


Earth is a dynamic planet of a pretty dangerous sort



4. …accumulating at
the surface to form a
conical shaped
volcano

3. …and erupts
through central and
lateral conduits

2. …rises through the
lithosphere to form a
magma chamber

1. Magma, which
originates in the
partially melted
asthenosphere…

Volcanoes in pills



Earthʼs internal heat

Earth's internal heat comes
from a combination of
residual heat from
planetary accretion and
latent heat of crystallization
during core formation (about
20%) and heat produced
through radioactive decay
(80%).

238U, 235U, 232Th, 40K, and
87Rb have half-lives of >109

yr and generate heat since
the early Earth.



The mean heat flow (loss) from the Earth is 87 mW/m2, for a global heat
loss of 4.42 × 10e13 W. A portion of the core's thermal energy is transported
toward the crust by mantle plumes; a form of convection consisting of
upwellings of higher-temperature rock. These plumes can produce hotspots
and flood basalts. More of the heat in the Earth is lost through plate
tectonics, by mantle convection associated with mid-ocean ridges. The final
major mode of heat loss is through conduction through the lithosphere,
the majority of which occurs in the oceans because the crust there is much
thinner than that of the continents.

Areas of high
heat flow
are commonly
associated
with volcanoes.
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Magma composition

Three most common types of magma:
Basaltic (basic): SiO2 45-55 wt%, high in Fe, Mg, Ca, low in K, Na
Andesitic (intermediate): SiO2 55-65 wt%, intermediate in Fe, Mg, Ca, Na, K
Rhyolitic (acid): SiO2 65-75%, low in Fe, Mg, Ca, high in K, Na



Mineralogical composition of volcanic rocks



Gases in Magmas

At depth in the Earth nearly all magmas contain gas dissolved in the liquid, but
the gas forms a separate vapor phase when pressure is decreased as
magma rises toward the surface of the Earth.

This is similar to carbonated beverages which are bottled at high pressure. The
high pressure keeps the gas in solution in the liquid, but when pressure is
decreased, like when you open the can or bottle, the gas comes out of solution
and forms a separate gas phase that you see as bubbles.

Gas gives magmas their explosive character, because volume of gas
expands as pressure is reduced.  The composition of the gases in magma are:
    * Mostly H2O (water vapor) & some CO2 (carbon dioxide)
    * Minor amounts of Sulfur, Chlorine, and Fluorine gases

The amount of gas in a magma is also related to the chemical composition of
the magma. Rhyolitic  magmas usually have higher gas contents than
basaltic  magmas. Eruptions involving rhyolitic  magmas are more
explosive than eruption involving basaltic magmas (e.g., Hawaiian
eruptions).



Temperature of Magmas

The eruption temperature of various magmas is as follows:
    * Basaltic magma - 1000 to 1200°C
    * Andesitic magma -  800 to 1000°C
    * Rhyolitic magma -  650 to 800°C.

Viscosity of Magmas

Viscosity is the resistance to flow (opposite of fluidity). Viscosity depends on
primarily on the composition of the magma, and temperature:

•Higher SiO2 (silica) content magmas have higher viscosity than lower SiO2
content magmas.
•Lower temperature magmas have higher viscosity than higher temperature
magmas (viscosity decreases with increasing temperature of the magma).

Thus, basaltic magmas tend to be fairly fluid (low viscosity) relative to
rhyolitic magmas. Viscosity is an important property in determining the
eruptive behavior of magmas.



Origin of Basaltic Magma
Basaltic magma results from dry melting (no water) mantle peridotite (olivine +
pyroxene + garnet). Under normal conditions, the temperature in the Earth
(normal geothermal gradient) is lower than the beginning of melting of the
mantle.

A mechanism to raise the
geothermal gradient and
trigger dry melting is
convection: hot mantle
material rises to lower
pressure or depth, carrying its
heat with it. This causes the
local geothermal gradient to
rise, and a partial melt can
form. Liquid from this partial
melt can be separated from
the remaining crystals
because, in general, liquids
have a lower density than
solids.



Origin of Rhyolitic Magma
Rhyolitic magma results from wet melting (with water) of continental crust
(crustal rocks generally contain water, either in pore spaces or minerals in
the rocks). Water tends to decrease the temperature of beginning of
melting with increasing pressure or depth. Still, the temperature in
continental crust is usually not high enough to cause the melting of the
crust. Thus another heat source is necessary. Basaltic magma generated in
the mantle, as discussed above, rises into the continental crust. If it stops in
the crust and crystallizes, It releases its heat into the surrounding crustal
rocks, rising the local geothermal gradient, and causing wet partial melting
of the crust to produce rhyolitic magmas.



Origin of Andesitic Magma
Andesitic magmas erupt in areas above subduction zones by the wet partial
melting of mantle peridotite. Since the oceanic lithosphere is in contact with
ocean water there should be much water in the pore spaces of upper oceanic
crustal rocks as well as water contained within clay minerals that have settled
to the sea floor.  When this material is subducted, it begins to heat up and
water is driven off. If the water enters the overlying asthenospheric mantle, it
will lower its melting temperatures and thus melting will occur.

This melting will produce
basaltic magmas, which
can undergo change as
they pass trough the
continental crust. If the
crust gets hot enough, it
can melt and this siliceous
melt can mix with the
basaltic magma to make
an intermediate andesitic
magma.



