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Project Overview and Motivation 
 Given the burgeoning interest in the Cascadia margin from a variety of NSF-supported 

programs, and the growing public awareness of seismic and tsunami hazards in the U.S. and 
elsewhere, detailed information on the structure of the subduction margin off Washington State is 
critically needed.  In order to provide background data in support of the OBSIP North Array 
focus site, the OOI Endurance mooring line, a GeoPRISMS Discovery Corridor, and specifically 
a potential Open-Access 3D seismic survey on the Cascadia margin off Washington, we propose 
that NSF support the acquisition of several 2D seismic lines by R/V Langseth in summer 2012.  
This program, for only 8 days of on-site shiptime (plus 2 transit days), will provide (1) Nine 
modern 2D MCS lines across a portion of a US subduction margin with high hazard and of broad 
scientific interest,  (2) full assessment of targets accessible to the Langseth seismic system on the 
margin, (3) well-constrained site selection for the future 3D MCS box, (4) a timely “test run” of 
the open-participation, open-access model for Langseth projects, and (5) at-sea experience for 
about a dozen students and/or early-career scientists.   
	  
	  

	  
Figure	  1:	  	  Location	  of	  proposed	  2D	  lines	  (green)	  in	  the	  Grays	  Harbor	  region	  of	  the	  Cascadia	  margin	  off	  
Washington.	   	   Red	   box	   outlines	   the	   3D	   survey	   area	   proposed	   in	   February	   2011.	   	   Gray	   lines	   represent	  
existing	  industry	  survey	  data	  available	  through	  USGS.	  	  Yellow	  line	  is	  Orwell	  transect	  SO-‐10	  (Flueh	  et	  al.,	  
1998).	  	  Blue	  line	  represents	  the	  southern	  boundary	  of	  the	  Olympic	  Marine	  Sanctuary.	  	  Circles	  are	  near-‐
surface	  mud	  diapirs;	  triangles	  are	  methane	  plumes,	  and	  green	  square	  boxes	  are	  the	  OOI	  Endurance	  Line	  
mooring	  sites	  at	  50,	  80	  and	  500	  meter	  depths.	  	  Black	  solid	  contour	  is	  the	  deformation	  front	  of	  the	  CSZ.	  
	  
Rationale for a RAPID proposal 

 The work proposed here is of an urgent nature for several reasons.  First, planning for 
interdisciplinary work (through GeoPRISMS and EarthScope) on the Cascadia margin is at a 
critical stage, for which modern 2-D MCS data on the Washington margin is urgently needed.  
Second, a community-based initiative to acquire 3-D seismic data in this region is currently being 
delayed due to the lack of such regional 2-D data.  Finally, the sole research vessel capable of 
completing this work, the R/V Langseth, will be in the immediate vicinity in the summer of 2012 
for the Carbotte et al. cruise, but will not return to this area for another 2-3 years thereafter.  
	  
Background:  Why Cascadia? 

The Cascadia subduction zone hosts major geological hazards to the population centers of 
the northwestern U.S.  In the past several decades, it has become widely recognized that despite 
very limited and localized seismicity on the plate interface [Trehu et al., 2008; Williams et al., 
2011], the Cascadia subduction zone is subject to megathrust earthquakes (e.g., [Atwater, 1987, 
1996; Hyndman and Wang, 1995]).  Extensive paleoseismic work illuminates a 10,000 yr history 
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of quakes with an average recurrence rate of ~500 yrs for magnitude ~9 events that rupture the 
entire subduction zone from northern California to the Nootka fault off Vancouver Island (e.g. 
[Goldfinger et al., 2003; Hyndman et al., 2003] and references therein).  The last event occurred 
in 1700 based on a tsunami recorded in Japan (e.g., [Satake et al., 1996]). The paleoseismic 
record indicates smaller, more frequent events south of 45oN and rupture in the north only for the 
largest events [Goldfinger et al., 2003].  This along-margin variability is shown schematically in 
Figure 2.  Segmentation of the margin is also reflected in other parameters, such as along-strike 
length of forearc basins, with suggested event initiation near the edge and maximum slip in the 
center of basins [Llenos and McGuire, 2007; Song and Simons, 2003; Wells et al., 2003].  Recent 
results show that the latitude of 47°N, located in the middle of our proposed survey area, is a 
sharp boundary for intraslab seismicity and ETS behavior, suggesting a fundamental change in 
fluid flux associated with the CSZ and hydration of the overriding plate [Calkins et al., 2011]. 

