


- INSAR monitoring of ground motion in
response to climatic or tectonic forcing :
from the exploitation of the Envisat -
archive to the processing of the Sentinel-1
database over the Tibetan plateau '
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‘Q.}mgg,; Overall project objectives

- \ - -
How to improve our \wg e Which fault properties and
vision of fault e | physical processes control
interseismic coupling ? @Hﬂ seismic versus aseismic
slip ?

Fr i Intersismique e Cosismique

Which link between = 2| How does slip partition
interseismic and .\ J <@ 1% | between faults ?
ismi ior ? | : :
coseismic behavior * How important is off-fault
Seismic asperities . o g 2 -
Rl deformation ? Jar” ==
o5 s
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‘ngggc Overall project objectives

e

How to improve our \wg CREEE*:::___ Which fault properties and
vision of fault ——N | physical processes control
interseismic coupling ? @hf;“""“"g“‘““ seismic versus aseismic
o slip ?
Fde Intersismique " Cosismique
Which link between | =P 2| How does slip partition
interseismic and ‘ ] ‘ <@ 1% |  between faults ?

. R _ _ |
coseismic behavior * How important is off-fault s
Seismic asperities I

Creeping deformation ?

» Toward high temporal resolution INSAR time series and

large scale INSAR studies of continental deformation
Challenges : Big Data ; Noise/Signal decorrelation ; GPS/INSAR joint inversion
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‘ggvgggg Outline of the talk \\\&\;esa

1 - Exploiting the complete Envisat archive :

Slip partitioning in the northwestern part of
the Tibetan plateau

(Daout et al., to be submitted, 2017)

2 - Exploiting the new Sentinel-1 database :

Present-day strain accumulation across the
Ganzi fault (SE China)

(L. Lemrabet, MSc work, see also poster
#32)
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1 — Slip partitioning in NW China, from W
NRSCE _ _ _ &\\‘ eSa
Envisat INSAR time series

e TECTONIC SETTING :

Left-lateral Altyn Tagh, Kunlun,
Manyi faults

Thrusts in Western Kunlun Shan
(2016 Pishan EQ), Altyn Shan and
Qiman Shan

" - 4
L e

= - saismicity — ATF

» GFS — sacondary [
Stalions  __yheyss o,
3 a & ----anticines
Elevation {km)

Extension (2014 Yutian EQ)
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(.]””m: 1 — Slip partitioning in NW China, from &S‘E‘&esa
Envisat INSAR time series h

e MAIN QUESTION

How is the deformation currently
partitioned in between these different
fault systems ?

e APPROACH :

= ERe st gty -
g . seismicity — ATF

No seismicity, no GPS GPS  — secondary |

357 S (0 ' stafions st
. i e Em ----anticlines
=> large-scale INSAR measurements Elevaton (k)

287
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(']””gm 1 — Slip partitioning in NW China, from \\\&\;esa

Envisat INSAR time series_

e INSAR DATA SET :

Envisat 2003-2011

4 tracks, 600 km-long, from the Tarim basin
to the central tibetan plateau
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(.]””m: 1 — Slip partitioning in NW China, from \\\&“&esa

e MAIN CHALLENGES :

Seasonal variations due to freeze and thaw
cycles of the permafrost active layer *

Winter T° 0°C  Summer T° R i
ACTIVE LAYER SR
PERMAFROST
£ B a0
% i SRIEMICEY = GPS weloohy
a S o EO w45 P
v R’ shrika-skp faully ]

: 4 L
[ p 1 T Elavation {kmi}
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(']””gm 1 — Slip partitioning in NW China, from \‘\&“ﬁi‘"esa
Envisat INSAR time series e
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e MAIN CHALLENGES :
N tropospheric delays
TrOpOSpheriC sxpecied delormation
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(',,,,gm 1 — Slip partitioning in NW China, from (- @agg
“C] Envisat INSAR time series =
Wrapped interferograms

e PERMAFROST SIGNAL :

Local patterns of deformation altering phase
continuity (thus unwrapping)

Within the tibetan plateau

Enhanced between winter and summer acquisitions

-3.14156 3.1415
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| 1 — Slip partitioning in NW China, from ('
NRSCE _ _ _ \Q\ eSa
Envisat INSAR time series

e PERMAFROST SIGNAL :

