Tectonic geomorphology
& ideas for communicating science data and results to the public,

based on experience with Earthscope and OpenTopography
Ramon Arrowsmith (ASU) + Hilley, Kirby, Nissen, Oskin, Whipple, others
& Bohon, Crosby, Nandigam, Robinson, Semken




Tectonic geomorphology
-Big questions
-Topography as the
fundamental observable
-Larger spatial scale
examples (orogenic;
dynamic topography)
-Finer spatial scales
(Fault zones mostly)
-Facility needs

Communicating (briefly)
-Place based education
-Social media

Connection to longer
time scales,
geomorphology and

geology

-
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http://www.marine-geo.org/portals/gmrt/



Example scientific motlvatlons |

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

LANDSCAPES
How do landscapes influence and record N =PI
climate and tectonics? oy TR
What are the transport laws that govern the
evolution of the Earth’s surface? N
How best can we retrieve the record of Bemarres
paleoearthquakes from the landscape?

Balancing Accretionary and Erosional fluxes in orogenesis

E E Retro- , EARTH SCIENCES
Pro- h(x) ~—E ' X b 3
> - i ’ w ”. /
K 2 \\\ / Sk

Fixed
Plate

Deforming orogen

Undeforming plate  wiliett and Brandon, 2001 =




TGlobcﬂ onﬁ ;igi%ﬂclm 100 Getting the right coverage in
opography/Bathy (1051005 time, space, and resolution for the
question

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

onboard GPS and IMU motion of camera L %
constrain position and provides depth .-~~~ e
orientation of aircraft information -~ ‘ ,&Q‘?’\ @™

NS I Q\QQ

scene structure refers to
both camera positions
and orientations and
the topography

| distance between scanner and
| ground return determined from
f delay between outgoing pulse
/‘ and reflected return

S B Terrestrial LiDAR

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

KthmondU areqd Sfereo_ ‘ Johnson, K., Nissen, E., Saripalli, S., Arowsmith, J R., McGarey, P., Scharer, K., Williams, P.,
Photogrammetric Elevation Model Blisniuk, K., Rapid mapping of ultra-fine fault zone topography with Structure from



One approach — analysis of stream profiles

Whipple et al., 2012

 Landscape relief
adjusts such that
erosion rate balances
differential uplift of
rock

« Most relief in active
mountain belts on
channel network

« Channels govern
landscape response
to changes in
tectonics, climate

s ENcode information on spatial wavelength, rates and history of deformation
-E. Kirby



Elevation (m)

Channel adjustment to rock uplift

Channel steepness
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e Steepnessindex (k)

A measure of channel
gradient normalized for
differences in discharge/
area

Scales with erosion/rock

uplift rate (Kirby and Whipple,

2012)
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Siwalik Hills, central Nepal - Kirby and Whipple, 2001

e Holds in systems subjected to
simple boundary conditions:

e King Range, CA
(Snyder et al., 2000; 2003)

e Santa Ynez Range, CA
(Duvall et al., 2004)

e Siwalik Hills, Nepal

(Kirby and Whipple, 2001; Wobus

et al., 2006)

-E. I.<irby
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Qualitative: Is There an Active Fault? Where?
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October 8, 2005

Earthqua

Magnitude

Casualties

7.6 My

100,000 dead (18th deadliest
earthquake of all time)
138,000 injured

- . [1]
3.5 million displaced KW

'hipple




Kirby and Whipple, 2012

Increase in Rock Uplift Rate ® knickpoints
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Transient channel response to change in baselevel
Channel adjusts; signal sweeps upstream

Y knickpoint Gallen, et al., 2013



~ __ Susquehanna River and
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Erosion rates are tied to channel morphology
and position relative to knickpoints

Susquehanna data subset:
only sandstone basins, & those above or below knickpoints

k =058xE+12
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And, in some cases, be inverted for history of

surface change
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Zooming into faults

-Fault trace mapping
-Reconstructing slip histories
-Understanding geomorphic
response to uplift

