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E. ABSTRACT

This proposal seeks funding for analysis of recently acquired LiDAR topographic data of the Gualala block section of the northern San Andreas fault (NSAF) and associated marine terraces between the towns of Fort Ross and Mendocino, California. The purpose of this study is two-fold: (1) Evaluate LiDAR data as a tool for studying tectonic geomorphology and earthquake geology and develop methodologies for utilizing these types of data in determining various geomorphic metrics of surface processes and landscape history.  (2) Characterize the tectonic geomorphology of the NSAF at various temporal and spatial scales in order to better understand SAF geometry, slip distribution and off-fault deformation as manifest in landscape development and response.  This proposal specifically addresses the priorities outlined for the Northern California region in the FY2005 NEHRP Announcement that include: “Analyze the LIDAR dataset for coastal northern California recently acquired by NASA (in collaboration with the USGS)”. 

Recent applications of LiDAR data to earthquake geology and geomorphology have generated substantial enthusiasm for further utilizing these types of high-resolution topographic data to quantify landscape response to tectonic deformation. Despite this enthusiasm, little information exists on the benefits and technical aspects of LiDAR versus other methods of acquiring high-resolution topographic data for earthquake geology and geomorphology applications.  Our proposed research will undertake a comparison of the NSAF LiDAR data with digital elevation models (DEMs) generated from high-resolution aerial photography and precise historical topographic mapping.  We will evaluate these data in a variety of terrain and land cover conditions and make recommendations regarding which method is most desirable for acquiring high-resolution topographic data for application to earthquake geology and geomorphology.

Prentice (1989) provides a late Pleistocene slip rate of 16 to 24 mm/yr for the NSAF at Alder Creek, CA based on offset marine terraces.  This slip rate is a critical data point for understanding NSAF system behavior and segmentation. Prentice’s (1989) slip rate is based on tentative terrace correlations established via air photo mapping and simple relative position arguments. Because of a lack of age control for the terraces along this portion of coast, the correlation, and therefore the slip rate are uncertain.  We propose to perform detailed geomorphic characterization of the late Pleistocene marine terraces between Fort Ross and Mendocino, California based on the newly acquired NSAF LiDAR data.  Through morphologic and diffusion analysis of the marine terrace risers we expect to be able to test the current terrace correlation and thereby add confidence to the late Pleistocene SAF slip rate at Alder Creek.

Research on vertical deformation associated with the NSAF suggests that the coastal uplift rate at Alder Creek, immediately adjacent to the SAF, is significantly higher than the uplift rate to the north or south. We propose to analyze the NSAF LiDAR using a variety of geomorphic metrics to constrain patterns of distributed, SAF driven deformation recorded in the landscape. Distributed tectonic deformation in the landscape is often related to fault discontinuities and variations in fault geometry.  Such patterns of deformation may therefore reflect SAF geometry (segmentation) and may be useful for inferring rupture behavior.  Once deformation patterns are constrained, we will undertake basic boundary element modeling to evaluate SAF geometry and slip history that generates the observed patterns.
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G. PROPOSAL

SIGNIFICANCE OF PROJECT

Introduction

This project seeks funding for analysis of 418 km2 of recently acquired LiDAR (Light, Distance And Ranging) topographic data of the Gualala block section of the northern San Andreas fault (NSAF) and associated marine terraces between the towns of Fort Ross and Mendocino, California (Figure 1).  The proposed research specifically addresses the priorities outlined for the Northern California region in the FY2005 NEHRP Announcement that include: “Analyze the LIDAR dataset for coastal northern California recently acquired by NASA (in collaboration with the USGS)”.  The purpose of this study is two-fold: (1) Evaluate LiDAR data as a tool for studying tectonic geomorphology and earthquake geology and develop methodologies for utilizing these types of data in determining various geomorphic metrics of surface processes and landscape history.  (2) Characterize the tectonic geomorphology of the NSAF at various temporal and spatial scales in order to better understand San Andreas fault geometry, slip distribution and off-fault deformation as manifest in landscape development and response.  We are collaborating with Dr. Carol Prentice of the U.S. Geological Survey in Menlo Park to expand upon her ongoing efforts at understanding the paleoseismology and geomorphology of the Gualala block section of the NSAF.  The proposed research builds upon our long collaborative relationship with Dr. Prentice.  A letter of support from Dr. Prentice is attached to this proposal.

