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Academic research and higher education are becoming increasingly
interdisciplinary as scholars seek knowledge related to socially-relevant questions that lie
outside traditional disciplinary boundaries. Arizona State University (ASU) has been a
leading institution in this endeavor. As a Ph.D. candidate in Geological Sciences in the
School of Earth and Space Exploration (SESE) and an NSF IGERT in Urban Ecology
Fellow my dissertation explores the Quaternary record of deformation along the
Parkfield, segment of the San Andreas Fault and integrates earthquake science with
issues of urban environmental justice for Los Angeles, CA.

Caveat: As part of my Ph.D. | have pursued two additional areas of research not
included in this dissertation document. Each of these projects will lead to additional peer-
reviewed journal publications and both are collaborative. One project is collaborative
with an undergraduate student in Civil Engineering (Laila EI-Ashmawy). We have been
studying urbanization’s effect on desert earth surface processes. This research has already
led to a conference proceeding paper quantifying sediment production rates on low relief
residential neighborhoods in Tempe, AZ and several other presentation abstracts. This
research has implications for stormwater engineers and managers as well as ecologists.
Continuation of this research will lead to senior/honor thesis for Laila and a coauthored
paper for a journal such as Geomorphology. Additionally, | have been working with 5
fellow graduate students investigating how interdisciplinarity plays out in undergraduate
classes here at ASU. We have used interviews, surveys, and focus groups of students and
faculty. We have outlined three papers for coauthored publication. | will lead one of
these; discussing how interdisciplinarity is conceptualized and defined by both students
and faculty. Thus, I will publish 2-4 additional papers outside of the dissertation
document, but related to my Ph.D. education. | have struggled with the idea of forcing all
these papers into the dissertation and decided that it would be better to have a more
cohesive document and presentation for defense.

Dissertation Title:
Earthquake Geology, Seismic Hazard and Environmental Justice along the San
Andreas Fault.

Chapter 1 (forward/Introduction) outlines my interdisciplinary and integrative research
motivations, thereby tying my multifaceted research themes together. This section will
draw upon theory and literature about interdisciplinarity. The chapter will also discuss, in
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short vignettes, the two additional research projects | have conducted during my Ph.D.
and not presented in detail herein. The purpose is to document the work and point to the
papers. Finally, I will outline the scholarly contributions made in each subsequent
chapter. (This chapter will be approximately 20 pages)

Chapter 2

Paper Title: Long-lived creep, M6 earthquakes and a Holocene slip rate for the
Parkfield segment of the San Andreas Fault (SAF)

This chapter will be transformed into a short format publication for Geology. Currently,
the chapter is nearly complete and has been written as a summary technical report for a
grant awarded by the National Earthquake Hazard Reduction Program (NEHRP):
http://earthquake.usgs.gov/research/external/reports/07HQGR0094.pdf. This report will
be expanded upon slightly with a couple additional figures and more discussion of the
implications that will tie into chapter 3. (This chapter will be approximately 60 pages)

Summary of Contributions and Significance
I estimate a Holocene slip rate of 26.1 (+8/-7) mm/yr for the Parkfield segment (figure 1)
of the SAF using field-based stratigraphic and geomorphic observations and radiocarbon
analyses. This is important because it provides a geologic (long-term) rate that can be
used to inform geodetic and geophysical fault modeling efforts. This slip rate implies that
near Parkfield the SAF accommodates less of the plate boundary motion than in the
Carrizo Segment (~35 mm/yr) to the southeast. Thus, slip is more distributed than
previously thought near Parkfield and other nearby sub-parallel faults are important in
accommodating plate boundary motion. Therefore these faults should be considered for
studies of earthquake hazard and interpretations of geodetic data. Additionally, the lower
slip rate is consistent with my observations of deformation structures within these
paleoseismic trenches which do not show evidence for larger surface ruptures at Parkfield
and do show evidence for repeated deformation from moderate magnitude earthquakes
and fault creep. Thus, Parkfield’s unique historical fault slip behavior has persisted
throughout the Holocene and indeed something about the structure, mineralogy, and other
fault zone properties must change across the Parkfield segment to make it a transitional
segment between the region of fault zone creep and smaller earthquakes to the northwest
and a “locked” fault that experiences large to great earthquakes to the southeast.

