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Overview and Disclaimer

Mountaineers face many challenges and must make many complex decisions to travel 
safely.  Some say it takes a lifetime, so youʼre not going to pick it all up in a weekend, 
and to try and ram it all into one handout would be a waste of everybody's time.  There 
are lots of great resources out there, just check the internet.  “Mountaineering - 
Freedom of the Hills” is considered the standard for good reason.  The 7th addition is 
almost 600 pages long.

The goal of Glacier School is not to make you an expert, but to make you a more 
competent member of a team, such that youʼre not a total liability and more experienced 
people (may) feel comfortable trusting their life to you by tying together on the same 
rope for glacier travel.  This manual will strive to help you study beforehand and remind 
you afterwards about what youʼve learned and is highly abridged.

When out on these future trips endeavor to always discuss the decisions made, so that 
everybody is thinking and can learn from each other.  There are many ways to 
accomplish the same thing, with advantages and disadvantages to all of them.
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Knots

Before we get into specifics remember that neatness counts.  Many knots will turn into a 
total gongshow if you donʼt put some effort into laying out the cord nicely.  Practice at 
home until you get it right, then practice wearing mittens.

Carabiners:
Are small aluminum (or steel) loops which snap open and shut allowing the quick and 
secure attachment of loops of rope or webbing.  They are only designed to be loaded in 
one direction, and are not very strong when open - the relative strengths are always 
stamped on the side of a carabiner designed for climbing.  If you really donʼt want to 
worry about one coming undone you should use a locking carabiner.

Carabiners can also allow the rope to run over them, although pulleys work better.  If a 
lot of rope is running quickly through something (usually a carabiner) make sure that it 
doesnʼt rub up against (and burn!) anything important.

Figure 8:
You use this knot to tie yourself to the rope.  You may have done it “follow through” style 
if youʼve done rock climbing, but for glacier travel itʼs easiest to tie it on a bight and clip 
in with a carabiner.  There is a correct and an incorrect way to use this knot to join two 
ropes together - if youʼre in doubt use a double fisherman.
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Double Fisherman:
Use this knot to make your prusik loops.  This knot is a solid way to tie two pieces of 
rope or webbing together for any use.  It tends to only get tighter over time, so is 
sometimes hard to undo.

  

  

Prusik
Use this knot whenever you need to attach a loop onto a standing piece of rope.  You 
can slide it by holding the knot, and it will grab when you pull the loop.  You will need to 
adjust the number of loops depending on relative rope size and condition.

    

Clove hitch
This knot is a good quick way of fixing a loop or strand of rope onto a solid object like a 
carabiner or ice-axe.
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Munter hitch
This knot replaces a belay device and requires only a carabiner.  Good for belaying, 
lowering or rappelling although it twists the rope slightly.

  

Alternatives+Extras
There are lots of knots out there with many advantages and disadvantages.  You can 
survive GS with the above, but if youʼve mastered these and are curious to look for 
some more some suggestions include: klemheist, alpine butterfly and the water knot.
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Rope work

Like the rest of this guide, this section is very abbreviated compared to an experts 
knowledge.  Itʼs just a weekend course.  Further research and practice of rock rescue 
techniques is highly worthwhile - there are whole textbooks on this subject alone.

With all the techniques which follow it is a good idea to periodically tie out the slack rope 
which is generated, to lessen the distance fallen if something (often a prusik) were to 
fail.

Anchors

An anchor is anything that you trust as a secure point to hold a load, probably you or 
your partner after a fall.  We will describe some snow and ice anchors in the snow 
chapter, since weʼre dealing mostly with glaciers.  It is important that your anchors are 
solid - your life depends on it.  Often people use multiple anchors and attach them 
together, building redundancy into the system - but redundancy does not make up for 
poor anchors.  There are whole textbooks on this too.

Belaying

Belaying is when you feed the rope through an anchor to catch a fellow climber if they 
fall.  This can be done directly off the anchor, from your body through an anchor, or 
both.  One normally uses friction from a belay device or a münter hitch to transfer the 
forces of the fall to the system greatly reducing the force required by the belayer.

Belaying should not be taken lightly - there can be huge forces generated by a fall, and 
it is possible for to loose control if the climber were to fall during a moment of 
inattention.  It is best learned by demonstration, but the fundamental is to never let go of 
the brake strand.