Overview of project focus and goals

Lawson (1908) provides the first detailed descriptions of the northern San Andreas fault zone and coastal geomorphology as observed during mapping and documentation of the 1906 earthquake rupture. Brown and Wolfe (1972), Prentice (1989), and Prentice et al. (2000) describe fault-related geomorphologic features for the active fault trace for the Gualala block section of the San Andreas and describe the location of fault strands associated with the 1906 rupture.  Prentice (1989), Prentice et al. (2000), Baldwin et al. (2000), Prentice et al (2001a), Prentice et al. (2001b), Muhs et al. (2003) and Prentice et al. (2003) describe regional-scale, tectonically controlled geomorphology and landscape development for this portion of the fault.  Beyond these qualitative descriptions of the tectonic geomorphology of the NSAF, there has never been a concerted effort to characterize the interaction between San Andreas driven deformation and landscape development at various spatial and temporal scales.  The newly acquired LiDAR dataset provides a unique opportunity to quantitatively evaluate the interaction between tectonic and geomorphic processes along the northern San Andreas.  Current application of the NSAF LiDAR has been limited to geomorphic strip mapping of the active fault trace (Koehler and Baldwin, 2003; Prentice et al., 2003) and marine terrace mapping (Prentice et al., 2003). 

The recent acquisition and application of LiDAR data to earthquake geology and geomorphology (e.g. Hudnut et al., 2002; Harding and Berghoff, 2000; Roering et al., 1999) has generated substantial enthusiasm from both of these communities for further utilizing these types of high-resolution topographic data to quantify landscape response to tectonic deformation.  Applications of high-resolution topography, acquired via a number of methods, include but certainly are not limited to: post-earthquake rupture documentation (Hudnet et al., 2002), paleoseismic site evaluation (Koehler and Baldwin, 2003), active fault identification (Harding and Berghoff, 2000), landscape evolution studies (Roering et al., 1999), and landscape visualization and mapping (Prentice et al., 2003) (Figure 2).  Despite this wide range of applications and enthusiasm for utilizing these data, little information exists on the benefits and technical aspects of LiDAR versus other methods of acquiring high-resolution topographic data for earthquake geology and geomorphology applications.  Our proposed research will undertake a quantitative comparison of the NSAF LiDAR data with digital elevation models (DEMs) generated from high-resolution aerial photography and precise historical topographic mapping.  We will evaluate these data in a variety of terrain and land cover conditions and make recommendations regarding which method is most desirable for acquiring high-resolution topographic data for application to earthquake geology and geomorphology.

Work by Prentice (1989) and Prentice et al. (2003) along coastal California between Fort Ross and Mendocino, California has focused on mapping and correlating late Pleistocene marine terraces (Crosby et al., in preparation) in order to constrain a long-term SAF slip rate at Alder Creek, near Point Arena, where the terraces are offset by the fault as it intersects the coast (Figure 3).  Prentice (1989) provides a late Pleistocene slip rate for the SAF at Alder Creek of 16 to 24 mm/yr based on tentative terrace correlations (Muhs et al., 2003; Prentice et al., 2000 and 2001). This slip rate is the only Pleistocene rate for the San Andreas north of Point Reyes and is a critical data point for understanding San Andreas fault system behavior and segmentation. Age control for the late Pleistocene terraces along this portion of coastal California is limited to three Alpha- spectrometric U-series analysis of three marine terrace corals collected near the Point Arena Lighthouse (Muhs et al., 1990, 1994, 2003).  Because of the lack of age control, all terrace correlations are based upon aerial photo mapping and simple relative position arguments and are therefore uncertain.  This uncertainty in terrace correlation translates directly into uncertainty in the late Pleistocene slip rate for the SAF at Alder Creek.  In this study we propose to perform detailed geomorphic characterization of the late Pleistocene marine terraces between Fort Ross and Mendocino, California based on the newly acquired NSAF LiDAR data.  Through morphologic and diffusion analysis of the marine terrace risers (e.g. Hanks et al., 1984; Hanks, 2000; Rosenbloom and Anderson, 1994) (Figure 4) we expect to be able to test the current terrace correlation and thereby evaluate the late Pleistocene San Andreas slip rate at Alder Creek.

