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Map Basics

CHAPTER OBJECTIVES

• Learn basic map terminology.
• Understand how to read topographic maps, including

declination, north–south reference lines, colors, contour lines,
and slope direction.

• Discover the limitations of maps.
• Customize and prepare maps for wilderness trips.
• Find out where to get maps.

A map is a symbolic picture of a place. In convenient shorthand, it
conveys a phenomenal amount of information in a form that is easy
to understand and easy to carry. For water activities, navigational
charts provide the same level of information as topographic maps do
on land, but with particular attention to navigational hazards. No one
should venture into the wilderness without a map or chart of the
area, or without the skills required to interpret and thoroughly
understand it.

You can find a lot of useful information on a map. For wilderness
land travel, the most important items are topographic features,
vegetation, and elevation information, which are discussed in this
chapter. (See chapter 6 for more in-depth information, such as the
use of the latitude/longitude and UTM coordinate systems, distance



and slope measurement, and surveying information.) Note the
publication date of the map and obtain the latest information,
because roads, trails, and other features may have changed since
the map was printed.

UNDERSTANDING MAP TYPES AND TERMS
It will be helpful to start this discussion of maps with a description of
how cartographers divide up Earth. The distance around our planet
is divided into 360 units called degrees (designated with a ° symbol).
A measurement east or west is called longitude. Longitude is
measured from 0° to 180°, both east and west, starting at the
Greenwich meridian running through the Royal Observatory,
Greenwich, near London, England. A measurement north or south is
called latitude. Latitude is measured from 0° to 90°, north and south,
from the equator. New York City, for example, is situated at about 74
degrees west longitude and 41 degrees north latitude (74° W and
41° N). Each degree is divided into 60 units called minutes
(designated with a ' symbol), and each minute is further subdivided
into 60 seconds (designated with a " symbol). On a map, a latitude
of 46 degrees, 53 minutes, and 15 seconds north would be written
like this: N46°53'15". Alternatively, this can be written as 46 degrees,
53.25 minutes, or 46.8875 degrees (more about this in chapter 6).
The latter expression, referred to as degrees and decimal degrees,
is most commonly used by search-and-rescue groups.

Another commonly used position reference system is the
Universal Transverse Mercator (UTM) system, based on the metric
system. This is often used with GPS receivers and is discussed in
detail in chapter 6, along with more detail on using the
latitude/longitude system with marine charts.

The scale of a map is a ratio between measurements on the map
and measurements in the real world. A common way to state the
scale is to compare a map measurement with a ground
measurement (as in 1 inch equals 1 mile) or to give a specific
mathematical ratio (as in the 1:24,000 scale most commonly used in
the United States, where any one unit of measure on the map equals



24,000 units of the same measure on Earth). The scale is shown
graphically, usually at the bottom of the map.

Several different types of maps are available:
Relief maps attempt to show terrain in three dimensions by using

various shades of green, gray, and brown, terrain sketching, and
raised surfaces. They help in visualizing the ups and downs of the
landscape and have some value in trip planning. Relief maps are
often displayed at visitors’ centers in national parks and recreation
areas.

Land management and recreation maps, published by the US
Forest Service, the National Park Service, other government
agencies, and timber companies, are frequently updated and thus
are very useful for current details on roads, trails, ranger stations,
and other works of the human hand. They usually show only the
horizontal relationship of natural features, without the contour lines
that indicate the shape of the land. These maps are often quite
helpful for trip planning.

Sketch maps tend to be crudely drawn but often make up in
specialized route detail what they lack in draftsmanship. Such
drawings can be effective supplements to other map and guidebook
information.

Guidebook maps vary greatly in quality. Some are merely
sketches, while others are accurate modifications of topographic
maps. They often contain useful details on roads, trails, and
wilderness routes.

Topographic maps are the best of all for wilderness travelers.
They depict topography, the shape of Earth’s surface, by showing
contour lines that represent constant elevations above and below
sea level. These maps, essential to off-trail travel, are produced in
many countries. They should be brought along on all wilderness
excursions, along with any of the above-mentioned maps. Some are
produced by government agencies, such as the US Geological
Survey (USGS), whereas others are printed by private companies.
Some private companies produce maps based on USGS maps and
update them with recent trail and road details, sometimes combining
sections of different USGS maps into one. One example of such a
company is Green Trails, Inc., which makes maps for mountainous



areas in the Pacific Northwest and a few other areas. These maps
are often useful supplements to standard topographic maps and are
particularly helpful for trail hiking.

