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Definice vulkanismu?
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Fotos593, viechna prava vyhrazena
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Stage 1: Melt production

Parfitt a Wilson, 2008
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Co se nachazi pod nasima nohama?

Olivin (wadsleyite, ringwoodite), pyroxen, spinel, granat
(tvorici dunit, peridodit, Ci eklogit)

National Geographic / Mational Geographic



Vnitrni stavba Zeme
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FIGURE 1 Schematic cross section through the Earth, summarizing the seismologically determined structure as a function of depth
and corresponding pressure (100 GPa = | Mbar). The mantle and overlying crust consist almost entirely of oxides that are not melted
(“solid”). Volcanic processes bring rock fragments up to the surface from as deep as ~200 km into the mantle (and possibly deeper),
thereby showing that the uppermost mantle consists of peridotite, a rock made up of olivine, pyroxene, and garnet minerals. Laboratory
experiments demonstrate that peridotite transforms at conditions of the lower mantle to a rock consisting predominantly of the high-
pressure perovskite phase. Cyclonic motions (u) in the molten iron alloy of the outer core create the geomagnetic field (H) via a
dynamo process. [From Jeanloz, R. (1990). Annu. Rev. Earth Planet. Sci. 18, 357-386.]



Vznik magmatu

Vznik magmatu je nutnou podminkou pro vznik vulkanismul!
RUzné horniny se tavi za rlznych teplot (tzv. teplota taveni)
Povrchové horniny se vétsinou tavi za teplot 800 az 1200 °C

Teploty v plasti se pohybuji od ~500 °C (svrchni plast)
do ~4000 °C (na rozhrani jadro-plast)

Jak docilit taveni hornin?
— Zvysenim teploty
— Poklesem tlaku
— Zménou chemismu hornin (vétSinou prfidanim vody)



KFivka taveni pro plastové horniny
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* Solidus — mezni teplota, za které zacina dochazet k taveni horniny

e Likvidus — mezni teplota, za které z taveniny zmizi posledni krystalky
Parfitt a Wilson, 2008
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Vliv vody na taveni hornin
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Fig. 2.2 The solidus and liquidus curves, and the zones of
partial melting (shaded) are compared for a mantle rock
containing no water (dry) and containing abundant

water (wet). The addition of water to a rock moves the
entire temperature range over which it melts to lower
temperatures and also increases the melting temperature
range. Thus addition of water can allow a rock to melt even
ifits actual temperature and pressure do not change. (After
fig. 2 in Lambert, L.B. and Wyllie, P.J. (1972) Melting of
gabbro (quartz eclogite) with excess water to 35 kilobars,
with geological applications. Journal of Geology, 80,
692-708. Copyright University of Chicago Press.)

Parfitt a Wilson, 2008
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Kde se bere teplo?

* Impakty mimozemskych teles &
béhem formovani planet *

* Zmeéna skupenstvi jadra

(z kapalného na pevné)

o
* Rozpad radioaktivnich prvki W&
(U238, Th232, K4O) Atom e Céstice

* Slapové zahrivani

Karen Carr / Discovery Channel / whyiswhoiswhatare.com




Jak probiha taveni?
Na okraji zrn...

Before 30 um After

Fig. 2.9 The first stages in the formation of melt as the
temperature of a rock exceeds the solidus. The first liquids
form along the contacts between pairs of mineral grains

of different composition, for which the energy needed for
melting is a minimum. The shape of the growing melt body
depends on the geometry of the nearby grains and on the
surface tension of the liquid-solid contacts.

Temperature increases Coalescence of the drops of
~ magma when they "get big
(/(/ /(/ enough to move".

Magma formation and drops coalescence.

L

O Crystals of olivine
and pyroxene
@ Magma drops forming at
crystals intersect

Parfitt a Wilson, 2008
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Vystup magmatu: proc vystupuje?

 Dano rozdilem
materialu
v hustoté

* Méne husty
material ma
tendenci stoupat
vzhuru
(k povrchu)

-
® PO d Osa 2e n I’ Se Matéj Machek a Zuzana Kratinova, Geofyzikalni istav AVCR v.v.i.
na povrch vyléva



Proc dochazi k otevirani puklin?

(a) LEFM-Splitting Model
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(c) Brittle Faulting Model (d) Ductile Faulting and Flow Model
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(Mathieu et al., 2008; Abdelmalak et al., 2012)

Spacapan et al., 2016
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Intruze vs. extruze

INTRUSION OF MAGMA

SILL - DIKE
Layer-of magma forms
between rock layers.

. ACTIVE
VOLCANO

PLUG OF-AN
EXTINCT
VOLCANO

Vertical Channel®
of Magma.

Volcanoes and Earthquakes, 2008

Na povrch télesa
vystupuje jen cast
magmatu (extruze),
vetsi ¢ast zustava v
podzemi (intruze).
Pomeér extruze vs.
intruze je na Zemi
od1:5az1:40v
zavislosti na
mistnich
podminkach; ¢im je
klra starsi, tim je
tlustsi a tim méné
materialu vystoupa
az na povrch (Mésic
¢i lo mocna kara!)



