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Seafloor	
  Observa-ons:	
  	
  Outline	
  
1.  Why	
  do	
  we	
  need	
  observa-ons	
  from	
  the	
  oceans?	
  
2.  Current	
  state	
  of	
  observa-onal	
  capabili-es	
  

a)  Ocean-­‐boGom	
  seismographs	
  (OBS)	
  
b)  Seafloor	
  Geodesy	
  
c)  Marine	
  Electromagne-cs	
  

3.  Fron-er	
  Needs	
  and	
  Opportuni-es	
  
a)  Data	
  delivery	
  
b)  Instrument	
  improvement	
  
c)  Long-­‐term	
  observa-ons	
  

4.  Obstacles	
  	
  



Why	
  do	
  we	
  need	
  observa-ons	
  from	
  the	
  oceans?	
  
Explicitly	
  called	
  out	
  in	
  
•  7/10	
  Seismological	
  Grand	
  

Challenges	
  
•  3/7	
  Geode-c	
  Grand	
  Challenges	
  
•  2/8	
  Ocean	
  Science	
  Board	
  decadal	
  

priori-es	
  
•  (implicit	
  in	
  more)	
  

“Offshore”	
  comprises	
  71%	
  of	
  surface,	
  	
  
most	
  plate	
  boundaries,	
  all	
  
subduc-on	
  zones,	
  great	
  majority	
  of	
  
earthquakes	
  and	
  volcanism	
  

	
  
The	
  shoreline	
  does	
  not	
  define	
  our	
  

science.	
  	
  It	
  should	
  not	
  limit	
  our	
  
facili-es.	
  

Courtesy	
  Chen	
  Ji	
  



Current	
  OBS	
  Capabili0es	
  
160	
  broadband	
  systems	
  (standard	
  pool	
  plus	
  Cascadia	
  ARRA	
  instruments)	
  

	
  ~1	
  year	
  dura-on	
  at	
  sample	
  rates	
  up	
  to	
  ~100	
  Hz	
  
	
  deployment	
  depths:	
  1000-­‐6000	
  meters	
  (free-­‐fall,	
  self	
  buoyancy)	
  –	
  140	
  systems	
  
	
   	
   	
   	
   	
  	
  	
  	
  0-­‐1000	
  m	
  (wireline,	
  pop-­‐up	
  buoy	
  or	
  ROV)	
  –	
  20	
  systems	
  
	
  broadband	
  sensor	
  plus	
  DPG/APG	
  

	
  
93	
  short-­‐period	
  systems	
  (all	
  in	
  standard	
  pool)	
  

	
  ac-ve-­‐source	
  deployments	
  of	
  a	
  few	
  months,	
  sample	
  rates	
  up	
  to	
  250	
  hz	
  
	
  also	
  used	
  as	
  short-­‐period	
  passive	
  deployments	
  for	
  up	
  to	
  ~8	
  months	
  
	
  deployment	
  depths	
  0-­‐5x00	
  m	
  

	
  
Maintained	
  and	
  operated	
  by	
  dedicated	
  technical	
  staff	
  (~10	
  FTE	
  total)	
  	
  
	
  
Funded	
  out	
  of	
  OCE-­‐MGG	
  (core)	
  by	
  coopera-ve	
  agreement	
  with	
  IRIS	
  as	
  lead	
  and	
  LDEO,	
  SIO,	
  
and	
  WHOI	
  as	
  subcontractors	
  
	
  



OBSIP	
  success	
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Recent	
  and	
  ongoing	
  Enhancements	
  
•  Trawler	
  resistance	
  

– Deploy	
  <	
  1000	
  m	
  depth	
  

•  Shielding	
  
– Reduce	
  current-­‐induced	
  
-lt	
  on	
  horizontals	
  

•  Non-­‐glass	
  flota-on	
  
– Deploy	
  >	
  5000	
  m	
  

•  Chip-­‐scale	
  atomic	
  clocks	
  
– Negligible	
  drip	
  



Seafloor	
  Geode-c	
  Techniques	
  
Ver-cal	
  Deforma-on	
  
•  BoGom	
  Pressure	
  Recorders	
  (BPRs	
  or	
  APGs)	
  

–  Con-nuous,	
  easy	
  to	
  deploy,	
  but	
  drip	
  
•  Mobile	
  Pressure	
  Recorders	
  (MPRs)	
  

–  More	
  precise,	
  but	
  campaign	
  w/ROV	
  
•  Tilt	
  sensors	
  
•  Self	
  Calibra-ng	
  Pressure	
  Recorders	
  (SCPRs)	
  
•  Repeat	
  high-­‐res	
  AUV	
  Bathymetry	
  
•  Borehole	
  Pressure	
  and	
  Tilt	
  

Horizontal	
  Deforma-on	
  
•  Horizontal	
  Acous-c	
  Ranging	
  
•  GPS-­‐Acous-c	
  
•  Fiber	
  Op-c	
  Seafloor	
  Strainmeter	
  (FOSS)	
  
