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KDY A JAK VZNIKLA ZEME?
DiIKY CEMU MAME INFORMACE O STAVBE
ZEMSKEHO TELESA?

ZEMSKE JADRO

* vnitrfni pevné

* vnéjsi tekuté

* magnetické pole Z

» predevsim Fe a dalsi tézké kovy
« t=6000 °C

e 31%mZ

ZEMSKY PLAST
e 70%VZ
* astenosféra




ASTENOSFERA

» plasticka

» vystupni a sestupni pohyby

* po ni se pohybuiji litosférické desky
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VERTIKALNI POHYB LIT. DESEK
e jzostaze
* predevsSim zména hmotnosti na kontinentu
 |ledovce




KONVERGENTNI POHYB LIT. DESEK
» subdukce - podsouvani

« oceanska pod kontinentalni
 Andy

ocoans! a '. ra - Kontinentsini kora
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DIVERGENCE
» oceanska + oceanska
» stredooceanské hrbety
* pr. Stredoatlanticky hrbet (nejdelsi pas pohofi na Z)
* tvorba nové ZK

Mid-Ocean Ridge

Oceanic Crust ~ Oceanic Crust

Lithosphere



DIVERGENCE
kontinentalni x kontinentalni

prikopové propadliny
tektonicka jezera
Vychodoafricky rift (Tanganika, Malawi)

Bajkal

)




N T < ‘ ‘ Wolfgang Kaehlkervia Getty Images



" TRANSFORMNIi ROZHRANI
" podél sebe

w1 o zlom San Andreas
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KONVERGENCE DIVERGENCE TRANSFORMNI
ROZHRANI

Zemétreseni silna malo silna
pravdépodobna
sopky velké mnozstvi velké mnozstvi malo
pradépodobné

priklad Andy, Japonsko Island Kalifornie



Vznik uvnitr zemského nitra
Vyvolano pohyby lit. desek

Vede ke konstrukci - zvétsovani

vyskovych rozdilt

Zemeétreseni, sopecna cinnost,
vrasnéni

GEOMORFOLOGIE
* vznik a vyvoj tvarti ZP
* na rozhram geologle a geografle

Vznik vné zemskeého nitra
Vede k erozi (obrusovani), ohlazovani

Voda, led, vitr, zivé organismy, ¢lovék




| ]
ZEMETRESENI
* nahly pohyb ZK, vyvolany uvolnénim napéti |
» predevsim na rozhranni lit. desek

DLE VZNIKU
. fitiva (3%)
= sopecha (7%)
..nﬂau tektonicka
&% DLE HLOUBKY
224+ mélka (85%, do 70 km)
1% «  stiedné hluboka (70-300 km)

hluboka (>300 km)




ZEMETRESENI DNES



https://earthquake.usgs.gov/earthquakes/map/

HYPOCENTRUM: ohnisko zemeétreseni
EPICENTRUM

Find our pages, interactive graphics, games and
more at SunSenﬁnel.cmbn[brnadhandltheedge
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mave around. constantly move,

Faults occur near plate "Ring of Fire” - et
bourdaries, Earthquakes Where about 90 7 As one plate goes
cecyr at these faults as percent of the world's | underneath another,
phates move and collide. earthquakes ocour,

. —_——\

Earthquakes happen after centuries of energy build up within the earth.
Here’s a look at the forces behind the destruction.

Mountains form ata

. convergent fauit when
Pieces of a puzzle Types of earthquakes When subduction oocurs i oS R T ks s
The earth has As tectorc plates move arcund, they can get stuck and Ntk o e S other with great force.
four major Layers 3 o § : 4, 8 ~ maountains and wolcanoes i B Volcanoes are created when
- . buitd up energy along fault Lines, Eventually, pressure forces can bacome islands, That
The Lrittle, B e Detail the plates to move, releasing enargy in the sorm of an s : Magma from & metted
. area frin ¢ v subducted plate rises.

breakable crust 5 how Japan was farmed.

5 whore most
earthquakes
orginate. Some
also oocur n the
upper manle.

earthguake. There are three main types of faults where
earthquakes occur.

e &= Mountains

Epicenter - Location

of earthquake on the
Plates move inlo one anather. surface of the earth.
DUTER One plate goes underneath |
Asthenosphare - —' COf . Lithosphere - includes " the other in a process called

Plate

Semi-Uquid Layer of
the mantle that
tectonic plates rest
an, allowing them to

crust and part of the
upper mantle. Broken
Into piaces, called
tectonic plates, that

ubdiction.

