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Why	  is	  understanding	  Subduc&on	  
Ini&a&on	  (SI)	  important?	  

•  Establishes	  ini&al	  parameters	  for	  mature	  subduc&on	  
zones	  (esp.	  mantle	  wedge	  deple&on)	  

•  In	  some	  cases	  associated	  with	  massive	  magma&c	  
outpourings	  (new	  type	  of	  LIP)	  and	  produc&on	  of	  most	  
arc	  crust.	  

•  Produces	  forearc	  lithosphere	  –	  important	  for	  
understanding	  seismogenic	  zone	  

•  Origin	  of	  most	  ophiolites	  such	  as	  Oman,	  which	  provide	  
key	  models	  of	  oceanic	  lithosphere	  

•  Illuminates	  forces	  controlling	  plate	  mo&ons:	  
lithospheric	  strength	  and	  density	  vs.	  asthenospheric	  
convec&on	  



It’s	  2011,	  >40	  years	  a]er	  the	  plate	  tectonic	  
revolu&on,	  why	  don’t	  we	  understand	  how	  

subduc&on	  zones	  form?	  

1)  It’s	  not	  a	  steady-‐state	  process	  
	  The	  present	  is	  only	  partly	  key	  to	  the	  past	  

2)  Geodynamicists	  have	  been	  working	  without	  
much	  geologic	  insight	  

3)  Amphibious	  problem	  
4)  No	  single	  way	  to	  start	  a	  new	  subduc&on	  zone	  
5)  3D	  problem	  



Many	  Subduc&on	  Zones	  have	  formed	  in	  
Cenozoic	  –	  it	  must	  be	  preay	  easy!	  

Le]:	  modern	  convergent	  margins	  color-‐coded	  for	  SI	  age.	  	  Convergent	  margins	  which	  
began	  before	  the	  Cenozoic	  are	  blue.	  Right:	  Length	  of	  Cenozoic	  convergent	  margins	  versus	  
their	  age	  of	  ini&a&on	  (Gurnis	  &	  Hall,	  2004	  G-‐cubed)	  
	  



How	  To	  Start	  A	  Subduc&on	  Zone:	  
induced	  (ISI)	  vs.	  spontaneous	  (SSI)	  

Stern	  2004	  EPSL	  

No	  Cenozoic	  examples	  of	  Transference	  or	  Passive	  Margin	  collapse;	  No	  
Cenozoic	  examples	  of	  back-‐arc	  basin	  turning	  into	  a	  subduc>on	  zone.	  	  



No	  Cenozoic	  examples	  of	  Passive	  margin	  ISI	  or	  SSI	  	  



Is	  the	  Wilson	  Cycle	  a	  geomyth?	  
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Polar	  Reversal	  ISI	  in	  the	  Solomon-‐Ontong	  
Java	  Plateau	  System	  (Miocene)	  

OJP	  is	  about	  the	  size	  of	  the	  con&nental	  US,	  with	  40	  km	  thick	  crust	  
	  

Collision	  
terminated	  
subduc&on	  on	  the	  
north	  side	  of	  the	  
Solomons	  (Vi&az	  
Trench)	  and	  
induced	  
forma&on	  of	  new	  
subduc&on	  zone	  
~12	  Ma	  on	  the	  
south	  side	  of	  the	  
Solomons.	  
	  



OJP-‐
Solomons	  
Collision	  
&	  Polarity	  
Reversal	  

Peaerson	  et	  al.,	  1999	  



Australia-‐
Pacific	  

transform	  
margin	  is	  the	  
best	  (only)

ac&ve	  example	  
of	  SI	  

Lebrun	  et	  al.,	  2000	  



Puysegur	  Region	  

Gurnis	  et	  al.	  White	  Paper	  

Lebrun	  et	  al.,	  2000	  

Subduc&on	  has	  reached	  deep	  enough	  to	  
generate	  an	  arc	  volcano	  (Solander)	  



What	  about	  the	  Biggest	  Collision	  of	  
them	  all?	  India-‐Asia	  

•  India	  collided	  with	  Asia,	  destroying	  the	  intervening	  subduc&on	  zone.	  

•  The	  Sherlock	  Holmes	  story	  "Silver	  Blaze"	  focuses	  on	  the	  disappearance	  of	  
a	  famous	  racehorse	  named	  Silver	  Blaze	  on	  the	  eve	  of	  an	  important	  race	  
and	  on	  the	  murder	  of	  its	  trainer.	  It	  hinges	  on	  the	  famed	  "curious	  incident	  
of	  the	  dog	  in	  the	  night-‐&me":	  
–  Detec&ve:	  "Is	  there	  any	  other	  point	  to	  which	  you	  would	  wish	  to	  draw	  my	  

aaen&on?"	  
–  Holmes:	  "To	  the	  curious	  incident	  of	  the	  dog	  in	  the	  night-‐&me.”	  
–  Detec&ve:	  "The	  dog	  did	  nothing	  in	  the	  night-‐&me."	  
–  Holmes:	  "That	  was	  the	  curious	  incident.”	  

