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How fast is Tianshan rising? Or is it? ¢ H\ e oy
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INSAR helps identify sources of vertical motion
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High coherence only_in Kazakh Platform
and fold-and-thrust belt in the south




“Tianshan Strategy”
LICSAR with a twist

Copernicus 30 m DEM
Primary epoch in Aug. 2020
50 m-resolution IFGs

Network
e 5 forward nearest epoch +
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Quality of final dataset
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Mosaic by
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Plate Motion

Stephenson et al., 2022

ITRF2014 Eurasia Plate Motion in the Line-of-Sight
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Dummy points sampled from interpolated GNSS velocities
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Referenced LOS Velocities over the Tianshan Mountains
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East and Vertical Velocities over the Tianshan Mountains
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Land Cover and Vertical Velocities over the Tianshan Mountains

487N 4 L= b -4 ‘K : ¥
1 i -.._..:.In r '_ = - B
oW TR - ).
— ne e Ei ST
46"” — ___,-_.r=-'-
X :
r e ]

L' - -i:' & — = i

M‘H— s ' Bk ; e |
* . Pl ¥ 4
L, s e 2 g
A el B,
dI°NA ¢ - s = . o
"'l"‘-rh;’!‘,,':“-ﬁ = e~ * ]
- & :
40°N - - s i * . . Herbacecus vegetation
o= 5 i 20T 5 RPI : Bare [ sparse vegetation
. ¥ Cropland
e E eiltup
3B%H - Enow B ice
I Fermanent Water Bodies

S0 4

48N -

425 =

SB%H S

62°E

T
B4°E

T
BE"E

T T T T T
B8*E 82'E BA'E BE*E B3*E S0*E

Vu, mm/yr

Groundwater
Extraction

" "
o _.-"__
i
P =4
v
i .
o i gt )
i de e o
= W - i e %

_ i o
- reesUrumai

i !

0 100 200 300 400 km




Land Cover and Vertical Velocities over the Tianshan Mountains
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Land Cover and Vertical Velocities over the Tianshan Mountains
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East and Vertical Velocities over the Tianshan Mountains
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East and Vertical Velocities over the Tianshan Mountains
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East and Vertical Velocities over the Tianshan Mountains

Ve, mm/yr

M 5 5
m“ - =
485 =
A6 - .
45 =
arnd
40°N -
500 km
S [ —
1} || 1 ] I-d_- || 1 | | || 1 I | | 1 1
G2°E B4 BE°E GE"E TO"E T%E T4 TE*E TE*E BO0°E 8XE BAE BE°E H8°E GO%E a2t

Mine & Slow landslide




Tectonics?

Yes In Ve

Ve, mm/iyr

Vu, mm/yr

T T T T T T T T T T T T
G2°E B4E BS'E  GB°E M*E T2°E ME T&'E 78°E B0"E  B2E 84°E BE'E gB'E  S0*E  92°E



Ve, mmiyr
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East and Vertical Velocities over the Tianshan Mountains
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East and Vertical Velocities over the Tianshan Mountains
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Horizontal Strain from INSAR Ve and GNSS Vn
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Median filtered with 100 km window
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Horizontal velocity gradients
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Strain rates (100 km)

Second Invariant 1 ~ Maximum Shear : ) Dilitation

Creeping Karkara Thrust
Mackenzie et al, 2018




Gradients of InSAR Ve and GNSS Vn
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Gradients of GNSS Ve and GNSS Vn
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Gradients of InSAR Ve and GNSS Vn
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Gradients of InSAR Ve and GNSS Vn

dVedx A . ‘ dVndx

50°

45°

50°

45°

40°




Gradients of InNSAR Ve and GNSS Vn 60 km filter
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Kashgar-Kalpin Thrusting System Moving East (5-7 mm/yr)
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Distributed shear with some localisation
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COMET Tien Shan Active Fault Database
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Level 1: Scarp
Level 2: Geomorphic
Level 3: Seismic

King et al., coming soon!



