SCEC Workshop Report

Workshop on Geological and Geomorphological Linkages between SCEC and Earthscope Science in Southern California

Or

Integrative studies of major fault systems and their containing crustal and lithospheric volumes

When: Wednesday, September 22, and Thursday, September 23; with a field trip on Friday, September 24, 2004

Where: SCEC Annual Meeting in Palm Springs, CA

Organized by: Ramón Arrowsmith, Department of Geological Sciences, Arizona State University
Overview

Originally planned as a workshop focusing on how SCEC and its community could be involved as logistical planner and coordinator as well as scientific catalyst with Earthscope, the focus of this SCEC workshop changed (with interest of the organizer, participants, speakers, and opportunity) to emphasize three main topics:

1) Integrated studies of fault zones

2) LiDAR and other high resolution imaging of fault systems

3) Information Technology: enabling infrastructure

Appendix A presents the final agenda for the workshop.  The 1.5 day event followed the 2004 SCEC Annual Meeting. Registered participants are listed in Appendix B, but actual participation was much lower, especially on day two.  The workshop ended with a ¾ day field trip along the San Jacinto Fault led by Tom Rockwell (SDSU) that covered regional neotectonics, fault zone rocks and structure and a discussion on the record of rupture directivity, and paleoseismology progress at the Hog Lake site.
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Presentation and Discussion Summaries

Integrated studies of fault zones

Presentations

Before the three talks that kicked off the workshop, Ray Weldon from the University of Oregon addressed the group and talked briefly about the initiative he is spearheading to organize and focus the paleoseismological community on the San Andreas Fault (SAF).  He noted that LiDAR and other high resolution imaging data are essential for that effort, yet need coordination.  Another important area of necessary coordination is the geochronology component of GeoEarthscope which might be directed at least partially at the SAF.

Yehuda Ben Zion (USC) started the official presentations with a talk on Linking high quality in-situ geological and seismological data from the San Jacinto Fault with theoretical analyses.  He emphasized the importance of data and model integration necessary to develop a physics-based understanding of the behavior of faults.  Given that fault zones appear to have three stages of development (initial deformation, localization, and progressive evolution towards well-developed damage zones and material interfaces), relevant observations must be made.  Integration of the various data may be guided by the developmental stage of the fault zone.  Immature faults are characterized by distributed deformation, high stress, low mechanical efficency, high aftershock production, crack-like rupture with low rupture velocity, high aftershock production, and power-law frequency for event statistics.  Mature faults have localized deformation, low stress, pulse-like rupture with high rupture velocity, low aftershock production, and a characteristic earthquake distribution with quasi-periodic recurrence of large events. Ben-Zion and colleagues have proposed to address these issues along the San Jacinto Fault (SJF). Major research questions include: 1) How are fault zone properties at the surface correlated with properties at depth? 2) How do the structures related to earthquake properties? 3) What are the properties of the crust around the SJF? 4) What is a way to integrate theoretically? The observations the propose to make include detailed geological mapping, paleoseismology, fault rock characterization, and high resolution seismometry.  The theoretical effort for integration will use an upper crust with a damage rheology overlying a viscoelastic lower crust and mantle.  The major effort is to characterize and model the fault zone evolution over timescales varying from a single event to 10s to 100s meters of slip for maturity of a fault zone to longer time scale geometric evolution.

Mousumi Roy (UNM) changed scales significantly and asked the group to think long term and large spatial scale.  She posited that geodynamic models of the lithosphere are the connection to the long-term tectonic history (and thus indicate the importance of geology in defining that history). The Plate Boundary Observatory (PBO) provides a snapshot of the present-day surface flow pattern, while USARRAY gives a view of the present-day lithospheric architecture.  These data should be merged into a geodynamic picture of the region.  Sources of Western US mantle fabric are ancient lithospheric fabric, simple shear motion of the lithosphere over the asthenosphere, fabric due to tectonic deformation, and buoyancy driven fabric.  We need to understand what the integrated finite strain (esp. in the lower crust) over the last 5-10 My has been.  Major issues/unknowns that she highlighted included: the degree of crust-mantle coupling, strength of the lower crust, mantle buoyancy, small scale convection in sublithospheric mantle.  Geology and geomorphology can help.  