» Step 1 :Principal component analysis of a
1st set of unwrapped interferograms

The spatial pattern associated with seasonal
variations can be used as a template to
unwrap all other individual interferograms

2017 DRAGON 4 SYMPOSIUM
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(.]””m: 1 — Slip partitioning in NW China, from \\\&‘E{;esa
Envisat INSAR time series e

e PERMAFROST SIGNAL :

» Step 2 : Time series analysis of the
deformation, separating the linear and
seasonal term

Velocity -
Seasonal Signal
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(@), 11— Slip partitioning in NW China, from @t aggqg
‘_CJ Envisat INSAR time series =

Subsidence

T° peak peak

e PERMAFROST SIGNAL :

© 35.25°,86.25°

o B

» Step 2 : Time series analysis of the
deformation, separating the linear and
seasonal term

Temperature (°C)
[
© o

@
S

® - I I I i) R— . Subsidence
E + Amplitude > 8 mm ) SRS ) 1
n [ . 1T T -
= 50 Velocity - = 1. T
E Seasonal Signa 8 .
= (=8
§ = 30 2
o E o
&= 10 e
-D E—4
8 -0 £- ___Stefan
B S model
- 's.'lﬁﬂ m\.]g‘k mﬂ.ﬁgﬂ m\m‘u E I
Jan. March May July Sept. Nov.
Time {Year/month/day)

(Daout et al., 2017)
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(’?Wm: 1 — Slip partitioning in NW China, from \\\&“&aesa
Envisat INSAR time series h

e TROPOSPHERIC SIGNAL :

Delay in LOS (rad)

» Corrections made from
ERA-Interim model
(Jolivet et al., 2011)

*A Tibet
» Uncertainty related to daily ]| ?\\ ‘
variations taken as a proxy to ‘g’m'_ ;N ‘ 3 '_
tropospheric delays corrections 5 %l N .-"m'y'. EUin u (it "\'.H
270 - 1 -
Daily i . i
prediction e e
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(’?Wm: 1 — Slip partitioning in NW China, from &&esa
Envisat INSAR time series h

30° i : E _—
e TECTONIC SIGNAL : LOS velority

» Time series analysis on bedrock -
only

» Proxy to tropospheric delays
corrections used as weight in
temporal decomposition

— ATF
— -sutures. -
—eecondary faults
—thrusis faults

-« --anticlings

3457~

(Daout et al., in prep., 2017k

Ner?'
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(’Nﬂgcc 1 — Slip partitioning in NW China, from \\K\\\Eesa
‘_CJ Envisat INSAR time series |~

30°

e TECTONIC SIGNAL :

3-4 mm/yr of LOS relative velocity .
between both sides of the fault

4-5 mm/yr of LOS relative velocity
between both sides of the Jinsha
suture zone => 77?77

34.5°—
—eecondary faults
—thrusis faults
- -« anticlines

I

(Daout et al., in prep., 2017k

Ner?'
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(@), 11— Slip partitioning in NW China, from @t aggqg
‘_CJ Envisat INSAR time series =

32° L

e TECTONIC SIGNAL :

s | |l‘.'.-‘ﬁan:rhen
{E‘T . Fault
Eaf | |
E -l.l'rn|5nan

. I
§ 200 Profile- !
o 100 ) ha_
o-2 o perpendicular .
- _1pg distance I

{kem} ]
— 200 100 0 100 200 24.5°_ ___mﬁgﬁwf@“g_
—1hn:|sl_afaurls
(Daout et al., in prep., 201715 — enicines
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‘_gg]/mm:

e TECTONIC SIGNAL :

Uplift in the Tarim
basin

on a thrust ramp
system ?

(Daout et al., in prep., 2017Db)
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1 — Slip partitioning in NW China, from

Envais_sat INSAR time series
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(’?Wm: 1 — Slip partitioning in NW China, from &\%esa

Envisat INSAR time series

TECTONIC SIGNAL :

Uplift in the Tarim
basin

on a thrust ramp
system ...