As an example of topographic maps, we will look in detail at the
USGS maps.

USING USGS TOPOGRAPHIC MAPS
One type of USGS map commonly used by wilderness travelers
covers an area of 7.5 minutes (that is, ⅛ degree) of latitude by 7.5
minutes of longitude. These maps are known as the 7.5-minute
series. An older type of USGS map covers an area of 15 minutes
(that is, ¼ degree) of latitude by 15 minutes of longitude. These
maps are part of what is called the 15-minute series. Four 7.5-
minute maps are needed to cover the same area as one 15-minute
map.

The 7.5-minute map is the standard for the contiguous United
States and Hawaii and is the most commonly used type for
wilderness travelers in the United States outside of Alaska.

• The scale is 1:24,000, or roughly 2.5 inches to the mile, or 4
centimeters (cm) to the kilometer (km).

• Each map covers an area of approximately 6 by 9 miles (9 by
14 km), and the UTM squares are one kilometer (km) on a side.

The 15-minute map is the standard only for Alaska, due to its
immense size.

• The scale is 1:63,360, or exactly 1 inch to 1 mile, or 1.6 cm to 1
km. The north–south extent of each Alaska map is 15 minutes,
but the east–west extent is greater than 15 minutes, because of
the way in which the lines of longitude converge toward the
North Pole.

• Each map covers an area of about 12 to 16 miles (19 by 26 km)
in the east–west direction and 18 miles (28 km) in the north–
south direction.



Detailed descriptions of using the latitude/longitude and the UTM
systems are given in chapter 6 of this book. What follows in this
chapter is a description of basic topographic map features of most
interest to wilderness travelers.

TIP: In Canada and most of the rest of the world where the
metric system is used, the most commonly used comparable
scale is 1:50,000. Scales of 1:25,000 and others are
occasionally used as well.

READING TOPOGRAPHIC MAPS
A map’s language is easy to learn and pays immediate rewards to
any wilderness traveler. Some of this language is in words, but most
of it is in the form of symbols. Each map is referred to as a
quadrangle (or quad) and covers an area bounded on the north and
south by latitude lines that differ by an amount equal to the map
series (7.5 minutes or 15 minutes) and on the east and west by
longitude lines that differ by the same amount, except for Alaska.
Each quadrangle is given the name of a prominent topographic or
manmade feature in the area.

To read a topographic map, you’ll need to understand key map
features such as colors, contour lines, reference lines, and direction
of slope.

Colors
Colors on a USGS topographic map have specific meanings:

Red: Major roads and survey information.
Blue: Rivers, lakes, springs, waterfalls, and other water features.
Black: Minor roads, trails, railroads, buildings, benchmarks,

latitude and longitude lines, UTM coordinates and lines, and other
features not part of the natural environment.

Green: Solid green indicates a forested area, while mottled green
indicates scrub vegetation. A lack of green does not mean that an
area is devoid of vegetation but simply that any growth is too small
or scattered to show on the map. You should not be surprised if a



small, narrow gully with no green color on the map turns out to be an
avalanche gully, choked with impassable brush in the summer and
fall and posing a significant avalanche hazard in the winter and
spring.

White: The color of the paper on which the map is printed; it can
have a variety of meanings, depending on the terrain.

White with blue contour lines: A glacier or permanent snowfield.
The contour lines of glaciers and permanent snowfields are in solid
blue, with their edges indicated by dashed blue lines. Elevations are
shown in blue. Rope up for all glacier travel!

White with brown contour lines: Any area without substantial
forest, such as a high alpine area, a clear-cut, a rockslide, an
avalanche gully, or a meadow. Study the map for other clues.

Brown: Contour lines and elevations, everywhere except on
glaciers and permanent snowfields.

Purple: Partial revision of an existing map.
Be sure to be aware of the temporal nature of these map features,

since logging, glacial expansion or recession, and other changes
might have occurred since the map was last updated.