Technical Abstract

Historically, the Parkfield segment of the San Andreas Fault (SAF) has shown
multiple modes of fault-strain release. It has slipped in six ~M 6 earthquakes since 1857
and geodetic studies reveal fault creep decreasing from northwest to southeast across the
segment. | conducted paleoseismic investigations of the main trace of the SAF at the
Miller’s field in 2004 and 2007.

The Miller’s Field paleoseismic site is a deformed Holocene terrace constructed
of overbank deposits of sand and silt and a sag pond that developed across a ~10 m right
step in the surface trace of the SAF. Importantly, a channel is offset across the sag pond’s
scarp. The sag is filled by alternating layers of sandy clay and dark layers of silty clay
that onlap the scarp. Deformation is spread across the sag. Faults are thin clay bands that
offset the stratigraphy without clear upward terminations. The 2004 earthquake ruptured
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this site with overlapping, left stepping, en-echelon cracks. Most of these cracks opened
<5cm. We infer that these cracks heal by infilling with silt and clay, forming oblique (to
the SAF trend) linear clay bands within the subsurface. Thus, the oblique clay shear band
structures observed here represent many cycles of deformation from creep and ~ M6
earthquakes. No evidence of larger surface ruptures such as large filled fissures or
colluvial wedges could be confidently discerned.

Radiocarbon ages suggest the sag began to form after 890 A.D.; apparently,
formation of the sag’s scarp initiated the incision of a channel across from a larger,
previously-beheaded, channel which focused erosion across the fault. Since then the
channel was offset 18.5-23.0 m. Thus, we use probability density function (PDF)
analyses with age bracketing of the sag formation to estimate a slip rate for the main trace
of the SAF. The PDF analyses suggests a slip rate of 26.1 (+8/-7) mm/yr. While this
range includes 34 mm/yr, the upper part of the range is skewed by the oldest radiocarbon
age within the sag which is >20 cm above the base of the sag and above a sandy unit;
indicating the channel had already incised. The peak probability for this slip rate estimate
is low relative to some GPS inversions for slip below the SAF seismogenic zone and
geologic slip rates measured along the SAF in the Carrizo Plain 100 km southeast.
However, it is consistent with local observations of historical slip from creep and M6
earthquakes. These data imply that recent SAF behavior which has attracted earthquake
scientists to Parkfield has persisted over the Holocene and significant slip may be
accommodated by structures in the wider aperture of the San Andreas Fault zone.

Chapter 3

Paper Title: Quaternary geomorphology and fault zone structure of the San Andreas
Fault near Parkfield, CA

Much of this chapter will be written as a long format paper for either Bulletin of the
Seismological Society of America or GSA Bulletin. The writing process for this paper has
not begun and there is more GIS mapping/analyses to be done.

Current State of Research and Expected Contributions.
I have been mapping geomorphic features that appear tectonically influenced along the
Parkfield segment of the San Andreas Fault using a B4 LiDAR digital elevation model
and (derived slope maps, hill shade imagery, aspect maps) as well as aerial photography.
This mapping spans a 1 km width of the fault zone and the scale of the data is a 0.5 meter
grid. The purpose is to rigorously document the meter-scale to kilometer-scale fault zone
structure and geomorphology of this segment. This documentation captures the location
and morphology of fault scarps, streams that are offset or deflected by the fault, alluvial
fans cut by the fault, fault troughs, landslides, sag ponds, and linear pressure ridges. | am
relating my mapping to previous mapping of recently active breaks along the San
Andreas by Brown, 1970 and mapping of the historical earthquake ruptures from the
1966 and 2004 Parkfield earthquakes (e.g., Crosby, 2004 and Rymer et al., 2006; figure 1
red lines). Preliminary comparisons show that fault zone structure is more complex than
implied by single earthquake ruptures. This implies that between individual earthquakes
and the Quaternary, the surface location of deformation (from creep as well as
earthquakes) shifts. Additionally, LIDAR has a shown that in some areas the width of the
main SAF surface trace is more than 100 meters wide (figure 1 black lines). This has
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implications for regulations like Alquist Priolo which uses a 50 foot buffer for locating
homes near surface faults within “Earthquake Fault Zones” (see chapter 4). Though the
mapping is not finished and rigorous analysis has not been completed it appears that
throughout the segment the surface trace of the SAF is defined by discontinuous linear
scarps that are a few hundred meters long. With quantification of these mapping results I
will be able to provide information about fault zone surface roughness that can help
inform numerical fault zone models. I will also be able to look for differences in tectonic
geomorphic expression in relationship to geologic units that the fault is crossing. Finally,
this study also will identify and provide preliminary assessment of potential future
earthquake geology field sites for slip rate measurement and studies of earthquake

