Sharpening our view of earth processes with high resolution
topography
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Presentation outline

e |Introduction and measuring topography
e “Seeing”’ and working at the appropriate scale
* Applications

Main Application types

e Feature mapping at fine scale
 Differencing of repeat surveys
e Landscape reconstruction (offsets)

o Surface process interactions with tectonic or
volcanic processes




Major US community studies recognize the scientific value
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Example scientific motivations

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

ONTHE ERGE

How do landscapes influence and record climate anGiss: <s%
tectonics?

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

How does the landscape record evidence of prior
earthquakes?

Air

Organisims

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 e
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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
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\ B Terrestrial LIDAR
&, lines show track of scan across ground
circles show actual ground return footprints
Stereo-
Elhotograrlclmgtrllcp | 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.
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* Applications



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
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M6.1 South Napa, California Ea-rth'qua'k M7.1 Darfield, New Zealand Earthquake




~58 mm/yr
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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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Length scales >10°m and <1 m
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For differencing, need pre-event data

2011-2012 LAVA FLOW >
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High-resolution TanDEM-X DEM: An accurate method
to estimate lava flow volumes at Nyamulagira

Volcano (D. R. Congo)

Albino, et al., 2015



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

Drainage > 100 sq. m

USGS 10 m/pix NED B4 lidar 0.5 m/pix

USGS 10 m/pix NED



Cinder cone slope analysis
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UNAVCO Terrestrial Laser Scanner
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. . absolute measurement capability
I - sufficient to characterize features
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Granite Dells AZ point cloud (addad, etal. 2012) geometric arrangements
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Structure from Motion

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

e
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* “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 oo~ ) Photles. 1994
repeated investigations on the T
decadal time scale: rupture zone ,F = ﬁl‘l’"ﬂ.;.m
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Main Application types

~eature mapping at fine scale
Differencing of repeat surveys
_andscape reconstruction (offsets)

Surface process interactions with tectonic or
volcanic processes
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Lidar: full feature (all returns)




Lidar: bare earth










M ap p | n g actlve fau It traCGS 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






Going beyond pretty pictures: the
hillshades are very nice, but...



117 16" W

500 m

117°16' W

117°15'W

117° 15 W

young old
I °
Z ol ]
il active surface
o
@
=3
W
]
£ 4 * e ~70 ka j
3 ° (""Be age)
g
b= L J
] 2 ] ° e
L °
S +
0 1 1 P BV BT EE B EErEE SRR S B

Q4b Q4a Q3c Q3b Q3a Q2c Q2b Q2a
alluvial fan unit

roughness

B 32

"
(m; — 1)’
i=l1
Om — B
n
elevation
high

-

low

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

Kurt L. Frankel' and James F. Dolan' ~ JGR, 2007
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Morphologic dating of fault scarps using airborne laser swath

mapping (ALSM) data GRL, 2010
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Quantitative morphology, recent evolution, and future activity of the ,, Serertiapetseectr Powerwin Movng Windows - Frotie 3
Kameni Islands volcano, Santorini, Greece 10

Pyle and Elliott, Geosphere, 2006
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Main Application types

~eature mapping at fine scale
Differencing of repeat surveys
_andscape reconstruction (offsets)

Surface process interactions with tectonic or
volcanic processes
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The emplacement
of the active lava
flow at Sinabung
Volcano, Sumatra,
Indonesia,
documented by
structure-from-
motion
photogrammetry
-Carr, et al,, in
review.




Fault zone deformation and shallow slip from LiDAR differencing

Ed Nissen (Colorado School of Mines)
Tadashi Maruyama (AIST),

Ramon Arrowsmith, Sri Saripalli, Aravindhan
Krishnan (Arizona State University) |

‘v s with thanks to:
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Vertical displacements in the an NSF+USGS center

2011 Mw 6.6 Iwaki earthquake



The 2008 Iwate-Miyagi earthquake (Mw 6.9), Japan

& KOKUSAI KOGYO GROUP

Pre-earthquake DEM (2m)



The 2008 Iwate-Miyagi earthquake (Mw 6.9), Japan
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Post-earthquake DEM (1m)




The 2008 Iwate-Miyagi earthquake (Mw 6.9), Japan
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Dense 3-D displacements in an area InSAR cannot image

The displacement sense and magnitude agrees with (limited) field observations



Main Application types

~eature mapping at fine scale
Differencing of repeat surveys
_andscape reconstruction (offsets)

Surface process interactions with tectonic or
volcanic processes
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Figure 2.  Oblique view of Hector Mine earthquake surface rupture that expericnced
3545 mof right-lateral displacement. The mepture trace is pointed out by finger icons;
the light and dark bands below and above the surface ruplore are subparallel, topo-
graphic escarpments. Several offsel ridges are now juxtaposed with gollies, forming
‘shutler” ridges. Raw laser hits are used to iluminate the ground surface in this point-
cloud image. From tens o hundreds of hits per square meter were collected along the
primary surface ruplures,

Rullein of the Semmobogical Sociely of America, Vol 92, Mo, 4, p 15701576, Hnj’ 22

