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Context

· The audience for this activity is an undergraduate class on introductory physical geology, geography or quantitative reasoning.
· There are no specific skills and concepts that students must have mastered as the activity introduces topographic maps.
· This laboratory activity precedes exercises that use topographic maps and falls near the middle of the course.

Objectives

· The content and concept goals for this activity include finding pertinent information about a topographic quadrangle, determining elevations of points on and off contour lines, and calculating the relief and slope between pairs of points.
· Higher order thinking skills involve computing the relief and average slope along the line of a topographic profile, visualizing how the landscape changes along the profile, and constructing and interpreting a topographic profile.
· Other skills goals for this activity consist of identifying the horizontal scale of a topographic profile from the map scale, determining the fractional vertical scale of a profile from the verbal scale, and calculating the vertical exaggeration of several topographic profiles.



Topographic Maps from the US Geological Survey
Part I: Contour Lines

Overview

	In this part of the exercise, you learn to read topographic maps by studying an example from Arizona and using contour lines to visualize the shape of the landscape.

Learning Objectives

· Find pertinent information about a topographic quadrangle
· Determine elevations of points on and off contour lines
· Calculate relief and slope between pairs of points

Why Use a Map?

	With the click of a mouse, Google EarthTM and NASA World Wind provide satellite images of any point on the planet. These and other tools allow us to build models of the landscape, draw topographic profiles, measure straight-line distances and the length of meandering streams, and estimate slope steepness.
	Why are geologists interested in maps? We use them as the fundamental tool for communicating information about the distribution of rock units and landforms. If you ever go to a national park, you will find topographic and geologic maps of the park area prominently displayed at the visitor center. In fact, you can even download an electronic version of the map showing your neighborhood from the US Geological Survey website.
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Figure 1.1. Topographic map of the University of Illinois campus at Urbana-Champaign.

Reading a Topographic Map
	
	In the United States, topographic quadrangle maps are produced by the United States Geological Survey (USGS). A quadrangle is a rectangular area of Earth bounded by north-south and east-west lines. Usually the quadrangle is named after a prominent geographic feature (e.g., a mountain or a town) in the map area. Quadrangles use many symbols for various natural and artificial features of the landscape; these symbols are explained in a booklet published by the USGS and available online at https://pubs.usgs.gov/gip/TopographicMapSymbols/topomapsymbols.pdf.
	This exercise uses a topographic map from Arizona. Like every topo map, this one includes the following features:

Map name and date: On a topographic quadrangle, the name is printed in the lower right corner of the map, and under it is the date when the map was compiled. Note that the name is also printed in the upper right corner.

Scale: This explains how large an area the map covers. Specifically, scale is the ratio of a linear distance on the map to the corresponding distance on the surface of the earth. For example, if your map scale is 1:50,000, it means that 1 inch on the map equals 50,000 inches on the face of the earth, or 1 centimeter on the map equals 50,000 centimeter on the face of the earth. There are four ways to express scale. 
· As a ratio: 1:50,000 
· As a fraction: 1/50,000
· Verbally: 1 inch equals 50,000 inches (or 1" = ~ 4167')
· Graphically: Using lines marked in kilometers, meters, miles, or feet (scale bars)
Note that if you reduce or enlarge a map, the original fractional scale will no longer be valid, but a graphical scale will still apply.


1. Download the .zip file for this activity. The map is provided in two formats so that you can choose the version (JPG or PDF) that works best on your computer. You should be able to zoom in and read all of the text clearly. What is the name of this topographic quadrangle?


2. When was this map published? 


3. Is the map still an accurate representation of this area? Why or why not?


4. What is the fractional scale of this map?


5. One hand on the map equals how many hands in the real world? (A hand is an old unit for measuring length, equal to approximately 10 cm or 4 inches.)


