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Introduction

Topographic differencing measures spatially dense
& high amplitude vertical and 3D deformation
surrounding faults.

2016 M7 Kumamoto earthquake: 3D deformation
& inelastic strain

1983 M6.9 Borah Peak earthquake: Very old pre-
data, field vs. remote sensing displacements

Central San Andreas Fault creep: First creep
measured with differencing, rates and active fault



Vertical Topographic Differencing

Topographic data
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3D Topographic Differencing: lterative Closest Point
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3D coseismic deformation
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2016 M7 Kumamoto
Earthquake

Lidar Date
Pre (1 day) 15 April,’16
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Coseismic strain

First invariant of the 2D strain Elastic strain limit:
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500 m wide zone of extension (red)/ contraction (blue), broader than shear strain
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1983 M6.9

Borah Peak,

ldaho,
earthquake
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Differencing of the 1983 Borah
Peak, ldaho, Earthquake

images

Pre Post
Year 1966 2019
Type 234 scanned aerial USGS 3DEP lidar

Point cloud
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10 cm

Relatively simple when:

- Signal >> noise: No, error larger

- Sametype data: No, legacy imagery & lidar
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3 error sources:

- Flight line strips

- Vertical georeferencing errors

- Horizontal georeferencing errors
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Vertical Separation

Vertical Separation (m)
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Rupture mapping
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Vertical Separation: Comparison
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San Andreas Fault Creep
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+ We measure tectonic creep along the

Why study creep:

Fast enough to measure

Earthquake mechanics

Interaction with damaging earthquakes
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Displacement field -> Fault creep, creep rate &
uncertainty
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Fault slip rate from d-lidar
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Mustang Ridge

Right-step through en echelon faults
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Differencing: Similar structural geology but shifted NW component

bt of ICP analysis (m)
BN-0.3--0.2
B-0.2--0.1
m-0.1-0

active earthflow

s on north-facing slopes

‘ PG

">

Jo-0.1 —
[Jo0.1-0.2 Creeping
£J0.2-0.3 San Andreas
£0.3-04 fault

MNo04-05
N0.5-0.6
N0.6-0.7

Kilometers

0 1 2 3 4

Fault displacement hazard: The active fault may not be most pronounced geomorphically



Conclusions

Topographic differencing measures vertical and 3D
deformation surrounding faults.

2016 M7 Kumamoto earthquake: 3D deformation & inelastit
strain

1983 M6.9 Borah Peak earthquake: Old pre-data, field vs.
remote sensing displacements

Central San Andreas Fault creep: First creep measured with
differencing, rates and active fault
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