-3D topographic differencing

broad zone of low damage
(5 km scale)

area of detail
in1bh

Principal active fault

powdered or highly
f usually

— e
s tthe Ben-Zion and Sammis (2003) —-
principalsipzone pockwell and Ben-Zion (2007)

Tabular Damage Zone Width
100's of meters

“bimaterial
inferfaces

Host
Rock

1
{
Secondary

Slip Localization

Primar |
y ¢ (*Riedel Shear")

Slip Surface

S i S
+ |

cumulative slip)

(crushed rock with power
Fault | 1aw particle distribution)
Core

10's of centimeters




GEOPHYSICAL RESEARCH LETTERS, VOL. 34, 123505, doi:10.1029/2007GL031295, 2007
Quantifying fault-zone activity in arid environments with
high-resolution topography

Mlchael E Oc;km Klmberly Le and Mlchael D Strane’
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Characterizing arid region alluvial fan surface roughness with
airborne laser swath mapping digital topographic data

Kurt L. Frankel' and James F. Dolan' JGR, 2007



Normalized Value

Across-scarp Distance (X) [m]
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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®




Measure fault slip at the appropriate scale
B4 LiDAR topography 0.25 m DEM
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Offset (m)

Offset (m)
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San Jacinto Fault (Clark section) Salisbury et al., 2012
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11 April 2011 Fukushima-Hamadori earthquake
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Tadashi Maruvama (AIST)

2011 post-event 1 m DEM  / \sossas comoemmon
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Google car: Gb/
sec high accuracy
navigation data

Collections (Snavely, et al., Int ] Comput
Vis,, 2007)

Ubiquitous point clouds: coordinated (mapping and monitoring) and haphazard
(autonomous navigation, individual photo collections, etc.)
-Need open access and cyberinfrastructure to support archive, and rapid query, data

handling, preprocessing, and differencing



Openlopography

Data discovery, Sha rlng’ Multi-Tiered Data Products
archive, metadata, QA/QC G°°9";’ff‘”:‘ft‘[”ff?i )

DEMs: qualitative { (,( (“(1'1"‘ ive

analysis, GIS-users, data integration 3 and 4D point cloud processing

Data Volume, Computational Demands
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Phoshixd Point Cloud & Custom DEMs: “raw S
o data access and fully customized - . 100 m* Drainage network contributing area
Tucson data products \i
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Interactive analysis and 4 =X
visualization of massive 3

data (e.g., Lidarviewer)

N : o .
Y RARSH TR Multiple levels of

N 3 . data products
S ,Avf‘ (including
B /g" : topographic metrics,

P Bias 0 differencing)

10 cm Terrestrial Laser FaC|I|ty
Scan (Gold, et al. 2012) thoughts




Getting HiRT into

introductory textbooks!

REYNOLUDS
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Chapter 8
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and wil bs accompanied by metamor-

| Strike-dip faults dsplaca rocks on either sida

Deformation and Metamorphis

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

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

Strassas can form 3 strike-slip zone that functions
asaplate or that s totally within a tac-
tonic plate (). A strike-slip zona may offzet the
rocks hundreds of Mlometars or kess than 2 meter.

A strike-dip fault with relatively small amounts of
displacamant Is typically 2 single fault or sevaral
adacent faults, but zones with larger displace-
ments ara thick zones of shear (shear zonesl

Shear strasses can be Imposed on rocks
heazonaly, verticaly, or at some Intsr-
madate angle. Whan the shaar strassas
are horizontal (A}, they act to shear tha
two gdas of a block In cpposita horizon-
=] diractions. As a result of the strassas,
shearing moves rodks hortrontally past
cre another. Shaaring In the upper parts
of the crust occurs along a fault, 25 shown
here, and ks ac nked by fracturing
of adjacent rocks. Shaaring at depth wil
cccur slong a one of ductfe deformation

Mane2

< All transform boundartes are
faults that accommodats tha l:
placernant of one plata past ;
Mcet ara 2 boundary batwes
ocaanic platas, 36 are the o
hars by smal white armows,

tran fault can also s
two continertal plates o

saparate an ccaanic pl;

sm and the formation of follation and : ens.

reation

el

What Features Form Along Strike-Slip Faults?