recurrence, hopefully leading to future fruitful data. (This chapter will be approximately 70
pages and very figure heavy)

Chapter 4

Paper title: “Social distribution of near-fault seismic hazard in Los Angeles, CA:
landscapes, regulation, and social vulnerability”

This chapter would be suitable for a journal such as Urban Geography or the Annals of
AAG. The research is underway as a part of a term project for a class | am participating in
about “Environmental Justice in the City.” Urban geography/environmental justice is my
IGERT in urban ecology ‘minor’ for which | have participated in three related courses. |
plan to finish much of the analyses and a significant portion of the writing by the end of
this semester. In addition to a thorough literature review outlining the related
environmental justice studies informing this research | will spend significant time
reviewing the quantification of physical earthquake hazards including attenuation of
ground shaking, empirical relationships between ground shaking quantities and the MMI
earthquake scale, and relationships between structural failure and ground shaking.
Indeed, these are complex topics and I will not give full treatment to them, but I need to
give enough treatment to justify the ways in which | quantify “near-fault” hazard and
apply a hazard buffer to compare with social vulnerability census calculations. In
addition to hazards-based buffers, | consider treating faults as an amenity. Indeed, many
of the faults in LA are near the mountains and therefore nearer to parks and open space.

Therefore living near a fault can also be seen as an environmental privilege.
(This chapter will be approximately 60 pages)

Preliminary Abstract

The relationship between near-fault (extreme ground motion) hazards and census
block group data is counterintuitive from an Environmental Justice standpoint. A 0.25
mile fault zone buffer, corresponding to the area defining the California Alquist-Priolo
(AP) Act, shows that people living in AP zones are less socially vulnerable than those in
the rest of the LA region. Housing values are higher, per-capita income greater, percent
white is higher, and less people are living in poverty (figure 2). This situation is product
of historical segregation and white flight from the urban center as well as the
economically-advantaged procuring valuable mountain side land with greater views,
greater distance from environmental disamenities of the urban centers, and greater access
to open space and parks.
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Interestingly, the AP act has not had a significant negative affect on housing value
relative to houses nearby AP zones. In fact, mean owner occupied housing value is
greater within the AP zones (within 0.25mi of a fault; ~$287,000) than it is between
0.25mi and 1km (~$255,000). This analysis also shows that most Los Angeles land was
developed prior to the AP act. Additionally, fault zone mapping such as that revealed in
Chapter 3 suggests that a 50ft surface trace development buffer is probably not adequate
to ensure the prevention of surface ruptures from affecting homes. Therefore, the AP act
appears to have done little to mitigate earthquake hazards in Los Angeles and indeed the
socially-privileged communities living along these faults will experience significant
earthquake shaking and rupture in the event of major Los Angeles area earthquakes.
Unfortunately for the socially-vulnerable, while they are not as proximal to these hazards,
they often live in less seismically-resilient homes that are more likely to fail in extreme
ground shaking events.

Chapter 5: will be a short summary and conclusions chapter that will again link together
the results, allow for some pontification and outline future directions for these research
efforts. (This chapter will be approximately 10 pages)











