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Baseline Crevasse Measurements on North Cascade Glaciers to 

Detect Climate Change   

JILLIAN PELTO 

ABSTRACT  

Measurements of the characteristics and distribution of crevasses on glaciers in the North 

Cascade Range, Washington may be used to quantify crevasse response to ice retreat. Any 

decrease in ice volume and/or velocity on alpine glaciers in this range should result in less 

crevassing. In order to identify a relationship between glacier health and the size and extent of 

crevasses, physical characteristics have been measured on 150 crevasses across seven glaciers in 

the North Cascades (2012-2014). Historical photographic and satellite imagery has been used in 

conjunction with this data, to determine changes in crevasse activity over the past four decades.  

Ablation zone crevasses have disappeared and diminished in size during this time period. Studying 

a record of their continuous change will indicate how crevasse numbers decline, and how their 

properties are altered as a result of retreat. 
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INTRODUCTION 

Data was collected in August 2012, 2013, and 2014, from 150 crevasses across seven glaciers in 

the North Cascade Range, Washington. These measurements were done in conjunction with the 

North Cascade Glacier Climate Project (NCGCP). The goal was to observe and record crevasse 

characteristics and distribution on alpine glaciers. By collecting data each year near the end of the 

melt season, I’ve been able to assess how individual crevasses and crevasse fields change in 

response to retreat. This helps to quantify what the relationship is between an alpine glacier’s 

health and the formation of its crevasses. 

  

Crevasse formation on alpine glaciers most often occurs when ice is under tension, or deformed 

by glacier acceleration. Acceleration occurs when a glacier flows over a change in slope, around a 

turn, or when it narrows or widens (Hambrey and Alean, 1992). When ice volume increases, 

alpine glaciers can advance, and in most cases, accelerate. They may also accelerate when an 

increase in basal slope occurs, or when the top layer of ice moves at a much quicker pace than the 

base. Conversely, the retreat of alpine glaciers causes decreases in both ice thickness and velocity, 

which usually results in less crevassing. The measurement of both accumulation zone and ablation 

zone crevasses allows a comparison of current crevasse sizes between these areas, as well as how 

the size and the number of crevasses has changed. 
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It is important to monitor the way a glacier and its ecosystem shift in response to climate change 

while that change is taking place. I use my measurements, data recorded by the NCGCP for the 

last 31 years, and aerial photographs of the glaciers from the 1960’s and 1970’s in order to inspect 

this retreat. I plan to continue this project in August 2015 and in future field seasons. 

STUDY AREA 

Measurements of crevasses have been taken on seven glaciers in the North Cascade Range, 

Washington. On Mt. Baker data was collected on Rainbow Glacier, Easton Glacier, Sholes 

Glacier, Mazama Glacier, and Deming Glacier. On Mt. Shuksan data was collected on the Lower 

Curtis Glacier, and on Mt. Daniel, the Lynch Glacier (Figure 1). Each field site is accessible via 

backpacking trails, and several days are spent camping near the termini in order to work on the 

glaciers. The NCGCP field season runs each August near the end of the melt season. 

 

            

Figure 1. (Left) The three field sites where crevasse measurements are taken in this study: Mt. Baker, Mt. 

Shuksan, and Mt. Daniel. Google Earth. (Right) Map of Mt. Baker glaciers (Google Earth, 2015) (Fountain et 

al., 2009). 

METHODS 

The crevasses chosen for this study are vertically walled, making them safe to approach, and 

more accurate for depth measurements. Sets of crevasses and isolated crevasses are measured, and 

some areas of intersecting crevasses with seracs are measured from a distance. A laser rangefinder 

is used to measure the width and length of crevasses. This tool also calculates the inclination of 

the slope the crevasse is located on. Crevasse depth is measured with a Cam-Line Measuring tape 

(Figure 2). It was designed for determining water depths in wells: the steel cable can wind out to 

300 feet, and has a lead weight at the end. The line is unwound into the crevasse, until the lead 

weight hits the bottom, causing the line to slacken. There is the possibility of minor error when 

there is water at the bottom of a crevasse, or if the lead weight hits a shelf before the actual 

bottom. 84% of crevasses measured are 12 meters deep or less, so the bottom is visible, allowing 

the user, or a spotter on the far side of the crevasse, to see that the Cam-Line is working 

accurately. Out of the 150 crevasses measured I used 92 in my analysis of depth because I did not 

have this tool in the 2012 field season. However all 150 crevasses are used to compare width and 

length measurements.  

  

The imagery used to track changes in crevasse patterns over the last half century has three 

sources: 1) the Google Earth historical timeline with satellite imagery from 1993-present, 2) 
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photographs from the NCGCP taken over the past three decades, and 3) aerial photographs from 

1967-79 taken by the late Austin Post of the USGS. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Using a Cam-Line measuring tape for crevasse depth. 