Hromadéni magmatu

Magmaticky krb

umoznuje chemické zmény magmatu Séhmur, CC-BY-SA 3.0



Vyvoj magmatu — frakcni krystalizace

MORE FELSIC
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Steven Earle, CC-BY 4.0
oddéleni casné vykrystalizovanych minerdl( od zbyvajici taveniny; vzniklé mineraly
pro svou velkou hmotnost klesaji ke spodu magmatu, kde vytvareji vrstvy;
meéni se chemismus taveniny!
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Sopecna erupce

gt - APk C.G. Newhall, USGS



Faktory ovliviujici pribéh
sopecné erupce

Mnozstvi magmatu stoupajiciho k povrchu
Mnozstvi sopecnych plynu rozpusténych
v magmatu €i mnozstvi vody v okoli erupce

Chemismus magmatu, tedy jeho pohyblivost
(viskozita)

Vliv okolniho prostredi
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Fragmentation, F (%)

Druhy sopecnych erupci

(v zavislosti na mnozstvi sopecnych plynt)
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Parfitt a Wilson, 2008
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Figure 53. Pliocene and
younger basaltic-rock aquifers
predominate in the easlern
plain, whereas unconsolidated-
deposil aquifers predominale in
the western plain.

EXPLANATION

Snake River Plain regional
aquifer system
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V minulosti rozsahlé vylevy lavy

Parfitt a Wilson, 2008
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Stitova sopka

rozsahla telesa vznikla dobre tekouci lavou
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R _ - . _Nula666, Creative COmmons3.0 .
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Kompozitni sopka
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SCALED ENERGY

Druhy sopecnych erupci

(v zavislosti na mnozstvi externi vody)
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Fig. 10.2 Viscosity as a function of temperature for a range
of common magma compositions. (Based on fig. 4 in Spera,
F.J. (2000) Physical properties of magmas. Encyclopedia of
Volcanoes. Academic Press, pp. 171-190, copyright Elsevier
(2002).)
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Vliv prostredi



Vliv prostredi

Tlak panujici na povrchu



Dopad na atmosféru




047 April 5, 1982

s

Fig. 8.3 The progressive westward drift of the eruption cloud produced by the eruption of El Chichon volcano in Mexico
in 1982 was tracked by satellites. Note that dispersal of the cloud north and southward is limited. (Redrawn from fig. 1 in
Robock, A. and Matson, M. (1983) Circumglobal transport of the El Chichon volcanic dust cloud. Science, 221, 195-197.
Reprinted with permission from the American Association for the Advancement of Science.)

%tup do vys3ich €asti atmosTeryRIkdle nasledne unaseno atmosférickym
proudénim

| NASA



Stratosphere Ozone Destruction
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ANTARCTICA

Copfﬁght: www.cccaﬁo.com




Mapa zemétreseni

(mezi roky 2000 az 2008, silnéjsi nez M>5)

ETOPO2, USGS




Stredooceanské hrbety
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Modra znaci nejhlubsi oblasti, cervena nejvyssi




Stari oceanské litosféry (v mil. let)

Data source:
Muller, R.D., M. Sdrolias, C. Gaina, and W.R. Roest 2008. Age, spreading rates and spreading symmetry of the world's ocean crust,Geochem. Geophys. Geosyst., 9, Q04006,
do0i:10.1029/2007GC001743.

Image created by Elliot Lim, Cooperative Institute for Resear Environmental Sciences, NOAA National Geophysical Data Center (NGDC), Marine Geology and Geophysics Division
~ Data & images available from http://www.ngdec.noaa.gov/mgg/

million years

Muller et al., 2008
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Pohyb povrchu Zemé v rliznych smérech a rliznymi rychlostmi

continental / oceanic convergent boundary
continental rift boundary / oceanic spreading ridgé
continental / oceanic transform fault
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Deskova tektonika

Arabska %

USGS, upravil Jklamo



oznosti pohybu desek vuci sobé

Transform Divergent = Convergent




Deskova tektonika

USGS, volné dilo
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Horkeé skvrny
(hot spots)

Eric Gaba, USGS

1: Divergent plate boundaries ;2: Transform plate boundaries ;3: Convergent
plate boundaries ; 4: Plate boundary zones ;5: Selected prominent hotspots.



Plastové plumy
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Jak mohly vzniknout tak velké sopky?

prm— —— e, B

Lithospheric plate e

Mantle




Vyznam deskové tektoniky

Ovlivnila vyvoj kiry i zménu jejiho chemismu

Mars
. SECONDARY CRUST
Volcanic
. . hot spot i
PRIMARY| A‘“L’;‘s‘:ft""g ssperae':'d‘}g; , [TERTIARY
CRUST \ ), | CRUST

/", Metamorphism

Heavily N | Mantle "
cratered & Npune Zeme

Meésic surface Erosion,

Melting, sedimentation
remelting,

A volcanism

Segregated Modified Deeper,
primary mantle unmodified

crust mantle Wilson a Head, 2017; upraveno z Taylor, 1989
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Shrnuti 1/2

Vulkanismus oznacuje komplexni proces od
vzniku magmatu, pres jeho vystup az k sopecné
erupci

Aby vzniklo magma, je potreba a) zvysit teplotu,
b) snizit tlak Ci c) zménit chemismus horniny

Magma ma nizsi hustotu nez okolni horniny, takze
stoupa vzhuru

Na povrch se dostane jen cast taveniny

A timto vitejte v klubu vulkanologu...



Shrnuti 2/2

* Sopky na Zemi predstavuji bohatou skupinu
ruznorodych téles

* LiSi se od sebe jak velikosti a vzhledem,
i zpusobem svého vzniku

* Rozmisténi sopek je bud svazano s procesy
deskové tektoniky nebo s existenci plastovych
plum



