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an	
  interna&onal	
  mul&-­‐disciplinary	
  observatory	
  
along	
  	
  subduc&on	
  zone	
  plate	
  boundaries	
  

	
  

Subduc&on	
  Zone	
  Observatory	
  

concept	
  



current	
  status….	
  

Subduc&on	
  Zone	
  Observatory	
  



arthScope Program 

•  3.2 km borehole into San Andreas Fault 
•  1100 permanent GPS stations 
•  74 borehole strainmeters  
•  6 laser strainmeters 
•  78 borehole seismometers 
•  100 Permanent seismic stations 

•  400 transportable seismic stations 
occupying 2000 sites 

•  20 magnetotelluric campaign systems 
•  7 magnetotelluric backbone stations 
•  100 campaign GPS stations 
•  2146 campaign seismic stations 

Study	
  the	
  three	
  dimensional	
  structure	
  and	
  evolu&on	
  of	
  the	
  North	
  American	
  Con&nent	
  

EarthScope	
  Program	
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EarthScope is Funded by the National 
Science Foundation 

The EarthScope Observatories 

Operated by UNAVCO 
Operated by IRIS 

Operated by 
Stanford & later 

UNAVCO 



EarthScope’s	
  Unique	
  Aspects	
  

•  Community	
  driven	
  

•  Diverse	
  offerings:	
  instrumenta&on,	
  telemetry,	
  auxiliary	
  
instruments,	
  etc.	
  

•  Biggest	
  open	
  dataset	
  for	
  geophysics…	
  ever	
  

•  Bold	
  approach	
  to	
  geophysics	
  research	
  facili&es:	
  size,	
  
scope,	
  data	
  quality	
  

•  Coordinated	
  and	
  collabora&ve	
  

•  Substan&al	
  educa&on	
  and	
  outreach	
  component	
  

•  Con&nuity:	
  8	
  years	
  in	
  the	
  making,	
  15	
  year	
  project	
  	
  

•  Fundamental	
  shi`	
  in	
  the	
  way	
  we	
  do	
  science	
  



EarthScope:	
  coordina&on	
  and	
  collabora&on	
  



Beyond	
  2018	
  ???	
  

EarthScope	
  changed	
  how	
  we	
  do	
  
science,	
  both	
  research	
  and	
  educa&on	
  



EarthScope	
  pre-­‐EarthScope	
  



Subduc&on	
  Zone	
  Observatory	
  

a	
  coherent,	
  structured,	
  mul&-­‐disciplinary	
  observatory	
  
along	
  the	
  length	
  of	
  the	
  Pacific	
  subduc&on	
  zones	
  

hGp://www.earthobservatory.sg/	
  



subduc&on	
  zones	
  contain	
  a	
  rich	
  diversity	
  of	
  
tectonic	
  processes,	
  from	
  plate-­‐	
  scale	
  over	
  millions	
  

of	
  years	
  to	
  grain-­‐scale	
  over	
  micro-­‐seconds	
  

•  Hazards	
  
•  Faul+ng	
  &	
  Deforma+on	
  
•  Volcanism	
  

•  The	
  plate	
  boundary	
  shear	
  zone	
  
•  Deforma+on	
  of	
  the	
  subduc+ng	
  plate	
  
•  Affect	
  of/on	
  the	
  overriding	
  plate	
  
•  Asthenosphere/mantle	
  wedge	
  rheology	
  



subduc&on	
  zones	
  span	
  con&nental	
  to	
  oceanic	
  
environments,	
  and	
  interact	
  with	
  climatological	
  and	
  

biological	
  processes	
  



subduc&on	
  zones	
  host	
  many	
  of	
  Earth’s	
  most	
  
extreme	
  natural	
  events,	
  coupled	
  with	
  increasing	
  
human	
  popula&ons,	
  leads	
  to	
  an	
  urgent	
  need	
  to	
  

understand	
  how	
  they	
  work	
  

Tohoku	
  earthquake	
  

Calbuco	
  Volcano,	
  Chile	
   Alex	
  Vidal	
  Brecas—EPA	
  

Image:	
  Reuters	
   Sumatra	
  earthquake	
   GeGy	
  Images	
  

Quito	
  Ecuador	
  



Subduc&on	
  Zone	
  Observatory	
  

Needs	
  to	
  have:	
  

