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What	  is	  tephra?	  
•  Any	  silicate	  material	  explosively	  erupted	  from	  a	  volcano	  
	   	  -‐	  glass,	  crystals	  and	  lithics	  

•  Chemical	  composiGon	  of	  glass	  is	  unique	  to	  a	  volcano	  and	  
specific	  erupGon-‐	  “fingerprint”	  

•  Key	  to	  understanding	  past	  erupGons	  
–  ErupGon	  (size	  and	  explosivity)	  and	  deposiGon	  dynamics	  
–  Volcano	  EvoluGon	  
–  Geochronology	  	  
–  Hazards	  

•  Isochron	  for	  correlaGng	  and	  understanding	  other	  earth	  
processes	  



Tephra	  Classifica.on	  

Schmid,	  1981-‐	  Recommenda.ons	  for	  IUGS	  tephra	  classifica.on	  



Updated	  grain-‐size	  classifica.on	  

White	  and	  Houghton,	  2004	  



Confusing	  Nomenclature	  

•  Tephra	  
•  Pyroclast	  
– Pyroclas.c	  deposit	  

•  	  Ejecta	  
– Not	  common	  

Fisher,	  1966	  



Proximal	  tephra	  Deposits	  

•  Fall	  	  
– Mantle	  topography	  

•  Surge	  	  
– Dilute,	  turbulent	  flow	  

•  Flow	  
– Dense,	  ~laminar	  flow	  

•  *Epiclas.c	  
– Reworked	  pyroclasts	  	  (water	  or	  air)	  

hYp://www.luckysci.com/2014/08/types-‐of-‐
volcanic-‐rocks-‐and-‐deposits/	  



Ash	  Dispersion	  

•  Erup.on	  Height	  

•  Angle	  of	  injec.on	  

•  Wind	  strength	  

•  Terminal	  Fall	  Velocity	  
– Par.cle	  Size	  and	  Shape	  



Tephra	  Distribu.on	  

Alloway,	  2006	  



Tephra	  morphology	  

100μm	  



What	  goes	  up,	  must	  come	  down?	  

Mas.n	  et	  al.,	  2016	  



Ash	  Aggrega.on	  

Van	  Eaton	  and	  Wilson	  2013	  



Carey	  and	  Sparks	  



Isopach	  Map	  

Vandergoes	  et	  al.,	  2013	  



Ash	  Distribu.on	  



EyjaUallajökull	  Volcanic	  Ash	  Plume	  



Unpredictable	  Ash	  Clouds	  



Distal	  deposiGon	  of	  tephra	  

Journal	  of	  Geophysical	  Research:	  Solid	  Earth	  
Volume	  117,	  Issue	  B9,	  B00C10,	  6	  JUN	  2012	  DOI:	  10.1029/2011JB008904	  
hYp://onlinelibrary.wiley.com/doi/10.1029/2011JB008904/full#jgrb17130-‐fig-‐0006	  



Tephra	  deposits	  and	  preservaGon	  
•  Volcanoes	  erupGons	  
–  Proximal	  tephra	  	  
–  Distal	  tephra	  
–  Ultra-‐distal	  tephra	  

–  cryptotephra	  

Distance	  from	  Source	  

Grain	  Size,	  	  
Thickness	  

Physical	  Volcanology	  
Geochemistry	  
Geochronology	   Geochemistry	  

Difficult	  to	  Date	  
Geochemistry	  



Cryptotephra	  

•  Distal	  tephra	  deposited	  that	  is	  essen.ally	  
invisible	  to	  the	  naked	  eye	  in	  the	  field	  

•  Usually	  found	  in	  marine/lake	  environments,	  
ice	  cores,	  peat	  bogs	  and	  certain	  eolian	  seds	  

Stevenson,	  et	  al.,	  2015	  



Tephrosta.graphy	  vs.	  
Tephrochonology	  

•  Tephrosta.graphy-‐	  the	  study	  of	  sequences	  of	  
tephra	  layers	  or	  stata	  and	  associated	  deposits	  
and	  their	  rela.ve	  ages.	  Involves	  defining,	  
describing	  and	  characterizing	  tephra…underpins	  
tehprochonology	  

•  Teprhochronology-‐	  “the	  use	  of	  tephra	  as	  
isochrons	  to	  link	  sequences	  in	  different	  places	  via	  
precise	  .e-‐points	  and	  to	  establish	  rela.ve	  or	  
numerical	  ages”	  

Alloway,	  et	  al.,	  2006	  





Tephrostra.graphy	  

Larick	  et	  al.,	  2001	  



Applica.ons	  of	  tephrochronology	  
•  Anthropology	  applica.ons-‐	  .ming	  of	  hominid	  ac.vi.es	  	  
•  Chronosta.graphic	  boundries	  (i.e.	  Dansgaard-‐Oeschger	  events)	  
•  Tectonic	  controls	  on	  landscape	  evolu.on	  (Basin	  and	  Range)	  
•  Paleoseismicity	  
•  Glacial	  process	  and	  ice	  sheet	  changes	  	  
•  CO2	  releases	  during	  deglacia.on	  
•  Paleoenvinronmental	  	  reconstruc.ons	  
•  Soil	  erosion	  
•  Storm	  frequency	  and	  magnitude	  
•  Marine/Ice	  core	  sychroniza.on	  
•  *Volcano	  evolu.on	  
•  *Ice	  core	  synchroniza.on	  
•  *Past	  atmospheric	  circula.on	  paYerns	  
•  …….	  



Tephrochronology	  

•  How	  to	  directly	  date	  tephra?	  
–  40Ar/39Ar	  geochronology	  (NMT)	  
–  Fission	  Track	  da.ng	  
–  Zircon	  Da.ng	  

•  U/Pb	  da.ng	  
–  14C	  
–  Layer	  coun.ng	  

•  Dendrochronology	  
•  Ice	  cores	  
•  Varves	  

Taupo	  Ignembrite	  



Tephrochronology	  

•  How	  to	  indirectly	  date	  tephra?	  
– Sediment	  record	  	  

•  Oxygen	  Isotope	  correla.on	  (Wiggle	  matching)	  

– Geochemical	  Correla.ons	  
•  Correlate	  to	  loca.on	  that	  can	  be	  date	  by	  another	  
technique	  	  
•  Isochron	  between	  mul.ple	  loca.ons	  with	  no	  
independent	  dates	  

– Magnetostra.graphy	  

Taupo	  Ignembrite	  



Volcanoes	  on	  ice	  covered	  conGnents	  
•  Volcanoes	  in	  AntarcGca	  
– Proximal	  tephra	  	  

•  Limited	  outcrops	  on	  edifice,	  Blue	  Ice	  area	  

– Distal	  tephra	  (cryptotephra)	  	  
–  Blue	  Ice	  Areas,	  Ice	  cores,	  Marine	  cores	  
–  Great	  preservaGon	  with	  “no”	  contaminaGon	  
–  Unparalleled	  sequences	  of	  volcanic	  acGvity	  

Distance	  from	  Source	  

Grain	  Size,	  	  
Thickness	  

Geochemistry	  
Geochronology	  

Geochemistry	  
Difficult	  to	  Date	   Geochemistry	  





Ash	  layers	  in	  mul.ple	  cores	  
•  Same	  ash	  layer	  found	  in	  5	  cores	  

•  Understand	  
past	  wind	  
paYerns	  
	  
•  Size	  of	  	  
volcanic	  	  
erup.ons	  