Andreas Plesch (Harvard), then presented an overview of the Community Fault Model (CFM; http://structure.harvard.edu/cfm/), the Community Block Model (CBM), and the Community Velocity Model (CVM).  Much of his presentation was similar to that of John Shaw (Harvard) during the main SCEC meeting.  He outlined the process of development of the fault surfaces and alternatives by interpolation and extrapolation, as well as the incorporation of community-based consensus on the structures.  He compared the CFM fault attributes with those from other databases.  The CBM comes from a combination of the CFM, the CVM and other manipulations.  He pointed out that material and rheological issues are handled by the meshing process, but this is a big challenge.  Lessons that have been learned during this process include: 1) Building such a big model is really a community effort, 2) Resources needed scales roughly with the number of faults, 3) Include alternative representations, 4) Seek quantitative input from experts, 5) Expect to understand a variety of interpretation, 6) Community is responsive when actively engaged, and 7) “release early, often.” Other questions and issues that he raised are: 1) To what degree is it complete? 2) When is enough enough? Not worried about the small faults (moment issue—don’t care about 2 m-long faults). 3)  Not easily portable: process of model building requires and expert operator and lots of effort is in digitizing. 4) Build it as you go.

The final two talks of Wednesday were given by Ramon Arrowsmith (ASU; he stepped in for Bill Ellsworth of the USGS on the San Andreas Fault Observatory at Depth—SAFOD—Update).  SAFOD (http://www.earthscope.org/safod/index.shtml)  represents a component of Earthscope that will test fundamental theories of earthquake mechanics by 1) determining the structure and composition of the fault zone; 2) measuring in situ stress, permeability, and pore pressure; and 3) determining frictional behavior, physical properties, and chemical processes controlling faulting through laboratory analysis of fault rocks and fluids.  SAFOD will establish a long term observatory in the fault zone characterizing the 3-D volume of crust containing the fault, monitoring strain, pore pressure and temperature during the cycle of repeating micro earthquakes, and observe earthquake nucleation and rupture processes in the near field. Ellsworth’s talk gave an update on the status of drilling and downhole activities at SAFOD. Two special issues of GRL present results from SAFOD site characterization and from the Pilot Hole (GRL SPECIAL ISSUE: PREPARING FOR THE SAN ANDREAS FAULT OBSERVATORY AT DEPTH: PART 1:   EARTHQUAKES AND CRUSTAL STRUCTURE, Vol. 31, No 12, 2004 (10 papers) and PART 2:   THERMOMECHANICAL SETTING, PHYSICAL PROPERTIES AND MINERALOGY, Vol. 31, No. 15, 2004 (10 papers)).  The final discussion topic was on refining the geological model based on drilling results which encountered sedimentary rocks where the model had anticipated granitic basement. Arrowsmith then followed with a talk on Integrated studies of the SAF zone at Parkfield, presenting results of work from the ASU team. The main research questions are: 1) How does the spectacular landscape of the San Andreas Rift Zone (and other major strike-slip faults) such as that observed along the Parkfield segment develop? 2) What are the structure and relative motions of the blocks that comprise the upper several km of the fault zone? 3) What are the material properties (as indicated by their geologic descriptions and histories) of the blocks and faults within the upper several km of the fault zone? 4) Can we further constrain the earthquake history to determine the recurrence of creep and moderate and large earthquakes?  To answer these questions, he summarized the results of 1:6,000 geological mapping of Middle Mountain between the town of Parkfield and SAFOD, earthquake geology investigations along the SAF at Parkfield, and a prototype visualization system for data integration at Parkfield.
Discussion 

compiled by Julia Morgan and Michele Cooke

Questions to motivate discussion:

1) What do we learn from integrated characterizations of fault zones and their containing volumes?

2) How can we highlight the important contributions from geologic/geomorphic mapping of active fault zones and other structures?

