Sharpening our view of earth processes with high resolution
topography
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Example scientific motivations

How do geopatterns on the Earth’s surface arise LANDSCAPES
and what do they tell us about processes?

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

Volcano form and process

Changes in volume of domes, edifice, flows over
time




Getting the right coverage in

Global and regional
:g%’b%mphy/ bathy (105100 time, space, and resolution for the
question
Local to site scale topography (dm to m / pix)
C Structure from MotiorT o

A Airborne LiDAR
motion of camera .
& V'J’

onboard GPS and IMU
provides depth _.---
& S

constrain position and
orientation of aircraft information/,/’ ‘ Y\ ,&o\ Qd)@
& I e
T /|| scene structure refers to
A / \ both camera positions

\
\ and orientations and

+ASTER
. 6\ the topography

distance between scanner and
ground return determined from

delay between outgoing pulse
and reflected return

\features matched in
multlple photographs

/058/' PuUlse

B Terrestrial LiDAR

&, lines show track of scan across ground
circles show actual ground return footprints

Johnson, K., Nissen, E., Saripalli, S., Arrowsmith, J R., McGarey, P., Scharer, K., Wiliams, P
Blisniuk, K., Rapid mapping of ultra-fine fault zone topography with Structure from

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



Presentation outline

 |Introduction and measuring topography

« “Seeing” and working at the appropriate
scale

* High resolution topography application examples



Science requirements

* Need topography data with sufficient spatial extent
and resolution to capture phenomena of interest

* Need topography data with sufficient temporal
repeat to capture changes of interest




~50 mm/yr

|datan tault e

1' \Maggudas

Kusai Hu g .

o1 'E"' L . B ) 2001\

430km of ground rupture, above 4000m

Yann Klinger, IPGP; http://peer.berkeley.edu/events/2009/sfdc_workshop/Klinger Kunlun_EQ.pdf
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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 dimensio
Science: 156, 1967, 636-638

B. B. Mandelbrot



Using Terrestrial and Airborne Lidar

California

<4

J. Oldow, UTD Los Angeles County



Using Terrestrial and Airborne Lidar

San Gabriel Mountain 1-m DEM from airborne lidar
J. Oldow, UTD



Using Terrestrial and Airborne Lidar

J. Oldow, UTD



Using Terrestrial and Airborne Lidar

J. Oldow, UTD



Using Terrestrial and Airborne Lidar

J. Oldow, UTD
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Using Terrestrial and Airborne Lidar

J. Oldow, UTD



Using Terrestrial and Airborne Lidar

J. Oldow, UTD
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Drainage > 100 sq. m

USGS 10 m/pix NED B4 lidar 0.5 m/pix
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Lidar: full feature (all returns)




Lidar: bare earth
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Northern San Andreas Fault, California



Identifying faults in presence of dense vegetation

. . — m— . .
fgﬂﬁgz'éﬁé‘éélldﬁ”g"'abandovned 4 . 4= \|drija Fault (Slovenia)
4" ’ Cunningham et al. (2005),

el e & Geophys. Res. Lett.

‘ridge lineaments

Tahoe-Sierra frontal fault zone
Howle et al. (2012),
Geol. Soc. Am. Bull

\c

Faulted Qﬁatemy Terra
Possible Trench Site

. topographucally rough
. fault zone corridor

» | €= Denali fault
~ | Schwartz et al. (2012),
J. Geophys. Res.

-E. Nissen



Structure from Motion

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

-e---a
e “Structure” = positions and orientations of camera + positions of targets 3°‘M°"e'\\\ // \

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

2008 ’ '
Terrestrial Structure from
LiDAR DEM Motion DEM

Haddad, et al., 2012 Johnson, et al. 2014

Landers, 1992 earthquake rupture
repeated investigations on the

decadal time scale: rupture zone & e
sharp with secondary structures (—— v

still evident mtroalll el S

Arrowsmith and
Rhodes, 1994

F tancers




PHOTOGRAMMETRY CURRENTLY IN OT

Pleiades 1A & 1B tri-stereo data
East Helanshan Fault, China

COMET El Mayor-Cucapah EQ
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UNAVCO