The question of vertical deformation associated with the NSAF has been addressed by Prentice (1989), Hampton (1999), Prentice et al. (2000, 2001), Muhs et al. (2003) and ongoing work by Prentice et al. (2003) and Covault (2004). Work by these researchers suggests that the coastal uplift rate at Alder Creek, immediately adjacent to the SAF, is significantly higher than the uplift rate to the north or south.  The confirmation of the marine terrace correlation (Figure 3) discussed above with regards to testing the SAF slip rate at Alder Creek will also be useful in confirming or disproving the tentative observation of significant vertical deformation associated with the SAF near Point Arena.  The correlated terraces will act as elevation markers that will help to constrain vertical deformation rates and spatial variations in uplift rate along the coast. In addition, we propose to analyze the NSAF LiDAR data, merged with 10 and/or 30 meter DEMs when outside the geographic extent of the LiDAR (Figure 1), to differentiate local, short wave length, SAF-driven deformation from regional, coast range scale, uplift.  Here, we assume Coast Range scale uplift to be driven by the passage of the Mendocino Triple Junction and viscous coupling within the resulting slab window (Furlong and Schwartz, 2004).  This portion of our study will mate our geomorphic characterization of the late Pleistocene terraces, with watershed scale geomorphic characterization of the coastal range most proximal to the coast.  This integrated effort will allow for comparisons of patterns of deformation at different spatial and temporal scales.  

The underlying premise of this component of the proposed work is that the earth’s topography is a measure of the combined effects of surface and tectonic processes.  Different elements of a landscape may respond differently to a high rate of surface uplift.  Thus, hillslopes may not erode as quickly as adjacent drainages and greater relief will result.  Through the application of various geomorphic metrics such as stream gradient index (e.g. Merritts and Vincent, 1989), envelope/sub-envelope residuals (e.g. Burgmann et al., 1994) and drainage convexity (e.g. Whipple and Tucker, 1999) zones of high relief can be located in the landscape. These zones of high relief often correspond directly with regions of greatest tectonic uplift and deformation.  With detailed determination of patterns of fault deformation expressed in the geomorphology of the coastal landscape, we will be able to infer the geometry and motions within the San Andreas zone necessary to generate such deformation patterns.  Distributed tectonic deformation in the landscape is often related to fault discontinuities and variations in fault geometry (e.g. McClay and Bonora, 2001; Aydin and Nur, 1985).  Such patterns of deformation may therefore reflect fault segmentation and may be useful for inferring rupture behavior.  To this end, we intend to include in our study some basic boundary element modeling (e.g. Okada, 1985; Toda et al., 1998; Taboada et al., 1993) as a test of our observations. Our efforts will be the first of their kind to utilize high-resolution digital elevation models obtained with LiDAR technology to study landscape response to tectonically driven deformation.  As part of this effort, we will use our NSAF study as a test case to develop methodologies for the application of various geomorphic metrics to LiDAR.

How expected results will contribute to earthquake hazard reduction in the U.S.
The proposed research will directly contribute to earthquake hazard reduction in the United States in two ways. (1) Current determinations of a late Pleistocene slip rate for the San Andreas fault at Alder Creek, CA based upon offsets of marine terraces (Figure 3) are limited by uncertainty in the marine terrace correlation along this portion of the coast.  Our proposed research will help to test the terrace correlation through relative age dating of the terraces based on diffusion analysis, and will therefore evaluate this important long-term slip rate on the northern San Andreas.  We anticipate that a revised and higher confidence slip rate from the Gualala block segment of the NSAF will be a valuable input to revisions of the probabilities of earthquake recurrence and rupture scenarios published by the Working Group on California Earthquake Probabilities (WGCEP) in 2003.   (2) Accurate high-resolution topographic data is a valuable as a tool for performing a variety of earthquake geology and geomorphology tasks.  This study will evaluate LiDAR as a tool to acquire these types of data and will make recommendations about strengths and weaknesses of the technique versus of methods.  