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 1.-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
east and west profiles shown in Figure 4, are shown
IJI’lZIjL'!l.ZlL‘!I;j onto the fale planc (a grnuml-.lilurh: COFTEC-
lion has already been removed). (b) Comparison ol
the topographic profiles on either side of the Fault,
after shilting the profiles shown in Figure 6a o re-
miwe our best eslimate of the lateral and verical ofl-
sel along this 300-m section.
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Slip (m); QTM measurements
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Main Application types

~eature mapping at fine scale
Differencing of repeat surveys
_andscape reconstruction (offsets)

Surface process interactions with tectonic or
volcanic processes










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

A. Equilibrium Profiles: Concavity Index
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Summary

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

Meter scale is critical for volcanic, structural geomorphic processes

Main applications in volcano- and 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 volcanic,
geomorphic, and tectonic processes to geoscience education
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IE) Where Do Strike-Slip Faults and Shear Zones Form?
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Srrassas can form 3 strike-slip rone that funcions
s a plata boundary orthat ks totaly within atoc-
tonic plate (). A strike-slip zona may offset the
rocks hundreds of Hlometamns or lkss than & meter.
ik siriim-dip fault with relativaly srall amoums of
displacamant s typmally @ single fault or sevamal
adjamert faudts, but s with langer displace-
mws ara thick zonas of shear (shear mrses]l

. ea

4§ Shaear strassas can be iImposad on rocks
hodzomaly, varticly, or 3t some Inbar-
madiate angla. Whan tha shaar srassas
are horlzontal (&), they act to shear tha
twa gldas af a block IR cppastta harlmn-
=l diractians. s a reedt of the srassas,
shaaring movas rods horizantally past
orie anather. Shaarng In the uppar parts
of the custocos along a fault, & shown
hare, and k= nked by fractur

of adjacent rocks. Ehi:'lngb; demhﬁl
cocur akorg a one of ductle defarmation
and wil b= accompanied by metamar-
‘:Hsm and the formation of foliatlon and

risaton M 1B bl

4 All trareciorm boundancs are
fauhts that accommodats tha l;
placernant of ore plata past ;
Mostara @ boundary babwes
acasric platas, a5 ae the o
hars by smal white amows,
transiorm fault can also s:
two cantinantal platos o
saparatas an poaanic pls
a cortirsrital ors.

a

What Features Form Along Strike-Slip Faults?

Stoke-slip faults remilt in a number of distinetve feabires, Incloding offset streama. They also can have i
formed where one block of rock shears past another or where roclks are forced around a bend in the fan

{ Goiis-slip faulis dsplaca ocks on slther sida
Fortrantzlly ralatva to ore arcthar, calna
B simple case woukd not uplft or downdrop
R cither sda. Howaver, m:mh’l:n-dlp

8 fauliz have berds, whar fauklt

o Hs fraca aooss tha lard s

Hormntal displacemant
surface feabaras, nchadi)
agricukural ields, and
beeds. Overtima, offse
davelop & dharacterh
whara |og para

facs from ore orlamtation bo anathar. fault, bafora cortin
Righitdateral motion an the fauk their prafaulting c
@ chown hera causos ompression diracticn aof tha

tho direor of |
TR Tra ST

along the band, forming dogas
S and troughs that an the surtam
¥ copression of folds and thrust fauhs.

0l M1

C aer8

- Faults that ane oormently active can offsat . S .

[mage Number: 08.00.a3: © Duncan Heron; 08.01.mtbl: {3 1 Fl straars, ridges, and othar bopographic Lz ‘r:":' :‘;??TIH
Spokane Research Lab/NIOSH/CDC; Courtesy of J.M. Logan| | { F.;”:F,i;f{;,?&Tnﬁﬁ::u{,?m"ugﬁnl - -

) acrass dralrages In the camar of this om- Dwscribs or sketch how def

and F.M. Chester, Center for Tectonophysics, Texas A&M]

R . ar-ganamd view Joaking east). The
niversity; 08.02.mtb1: Spokane Research Lab/NIOSH/CDC; Fa-;pfaﬁ;ﬁ smeam takes 3 n.g T — :;J:::mﬂt:ﬁﬁm
tha fault. |5 this fault alnﬂ:—llahmlurnglﬂ- margins, and rickccgan i

08.03.c6: © Dean Conger/Corbis; 08.10.c2: Ohio Statg

. ; . : g - ] lataral strika-slip fault? Hink Imagine you
niversity, USGS, National Center for Airborne Laser Mapping,| -

ane starding In tha streambed an the rear fll Descrbe stike-sip fauhs, o

: : ] slde of tha fauk, and than obssrve which sattings whers thay oocur, ;
OpenTopography, and J Ramon Arrowsmith, Arizona Statg way ths sirsambeed an the cpposhia skda {.mr-gm e o o,
niversity; 08.11.a9: © Dr. Marli Miller/Visuals Unlimited; i ) | Fasbeen displacad relatve to you. —



	Slide Number 1
	Main Application types
	Slide Number 3
	Example scientific motivations
	Slide Number 5
	Slide Number 6
	Science requirements
	Slide Number 8
	Length scales >105m and <1 m
	For differencing, need pre-event data
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Main Application types
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Going beyond pretty pictures: the hillshades are very nice, but…
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Main Application types
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Main Application types
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Main Application types
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Summary
	Slide Number 53