... Similar to that
observed westward

SEAITENLE CAMOZNMLIES
I Couvertur rsssrainus
] Socle métamaorphique & paléozcique 0

(Wittlinger et al., 2004)
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(@), 11— Slip partitioning in NW China, from @t aggqg
‘_CJ Envisat INSAR time series =

e TECTONIC SIGNAL MODELING :

Vertical left-lateral fault + thrust ramp

Elastic, homogeneous %2 space

Bayesian inversion of left-lateral velocity (V), locking depth (H) and ramp geometry :
Protools software (https://github.com/simondaout/protools.git, Daout et al.,
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1 — Slip partitioning in NW China, from W
NRSCE _ _ _ Q\\» eSa
Envisat INSAR time series

e TECTONIC SIGNAL MODELING :

£

§5.5

g

Z2s

e O

g . :—I'u'lu::-de-l prediction ! * T119  ~T348

E‘ ok -7 ” Y | InSAR Autn—nn'.rana;lwa e T991 = T162

: LR g e . ATF left-lateral rate :
> L L T 3 ~ 10 mm/yr

E s F iy i * * L

£ 15 [He et al.. 2013] network | . ' | ' '

5 m& %ELiE:gz'tal..Eﬂ-]igl network ' g e i Convergence rate :
E i i H - - . . : i )

> % P . :.L., ~ 3 mm/yr

z O | | |

- 150 100 50 0 50 100 150

Distance {(km)

2017 DRAGON 4 SYMPOSIUM 20174F “JevkXl” VUMW If =

26-30 June 2017 | Copenhagen, Denmark 20174£6 H26-30H , F1 & FrAISR



\.\ \\\N&

u@/ﬂgﬂﬂ Part 1 — Main results and perspectives  \ = eSsa

 When studying tectonic deformation, you may end up / need to
study non tectonic deformation !

* It can be interesting : permafrost related deformation can be
modeled with unprecedented temporal resolution here, thanks to the
long time series of INSAR data. To be continued...

 Multiple view angles of fault-related deformation are required
together with 3D fault models to study deformation partitioning at
large scale : Sentinel-1 will help making progress.
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- | | S
‘ngm: 2 - Strain accum_ulatlon across the Ga_n2| \\\&\%esa
fault, from Sentinel-1 INSAR time series

e THE YUSHU-GANZI-XIANSHUIHE FAULT SYSTEM :
~ 1400 km-long
9 M>7 earthquakes since 1725
3 main segments

< The Yushu segment :

< The Xianshuihe segment :

< The Ganzi segment :
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- | | S
‘ngm: 2 - Strain accum_ulatlon across the Ga_n2| \\\&\%esa
fault, from Sentinel-1 INSAR time series

e THE YUSHU-GANZI-XIANSHUIHE FAULT SYSTEM :
~ 1400 km-long
9 M>7 earthquakes since 1725
3 main segments

< The Yushu segment :

< The Xianshuihe segment :

< The Ganzi segment :
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- | | S
‘ngm: 2 - Strain accum_ulatlon across the Ga_n2| \\\&\%esa
fault, from Sentinel-1 INSAR time series

e THE YUSHU-GANZI-XIANSHUIHE FAULT SYSTEM :

~ 1400 km-long
9 M>7 earthquakes since 1725
3 main segments

< The Yushu segment :
last EQ in 2010 (Mw6.9)
< The Xianshuihe segment :
last EQ in 1981 (Mw6.9)
< The Ganzi segment :
a 300 km-long seismic gap

2017 DRAGON 4 SYMPOSIUM
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* - | i S
‘@IHS‘EE 2 - Strain accum_ulatlon across the Ga_n2| &\;—esa
fault, from Sentinel-1 INSAR time series

e THE GANZI SEGMENT :

N Direction Df‘ ¢ YUShu — > — GanZ| Em— '
- - Xianshui He
a 300 km-long seismic gap N\ e ™ S — o
- NG = -
unbroken since 1854 (Mw7.7) —
a 2000 | e | 2000
g‘ 1900 "I‘;;: ---' o M~7.7 - - - 1900
€ 1800 1800
L7 iy
8 1700 1700
- ol 8 J .
% E 6 1896 ___?__T - = | o 1866
E g 3 1738 T
E O 0 )| e - 2010 1 1 1
=N
é = 100 200 300 400 500