PROJECT PLAN

The proposed project addresses two primary motivations.  These motivations can be broadly summarized as (1) evaluate LiDAR data as a tool for studying tectonic geomorphology and earthquake geology; and (2), apply the newly acquired LiDAR data to characterizing the tectonic geomorphology of the NSAF at various temporal and spatial scales in order to better understand the role of San Andreas driven deformation on landscape development.  We have identified three primary elements that are necessary for the accomplishment of these goals:

A. Evaluate LiDAR data as a tool for gathering high-resolution topographic data for application to earthquake geology and geomorphology.

B. Characterize and date late Pleistocene marine terraces with diffusion methods as a test of terrace correlation and thereby the NSAF slip rate at Alder Creek.

C. Combine terrace work in B. with the topographic data evaluation in A. and watershed scale geomorphic characterization to constrain coastal landscape response to distributed versus San Andreas driven deformation.  Evaluate and model the pattern of distributed SAF deformation in relation to fault discontinuities and segmentation.

The study will directed by Dr. Ramón Arrowsmith and the research will be a integral component of Arizona State University graduate student Christopher Crosby’s thesis.  We will work collaboratively with Dr. Carol Prentice of the U.S. Geological Survey throughout the project.  The majority of the work described in this proposal will be conducted at Arizona State University’s Active Tectonics, Quantitative Structural Geology and Geomorphology lab, with a smaller component of the work conducted in the field.

Element A. – LiDAR evaluation
LiDAR is a relatively new technology that employs an airborne scanning laser rangefinder to produce accurate topographic surveys.  The LiDAR instrument used to acquire the northern San Andreas data records up to four returns for each laser pulse, and can therefore accurately measure the topography of the ground even where overlying vegetation is quite dense.  Laser returns can be classified as having come from vegetation or the ground through analysis with sophisticated algorithms (Harding, 2000).  Once the returns are classified, “virtual deforestation” by filtering the return data for ground returns only allows for the generation of “bare-earth” digital elevation models (Haugerud and Harding, 2001).  LiDAR’s ability to generate bare-earth terrain models is exceptionally valuable for earthquake geology and geomorphology applications in heavily forested terrain such as along the north coast of California (Figure 2).

Our evaluation of LiDAR data as a tool for acquiring high-resolution topography will be completed through the comparison of Digital Elevation Models (DEMs) derived from the NSAF LiDAR to DEMs generated from a number of other datasets for the same geographic region. Following the Great San Francisco earthquake of April 18, 1906, a massive effort was undertaken to document the ground rupture associated with this earthquake.  As a result of this effort, The Report of the State Earthquake Investigation Commission (Lawon, 1908) includes a detailed topographic map, with contour interval of 5 ft., made by F.E. Matthes of the portion of the rupture near Fort Ross, CA.  We are fortunate that the geographic region covered by this historic map was also included in the newly acquired LiDAR coverage.  We propose to generate a high-resolution digital elevation model (DEM) of the F.E. Matthes map by digitizing the contours and using appropriate tools in ESRI’s ArcGIS and/or GRASS GIS to generate the DEM.  DEMs from 1:6000 color, stereo, aerial photography covering the same geographic region as the Matthes map and in the possession Dr. Prentice at the U.S. Geological Survey will be generated by using the softcopy photogrammetry capability offered by the Leica Photogrammetry Suite for ERDAS Imagine.  Arrowsmith’s group at Arizona State has extensive experience with this type of data processing and software (e.g. Hilley, 2001; also see: http://activetectonics.la.asu.edu/LabDocs/Orthomax.html).