 

 
 

Figure 2.  Schematic illustration of heterogeneity 
of slip regimes on a subduction plate boundary. 
The project will image the characteristics of slip 
within what geodetic, paleoseismic and geologic 
data suggest is a long locked patch of the 
megathrust seismogenic zone.  It will also 
provide images of how the deep megathrust 
develops from a frontal thrust that extends to just 
above basement in a region of landward verging 
folds.  Compared to the region imaged in 3D in 
Nankai as part of SEIZE (e.g. Moore et al. 
(2009); Bangs et al., 2009), and several 
Cascadia areas to the north and south, this 
segment of Cascadia represents the opposite end 
member for frontal thrust tectonics. 

The Cascadia subduction zone hosts diverse geological processes that are poised to produce 
breakthrough science if they can be imaged with modern seismic data.  The data collected on our 
proposed 2-D survey will provide essential data regarding the location and character of the poorly 
known plate boundary offshore Washington, the role of sediments and plate boundary roughness 
in controlling large earthquakes, strain partitioning in accretionary prisms, fluid budgets and 
dewatering of forearcs, potential geohazards (earthquakes and tsunamis) from splay faults, plate 
boundary conditions up-dip of a zone of ETS, and geological controls on methane hydrates and 
an extensive methane venting system that hosts unusual seafloor and water-column ecosystems. 

In addition, the Cascadia margin is the focus of an impressive array of new scientific 
initiatives and infrastructure investment. These include Earthscope, the Plate Boundary 
Observatory (PBO), the Ocean Observatories Initiative (OOI) and NEPTUNE/CANADA cable 
observatories, GeoPRISMS (MARGINS successor), the Cascadia Initiative of ocean-bottom 
seismometers (OBSIP) and extensive onshore seismometers and geodetic stations, and the 
SeaJade OBS program to the north.  GeoPRISMS has selected Cascadia as a focus site, and the 
Cascadia Initiative plan includes a concentration of instruments designed to coincide with our 3-
D corridor (Fig. 3).  The CAFÉ transect of portable seismometer deployments onshore [Abers et 
al., 2009] lies directly onshore from our proposed 2-D MCS corridor (Fig. 3), and the OOI Grays 
Harbor Endurance mooring array lies within our 2-D survey area and will be immediately 
adjacent to our proposed 3-D survey (Fig. 1). Open-access 2-D – and ultimately, 3-D – images of 
the subduction zone offshore will complement and leverage those investments and efforts, and 
provide insight into the critical processes in the marine environment that cannot be obtained with 
any other method.  Timing of the proposed survey in 2012 is critical, since these complimentary 
programs are presently underway, and scheduling pressures will move the R/V Langseth out of 
reach of the Cascadia margin for the near future. 
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Offshore Grays Harbor, WA, offers high scientific return, due to close association with other 
facilities and studies.  (1) This area is in the central part of a large segment that only ruptures in 
very large earthquakes.  (2) This segment to be surveyed is directly offshore of Seattle, the largest 
population center on the Cascadia subduction zone.  The Grays Harbor region is as close to 
Seattle as offshore seismics can be conducted, which must avoid the Olympic Marine Sanctuary.  
(3) The large forearc basin centered in the Grays Canyon area enables hypothesis-testing 
regarding the relationship of sedimentary basins to large-slip events.  (4) This region is at extreme 
risk from tsunami [Satake and Atwater, 2007], but the tsunami-generating megathrust and splay 
faults on the shelf and slope are poorly mapped. (5) Our 2-D images will identify the location of 
the plate boundary, which is currently poorly known but essential for accurate geodetic and 
thermal modeling that define the locked-rupture zone. (6) This survey will examine changes in 
the reflection character of the subduction thrust associated with the locked-rupture zone. (7) The 
survey will link to recent onshore broadband experiments [Abers et al., 2009] and planned OBS 
deployments; together, these data will provide unprecedented views of the entire subduction 
system, from deformation zone, through the trench to the volcanic arc.  (8) This area is a high 
priority for eventual 3D seismic imaging, and backbone 2D transects are essential to optimally 
site a 3D survey. 

 

 
 

Figure 3. Detail of the Cascadia North Focused 
Array (white triangles; deployment in 2011 and 
2013), OBS deployments planned to coincide 
spatially with our proposed 2-D survey in 2012 
(from Cascadia Initiative workshop report).  
Onshore and offshore instruments denoted by 
red triangles will operate simultaneously with 
the Focused Array.  Black triangles onshore 
show stations from the CAFÉ project (Abers et 
al., 2009).  

Scientific Objectives 
The survey will provide unique insights into many important geological processes in 

subduction zones; here we do not provide an exhaustive list because of space limitations but 
summarize several of the outstanding objectives.  
 