Hypocenter - location %

) TRANFORM FAULT -
belaw surface where

Plates mave sdewsys
against each other. Also
known as strike-slip fauits.
The earthquaskoe in Haiti
ocourred at this type of fadt.

NORTHAMERICANFLATE At

200658 i) 2
On shaky Gulfaf Mexico | pwmpy 104:00 Magms from the parthis Shaking waves
ground Qo Port-au-Prince, SRCTTUTIEN core rises, pushing During an earthguake, energy radiates in all directions
plates apart a5 sessmic wives that cause the earth to shake.
The earthcuake in Haiti is 2004:68 | 107475
estimated to have kiled ' Leeward P waves Swaves

100,000 to 150,000 people.
There have been cther major
parthquakes in the Carbbean
since 1990, all skirting along
fault Lines in the region,

A sound wave that
travels through the inner
layers quickly, shaking things
in the same direction it travels,

More damaging than P waves;
mave through inner layers.
Bulidngs are thrust upward,
then drop 85 the wave travels.

Rayleigh waves

Create the most shaking
felt in an earthquake.
Roll aleng surface like
an ocean wave

Love waves

Travel along earth's surface;
move forward and backward,
side to side at the same time.

= Plate boundaries
wosns Fault lines

Soupors ESAL US Geolopod
Survey, MCT Assooated Fress

IO Sontine!.com S xTe Cause a lot of damage.

=% Direction of
plate movement

SOUTHAMERICANPLATE R




Main types of seismic waves
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JAK SE MERI SILA ZEMETRESENI?
e seismograf

MAGNITUDO
* mnozstvi napéti uvolnéného béhem zemeétreseni
* Richterova skala
* problém?
* i mirné zemétreseni muiize v malo rozvinuté zemi napachat velké skody

INTENZITA ZEMETRESENI
* Mercalliho stupnice
* dopady zemétreseni zavisi na ekon. rozvoji daného statu

* JAP x HAITI
wiﬁ s \ N



https://cs.wikipedia.org/wiki/Richterova_stupnice
https://cs.wikipedia.org/wiki/Mercalliho_stupnice

/

-

5

e

6

”

M

-

PROBLEM UDAVANI MAGNITUDA

JAPONSKO,




|| HAITI, M= 5,8




| CO SE DEJE PRI ZEMETRESENI?
| »+ trese se zeme!!!
« zemeétresné projevy klidné nékolik mésicli po zemétreseni
« pred velkym zemétfesenim muze prijit mensi
akusticky projev
prip. tsunami
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2004 - TSUNAMI V INDICKE OCEANU . o -' gy Ao | .‘. TSUNAMI

z japonstiny
velka vina

zemeétreseni, velké sesuvy pudy
pokud je M> 7,3, tak vzdy
* pokud epicentrum v mori!




1) normalni stav

TSUNAMI

« typické ustoupeni more

* pokud je lod na Sirém mori, neciti formaci tsunami

* vlna jde do vysky ve chvili, kdy se masa vody narazi na oceansky svah

2) zemetresen « nebo mélkou ¢ast more

3) Sifeni vin

A— —

4) doCasny ustup vody

5) vinobiti



Tsunami Threat Zones
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SEKUNDARNI NASLEDKY

neni to primarné zemétreseni nebo tsunami, ktera zplsobuje skody
projevy, které prijdou az po zemétreseni
c¢asto maji na svédomi nejvice lidskych zivotti

kontaminace vody a skladu potravin
rozvoj nemoci
ochromeni ekonomiky statu

b l""_'i-
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https://www.stream.cz/katastrofy/644910-tsunami-nejvetsi-prirodni-katastrofa-moderni-historie-2004
https://www.stream.cz/katastrofy/650036-zemetreseni-na-haiti-2010

VELKE ZEMETRESENI V CHILE, 1960

M= 9,5
zemeétres. viny se po Z pohybovaly jesté tyden
nejhlire postizena mésta Valdivia a Puerto Montt
nejsilnéjsi zmérené zemétreseni
tsunami

* o den pozdéji v JAP
probuzeni sopky




SOPKA
* misto, odkud magma vytéka na povrch
* narozhrani lit. desek + na hot spotech
* mista ZP se zvySenou teplotou
» Havajské ostrovy




