
h"p://www.ngdc.noaa.gov/mgg/global/global.html	  

Tectonic	  geomorphology	  	  
&	  ideas	  for	  communica6ng	  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	  quesMons	  
-‐Topography	  as	  the	  
fundamental	  observable	  
-‐Larger	  spaMal	  scale	  
examples	  (orogenic	  ;	  
dynamic	  topography)	  
-‐Finer	  spaMal	  scales	  
(Fault	  zones	  mostly)	  
-‐Facility	  needs	  
	  
Communica6ng	  (briefly)	  
-‐Place	  based	  educaMon	  
-‐Social	  media	  
	  
Connec&on	  to	  longer	  
&me	  scales,	  
geomorphology	  and	  
geology	  

h"p://www.marine-‐geo.org/portals/gmrt/	  



Example scientific motivations 
•  How do geopatterns on the Earth’s surface 

arise 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? 
•  How best can we retrieve the record of 

paleoearthquakes from the landscape? 

Willett and Brandon, 2001 

Balancing Accretionary and Erosional fluxes in orogenesis 



Johnson, K., Nissen, E., Saripalli, S., Arrowsmith, J R., McGarey, P., Scharer, K., Williams, 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. 

Global and regional 
topography/bathy (10s-100s 
m/pix) 

HiRT: Local to site scale topography (dm to m / pix) 

Getting the right coverage in 
time, space, and resolution for the 

question 

+ASTER 

Kathmandu area Stereo-
Photogrammetric Elevation Model 
(Polar Geospatial Center) 



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 

Encode information on spatial wavelength, rates and history of deformation 
-‐‑E.  Kirby	



Channel  adjustment  to  rock  uplift	
Channel steepness 

l  Steepness index (ksn) 
l  A measure of channel 

gradient normalized for 
differences in discharge/
area 

l  Scales with erosion/rock 
uplift rate (Kirby and Whipple, 
2012) 

~  6  mm/yr	
~  14  mm/yr	
~  4  -‐‑  14  mm/yr	

Siwalik Hills, central Nepal – Kirby and Whipple, 2001 

l  Holds in systems subjected to 
simple boundary conditions: 
l  King Range, CA  

 (Snyder et al., 2000; 2003) 

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

l  Siwalik Hills, Nepal  
 (Kirby and Whipple, 2001; Wobus 

et al., 2006) 
-‐‑E.  Kirby	

ref
snnAkS θ−=



Qualita6ve:	  Is	  There	  an	  Ac6ve	  Fault?	  Where?	  

-‐K.	  Whipple	  



Qualita6ve:	  Is	  There	  an	  Ac6ve	  Fault?	  Where?	  

-‐K.	  Whipple	  



Gallen,	  et	  al.,	  2013	  

Kirby	  and	  Whipple,	  2012	  

Transient	  channel	  response	  to	  change	  in	  baselevel	  
Channel	  adjusts;	  signal	  sweeps	  upstream	  	  



Susquehanna  River  and  
Neogene  dynamic  

topography  of  ENAM	

Miller, et al., 2013 - EPSL -‐‑E.  Kirby	



Erosion  rates  are  tied  to  channel  morphology  
and  position  relative  to  knickpoints	

Miller et al., 2013 - EPSL 

-‐‑Need  geochronology!	

-‐‑E.  Kirby	



And,  in  some  cases,  be  inverted  for  history  of  
surface  change	

Miller and Kirby, in prep 
-‐‑E.  Kirby	



Zooming	  into	  faults	  
	  
-‐Fault	  trace	  mapping	  
-‐ReconstrucMng	  slip	  histories	  
-‐Understanding	  geomorphic	  
response	  to	  upli[	  
-‐3D	  topographic	  differencing	  
	  
	  
	  

bimaterial 
interfaces 

Ben-Zion and Sammis (2003) 
Rockwell and Ben-Zion (2007) 





JGR,	  2007	  



GRL,	  2010	  



Mean	  ~4	  shots/sq.	  m	  

Measure fault slip at the appropriate scale 
B4 LiDAR topography 0.25 m DEM 
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San Jacinto Fault (Clark section) Salisbury et al., 2012 

