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Conceptual models of reservoir formation

0

a) Large crystalline mushes b) Geodesy view of a magma chamber as a
pressurized sphere or ellipsoid;

c) Formation through accumulation of plutons;
d) Formation through accumulation of sills;
e) Funnel-shaped intrusions resulting from a change of stress close to the

surface (from Annen et al., 2015).



Stress due to volcano edifice loading
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Dimensionless stress

Normal stress at the axis due to a flat edifice as a function of depth. With increasing
depth, the edifice induces compression and then tension. Tensile stresses are
largest at dimensionless depth z=sqrt(5)

From Pinel and Jaupart, 2004



Outline

Edifice history (construction,

flank collapse, deglaciation,

drainage of summit lake,
Surface load changes —¥  caldera formation...)
Tectonics (crustal thinning,
orogenesis, fault scarp
development...)

'

Magma storage depth & shape
Typical eruption size



Loading due to a volcanic edifice

(a) less buoyant (b) more buoyant

Dahm, 2000



Loading due to a volcanic edifice
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Loading due to a volcanic edifice

L1 C.2

0 — .
2 B _ e —— |
o i '-|-|.'-|.|.-.'--u-.|.—..l-._

B e N W -I-u,.-l-...'l-.-.---_,

4 R, L, O B
f A% R R R e e ] | AR e -

6 8 AN R R e e ] | MO N R AR R R
¥ TR R :x&xmhuhmxnuhu

E 1R :: A RESERRRNRS .. "1: b e "-H"h.%"ﬁ-""-:"h"‘h.’?-.'
g N NN i L NE VRNV Y S

: \ ?&B‘:\Zﬁﬁ =~ ﬁ‘c\d&ﬁ& =

. AR T T T ! L R -
104 i P SN N R
' L L LN BRSNS NN
12 - %;._xxxuaxnjia i txaxnx:xaxa_
i - 2 . e T L N R
%f?%ﬁx N o AR

& , 2 : s e
143 o = 2600 kg/m* L NN
B I e e 8 O 0 8, O SN N b AR VAN NAYN

oy T LA o P L e L FI +I I-.- M .I- I|. i L5

-2 0 2 4 6 8 10 12 -2 0 2 4 6 B 10 12

=30 +-25 -20-15 =100y 00 05 10 1.3 20 25 30

O xx (MPa) Maccaferri et al.,
JVGR, 2011



Boundary element modeling of dike
propagation

Maccaferri et al.,
JVGR, 2011




Methods: C
Analog experiments

Rivalta et al., 2005,
Rivalta and Dahm, 2006
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Loading due to a volcanic edifice

Watanabe et al., 2002



Unloading due to icecap melting
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Hooper et al., 2010



Unloading due to caldera collapse

Inversions by Bagnardi et al., 2013
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Unloading due to caldera collapse

Corbi et al.,
2015
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Fig. 6: Proposed models of magma chamber shape for stratovolcanoes: left) Mt. 5. Helen, USA
(from Mastin et al_, 2009) and nighi) Etna, ltaly (Bonaccorso et al., 2005)
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Fig. 7: Proposed models for magma reservoir arrangement for calderas: left) Toba, Sumatra
(Jaxybulatov et al_, 2014), nght) Fernandina, Galapagos (Bagnardi et al_, 2012)
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Intersecting dikes
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Stratovolcano w .
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Mt. Etna, Italy (Acocelia and Neri, 2003)
(Chiarabba et al., 2003)



Calderas

Toba caldera
(Jaxybulatov et al., 2014)
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Baikal rift
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Thybo and Nielsen, Nature, 2009



Off-rift volcanism: lake Baikal

Thybo and Nielsen, Nature, 2009



Deep, narrow rifts
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Evolution of continental rifts: final stage

$

Maccaferri et al., submitted



Fault scarps

Maccaferri et al.,
2015
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Fault scarps
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Surface distribution of volcanoes
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Cenozoic Volcanic
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Wide, shallow rifts (z, is deep)
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Conclusions

Caldera
Stratovolcanoes formation

A (Icecap melting)




Magma storage model

av ., d
+V=L)dp=p V(p,+p,,)dp

dM=pdV+Vdp=(p o s

Magma Source
compressibility: compliance:

51 dp s L dv

m- dp ¢ |4 dp
_4n-1_ 410 p—1
pr=10"-10 "Pa B.(spherical Chamber)=4iM~‘IO_”—10_1°Pa_1
(or much higher ’
if magma contains bubbles) B.(penny shaped crack )= 5 ~10""Pa”’
—O

GFZ  Segall et al., 2001, Rivalta and Segall, 2008, Rivalta, 2010,
sovzzzm Segall, 2013 B o
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Figure 2. Ratio Ry of the volume change for a spheroidal
cavity to the volume change for a spherical cavity, as a
function of the aspect ratio (ratio of polar to equatorial radii)
of the spheroidal cavity; v =0.25. The two cavities share the
same value of the product of pressure and volume.

Amoruso e Crescentini, 2009
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Bel(sphere)=3/(4u)
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dM/dpg =(Vdpw + pudV)/dp.=MJ3
-dAM/d=k(p-p.)

'

dp/dt=(p+Ape-p.)/T =(pm VP)/k

GFZ Rivalta et al., submitted




Veou=kt (Apgd+ Apa)(1-exp(~t/1))/pam

Vo= VP(Apgd+Ape)=V PApe,

GFZ Rivalta et al., submitted
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Vout/V = (Bm+Le)Ap

Rivalta et al., submitted
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Thermal aspect
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Conclusions and perspectives

- The elevation/loading history of volcanoes or volcanic
zones matters: trajectories, storage architecture, depth

- Mechanical models of dike propagation show that surface
loads induce deep vertically-developed storage below
stratovolcanoes, and shallow horizontally-developed storage
below calderas.

- Implications for eruptive potential: larger compressibility
(structural and magma compressibility) means large typical
eruptive size.
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