KRUH OHNE
* nejvéetsi sopecna aktivita




MAGMA
* roztavené horniny ze ZP
* magma na povrdchu Z = lava

TYPY LAVY

 pahoehoe

» typické pro hotspoty
» zvelkych hloubek

* rychla

subdukcni oblasti
nejde z takovych hloubek = nizsi t
valiva

Ky = vybuch





https://www.youtube.com/watch?v=Jp7OhtSQWX0
https://www.youtube.com/watch?v=zeFbPHUMmp8
https://www.youtube.com/watch?v=iyIV5fd1Aww
https://www.lepsiageografia.sk/cinematogeographe/video-cez-ktore-sa-dotknete-lavy

krater Hawaii’s Kilauea Volcano

After five years of close study, scientists think the lava lake in Halema'uma'u crater is
like no other place on Earth. The lava is as dense as water, and the lake level rises and
falls by the minute, the hour, the month.

stratovulkan P

postranni krater

\ Pacific Kauai 160.9 KM)
Ocean Oahu
HAWAII
r - ° Molokai
aVO V r 0 U Honolulu |
Maui Hawaii
Halema'uma'u crater Volcanoes
The pit is a direct conduit into Kilauea's magma Hulopoe National
reserves, and the summit lava lake acts like a fluid Park
pressure gauge. Scientists use fluctuations of the lake '

level to forecast eruptions.

: Hawaii
: Kilauea Caldera l:|l i
sgpouch &

: st

. Magma reservoir

- s - fissums Pu‘O Q' vent

: cedr¢ * -

; 5 ;e : \\

L LI I S Lava tube

. :
L . | -
L B : Not to scale

The lava is basalt. Hawaiian basalts contain about 50 percent silica; 15 percent aluminum; about
10 percent each of iron, magnesium and calcium; 2 percent titanium; and 2 percent sodium.

SOURCES: U.S. GEOLOGICAL SURVEY, NATIONAL PARK SERVICE R. TORO / © OurAmazingPlanet.com



https://learningapps.org/watch?v=p9g4jd5j201

SOPKY DLE ERUPCE

VYBUSNE

* A-Alava - ucpe jicen = zvyseni p = vybuch 3

« Mt. St Helens b
VYLEVNE

* pahoehoe lava

» Havajské o.

STRATOVULKANY .
» strida se vybuch a vylev |

* Etna, Vesuyv, Fudzi

MT. ST HELENS



https://www.youtube.com/watch?v=bgRnVhbfIKQ

SOPKY DLE TVARU

SOPECNE STITY
* pahoehoe lava

» Casto tvori ostrovy
* |sland, Havajskeé o.

SOPECNE KUZELY
* nizké




~ SOPECNY KUZEL




CO SE DEJE PRI SOPECNEM VYBUCHU
lava
pyroklastika v ovzdusi
bourka
lahary - sopecné bahnotoky



https://www.youtube.com/watch?v=e-TMtRh8AIs

TYPY PYROKLASTIK
* sopecné bloky

Types of Pyroclastic Material +sopecné pumy

* lapilly
* sopecny popilek

4 Volcanic bombs are large blobs of
magma that harden in the air. The
shape of this bomb was caused by
the magma spinning through the air
as it cooled.

W Volcanic blocks, the largest pieces
of pyroclastic material, are pieces of
solid rock erupted from a volcano.

4 Lapilli, which means “little

stones” in Italian, are
pebblelike bits of magma
that hardened before they
hit the ground.

4 volcanic ash forms when the gases
in stiff magma expand rapidly and
the walls of the gas bubbles explode
into tiny, glasslike slivers. Ash makes
up most of the pyroclastic material
in an eruption.







VEI
e volcanic eruption index

Volcanic Explosivity Index

AVEl Volume of Eruption
Erupted Column

0 Tephra Height
T 0.0001 km’ <04 km
—1 ¢ 0.001 km 0.1 to 1km
_2 e 0.01km 1to 5 km
_3 © 0.1km 3to15km

4
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— ‘ 1 km 10 to 25 km
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Eruption
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https://www.youtube.com/watch?v=3iCJL9dYZK8

Vesuvius St. Helens Rainier Eyja Ballapkull
3.3 cu km © 0.25 cu km 0.30cukm cu km
79 AD (VEI 5?) 1980 (VEI 4) 250 BC (VEI 4) 2010 (VEI 4)

NEJVETSiI SOPECNE ERUPCE SVETA
Novarupta

13 cu km Pinatubo
5 cu km

1991 (VEI 5)

1912 (VEI 6)




POSTVULKANICKA CINNOST
» gejziry
* termalni prameny



https://www.youtube.com/watch?v=98Pkkjr6q4Y

TVARY POVRCHU VZNIKLE SOPECNOU NEBO SEISMICKOU AKTIVITOU
« premisténi vrcholtl hor

* Kry

* sesuvy

Honzontalni posun Kemy presmyk

Eemmy pokles




POHYB KER
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KALDERA L, A
* vybuchly krater sopky ' 42 f
kalderova jezera
« meélka
* pri vybuchu zpUsobuji lahary
nej.: Toba v Indonésii