UCERF 3 



Uplift rate 

Total rock uplift 

Topographic metric: residual relief (ridge elevations – drainage elevation) 

Hilley	  and	  Arrowsmith,	  2008	  

San	  Andreas	  Fault	  
35	  mm/yr	  

Understanding geomorphic response to uplift 

1	  km	  



11	  April	  2011	  Fukushima-‐Hamadori	  earthquake	  

Nissen	  et	  al.	  (2014),	  Earth	  Planet.	  Sci.	  Le@.	  



11	  April	  2011	  Fukushima-‐Hamadori	  earthquake	  

2011	  post-‐event	  1	  m	  DEM	  

Before	  A[er	  

1	  km	  

Tadashi	  Maruyama	  (AIST)	  



•	  In	  many	  places,	  only	  a	  small	  proporMon	  of	  the	  
slip	  makes	  it	  to	  the	  surface	  

•	  However,	  slip	  at	  depths	  of	  a	  few	  hundred	  
meters	  appears	  to	  vary	  smoothly	  

	  

Indica've	  of	  slip	  at	  ~200-‐600	  m	  depth	  

Surface	  slip	  

2005-‐2011	  ver6cal	  displacements	  



2005-‐2011	  E-‐W	  displacements	  



Ubiquitous	  point	  clouds:	  coordinated	  (mapping	  and	  monitoring)	  and	  haphazard	  
(autonomous	  naviga6on,	  individual	  photo	  collec6ons,	  etc.)	  	  
-‐Need	  open	  access	  and	  cyberinfrastructure	  to	  support	  archive,	  and	  rapid	  query,	  data	  
handling,	  preprocessing,	  and	  differencing	  	  

Google	  car:	  Gb/
sec	  high	  accuracy	  
naviga&on	  data	  

Modeling	  the	  World	  from	  Internet	  Photo	  
Collec&ons	  	  (Snavely,	  et	  al.,	  Int	  J	  Comput	  
Vis	  ,	  2007)	  



10	  cm	  Terrestrial	  Laser	  
Scan	  (Gold,	  et	  al.	  2012)	  

InteracMve	  analysis	  and	  
visualizaMon	  of	  massive	  
data	  (e.g.,	  Lidarviewer)	  

Data	  discovery,	  sharing,	  
archive,	  metadata,	  QA/QC	  

MulMple	  levels	  of	  
data	  products	  
(including	  
topographic	  metrics,	  
differencing)	  

3	  and	  4D	  point	  cloud	  processing	  

HPC	  processing	  for	  metrics	  

People!	  
Facility	  
thoughts	  



Getting HiRT into 
introductory textbooks! 



Place-‐based	  teaching	  leverages	  intellectual	  and	  personal	  6es	  
to	  places	  (sense	  of	  place)	  by	  focusing	  curriculum	  on	  local	  and	  
regional	  landscapes	  and	  communi6es.	  
EarthScope	  (for	  example)	  science	  offers	  teachers,	  students,	  
and	  the	  public	  access	  to	  the	  rich	  and	  interes6ng	  histories	  of	  
tectonics,	  mountain-‐building,	  volcanism,	  erosion,	  and	  
deposi6on	  in	  all	  the	  places	  in	  the	  con6nental	  USA.	  

Fostering	  and	  suppor6ng	  place-‐based	  
approaches	  to	  geoscience	  educa6on	  

	  



Social	  Media	  

•  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 
–  Provide an informal venue for discussion between scientists and the 

public 
–  Increase brand recognition 

Content guidelines 
-  New ES products/info  
-  ES in the 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 

Bohon,	  Wendy;	  Robinson,	  Sarah;	  Arrowsmith,	  Ramón;	  
	  Semken,	  S.	  (2013).	  Building	  an	  EffecMve	  Social	  Media	  
	  Strategy	  for	  Science	  Programs.	  Eos,	  94,	  237–244. 