•  Transforma&onal	
  &	
  high	
  impact	
  science	
  
•  Societal	
  relevance	
  -­‐	
  strong	
  focus	
  on	
  hazards	
  
•  Interna&onal	
  collabora&on	
  
•  Mul&-­‐disciplinary	
  components	
  
•  On-­‐shore/off-­‐shore	
  
•  New	
  technologies	
  
•  New	
  high	
  quality	
  data	
  	
  
•  Strong	
  integra&on	
  with	
  modeling	
  



Subduc&on	
  Zone	
  Observatory	
  

Interdisciplinary	
  approach	
  to	
  solving	
  
major	
  scien&fic	
  challenges	
  

	
  
•  Observe	
  the	
  en&re	
  deforma&on	
  spectrum	
  from	
  sec	
  to	
  Myrs	
  
•  Capture	
  the	
  pre-­‐seismic,	
  co-­‐seismic	
  and	
  post-­‐seismic	
  

deforma&onal	
  response	
  to	
  a	
  megthrust	
  earthquake(s)	
  
•  Mega	
  thrust	
  interface	
  -­‐	
  earthquakes,	
  slow	
  slip	
  events,	
  episodic	
  

tremor,	
  transient	
  deforma&on	
  
•  Tsunami	
  genera&on	
  
•  Volcano	
  processes	
  &	
  hazards	
  
•  Imaging	
  the	
  factors	
  controlling	
  geochemical	
  variability	
  in	
  arcs	
  
•  Lithospheric	
  dynamics	
  and	
  orogeny	
  –	
  	
  lithospheric	
  modifica&on	
  
•  Subduc&on	
  of	
  water	
  and	
  the	
  Earth’s	
  water	
  budget	
  
•  Subduc&on	
  into	
  the	
  lower	
  mantle	
  and	
  the	
  fate	
  of	
  slabs	
  



Subduc&on	
  Zone	
  Observatory	
  

a	
  comprehensive	
  suite	
  of	
  mul&disciplinary	
  onshore	
  and	
  offshore	
  
observa&ons	
  to	
  understand	
  the	
  en&re	
  subduc&on	
  zone	
  system	
  

hGp://www.earthobservatory.sg/	
  



Subduc&on	
  Zone	
  Observatory	
  

the	
  Americas	
  



Current	
  Availability	
  of	
  Observa&ons	
  Varies	
  Widely	
  	
  

From	
  SAGE	
  proposal	
  

Observa&ons	
  are	
  concentrated	
  in	
  some	
  
regions,	
  sparse	
  in	
  others	
  	
  

	
  (GPS:	
  red,	
  seismic	
  sta&ons:	
  blue)	
  
	
  
Tremendous	
  lateral	
  variability	
  in	
  the	
  
seismogenic	
  por&ons	
  of	
  the	
  subduc&ng	
  
slab	
  (brown)	
  



Understand processes
to develop a new
generation of hazard
prediction tools

For more information and data portal: ipoc-network.org



DistributedProfiles

Distribu&on	
  of	
  seafloor	
  instrumenta&on??	
  



balance	
  between	
  permanent	
  and	
  temporary?	
  
balance	
  between	
  monitoring	
  and	
  opportunis&c?	
  
	
  
Onshore…	
  
	
  USArray	
  TA	
  style	
  deployment??	
  
	
  Flexible	
  Array	
  style	
  deployment??	
  
	
  integrated	
  GPS/seismic/infrasound/met	
  pack?	
  
	
  hydrology?	
  
	
  geochemistry?	
  
	
  and…???	
  



