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No large earthquakes reported in historical and instrumental periods along the TFF



Tectonic settings

20 mm/yr

GPS data from Zubovich et al. (2010)

GPS rate across the Range is ~ 20 mm/yr

Deformation is accomodated across series of faults with millimetric rates 
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Slip rates determined by Burtman et al., 1996
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Slip rates determined by Rust et al., 2018
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Tectonic settings – Geological slip rates
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Mismatch with Geodetic slip rates and seismicity?
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With a slip rate between 11 to 16 mm/yr :
→ Recurrence time between 310 - 450 years (if we consider a characteristic offset of ~5m)
→ Recurrence time between 625 - 910 years (if we consider a characteristic offset of ~10m)
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Mismatch with Geodetic slip rates?

11-14 mm/yr
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→ New paleoseismic investigations to determine geological slip rates



8-21 mm/yr
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Cosmogenic dating 

- 10Be
- 26Al
- 36Cl 

Luminescence dating

14C sampling

Quaternary Geochronological dating

Dextral offset : 27 ± 5 m

Depth profile



IRSL (MAM) = 8500 ± 1300 yrs

5850 ± 350 yrs

7230 ± 470 yrs

8880 ± 600 yrs

5489 ± 320 yrs

8226 ± 500 yrs

16 259 ± 907 yrs

the Cl concentrations between 150 ppm and 305 ppm 
TAL13-300 the 36Cl production by the mechanism of neutron capture represents 67.4 % of the total 36Cl production 
→ overestimation

14C : 5670 – 7310 yrs cal BP

Unit 1:

Unit 2:

Unit 3:
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IRSL (MAM) = 8500 ± 1300 yrs

5850 ± 350 yrs

7230 ± 470 yrs

8880 ± 600 yrs

5489 ± 320 yrs

8226 ± 500 yrs

16 259 ± 907 yrs

cumulative offset of 27 ± 5 m 
1) after the abandonment of the alluvial fan surface (5850 ± 350 yrs) →maximum slip rate of 4.6 ± 1.1 mm/yr
2) stream incision is synchronous with the fan aggradation (8880 ± 600 yrs) →minimum slip rate of 3.0 ± 0.7 mm/yr

14C : 5670 – 7310 yrs cal BP

Unit 1:

Unit 2:

Unit 3:

Unit 1:

Unit 2:

Unit 3:



4.6 ± 1.1 mm/yr



DEM SPOT 6/7
Resolution ~3m

ARPA BASIN
ARPA BASIN

SPOT 6/7 DEM
Resolution ~3m



Thrust 1

Thrust 2

→ Thrust faults not mapped
→ Fault termination of the Talas-Fergana Fault
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PROFILS TOPO
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Vertical apparent offset: 12.9 ± 1.7 m
Vertical offset  (α= 40°): 15.4 ± 2.0 m

Maximum shortening rate→ ~3.8 mm/yr
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UAV view in summer 2017
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Vertical apparent offset: 6.6 ± 1.0 m
Vertical offset  (α= 40°): 7.8 ± 1.5 m

Maximum shortening rate → ~1.9 mm/yr
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Work in progress – pending quaternary dating (GATE project- AMIDEX)

Geological slip rates

4.6 ± 1.1 mm/yr

~5.7 mm/yr

Rust et al. (2018): To reconcile these rates, we can infer
variations between Holocene rates and present-day rates
due to variations in the accumulation of strain over
multiple seismic cycles

Mismatch with Geodetic slip rates (2 mm/yr) ?



Work in progress – pending quaternary dating (GATE project- AMIDEX)

Geological slip rates

4.6 ± 1.1 mm/yr

~5.7 mm/yr

This study: possible roles the TFF may play in
accommodatingshortening in the Tien-Shan Range:

→ the TFF acts as a transform fault and its motion is
simply taken up by thrusting at each end terminations

Mismatch with Geodetic slip rates (2 mm/yr) ?



→The TFF is associated with possible counterclockwise
rotations around a vertical axis to accommodate the
regional deformation.

✓ Fergana area, earthquake slip vectors parallel to the GPS velocities
✓ earthquake slip vectors rotate to become parallel to the TFF fault either side of the fault itself 
→ may imply that the strike-slip motion along the TFF is very small (<1mm/yr) 
→ or that block rotations may take place across the TFF system.

Mismatch with Geodetic slip rates (2 mm/yr) ?



After Campbell et al., 2013

We assume :

- No volume change
- S = 2 mm/yr (GPS rate, Zubovich et al., 2010)
- D = 150 km
- Φ = 40° (angle between TFF and GPS vector azimuth)
- CC rotation ( θ) = 0.73°/Ma (Reigber)

→Model requires a total slip-rate of 4.5-5.2 mm/yr

Testing a fault rotation model …



❑ We reconcile geodetic and geological slip rates

❑ Speculative model with possible fault rotation 
processes distributed along ~2500 km 
reactivating the Karatau-TFF and Dzhungarian-
Chingiz fault systems. 

❑ more geological slip rates are needed along all 
major strike-slip faults (Dzhalair-Naiman, Aktas) 
distributed across the Kazakh platform to better 
constrain and validate fault rotation models. 

❑ only two studies examine recent activity on those 
strike-slip faults (Campbell et al., 2015; 
Hollingsworth et al., 2016).

❑ This geodynamic view → implications for seismic 
hazards in the Tien-Shan 

❑ We may underrate the probability  for large 
earthquakes along these major strike-slip faults. 

Conclusions 


