glaciation




Ordovician — an extreme time

* highest sea level during the Paleozoic
* huge areas covered by shallow seas (shelf)

* major radiation

—>Great Ordovician Biodeversification Event (GOBE)
—>Suspension feeders
- Pelagic fauna
- Complex food webs







Reasons for the GOBE

High volcanic activity + high tectonic activity +
warm climate -> nutrient rich ecospace

nutrients rich ecospace + huge shelf areas ->
favor diversification

more controversial: breakup of an asteroid

impacts on Earth of kilometer-sized asteroids
accelerated the biodiversification




Vertebrates

e first true fish

— jawless fish in the lower Ordovician
(Ostracoderms)

— jawed fish in the upper Ordovician
(Gnathostomata)

Pharyngolepis Coocosteus







Ordovician in Sweden

* mainly shallow marine
limestones

* famous building stones
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Silurian (444-416 Ma)

named after a Celtic tribe of Wales, the Silures
also called Gotlandium
first land plants

many reefs
- warm oceans and continents along equator

Caledonian orogeny




Life in the Silurian

starts with recovery of most groups
bivalves and fish invade freshwater
graptolites radiate

reefs




Silurian reefs







Age of the fishes begins

e Ostracoderms and gnathostomes became more
common

* mainly in fresh water habitats

Cenozoic

Cretaceous

eir Relatives

Jurassic

Ray-Fin Fishes
Tetrapods

Triassic

Permian

~Jawless FIsShes

Carboniferous

Devonian

e = ACARTNOATIANS

Silurian

Ordovician

Cambrian




Evolution of jaws










Silurian in Sweden

 Gotland
e Vastergotland
* Scania

Reefs vs. graptolite shales
















Devonian (416-359 Ma)

* Named after the county Devon, SW England
 Conquering of land

— First forests (seed bearing plants spread)
— oldest insects
— vertebrates go on land




The Devonian Explosion

* plants:




Life in the Devonian

 Oldest insect from the Rynie Chert
— by the end of Devonian arthropods
were established on land

—> co-evolution of vegetation and
arthropods

— incentive for “fish” to go on land
for food

* Development of coilded ammonoids




Vertebrate Life in the Devonian

* Age of fishes

Cenozoic

Cretaceous

eir Relatives

Jurassic

Ray-Fin Fishes
Tetrapods

Triassic

Permian

Carboniferous

~Jawless FIsShes
Sharks anc

Devonian

e = ACARTNOATIANS

Silurian

Ordovician

Cambrian




Diplacanthus - an acanthodian

Holoptychius — lobe-finned fish Stethacanthus — a early shark




End Devonian Extinction

One of the big 5!
2 events

1st event: corals, brachiopods, trilobites,
ammonites, conodonts, and acritarchs

2"d event: tetrapod ancestors, all placoderms
and most sarcopterygians

- establishment of the modern vertebrate
fauna (ray-finned fish, sharks, and tetrapods)




Reasons for extinction

* Diversification of plants

- Intensified weathering and nutrient run off
- Anoxia

- Consumption and binding of CO2
— Cooling / glaciation

* |Impacts
- Alamo + Siljan (15t event) / Woodleigh (2"9 event)













Devonian in Sweden

* Nope!
but...
Norway:

- Hornelen Basin (western Norway)
- Svalbard




Carboniferous (359- 299 Ma)

Named after the common coal deposits
Diversification of plants

swamps
Time of glaciation (Permo-Carboniferous Glaciation)
Pangea is formed —> active mountain building




Glaciations / Ice ages

Icehouse stage: presence of continental ice sheets, less
greenhouse gases, lower global temperatures

Greenhouse stage: no continental ice sheets, high levels of
CO2 and other greenhouse gases, higher global temperaturs,
rapid sea floor spreading







Fauna

* Radiation/recovery of most groups after
extinction

Corals, brachiopods, mollusks, sea lilies

* foraminiferas become a significant part of the
marine life




Lepidodendron
scale tree, upto 30 m

_ Sigillaria
Lycopodium
club moss, 30 cm







Tetrapods

Carboniferous: main phase of tetrapod
evolution

evolving plants and terrestrial arthropods
supported the radiation

40 families

secondarily aquatic again
first reptiles

first diapsides

[handout]




Coal deposits

* Coal deposits world wide
— China, Siberia, Eastern Europe, USA etc




Climate

* changed from warm and moist to cool and arid in
the Late Carboniferous
— glaciations and forming of Pangea
— extinction event
Carboniferous Rainforest Collapse
However:
—> isolated populations of reptiles

- each community evolved in separate directions =2
increase in diversity

Rainforest collapse kickstarted reptile evolution







Carboniferous in Sweden

* no sediments, potentially some volcanic rocks
 Sweden was above sea level




Permian (299-251 Ma)

named after the city Perm (Russia, near Ural Mountains)
diversification of early amniotes

— ancestral groups of the mammals, turtles,
lepidosaurs and archosaurs evolve

ends with largest extinction event

Pangea

Large continental landmasses create climates with
extreme variations of heat and cold




Fauna
* Mollusks, echinoderms, and brachiopods

— brachiopods formed reefs

* Trilobites

 Fusulinides




Vertebrates

* Synapsida radiated
— pelycosaurs
— therapsids

* dinocephalia
e cynodonts

* First archosaurs
* Permian anapsids
* Amphibians




End Permian Extinction




marine vertebrates:
- Acanthodians 100%

terrestrial invertebrates:
- Insects 83 %

terrestrial vertebrates:
- heavy losses (2/3 of families)




Plants

* typically unaffected by
extinctions

change of dominant floral
groups

- many groups of land plants
decline, such as gymnosperms
and the Glossopteridales, the
seed ferns)

—> gymnosperm genera were
replaced by lycophytes
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Reasons for P-Tr extinction

Impact event

Volcanism

Methane hydrate gasification
Sea level fluctuations

Anoxia

Hydrogen sulfide emissions




Climate

variable and extreme

early Permian : glaciations
—>cold at poles, but quite hot at equators

vast land masses separated by mountain chains
—>distinct climate and flora provinces

drier conditions towards the end of the Permian
—documented by flora
—>evaporites










Triassic (251-200 Ma)

Entering the Mesozoic — The time of the
dinosaurs

named after the tri-partition of the period

adaptive radiation following end-Permian
extinction

modern faunas become dominant

first dinosaurs!