Contour Lines
The heart of a topographic map is its overlay of contour lines, each
line indicating a constant elevation as it follows the shape of the
landscape. A map’s contour interval is the difference in elevation
between two adjacent contour lines. The contour interval is clearly
printed at the bottom of the map. Every fifth contour line, called an
index contour, is printed darker than the other lines and is labeled
with the elevation.

One of the most important bits of information a topographic map
reveals is whether you will be traveling uphill or downhill. If the route
crosses lines of increasingly higher elevation, you will be going
uphill. If it crosses lines of decreasing elevation, the route is downhill.
Flat or sidehill travel is indicated by a route that crosses no lines,
remaining within a single contour interval.



Figure 1. Basic topographic features

Topographic maps also show cliffs, passes, summits, and other
features (figure 1). Main features depicted by contour lines include



the following:
Flat areas: No contour lines at all.
Gentle slopes: Widely spaced contour lines.
Steep slopes: Closely spaced contour lines.
Cliffs: Contour lines extremely close together or even touching.
Valleys, ravines, gullies, and couloirs: Contour lines in a pattern

of Us for gentle, rounded valleys or gullies; Vs for sharp valleys and
gullies. The Us and Vs point uphill, in the direction of higher
elevation.

Ridges or spurs: Contour lines in a pattern of Us for gentle,
rounded ridges; Vs for sharp ridges. The Us and Vs point downhill, in
the direction of lower elevation.

Peaks or summits: A concentric pattern of contour lines, with the
summit being the innermost and highest ring. Peaks are also often
indicated by Xs, elevations, benchmarks (BMs), or triangle symbols.

Cirques or bowls: Patterns of contour lines forming at least a
semicircle, rising from a low spot in the center to form a natural
amphitheater at the head of a valley.

Saddles, passes, or cols: An hourglass shape (with higher
contour lines on two sides), indicating a low point on a ridge.

TIP: As you travel in the wilderness, frequently observe the
terrain and associate its appearance with its depiction on the
map. Note all the topographic features—such as ridges, gullies,
streams, and summits—as you pass them. This helps you to
maintain a close estimate of exactly where you are and helps
you become an expert map reader.

You will get better and better at interpreting contour lines by
comparing actual terrain with its representation on a map. The goal
is to be able to glance at a topographic map and have a sharp
mental image of just what the place will look like. There is no
substitute for experience, so be sure to pay close attention to the
appearance of various topographic features you see in the
wilderness, and note their depiction on the topo map. Before you
venture into the wilderness, we suggest that you carefully study



figures 2 through 5 to gain an appreciation of how various features
shown in photographs appear on topo maps.

Figure 2. Photograph of a mountainous area and its depiction on a topographic
map

A. Photo taken from here, in direction shown



B. Gentle slope
C. Moderate slope
D. Trail along hillside
E. Ridge crest
F. Saddle along ridge crest
G. Minor summit on ridge
H. Skyline ridge



Figure 3. Photograph of mountain peaks and their depiction on a corresponding
topographic map

A. Photograph taken from this location (in direction shown)
B. Saddle or col
C. Twin summits
D. Cliff



E. Moderate slope
F. Steep slope
G. Ridges

Figure 4. Photograph of a mountainous area and its depiction on a topographic
map, illustrating various topographical features



A. Ridge crest
B. Secondary summit
C. Saddle (pass)
D. Major gully descending from saddle
E. Ridge crest
F. Broad ridge
G. Primary summit
H. Very steep slope
I. Nearly level area
J. Broad forested ridge
K. Direction of photograph



Figure 5. Photograph of a mountain cirque and its depiction on a topographic map

A. Photograph taken from here (in direction shown)
B. Moderately steep (30°) ridge
C. Low point on ridge (saddle); note hourglass-shaped pattern of contour lines on

topo map.
D. Small forested knoll



E. Steep (60°) ridge
F. Pinnacles
G. Very steep cliffs below pinnacles
H. Broad gully between saddle and lake
I. Note contour line nearly encircling lake; classic characteristics of a cirque (not

shown in photo).