	
  



Acous-c	
  Ranging	
  Systems	
  for	
  Seafloor	
  Geodesy	
  

Chadwell,	
  et	
  al,	
  1999,	
  Chadwick	
  et	
  al,	
  	
  1999,	
  McGuire	
  and	
  Collins,	
  2013	
   Spiess	
  and	
  Chadwell	
  

Burgmann	
  and	
  Chadwell,	
  2014	
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Burgmann	
  and	
  Chadwell,	
  2014	
  

Spanning	
  the	
  deforma-on	
  spectrum	
  

Horizontal	
   Ver-cal	
  



Marine	
  Electromagne-cs	
  

WHOI	
  LP	
  Receiver	
  



Marine	
  Electromagne-cs	
  
CESM	
   MT	
  

• Excep-onal	
  sensi-vity	
  to	
  fluids	
  –	
  
hydra-on,	
  par-al	
  mel-ng	
  
• Anisotropic	
  –	
  spa-al	
  distribu-on	
  of	
  
heterogeneity,	
  rock	
  fabric	
  
• Resolu-on	
  analogous	
  to	
  ac-ve/passive	
  
seismic	
  
• Highly	
  complementary	
  with	
  seismic	
  
constraints	
  for	
  resolving	
  tradeoffs	
  

Naif	
  et	
  al.	
  

Naif	
  et	
  al,	
  Nature,	
  	
  2013	
  



Fron-er	
  Challenges	
  and	
  Opportuni-es	
  

SIO	
  ADOSS	
  Waveglider	
  

LDEO	
  OBS	
  with	
  Japanese	
  magnetometer	
  

•  Remote	
  data	
  delivery	
  
–  Episodic	
  (AUV)	
  
–  Quasi-­‐real-­‐-me	
  (cable,	
  buoy,	
  waveglider)	
  

•  Improve	
  instrument	
  performance	
  to	
  onshore	
  
levels	
  
–  Reduce	
  horizontal	
  noise	
  on	
  seismometers	
  
–  Improve	
  ver-cal	
  and	
  horizontal	
  geode-c	
  precision	
  

•  Mul--­‐sensor	
  mini-­‐observatories	
  
–  Seismic	
  and	
  geode-c-­‐quality	
  pressure	
  
–  Seismic	
  and	
  EM	
  
–  Capitalize	
  on	
  logis-cs	
  investment	
  
–  Capitalize	
  on	
  data-­‐delivery	
  investment	
  

•  Long-­‐term	
  observatories	
  
–  Capitalize	
  on	
  logis-cs	
  

•  Interna-onal	
  Collabora-on	
  
-  Pacific	
  Array,	
  SZO	
  



Obstacles 

The R/V Marcus G. Langseth
Recommended that NSF consider taking 
out of service	
  

• Working	
  in	
  the	
  oceans	
  is	
  expensive	
  
• Facili-es	
  operated	
  by	
  OCE	
  
• Solid	
  Earth	
  Science	
  is	
  a	
  minor	
  frac-on	
  of	
  OCE	
  
Science	
  Priori-es	
  

OBS	
  fleet	
  “low	
  relevance”	
  
for	
  OCE	
  science	
  

Conclusions	
  of	
  the	
  Na-onal	
  Science	
  Board	
  Decadal	
  Survey	
  of	
  Ocean	
  Sciences:	
  	
  



Obstacles 
Conclusions	
  of	
  the	
  Na-onal	
  Science	
  Board	
  Decadal	
  Survey	
  of	
  Ocean	
  Sciences:	
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BBOBS	
  Data	
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BHZ	
  


PSD


DPG	
  




²  “Campaign-style” 
survey using an 
ROV – analogous to 
leveling surveys on 
land.


²  Measure water 
pressure on top of 
permanent concrete 
benchmarks.


²  Repeat every 1-3 
years.


MPRs 

Nooner,	
  Chadwick,	
  Zumberge	
  



²  Repeatedly visit 
benchmarks during a 
2-3 day dive (typically). 


²  Scatter of repeats 
gives data uncertainty 
-- typically <1 cm.


²  Don’t capture 
episodic events.


MPRs 

Nooner,	
  Chadwick,	
  Zumberge	
  



Recent	
  Direct	
  Path	
  Acous-c	
  Ranging	
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~1	
  mm/yr	
  interseismic	
  strain	
  signals	
  are	
  	
  
detectable	
  over	
  1-­‐5	
  km	
  baselines.	
  	
  	
  

McGuire	
  and	
  Collins,	
  G-­‐cubed,	
  	
  2013	
  

2	
  cm	
  

Discovery	
  Transform	
  Fault,	
  EPR	
  