Lava types
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Submarine pillow basalts

Dorsale Oceano Pacifico Dorsale Oceano Pacifico 

Isola dIsola d ʼ̓Elba Elba - 180 Ma - 180 Ma 

Lava types

When basalt erupts underwater or flows
into the sea, contact with the water
quenches the surface and the lava forms
a distinctive pillow shape, through which
the hot lava breaks to form another
pillow.

This pillow texture is very common in
underwater basaltic flows and is
diagnostic of an underwater eruption
environment when found in ancient rocks.

Pillows typically consist of a fine-grained
core with a glassy crust and have radial
jointing. The size of individual pillows
varies from 10 cm up to several meters.



>64mm Bombs or Blocks
2 - 64mm Lapilli (Tuff)
<2mm Ash (Ash Tuff)

Tephra and Pyroclastic Rocks







Lapilli



Bombs and lapilli that consist mostly of gas bubbles (vesicles) result in
a low density highly vesicular rock fragment called pumice.



Stratovolcanoes and composite
volcanoes are tall, conical volcanos
built up by many layers of hardened
lava, tephra, pumice, and volcanic
ash. They are characterized by a
steep profile and periodic, explosive
eruptions. The lava is often acid,
having high-to-intermediate levels of
silica (as in rhyolite, dacite, or
andesite). Etna and Vesuvius are
stratovolcanoes.

Shield volcanoes are built almost
entirely of fluid lava flows and have
large size and low profile. This is
caused by the highly fluid basic lava
they erupt, which travels farther than
lava erupted from more explosive
volcanoes.

The largest shield volcano in the world is Mauna Loa in Hawai‘i, which
projects 4,169 m above sea level and is over 97 km wide.



A caldera is a cauldron-like volcanic
feature usually formed by the
collapse of land following a volcanic
eruption, such as the one at
Yellowstone National Park in the US
or the Campi Flegrei in Italy. They
are not to be confused with volcanic
craters, which may be contained
within the caldera.









Vulcano, Eolie



Plinian

Phreatoplinian

Plinian eruptions





Plinian eruption deposits:



Fig. 7.20

post-climax weakening of the column





Prima Lettera di Plinio il Giovane a Tacito
Da “Lettere a Tacito, 104 d.C.”
Caro Tacito,
mi chiedi di narrarti la morte di mio zio per poterla
tramandare ai posteri con maggiore esattezza.
(…)
Egli si trovava a Miseno e comandava la flotta. Il
nono giorno prima delle calende di Settembre verso
l’ora settima (24 Agosto ore 13), mia madre gli
indicò una nube insolita per grandezza ed aspetto.
Egli, dopo avere preso un bagno di sole e poi di
acqua fredda, aveva preso a letto un piccolo pasto a
stava ora studiando; chiese i calzari e salì ad un
luogo dal quale si poteva veder bene quel
fenomeno. Una nube si innalzava (non appariva
bene da quale monte avesse origine, si seppe poi
dal Vesuvio), il cui aspetto e la cui forma nessun
albero avrebbe meglio espressi di un pino. Giacché,
protesasi verso l’alto con un altissimo tronco, si
allargava a guisa di rami perché ritengo, sollevata
dapprima da una corrente d’aria e poi abbandonata
a se stessa per il cessare di quella o cedendo al
proprio peso, si allargava pigramente. Talora
bianca, talora sporca e chiazzata a causa del
terriccio e della cenere trasportata.
(…)





Peleean-Merapi type eruptions
repetitive collapse or explosion of growing volcanic domes, which are
circular mound-shaped protrusions resulting from the slow extrusion of
viscous lava from a volcano.

If the gas pressure
inside the magma is
directed outward
instead of upward, a
lateral blast can
occur.  When this
occurs on the flanks
of a lava dome, a
pyroclastic flows
called nuée ardentes
can also result.
Directed blasts often
result from sudden
exposure of the
magma by a
landslide or collapse
of a lava dome.



Plinian, phreatic, phreatomagmatic and peleean eruptions
are characterized by pyroclastic surges or flows, which are deadly
torrents of hot ejecta and gases that pour down volcano flanks. 



Nevado del Ruiz



Subglacial Eruptions and Jokulhlaups

• Third largest ice sheet on earth
• 8400 km2, up to 1000m thick
• Covers centers of Eastern Volcanic Zone

Vatnajokull, Iceland



Vatnajokull
Bedrock

map

Vatnajokull Ice
Surface



Subglacial Eruptions



Subglacial Eruptions and Jokulhlaups

• One cubic meter of magma can melt up to 14 m3 of ice.
Water accumulates in intraglacial lakes and breaks
through fissures or is discharged by eruptions as
massive flash foods: jokulhlaups



Volcanic eruptions and climate

Grainger & Highwood, 2003 



Grainger & Highwood, 2003 



Volcanism and geothermy



Average heat flow of worldʼs continents = 55 mWatt/m2









http://www.egec.org/



How a geothermal power plant works



Volcanic hazardVolcanic hazard
• Gas:

– e.g. Lake Nyos (Cameroon), 1984
• ashfalls:

– e.g. Mt Pinatubo, 1991
• Pyroclastic flows:

– e.g. Mt Pelee, 1902
• Lahars (mudflows):

– e.g. Nevado del Ruiz, 1985