Where is the offshore plate boundary in the Cascadia subduction zone? 

Virtually every important question regarding subduction processes, earthquake nucleation 
and hazards in the Cascadia subduction zone requires knowledge of the location of the plate 
boundary.  Due to low background seismicity, however, the plate boundary in our study area is 
poorly located.  Modern seismic reflection data will provide images of the plate boundary, 
traceable from the downgoing plate in the trench, and will enable new fundamental hypotheses 
regarding plate asperities/roughness and the role of sediments and fluids to be addressed.  
Downdip variations in character of subduction thrust associated with seismic rupture 

The location of the seismic rupture zone on the subduction thrust is a critical factor in 
earthquake hazard for great earthquakes.  An important potential definition of the seismogenic 
zone is through changes in the character of the subduction thrust reflection from aseismic creep 
near the deformation front, to the locked zone that ruptures in great earthquakes, to the aseismic 
deeper zone (e.g., Nedimovic, 2003; Bangs, 2004). Our proposed survey has the potential to 
identify the critically-important transitions in plate boundary reflectance in the Cascadia 
subduction system that is located near a major urban center. 
Character of the subduction interface 



	  

	   C-‐4	  

Our data will address key questions regarding the subduction channel, including: Is sediment 
subducted between the upper and lower plates at all sediment-rich margins? What effect do these 
sediments, if subducted, have on the properties of the plate interface? At what depth does 
dewatering of the sediment create a zone of fluid pressure at the plate boundary? What variability 
exists in the thickness of the subducted sediment channel along the margin, and what effect does 
this have on seismogenic margin segmentation?   
Quantification of pore fluid pressure, fluid budgets, and upstream inputs to the ETS zone. 

Fluids have a strong impact on seismic velocities [Yuan et al., 1994] and reflection character 
on the plate interface and can be identified and interpreted from variations in those properties 
(e.g., [Bell et al., 2010; Ranero et al., 2008]).  Sediments along the Cascadia margin likely 
contain high volumes of fluid, as rapid deposition from Pleistocene glaciation would have trapped 
fluid near and outboard of the trench before it could escape.  Cascadia is also a primary study site 
for the phenomenon of episodic tremor and slip (ETS), which is hypothesized to be related to 
fluid-rich, overpressured zones on the plate boundary [Calkins et al., 2011; Ito and Obara, 2006]. 
By constraining the amount of sediment being subducted, it should be possible to estimate the 
amount and distribution of water flux into and escaping from the "subduction conveyor" along 
this segment of the margin.  
Geological controls on methane distribution in an accretionary margin. 

Our survey will image the geological controls on an actively venting methane system, 
including the source, migration pathways, and controls on venting.  Archive industry seismic 
profiles show numerous direct indicators of gas in the area (bright spots, flat spots, BSRs), as well 
as features that may contribute to gas migration and concentration, including listric normal faults, 
mud diapirs, and turbiditic channels.  Our data will address the following issues:  Are the sources 
of methane gas on the shelf and slope linked or are they distinct systems? How are methane vents 
on the margin controlled by structural elements, such as faulting, or stratigraphic architecture? 

 
Proposed Data Acquisition  

 We propose a short (8 days on site plus 2 days transit) cruise aboard Langseth to acquire 
a coherent series of 2D seismic lines on the Washington margin.  Due to the open-participation 
imperative (which means numerous students will be able  to participate  on board), plus the 
logistics of the Carbotte cruise (which involves two ships and won’t have the streamer out during 
its final portion), we are requesting that this short survey be conducted as a separate short cruise 
immediately following the scheduled Carbotte cruise.  We will acquire nine 110-km-long lines, 
spaced 8 km apart (Fig. 1).  These lines will characterize a 64-km-wide section of the Cascadia 
margin and allow optimal siting of the 3D survey box, which would represent a substantial 
investment by NSF.   We will use the full, 36-gun array, towed at 10 m depth, and a single, 8-km-
long streamer, to optimize imaging at depth. 

 
Broader Impacts 
Open-Participation, Open-Access Model 

 If modest funding can be obtained for this effort, via a RAPID grant, we will invite 
approximately a dozen students and early-career scientists, via an open application process, 
aboard the Langseth to gain experience in seismic acquisition and processing.  For very modest 
costs (two weeks’ salary for each PI, plus cost of travel to/from the ship), this project could 
provide a “dry run” of the open-participation model for Langseth cruises, which NSF has 
supported through its sponsorship of the seismic community workshop at Incline Village, 
Nevada, in the spring of 2010 (http://www.steveholbrook.com/mlsoc/workshop_report.pdf). 

