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What role do mountains play in climate?  
(Cin-Ty Lee; Jan. 2015) 
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In critical wedge systems undergoing erosion, deformation is 
-   complex with complete lack of periodic cycles, and 
- likely is spatially and temporally offset from erosion site. 
 
Yet, large-scale features (e.g. wedge taper) remain stable. 

Hence, what should an appropriate research strategy look like 
that allows identifying climate as the trigger of tectonics? 



Climate effect on orogeny is only identifiable by 
combination of following observations  
(at large(!), i.e. orogen scale): 
 
1. Retreat of the deformation front into the orogen, 
2. Concentration of strain within the interior, 
3. Decrease in relief, 
4. Increase in rock uplift rate, 
5. Isostatic rebound of foreland (from erosional unloading of wedge), 
6. Increase of sediment flux into surrounding basins. 

Whipple 2009 

Beyond all, establish time series of above processes !! 





Climate-Tectonics in backarc 
H

as
el

to
n 

et
 a

l.,
 2

00
2;

 S
ob

el
 e

t a
l.,

 2
00

3;
 H

ill
ey

 a
nd

 S
tre

ck
er

, 2
00

5 



‚Tango‘-
style 
faulting 

Strecker et al., 
2007 



Arid west flank 

Humid east flank 

Topography, climate and 
deformation style 

Oncken et al. 2006 



Orogen speedometry    

 Oncken et al. 2006, 2012 
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Jordan et al. 1993 
+ new data 
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Horton, 1999; McQuarrie et al. 2008  
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Oncken et al. 2012 
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Flux ratio: 
FE / FA 

Andes north of bend:   0.5 
 
South of bend:             0.2 
 
Central Alps  
prowedge:          >1 

Whipple, 2009 



Whipple, 2009 

The lag-time problem 

Orogen half width Erosional flux 

Topographic relief 

Uplift rate 

To rule out an isostasy-only response, search for response times of 2-10 Ma.  

Erosional efficiency ≈ E/U 



More questions 

• Is  mass flux ratio linearly related to a 
tectonic response or are there  
thresholds?  

• How can we overcome the elusive nature 
of the climate impact on tectonics in the 
observations? 

• … 



Mountain building and climate –  
weakening versus forcing? 
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Oncken, in prep. 

Clift & Vannucchi, 2004 
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Controls on subduction 
erosion: the trench 
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Does it require a 
climate threshold 
to trigger the 
sediment-flux-
climate coupling? 
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Kreemer et al., 2014 

Global strain rates 



Final questions 

3. Plate interface strength appears to scale with sediment thickness, 
which itself is a function of climate + topography. What is the exact function? 

1.  Clarify role of erodable topography in terms of erosion regime, 
relief, etc! 

4. How has mass flux evolved in pre-glacial climate environment and 
how did a ‚pre-glacial‘ world look like in terms of trench fill, orography, and 
climate? Would the feedback system in the past have to led to different 
interactions and results? 
 
 

2. Do global strain rates correlate with sediment in trench 
and climate zones? 
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