SZO’s	
  Unique	
  Aspects	
  

•  Community	
  driven	
  

•  Integra&on	
  across	
  a	
  broad	
  spectrum	
  of	
  geoscience	
  
disciplines	
  

•  Open	
  data	
  for:	
  research;	
  hazard	
  assessment,	
  mi&ga&on,	
  
and	
  early	
  warning;	
  educa&on	
  and	
  outreach	
  

•  Bold	
  approach	
  to	
  geoscience	
  research:	
  size,	
  scope,	
  data	
  
quality	
  

•  Coordinated	
  and	
  collabora&ve	
  

•  Partnerships	
  between	
  academics	
  and	
  mul&ple	
  agencies	
  
•  Interna&onal	
  collabora&on	
  on	
  an	
  unprecedented	
  scale	
  

•  Substan&al	
  outreach	
  component	
  



Subduc&on	
  Zone	
  Observatory	
  

Related	
  on-­‐going	
  ini&a&ves	
  and	
  ac&vi&es	
  
•  Cascadia	
  Ini&a&ve	
  –	
  US,	
  Canada,	
  and	
  Japan	
  
•  Neptune/Canada	
  and	
  OOI	
  cabled	
  observatories	
  
•  Alaska	
  EarthScope	
  -­‐	
  US	
  
•  GeoPrisms	
  –	
  US	
  and	
  interna&onal	
  
•  Interna&onal	
  Ocean	
  Drilling	
  Program	
  
•  IPOC	
  –	
  GFZ,	
  IGP	
  Paris,	
  Chile,	
  Caltech	
  
•  COCONet	
  –	
  Geodesy	
  in	
  Caribbean/central	
  America	
  -­‐	
  

UNAVCO	
  &	
  interna&onal	
  
•  JAMSTEC	
  	
  &	
  ERI	
  -­‐	
  	
  Japan	
  
•  Extensive	
  regional	
  networks	
  in	
  Central	
  and	
  South	
  America	
  
•  Many	
  more…	
  



Discussions/Community	
  Forums	
  
•  UNAVCO	
  GAGE	
  and	
  IRIS	
  SAGE	
  proposals	
  
•  IRIS	
  Workshop	
  2012	
  and	
  2014	
  Workshops	
  

	
  (Boise,	
  ID	
  and	
  Sunriver,	
  OR)	
  	
  
•  Breakout	
  session:	
  EarthScope	
  Na&onal	
  mee&ng,	
  May	
  2013	
  
•  Special	
  Interest	
  Group:	
  Fall	
  AGU,	
  Dec.	
  2013	
  
•  IASPEI	
  –	
  LACSC	
  Mee&ng	
  (Bogota,	
  Columbia),	
  July	
  2014	
  
•  Amphibious	
  Array	
  workshop	
  (Snowbird,	
  UT),	
  Oct	
  2014	
  

	
   Upcoming	
  Discussion	
  Opportuni&es	
  
•  Today,	
  tomorrow,	
  Friday…	
  
•  June	
  2015:	
  EarthScope	
  Na&onal	
  Mee&ng	
  
•  Dec	
  2015:	
  Proposed	
  AGU	
  special	
  session	
  -­‐	
  Scien&fic	
  Advances	
   	
  

	
  from	
  Subduc&on	
  Zone	
  Observatories	
  
•  March	
  2016	
  (tenta&ve):	
  Interna&onal	
  Workshop	
  with	
  partners	
  	
  	
  



	
  Collabora&on	
  and	
  informa&on	
  exchange	
  

• Website:	
  
hGp://www.iris.edu/hq/szo	
  

	
  
• Mailing	
  list:	
  
hGp://www.iris.washington.edu/
mailman/lis&nfo/szo	
  



Possible	
  items	
  for	
  discussion	
  in	
  panel	
  and	
  
breakout	
  groups	
  

•  What	
  are	
  the	
  science	
  gains	
  from	
  a	
  Subduc&on	
  Zone	
  
Observatory?	
  

•  What	
  subduc&on	
  zone	
  observa&ons	
  does	
  your	
  
science	
  require	
  that	
  you	
  don’t	
  have	
  now?	
  

•  How	
  can	
  a	
  Subduc&on	
  Zone	
  Observatory	
  improve	
  
hazard	
  assessment,	
  mi&ga&on,	
  and	
  early	
  warning?	
  

•  What	
  infrastructure	
  developments	
  are	
  required	
  to	
  
implement	
  a	
  Subduc&on	
  Zone	
  Observatory?	
  

•  What	
  are	
  the	
  various	
  models	
  for	
  collabora&on?	
  
•  What	
  sources/mechanisms	
  exist	
  for	
  funding?	
  

	
  


