The Global Ch an g-'e- hat we can
learn from the Ia;_j 5

250 Million years
of the Earth’s gefogical history?

rade (Serbia) &

Prof. Dr. Nevenka l
',. t Leoben (Austria)

Prof. Dr. Hans-Jurgen C

Clll-RS-0038€URO Geo-Sci




Global Change - rapid
changes of the Earth
system in the history of
the Earth

*\ Catastrophic impacts on
§ the Geosphere,

" Hydrosphere, and
Biosphere

?The Anthropocene (time
we are living in)




PLATE BOUNDARIES

The face of the Earth is changing
permanently due to always ongoing
geological and biological processes,
mainly triggered by Plate Tectonics



‘Global Change
B Gfadual environmental changes

Changes in the biosphere (evolution) are forced
by environmental changes. Changes are gradual
and not sudden events — Plate Tectonics.

Environmental changes are the response of
climate change, sea-level fluctuations, ocean
circulation and geochemical changes, mainly
triggered by Plate Tectonics — Gradual changes.




e The main driving force are * Environmental changes forced

plate tectonic changes, i.e. by plate tectonics are gradual

: and need sometimes millions
the opening and closure of ,
. of years. The biosphere and
oceans and mountain

buildi geosphere have enough time
UNding processes. for adaptation.




Plate Tectonics The Wilson Cycle

After J. Tuzo Wilson, the
. Can.adlan- geologlst the
Wdlscoverer of the transform

_margln stage
thh ~collision or
ophiolite obduction.
Follgaved by mountain
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Megavolcanoes: Large
lgneous Provinces (LIP) é

Rapid environmental changes.
Ocean acidification!
Anoxia events!

Climate change!
Pollution! G g W

Black shale event!



In the geological history of the Earth such Global Changes
with mass extinctions appear from time to time.

Geoscientists use the geological time scale to assign
relative age names to events and rocks, separating major
events in Earth’s history based on significant changes as
recorded in rocks and fossils.
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ﬁ How we now?
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Within the unique composition and arrangement
of materials that compose different rocks, you
can find patterns that are evidence of the
processes that formed them,

and the age of deposition or formation can be
determined: e.g. biostratigraphy.




Organism

* Fossilization is more likely to occur in marine
environments.

* The hard skeletons and shells of animals are
more likely to become fossilized than the soft
tissues of organisms.

* Even if fossils are able to form, they may not
be preserved intact.

* |n order for a fossil to form, the remains
must not be destroyed by natural forces.



Organisms-telFostheage—

remains of organisms that lived in
former oceans and seas - fossils.

* Fossilization is a rare event.

* The chances of a given individual
plant or animal becoming a fossil

Cretaceous ammonites, &8
/

Zajecar aiiga T are very sma . Cretaceous rudist,

Novi Pazar area
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The Mediterranean
orogens
e History of the last

250 Million years
(Mesozoic and

Cenozoic).

The Dinarides as
important and
crucial part with a
complicated plate
tectonic history
and preserved
Global Changes.
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Sea-levelche ges ag

Sea-level rise: several reasons =

General: warmer climate (greenhouse)
higher sea-level — higher carbonate
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E) Middle-Late lllyrian (~242 Ma) Neo-Tethys break-up
overal flooding of the horst-and-graben topography
deposition of deep-water limestones

Opening of an ocean:

@D) Late Pelsonian (~244.5 Ma)

t h e N e o -Tet hys i S b o r n ; : & — - ._ drowning of the shallow-water carbonate ramp, formation of a horst-and-graben topography
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C) Pelsonian
formation of an open-marine shallow-water carbonate ramp
relief filled with shallow-water carbonates
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B) ?Late Bithynian - Early Pelsonian (~245 Ma)
formation of relief and flooding with open-marine and deeper-marine limestones

Rahnbauerkoge!l Wolfdietrich Rabenkogel Krahstein Sulzkogel
gallery

A) Aegean-Bithynian (~247-245 Ma)
isoclinal ramp formed under semi-restricted conditions

- grey dm-bedded siliceous deep-water limestones (Reifling Formation and equivalents)
- red nodular open-marine limestones (Schreyeralm Limestone)

ight-grey shallow-water limestones and dolomites (Steinalm Carbonate Ramp and equivalents)
@ grey deeper-marine limestones with resediments (Annaberg Formation)

RSN dark-grey micritic limestones and dolomites (Gutenstein Formation and equivalents)
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The Tria
extinction