A PR 5

Terrestrial Laser Scanner

absolute measurement capability
sufficient to characterize features
and changes in challenging
geometric arrangements

V‘:



Looking south

Ty oo S

s \,ﬂ -

L ookina west and down

Contents lists available at ScienceDirect

Journal of Structural Geology

Y R 6
TR A
ELSEVIER journal homepage: www.elsevier.com/locate/jsg

Review article

Ground-based and UAV-Based photogrammetry: A multi-scale, high-
resolution mapping tool for structural geology and paleoseismology

\

< > Sean P. Bemis **, Steven Micklethwaite °, Darren Turner ¢, Mike R. James ¢, Sinan Akciz €,
portion of surface resolvable by photo-based reconstructions Sam T. Thiele °, Hasnain Ali Bangash b



Trackway, Fiorello

Inosaur
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Scanningsin Polar Environments

) Using TLS to Obtain
W \ Volumetric
Measurements of
St ' Weddell Seals in the
Chin e McMurdo Sound

/ D Vil Seal body mass = proxy for
3 - availability of marine food

Hlppu | : / \ resources

—

l\L ar flippers

Head (incomplete)
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Everglades B

Eley 8.759 m

Eley 16.037 m



Going beyond pretty pictures...
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Kurt L. Frankel' and James F. Dolan’

Characterizing arid region alluvial fan surface roughness with
airborne laser swath mapping digital topographic data

JGR, 2007



Normalized Value

Across-scarp Distance (X) [m]
0.04

xt=150 m2
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Scarp Profile Curvature (m-1)
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Distance Across Scarp (m)

Morphologic dating of fault scarps using airborne laser swath

mapping (ALSM) data GRL, 2010
G. E. Hilley," S. DeLong,” C. Prentice,” K. Blisniuk,” and JR. Arrowsmith®







Figure 2.  Oblique view of Hector Mine earthquake surface rupture that experienced
3.5-4.5 m of right-lateral displacement. The rupture trace is pointed out by finger icons;
the light and dark bands below and above the surface rupture are subparallel, topo-
graphic escarpments. Several offsel ridges are now juxtaposed with gullies, forming
‘shutter” ridges. Raw laser hits are used to illuminate the ground surface in this point-
cloud image. From tens to hundreds of hits per square meter were collected along the
primary surface ruplures.

Bulletin of the Seismological Society of America, Vol. 92, No. 4, pp. 1570-1576, May 2002

High-Resolution Topography along Surface Rupture of the 16 October 1999
Hector Mine, California, Earthquake (M, 7.1) from
Airborne Laser Swath Mapping
by K. W. Hudnut, A. Borsa, C. Glennie, and J.-B. Minster
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Figure 6.  (a) Cross sections through the raw laser
data on either side of the surface rupture, along the
cast and west profiles shown in Figure 4, are shown
projected onto the fault plane (a ground-slope correc-
tion has already been removed). (b) Comparison of
the topographic profiles on either side of the fault,
after shifting the profiles shown in Figure 6a to re-
maove our best estimalte of the lateral and vertical ofl-
set along this 300-m section.



Hillshade

3.4305
Backslipped Hillshade Easting

Red profile with overlay of back-slipped blue profile
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Red = catchment area of 100 m? Blue = catchment area > 610,000 m?.
Kautz Creek flows through the large valley near the center of the image.




Differential topography



Showcase Tool #1: TLS Terrestrial Laser Scanner




38°30'0"N

Delong et al.,
2012, ESPL

2003 ALSM




Scanning‘in Polar Environments

Mount Erebus, Antarctica

Lava lake scanned 2008-2013, revealing behaviors invisible to naked eye
Inner crater scan used to augment and truth 2003 aerial scans

Scans of ice caves and ice towers
help determine thermal / energy
budget of volcano

]

A WW‘"“

Cyclical behavior
(10-20 minutes)

Relative lake height (m)
)

1 1 1
0 1 2 3 4 5 6 7
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Extra...



Deformation and Metamorphi:

[5) Where Do Strike-Slip Faults and Shear Zones Form?

