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Magma	
  Differen1a1on	
  

1	
  –	
  Crystal	
  Frac1ona1on	
  
	
  
2	
  –	
  Magma	
  Mixing	
  
	
  
3	
  –	
  Assimila1on	
  
	
  
4	
  –	
  Par1al	
  Mel1ng	
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Crystal	
  Frac1ona1on	
  

Crystal	
  Se4ling	
  –	
  Locally	
  important,	
  	
  
but	
  probably	
  not	
  a	
  large-­‐scale	
  mechanism	
  

for	
  silicic	
  magmas	
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Deep	
  processes	
  
Magma	
  differen1a1on	
  processes:	
  

• Par1al	
  mel1ng	
  of	
  protolith	
  (fer1le	
  vs.	
  refractory)	
  by	
  
basalt	
  intrusions	
  

§ H2O-­‐poor,	
  high	
  viscosity	
  

§ Presence/absence	
  of	
  hydrous	
  minerals	
  

§ Dehydra1on	
  mel1ng	
  

§ Peraluminous	
  liquids	
  produced	
  

• Remel1ng	
  of	
  earlier	
  intrusions	
  by	
  later	
  basalt	
  
injec1ons	
  

• Frac1onal	
  crystalliza1on	
  of	
  hydrous	
  basalt	
  
(poten1ally	
  lots	
  of	
  H2O,	
  low	
  viscosity)	
  

Think	
  about:	
  

• Combina1ons	
  of	
  the	
  above	
  

• Differences	
  in	
  physical	
  proper1es	
  and	
  rheology	
  of	
  
the	
  liquids	
  produced	
  

• Chemical	
  and	
  isotopic	
  signatures	
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-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐Change	
  in	
  viscosity	
  &	
  crystal	
  content-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐	
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Components	
  and	
  	
  
emplacement	
  of	
  	
  

caldera-­‐forming	
  erup1ons	
  

Components	
  in	
  erup1ve	
  plume?	
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Fall	
  Deposits	
  
1	
  –	
  Mantle	
  topography	
  	
  
	
  (just	
  like	
  snow)	
  

	
  
2	
  –	
  Individual	
  deposits	
  are	
  well	
  sorted	
  
	
  
3	
  –	
  Graded	
  beds	
  
	
  (changing	
  in	
  wind	
  direc1on,	
  erup1on	
  intensity)	
  



Plume	
  Collapse	
  and	
  Pyroclas1c	
  Density	
  
Currents	
  (PDCs)	
  

Small	
  volume	
  –	
  postcaldera	
  domes	
  

Small	
  volume	
  –	
  postcaldera	
  domes	
  

Low	
  erup1on	
  rate	
  

Most	
  relevant	
  to	
  large	
  calderas	
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Pyroclas1c	
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(Surge	
  and	
  Flow)	
  

SURGE	
  
	
  
-­‐	
  	
  	
  	
  	
  Dilute	
  (gas	
  >>	
  par1cles)	
  
-­‐  Turbulent	
  Flow	
  
-­‐  Small-­‐volume	
  

FLOW	
  
	
  
-­‐  Concentrated	
  (solids	
  >>	
  fluid)	
  
-­‐  ~Laminar	
  Flow	
  
-­‐  Large-­‐volume	
  
	
  
	
  
	
  



Pyroclas1c	
  Surges	
  
Cross-­‐bedding	
  
	
  
Dunes	
  
	
  
Well	
  to	
  moderately	
  sorted	
  

	
  (less	
  than	
  fall;	
  more	
  than	
  flow)	
  
	
  
Some	
  grain	
  size	
  varia1on	
  

	
  (few	
  fines	
  and	
  coarse	
  material)	
  
	
  
Thin	
  to	
  thick	
  beds	
  

	
  (<	
  10	
  cm	
  to	
  several	
  m)	
  
	
  
Volumetrically	
  Minor	
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Dunes	
  
	
  
Moderately	
  sorted	
  

	
  (less	
  than	
  fall;	
  more	
  than	
  flow)	
  
	
  
Limited	
  grain	
  size	
  	
  

	
  (few	
  fines	
  and	
  coarse	
  material)	
  
	
  
Thin	
  to	
  thick	
  beds	
  

	
  (<	
  10	
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  to	
  several	
  m)	
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  Minor	
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Pyroclas1c	
  flows	
  (ignimbrite)	
  
	
  
Bedded	
  to	
  Massive	
  
	
  
Poorly	
  sorted	
  
	
  
Graded	
  

	
  	
  
Large	
  grain	
  size	
  distribu1on	
  

	
  (<	
  1	
  mm	
  as	
  to	
  >>1	
  m	
  blocks)	
  
	
  
Emplaced	
  into	
  topographic	
  lows	
  

	
  “flows	
  follows	
  lows”	
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Ignimbrite	
  Stra1graphy	
  

Layer	
  2b	
  –	
  
	
  
	
  
Graded	
  	
  

	
  (lithics	
  on	
  sink	
  
	
  and	
  pumice	
  floats)	
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Lithics	
  “sink”	
  
	
  
Pumice	
  “floats”	
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Rheomorphic	
  flow	
  of	
  ignimbrite	
  

Duc1le	
  flow	
  aper	
  emplacement	
  



Welding	
  and	
  Devitrica1on	
  Zones	
  
within	
  Ignimbrites	
  

	
  


