Sharpening our view of earth processes with high resolution
topography
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Denali 2002 earthquake rupture (arthscope) Granite Dells AZ point cloud (cauM student seed grant)
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10 cm Terrestrial Laser Scan (Gold, et al. 2012) e 1 m NCALM LiDAR (Oskin, et al. 2012) | - S
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Background: 0.5 m Digital Elevation Model
along thﬂsouth-central San Andreas Fault



Major US community studies recognize the scientific value
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Example scientific motivations
How do geopatterns on the Earth’s surface arise i R
and what do they tell us about processes? LANDSCAPES

How do landscapes influence and record climate
and tectonics?

What are the transport laws that govern the
evolution of the Earth’s surface?

Coupled hydrogeomorphic-ecosystem response to
natural and anthropogenic change

Landscape and ecosystem dynamics

Scaling, model parameterization, linkages to in situ
observations, integration with other remote sensing &
data (e.g., atmospheric, water, ice)




Landscape development in areas of active deformation
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Landscape development in areas of active deformation

Original N Tectonic
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Landscape development in areas of active deformation

Original N Tectonic
elevation displacement
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Denali 2002 earthquake rupture

(EarthScope)




Landscape development in areas of active deformation

Original N Tectonic N Geomorphic
elevation displacement displacement
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Landscape development in areas of active deformation

Original N Tectonic N Geomorphic
elevation displacement displacement

Barrett Salisbury (ASU)



Landscape development in areas of active deformation

Surface processes act to change elevation through erosion and deposition
while tectonic processes depress or elevate the surface directly.

Current _ Original N Tectonic N Geomorphic
elevation =  elevation displacement displacement

H(z,y,t) = Hy(z,y) + Ulx,y,t, H) + V(x,y,t, H)

Geomorphic markers are landscape elements for whose
geomorphic displacements (erosion and sedimentation are
small enough or understandable that the tectonic
displacement can be interpreted)



tGlobal anr?l ;igit%nallo 106 Getting the right coverage in
opography/Bathy (105100 time, space, and resolution for the

guestion
Local to site scale topography (dm to m / pix)
A Airborne LiDAR C Structure from Motion

| scene structure refers to

\ both camera positions

and orientations and
the topography

distance between scanner and
ground return determined from
delay between outgoing pulse
and reflected return

onboard GPS and IMU motion of camera -
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\ B Terrestrial LIDAR
&, lines show track of scan across ground
circles show actual ground return footprints
Stereo-
Elhotograrpﬂmstricp | Johnson, K., Nissen, E., Saripalli, S., Arrowsmith, J R., McGarey, P., Scharer, K., Williams,
evation Model (Polar P., Blisniuk, K., Rapid mapping of ultra-fine fault zone topography with Structure from

Geospatial Center) Motion, Geosphere, v. 10: no. 5; p. 1-18; doi:10.1130/GES01017.1, 2014.



Lembang Fault, South of Bandung, Java, Indonesia (6/25/2013)
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LIPI/ITB short course materials: 30 lectures and 10 exercises

http://activetectonics.la.asu.edu/lipi
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Airborne Laser Swath Mapping (ALSM)
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. Haugerud, | 7|
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USG.S M ALSM workflow:
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Survey->Process->Classify->Interpolate/Grid->Analyze

Geodesy and signal Gridded products
== processing
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Point Cloud ‘
: Answer science question
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|dentifying faults in presence of dense vegetation

N T e cordor * ‘abandoned ~ o " |4mm |drija Fault (Slovenia)
' % X Cunningham et al. (2005),
faults and GeOphys. ReS. Lett,

lineaments

Tahoe-Sierra frontal fault zone

Howle et al. (2012),
Geol. Soc. Am. Bull

\c

Faulted Quatemnary Terraceg s
Possible Trench Site

,g(trees removed) _ fault zane corridor
——

" | 4=m Denali fault

| Schwartz et al. (2012), ._
J. Geophys. Res.

"-E. Nissen



A Fortalto High-Resolution myOpenTopo

-w O pe nTOpography Topography Data and Tools

Home Ahout Diata Resources Cammunity Support

http://www.opentopoqgraphy.orqg

P e

! data for the University of California, Berkeley

E Overview Video e‘ Find Data % Tools Y Learn
Spotlight Data Surnmary
Mew Video: LiDAR - Mluminating Earthquakes Hazards Total Coverage: 13,479 km?
. Total number of LIDAR returns: 46,234,163,717

This educational vwideo, produced by Sarah Rohinson (ASLI WS,
student) and Andrewe Whitesides (USC undergraduate) in a
collaboration between the Southern California Earthguake Center
(SCECY and OpenTopography, provides an introduction to both
LiDAR technology as well as the earthguake science that is heing
done with the data.