REMEMBERING HOW TO IDENTIFY RIDGES AND GULLIES
ON MAPS

If you ever forget whether upward-pointing or downward-
pointing contour lines indicate ridges or gullies, just remember
that streams usually flow down gullies, and not on ridges. So
if you have a map of a hilly or mountainous area, find a thin blue
line indicating a stream, and examine the contour lines around
it. The upward-pointing contour lines will remind you that they
indicate a gully.

Declination Information
The margins of USGS maps contain important information, such as
the date of publication and revision, the names of maps of adjacent
areas, contour intervals, and map scales. The margin also gives the
area’s magnetic declination at the time the map was last updated,
which is the difference between true north and magnetic north.
Declination is extremely important and will be discussed in more
detail in chapter 2. Depending on when the map was printed,
declination is labeled differently.

• USGS topographic maps printed in 1988 or later (see figure 6A)
have a statement such as “1990 Magnetic North Declination
20° EAST.”

• Maps printed before 1988 usually have a declination diagram
printed near the lower left-hand corner (see figure 6B). The star
indicates true north and the “MN” indicates magnetic north. The
angle difference between these two is the magnetic declination
for that area at the time the map was last updated.



North–South Reference Lines
Lines running north–south on the map are very important for using
the map and compass together, as will be explained in chapter 2.
Some maps have a grid of UTM (Universal Transverse Mercator)
lines printed on the map, and these can be used as north–south
reference lines. North is usually at the top of the map, unless
otherwise indicated.

Maps printed in 1988 or later usually have a grid of black lines
representing the 1000-meter intervals of the UTM grid (see figure
6A). This grid is usually slightly offset from true north, because the
map is representing our spherical planet on a flat surface, and
therefore is introducing a slight error. The amount of this offset is
given by a statement in the lower left corner of the map such as
“UTM GRID DECLINATION 0°14' WEST.” The UTM grid is very
helpful when using a global positioning system (GPS) receiver (see
chapter 9). These lines may also be used as a north–south reference
(see chapter 2), but only if the offset of the grid is less than 1°. If the
offset of the UTM grid is more than 1°, then you should use
surveyors’ section lines (usually printed in red). If the map has no
section lines, or if the section lines do not truly run north–south, you
can draw in your own north–south lines, as follows:





Figure 6. Lower left corner of USGS topographic maps: A. newer than 1988, B.
older than 1988

• Put your map on a table and place one long edge of a long
straightedge (such as a meter stick or a yardstick) along the left
margin of the map (the left and right margins of a USGS topo
map are aligned with true north).

• Draw a line along the other side of the straightedge, and then
move it over to the line you just drew and draw another line,
and another, and so on until you reach the center of the map.

• Then place the straightedge along the right margin of the map
and repeat the procedure to meet the lines drawn in the
previous step. (Doing this from both sides will help you to
achieve greater accuracy by avoiding any cumulative errors
that might creep in from one line to another.)



This way, you will have a set of north–south lines that are truly
north–south. This will help you achieve accuracy in measuring and
plotting bearings on the map using your compass (see chapter 2).

On maps printed prior to 1988, UTM lines are usually not shown.
However, there are faint (usually blue) UTM “tick” marks along the
edges of such maps showing the locations of the 1000-meter lines
(see figure 6B). The declination diagrams for these maps usually
have a line to GN, meaning grid north. This is the offset of the UTM
grid from true north. If this offset is less than 1°, then you can
connect these tick marks on your table at home using a straightedge
to place a UTM grid on the map, as explained above. You can then
use these as north–south reference lines. However, if the amount of
difference between true north and grid north is greater than 1°, then
you should draw in your own north–south lines parallel with the
edges of the map, as described earlier.

Figure 7. Examples of observing the direction of the slope on a map

Direction of the Slope
Traveling along a contour line means traveling on a roughly level
route with no slope. Conversely, traveling in the direction
perpendicular (at a right angle) to a contour line means traveling
directly uphill or downhill, sometimes called the fall line. Knowing this
can be a valuable clue as to your position. You can easily find this
direction on the map or in the field for any point on sloping terrain.



This fact can be very useful in orientation, and we will refer to it in
several places in this book. For example, in figure 7, point G has a
slope that falls off to the southwest. Point H, on the other hand, has
a slope falling off roughly to the east. We will be able to express this
direction more precisely after we explain how to measure and plot
bearings using the compass in chapter 2.