Geologicka éra Vyvoj organismu

era cloveka stfidani ledovych a meziledovych
soucasni dob
vyvoj Cloveka

miadsi holocén

Ctvrtohory star§i pleistocén

nahosemenne era savcu - vudci savci cast more se méni v pevniny
krytosemenné (kopytnici, Selmy, hlodavci, Alpy, Himalaj, Andy, Karpaty,
opice, poloopice), ptaci Kavkaz, Pyreneje
uti velkych plazi
bylinné preslicky, plavuné éra dinosauru - ptakojestén rozpad Pangei, vznik kontinentl
a kapradiny rybojestéf, dinosaufi, praptaci a oceanu

1. nahosemenné amoniti, belemniti trias a jura - klid
1. krytosemenné kfida - vznik velkych mélkych
jednodélozné a dvoudélozné mofi => kfidy a piskovce
poCatek vrasnéni

Rozsireni zivota na souse suchozemskeé rostliny efektivnéji
vrasnéni, ozonova vrstva => suchozemske vyuzivaji svétio

rostliny, suchozemsti Zivo€ichové
devon stromové kapradiny, trilobiti, graptoliti,
silur plavuné a preslicky hmyz
ordovik . 1. vyS8i rostliny hlavonoZci, mizi
kambrium - podobné mechum 1. obratlovci ryby, obojzZivelnici
: 1. nahosemenné (krytolebci), plazi
Vznik mnohobunécnych kolonie stejnych bunék

sinice, rozvoj fas bakterie, prvoci kolonie specializovanych bunék
mnohobunééné fasy lackovci, krouZovci prvni mnohobunééni
1. Clenovci

Vznik a vyvoj prvnich zZivych organismu
(bakterie, sinice, 1. fas
004 Chemicky vyvoj diferenciace zemského
télesa, vznik zemskeé ki

neogen
paleogen

kfida

N

Druhohory jura

2-3
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trias

perm
karbon

ey ‘gysuhosey

Starohory
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Predgeologické obdobi
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KALEDONSKE VRASNENI

» starsi prvohory
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HERCYNSKE VRASNENI
« 1H
» srazka Laurussie a Gondwany - Pangea
« masivy (Massif central, Cesky masiv)

GONDWA Nb Oceéan Paleo-Tethys
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ALPINSKO-HIMALAJSKE VRASNENI
« 3H-4H

* naraz Indie do Asie

 tlaky napric¢ Euroasii

Himalaj, Alpy, Pyreneje..

stale se zveda

r{ay

/Ibe

4

African pI;é\__

Legend
Alpine fold & thrust belt — Major fault «—— Plate velocity
Neogene extensional basin a—a  Thrust fault <— Crustal movement
Neogene oceanic crust —=s— Strike-slip fault = QOceanic spreading
. Old (Tethys) oceanic crust a—a Normal fault e




SVAHOVE PROCESY

* kopce cca 90 % povrchu Z

» gravitace a napéti mezi casticemi
» tihovasilaZ

sesuvy, laviny, ficeni..
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¥ SESUVY PUDY
casto po velkych destich
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Znaky

Ciarovy odtrh Bodovy odtrh
/——_\ /_\
Tvar odtrhu ! l l /l\
Lavina z
Doskova lavina vol'ného snehu
Vnutri snehovej pokryvky Na pode
Poloha
kiznej
plochy
Povrchova lavina Zakladova lavina
Vihkost' . )
snehu Suchy Mokry
Tvar drahy Plosna Zrabova
(prieény profil) lavina lavina
turbulentny kizavy, teéuci

Forma
pohybu

Prachova lavina

Teéuca lavina




ZVETRAVANI

'v,g r
74,

L IY
D stk

fyzikalni
zmeéna chemickych vlastnosti zmeéna ,tvaru“ horniny
horniny bez chemické promeény
voda objemové skupenstvi vody, vné;jsi
prevlada ve vihkych a teplych Cinitelé, biologické prvky
oblastech prevlada v sussich a chladnéjsich
oblastech




TROPICKY KRAS - MOGOTY
zatoka Ha Long, Vletnam




SKALNI MESTA
* hlavné v piskovcich




SKALNI MESTA
* hlavné v piskovcich




CHEMICKE ZVETRAVANI ZVETSUJE MOZNOSTI FYZIKALNIHO A NAOPAK

POKLICKY
* horniny jsou rizné odolné erozi

ne vSechny horniny jsou stejné odolné ve vsech klimatickych podminkach