Strike-sltp fanlts result in a number of distinctive feabares, Including offset streams. They also can have i
formed where one block of rock shears past another or where rocks are foreed around a bend in the fan

Horzortal dsplacernant
surface faaturas, Indud!
agricukural dcick, and:
beds. Over tima, ofise

hortzontlly ralatva to one ancthar,soina
simple case would not upift or downdrop
sither 2da. Howaver, many strke-dip

faults have bends, whare the fault davelop 2 charactert

ch 1tz traca across tha land s whara |ogpara

face from ore criamation ta anothar. fault, befora contin

8 RightJateral motion on the fault their prafaulting c

shown hera causes compression draction of the )

along the band, forming ridgas the drection of |

| and troughs that are the su MOVerment cro
exprassion of folds and thrust faults.

aract

Before You Leave This
Be Able To

Describe or sketch how def
and metamorphism occur I
continantal rifts, rifted cont
margins, and mid-c<ean rd

Describe strike-slip faults, =
sattings where thay occur, :
foaturss formad on tha lanc

0L M2 Camo A

CA

<4 Faults that are currently active can ofisat
straams, ridges, and other topographic
foaturas. Tha San Andraas fault In central
Caltfornia is the linaar fagture cutting
acoss dralnages In the centar of this com-
patar-ganarated view Jooling east). The
large ofizet straam takos :&aﬂtm
the fault Is this fault a laft-lataral or nght-
lataral strika-slip faukt? Hint imagina you
are standing in thae streambed on the near
side of the fauk, and than observe which
way the streambed on the cpposiia side
hasbeen dsplaced relative to you. \




Fostering and supporting place-based
approaches to geoscience education

St an SRoih Son T8 6| A > > I ‘f Caaabagia o
i Place-based teaching Ieverages mtellectual and personal ties
g to places (sense of place) by focusing curriculum on localand
:
|

regional landscapes and communities.

EarthScope (for example) science offers teachers, students,
and the public access to the rich and interesting histories of
tectonics, mountain-building, volcanism, erosion, and
deposition in all the places in the continental USA.
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es%%lﬁe 8 Social Media

www.earthscope.org

« ES Social media will

— Offer high quality science content in a variety of formats that appeal to
various age groups

— Increase public awareness

— Communicate timely information

— Engage interactively with the public

— Prob\I/_ide an informal venue for discussion between scientists and the
public

Increase brand recognition

Content guidelines

- New ES products/info

- ESinthe news

- New products/info from partner
organizations

- Science or hazard related events

- Timely or relevant news

- Education related items

- Highlights of ES science, activities, photos




Eos Publication

Building Effective Social Media
Strategy for Science Programs

Social media has emerged as a popular different ages prefer to interact with different
mode of communication, with more than kinds of social media [Lenhart et al., 2010).
73% of the teenage and adult population in To help reach these different age groups,
the United States using it on a regular basis EarthScope'’s approach has been to ensure

[Lenhart et al., 2010]. Young people in partic- a strong presence in a diversity of social
ular (ages 12-29) are deeply involved in the media platforms.

rapidly evolving social media environment In 2011-2012 the EarthScope National
and have an expectation of communica- Office (ESNO) at Arizona State University
tion through these media. This engagement created an EarthScope presence on six dif-

nvnatan a uahiiahla AnnAavhiinitoe fAav catanti s favant annial madia AlatfAavemmeo: DanahAanl

Bohon, Wendy; Robinson, Sarah; Arrowsmith, Ramon;
Semken, S. (2013). Building an Effective Social Media
Strategy for Science Programs. Eos, 94, 237—-244.