3) What data and tools (complementary to those available within SCEC/Earthscope) do we need to do this research better?

Scientific Questions and Ideas:

(1) Direction of rupture propagation, nucleation, earthquake location – requires careful field observations work (earthquake physics).  Document distribution and types of structures adjacent to fault zones, e.g., block under tension will show higher degree of microfracturing, e.g., Cowie and Scholz, etc. Other factors include rheology, physical properties, depth of burial and uplift. 

(2) Geometric evolution versus fault zone structure and fabric evolution (10x spatial scale difference?)
(3) Soil deformation – quantify radiated seismic energy?.  Soft sediment deformation poorly understood…. How to contrast with bedrock deformation.  What evidence is there in the fabrics for deformation style, magnitude?  So many trenches, can’t we look at them and learn about the faulting processes? Textural changes, microfabrics, evidence for compaction through changes in porosity, evidence for shear.  Relative fabric development for each layer to see if there are differences. Hard to do!

(4) Depth of deformation – much of it occurs at several km depth, but only able to look at shallow section.  What happens to width of shear zone with depth, type and orientations of master and subsidiary structures, including fault damage (1-2 km width), leads to locally low velocities, associated variations in properties and fabrics.

(5) Space and time.  Examine multiple regions in order to build composite fault zone cross-section. Can you develop one comprehensive model? 

(6) Geomorphic evidence/evolution of fault history – recorded in distributed and localized deformation and folding.

(7) Ability to map entire history along active faults, from early stages of deformation to incipient pull-apart basins and low-relief folds.

(8) How to correlate small- and large scale in geologic and geomorphic record.

(9) Coulomb wedge – might have some effect on fault orientations (i.e., stresses), mostly influence shallow depths – very local effects. I think, was pointing out that Coulomb “buttress” may be carried away by fault slip, changing influence on local fault zone?

(10) Note how abundant geomorphic features are in CA (and how well preserved) compared to other active tectonic settings – perfect locale to conduct such a comparative study.

(11) Model and validate landform evolution correlated with characteristic earthquakes – provides test of hypotheses.  For example, different consequences of uniform vs. varying slip rates between events. Is there a distinct landform signature?  Use modeling to help guide observations. Need many measurements, so as not to miss small slip events.  For example, LiDAR provides better statistics. (i.e.,  start with model, and test with LiDAR data).  Determine which parameters to which the model is most sensitive.

(12) Geology and geomorphology provides a ~10,000 yr time frame within which to fit PBO snapshot generated by EarthScope.  Analogous to paleoseismologic transects then correlated with geomorphic features.  “Ask not what Earthscope can do you for you.  Ask what you can do for Earthscope.”  Use geologic and geomorphic observations to establish context and baseline within which to interpret PBO data.

(13) Conversely, ES can do something for geology – often assume dynamic equilibrium – but is this true, over both long and short term.  Can we test this by conducting repeat surveys, e.g., with LiDAR and other methods (50-100 yrs).  Must establish a program that would be maintained over VERY long time frame.

(14) Inverse modeling of landform evolution?  Forward modeling is straightforward, although how advanced.  But can boundary conditions for local area, (e.g., rainfall, past configuration) be used to “uniquely” determine sequence and number of slip events along a fault? Idea has been implemented in Basin and Range – diffusion modeling (little variation in climate factors).  I think “iterative” forward modeling to reconstruct progressive fault scarp exposure.  Versus a grid search. Non unique, but we need good case studies. 
(15) Need to do site-specific studies – systems are not orderly, but more likely chaotic (e.g., gully recapture, so cannot distinguish past history of pre-existing gully).  Better to do long offset studies.  Look for evidence for chaotic vs. clustered fault slip behavior – important question that can be resolved by geomorphology

(16) Use geomorphology to determine large-scale forces acting on lithosphere (both horizontal and vertical).  For example, “mantle drip” and “decollement” in lower crust.  Are these geomorphologically resolvable?  For example, can we “filter” out short wavelength features to ascertain long-wavelength features?  Are these discernable through long-term changes in landscape evolution?  Can geomorphological signature be correlated or deconvolved from mantle anisotropy record? – Use dominant mantle flow directions (known), and calculate strain transients that tell us about rheology.  This requires a focus on regional architecture, not individual fault strands (1-2 Myr).