 

PHYSICAL CHARACTERISTICS OF CREVASSES 

150 crevasses have been measured across seven glaciers for this study. There are not strong 

relationships between individual crevasse characteristics (length, width, depth, inclination) in this 

data. Instead, the sample population yields a wide range of measurements, as seen by the 

minimum and maximum values in Table 1. Statistically they are not well related due to the 

differences in crevasse formation across the glacier. Size across the glacier is independent based 

on the variances in factors such as slope and acceleration Crevasse size will vary more greatly as a 

result of glacial retreat. It is therefore more significant to monitor the way that crevasse formation 

changes as a whole across a retreating glacier, rather than focus on individual crevasse sizes 

relative to placement on the slope. Continued measurement of the same crevasses should provide 

better information on how both crevasse fields and single crevasses respond to further decrease in 

the glaciers’ mass balances, and thus their volume and velocity. 

 

Table 1. Minimum, maximum, and average measurements of crevasse dimensions from a study group 

of 150 in the North Cascades, WA 

 Physical Characteristics 

 

 

 

Depth Width Length      

Minimum 3.0 meters 0.3 meters 5.0 meters     

Maximum 23.3 meters 9.2 meters 213 meters     

Average 9.1 meters 2.2 meters 37.8 meters     
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Figure 3. The distribution of crevasse depths on North Cascades glaciers from a study group of 92 crevasses: 

25% 3-6 meters; 38% 6-9 meters; 22.8% 9-12 meters; 8.7% 12-15 meters; 5.4% 15-20+ meters. These 

depths are greatly affected by ice thickness.   

Crevasse Changes in Zones of Accumulation versus Ablation 

Accumulation zones have year-round snow cover that prevents melting of glacier ice. This 

allows their crevasses to maintain relatively constant sizes over time.  Crevasses in the lower part 

of the glacier – the ablation zone – are more vulnerable to change.  Comparing the crevasses of 

accumulation and ablation zones shows that the dimensions of crevasses in the areas of annual 

snow cover are on average larger than those regions that have their ice exposed during the summer 

months. As seen in Table 2, the average depth and width is consistently greater in accumulation 

zone crevasses. The length of crevasses is greater in the accumulation zone of the Rainbow 

Glacier, but the length of crevasses is greater in Easton Glacier ablation zone crevasses. The 

length of a crevasse is not as affected by whether it’s in the accumulation or ablation zone, 

because once formed they often remain features for a long period of time. Depth and width are 

most affected by ice ablation. It should be noted that the study sample for Easton accumulation 

crevasses is only half of that of ablation zone crevasses. This is because more time is spent lower 

on the glacier, where crevasses are more accessible in terrain that has exposed glacier ice.   

Table 2. Average measurements of accumulation zone crevasses (study sample 40) vs. ablation zone 

crevasses (study sample 50) on Rainbow Glacier and Easton Glacier, North Cascades, WA 

  Physical Characteristics 

 

 

Study Sample 

(# of crevasses) 

Depth (m) Width (m) Length (m)      

Rainbow Glacier Accumulation Zone  25 9.6  2.6  44.9      

Rainbow Glacier Ablation Zone 18 8.8  2.1  41.4      

Easton Glacier Accumulation Zone 15 9.6  2.7  37.9      

Easton Glacier Ablation Zone  32 8.4 2.6  39.8      

The current study duration of this project is three years, so physical measurements of crevasse 

dimensions from several decades ago are not precisely known. However, based on observations 

from historical photographs, accumulation zone crevasses appear not to have changed significantly 

over the past half century, in sharp contrast to drastic changes in ablation zone crevasses. Images 

from this period allow a visual comparison of how crevassing has changed across these glaciers, 

which supports my theory.  
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Ablation zones on North Cascade glaciers will continue to extend up-glacier in response to the 

warming climate. Accumulation crevasse zones will therefore decrease in size, and become more 

susceptible to melt. Observing and recording the ways that glaciers and their ecosystems respond 

to ongoing climate change will allow for unique observations.  

HISTORICAL CHANGES IN CREVASSE PATTERNS: 

Over the past several decades glaciers in the North Cascades have experienced significant retreat 

(Pelto, 2008). As a result there are many areas on glaciers such as Easton and Rainbow where the 

number of crevasses has declined. Some regions that were crevassed are no longer; a combination 

of aerial photographs and historical imagery from Google Earth show specifically how crevassing 

has changed over the past four decades. 