These three independent digital elevation models will then be compared and evaluated for accuracy, ease of acquisition and cost.  Accuracy will be evaluated via field checks, detailed total station surveys and quantitative DEM analysis of hydrologic correctness and slope distribution. Comparison of the different digital elevation models will be completed both visually to determine which provides the most accurate representation of the actual ground surface and through quantitative techniques such as differencing the DEMs to generate residuals that will highlight variations between datasets.  GIS tools such as “Flowaccum” in ArcGIS allow the DEMs to be evaluated for hydrologic correctness, a measure of how accurately the DEMs represent the true ground surface.   The geographic region covered by all three datasets includes a variety of terrain types and vegetation covers, from steep, densely vegetated slopes to flat ground covered only by low grasses.  This variation makes it possible to evaluate all three methods of DEM acquisition for a number of terrain and vegetation scenarios. Once our evaluation is complete we will make recommendations about LiDAR versus other methods as a tool for gathering high-resolution topography for application to earthquake geology and geomorphology.  Furthermore, our analysis will help to constrain the quality of high-resolution data products and contribute new insight on data processing techniques and workflows for these types of data (Arrowsmith, in review). 

Element B. – Marine terrace characterization and slip rate test

The San Andreas slip rate at Alder Creek (Prentice, 1989) is based upon offset late Pleistocene marine terraces (Prentice et al., 2000, 2001, 2003; Muhs et al., 2003) (Figure 3).  A well constrained terrace correlation for the marine terraces along the Fort Ross to Mendocino portion of the California coastline is absolutely necessary for understanding the slip rate at Alder Creek as well as variations in vertical deformation that may be driven by slip along the SAF.  The lack of dateable material from these terraces precludes absolute age control as a means of testing the terrace correlation and forces us to seek an alternative means to constrain the correlation.  We propose to use geomorphic characterization and diffusion analysis (Figures 4 and 5) of the late Pleistocene terraces as a means to test coast parallel terrace correlations and thereby, the SAF slip rate at Alder Creek and variations in coastal uplift rate.

Our geomorphic characterization of the late Pleistocene marine terraces will closely follow previous geomorphic marine terrace studies in the published literature (e.g. Rosenbloom and Anderson, 1994; Hanks et al., 1984; Hanks, 2000).  Using previously completed marine terrace mapping (Prentice, 1989; Prentice et al., in preparation) available in a format for import to a GIS (Crosby et al., in preparation) we will build a GIS that integrates the marine terrace mapping with the NSAF LiDAR, 10 and 30 m DEMs where necessary, and other basic geographic information.  We will extract elevation transects from the LiDAR derived DEMs across the mapped terrace risers at regular intervals between Fort Ross and Mendocino.  These elevation profiles will then be fed into a hillslope diffusion algorithm developed by Hilley and Arrowsmith  (2001) (see also: http://activetectonics.la.asu.edu/diffuse/).  This algorithm calculates morphologic age for the given riser transect (Arrowsmith et al., 1996; Arrowsmith et al., 1998) (Figure 5).  The diffusion method assumes transport-limited conditions, simple initial topography and no geomorphic transport along strike (Hanks, 2000).  Initially, we will assume linear regolith transport but will also use a non-linear approach (e.g. Roering et al., 1999; Mattson and Bruhn, 2001) as a test of our results.  Our algorithm allows rapid mass wasting of the sea cliff following abandonment by the sea.  After mass wasting has driven the riser to a ramp-shaped initial topography, we assume diffusion processes continue to modify the riser.  Once we have calculated the morphologic age for the risers, terraces mapped as the same age will be compared for the whole length of coastline as a test of the terrace correlation.  Marine terrace risers of the same age should yield similar morphologic ages (Figure 5), making it obvious where mapping based upon aerial photography may need to be revised.   Figure 5 shows an illustration of the morphologic dating approach we propose.  Synthetic topographic profiles were produced by forward model calculations of 500 and 1000 m2 morphologic ages starting with a 10 m high riser and a flat tread.  For a diffusion constant (K) of 10 m2/ka (Rosenbloom and Anderson, 1994), these morphologic ages (KT) yield absolute ages of 50,000 and 100,000 years respectively.  To the synthetic data we added +/- 50 cm of random noise to simulate local heterogeneity in the surface as is typically encountered and would be likely in LiDAR-derived profiles.  Best-fit models were then calculated for the synthetic “data”.  Finally, figure 5 illustrates the relationship between Root Mean Square (RMS) error and morphologic age for the synthetic profile data.  This analysis approach clearly demonstrates that we can quantitatively differentiate the differently aged profiles and determine the difference between local “noise” and true age variation (as long as it is greater than several tens of kyr).