6. One centimeter on the map equals how many meters in the real world? (1 m = 100 cm).

Contour lines: Elevation (or altitude) is the vertical distance between a given point and a reference elevation.  In most cases, the reference is sea level. Because a map is a flat sheet, some method is needed to show different elevations on the map. Topographic maps show elevation by using contour lines, which connect points of equal elevation. At every point on the 100-foot contour line, for example, the elevation is 100 ft. If you walked along that line, you would not go either uphill or downhill. The contour interval refers to the vertical difference in elevation between adjacent contour lines. The contour interval for a given map is usually specified at the bottom of the map along with the scale. Every 4th or 5th contour line is shown as a heavier line and labeled with its elevation. This is called an index contour. Some rules for contour lines are listed below and illustrated in Fig. 1.2.
· Contour lines never divide or split.
· Contour lines never simply end; they either close or intersect the edge of the map.
· A contour line must represent one and only one elevation.
· A contour line can never intersect another contour line.
· The contour interval must remain constant within a given area.
· Closely spaced contour lines indicate steep slopes, and widely spaced contour lines show gentle slopes.
· When a contour line crosses a stream, it forms a V-shape that points upstream.
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Figure 1.2. This map has three index contours, a hill with a top elevation between 110 and 120 meters, and a stream flowing south. Note how the contours trace V-shapes as they cross the stream. The elevation of point A is 100 m; point B, 110 m; and point C, 65 m.


7. What is the contour interval on this quadrangle?
 

8. What is the elevation of point A? Point B? Point C?


9. Some points that are not on contour lines are marked with their elevations in small black print. What is the maximum elevation of Papago Butte (center N edge of map)?


Slope and Relief

	Elevations derived from reading contour lines can be used to determine the relief between two points. Relief simply means the difference in elevation between the points. Relief of an area is the difference in elevation between an area’s highest and lowest points.  
	Contour lines can also be used to determine the slope of the land surface. Recall that in mathematics, slope is defined as vertical change divided by horizontal change (rise / run). In map terms, this becomes relief  distance. In metric units, slope may be expressed as m/km, while in English system units, slope is usually written as feet/mile. To avoid confusion due to different measuring systems, we often calculate slope in terms of percentages: 

			relief / distance (same units) * 100 = % slope


10. What is the relief between the top of Papago Butte and point D?



11. What is the slope between points B and C (question #8)?  Express your answer as a percentage and round to the nearest whole number. (1 mile = 5280 feet)



12. What is the percentage slope between the top of Table Top Mountain (middle of S edge of map) and a point located 0.4 miles directly to the east?  Express your answer as a percentage and round to the nearest whole number. (1 mile = 5280 feet) (Hint: use the scale bar to mark a distance of 0.4 miles on the edge of a sheet of paper, and then use the paper as a ruler.) 



Topographic Maps from the US Geological Survey
Part II: Topographic Profiles

Overview

	In this part of the exercise, you draw a topographic profile on the quadrangle map to illustrate the shape of the land surface along a line.

Learning Objectives

· Calculate the relief and average slope along a profile line
· Visualize how the landscape changes along the line of the profile
· Construct and interpret a topographic profile

What is a Profile?

	A topographic profile is an illustration of the shape of the ground surface between two points. If a topographic map provides a top view (i.e., what a bird would see if looking straight down), a topographic profile provides a side view (i.e., what you might see along the edge of a cliff). Applications of topographic profiles include engineering projects such as roads and pipelines and scientific programs such as studying landforms or hydrology of an area. Geologists use topographic profiles as a basis for geologic profiles, which indicate the position and orientation of subsurface rock layers.
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Figure 2.1. Topographic profile across Antelope Peak. Screenshot from Google Earth.



Constructing a Topographic Profile

[bookmark: _GoBack]	A topographic profile is a cross-section (vertical slice) that illustrates the topography between two points. The profile traces the variations in elevation along the line between the points. To construct a profile, follow the steps below. The process is illustrated in Fig. 2.2.