Using the direction of the slope cannot prove that you are at
any particular place, but it can disprove it, and this can sometimes
be a big help in trying to figure out where you are.

In figure 7, for example, suppose you have climbed Peak 6547
and have descended a few hundred feet. You wish to find out where
you are, and you guess that you are at point G. That means that the
slope should be falling off to the southwest. However, when standing
on the slope and facing downhill, you see the midday sun on your
right, so you know that you are facing roughly east. This proves that
you cannot be at point G. You could very possibly be at point H,
since at this point the slope falls off to the east. But there are other
places where the slope falls off to the east, so you cannot prove that
you are at point H.

KNOWING THE LIMITATIONS OF MAPS
Keep a couple of cautionary thoughts in mind as you study a
topographic map. The map will not show all the terrain features
that you actually see on your trip, because there is a limit to what
mapmakers can cram onto the map without reducing it to an
unreadable clutter. If a feature is not at least as high as the contour
interval, it may not be shown, so a 30-foot cliff may come as a
surprise when you are navigating with a map that has a 40-foot
contour interval.

Check the date of the map, because topographic maps may not
be revised very often, and information on forests and on roads and
other works of the human hand or natural disaster (such as the
eruption of a volcano) could be out of date. A forest may have been
logged, a glacier may have advanced or receded, or a road may
have been extended or closed since the last update. Although
topographic maps are essential to wilderness travel, you often need



to supplement them with information from visitors to the area,
guidebooks, websites, and other maps.

TIP: When you learn of changes (such as road or trail closures),
you should note them on your map in pencil, along with the
date.

CUSTOMIZING AND MODIFYING MAPS
Sometimes a trip runs through portions of two or more maps.
Adjoining maps can be folded at the edges and brought together, or
you can create your own customized map by cutting out the
nonpertinent areas and splicing the rest together with tape. Maps
can also be created by using a computer and readily available map
software. When customizing maps, be sure to include plenty of
territory so that you will have a good overview of the entire trip,
including the surrounding area (which might be needed for
orientation; see chapter 3).

Black-and-white photocopies are good for marking the route, but
since they do not show colors, they should be used only as
supplements to the real thing. If a durable, high-quality reproduction
is needed, then a color photocopy onto waterproof paper with
waterproof ink may be the best approach. Some outdoor recreation
stores have the capability to produce computer-generated maps
covering whatever area you want by combining various sections of
USGS quadrangles. Though these customized maps are slightly
more expensive than the standard USGS quadrangles, you may
appreciate their convenience.

If you choose to cut off the white borders of your topo map to save
weight and bulk, be sure to retain all of the important information
at the bottom of the map, including the scale, contour interval,
declination, datum, and UTM zone, even if such information may not
seem important to you at the time. If you ever decide to use a GPS
receiver, you may later regret having cut off and discarded this
essential information.



CARRYING MAPS ON A WILDERNESS TRIP
One of the most important aspects of carrying a map is to do so in
such a way that you can get to it at any time. We suggest that you
carry it in your pocket.

TIP: Cargo pants or shorts with big pockets are excellent for
carrying maps, compasses, and other objects that you want to
access quickly and conveniently. It is a lot easier to make critical
frequent observations if you can quickly get to your map at any
time.

Map Folding
One good way to carry a map is to fold it to show the area where you
will be traveling, and then enclose it in a clear plastic map case or a
plastic ziplock bag. This way, it will be protected from the elements,
always visible, easy to remove, and compact.

It is best to fold your map so that your entire route for a given leg
of the trip will always be visible without unfolding the map, if
possible. The folded map should also be slightly less than the size of
a large cargo shorts or pants pocket (approximately 5 by 5 inches or
13 cm by 13 cm). With the finished dimension in mind, fold your map
so that your starting point is on one edge of the folded map, and fold
up the remaining part of the map so that as much of the route as
possible is visible. At the main fold your route can continue to the
other side of the map. It will then be very easy for you to flip your
map over to the other side as your day progresses without the need
to refold it.

TIP: Try to keep folds away from key route junctions or other
important areas of interest, since folds tend to degrade with time
and wear, particularly if the map gets wet.