Easton Glacier: 

  

           

                         

Figure 4. Lower Easton Glacier 1974-2014. Its snout continues to retreat and thin (Post, 1974) 

 

The Easton Glacier is located on the southern side of Mt. Baker. The number of transverse 

crevasses in the ablation zone of Easton Glacier from its lower icefall to the terminus was 

approximately 30 in 1974. The volume of ice was visibly less by 2003 due to downwasting, but it 

had not retreated very much from its lateral moraines or terminal position. There appear to be 

approximately 25 crevasses, and these are markedly smaller, especially in width. By 2006, the 

recession from the right lateral moraine and terminus retreat caused some of these crevasses to 

melt out (where ice melts on the top of and inside the crevasse) or completely disappear. By 2009 

the Easton terminated considerably before the right and left lateral margins near its terminus. The 

number of significant transverse crevasses in the lower regions of the glacier was approximately 

15, roughly half those existing five years earlier. As the glacier retreated the volume of ice in the 

lower part of the glacier greatly diminished, causing the snout to flatten, and lose many of its 

crevasses. The lower icefall is wasting away from the right margin and shrinking rapidly, as seen 

by the dirty ice that barely buttresses it from the bedrock in Figure 5. The Easton Glacier retreated 
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320-340 meters from 1990-2014, and lost 13 meters of ice thickness, or 20% of total glacier 

volume (Pelto, 2014). 

 

                

 

Figure 5. Shrinking lower icefall on Easton Glacier. 

Rainbow Glacier: 

                

 

 

Figure 6. Rainbow Glacier 1968-2009 (Post, 1968-77). 

 
In 1968, the snout of the Rainbow Glacier was thick and rounded, an indication of a healthy 

glacier. There were at least 45 large splaying/transverse crevasses along its left lateral margin. 

Sometime between 1970 and 1974, two aerial photographs show that the snout of the Rainbow 

lost a significant amount of volume. By 1977, it’s evident that this change was permanent, but the 

left lateral margin appears to have maintained a similar location and retained its significant 

crevassing. During the first field survey by the NCGCP in 1984, the Rainbow Glacier’s terminus 

was in contact with the advance moraine that had been forming up until about 1980. The terminus 



166 

 

at this time was still heavily crevassed and convex, indicative of a healthy, advancing glacier 

(Pelto, 2008). By 1993 the number of crevasses along the left of Rainbow was approximately 25. 

The terminus and lateral margins retreated significantly, resulting in the loss or diminishment of 

most of the lateral and ablation zone crevasses. In 2009 the ablation zone was significantly further 

up-glacier, and major retreat and thinning of the glacier is evident. Along the left lateral margin of 

the glacier, many of the areas that were heavily crevassed are gone, and along the margin there are 

no longer crevasses. There are groups of smaller crevasses, with approximately 20 individual 

crevasses. The retreat reported by the NCGCP from 1984 to 2014 is 490 meters, with a loss of 12 

meters in ice thickness. In the summer of 2014 the Rainbow Glacier terminus had a concave 

profile with no crevasses (Pelto, 2014). This is symptomatic of continued retreat. 

Current Changes in Crevasse Characteristics 
Newer crevasses that are more continuously formed in an advancing glacier are commonly 

vertically sided. With time they will slowly melt as they flow down-glacier, causing the sides of 

crevasses to become rounded. If this melt process continues they will disappear entirely (Hambrey 

and Alean, 1992). The characteristics of the crevasses have evidently changed in the lower 

portions of the Easton and Rainbow glaciers. Besides the areas of ice that have disappeared that 

previously contained crevasses, many crevasses have increased in width due to sustained melting. 

Crevasses in the healthier glaciers of 1970 show wider crevasses due to the amount of tensile 

strength within the ice. These were likely more vertically walled, rather than sloped due to melting 

as in present crevasses. The large ablation zone below the icefall on the Easton glacier still has 

many crevasses, but they are much smaller, and many of them have sloped walls, evidence of 

melting. There are no longer any crevasses directly at the termini of the Easton or Rainbow 

Glaciers. 

CONCLUSION 

Documentation during a period of unprecedented changes results in a powerful record of data. 

The measurement of crevasses on retreating alpine glaciers will result in a unique catalogue of 

ground truth data that quantifies crevasse dimensions. These dimensions are changing in response 

to glacier retreat. Each summer more volume is lost, at a rate that the winter’s accumulation 

cannot sustain. In ablation zones the crevasses will certainly be affected the most rapidly. As 

crevasses lose ice from their surface via melt, they become less deep, and although at the surface 

they widen, their overall width will decrease. Widening also allows more melting to occur within 

the crevasses. The ablation zone will continue to extend higher in elevation, affecting areas that 

are still heavily crevassed. The changes seen in historical images over several decades reveal the 

same effects. Crevasses near the terminus and along the margins are greatly diminished as the 

glacier recedes, areas of accumulation become areas of ablation, and glacier velocity slows due to 

sustained negative mass balance. Crevasse fields that slowly become a part of the ablation zone 

appear to quickly melt out and lose much of their volume as ice volume decreases across the entire 

glacier. Measurements of these changes in crevasse sizes in future field seasons will be used to 

document and quantify the response in crevasse activity to glacier health.  
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