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The	  volcano	  problem

• Limited	  constraints	  on	  eruption	  onset,	  duration	  
and	  recurrence	  frequency

• Volcanoes	  are	  individuals,	  no	  clones
• Variable	  ash	  production	  rate	  without	  single	  trend
• Variable	  eruption	  intensity
• Variable	  weather	  conditions
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Active	  volcanoes	  (>	  500)

We	  know	  the	  location!
200	  are	  “well”	  monitored.	  Are	  all	  others	  problem	  childs?	  
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Material	  failure	  – why	  and	  when?

(mod.  after  Dingwell,   Science,  1996)



1.	  Lightning
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Sakurajima volcano,	  
July	  2015

Courtesy:	  
Corrado Cimarelli

Filmed	  at	  10	  kfps
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Munich	  “fragmentation	  bomb”
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Magma	  fragmentation

Unzen
Φ =	  48%
ΔP	  =	  6MPa
Room	  T
Plexiglas	  autoclave
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Laboratory	  lightning

Cimarelli	  et	  al.,	  Geology	  2014
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2.	  The	  source	  term	  problem
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Weinzierl	  et	  al.,	  2012
Phys.	  Chem.	  Earth
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3.	  Ash	  aggregation	  (natural)
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3.	  Ash	  aggregation	  (experimental)
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Mueller	  et	  al.,	  
in	  press	  at	  EPSL
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4.	  Ash	  properties

Giordano	  et	  al.,	  2006
Bulk	  rock	  compositions
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Chemical	  
variability



Significance of geochemical data

SiO2 ≠ Quarz!

Kueppers	  et	  al.,	  2014,	  J	  Appl.	  Volc.
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Magma	  textures
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BSE	  image	  of	  ash	  
From	  Sete
Cidades volcano,	  
Azores	  (PT)



Volcanic	  ash	  is	  a	  multiphase	  mixture

• Glass
• Crystals
• Bubbles
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That’s	  how	  ash	  looks	  like

Eyjafjallajökull ash	  
of	  18	  May	  2010
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(Eyja ash
INGV-‐Rome)



Eyja ash	  
sintering,
60	  min,
<	  63	  µm
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950	  °C,	  
neck	  
formation

1000	  °C,
viscous	  flow

1050	  °C,	  
substrate	  
infiltration Kueppers et	  al.,	  2014	  

J	  Applied	  Volcanology
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Thermal	  analysis	  (DSC)
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Song	  et	  al.,	  2014,	  
EGU	  presentation



Grain	  size	  dependence	  on	  heating
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Wadsworth et	  al.,	  
2014,	  JGR



Milled	  Mazama grain	  size	  distribution
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-‐>	  poster	  by	  Sam	  
Engwell about	  the	  grain	  
size	  distribution	   in	  distal	  
ash	  fall	  deposits



Mazama thermal	  behaviour
(hot	  stage	  heating	  at	  10	  K/min)
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Rhyodacite of	  climactic	  
eruption	  7.700	  y	  BP
70.5%	  SiO2 (Tebbe,	   2012)

900 – 1100 °C:
surface tension of the liquid drives
densification as the particles
coalesce
1100-‐1300 °C:
expansion of the bubbles
-‐> expansion of the sample
1300 °C:
gravity greater than surface tension
-‐> sample spreads under its own
weight
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Song	  et	  al.,	  2014	  GRL

Characteristic	  
changes	  as	  
viscosity	  
decreases
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Thank	  you.

25Ulrich	  Kueppers et	  al.	  -‐ Volcanic	  ash,	  just	  another	   solid	  matter?	  
WMO	  meeting	  Anchorage	  19-‐23	  November	  2015



• Cimarelli C,	  Alatorre-‐Ibargüengoitia MA,	  Kueppers U,	  Scheu B,	  Dingwell DB	  (2014)	  “Experimental	  
generation	  of	  volcanic	  lightning.”	  Geology	  42/1,	  79-‐82.	  
http://geology.gsapubs.org/content/early/2013/12/05/G34802.1.full.pdf+html

• Giordano	  D,	  Mangiacapra A,	  Potuzak M,	  Russell	  JK,	  Romano	  C,	  Dingwell DB,	  Di	  Muro A	  (2006)	  “An	  
Expanded	  Non-‐Arrhenian Model	  for	  Silicate	  Melt	  Viscosity:	  A	  Treatment	  for	  Metaluminous,	  Peraluminous
and	  Peralkaline Liquids.”	  Chemical	  Geology	  229:42-‐56

• Kueppers U,	  Cimarelli C,	  Hess	  KU,	  Taddeucci J,	  Wadsworth	   FB,	  Dingwell DB	  (2014) “The	  thermal	  stability	  
of	  Eyjafjallajökull ash	  versus	  turbine	   ingestion	  test	  sands.”	  Journal	  of	  Applied	  Volcanology	  3:4.	  
http://www.appliedvolc.com/content/3/1/4

• Mueller	  SB,	  Kueppers,	  U,	  Jacob	  M,	  Ayris PM,	  Dingwell DB	  (in	  press	  at	  EPSL)	  “Experimental	  volcanic	  ash	  
aggregation:	  internal	  structuring	  and	  the	  role	  of	  liquid	  bonding”.	  Earth	  Plan.	  Sci.	  Lett.

• Song	  W,	  Hess	  KU,	  Damby DE,	  Wadsworth	   FB,	  Lavallée	  Y,	  Cimarelli C,	  Dingwell DB	  (2014)	  “Fusion	  
characteristics	  of	  volcanic	  ash	  relevant	  to	  aviation	  hazards.” Geophys.	  Res.	  Lett.,	  41,	  2326–2333,	  
doi:10.1002/2013GL059182.

• Song	  W,	  Lavallée Y,	  Hess	  KU,Kueppers U,	  Cimarelli C,	  Dingwell (in	  review	  at	  Nature	  Comm.)	  “Volcanic	  ash	  
melting	  under	  conditions	  relevant	  to	  ash	  turbine	  interactions.”

• Tebbe ML	  (2012)	  “Petrogenetic relationship	  of	  the	  postcaldera eruptions	  of	  Mount	  Mazama,	  Crater	  Lake,	  
Oregon:	  Evolution	  of	  a	  sub-‐volcanic	  magma	  chamber	  following	  a	  large	  silicic	  eruption.”	  PhD	  thesis	  
Central	  Washington	  University

• Wadsworth,	   FB,	  Vasseur J,	  von	  Aulock FW,	  Hess	  KU,	  Scheu B,	  Lavallée	  Y,	  Dingwell DB	  (2014)	  
“Nonisothermal viscous	  sintering	  of	  volcanic	  ash.”	  J.	  Geophys.	  Res.	  Solid	  Earth,	  119,	  8792–8804,	  
doi:10.1002/2014JB011453.

• Weinzierl B,	  Sauer	  D,	  Minikin A,	  ReitebuchO,	  Dahlkötter F,	  Mayer	  B,	  Emde C,	  Tegen I,	  Gasteiger J,	  Petzold
A,	  Veira A,	  Kueppers U,	  Schumann	  U	  (2012) “On	  the	  visibility	  of	  airborne	  volcanic	  ash	  and	  mineral	  dust	  
from	  the	  pilot’s	  perspective	  in	  flight.”	  Physics	  and	  Chemistry	  of	  the	  Earth,	  Part	  A	  (45-‐46),	  87-‐102.
http://www.sciencedirect.com/science/article/pii/S1474706512000496

26