Latest LiDAR Datasets:

El Mayor-Cucapah Eanthguake (4 April 2010 Rupture Scan
FoAA ISEMP Bridge Creek, Oregaon Sunvey

Granite Dells, AZ TLS

LIS 2008 Sierra Mevada, TA

LVIS 2007 Greenland

Latest Maws Wore Metrics. ..

Facilitate community access to high-resolution, Earth science-

oriented, topography data, and related tools and resources.


http://www.opentopography.org/
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“Seeing” at the appropriate scale
means measuring at the right scale

Surface processes act to
change elevation through
erosion and deposition while
tectonic processes depress or
elevate the surface directly—
their record is best
characterized with the right fine
scale.

Applies in particular to statistical
self similarity

How long is the coast of Britain?

Statistical self-similarity and fractional dimensior
Science: 156, 1967, 636-638

http://en.wikipedia.org/wiki/How Long Is the Coast of Britain%3F Statistical Self-Similarity and Fractional Dimension B. B. Mandelbrot


http://en.wikipedia.org/wiki/How_Long_Is_the_Coast_of_Britain?_Statistical_Self-Similarity_and_Fractional_Dimension

UNAVCO Terrestrial Laser Scanner
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Structure from Motion

« Solves for the scene structure using photographs from a moving camera

e
. ok
r %

* “Structure” = positions and orientations of camera + positions of targets 30-Model’, P

¢ Can also solve for camera parameters like focal length, lens distortion

cccccc

Elal

California

2012 #8
Structure fro

Motion DEM

Johnson, et al. 2014

2008
Terrestrial

LiDAR DEM

Haddad, et al., 2012

. Arrowsmith and
Landers, 1992 earthquake rupture N, ) Rhodes, 1992
repeated investigations on the e
decadal time scale: rupture zone ,F = mﬁ:?wrm
sharp with secondary structures still |==— | |
evident ?EE“ J_.e—“";\ =@




Measure fault slip at the appropriate scale
USGS NED 10 m per pixel DEM

Moment Magnitude (M)
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Measure fault slip at the appropriate scale
B4 LIiDAR topography 0.25 m DEM
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Measure landscape characteristics at
the appropriate scale

Drainage network-hillslope transition at 10 m?
drainage area

Meter scale features
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Feature Identification Workflow %

Science question

Point cloud selection

'

Feature ldentification

Classifiad point cloud, Channs alamants

DTM, DSM, lacal
statistcs (canopy
charactaristics, ralwaf,

including heads,
Qaomorphic uniks,
sedirment [bouldars,

Mear surface model:
Ensemble of features

et ], vagelation | lreas,
ale. ), structures

| l

kature prabability, ale.)

Continuous Discrete
field object
h; lterative operations A

\ on feids and objects

e s
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N 4

Other data integration:
Remote sensing
Field sampling/monitoring

Empirical or
biegeochemical/physics
based interpretation

Select, generalize, idealize:
Metrics
Derived products

—

Multitemporal
feature change

Passalacqua, et al., in revision
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M ap p | n g aCt | Ve fau It traC eS L\neariva[ley Offset drainage channel

Spring

Scarp

Classic, field, and virtual
LIDAR views

An example from the Cholame
section of the San Andreas Fault
Arrowsmith and Zielke, 2009

Explanation for fault strip mapping

Vedder and Wallace, 1970 Stone and Arrowsmith
° Local features with annotation —— Fault trace
—— Regional features
—— Recently active breaks, certain

————— Recently active breaks, less obvious
Ponds and lakes

----------- Fault trace, concealed

————— Fault trace, inferred
—— Lineament

B Landslide deposit
Landslide scarp

B s

Vedder and Wallace, 1970 and numerous others

Offset drainage channel
| F
| Linear valley
[ o, OF

[ |shutter ~ Trough

{ ridge

Zielke, this study

Fault traces: red for main trace,
blue for secondary traces

—— Fault trace, certain
— - — - Fault trace, inferred

2-- Fault trace, queried

- Fault trace, uncertain

B Landslide deposit
and scarp
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Morphologic dating of fault scarps using airborne laser swath

mapping (ALSM) data GRL, 2010
G. E. I-Iill«:y,1 S. IZIuaL‘:»rzlg,2 C. l"rt.a:ntit:e,2 K. Blif.a‘:liul:,3 and JR. Arrowsmith*




Teton Fault: potential for
fault mapping
refinement

" Slip rate (mm/yr)
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Elevation (m)
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USGS National Elevation

Dataset and Quaternary Faults
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B Urban area
Active Fault
San Andreas Fault
1857 Surface Rupture
A, Ppaleoseismic site
N 7

Zielke, et al. (2010)

. Long term offset: 320 km since 24 Ma along major fault within plate boundary fault array

‘ Southwest Noriega, et al., 2006 Northeast

; <8 N40W velocity
1‘: ,3 - 20 (mm/yr) SAF surface trace 37 mmiyr
; 30 mm/yr

-10 Modeled velocities for

steady slip below 12 km

s

This study

-

. - —_ Distance (km)
| 00 50 0 50 100 200
Slip rate of 34 mm/yr localized across <10m [l Steady strain accumulation by deep slip at 30-37
since at least 13.5 ka Sieh and Jahns (1984) mm/yr over decadal time scale from geodesy

Steady strain accumulation and release along south-central San Andreas Fault
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33.9+/-2.9 mmlyr (S&J, 1984)

3.7 cmiyr (Akciz, et al. prelim.)

