Lessons Learned from Monitoring and Studies of Recent Icelandic Eruptions:
Precursors, Eruption Dynamics and Timescales
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Ba = Bardarbunga
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formed the basis for closure of large part of European air space Summit eruption

15-21 April, leading to cancellation of over 100000 European flights
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LOG dally earthquake rate (M, = 0.8)
Flank eruption: 23:00 UTC, 03-20-2010
Subglacial eruption: 01:15 UTC, 04-14-2010
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Intrusion triggering of the 2010 Eyjafjallajokull explosive eruption

Precursors over few months

S . . . t
L]
Deformation:
.
f X -
Fossucts CUATE SoENGE et psics 0 WU oM UTURE
THE CHEAP IN THE EYE CRUNGHTIME ez
COALMYTH OF ASTORM FOR WIMPS
ow | " could Phil Jones reflectsonthose | Experiments should flush out
¢ mailsayearon daric marter partiles

1.2e+15
1.0e+15
8.0e+14
6.0e+14
4.0e+14
2.0e+14
0.0e+00

How ‘peakcoal
undermine energy supplies nailsayear
e ez ey

\ B

12009/09/25 — 2010/03/20 “* &

LOS Displacement

—
0.0 , 15.5 mm




LOG dally earthquake rate (M, = 0.8)
Flank eruption: 23:00 UTC, 03-20-2010
Subglacial eruption: 01:15 UTC, 04-14-2010

1.000
100 3 .

10
1 !
4 —
- Magnituge (M, = 0)
3
2 -~
I N 4 - I:
-0 [+
T |
3.000 - - '
2500 - — Cumulative earthquakes (M, = 0)
2000 ] — Cumulative seismic moment (Nm)
1,500
1.000 —
500 —
B L] L] 1
5 -
10
15
- Focal depth =20 km
20 1 | I
Sep Oct Nov Dec Jan Feb
2009 2008 2010

Sigmundsson et al. (Nature, 2010)

Intrusion triggering of the 2010 Eyjafjallajokull explosive eruption

Precursors over few months
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Crystal rain: Disequilibrium processes in sills form systematic population

Pankhurst, Morgan,
Thordarson, Loughlin:
Magmatic crystal records in
time, space, and process,
causatively linked with
volcanic unrest,

Earth Planet Sci. Lett., 2019

Diffusion timescales (n = 103)
(cumulative frequency)
retrieved from reverse zoned
olivine in flank eruption
products. A continuous array
from several months before
eruption is observed, which
continues after the onset of
eruption.



basalt in mafic end-member (m)

Proportions of primitive

Olgeir Sigmarsson et al.,
Remobilization of silicic
intrusion by mafic magmas
during the 2010
Eyjafjallajokull eruption,
Solid Earth, 2, 271-281, 2011
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Grimsvotn 2011
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Long-term GPS time
series reveals magma
recharging
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Possible deep connection
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geodetic data

Scientific Reports, 2018
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Volgano monitoring
*and magma movements
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Sigmundsson et al. (2015) Segmented lateral dyke
growth in a rifting event at Bardarbunga volcanic
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Gudmundsson et al. (Science, 2016) Gradual caldera collapse at Bardarbunga volcano, Iceland,

regulated by Iateral magma outflow

-SSlE L) :l L} ) L) : L) NINW

. 2000- - :
" T BARC
< 1400-
£

—— 2015 June surface

------ ice flow corrected

— total subsidence - corrected for
ice flow and snow accumulation

@ BARC GPS station
— radio echo - Fig. 1B

@ ice cauldrons

_~ inferred dike segments
. calderarim

e 24 August (Day 8)

* Onset of frequent
M>5 earthquakes

* 0.3 km3 of magma
had flowed into the
dike when caldera
fault failure occurred

50

40

30

Distance from caldera (km)

Dike earthquake, M = 1
Dike earthquake, M = 4

Caldera cumul. seismic moment

20

f } }
o Northern rim
®  Southern rim | ‘ | | | |
1 1 1 |

16 Aug 18 Aug 20 Aug

22 Aug

24 Aug

26 Aug

L4

28 Aug 30 Aug

50— | L 1.0
Sigmundsson et al. e
404 Nature, 2015 SRETY PC AR X
. i SO,
= 30 NP - 0.6
% 203 -‘- kit £ o Lod
o
i_
10 %%%%iiiiii%fiifii o2
0 £ . . —— + 0.0
5 10 15 20

Days

Cumulative seismic moment (1018 Nm)

IOA

c

) awl

=

(gw



10 F -
3 -20 -
Q
S .30 GPS observed
g GPS ice flow corrected
S _40 Altimeter ice flow corrected-
» -1.37x10°'t
c | Iy h=-4.3-63.7(1-¢e )
8 -50 Caldera volume
S -60 e o
-70 : | | | : | : Il l |
Aug Sep Oct Nov Dec Jan Feb  Mar
400
i e « « rate of caldera volume change
o oo Holuhraun flow rate

<~ 3007 Q,=286 m3s!, 16.8.14-27.2.15

mg -

2 200 - Q=Q, g-1.37x10t

.

&= 100 - %

0 T T T T T T 5 L) T
0 50 100 150 200 250

Days since 16 August 2014

2.0

1.5

1.0

0.5

0.0

Caldera volume (km?3)

Gudmundsson
et al. (2016)




N
N
|

N
(@]
|

20

B o
! 1
—
~— —
e

Depth below sea level (km)
(00]
l

ice

sub-

multiple

possible

pathways

WP

e flow during Septe

Holuhraun

"

siding o"
piston R
.
NW | | ISE SW | I |
15 -10 5 5 10 15 20

Gudmundsson et al., Science, 2016

Model: Andy Hooper

km

dAP

8ANL

4
“PIT_AP

4
Tpgr ¢

= AP = APje 841l

At onset of
piston movement

APy = 1.7 MPa




Schematic illustration showing how the Holuhraun magma may have been assembled and transported
M. Hartley et al. (2018): Melt inclusion constraints on petrogenesis of the 2014-2015 Holuhraun eruption, Iceland,
Contributions to Mineralogy and Petrology
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MANTLE compositions from the mantle

Crystals have been brought into the magma only shortly before or during the eruption.
Suggestion: important process for formation of sustained magma channels is the addition of mush crystals
to a magmatic liquid as it leaves a magma body and rises towards the surface.




shield central/fissure picrite

General failure criterion for a magma body

Sigmundsson et al., work in progress
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Schematic image of a model of magma storage and
transport under an Icelandic rift-zone volcanic system.
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Conclusions — three Icelandic eruptions

* Eyjafjallajokull 2010 summit eruption (6 weeks): Episodic injection of basaltic
magma into more evolved magma during Eyjafjallajokull 2010 explosive
eruption, driving pulses in activity and irregular mass eruption rate over a six-
week long eruption. Precursors: episodic sill intrusions (strongest)

* Grimsvotn 2011 (7 days): Relaxation of overpressure in a shallow magma body
built up by previous magma inflow; superimposed pulses in activity due to
conduit processes. Precursors: long-term magma inflow (strong)

* Bardarbunga/Holuhraun 2014-2015 (6 months) Magma buoyancy in a deep
magma body driving magma upward and into a lateral dyke, with associated
development of underpressure under weak caldera faults, triggering caldera
collapse. After onset of caldera collapse, piston-style subsidence driving flow
out of magma body. Precursors: elevated seismicity, minor deformation (weak)




