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Tectonics or climate - what controls mountain belt height and 
width?
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Physics based forward models:
• 2D thermo-mechanically coupled tectonic model (FANTOM, Thieulot 2011, Wolf et al. 2021)
• 2D surface process model (FastScape, Braun and Willett 2013, Yuan et al. 2019)
• Both models are tightly coupled in T-coupling manner
• Simple setup with crustal thickening and one-sided subduction of lithospheric mantle

Thermo-mechanical-landscape-evolution model
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High surface process efficiency

Type 3:
Very High efficiency

Growth in height followed 
by constant widening.
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followed by steady state with 
bivergent thrusting.
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We define a new non-dimensional number, the Beaumont number that 
relates tectonics and surface processes.

• Bm uniquely characterizes mountain belt type and relative importance of 
tectonics and surface processes 

• Bm allows computing crustal strength (Fint) and fluvial erodibility (Kf)



The Beaumont number of models and orogens

• Type 1: Himalaya-Tibet and Central Andes
• Type 2: Taiwan
• Type 3: Southern Alps of New Zealand.

• Crustal strength varies only by a factor 2-3.

• Convergence rate and fluvial erodibility 
primarily determine orogen type.



Conclusions
1) We investigate the interplay between surface processes and tectonics 

during collisional mountain building.

2) We define a new non-dimensional number, the Beaumont number, Bm, 
that quantifies the interaction between surface processes and 
tectonics.

3) Bm allows estimation of crustal strength and fluvial erodibility.

4) Based on Bm and model results, we define three types of mountain 
belts.

5) We classify 4 different orogens, find their controlling factors, and their 
crustal strength and fluvial erodibility
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