Why	  didn’t	  the	  dog	  (a	  new	  
subduc&on	  zone)	  bark	  (form	  in	  the	  
Indian	  Ocean	  to	  the	  south	  of	  India)?	  



Deforma(on	  of	  oceanic	  
lithosphere	  in	  the	  central	  
Indian	  Ocean	  has	  been	  
occuring	  for	  a	  long	  (me	  

•  Light	  shading	  shows	  posi&on	  of	  
diffuse	  plate	  boundary	  separa&ng	  
Capricorn,	  Indian,	  and	  Australian	  
plates	  (Royer	  &	  Gordon,	  1997).	  
Darker	  shading	  shows	  extents	  of	  
long-‐wavelength	  folding	  at	  3	  &mes	  
(8.0-‐7.5	  Ma,	  5.0-‐4.0	  Ma	  and	  0.8	  
Ma).	  

•  But	  no	  sign	  of	  a	  new	  
subduc>on	  zone!	  

India	  

Diffuse	  
plate	  

boundary	  



Why	  no	  ISI	  south	  of	  India?	  

•  In	  spite	  of	  con&nued	  convergence	  of	  India	  and	  
Asia	  and	  8	  m.y.	  of	  deforma&on	  of	  the	  Indian	  
Ocean	  seafloor,	  no	  subduc&on	  zone	  has	  yet	  
formed.	  

•  Oceanic	  lithosphere	  may	  be	  too	  strong	  to	  
break	  (cold,	  olivine-‐dominated	  rheology).	  

•  Transference	  ISI	  is	  difficult;	  may	  have	  occurred	  
if	  fracture	  zones	  were	  oriented	  E-‐W	  instead	  of	  
N-‐S.	  
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What	  about	  Spontaneous	  Subduc&on	  Ini&a&on	  (SSI)?	  No	  
ac&ve	  examples.	  

Three-‐pronged	  approach	  needed	  

1)  Field	  studies	  of	  Cenozoic	  examples	  
-‐  Evidence	  is	  preserved	  in	  forearc	  crust	  

-‐  Naked	  (intraoceanic)	  forearcs	  are	  best	  for	  study	  
-‐  Expensive:	  need	  ships	  to	  dive	  and	  drill	  

2)  Use	  ophiolites	  
-‐  Cheap	  and	  easy	  to	  study	  but	  how	  to	  determine	  which	  

ophiolites	  form	  during	  subduc&on	  ini&a&on	  (SI)?	  
-‐  Use	  Ophiolite	  Rule	  to	  iden&fy	  SI	  ophiolites:	  First	  SI	  lavas	  are	  

tholeii>c	  with	  liHle	  subduc>on	  input	  but	  show	  more	  such	  
input	  with	  >me	  

3)  Geodynamic	  modeling	  
-‐  Develop	  quan&ta&ve	  and	  realis&c	  models	  to	  explain	  

observa&ons	  from	  forearcs	  and	  ophiolites.	  	  
	  



How to Make an Island Arc via SSI (IBM recipe) 
1  Generate broad arc substrate during subduction initiation/arc infancy stage. 
2.  Locus of magmatism moves away from the trench (Tr) during transition to 

true subduction and formation of mature arc. 
3.  Fix position of mature arc to allow crustal thickening, differentiation, 

anatexis, and delamination.	  



Arcs,	  like	  people,	  grow	  fastest	  when	  they	  are	  young	  

Stern	  &	  Scholl,	  in	  press	  



IBM	  forearc	  crust	  and	  most	  ophiolites	  have	  
similar	  magma&c	  evolu&on:	  Proceed	  from	  

MORB-‐like	  to	  arc-‐like	  with	  &me	  

Early	  MORB-‐like	  tholeiites,	  late	  arc-‐like	  basalts	  or	  boninites	  	  



Co	


To Understand 
Subduction 

Initiation, Study 
Forearc Crust. To 

Understand 
Forearc Crust, 

Study Ophiolites 	  
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Thanks	  to	  Ray	  Wells	  
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Explana&ons	  

•  Snavely	  et	  al.	  1968	  -‐	  Oceanic	  Affinity	  
–  Tholeii&c	  to	  alkalic	  submarine	  and	  subaerial	  flows	  	  

•  Morgan	  1978	  –	  Hotspot	  
–  Proposed	  link	  to	  Yellowstone	  Hotspot	  	  

•  Duncan	  1982	  –	  Age-‐Progressive	  Volcanism	  
–  Accreted	  ridge-‐centered	  hotspot	  

•  Wells	  et	  al.	  1984	  –	  Accreted	  Hotspot	  
	  -‐-‐	  	  	  	  Transform-‐Ridge-‐Hotspot	  interac&on	  

•  Thorkelson	  1996	  –	  Result	  of	  subduc&ng	  ridge	  	  
–  Slab	  window	  

•  Product	  of	  Subduc&on	  Ini&a&on?	  
	  

