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Topographic elevation

Mean annual precipitation
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Impact of uplift and climate change on
erosion and sediment fluxes
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Weathering climate change
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Carbonate deposits
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www.observatory.ou.edu

The chemical weathering that accompanies erosion plays a major role in regulating climate
by buffering carbon dioxide levels in the atmosphere
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Erosion and isostatic uplift
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Erosion and isostatic uplift of plateau-margin peaks
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Quaternary erosion and isostatic uplift of Alps
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Mass redistribution and the modification of
gravitational stresses




Mass redistribution and the modification of
gravitational stresses

» Deformation of density surfaces creates restoring
forces that inhibit deformation



Mass redistribution and the modification of
gravitational stresses

erosion and unloading

sedimentation 1‘ sedimentation
and loading and loading

Par | v

» Surface mass redistribution facilitates deformation by
counteracting restoring forces



The importance of rheology......

Compressive tectonic setting, elastic plastic material

erosion

—_— Plastic strain localisation

— I':
G1=0y, G3=0

sedimentation

—_— Strengthening
(no longer plastic)




Erosion-amplified folding




Interaction between folding and river incision

Numerical results from an elastic-plastic thin plate model
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Erosional thermo-mechanical coupling

(tectonic aneurysm)

Koons (1990), Zeitler et al. (2001)



Tectonic aneurysm and the Himalayan syntaxes




Namche Barwa (eastern) syntaxis

Photo: Brian Zurek




Erosion and growth of the Namche Barwa syntaxis

Seward and Burg (2008)
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Effects of coupling between tectonics,
and surface processes

Insight from numerical models



Modeling challenges......

1. Elasto-visco-plastic deformation
e  Strain localisation
 Large deformation
e Stress memory (due to elasticity)

2. Large amounts of erosion and sedimentation
. Tracking of stratigraphy and exhumation paths

3. Three dimensional + time



Governing equations

8Gij
+pgi = f Quasi-static force balance
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Rheology
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Other effects.....
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Numerical method

*Galerkin Finite Element Method
*9-node quadrilaterals (for u-v) + 4-pressure nodes
eLagrangian marker particles store history variables

FE mesh

Finite element

Uu+v
L \- J .
® ® I - ™ .
. . . . Marker particles
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Initial model setup and boundary conditions

Zero
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velocity
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Does the emergence of orogens above sea

level influence their tectonic evolution? Simpson (2006)
: TR e T

LR e o
Jf'-" 7—'!% : ".!‘r'

A - , ;Taiwq_n_

gy

Cd
ll._'
= - I -
[ ]
d. 5



How could emergence potentially influence
deformation?

*Change in water loads
*Change in efficiency of surface processes

climate

water load ‘

VI N




Subaerial fold-thrust belt
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Submarine fold-thrust belt

10% comiression d

1
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Effects due to water loads

50% convergence

Fully-subaerial orogen

no water

Water-loads included
' air-water interface

water




Emergence-related change in rate of surface processes

' water-air interface '
10 % convergence ‘

20 % convergence
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Orogen-scale mass balance
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Flysch-molasse transition: N Alpine Foreland Basin
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How are accretionary prisms influenced by
the hinterland sediment supply ?

Classic accretionary prism model

Stori and McClay (1995)



Accretionary prisms and hinterland sediment supply
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Classic accretionary prism model

moving
rigid block

undisturbed oceanic sediments
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Accretionary prism fed by a hinterland sediment supply
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Nankai accretionary prism
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Accretionary prism forming in response to
hinterland sediment flux

Classic accretionary prism
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Erosional impact at orogen-scale

MODEL 1: a)0°c

- one layer crust —
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Orography and orogensis
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Erosional impact on deep structure
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Conclusions

*Tectonics-climate and surface processes are part of a
dynamic system which displays a range of positive and
negative feedback loops

*Surface mass redistribution impacts on tectonics via three
independent mechanisms:

1. Isostacy
2. Modification of gravitational stresses coupled with
deformation

3. Erosional thermo-mechanical coupling

*Surface mass redistribution has an important influence on
deformation of the lithosphere at a range of time and
spatial scales

*Generally, erosion localises deformation whereas
sedimentation inhibits deformation







