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and Implications for the Rupture Processes of Intraplate Strike-slip Faults
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1. INTRODUCTION

Long-term and present-day crustal deformation in the northern Tien
Shan is poorly known, but is a key to understanding the mode of
lithospheric deformation deep within the continental interiors, as well as
the hazards posed by the slow-moving intraplate faults. Here we focus on oy
the NW-SE striking Dzhungarian fault (DZF) and the E-W striking Lepsy T
fault (LPF), which are large oblique strike-slip faults bounding the
Dzhungarian Alatau, northern Tien Shan. Two large historical

———-LPF

Other Ruptures o . - g = U o
Rivers P A R ST/ R R (T g

5 Prs
N
g &
- 5
%
2

Balkhash

-

46°N

earthquakes in ~1716 and 1812 (Mw 8) were recorded in this region, and S TR @ B s I N gl D, -
clear fault traces as well as scarps are visible from satellite images. 5100000 500000 5050000 550000 5000000 600000 4950000 650000
However, their slip rates, mode of deformation, expected earthquake (B , T Figure.2. Mapping of the DZF. Using a combination of high-resolution digital elevation models (DEMs) and ortho-rectified photos, we mapped out
magnitudes and recurrence interval have not been studied in details. A q:,, e __‘_ reisiganiag the fault traces and identified every surface ruptures. The 237 purple points are the locations where lateral offset could be found with the darker ones

indicating the smaller amount of offset. We further separate the DZF into 7 sections according to the strike directions and the rupture types. Note that
a few ruptures could be found inside or at the northern edge of Dzhungarian Alatau as well.

previous study shows offsets of 8.2-13.8 m were found along the 120 km
LPF in ~400yrBP, indicating a magnitude in the range Mw 7.5-8.2
(Campbell, et al,, 2015). The slip to length ratio for the LPF is unusually
high, suggesting either that faults in this region are capable of generating
very large earthquakes for a given fault length, or that the rupture length
is underestimated. By studying the palaeo-earthquakes along the
neighboring DZF from the surface ruptures, we could have more insights
into the rupture processes and the scaling of earthquakes in this region.
InSAR time-series analysis is also applied to reveal the deformation
across the DZF for understanding the current crustal strain.
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TFigure 1. The topographic map of northern Tien Shan.
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5. InSAR Data Processin g —
This study presents a 5-year time-line InSAR time series from Satellite Sentinel-1 descending track 063 (fig. 1). We process 370
interferograms with the New Small Baselines Subset (NSBAS) processing chain (Doin et al,, 2011, Grandin 2015). The extreme seasonal
variations in climate and abrupt changes in soil moisture produce severe unwrapping difficulties (fig. 8). We proceed to a series of 0
corrections on the wrapped phase to help for unwrapping (the chart-flow). We put specific focus on moisture-related seasonal
deformation signals that we extract with a Principal Component Analysis (PCA) (fig. 9). Joint correction of atmospheric delays based on

ERA-5 models and a linear ramp is further applied (fig. 10) before the time series analysis and the extraction of the average Line of Sight
(LOS) velocity map from 2014 to 2019 (fig. 11 & 12).
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TFigure 3. The smallest amount of
displacement found along the DZF (S2-5).
The purple points are the locations of
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agricultural fields trigger asymmetric and abrupt fringes, ] southern DZF (S4,5) is nearly pure strike-slip and the middle DZF (S3) o “”'M
which leads to major unwrapping errors. Filtering on wrapped phase has 2 branches as the strike gradually changes by ~18°. Section 3 is a ‘ L L
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TFigure 9. We extract a deformation > f O ; _ g assuming the same lateral slip vector and a dipping angle of 60°, the

' E . curve indicates a o ‘ .
template by PCA (blue patters are E 2 current LOS velocit total slip in the northern DZF (S2) could be up to 7.9-9.9 m (fig. 7).
deformation areas within the alluvial = adient 03; Such amount of total slip is similar to the one found along the LPE
fans and agricultural fields). Unwrapping § 0 ieformation oSS suggesting the possibility for them to rupture together. Considering
proceeds spatially with a path based on n b;‘ L m different scenarios of rupture length and assuming the seismogenic
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the colinearity. The template is used to = Alluvial W S depth to be 15-30 km, the possible moment magnitude of the last event

- _ | , E— — S - = across the fault due |. 77 _ 83 (table1). The slio to leneth ratio is 2.9-8.8 x 105 which |
artificially decrease the colinearity and ° ——— = = =& 2 g 13 the nter-seismic 15_ -/~ O (tablel1). The slip to length ratio is 2.9-8.8 x , WhICh 1S
avoid difficult areas. We also removed TFigure 11. LOS velocity map superimposed on shaded N f;i?'e ] loading along the slightly higher than normal cases.
the template from the original elevation with location of the profile A-A" centred on the , : , = fault | o |
interferograms to help for unwrapping right-lateral DZF. (The uplift in the southeast is a Mw 6.3 -100 -0 N 0 k 50 100 l Table 1. Moment magnitude estimation from different rupture
and re-introduce it afterwards. event on 8th August 2017 as labeled in Fig. 1.) istance (km) scenarios and their corresponding fault parameters.
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_ o . Campbell et al. (2013) presents a Quaternary long-term lateral slip rate of DZE S-S5 140 km 69-99m 30-90° 15-30km 7.7 -8.0
correction of atmospheric delay  * 2.2 £ 0.8 mm/yr from the ~26 ka IRSL samples collected at a ~50 m offset ' | o
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Grandin, K. (2015) terferometric Processing of SLC Sentinel-1 TOPS. Data O et o oo _aame | to be further derived from the LOS velocity. _ sample collected at the western branch of S3.