If somebody does fall, and the belayer catches them, the climber is left hanging from the 
rope.  This situation generally resolves itself in one of 4 ways:
Continue climbing - The climber is uninjured and capable of carrying on, this is the 
easiest and preferred resolution.  They just go for it, and the belayer continues belaying.
Lowering - The climber cannot carry on, but safety is below them, so the climber is 
lowered back down, usually using the same system that caught them.  Hopefully you 
have enough rope!  (There are possible resolutions if you donʼt but thatʼs beyond the 
scope of this course).
Raising - Safety (and the anchor) is above the climber but they canʼt get up on their own 
so you must bring them up, and you probably need to escape the belay.  This gets itʼs 
own section.
Prusiking - A similar situation to raising, but the fallen climber does most of the work 
climbing up the rope itself.
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Escaping the belay

Escaping the belay means freeing yourself of holding a fall so that you can do more 
useful things.  If you canʼt escape the belay your only option is to hold on until help 
arrives, so itʼs a very useful skill to have.  In order to escape the belay you must transfer 
the weight of the fallen climber onto the anchor - if you are the anchor you will have to 
build a new one on the spot.

As beginner mountaineers you should be traveling in teams of at least 3, so you will 
have 1 extra person to assist you.  The person not holding the weight of the climber 
should build an anchor and attach the rope to it (how depends on what your further 
plans are, but is almost never clipping a loop).  The weight can then carefully be 
lowered onto the new anchor, freeing the belayer.

Raising

People are heavy!  To pull somebody up you will likely need to use a mechanical 
advantage system, which are clever ways to put additional force on the anchor to help 
you pull on the climber.  Good pulleys will reduce friction and make it less work, but can 
always be substituted for carabiners.  With the system in place itʼs usually best to “pull” 
by using a munter hitch on your harness and walking backwards.  Here are 2 examples:
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2:1 system
When escaping the belay transfer the weight onto the anchor using a method you can 
belay with - like a münter hitch.  Get a second piece of rope (or the other end of the 
rope you have - if itʼs long enough) and fix one end to the anchor and lower a loop with 
a pulley down to the climber.  One person pulls up on the free end of the rope, and the 
other belays to take up the slack when the puller needs a break.
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3:1 or Z-system
When escaping the belay transfer the weight onto a prusik hitch.  Attach another prusik 
as close to the fallen climber as is practical.  The free end of the rope then goes through 
a pulley on the anchor, down to a pulley on lower prusik, and back up to be pulled on.  
One person pulls, the other slides the anchor prusik along so the puller can take breaks.
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Prusiking

Prusiking is the act of climbing up a fixed rope using prusik loops in a controlled fashion, 
doing (most of) the work with your legs.  Once youʼre good at it it can be quite efficient 
under good circumstances, but while learning you can expect it to be a bit of a burlfest.  
In a real life crevasse fall it will always be difficult, particularly surpassing the last bit to 
get over the top.  There are lots of ways to prusik depending on personal preference 
and loop length.  This describes the way Veenstra like to do it.  Line captured him on 
film practicing in the garage:

Step 1: Put two short prusik loops on the rope, clip and hang from the upper and put the 
lower as high as you think youʼll be able to step into.
Step 2: Jam foot into the lower prusik and make sure the knot is grabbing.
Step 3: Step up in the loop, grabbing the rope above you for balance.
Step 4: Stand up on the prusik loop.
Step 5: Slide the upper harness loop higher, and make sure itʼs grabbing.
Congratulations, you are off the ground!  Now hang from your harness, slide the lower 
prusik higher and go back to step 3.

Strength in numbers

A lot of this stuff can be ignored with a sufficiently large group.  Mechanical advantage 
systems are a waste of time if you have an extra group of people - just get everybody 
together and pull!
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Ice and Snow

The mountains here on the coast get tons of snow, despite their relatively low elevation 
(compared to some of the worldʼs other great ranges).  This is due to the proximity to 
the ocean.  Snowpack is generally measured in meters, and there is often so much 
snow left over from winter that it never melts during the summer (this is what makes 
glaciers).

Cautions

Snow is dangerous!

It covers up hidden dangers, like crevasses, and is very slippery.  In winter it can be so 
soft that itʼs almost impossible to travel without skis or snowshoes, but by late summer 
(especially after a cold night) it can be rock-hard, and perhaps better described as ice.  
It can avalanche in winter and spring (rarely, but sometimes even in summer) and 
cornices (overhanging snow formed by wind) can break off without warning above or 
under you.  You guessed it - there are textbooks on snow travel too.

Despite some of these non-obvious hazards many of the most common accidents 
involving snow are due to itʼs simple slipperiness, something even non-mountaineers 
are familiar with.  With steep snow one should be just as careful as with cliffs - do not 
count on it to slow you down should you fall.

