
Climate Can Grind Down Mountains Faster Than They Can 
Rebuild 

Erosion caused by glaciation can wear down mountains faster than plate 
tectonics can form them 

 

The coast of Alaska and the Bering Glacier viewed from the ocean drillship 
JOIDES Resolution. 
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For the first time, researchers have attempted to measure all the material leaving and entering a 
mountain range over the course of more than a million years. 

They've discovered that erosion caused by glaciation during ice ages can, in the right 
circumstances, wear down mountains faster than plate tectonics can build them. 

The study, conducted by Integrated Ocean Drilling Program (IODP) researchers and led by 
scientists from the University of Texas (UT) at Austin, the University of Florida (UF), and 
Oregon State University (OSU), adds insight into a longstanding debate over the balance of 
climate and tectonic forces that influence mountain building. 

The findings are published today in a paper in the journal Proceedings of the National Academy 
of Sciences. The study was funded by the National Science Foundation (NSF) and IODP. 



Geoscientists	from	several	institutions	
studied	the	St.	Elias	Mountains	along	
the	Alaskan	coast.	

The	scientific	drilling	vessel	
JOIDES	Resolution	and	its	crew	
work	in	the	Gulf	of	Alaska.	

Scientists	conduct	research	on	
sediment	cores	collected	from	
beneath	the	Gulf	of	Alaska	seafloor.	

Cores	must	equilibrate	to	lower	
pressures	at	the	surface;	
sometimes	cracks	form.	

 

 The geoscientists studied the St. Elias Mountains on the 
Alaska coast. They found erosion accelerated sharply about 1 
million years ago when global climate cooling triggered 
stronger and more persistent ice ages than in times past. 

Using seismic equipment, the researchers imaged and mapped 
a huge fan of sediment deep in the Gulf of Alaska, caused by 
the erosion of nearby mountains. They then took sediment 
cores to understand the system. 

Earth's systems interconnected 

"This study demonstrates how interconnected Earth's systems 
are, showing that glaciers, tectonics and erosion cannot be 
considered as independent processes," said Rick Murray, director of NSF's Division of Ocean 
Sciences. "The results clearly show that extracting sediment cores from a series of single 
locations allows for insight into global-scale processes." 

In IODP Expedition 341, a three-month voyage in 2013, the scientists collected and dated almost 
2.5 miles of sediment from the floor of the Gulf of Alaska and the Alaskan continental shelf, 
revealing millions of years' worth of geological history. 

"It turned out that most sediments were younger than we anticipated and most rates of sediment 
production, and thus erosion, were higher than we anticipated," said lead paper author Sean 
Gulick of UT Austin's Institute for Geophysics. 

 



A	glacier	in	Icy	Bay,	Alaska,	erodes	
geologically	young	rocks	like	those	found	
in	seafloor	samples.	
	

Between 1.25 million and 700,000 years ago, the Earth experienced a climate change known as 
the mid-Pleistocene transition, when the planet's cycle changed from short ice ages of about 
40,000 years to super-long ice ages of about 100,000 years. Since that transition, Gulick said, 
"Erosion became much greater. In fact, there was more erosion than tectonics has replaced." 

"The composition of the sediment gave clear evidence of when the glaciation started, then 
expanded, in sync with global climate trends over the past several million years," said paper co-
author Alan Mix of OSU. "Only by drilling the seafloor where the sediment accumulates could 
we see these details." 

Climate vs. tectonic processes 

Mountain ranges form when tectonic plates thrust into one another over millions of years and 
crunch the Earth's outer crust. But even as mountains are built by these forces, other agents -- a 

combination of tectonic and climate processes -- work to 
remove the accumulating crust. 

Since the mid-Pleistocene, erosion rates have continued to 
exceed tectonic inputs by 50 to 80 percent, demonstrating that 
climate processes such as the movement of glaciers can 
outstrip mountain building over the span of a million years. 

The findings highlight the pivotal role climate fluctuations 
play in shaping Earth's landforms. 

"Humans often see mountain ranges as static, unyielding 
parts of the landscape," said geoscientist John Jaeger of UF, 
a co-author of the paper. "But they are actively evolving 
along with and responding to Earth's climate, which 
demonstrates how dynamic and coupled this planet is." 
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