From	  Pyle	  et	  al.	  2009	  GSA	  abstracts	  



•  Conclusions:	  
– Lots	  of	  work	  to	  do	  to	  understand	  Subduc&on	  
Ini&a&on	  

– Different	  mechanisms	  are	  likely	  
– More	  work	  needed,	  but	  with	  beaer	  co-‐
ordina&on	  between	  geologists,	  geochemists,	  
geophysicists,	  and	  geodynamic	  modelers	  

– Focus	  site	  approach	  may	  work	  but	  “focus	  
problem”	  strategy	  should	  also	  be	  considered	  





Cascade	  Forearc	  =	  Siletzia	  

E-‐W	  velocity	  model	  of	  Oregon	  forearc	  crust.	  	  Contour	  interval	  is	  
0.5	  km/s.	  Open	  triangles	  =	  seismometers,	  filled	  triangles	  =	  	  
shots	  (Trehu	  et	  al.	  1994).	  	  



Thanks	  to	  Ray	  Wells	  
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Tomographic	  evidence	  for	  two	  slabs	  

Farallon	  plate	  subduc&on	   	  	  New	  subduc&on	  zone 	  	  
	   	   	   	   	   	   	   	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Schmand	  and	  Humphrey	  2011	  Geology	  



Accreted	  Hotspot	  hypothesis	  Pros	  and	  Cons	  

•  Few	  hotspots	  on	  Cenozoic	  E.	  Pacific	  seafloor	  
•  Why	  hotspot	  right	  at	  trench?	  Yellowstone	  
plume?	  

•  Sediments	  on	  top	  of	  Siletz	  River	  Volcanics	  
contain	  N.	  American	  detritus	  

•  Paleomag	  indicates	  forma&on	  at	  same	  la&tude	  
but	  70°	  rota&on	  	  

•  If	  it	  is	  accreted,	  requires	  Transference	  ISI	  to	  
generate	  present	  Cascadia	  subduc&on	  zone.	  
– Would	  be	  only	  such	  Cenozoic	  example	  



Resurrec&on	  plate	  hypothesis	  

(A)	  About	  56	  Ma.	  Plate	  mo&ons	  rela&ve	  to	  North	  America	  and	  orienta&ons	  of	  spreading-‐
center	  segments	  in	  purple	  are	  unconstrained	  by	  the	  oceanic	  magne&c	  anomalies.	  (B)	  About	  
47	  Ma.	  	  Kula-‐Pacific	  Ridge,	  shown	  in	  light	  purple,	  may	  have	  ceased	  spreading	  in	  this	  interval.	  
Hauessler	  et	  al	  2003	  GSA	  Bull.	  
	  



Resurrec&on	  plate	  pros	  and	  cons	  

•  PROS	  
•  Makes	  Siletzia	  part	  of	  North	  America	  
	  
•  CONS	  
•  Liale	  other	  evidence	  of	  Resurrec&on	  plate	  
•  No	  adakites	  (melts	  of	  hot,	  young	  slab)	  in	  
Siletzia	  volcanics	  



Slab	  Window	  

In	  Situ	  Tectonic	  Models	  

Rifted	  Margin	  

•  Each	  model	  implies	  close	  proximity	  to	  
arc	  and/or	  fore-‐arc	  volcanism	  

Pyle	  et	  al.	  2009	  GSA	  abstract	  



Crustal	  Thickness	  

Crescent	  Fm.	  
(Washington)	  

~	  20-‐35	  km	  

Siletz	  River	  Basalts	  
(Oregon)	  

~	  20-‐35	  km	  	  

Measured	  composite	  section	  

>16	  km	  
Babcock	  et	  al.	  (1992)	  
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Summary	  

•  Fits	  a	  LIP	  Model	  
–  size	  &	  dura&on	  

•  Mul&ple	  tectonic	  
components	  
–  hotspot	  &	  ri]ing	  

•  Mul&ple	  mantle	  
sources	  
–  moderate	  HIMU	  to	  C	  
– MORB?	  

•  Plume	  Head?	  
–  maybe	  /	  maybe	  not	  

•  Yellowstone	  Plume?	  
–  geochemically	  viable	  
–  	  track	  	  coincides	  

•  Needed	  Constraints:	  
–  more	  geochemical	  data	  	  

	   	  (trace	  element	  &	  isotopic)	  
–  more	  radiometric	  ages	  

	   	  (timing	  and	  duration)	  