One of the best ways to feel more comfortable on snow is with a good pair of 
mountaineering boots.  A rigid sole, while perhaps uncomfortable in the city, can dig into 
hard snow just like the edges of a ski and provide for 
more solid footing.  Hiking boots do not compare, but 
are marginally better than running shoes.

Ice axe, self arrest

A very useful tool for snow is your ice axe.  You can use 
it to stop yourself if you fall (this is called self-arrest), to 
help climb steep slopes, to chop steps, or to dig in hard 
snow.  

When on a slope, plunge the axe into the snow and use 
it as a handle while taking a step. If you slip, use the axe 
to stabilize your stance. When kicking steps straight up 
a slope, the axe can be placed in the snow directly in 
front of you and pulled up on. On steeper slopes, hard 
snow or ice, the axe can be turned around in the hand 
and the pick stuck in instead of the shaft.
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Unless you have a good reason not to, the “default” way to hold an ice axe is on the 
head with the adze coming out by your thumb and the pick coming out by your pinky 
fingers.  This allows you to use it to like a trekking pole for balance, but you will be 
ready to self-arrest if you (or somebody else) should fall.

 

Most parts of your body, particularly when wearing goretex, are very slippery - if you fall 
and allow yourself to slide you will pick up speed, which could end up causing all sorts 
of trouble.  By digging in with your boots and your ice axe you have a chance of 
stopping yourself - this is a self arrest.  Whatever your starting configuration, you should 
dig the pick of your axe in to the snow using whichever hand is holding it and using your 
other hand on the shaft for control.  Roll onto your stomach and swing your feet 
downhill, being sure all your weight is on the axe and your boots (see below regarding 
crampons).  Be very aggressive - you will not stop automatically, but will need 

 11



determination as well as the correct form.  Practice (on a safe slope with nothing at the 
bottom) until it becomes reflex, since the really important thing is to stop before you pick 
up speed.  Holding the ice axe correctly in the first place will prevent you from stabbing 
yourself in the head with the pick - but you must still be careful of the adze... it could 
make a nasty gash on your beautiful face.

Crampons

Crampons are a set of spikes you strap onto your boots to help you walk on ice or hard 
snow.  They work so well that when they were invented people thought it was cheating!  
Their advantage - that they really stick to snow/ice - means that they can also be quite 
hazardous.  The main idea to remember is that crampons do not release from your 
boots like ski bindings.  They will break your ankle/leg instead.  So be very careful 
when wearing them.  This list is not exhaustive, but pay particular attention to:
• Cords/ropes/slings dangling from your harness - catching a crampon point through 

one of them will cause you to fall.  Have nothing dangling below your knees.
• Catching one crampon on (or in) your other leg/foot/crampons straps.
• Not raising your feet and catching a point on the snow when you donʼt mean to.
• Sliding or moving quickly and catching a crampon point.  If your are going to 

intentionally slide for any reason or any distance remove your crampons first.

Perhaps shockingly, intentionally sliding without removing crampons first is a very 
common cause of injury.  If you are self-arresting while wearing crampons you have a 
tough decision to make, and no time to make it - whether or not you should stick them in 
the snow.  If you havenʼt started moving yet your crampon points may make the 
difference between never starting to move and between sliding out of control.  If you are 
already sliding then youʼd better keep them out of the snow, or you will likely break your 
ankle/leg at best - at worst youʼll flip and pinwheel end-over-end down the slope.  Due 
to this danger you should remove crampons before practicing self-arrest.  If you 
like you can also practice self-arrest keeping your feet off the snow to simulate self 
arrest with crampons.

There are many different kinds of crampon strap/clip systems, and not all crampons fit 
with all boots.  Use the internet or other resources to figure out your particular 
system before the trip, and get your instructor(s) to verify what youʼve done when you 
try it the first time.  Make sure that both the front and heel of the crampon is secure.  
With any strap system verify the following:
• The crampons have had their length adjusted so that they donʼt just fall off the boots 

even with the straps undone.  For old crampons this adjustment usually requires tools.  
Make sure you do this step in the city, where tools are readily available.

• The crampons donʼt slide around at all when the straps are done up, pay particular 
attention to the heel popping off.

• The straps do not loosen over time.
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Anchors

Snow and Ice are temporary mediums.  This is important to keep in mind when using 
them to make anchors.  Snow and ice can melt significantly in a short time period on 
sunny days, and both exhibit creep - this means that they flow slowly when under a 
constant force.  When they fail they also take a lot of area with them, which is 
something to keep in mind when “backing up” an anchor - make sure the “backup” is far 
enough away that itʼs holding onto different snow.

The descriptions here are brief, to remind you what of youʼll get a chance to practice.  
Thereʼs lots of great information out there, if you want to do a little digging.