Distance along fault (km)

(Perrin et al., 2016)
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| ] I - s,
‘ngm 2 - Strain accum_ulatlon across the Ga_n2| i\&‘\@esa
fault, from Sentinel-1 INSAR time series

e THE GANZI SEGMENT :

a 300 km-long seismic gap
unbroken since 1854 (Mw7.7)
geological slip-rates : 6-8 mm/yr

\2 .| (Chevalier et al., 2017)

GPS slip-rates : 6-14 mm/yr (e.g. Wang et al., 2017); INnSAR 7?7?77
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_ ' ' ' s,
(’?Wm: 2 - Strain accum_ulatlon across the Ga_n2| \\\&‘\@esa
fault, from Sentinel-1 INSAR time series

SENTINEL-1 DATA SET :

Interferogram network

80

perpendicular baseline

Ascending track 99
28 images until March 2017
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. ] ; ] s,
L@WHSEE 2 - Strain accum_ulatlon across_ the Ga-n2| &%esa
fault, from Sentinel-1 INSAR time series

e PROCESSING : NSBAS (Grandin, 2015)

* EXAMPLES OF INTERFEROGRAMS : before/after correction of spectral diversity

Before After
IW1 W2 W3 W1 W2 W3
int_20141012_20147 " int_20150209_2015030 int_20150116_201502¢ i- int_20141012_2014 " int_20150209_2015030 . int_20150116_201502C
, __Bperp: -18 meters Bperp: -10 meters Bperp: 10 meters 6 28 rad .. Brorpraiiimetecs Bperp: -10 meters ' | Bperp: 11 meters
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g
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2 - Strain accumulation across the Ganzi
fault, from Sentinel-1 INSAR time series
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TIME SERIES ANALYSIS: IW2
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2 - Strain accumulation across the Ganzi
fault, from Sentinel-1 INSAR time series
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| _ i i i
(’?ng 2 - Strain accum_ulatlon across the Ga_n2| &\? @Sa
fault, from Sentinel-1 INSAR time series

e PRELIMINARY MODELS :

Vertical left-lateral fault with fixed location
Elastic, homogeneous %2 space
Bayesian inversion of fault velocity (V) and locking depth (H) :

Protools software (https://github.com/simondaout/protools.git, Daout et
al., 2016)

A priori model : Uniform distribution of V (0-20 mm/yr) and H (0-30 km)
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LOS (mm/yr)

‘Sg]ﬂﬂm:

e PRELIMINARY MODELS :

IW1

Profile XSH, azimuth: 112

T
—— topography —

]
T

Elevation (km)

Q
T

— model
——  uncertainty

~150 —100 —50
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2 - Strain accumulation across the Ganzi
fault, from Sentinel-1 INSAR time series
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(’?MML, 2 - Strain accumulation across the Ganzi &\?

fault, from Sentinel-1 INSAR time series =

PRELIMINARY MODELS : IW2

XSH Strike Slip

Profile XSH, azimuth: 120 0.7}
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| - | ' i
‘ngm: 2 - Strain accum_ulatlon across the Ga_n2| \\\&\\%esa
fault, from Sentinel-1 INSAR time series

e COMPARISON WITH CHEVALIER ET AL., 2017 :

o as" 1007 192t
34° ] 34°
32" 4700 i } A Y _ Wil =
11+1 mm/an £ e
+ B Ak
| 3e1km 14,4+1,5 mm/an [
| i g ,:_r‘.__\:' '::'f,"' 5 e o i i s -3 . 2
% S '\gﬁ ol =D 13+2 km L 55 iy
30° .l SR B, R ~ 30°
pe z . 102"
50‘00
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u@/ﬂgﬂﬂ Part 2 — Main results and perspectives  \ = eSsa

* With less than 3 years of Sentinel-1 data we were able to retreive
the strain accumulation pattern across the Ganzi fault segment

 The study reveals intriguing, along-strike variations of the
deformation localisation, with creep likely occurring near the junction
between the Yushu and Ganzi segments. To be further investigated...

 Both ascending and descending data processing will be completed
across this fault before moving on to larger scale fault studies.
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