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» Kinematics, Dynamics, and Seismic Risk

» Tectonically active (~*20 mm/yr, about half the plate convergence rate
y ( y P & ) » Resources and Energy (Oil/Gas/Minerals)

» Frequent earthquakes (over 100 Mw > 6 earthquakes )
» Infrastructure (Energy pipelines/Railway)



INSAR Time Series Analysis
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Last compiled on 2026-06-15.  Total interferograms: 2,511,362. Change since last month: 17,403
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Visualisation:
Products

Ascending

() Descending
Epochs processed (%)

[J Ascending

() Descending
Max network length (years)

() Ascending

() Descending

Select desired visualisation using check boxes

LiCSAR Epochs Max network
products processed length (years)
0-200 0-20% 0-2

200-400 20-40% 24

400-600 40-60% 46

600-800 60-80% 6-8

>800 80-100% >8

Leaflet | Centre for Observation and Modelling of Earthquakes, Volcanoes and Tectonics (COMET). GNSS station data from Nevada Geodetic Laboratory (NGL), Tiles © Esri — Source: Esri, i-cubed, USDA, USGS, AEX,
GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community

Real-time standard interferogram products
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LiCSAR data: 21 tracks/92 frames/~100,000 ifgs/2014-2024

(Lazecky et al., 2020)

Time Series Analysis - LICSBAS (Morishita et al., 2020)
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Correction of Non-Tectonic Errors
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Co-seismic deformation correction

129A_04939_131313_vel_filt_mskd
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vel(1) = -9.3 mm/yr, vel(2) = -2.8 mm/yr @(1006, 803)
Lat:39.95317

@ 1:5=2.0km, t=0.10yr (37d) | 27723378
. Ref area

% @ 2: Nofilter X 789.790

Y 553:554

(start from 0)

Ref date:

20170401

mask: 1
coh_avg: 0.62
n_unw: 675

vstd: 0.49 mm/yr
maxTlen: 6.80 yr
n_gap: 0

stc: 0.76 mm
n_ifg_noloop: 118
n_loop_err: 0
resid: 0.50 mm
hgt: 2284.07 m
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6 earthquakes, 21 frames
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Line-of-Sight Velocities
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GNSS Velocity Fields
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Velocity Decomposition
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Uncertainty Estimation from Redundant Observations

4 independent LOS observations 3 independent LOS observations (Wright et al., 2026; Elliott et al., 2026)
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Strain Rate Calculation - Velocity filtering

Development of new InSAR velocity-field filter
Bilateral filtering

ﬁsliding window

____________________________________________

that better recovers both magnitude and
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localization of on-fault strain rate.
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Strain-Rate-Based Inversion  Avoids block partitioning, allows for systematic inversion of closely spaced faults (Johnson et al., 2024)
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Monte Carlo simulation Fault database:

the China Active Faults Database, GEM global active faults database, and published studies.

Slip deficit Slip deficit rate
rate inversion and uncertainties

% 8 ISC-GEM (1904-2024), GCMT (1976-2024), the China Historical Earthquake Catalog (1700-1900),
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Earthquake catalog:
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Workflow and paleoseismological studies.



North (km)

Depth (km)

North (km)

Depth (km)

Fault Slip Deficit Rate

Slip deficit rate (mm/yr)

.
0 2 4 6 8 10

(a)

Constrained by InSAR strain rate

T T
-600 -400

T
0 200

East (km)

T T
400 600 800

Slip deficit rate (mm/yr)

(b)

@ SKRF

N

East (km)

= ] / @ xoF
ok 3 M @ Kuokesale f. @ Yanqif. 9 Baerluke f. 69 W. NLTF
@ —@\;\ © @ w. kumugeremuf. @® N.Yangif. @9 Wenquanf. Kochkor f.
@MPTN @ Aot @ k. kumugeremuf. @9 Baoertu f. 62 Wensunshanf. @7 SNBF
;y\g\ @ . aTer @0 BAF: 63 N.zSBF @3 Oinak-Djar f.
@ & wor @ N. Luntai . €D BAF 69 s.ZSBF NABF
~8(I)O -6(I)0 -4(IJO -260 CI) 260 4;)0 6;)0 8IOO

© coMET

UNIVERSITY OF LEEDS

5 5 ~
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InSAR strain rates reveal more details about fault slip deficit.
Discrepancies may arise from differences in fault system

simplifications, spatial limitations in geological rate measurements,

timescale dependent variations in fault behavior.

~60% of strain rate is accommodated by major faults (interseismic
coupling), while the remaining is associated with distributed

moment sources (diffuse crustal deformation).