(17) Note, hard enough to work on individual faults – but important to keep larger picture in mind.  Eventually, can we filter out smaller (upper crustal) features?

Tools

(1) Geochronology – already a component of Earthscope, funds have been allocated.  Take advantage of opportunity to collect dates from everything possible. 

(2) Distributed deformation.  Need tools to document and distinguish between on- and off-fault displacement, e.g., constrain uplift rates between fault strands. 

(3) Block rotations poorly constrained, and probably introducing apparent slip along faults that does not contribute to large-scale plate motion.  Collect paleomagnetic data. Densely spaced GPS data on blocks can be used to distinguish block rotations vs. distributed shear. 

(4) GPR and other shallow geophysical techniques (shallow seismic methods, high resolution electrical-magnetic techniques) can be used to extrapolate outward from trench observations, to obtain 3D distribution of structures and deformation. 

(5) Gravity?  Heat flow? Constrain transients associated with frictional heating and earthquakes – but little past evidence it works.  Also complicated by cultural and groundwater influences.  Also problematic due to slow “propagation” (?) and dissipation of thermal anomalies. Need deep observations. 

(6) LiDAR, and more LiDAR.  Something about “tripod mounted” (Ground-based, even higher resolution than airborne—Note that Ray Weldon implied that this level of resolution might be necessary. 

(7) Note importance of coupling of processes across time scales – e.g., Quaternary geology and geomorphology, but induced by short term build-up and release of strain energy along faults = earthquakes.  Two fields commonly viewed as disparate, but here opportunity to bring together.  No matter what the geodesists/seismologists do, they won’t have the longer time scale.

(8) Modeling and the ability to integrate across scales and other interpretive capacities.
(9) Field work is obvious….

LiDAR and other high resolution imaging of fault systems

Presentations

We kicked off the second day with a presentation by Ken Hudnut (USGS) on Southern San Andreas fault Laser Scan, etc. - a Precursor to GeoEarthScope. This exciting talk motivated the need for high resolution topographic imaging of the SAF and other major faults of Southern California.  The data provide information about slip variation, tectonic geomorphology, and tectonic interpretations.  The data are to be gathered with sufficient absolute precision that they could be repeated after a great earthquake and the surface offsets determined.  Bevis and Hudnut have an NSF-funded project to image a major portion of the southern SAF with a nominal 1 km wide swath at better than one good point per square meter.  The data will be gathered in summer 2005 and be available to the community.  Its acquisition offers and important prototype for similar efforts to be done with GeoEarthscope.  Table 1 is a Fault Wish List for southern California that identifies major structures that should be imaged but are not targeted for this first round.  Discussion during and after the talk highlighted a number of issues: 1) these data are of great interest to a number of communities and so SCEC should take the lead in coordination and possibly in fund raising to cover the other target imaging (e.g., Table 1), 2) swath width may need to be larger in some cases, 3) it would be good to gather some data of active folds in the region, 4) what about Mexico?  Dr. Hudnut subsequently pointed out an important data source for similar but slightly lower resolution data: http://ekman.csc.noaa.gov/socal_ifsar_2002/viewer.htm (Interferometric Synthetic Aperture Radar data).

The second talk showed off some of the exciting LiDAR data from The Death Valley area.  Kurt Frankl (USC) presented some of the preliminary work he had done for motivating the LiDAR acquisition he and James Dolan (USC) proposed for the region from both technical and research standpoints (Constancy of Seismic Strain Release, Fault Slip Rates, and Landscape Evolution in the Death Valley Region).  