35.8+5.4/-4.1 mm/yr (S&J, 1984)

Fhelan Creeks
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: ”“Wallace Creek active
100 channel offset

Age before present (yrs)
10000 15000

5000

Opportunity to to update
the central San Andreas
fault slip rate at Phelan
Creeks. How does it

compare with the rate
determinations from
Wallace Creek?



a) o E -
2 s oo LittleRhelan. a
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T VT3 % |
\ Big Phelan
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Salisbury, et al. 2013

Phelan Creeks:

Structure from Motion topography and image texture



Phelan Creeks

Explanation

O 0O5L sample location
ﬁ 14C sample location

sharp contact
\_",f‘

— — — approximate contact

™ 10 — gradational contact
incm
channel contact used
to measure offset

D burrow

slightly indurated
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u
r‘ highly indurated
T
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preliminary OSL age estimates of 5.6 +/- 0.3 and 6.0 +/- 0.4 ka

Salisbury, et al. 2013
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Hillshade

3.4305

Backslipped Hillshade Easting

Red profile with overlay of back-slipped blue profile

Elevation (m)

50 100
Distance along profile (m)
Blue profile

50 150 20

100 0
Distance along profile (m)

Elevation {m}

Goodness
of fit

Displacement (m)




Slip (m); QTM measurements
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N=125
R2=0.9
i o
1 A Validation of offset
R measurements from field and
[ A LiDAR data: San Jacinto
T Fault Clark section

2 4 6 8 10 12 14 16 18 20

Slip (m); field measurements Salisbury et al., 2012
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Understanding geomorphic response to uplift

Uplift rate

-a00
-4500 -4000 -3500 -3000 -2500 -2000 -1500 -1000 -500

Material moves along fault though relatively stationary uplift zone:
How does landscape respond?

What will the landscape tell us about the geometry of the uplift?
SI:ID I L] L] 1 L] 1 1

Total rock uplift

-a00
-4500 -4000 -3500 -3000 -Z2500 -2000 -1500 -1000 -300

-G. E. Hilley
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Dragon’s Back Pressure Ridge, Carrizo Plain California
Arrowsmith, 1995; Hilley, 2001, Hilley and Arrowsmith, 2008
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Duvall, Kirby, and Burbank, 2004, JGR-ES
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Post earthquake laser scanning and repetition (B4, Hector Mine, Denali, El Mayor Cucupah)
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Fault slip rate (mm/yr) Main shock and ~12 hours seismicity/aftershocks Baja California i

Oskin, et al., in review
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Three-dimensional surface displacements and rotations

from differencing pre- and post-earthquake

LiDAR point clouds

. . lk
Edwin Nissen,

2 : : 1
Aravindhan K. Krishnan.,

GEOPHYSICAL RESEARCH LETTERS. VOL.

39, L16301, do1:10.1029/2012GL052460, 2012

, . 1
J. Ramon Arrowsmith,

and Srikanth Saripalli’
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Experiment 1

e

Pre- data: [2,4]
Post-data: [2,4]
Simple earthquake
Windows: 100m
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Repeat terrestrial laser scanning of the bridge at Parkfield: colors show

relative motion across the slipping San Andreas Fault (cm)
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TLS data and image from G. Bawden (USGS). AGU Bowie Lecture and Grand Challenges in Geodesy
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Displacement
of the Home
Hill landslide
between 19
July 2011 and

10 November
2011 using the
COSI-Corr
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Summary

LIDAR provides dm to cm global accurate measure of the
earth’s surface

Meter scale is critical for structural and geomorphic processes

Main applications in faulting-related investigations can be
separated into fault zone mapping, reconstructing offsets,
Investigating geomorphic responses to active deformation,
and differencing of repeat surveys

Looking ahead

Lots more data and problems out there!
4 dimensions: directly measuring the displacements

Processing and filtering enhancements: looking for the signal
In all the data (e.g., Hilley, et al., 2010; Delong, et al., 2010)

Bring these data and their depiction of the earth’s geomorphic
and tectonic processes to geoscience education
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What Features Form Along Strike-Slip Faults?
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