Near-field coseismic deformation from

airborne and terrestrial LIDAR of the
El Mayor-Cucapah earthquake
S’v,, Dr. Michael Oskin '
b /_I?Uhi"\ig'l?tty_ of )C‘gflifo;;?ia',Dayis | s

> -

' " i “t;l
al /4" \ ;
o~ '
\ _"/ /’ N ,.
s
in |
o ’ {
o v “: 4 :
' A ;
) ‘ ' 41 5 y .
P ' A SR
\l 4 4 g . ‘)
- -~ ” g 6‘ - * ‘
£ o

Wednesday, September 18, 13



This is very much a team effort

Airborne LIDAR Terrestrial LIDAR

* Univ. of California, Davis * Univ. of California, Davis
» Arizona State University * CICESE

e CICESE * University of Kansas

« NCALM (Univ. Houston) * UNAVCO

 OpenTopography

* Colorado School of Mines

* Univ. of California, San Diego
 U.S. Geological Survey

e (Caltech
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Objectives & Outline

 Airborne LIDAR

— Fault Mapping
— Hidden Faults
— Distributed Deformation

e Terrestrial LIDAR

— Slip Vectors
— Slip Uncertainty
— Scarp Erosion

W.M. Keck Center for Active Visualization in the Earth Sciences
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Airborne LIDAR coverage of Pacific-North America Plate-
Boundary Zone
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SCSN/CISN Recorded Seismicity April 4- 6, 2010

Relocated with 3D Model and HypoDD
2009 Seismicity in Black; and 30-31 Dec. 2009 in Green

e e post-EQ Rapid-Response

Planning a LIDAR Survey in
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Borrego Fault: 3.5m dextral-normal slip
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2006 INEGI Regional LiDAR Survey
0.013 pts/m?, Aircraft Elevation 6000 m
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Paso Superior Fault
2.5x Vertical Exaggeration

Wednesday, September 18, 13



Differential LIDAR of Sierra Cucapah
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AElevation and Slope along X-X’
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Differential LIDAR of Paso Inferior AZ

Comparison to Elastic Dislocation Model
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Differential LIDAR of Paso Inferior AZ

Comparison to Elastic Dislocation Model
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Conclusions (Airborne)

 Post-Earthquake LIDAR enables rapid and
uniform mapping of the surface rupture

 LIDAR reveals new structures (e.g.
ndiviso fault)

 Differential [lower resolution] LIDAR
illuminates near-field strains exceeding
1000pustr (1073)

e Strains appear to be generated elastically

due to fault slip, with strains near yield
point of rocks

 High shallow stresses unlikely to persist,
likely relaxed via distributed postseismic
vielding.

. b4 i » o ',
- . ‘- Vo, - "‘~ ." : o ¥ 'A
Wednesday, September 18 13



A <

Wednesday, September 18, 13




7 R 7
RUPTURE MAP .  (PASOSUPERIORFAULT) & 5, &Y
e %. o> %, 0> 2,
33°0°0"N 3 N ,b"l, 3
o ,,? (PASO INFERIOR FAULT)  (BORREGO FAULT) ; .
P N - 7. —— [ ! — g
e ~ ’;,A &3\ e — : .~ . - i : it

T-LIDAR SCAN SITE
YW 2010EPICENTER

5 KM =ssssss——

- ) . ov . - -
e as - = - ¢ - - 5 e
- = - &Mi'q; ™ Ay e -
* D - g pav y ., T = 3
o - » s - = e = -
b/. i T - ; S N L . -
. -~ P R - v % . - - 3 ™0 - - - 3
— . - S o o 3 3 < S
: .~ .z. > - -
”~ - - '.’ ;.’ . \§ ‘ :
- - - - --., .'_V' 3%
Y e . b ; -
- ) ’ ' - 5

4
‘s;
'
£
.
&
¥

- T IR .
' ! A . <
g gt <
Y - 3 <
. . L 5 )
. 4
- ’ -
e 10 af M  EROL 6.
' 0 —p
b . A 3
~ >
h\\ & N, .
4 - Y b gt b - . P
. L4 » - v - '
Loyt . - . ” ) e 5‘\!~(.‘ A
> P - 1 ey
S . s, - .
P, R
e W s y \\ ~
. >
A ) y.,“f N .
= p : b
o . A
. SR N N ‘,\ %
o 1 ; -
{ - " 4 .
- .
N )
e s
) y
2 ‘_’.'
v
."
o ¢ .’

Wednesday, September 18, 13




A T T T T T T T T T
3.5 || Remote Measurements * right-normal slip Field Measurements (Fletcher et al., 2010)
linear best fit 95% conlf. linear regression é T
Y W e quadratic best fit 95% conf. next observation O 9 e PR
E A : | '
-+ 2 v . °
<= 2.5 S . . . . » e _LT..
o ' O % e e
£ W o :
@ . i - { ! :
o 2 ! L - - -
© . :
ot . _
.‘_é’. 1.5 ] | | | ] ] | |
0 20 40 60 80 100 120 140 160 180

distance along strike (m)

IR R E R e

e I T T I O

R F./%’}JLMA_

18 17 16151413121110 98 7 6 5 4

Features: 23

Antithetic offset

T — Synthetic offset Hillshaded DEM

Wednesday, September 18, 13



v -

R R
ACARERT b ARRY

O
A e
-
;

R
N

] e ——— Meters

- 5 e

N
. >
- ‘) N
-, ot D .
-/ / (cr'”‘ \ . A /lll'l”.
-9 . - — » -
- - - o)
3 \ Wi, .tl..v.(il. .
. S
-~ =

3

R ’, - a
. .ﬁ.r e 5 ey
R aR R aed
3 Lo o.;. - . 3 ‘A\. -
T N e
« /I.‘h. df. > ~ OR ST
T B N S -

L 3 - . »
TR
b R T RN

o~

=73

|

-3¢cm f3 cm

Elevation Change

-25 cm
1

<

iott (UC Davis Ph.D. student)

Austin Eli

Change Detection — Scarp Erosion| -

Wednesday, September 18, 13



Conclusions (TLS)

* Epistemic (interpretive) slip
measurement uncertainty higher
than typically reported.

 Noisy slip functions may reflect this
epistemic uncertainty, NOT off-fault
deformation.

* Slip gradient strains of ~1073 on
Borrego fault consistent with

L differential LIDAR.

8 »  Scarp erosion and infill of fissures

: sufficient to create paleoseismic

record of earthquake within year.

{ « Sediment flux of 0.01-0.02 m?/yr
across resistant bedrock and uphill-
facing conglomerate scarps
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