Ramon Arrowsmith followed with a presentation coauthored with George Hilley (Stanford) in which they argued for the value of LiDAR in the documentation of important landforms and in the refinement of an already impressive characterization of surficial process response to progressive uplift and offset of a pressure ridge along the SAF (Tectonic geomorphology along the south-central San Andreas Fault: documentation of landforms and characterization of surficial processes).  The second part of the talk used a digital elevation data set calculated by soft copy photogrammetry from stereo aerial photography at about 3 m to quantify the geomorphic responses to uplift and offset in relatively uniform moderately consolidated rock units. 

Katherine Kendrick (USGS) ended the session with a presentation of High Resolution imaging of the Southern SAF.  These data are aerial photography gathered using the Applanix-Emerge Digital Sensor System (DSS).  From them, the team is able to produce digital elevation models with digital photogrammetry and have collocated orthophotography. Portions of the southern SAF in the area of San Bernardino were imaged in 2004.  The digital photography have 8-30 cm ground resolutions and are geometrically corrected to less than 1m absolute positions.  1 m DEMs were produced in places with great promise for (tectonic) geomorphologic applications. She also discussed recent results from tripod-mounted LiDAR. Some of the DSS data are available from an interactive website at: http://cortez.gps.caltech.edu/mapsurfer/mapsurfer/index.html.

Discussion 

compiled by Ramon Arrowsmith and Ken Hudnut

Questions to motivate discussion:

1) What are the promising applications of high resolution topographic and hyperspectral imaging for fault zone studies?

2) What are the difficulties and impediments to working with these data? 

3) What are the obvious major acquisition target areas/structures?

4) What tools are necessary to improve the handling and analysis of these data?

Tool improvements:

1) It would be nice to combine hyperspectral imaging with the LiDAR so that one could basically make a high resolution geologic map from one’s desk.

2) What if we had an aircraft—DC3 (?) (or collaboration with experimental aircraft people who might want to play) to start to further explore these data acquisition technologies and to begin to gather more data?

3) In GeoEarthscope, there was some discussion about possibly owning the plane…

4) Data handling including filtering, gridding, selecting, and delivering to end users remains a largely open area.  In addition, the issue of open access to the data and whether or not PIs would want to have some initial embargo was mentioned.  Relevant websites include:  

i. NOAA Coastal Services Topographic mapping for coastal change LiDAR data and tools: http://www.csc.noaa.gov/crs/tcm/missions.html 

ii. National Center for Airborne Laser Mapping (NSF-funded): http://www.ncalm.ufl.edu/.

iii. Institute for the Application of Geospatial Technology—home to data from (Geo)Earthscope (?) http://www.iagt.org/. 

Targeting additional fault zones

1) Note Table 1.

2) Deeper issues include actually imaging the topography of fault surfaces (mullions/corrugations), and other tectonic geomorphic targets that might not directly overly active fault or fold traces.

3) We left the workshop agreeing that everyone should write up a paragraph or so of justification for each of these so that it's like the PBO 'mini-proposals.  There seems to definitely be a role for SCEC here.

Table 1. Fault ‘wish list’ for LiDAR imaging. 

'
Cerro Prieto 
Agua Blanca 
Vallacitos 
Garlock 
Elsinore 
Sierra Madre - Cucamonga 
Punchbowl 
Imperial Valley 
San Pedro Martir 
Laguna Salada 
Panamint Valley 
Death Valley 
Furnace Creek 
Owens Valley 
White Mountain 
Parkfield area (wider swath near SAFOD) 
Long Valley caldera 
Lenwood (portions not yet scanned) 
Folds: Wheeler Ridge (again at higher resolution); Kettleman Hills, Lost Hills 
Marine Terraces: e.g., Santa Barbara down into Ventura Basin

Information Technology: enabling infrastructure

Presentations

The workshop ended with a series of presentations from two major earth science information technology efforts currently funded by the NSF:  the SCEC-Community Modeling Environment (SCEC-CME; http://www.scec.org/cme/; presentation by Philip Maechling, USC), and GEON (http://www.geongrid.org, with presentations from Dogan Seber and Ashraf Memon, both from San Diego Supercomputer Center--SDSC). The two groups are doing complementary work and more coordination can only better leverage their efforts. 