Our proposed work will utilize diffusion analysis as a tool to test the relative age of terrace risers, and not to initially determine an absolute age for the terraces.  Because our goal is only relative age dating, selection of an appropriate diffusion constant (K) is not as imperative because uncertainty in K will not affect our correlation based on similar morphologic age.  We will begin our diffusion analysis using diffusion constants published for the Santa Cruz, California terraces (Rosenbloom and Anderson, 1994) where climate is roughly comparable to that of the north coast of California.  As a second part of diffusion analysis, we propose to derive a diffusion constant for the Gualala block portion of the California coast by performing diffusion analysis on the U-series dated marine terrace at Point Arena, California.  If an appropriate diffusion constant is obtained, we will attempt to utilize our terrace transects to provide absolute age constraints on the late Pleistocene terraces along this portion of the coastline.  Because absolute dating via diffusion analysis yields errors of 5-10% or more, we do not anticipate the technique acting as a high-accuracy absolute age dating tool for the terraces.

Upon completion of our marine terrace characterization, we will work closely with Dr. Prentice of the U.S. Geological Survey to revise the late Pleistocene terrace mapping and correlation and to make changes to the determination of the NSAF slip rate at Alder Creek if necessary.

Element C. – Watershed scale geomorphic characterization

The proposed research to differentiate local, short wave length, SAF driven deformation from regional, Coast Range scale, uplift will be an integration of all of our efforts.  We will combine the LiDAR data evaluation discussed in Element A and the late Pleistocene terrace characterization discussed in Element B with a watershed scale geomorphic characterization of the coastal range.  The underlying premise of our proposed work is that the earth’s topography is a measure of the combined effects of surface and tectonic processes. High relief can be generated by high rates of tectonically driven surface deformation.  Through the application of various geomorphic metrics, zones of high relief can be located in the landscape. These zones of high relief often correspond directly to regions of greatest tectonic uplift and deformation. Through detailed determination of patterns of fault deformation expressed in the geomorphology of the coastal landscape, we will be able to infer the geometry and motions within the San Andreas zone necessary to generate such deformation patterns. Fault discontinuities and variations in fault geometry are often manifest as distributed tectonic deformation in the landscape (e.g. McClay and Bonora, 2001; Aydin and Nur, 1985).  Once these patterns of deformation have been deduced, inferences of fault segmentation and rupture behavior may be made.

We propose to build and utilize a GIS that integrates the marine terrace mapping with the NSAF LiDAR, and 10 and 30 m DEMs where necessary, to apply various geomorphic metrics to the data in order to determine patterns of high-relief and distributed deformation.  We will draw from the geomorphology literature a selection of techniques that include: slope/area relationships 

(e.g. Dietrich et al., 1992; Roering et al., 1999), stream gradient index (e.g. Merritts and Vincent, 1989), envelope/sub-envelope residuals (e.g. Burgmann et al., 1994) and drainage convexity (e.g. Whipple and Tucker, 1999).  Many of these geomorphic metrics have never been applied to high-resolution topographic data such as the NSAF LiDAR and our proposed research will evaluate the added benefit these data provide.  Through the application of these metrics to the NSAF data we will evaluate how LiDAR data best fits into the quantitative geomorphology workflow.