Pickets/Axes
A picket is an aluminum piece of protection designed for snow.  It is generally T shaped 
in cross section, with holes drilled through for weight and as clip-in points.  They come 
in 2ʼ and 3ʼ lengths, but opinions vary on how useful the 3ʼ lengths are.

The fastest anchors are made by plunging your axe shaft or a picket into the snow.  A 
snow picket works best for this, since it has a cross section specifically designed for the 
job.  You should lean the picket/axe away from the anticipated force, just like a tent-peg.  
Keep the clip-in point as low to the snow as possible, to make it less likely that it will 
lever out.  If you have time you can even put the tie-in point below the surface of the 
snow.

Once you think youʼve mastered snow pickets you should read this amazing picket-
testing article (or search the VOC message board for “how to place a picket”):
http://www.alpineclub.org.nz/documents/activities/instruction/snow%20anchor%20report.pdf

Deadmen/T-slots
A deadman anchor is anything buried in the snow, and a T-slot is similar but without 
filling the hole back in.  Pickets and axes often get used for this, but it can be almost 
anything - maybe a pair of skis or a pack (even a spoon could be enough to rappell off 
of, if youʼre desperate).  Tie around the middle of the object (or a close to the “big” side 
if it has one, like an ice-axe) and bury it in a T-shaped trench (one the long single 
branch for the cord).  Make sure to under cut the trench slightly if youʼre not filling it 
back in for a deadman anchor.

Snow/Ice Bollards
Bollards are tear-drop shaped grooves cut into the surface of the snow or ice around 
which a sling or the rope is placed. In hard ice, a bollard can be as small as 30cm 
across, but in soft snow it can be as big as 3m or more across. 

The strength of the bollard depends on its size and the quality of the snow.  To reduce 
the risk of the sling cutting into the bollard with soft snow items such as foamies or a 
backpack can be placed between the sling and the snow to pad it.  The groove must be 
under-cut so that the sling canʼt pop out under load.
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Ice Screws
Ice screws are hollow screws which can be turned into ice.  Unlike pickets screws, in 
solid ice, should be placed leaning toward the anticipated force - they are stronger in 
tension than in shear.

To place one first use your adze to clear away any rotten ice or slush, then use the pick 
of your ice axe to make a small starter hole in the ice and start turning.

Especially with ice screws remember that ice slowly flows under load, so a constantly 
loaded screw will eventually just pop out.

V-thread
It is also possible to use a screw to drill two holes in the ice meeting under the surface 
in a V shape.  Using a special hook one can thread a piece of webbing through the ice.  
This V-thread takes a little longer to make, but is a very solid anchor.

Improvised Belays

Boot-Axe Belay
Although not as strong as an anchored sitting belay, the boot-axe belay is quick to set 
up.  To set up the belay, stamp out a platform in the snow and plunge the axe in, angling 
the shaft slightly back from the anticipated downhill direction of pull. Stand downhill of 
the axe. Place your uphill foot in front of the axe, bracing it against the shaft. Plant your 
downhill foot comfortably below to brace yourself. The rope coming from the belayed 
climber passes over the toe of your boot, around the shaft of the axe, back over your 
instep and around your ankle. Grasp the end of the rope after it passes around your 
ankle with your downhill hand. This hand becomes the braking hand. Grasp the head of 
the axe with your other hand.
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To increase the braking effect, move your braking hand so that more of the rope wraps 
around your ankle; to reduce braking unwrap the rope. The boot-axe belay is set up in a 
similar way for uphill pull.

Sitting Belay
On snow, hollow out a deep depression for your seat. If you are going to be there for a 
while, sit on something to insulate yourself from the snow. Stamp your heels into the 
snow to brace yourself. Use a munter hitch and sit down in this improvised chair.  If 
more security is needed, tie into a deadman anchor or snow bollard placed behind you 
directly in line with the anticipated pull. 
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Travel on glaciers

When more snow falls each winter than melts the following summer a glacier will 
eventually form.  As the snow packs down it gets squished into glacial ice, which will 
slowly “flow” downhill.  A glacier may be a simple pocket of snow and ice - the 
equivalent of a lake; or it may be a total mess with crevasses and seracs everywhere - 
the equivalent of a raging river.

The bottom of a glacier, late in the season, is often bare ice where it has flowed out past 
the “fern zone” above which the snow never melts (and the glacier is still forming).  Ice 
deforms very slowly, and can also crack if the stresses are too high.  This causes 
crevasses and seracs (totally broken off pieces of ice) to form.  Itʼs also melting, and you 
may find rivers flowing across the surface, sometimes disappearing back into the glacier 
itself.