Maechling started off with a review of SCEC-CME.  It is focused on system level earthquake science in which many data and models must be integrated.  The goal is to develop a cyberinfrastructure that can support system-level earthquake science (i.e., the SCEC Collaboratory).  They have identified modular computational pathways that are steadily enhanced.  They work with community (and consensus) models in a distributed collaboration. Things that are working for that collaboration include careful document management (knowledge trees, frequent conference calls, email lists).  What has not worked well are forums, blogs, and video conferencing. They have not bought a lot of hardware, but rather have borrowed, leveraged, and connected.  They have concentrated on hosting community models and community codes.  Critical to their (and GEON’s) efforts are computational workflows that take the scientific and engineering processes and allow for system integration.  They have found that only rather limited tools are workflow capable in the short term.  With respect to visualization, their needs focus on large 4D datasets that need to be interactively viewed.  They want on-the-fly visualization.  


Seber next provided on overview of GEON.  GEON creates an IT infrastructure to enable interdisciplinary geoscience research—not a group of researchers, but the entire community will benefit. He highlighted the GEON efforts on workflow development.  As opposed to the computational pathways of SCEC-CME, GEON employs a “Pathways to Discovery” structure with the physical grid at the base, core grid services (Authentication, monitoring, scheduling, catalog, data transfer,  Replication, collection management, databases) managing interaction between higher level services (data registration, integration, indexing, workflow, and visualization and mapping) and the grid. The top level is the portal or myGEON where users ultimately will be able to discover, integrate, analyze, and publish their research.  Memon followed with a more detailed presentation of the (web) service-based architecture and GIS under development by GEON. Given GEON’s location at SDSC, numerous intersecting research projects are able to mutually leverage development.  GEON employs a distributed GRID infrastructure with each remote site running a point of presence with option cluster and data nodes.  Developers add services & portlets, scientists provide data and application to be hosted on GEON resources.  Memon ended with some live demos of GEON tools: GEONgrid portal, On-the-fly mapping (format conversion and mapping), and Dataset integration mapping.

Discussion 

compiled by Ramon Arrowsmith

General:

1) If one democratizes data and model access, is there a problem with misuse or just misunderstanding by novice users?

2) How to manage expectations for these projects: they are much higher than is likely to be delivered.  Need to get data and simple services registered.

3) In the future, we might move to a production mode in which we had a Community Scheduling Environment.
Areas of potential collaboration between SCEC-CME and GEON (needs a summit and timeline):

1) Workflow construction:  nascent collaborations are there among the IT people, but not yet among the geoscientists.

2) GIS (SCEC is weak there, but the community needs it)

3) Catalog of data and services (e.g., dynamic mapping of shapefiles by GEON). 

4) Visualization: LA3D/SCEC VIDEO spherical coordinate system with no fixed reference point is in Alpha stage; GEON is weak there, but is planning a visualization workshop for late February.

5) Unified Structural Representation for the greater Rockies: How do we build a model for it?  What are the difficulties? Should we simply extrude the USGS active faults data to depth?

6) Meta or higher level of organization: Computational Infrastructure for Geodynamics (CIG; http://www.geodynamics.org)--code; SCEC-CME—models; GEON—data.  There will be the real challenge and need in Earthscope.

7) Need to build SCEC and GEON tools: one registration system, bring services together within each other’s portals, need to have a more complete standard for sharing CFM, CVM, CBM such as OpenDAP (http://www.opendap.org/). 