Another way to keep your map accessible throughout your trip is
to fold it to approximately the inner dimensions of your camera case,
and carry it inside the case, held on the hip belt of your pack. Then



you can easily check your location on your map or take an
impromptu photo.

We recommend against laminating maps for your wilderness
adventure, since doing so makes it difficult to fold or write on the
map.

FINDING AND BUYING MAPS
Many outdoor recreation stores sell topographic maps, and some
bookstores and nautical supply stores stock them as well. You can
often find such stores by doing an internet search for “topographic
maps for [your area or state].”

You can order topographic maps directly from the USGS by
going to www.usgs.gov or by calling 1-888-ASK-USGS. If you do not
know the name of the map for the area you need, you can order or
view a free Topographic Map Index Circular for your state as well as
a booklet entitled Topographic Maps. The index circular shows the
names of all the quadrangles in your state, so you can find the
one(s) you need.

You can also view, download, print, or purchase many
topographic maps from the USGS website. On the USGS
homepage, click on Maps, Imagery, and Publications. In the Maps
area of the next screen, you then have a choice to Download free
topo maps, Buy maps printed on demand, or Make your own map. If
you download topo maps, then you can print them out on your own
printer, or you can bring a saved digital copy to a local print shop to
get a larger hard copy of the map. Many other useful maps,
publications, and aerial photographs are also available from the
USGS website.

To obtain topographic maps for Canada, call 1-800-465-6277, or
write to Canada Map Office, 615 Booth Street, Ottawa, Ontario, K1A
0E9. You can also do an internet search for “Map Distribution
Centres” and other stores. Several examples are
www.canmaps.com/topographic,
www.maptown.com/canadamaps.html, and www.mytopo.com.

You can create your own topographic maps with software such
as the AllTrails/National Geographic’s Ultimate Outdoor Map Kit (a

http://www.usgs.gov/
http://www.canmaps.com/topographic
http://www.maptown.com/canadamaps.html
http://www.mytopo.com/


subscription costing about $40 per year), www.caltopo.com (for topo
maps of the entire United States (not just California),
www.mytopo.com, DeLorme’s Topo North America,
www.mappingsupport.com/p/gmap4.html, and other websites found
with an internet search. Keep in mind that your software-generated
map will only be as good as allowed by your printer. We highly
recommend getting a color printer if you choose to do this, since
color is such an important part of any topographic map. You can also
check with any local outdoor clubs in your geographic area (e.g., The
Mountaineers, The Mazamas, The Sierra Club, the Colorado
Mountain Club, and other organizations) to get recommendations for
local map sources.

It is possible to purchase waterproof paper on which to print maps,
but the inks used in many consumer-level printers are not
waterproof, and the colors may run if such maps get wet. If you print
your own maps, be sure to test them to find out how waterproof they
are, and take extra care to keep them dry if they are not waterproof.

THE IMPORTANCE OF A MAP
With the exception of your brain, a map is your most important
navigational tool. No one should venture into the wilderness without
one, nor without the ability to interpret it. You should also have ready
access to it, and should consult it frequently during your wilderness
adventure. Note that the subtitle of this book is “Finding Your Way
Using Map, Compass, Altimeter & GPS.” The order of these words
was chosen carefully to list these four items in order from highest to
lowest priority: first, a map, then a compass, and so on. Maps give
you information about direction, the distance between any two
points, the shape of the terrain, human and natural features, the
amount of vegetation, the location of water features, the direction
and grade of the slope, and more. But as useful as maps are, they
become even more powerful when used with a compass.

CHAPTER SUMMARY
In this chapter you learned about basic map terminology and how to
read topographic maps. You also learned where to get and
customize maps, as well as their limitations.

http://www.caltopo.com/
http://www.mytopo.com/
http://www.mappingsupport.com/p/gmap4.html


SKILLS CHECK

• What do the terms latitude, longitude, and degrees mean?
• Where can you find declination information on a map?
• List three ways to find true north on a USGS map.
• What do a map’s contour lines and colors show?

PRACTICE PROBLEMS See the appendix for problem
instructions.

• Name two limitations of topographic maps.
• Problems 4 and 12 involve identifying elevations on a map.
• Problems 1, 9, and 22 involve identifying topographic features

on a map.
• Problems 7 and 15 involve finding direction of a slope on a

map.