Once patterns of deformation have been deduced from the coastal landscape we will undertake basic boundary element modeling (e.g. Okada, 1985: Toda et al., 1998, Toboada et al., 1993) to evaluate the San Andreas fault geometry and slip history necessary to generate such patterns. Boundary element models allow for the specification of arbitrary displacement discontinuities along arbitrarily oriented and located faults in an elastic half space.  We propose to use the Poly3D boundary element modeling software developed at Stanford University (see: http://pangea.stanford.edu/research/geomech/Software/poly3d/entry_page.html) to perform our modeling. As an analog to our proposed work, we cite research at the Wheeler Ridge anticline near the southern end of the San Joaquin Valley, CA (Arrowsmith, in review; Burbank and Anderson, 2001; Mueller and Talling, 1997; Mueller and Suppe, 1997; Medwedeff, 1992).  Here, tectonic geomorphic characterization has been mated with boundary element modeling to interpret fault geometry and slip necessary to generate the observed patterns of deformation.  Models of predicted deformation associated with fault kinematics are then quantitatively compared to the DEM of Wheeler Ridge by grid subtraction methods to test the model results against the observed tectonic geomorphology.
We anticipate that the results of our proposed research will provide the first quantitative evaluation of distributed deformation driven by the Gualala block section of the northern San Andreas fault.  From our boundary element modeling of patterns of tectonically controlled geomorphology we expect to be able to offer insight to SAF geometry, segmentation and perhaps rupture behavior.  In addition, our work will contribute to a developing knowledge base on the application of high-resolution topographic data generated via LiDAR to the determination of various geomorphic metrics.   
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FINAL REPORT AND DISSEMINATION

The target audience for the results derived from the proposed study is the geologic, seismologic and engineering communities interested in earthquake hazards reduction and tectonic geomorphology.  Additionally, we expect our work with LiDAR to be of interest to individuals working in remote sensing and photogrammetry.  We anticipate preparation of at least two articles on the results of this research that will be submitted to an appropriate peer refereed journal in a timely manner.  A final technical report will be submitted to the U.S. Geological Survey.  Annual Project Summaries and Non-technical project summaries will be submitted to the Project Officer, as per the FY2005 External Research Program announcement.  This work will also comprise the bulk of Crosby’s Masters thesis.  We will participate as requested and as availability permits in informal discussions about LiDAR data and applications at meetings and in the field.  We will maintain and frequently update a webpage devoted to our research at the ASU Active Tectonics, Quantitative Structural Geology and Geomorphology research group website: http://activetectonics.asu.edu/.  We plan to present out results at a major national meeting such as AGU, SSA or GSA.  To keep costs down, we have not requested support to present our work, support will instead come from other sources or personal funds.

RELATED EFFORTS

The research proposed here is an outgrowth of work Crosby was involved with during a three-year internship/research assistantship at the U.S. Geological Survey in Menlo Park under Dr. Carol Prentice.  Crosby has been intimately involved in marine terrace mapping efforts along the Gualala block portion of the northern California coast.  While at the USGS he developed a GIS of terrace mapping and related data (Crosby et al., in preparation) that has been instrumental in the work of Prentice and other researchers concerned with SAF driven deformation along this portion of the coast (Prentice et al., 2003; Covault, 2004).  Crosby was also involved in many aspects of the acquisition, quality evaluation, data management and early application of the NSAF LiDAR data.  Finally, Crosby has been involved in a pair of paleoseismic investigations of the northern San Andreas fault at Fort Ross, CA, one of which formed the basis of his undergraduate thesis work (see Crosby’s CV for reference).  The research we propose here integrates Crosby’s knowledge of the northern San Andreas fault, marine terrace mapping and NSAF LiDAR.

The Principle Investigator for this project, Dr. Ramón Arrowsmith, is currently involved in a number of efforts that dovetail with the research proposed here.  As a PI on the NSF funded, Information and Technology Research (ITR) GEON project (http://www.geongrid.org/) Arrowsmith, with assistance from Crosby, are building tools and methodologies for distribution and processing of LiDAR in the grid-computing environment being developed by GEON.  We expect to apply much of our knowledge and skills developed through the GEON project to the northern San Andreas LiDAR research proposed here.  Arrowsmith is also involved in the LiDAR user community as a member of the steering committee for the NSF funded National Center for Airborne Laser Mapping (NCALM). Additionally, Arrowsmith is a PI on an NSF funded project to constrain kilometer-scale fault zone structure and kinematics along the San Andreas fault near Parkfield, California (http://activetectonics.la.asu.edu/Parkfield/).  Many of the tectonic geomorphic techniques we propose to utilize in our northern San Andreas work are currently being applied to similar research questions in Parkfield.  
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INSTITUTIONAL QUALIFICATIONS