During strike-sllp movement, one block of rock 1s sheared stdeways past another block of rock. This can
various settings, including transform plate boundaries and within the interiors of plates

Strassas can form a strike-slip zone that functions
a5 3 plata boundary or that Is totally within 3 tac-
tonic plate (#). A strike-slp 2one may offsst the
T rocks hundreds of klometars or kess than 2 moter.
= O A strike-gip fault with relatively small amounts of
ok displacamant Is typically 2 single fault or sevaral
adacent faults, but zones with larger displace-
ments ara thick zonaes of shear [shear zonesl

4 Shear strassas can be Imposed on rocks
hedzontaly, varticaly, or 3t soms Inter-
madate angle. Whan the shaear strassas
are horizontal (A), they act to shear tha
two gdas of a block In cppasita horizon-
&l diractions. Az 3 resudt of the strassas,
shearing movas rodks hortrontally past
one another. Shaaring In the upper parts
of the crustoccurs along a fault, 25 shown
hars, and s Z:l:ﬂfinlvﬂ by fracturing
of adjacent rocks. Shaaring at depth wil

4 All transform boundartes are
faults that accommodate tha |
placernant of one plata past ;
Mcst ara 2 boundary batwes
ocaanic platas, 25 are the o
hare by smal white amows,
transform fault can also ¢
two continantal plates of

cocur aong a zone of ductfe deformation ; saparate an ccaanic pl:
and wil be accompanied by metamor- 2 T e o \x 3 continertal one.
hism and the formation of follation and \ L . o
reation &.1002

» What Features Form Along Strike-Slip Faults?

Strike-slip fanlts result tn a number of distinctive feabures, including offset streams. They also can have f
formed where one block of rock shears past another or where rocks are forced around a bend in the fan

i Strike-dip faults deplaca rocks on cither sida
il hoetrontzlly ralatva to one ancthar,soina
i simple case would not uplft or downdrop
cither 2da. Howaver, many strke-dip
. ; faults have bends, whare the fault
/ - - 3 B changas s traca across the land sur-
REYNOLDS JOHNSON MORIN CARTER 2 facs from cre crlamtation to anothar.
t N | Rightlateral motion on the fault
- gl shown hera causes compression
along the band, forming ridges
S and troughs that are the surtac
0 cxpression of folds and thrust faults.

Horlzontal dsplacernant
surface featuras, Inchudls
agricukural 4eick, and
beds. Over tima, offsc
davelop a charactert
whara |egpara

fault, befora contin
their prafaulting
draction of the )
the direction of |

MOVement 2o

4 Faults that are orrently active can offsat :
straarms, ridges, and othaer topographic Before You Leave Thi
featuras. Tha San Andraas fault In central Be Able To

CaltforniaIs the linaar faature cutting
across dralrages In the centar of this com- Describe or sketch how dof

apter 8
[mage Number: 08.00.a3: © Duncan Heron; 08.01.mtbl;

Spokane Research Lab/NIOSH/CDC; Courtesy of J.M. Logan M
and F.M. Chester, Center for Tectonophysics, Texas A&M|

08 W2 Cavizo A CA

o . putar-ganarated view Jooking east). The and h
niversity; 08.02.mtb1: Spokane Research Lab/NIOSH/CDC;| ) large cfisst stream takes 3 Jogas it comes ccm’:::;ﬁ,’&.':mm:;?c'm"
the fault Is this fault 2 loft-

ataral or Aght- margins, and mid-ocean fid
lataral strtka-slip fault? Hint Imagine you

are standing In tha streambed on the rear 4 Describs strike-slip faults, =
sido of the fauk, and than observe which sattings where thay occur, :
way the streambed on the cpposita side foaturss formed on tha land
hasbeen dsplaced relatve to you.

08.03.c6: © Dean Conger/Corbis; 08.10.c2: Ohio State
niversity, USGS, National Center for Airborne Laser Mapping,|
OpenTopography, and J Ramon Arrowsmith, Arizona State
niversity; 08.11.a9: © Dr. Marli Miller/Visuals Unlimited;|
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Understanding geomorphic response to uplift

I

Uplift rate

-200
-4300 -4000 -3500 -3000 -2500 -2000 -1500 -1000 -300

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?
500 1 I 1 1 L 1 ]

Total rock uplift

-200
-45300 -4000 -33%00 -3000 -Z2300 -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

A. Equilibrium Profiles: Concavity Index
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