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Tectonic from topography

Active vs passive tectonic geomorphology

Talas-Fergana Fault
.~ Arpa Basin (Kyrgyzstan)
Magali Rizza




Tectonic from topography

Active vs passive tectonic geomorphology

Talas-Fergana Fault ’ - Topographic gradients set by

- - Arpa Basin (Kyrgyzstan) N i
Magali Rizza active erosion processes




Tectonics from fluvial and hillslope processes

River profile response

Figure 1 fror?\ Whittaker, A. C. (2012)
How do landscapes record tectonics and climate?

Lithospi“)—lm.

» Scales with uplift rate over large range

» Limitation from erodibility variations,
knickpoints, structure of river networks



Tectonics from fluvial and hillslope processes

River profile response

Figure 1 fror?t Whittaker, A. C. (2012)
How do landscapes record tectonics and climate?

Lithospw—lm.

» Scales with uplift rate over large range

» Limitation from erodibility variations,
knickpoints, structure of river networks

Hillslope gradient response

Figure 2 from Ouimet et al. (2009)
Beyond threshold hillslopes:

e Channel adjustment to base-level fall
in tectonically active mountain fanges.
Geology, 37(7), 579-5821

K
-
. - »
- -
Figure 5 from Burbank et al. (1996)
Bedrock incision, rock uplift and threshold hillslopes -

in the northwestern Himalayas.
Nature, 379(6565)

> Potentially very high spatial density of
information

» But hillslope gradient response limited by
threshold angle S,



Hillslope processes and response
Insights from High-Resolution topographic analysis
Hillslope topographic profile

Figure 6 from Hurst et al. (2012) KSCZ 1 2BEx\2 1 2BEx\ 2
Using hilltop eurvature to derive zZ(x) = —= [In| =4/1+ + -] —4/1+ +1
the spatial distribution of erosion rates 2BE 2 KSc 2 KSc

Journal of Geophysical Research,
117(F2), F02017

Non-dimensional form
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» Hilltop curvature Cy1 = proxy for erosion rate : E = %

» Possibility to retrieve tectonic information from hillslope
morphology

» Limited number of case studies so far



Settings

Alps and Provence

Alps and Proven Provence and SW Alps
i ry series
‘_‘322;22"5”’ » Slow deformation

Paleogene

Cretaceous » Significant seismic hazard
> e.g. 1909 Lambesc Earthquake

Triassic
Alpine units
External crystalline
masslr}s 4

Internal domain

Hercynian basement

Specific challenges for the identification of
slow faults under temperate climate




Settings

Alps and Provence

sedimentary series
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Settings

» Puimichel Plateau
e Uplifted Mio-Pliocene
mollassic deposits
e Major depocenter of

the SW Alps

> Mées structure Y e ‘
e Csup-Eocene basement N TR RS R
deformation (Pyrenean “?_‘_‘ M‘\
orogeny)

e Possible Alpine
reactivation



Settings

Puimichel Plateau

» Puimichel Plateau
e Uplifted Mio-Pliocene
mollassic deposits
e Major depocenter of
the SW Alps

> Mées structure
e Csup-Eocene basement
deformation (Pyrenean
orogeny)
e Possible Alpine
reactivation




Settings

» Easily erodible
conglomerates

» Pliocene relict
summit surface

» Major warping of the
surface (LiDAR data)

O Sampling site
Summit surface
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Settings

OSampling site
Summit surface

» Easily erodible
conglomerates

» Pliocene relict
summit surface

» Major warping of the
surface (LiDAR data)




Settings

» Easily erodible
conglomerates

» Pliocene relict
summit surface

» Major warping of the
surface (LiDAR data)

OSampling site
Summit surface
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Methods

Hillslope parameters
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Hillslope parameters
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Hillslope parameters
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Methods

Hillslope parameters
== W & an

» Hilltops and flowlines = R, Ly and Cyt

> Hurst et al. (2012), Grieve et al. (2016),
Clubb et al. (2017)



Methods

Hillslope parameters Fluvial parameters
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» Hilltops and flowlines = R, Ly and Cyt
> Hurst et al. (2012), Grieve et al. (2016),
Clubb et al. (2017)




Methods

» Hilltops and flo

Clubb et al. (2017)

\\N" —; =
wlines = R, Ly and Cyt
> Hurst et al. (2012), Grieve et al. (2016),

Fluvial parameters
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» Channel profiles = 0 and ks, (0, = 0.25)
» Perron and Royden (2012)



Results

Spatial distribution of hillslope morphological properties

» A lot of scatter fluvial

metrics (slight ks, increase)
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Results

Spatial distribution of hillslope morphological properties

» Slight increase in relief (R), length (Ly) ~ stable

> A lot of scatter fluvial metrics (slight ks, increase)
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Results

Spatial distribution of hillslope morphological properties

» 2-fold increase in hilltop curvature (Cy7)

» Slight increase in relief (R), length (Ly) ~ stable

» A lot of scatter fluvial metrics (slight ks, increase)
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Results

Spatial distribution of hillslope morphological properties

» Same pattern for E* (= 2Cy7LH/Sc)

» 2-fold increase in hilltop curvature (Cy7)

» Slight increase in relief (R), length (Ly) ~ stable

» A lot of scatter fluvial metrics (slight ks, increase)
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Results

Inversion of Non-Dimensional Erosion rate (E*) pattern to constrain fault geometry

» Single planar dislocation into a
semi-infinite elastic half-space

» MCMC inversion to retrieve dislocation
parameters

» Horizontal position
» Depth
» Dip angle
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Results

Inversion of Non-Dimensional Erosion rate (E*) pattern to constrain fault geometry

| 2

>

Single planar dislocation into a
semi-infinite elastic half-space
MCMC inversion to retrieve dislocation
parameters

» Horizontal position

» Depth

» Dip angle
Globally consistent with available
geological data
Steep structure reactivated inside the
basement

Slip rate?
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Denudation rates

10Be and 2°Al concentrations at hilltop sites




Denudation rates

10Be and 2°Al concentrations at hilltop sites




Denudation rates

10Be and 2°Al concentrations at hilltop sites
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» No apparent inheritance from pre-deposition history
» Consistent denudation signal from 1°Be and 20Al

120 140

100

60

40

%Al denudation rate (mm/ka)



Denudation rates vs hillslope properties

Converting Cy7 into denudation rates

Denudation rate (mm/ka)
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Conclusions

» HR hillslope morphology analysis allows to decipher denudation and uplift patterns
(Hurst et al., 2013, Grieve et al., 2016)

» High potential in slow deformation areas

» Higher spatial resolving power than approaches based on river profiles analysis

» Blind thrust rooted in the basement, folding the Cenozoic cover of the N. Valensole Basin
» Active thrusting and deformation propagation at the SW Alpine front




