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MAGMA: WHAT IS MAGMA?MAGMA: WHAT IS MAGMA?

A magma consists of silicate melt (the liquid portion of magma) and other material
including crystals, rock fragments, and bubbles. 

It will move as a fluid through a solid (host rock) (ductile or rigid – brittle)

Its movement is controlled by buoyancy, rheological (viscosity) contrast with
the host rock, and the stress field

Magma migration is a tectonically controlled process
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MAGMA ACCUMULATION: CHAMBERS,
RESERVOIRS, BATCHES, …..

MAGMA ACCUMULATION: CHAMBERS,
RESERVOIRS, BATCHES, …..

Any accumulation or portion of magma outside the source region, which may
differentiate, crystallise, and solidify or migrate to a new position (including
eruption at surface)
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INSIDE A MAGMA CHAMBERINSIDE A MAGMA CHAMBER
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30% of magma 30% of magma

GEOPHYSICAL EVIDENCE FOR MAGMA ACCUMULATIONGEOPHYSICAL EVIDENCE FOR MAGMA ACCUMULATION
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 Del Potro et al 2013
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HOW MAGMA CHAMBERS FORM?HOW MAGMA CHAMBERS FORM?
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Hall and Kisters, 2012
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Miller et al , 2011
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Johnson et al 2003
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Fowler and Spera, 2010
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THERMAL EFFECTS OF  MAGMA INTRUSIONSTHERMAL EFFECTS OF  MAGMA INTRUSIONS
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MODELLING MAGMA CHAMBERSMODELLING MAGMA CHAMBERS

?
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The geological approach

?
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The geophysical approach
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The geological
approach

?

The
geophysical
approach

+

THE SOLUTION
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MAGMA AND ERUPTION
CONDUITS

MAGMA AND ERUPTION
CONDUITS

Costa et al 2009
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PRESURE EVOLUTION DURING ERUPTIONSPRESURE EVOLUTION DURING ERUPTIONS
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MOHO

1-3 Is nearly constant and
controlled by the
magma chamber

1-3 Changes with the
internal structure and as
a function of stress
changes originated in
each previous eruptive
processes

Monogenetic volcanism

Central volcanism

3-6 km

15-30 km

TYPES OF VOLCANISMTYPES OF VOLCANISM
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Tectonic
fault

Sector collpase

OVERPRESURING A MAGMA CHAMBEROVERPRESURING A MAGMA CHAMBER

INTERNAL
CAUSES

EXTERNAL
CAUSES
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W.Degruyter,C.Huber/EarthandPlanetaryScienceLetters403(2014)117–130
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Folch and Martí 2001
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THE PINATUBO ERUPTION (1991)THE PINATUBO ERUPTION (1991)
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Pm = Pl

Initial situation

dacite
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ΔPm +Pm < Pl + 2T

Beginning of unrest
(8 months before the
eruption)

Intrusion of mafic magma
ΔPm
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ΔPm+Pm> Pl<Pl+2T

ΔPm + ΔPmg +Pm > Pl + 2T

Pre-eruptive situation
(during 8 months before
eruption)

In new magma (andesite):
1. Cooling
2. Massive Crystalisation of plagioclase
3. Oversaturation and exsolution of volatiles

In host magma (dacita):
1. Heating at the contact
2. Forcec convection
3. Mingling
4. Mixing

Consequences:

1) Initial increase of magma

chamber pressure due to intrusion (Δpm)

2) Further increse of magma chamber

pressure due to gas exsolution (ΔPmg)
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ΔPm + ΔPmg +Pm > Pl + 2T

Eruption 8 months after
onset of unrest

 Hybrid magma

“end members”
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El HIERRO ERUPTION (2011-2012)El HIERRO ERUPTION (2011-2012)
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MAGMA CHAMBER RUPTUREMAGMA CHAMBER RUPTURE

Gudmundsson 2012

Hydrofracture initiation (Jaeger et al 2007):

Pt = σ3 + To (To is in situ tensile strength of
host rock)

Pt = Pl + Pe (Pl: lithostatic pressure; Pe: excess
Pressure)

Pl + Pe = σ3 + To

Po = Pe + (ρr + ρm) gh + σ3 

(Po: magmatic overpressure in 
the dyke)
(h: dip dimension or height of 
that part of the dyke above the 
point of rupture and dyke 
initiation, and σd is the 
differential stress (σd=σ1−σ3) at 
the level where the dyke is 
examined
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Gudmundsson 2012
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Martí and Geyer 2009
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