East and Vertical Velocities over the Tianshan Mountains
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Summary
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1.6 million km?
500 m resolution
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East and Vertical Velocities over the Tianshan Mountains

Summary

Ve and Vu
1.6 million km?
500 m resolution

Distributed EW extension
with some localized shear
on faults missing from

GEM Fault Database

1 mm/yr tectonic uplift
and much more!

Feeding into Global
Earthquake Model.
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East and Vertical Uncertainties over the Tianshan Mountams
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Quality Statistics

RMS Residual vstd

FESE

A

34

arn-

A =

38N

S0

A4

AN -

AN

T
BX'E

T

9FE

T T T T T T T T
THE  TBE TEE BEFE Bd°E B'E BR'E BODE

T T
G5°E G8°E ME TFE



Summer Coherence

Coherence

Winter Coherence
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Large-scale
subsidence
cannot be
explained by
permafrost
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East and Vertical Velocities over the Tiansh
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East and Vertical Velocities over the Tianshan Mnuntanns
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Median filtered with 100 km window

~ InSAR Ve filtered ; GNSS Vn surface filtered ~ InSAR Ve fullres ) ~ GNSS Vn surface
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Horizontal velocity gradients

INSAR Ve filtered . GNSS Vn surface filtered ~ InSAR Ve fullres _ ~ GNSS Vn surface
mm/yr

0

45° 1

400.

40°

500

45°




Strain rates (100 km)
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Strain rates (100 km)
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Strain rates (100 km)
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INSAR Ve filtered
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unmasked_clipped_filter _100km
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unmasked_clipped_filter_150km

o INSAR Ve filtered GNSS Vn surface filtered INSAR Ve fullres GNSS Vn surface
mm/yr mm/fyr
| .
-10 0 10 -10 0 10
45° 1 -
.
RN
R - o :
"”.‘lf 7
500
nstyr
-80 0 80
45° 1
s
\§ 2
40° — :"‘o A
'-/‘. -""/,
500
nstiyr
L —
-80 0 80
45° 1
QQ\‘\
40° 1 s f2'




unmasked_clipped_filter_200km
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INSAR Ve filtered
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Landcover

Shrubland
Herbaceous vegetation

Herbaceous Wetland
Moss & lichen

Bare / sparse vegetation
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Evergreen needleleaf closed forest Shrubland

Deciduous needleleaf closed forest Herbaceous vegetation
Evergreen broadleaf closed forest B Herbaceous Wetland
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Mixed closed forest type Bare / sparse vegetation
Unknown closed forest type Cropland

Evergreen needleleaf open forest [ Built-up
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Fit INSAR LOS to GNSS LOS by a constant per track,
assuming 2D GNSS has Vu=0, outlined circles are 3D GNSS
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Independent INSAR Ve and interpolated GNSS Ve
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Independent INSAR Ve and GNSS Ve
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Independent InNSAR Vu and GNSS Vu
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Independent InNSAR Vu and interpolated GNSS Vu
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INSAR Ve after referenced to GNSS LOS by constant
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INSAR Ve after referenced to GNSS LOS by constant
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INSAR Vu after referenced to GNSS LOS by constant
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INSAR Vu after referenced to GNSS LOS by constant
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Internal Drainage
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Mascon Visualization Tool Colorado Center for Astrodynamics Research | CU Boulder
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Far 15 Years, GRACE Tracked Freshwater Movements Around the Waorld

Total Water Storage Anomaly, Northwestern Chrna t

Total water loss
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Tianshan is uplifting at 0.72 £ 0.12 mm/yr =

At O d d S Wlt h th e G N SS St u d | eS 0.39 mm/yr from unloading due to glacier melting, +

0.33 mm/yr from crustal thickening.
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INSAR Vu after referenced to GNSS LOS by constant
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What does it mean?

GPS

Unconsolidated sediments =
supported by ice,
collapse after ice melts

Bedrock = purely elastic
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Which faults are more active?

Kazakh Platform
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