Glaciology is the study of glaciers, and is an active field of research.  There are even 
some glaciologists in the club, whoʼd probably love to talk about all the details.

Roping up

On bare ice a glacier is relatively safe - in that all the hazards are clearly visible.  
Glaciers (with a few exceptions) change on a long enough timescale that you wonʼt see 
them change during the course of a day (except for snow-melt) - crevasses donʼt just 
open up (although seracs may fall over).  Simply strap on your crampons and watch 
were youʼre going.

Snow, however, makes glaciers more complicated as it can cover up all the hazards.  
Sometimes a hidden crevasse is obvious, but often times not.  It is possible to be 
standing on snow above a crevasse and not know it!  If the snow breaks, you will fall in.  
The chance of falling in is not great, but the consequences are - crevasses are often 
tens of meters deep, usually wet and always cold.  Do not take your cue from watching 
other parties - many experienced mountaineers have died falling into crevasses 
unroped.  Since it is often very difficult to tell where the glacier begins, it is safer to 
assume the glacier begins right where the snow starts.

Roping up is when the party ties itself together with the rope, so that if one person falls 
into a crevasse the others can stop them from hitting the bottom (it is not guaranteed 
that they will be unhurt).  How many people on a rope team varies with experience level, 
and the space between people varies with the anticipated size of crevasses.  Usually 
rope teams are at least 3 people (since it is likely that 2 people can stop 1 faller), and 
have 10-15 meters in between members.

Tie in with a figure 8 on a bight.  The people on the ends of the rope take up the excess 
rope in coils and store it.  This extra rope can be used to help a victim of a crevasse fall, 
should the need arise, or to get you started if prusiking out of the crevasse. Each person 
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carries a set of prusiks which should be attached to the rope immediately upon tying in, 
since it can be difficult to do later when you really need them.

The speed of the rope team is determine by the slowest person. Stay apart such that 
you minimize the slack between each person.  You will need to be patient to travel 
safely.  If somebody falls into a crevasse they should yell “FALLING!” and everybody will 
self-arrest.  If the rope is slack they may fall quite far, increasing the risk of injury, but 
hopefully the party can hold the fall and keep the victim from getting hurt.

If you are crossing an obvious crevasse, especially on steep terrain where stopping the 
falling climber may be difficult, consider using one of the improvised belays described 
above.  They are more likely to succeed than a self-arrest.

Crevasse rescue

Once the victim is stopped you need to immediately start a plan to get them out.  
Crevasses are not pleasant places to be, hypothermia is a real concern, and they may 
have injuries which compound the problem.

Whatever rescue system is in use, ensure that no one else falls into a crevasse.  All 
rescuers and bystanders should be tied into an anchored rope.  More injured victims is 
the last thing you need.

Communicate with the victim and come up with a plan, there are a few options for 
getting the victim back out, in order of simplicity (there are, of course, many more 
options than this - these are just ideas):

Struggle/climb - hopefully this works.  Itʼs the easiest and fastest.  If the victim didnʼt fall 
very far and is uninjured they may be able to simply struggle up out of the crevasse with 
some help from the rest of the team pulling on the rope.

Lower off - sometimes there may be another snow-bridge lower down and it is possible 
to lower the victim to a location from which they can walk out.

Prusiking - if the climber is uninjured they may be able to prusik back up the rope (as 
described earlier).  They may need to use a little bit of the rope past their tie-in point to 
get started (or be carrying an extra sling).  It will be difficult to make it over the lip of the 
crevasse, as the rope will have dug into the snow.  Expect a battle, and give them a 
hand, maybe using one of the hauling methods.

Raising - especially if the climber is injured you may need to pull them out of the 
crevasse.  Build a solid anchor and use one of the mechanical advantage systems 
described earlier.  Expect the rope to cut into the edge of the crevasse, complicating the 
issue.  Padding the edge may help, as may using the extra coils of rope to start fresh.

 17



Probably youʼll end up using some combination of these methods, as necessary.  Itʼs a 
difficult problem, and will require quick thinking.  Some brute force sometimes helps too.  
Youʼll get a chance to practice at glacier school.  Itʼs best learned by practice and 
research - practice, go do some reading, then practice again.  Get more experienced 
people to show you their tricks.

You donʼt actually need a glacier to practice.  You can practice setting up raising 
systems in your living room, and can practice self-arrest, building an anchor, escaping 
the bely and setting up a hauling system anywhere thereʼs snow.
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Glossary

Prusik - A knot (see fundamental skills)
- A loop used to make such a knot
- The act of climbing up a rope using such knots

Burlfest - A physical battle, which you might win if youʼre burly
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