Large Igneous Province Collapse
The dead of the largest carbonate system

carbonate platform in e,
Earth history Coral-Sponge reefs ﬁ




The Earl
extinction  _

Large Igneous Province
and opening of the Alpine Atlantic

Collapse of the carbonate
system

Lithiotis platform




The Early Cretaceous extinction

?Large lgneous Province

| f:oﬂapse of the carbonate system




land masses/continental

Jurassic to Early Cretaceous
shallow-water carbonates
(Adria Platform in wider sense)

shelf and rift areas
("Gresten Facies” in the
> & e X eastern Alpine Atlantic
A. Middle Triassic - Early Jurassic passive margin configuration - =5 domain)

hemipelagic facies (drowned
carbonate platform facies

Hallstatt ~ Meliata western Neo-Tethys Ocean eastern platforms)

facies facies
ncmme\f;‘c pelagic A oceanic crust
mestones
s + + Middie R

restricted lagoon open lagoon reef belt

— 2N, mélange formation and
Extemnal Internal i thrusting on the lower plate
< ) caused by ophiolite obduction
continental crust I oceanic crust %g} (Bathonian-Oxfordian)

X

b

B. Late Bajocian/Bathonian North-West South-East

-— X Island Arc eastem Triassic carbonate platform facies
younging direction of mélange formation Neo-Tethys Ocean|

with overlying Vardar Ocean,
—— P e

Ophiolitic Mélange formation of the ophiolite nappes Middie - Late Alpine Atlantic Ocean henypelagic lurassicisediments Neotethys Ocean
(Bajocian - Callovian) Jurassic

rbtamorphic ele _/\ (South Penninic Ocean) imbricates
e 5
@h’, - il - Biindner Serles : + + 4+ >

formation of SSZ L * * * +
ophiolites _vwe A U s T R 0 A L P | N E

outer shelf

- Lower Austroalpine
T T B1 passive margin
Meliata/Coltovo Grivska/Visoka

Florianikogel/Oedenhof  Kcira v

d

North-West South-Last
Triassic carbonate platform facies

% & with overlyin; Vardar O

C. Late Bathonian-Oxfordian Dl bl LIS e,

i Alpine Atlantic Ocean S Neotethys Ocean
westward propagating nappe stack western Neo-Tethys Ocean Island Arc eastern imbricates
- imbricates Neo-Tethys Ocean
Hallstatt Mélanges metamorphic sole gb
(Callovian - ?0xfordian) (?late Early Jurassic - Oxfordian) idie - Late - + + *
sic

w4t x b
DINARIDES/ + *
i —— ~ ALBANIDES

formation of SSZ assive margin
ophiolites BZ P 9

+ +
Late Triassic facies belts with overlying Early-Middle Jurassic open-marine sedimentary rocks
restricted lagoon Dachstein platform Hallstatt Limestone oceanic crust
T T Kﬁccva Poljana I:I Hauptdolomit facies - reef rim facies -
aussee

open lagoonal reef influenced basinal
Telekesoldal  Kavicsos kilato |:I Dachstein facies D :] Meliata facles
Zgosht Paviovica Cuprija

Lammer valey Golling

facies
Peshiopi




D. Tithonian - early Early Cretacous
W/NW-directed transport to the foreland triggered by uplift and unroofing

erosion and transport to the rem:

Drina-Ivanjica

nt Jadar

Kopaonik
uplift

C. Kimmeridgian - (Early Tithonian)
platform formation on top of obducted ophiolites

Kimmeridgian-Tithonian carbonate platorm

___deposition of radiolarites | s pa,

ek B outer shelf imbricates
ast Bosnian-

Durmitor Megaunit Drina-lvar

B. Middle Jurassic - Oxfordian:
ophiolite'obduction and imbrication of the forme
westward propagating nappe stack:
o

obducted Neo-Tethys Ocean

Adria platiorm ophiolites and its sedimentary cover

3
3
3s
=0
2
X

formation of the
Ljubi$ Basin

orphic sole
arly Jurassic - Oxfordian)

western Neo-Tethys Ocean

imbricates
East Bosnian-

Durmitor Megaunit Unit LT-HP metamorphism

A. Late Triassic - Early Jurassic
wider Adria passive margin configuration

carbonate platform facies
o P Hallstatt  Meliata western Neo-Tethys Ocean  eastern
Adria platorm b
drowning TH boundary | !acl‘esr facies
. conImetDam S PIagic pelagic

Inner
Dinarides
ntinental crust I oceanic crust




Glob_al Change Extlnctlon events




Global Change Extinction events

Mesozonc examples some differences
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~5 Million years ~4-6 Million years ~5 Million years recovery, in our ~6 Million years
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CURRENT SCENARIOS FOR CO2

EMISSIONS COULD MAKE THE OCEAN
UP TO 150% MORE ACIDIC BY 2100.