Seismic Moment Accumulation
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Assumptions: a8

Elastic energy accumulated since the last major
earthquake.

For segments without documented seismic events,
we set the accumulation start time to 1700 (lower
bound). o

For earthquakes lacking precise location constraints, s

(a) Earthdua ke Récords LMlv:Zﬁ.O)

Earthquake year xx il Starting year
/. Q@ ) T— = .
a2 S 1700 1860 2020 ﬁi}\\

1700 1860 2020

we associate them with the nearest mapped fault.
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20 out of 439 fault segments are capable of

generating Mw 2 7.0 earthquakes.

(d) Moment Magnitude(GNSS)

0N e _ Moment accumulation rate (Nm/yr)[ |e—— \/_ 2024 Wushi Mw 7.0 Moment magnitude
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Uncertainties: . .

Simple fault geometry (segmentation, dip, rake).
Incompleteness of historical earthquake records.
Fault intersection, cascading ruptures.

Strain uncertainties from GNSS Interpolation (north)
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What controls the present-day deformation of Tianshan? 2D (Vertical averaged) Viscous Shell Model

) (Houseman et al., 1986)
Downsample to 50 km (836 observations)
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East velocity North velocity

Casel (uniform strength) Case2 (variable strength) Casel (uniform strength) Case2 (variable strength)

Main misfits are concentrated in
the Pamir and Tajik



52°N

48°N

44°N

40°N

36°N

Deformation Dynamics

on F
(a) case3 aoundary 3 Ui 0)

Boundary 4 (Un=U: = 0)

“1(b) Avg. misfit: 1.99 mm/yr = T

65°E 69°E 73°E 77°E 81°E 85°E 89°E 93°E
1 1 1 1 1 " 1 1 1
Kazakh
— e —
.~
L
e
g //
i / . :
: Pami Effective viscosity (Pa s)
/ Tajik g 4
IRV \” [
= | 230 235 240

>

>

>

© coOMET .a

UNIVERSITY OF LEEDS

Indentation of the Tarim and Pamir (boundary loading) is
the first-order drivers of present-day deformation in the

Tianshan.

A relatively weak Tianshan lithosphere (depth-averaged
10%3Pa-s) s

deformation pattern; the effective viscosity is 2—10 times

required to reproduce the observed

lower than that of the surrounding Kazakh and Tarim.

Next step:

GPE is not a necessary factor for explaining the present-

day deformation, further investigation is needed.

The larger misfit near the Pamir-Tajik may be related to
the plate subduction process; consider adding additional

horizontal traction to the model.

Further increase the model complexity and observational
resolution to investigate rheological differences within

the Tianshan.



Take-home messages

A high-resolution three-dimensional interseismic surface velocity field covering approximately 2 million km? of the

© coMET

UNIVERSITY OF LEEDS

Tianshan and its surrounding regions is constructed, providing a data foundation for a better understanding of

continental deformation and seismic hazards.

Slip-deficit rates of 97 active faults in the Tianshan are systematically inverted from surface strain-rate constraints, and

the interseismic elastic moment budget and future seismic potential of these faults are evaluated. 20 active fault

segments have accumulated sufficient elastic strain energy to generate earthquakes of Mw > 7.0.

Indentation of the Tarim and Pamir is the first-order dynamic drivers of present-day deformation; A relatively weak

Tianshan lithosphere is required; gradients in lithospheric GPE are not necessary for explaining the present-day

deformation; Weak fault primarily modulates the local velocity gradient.

8 xhfk9298 @leeds.ac.uk; cfn@smail.nju.edu.cn
Actively looking for a postdoc position (Oct. 2026)
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   W S


   𝜎 S =    𝜎  b o o t s t r a p p i n g   W S


   W S


   𝜎  b o o t s t r a p p i n g


   W S


   v  filtered ( x ) =  1   W p  ∑    i ∈ 𝒩 ( x )    v ( i ) ⋅  𝑮 𝒔 ( ∥ 𝒙 − 𝒊 ∥ ) ⋅  𝑮 𝒗  (   |  𝒗  ( 𝒙 ) − 𝒗  ( 𝒊 ) | )


   𝑮 𝒔 =   𝐞 𝐱  𝐩 ⁡   (  −   ∥ 𝒙 − 𝒊  ∥ 𝟐  𝟐    𝝈 𝒔 𝟐 )


   𝑮 𝒗 =   𝐞 𝐱  𝐩 ⁡   (  −   ∥ 𝒗 ( 𝒙 ) − 𝒗 ( 𝒊 )  ∥ 𝟐  𝟐    𝝈 𝒗 𝟐 )