8) Issue of open source:  companies have SCEC or GEON buy a site licenses, so then, how does the user community has access to that software?
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Appendix A: Agenda

for

Workshop on Geological and Geomorphological Linkages between SCEC and EarthScope Science in Southern California

Or

Integrative studies of major fault systems and their containing crustal and lithospheric volumes

When: Wednesday, September 22, and Thursday, September 23; with a field trip on Friday, September 24, 2004

Where: SCEC Annual Meeting in Palm Springs, CA

Organized by: Ramón Arrowsmith, Department of Geological Sciences, Arizona State University
Wednesday, September 22

	1:30 pm
	Introduction to Workshop
	Ramón Arrowsmith

	
	Integrated studies of fault zones
	

	1:45 pm
	San Andreas Fault initiative
	Ray Weldon, UO

	2:05 pm
	Linking high quality in-situ geological and seismological data from the San Jacinto Fault with theoretical analyses
	Yehuda Ben-Zion, USC

	2:55 pm
	Lithospheric dynamics and Earthscope: the importance of understanding the long term tectonic history
	Mousumi Roy, UNM

	3:20 pm
	Unified Structural Representation: SCEC and beyond
	Andreas Plesch, Harvard

	
	Integrated studies of the San Andreas Fault at Parkfield
	

	3:30 pm
	
	

	3:45 pm 
	Update on SAFOD
	Bill Ellsworth, USGS

	4:15 pm
	Geologic mapping and earthquake geology at Parkfield
	Ramón Arrowsmith, ASU

	4:45 pm
	Discussion

Break into two groups and address these questions:  

4) What do we learn from integrated characterizations of fault zones and their containing volumes?

5) How can we highlight the important contributions from geologic/geomorphic mapping of active fault zones and other structures?

6) What data and tools (complementary to those available within SCEC/Earthscope) do we need to do this research better?
	Moderator/reporters: Michele Cooke and Julia Morgan

	5:45 pm
	Reports
	

	6 pm 
	Dinner
	

	7 pm
	Posters and informal discussion
	


Thursday, September 23

	8:00 am
	Overview of the day 
	Ramón Arrowsmith

	
	LiDAR and other high resolution imaging of fault systems
	

	8:15 am
	Southern San Andreas fault Laser Scan, etc. - a Precursor to GeoEarthScope
	Ken Hudnut, USGS/Mike Bevis, Ohio State

	8:45 am
	Constancy of Seismic Strain Release, Fault Slip Rates, and Landscape Evolution in the Death Valley Region
	Kurt Frankel, USC

	9:15 am
	Tectonic geomorphology along the south-central San Andreas Fault: documentation of landforms and characterization of surficial processes
	Ramón Arrowsmith, ASU/George Hilley, Stanford-UCB

	9:45 am
	High Resolution imaging of the Southern SAF
	Katherine Kendrick, USGS

	10:15 am
	Break
	

	10:30 am
	Discussion

Break into two groups and discuss these questions: 

5) What are the promising applications of high resolution topographic and hyperspectral imaging for fault zone studies?

6) What are the difficulties and impediments to working with these data? 

7) What are the obvious major acquisition target areas/structures?

8) What tools are necessary to improve the handling and analysis of these data?
	Group 1 (last names A-H); moderator Chris Crosby, reporter 

Ken Hudnut

Group 2 (last names J-Z); moderator Kurt Frankel; reporter Katherine Kendrick

	11:30 am
	Reports
	

	12:00 pm
	Lunch
	

	
	Information Technology: enabling infrastructure
	

	1:00 pm
	SCEC/CME
	Phil Maechling, USC/SCEC

	1:30 pm
	GEON overview
	Dogan Seber, SDSC

	2:00 pm
	GEON software and GIS
	Ashraf Memon, SDSC

	2:30 pm
	Discussion

Break into two groups and discuss these questions:

1) How can the tools of Information Technology best aid us in our data collection, manipulation, and inference/modeling scientific workflows?

2) What are the possible leveraged efforts between SCEC/CME and GEON?

3) What has SCEC/CME and GEON not yet tackled?  What is missing?
	Group 1 (last names A-H); moderator/reporter Dogan Seber

Group 2 (last names J-Z); moderator/reporter Ashraf Memon

	4:00 pm
	Reports
	

	4:30 pm
	End of workshop
	

	6 pm 
	Dinner
	


Friday, September 24

	8:00 am assemble in front of lobby to board vans
	San Jacinto Fault Field Trip
	Tom Rockwell, SDSU
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