The Active Tectonics, Quantitative Structural Geology and Geomorphology research group is housed in a several hundred square foot laboratory space with 3 adjacent student offices.  In this laboratory and related facilities, available computer hardware tools include 8 Macintosh and PC desktop computers, 2 PC laptop computers, 3 UNIX workstations (Silicon Graphics and Sun), a FreeBSD data server, 3 CD/DVD writers, flatbed scanner and 3 color printers. Available software (beyond standard Mac/PC drafting and image editing, word-processing, and spreadsheet tools) includes ER Mapper and ERDAS Imagine (including Leica Photogrammetry Suite) for analysis of remotely sensed data and digital topographic data), ArcGIS, Arc-Info, and ArcView for GIS compilation, MatLab for analysis and visualization, ANSYS for finite element and POLY3D and DIS3D for boundary element mechanical modeling. We maintain an active web site where research results and data are presented and frequently updated: http://activetectonics.la.asu.edu.  The research group employs a systems administrator/programmer for technical assistance, computer systems support and programming assistance.

Field tools essential for our projects include 2 Leica-Wild TCM 1100 total station (consisting of an electronic theodolite and electronic distance meter (EDM)) providing high precision 3 dimensional locations of sighted targets within a few seconds over about 1 km providing a linear accuracy of 3 mm plus or minus 2 ppm and angular accuracy of 3" and recording the data digitally. For data reduction, we use both custom UNIX and Macintosh software and LISCAD--the Leica-Wild surveying and engineering software that is designed to work with these instruments. Two portable printers and two laptops permit us to work with survey data in the field. 5 Motorola radios provide field communications. We also have a full suite of field tools necessary for supporting large field expeditions. Two digital cameras and two film cameras are available for field work. We also have helium balloon and kite-based aerial photography systems available for detailed documentation of important landforms and field sites (http://activetectonics.la.asu.edu/kites/index.html).

PROJECT MANAGEMENT PLAN

Dr. Ramón Arrowsmith will provide overall project management and technical direction throughout the duration of the research.  He will be actively involved in all project tasks.  Under the direction of Dr. Arrowsmith, Christopher Crosby will complete all data evaluation and analysis tasks as the primary component of his M.S. thesis project.  Throughout the duration of our research we will maintain close communication and data sharing with Dr. Carol Prentice of the U.S. Geological Survey.  We have budgeted for travel to the USGS in Menlo Park in order to work collaboratively during both the data analysis and result dissemination phases of the project. We propose to conduct our research over a one-year period as shown below.   
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CURRENT SUPPORT AND PENDING APPLICATIONS
J Ramón Arrowsmith

1) NSF-ITR - Arizona State University and University of Texas El Paso: Creation of a Geospatial data system for the transition between the Colorado Plateau and Basin and Range, 10/01/01 – 9/30/04, $200,000, P.I. Summer Month: 0.33.

2) NSF-ITR - GEON: A Research Project to Create Cyberinfrastructure for the Geosciences, 9/01/02 – 8/31/07, $400,000, P.I. Summer Month: 0.50.

3) USGS EDMAP - Geological Mapping of the San Andreas Fault near Parkfield California, 5/01/03 – 2/28/04, $13,881, P.I. Summer Month: 0.00.

4) NSF - Kilometer-scale fault zone structure and kinematics along the San Andreas Fault near Parkfield, California, 7/01/03 – 6/30/05, $187,956, P.I. Summer Month: 0.5.

5) USGS NEHRP - Rupture History of the San Andreas Fault at Van Matre Ranch, Carrizo Plain, California: Collaborative Research with University of California, Irvine and Arizona State University, 2/01/04-1/31/05, $20,000, P.I. Summer Month: 1.00.

6) Civilian Research and Development Foundation - Integrated investigation of active deformation in the northern Tien Shan, Kyrgyz Republic: neotectonics, earthquake geology, and seismology, 8/1/03-7/31/05, $12,700, P.I. Summer Month: 0.00.

7) NSF - Multi-cycle rupture history of the San Andreas Fault in the Carrizo Plain: Collaborative Research with UC Irvine   & National Science Foundation & 07/1/04--06/30/06, Pending, P.I. Summer Month: 1.00.
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