Fauna

* impoverished biosphere in Lower Triassic
e adaptive radiation
* recovery took longer than after other extinctions
— appearance of modern corals
- ammonites diversified
— diverse marine reptiles
- first mammals
—> archosaurs diversify










Marine reptiles from the

Middle Triassic

Augustasaurus — ancestor of plesiosaurs




First mammals

* true mammal = middle ear + jaw joint
* candidates:

— Hadrocodium Early Mammal
— Morganucodon
— Megazostrodon

N
articular angular




First dinosaurs

Eoraptor - an agile, omnivore from the Late Triassic of Argentina

- ran upright on its hind legs

- five digits on hand, with three of them enlarged and clawed
Coelophysis — similar to Eoraptor; agile, carnivorous, good eye sight




End Triassic Extinction

also one of the Big 5.

marks the end of the Triassic
reasons debated

affected marine and terrestrial fauna
Results:

— conodonts disappeared

— large crurotarsans (non-dinosaurian archosaurs) other
than crocodilians, some remaining therapsids, and many of
the large amphibians go extinct

— opening up niches for the dinosaurs to diversify and
dominate the Earth







Climate

e generally hot and dry
—> typical red bed sandstones and evaporites

* no evidence of glaciation at or near either
pole

- polar regions were moist and temperate

* Pangaea's large size limited the moderating
effect of the global ocean

- highly seasonal continental climate




Dinosaur localities

Chinle Formation — Arizona (Late Triassic)







Ischigualasto Formation — Late Triassic (Argentina)










Triassic in Sweden

e Scania (& Bornholm)




Jurassic (200-146 Ma)

named after the Swiss Jura Mountains
Age of the reptiles
Pangea is breaking apart

many shallow epicontinental seas

— Sundance Sea; central Europe

famous lagerstatten




Marine invertebrate fauna




Marine vertebrate fauna

* various marine reptiles
e more advanced than in Triassic

* ichthyosaurs, plesiosaurs, pliosaurs, and
marine crocodiles




Terrestrial fauna

* dinosaurs diversify / increase in size

e first birds at the end of the Jurassic

carnosaurs
(Allosaurus)

large
(Diplodocus,
Brachiosaurus)

large

small

medium
(Iguanodon)

small

small

large
stegosaurs

small
stegosaurs
primitive
forms




Climate

e arid, continental conditions characteristic of the
Triassic steadily eased during the Jurassic period,
especially at higher latitudes

* a warm, humid climate allowed lush jungles to
cover much of the landscape




Lagerstatten & dinosaur localities

Holzmaden, southern Germany

— Posidonia Shale, Lower Jurassic
- marine reptiles

Solnhofen, southern Germany

— Solnhofen Formation, Upper Jurassic
- Archaeopteryx, pterosaurs, and fish

Western USA, Colorado, Utah, Wyoming

— Morrison Formation, Upper Jurassic
—richest dinosaur locality of the Jurassic

Tanzania

— Tendaguru Formation
— age equivalent to Morrison Fm.

—

marine
sediments

terrestrial
deposits





































Morrison Formation

covers an area of 1.5 million
square km

only small parts are exposed

dates from 156.3 £+ 2 Ma to
146.8 + 1 Ma

sediments of rivers and
floodplains




Brushy Basin Member













Tendaguru Formation

time equivalent as Morrison Formation
equally rich in fossil diversity

but only one large predator (Allosaurus?)
discovered 1906 by chance
















Jurassic in Sweden







Cretaceous (146-65 Ma)

Named after creta (Lat.), = chalk
Oceans filled with marine reptiles
Land dominated by dinosaurs
Warm climate with high sea level
Flowering plant appear

ends with major extinction




Invertebrate marine fauna




Marine vertebrate fauna




Terrestrial vertebrate fauna

T. rex a. o. hadrosaurs ankylosaurs ceratopsians
coelurosaurs

smaller lguanodons ankylosaurs
stegosaurs




Climate

e starts with a cooling trend, however no major
glaciations

* during the early Cretaceous temperatures rose, and
the climate stayed warm until the end of the
Cretaceous

high volcanic activity =2 Greenhouse gases

extensional tectonics, mantle plumes = sea level rise 2
epicontinental seas

gentle temperature gradient between equator and poles

- weaker wind, less upwelling, stagnant oceans, anoxia,
JEI SNUEIES

tropical sea surface temperatures averaged around 37 °C,







Roy Chapman Andrews

Mongolia expeditions
1920-1925







“Sue” in the Field Museum of Natural History in Chicago, lllinois










Albertosaurus in the Royal Tyrrell Museum
Drumeller, Canada













Cretaceous in Sweden

* Scania (Skane),
Kristianstad basin

—>shark, amphibians,
ceratopsians

e Bornholm