 We will follow an Open-Access model for these “site survey” data.  The raw data and 
cruise report will be advertised and made available online immediately after the cruise for public 
use without restriction.  We anticipate making these announcements in the GeoPRISMS, 
RIDGE, and UNOLS newsletters and with a short article in Eos.  Our PI group will process the 
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2D lines at no cost quickly after the cruise, for the purpose of identifying targets and for siting the 
3D box, in preparation for submission of an open-access, 3D acquisition proposal in August 2012 
or February 2013.  Processed seismic lines and other shipboard geophysical data will also be 
freely available to the community, again without restriction.  We will particularly encourage the 
rapid and timely use of the data by PIs of proposals for other programs, including GeoPRISMS. 
 
Results of Prior Support 
Holbrook: OCE-0648620, Quantitative Estimates of Oceanic Turbulence and Temperature 
Structure from Seismic Reflection Data, W.S. Holbrook and R.W. Schmitt (WHOI), co-PI’s, 
NSF-PO, 07/01/07-06/30/10, $633,842 ($403,799 to UWyo).  This grant supported development 
of new techniques in “seismic oceanography,” the use of seismic reflection data to image 
thermohaline fine-structure within the ocean, including new ways of estimating ocean 
temperature and turbulence.  To date this work has produced five publications [Blacic and 
Holbrook, 2010; Fer et al., 2010; Fortin and Holbrook, 2009; Holbrook et al., 2009; Wood et al., 
2008], with several more in preparation, and numerous conference presentations.  
 
G.M. Kent, A.J. Harding and S.C. Singh, PIs: OCE-9633774, $997,428, 3/1/97-2/28/00, The 
anatomy of a ridge-axis discontinuity (ARAD) 3D seismic experiment; OCE-9911802, $294,297, 
4/01/2000-3/31/03, Amplitude Variation with Offset Studies and Pre-stack Imaging of the ARAD 
3D Reflectivity Volume.  This 3D seismic experiment was conducted aboard Ewing in 1997 over 
the 9°03’N overlapping spreading center (OSC) along the EPR.  Key results included: (1) the first 
3D reflection survey of a mid-ocean spreading center, and (2) a coincident 3D crustal tomography 
experiment.   The observed distribution of crustal magma accumulations beneath this overlapper 
appears to be inconsistent with either a simple, broadly symmetrical structure for the OSC, or 
with models which depict the limbs of the OSC as attenuated ends of magmatic systems fed 
largely by horizontal flow of melt from distant sources [Kent et al., 2000].  To date, eight journal 
articles have been written describing results from the ARAD 3D dataset [Bazin et al., 2001; G 
Kent et al., 1998; G M Kent et al., 2000; Singh et al., 1999; Singh et al., 2006; Tong et al., 2004; 
Tong et al., 2005; Tong et al., 2002; Tong et al., 2003]. 

 
Trehu: OCE050402 Monitoring seismicity associated with a possible asperity on the Cascadia 
megathrust (07/01/06-12/31/10, $308,906) Results to date include: 1) confirmation that seismicity 
in a persistently active cluster on the margin is located on the plate boundary near the downdip 
edge of the nominally locked zone; 2) better localization of seismic tremor in this segment of 
Cascadia; 3) a “2.5D” velocity model of the continental shelf and Coast Range that shows lateral 
velocity variations within and beneath the Siletz terrane; and 4) identification of tremor-like 
signals from the outer accretionary complex that may be related to dewatering of accreted 
sediments. To date, this project has resulted in 5 publications [Gomberg and Cascadia Working 
Group, 2010; Gomberg et al., 2008; Torres et al., 2009; Trehu et al., 2008; Williams et al., 2011], 
2 papers in preparation [Kannberg et al., 2011; Trehu et al., 2011] and presentations at national 
meetings by the PI and graduate students Williams and Kannberg. 

 
Johnson: OCE-0452565 Constraints on the Magnitude of Bottom Silica Source in Cascadia 
Basin (with S. L. Hautala and D. E. Hammond), 03/05 – 2010, $342,326. This program 
conducted an extensive 3-week Thompson field program in 2006 within Cascadia Basin to 
determine sources of the North Pacific Silica Plume. Primary results included (a) determination 
that actively venting seamounts in the Basin were inadequate silica sources, (b) the germanium 
isotope signature of plume fluid indicated a biological rather than hydrothermal source and (c) an 
additional source area of the dissolved silica was found to be located on the west flank of the Juan 
de Fuca Ridge, rather than completely within Cascadia Basin.   Publications include: [Esther et 
al., 2010; Hautala et al., 2005; Hautala et al., 2009; Johnson et al., 2006].  