1. Draw a line across a topographic map connecting the two end points of the profile line.
2. Mark the places where the line intersects contour lines.
3. Project the elevation of each intersection to the correct level on the graph.
4. Connect the points on the graph with a smooth curve. If two consecutive points lie at the same elevation, bring the profile line slightly above or slightly below that elevation in between the two points.  

[image: ]
Figure 2.2. Procedure for drawing a topographic profile.



1. What is the elevation of point E?


2. What is the elevation of point E'?


3. What is the overall relief between points E and E'?


4. What is the overall slope between points E and E'?


5. Print the profile map (PDF) that accompanies this exercise and draw a line from point E to point E'. Which choices correctly describe the contour lines intersected by line E-E'?
A. Contours are evenly spaced along most of line E-E'. 
B. Contours are irregularly spaced along most of line E-E'.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]C. Line E-E' crosses closed loops of contour lines that outline a large hill.
D. Line E-E' crosses closed loops of contour lines that outline a large valley.


6. Which choice correctly describes the shape of the landscape along line E-E'?
A. The land slopes gently downward from E to E', except where it forms a small steep hill.
B. The land slopes steeply downward from E to E', except where it forms a small valley
C. The land slopes gently upward from E to E', except where it forms a small steep hill.
D. The land slopes gently upward from E to E', except where it forms a small valley.


7. Lay a separate sheet of paper from point E to point E' on the map. Mark points on the edge of the paper along line E-E wherever the paper intersects a contour line. How many index contours lie along the line of the profile?


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]8. Transfer the points from line E-E' to the graph below the map. Connect the points with a smooth curve to draw your profile. If two consecutive points lie at the same elevation, bring the profile line slightly above or slightly below that elevation in between the two points. Describe the shape of the profile.


9. Which side of the prominent topographic feature in the middle of the profile is steeper, west (E) or east (E')?


10. What is the local relief of this topographic feature? Local relief means the elevation difference between the top and bottom of the feature.


Topographic Maps from the US Geological Survey
Part III: Vertical Exaggeration

Overview

	In this last part of the exercise, you learn to perform various calculations related to the vertical exaggeration of a topographic or geologic profile.

Learning Objectives

· Identify the horizontal scale of a topographic profile from the map scale
· Determine the fractional vertical scale of a profile from the verbal scale
· Calculate the vertical exaggeration of several profiles

A Look at Vertical Exaggeration

	In Part I of this exercise, you learned where to look on a topographic for certain information such as the scale and the contour interval, which is needed for interpreting the map. Similarly, for a topographic profile, an important piece of information is the vertical exaggeration, which is needed for properly interpreting the profile. For example, the blue line in Fig. 3.1 seems to outline a tall, steep mountain, but in fact, the mountain is less distinct, as shown by the red line outlining the same mountain but with no exaggeration.
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Figure 3.1. The red line traces a mountain with no vertical exaggeration; the green line traces the same mountain with a vertical exaggeration of 2X; and the blue line, 3X. Note how the topography is more pronounced from bottom to top. Screenshot from Google Earth.
Fractional Scales

	The fractional horizontal scale of a topographic profile is always the same as the scale of the map used. For USGS quadrangles, common map scales are 1:24,000, 1:62,500, and 1:100,000. Recall from Part I that a fractional scale such as 1:24,000 indicates that one unit on the map is equal to 24,000 of the same unit on the ground. In other words, the size of the map is 1/24,000th the size of the actual area in the real world.


1. On a map with a scale of 1:24,000, one inch equals how many feet in the real world? (1 foot = 12 inches)


2. On a map with a scale of 1:100,000, one centimeter equals how many meters in the real world? (1 meter = 100 cm)


	Thus, the horizontal scale of a topographic profile is the same as the scale of the map. The vertical scale of a profile, however, is often much larger than the map scale. Geologists draw profiles this way in order to bring out detail. To see why, look at the three profiles in Fig. 3.2. The top one is drawn with no vertical exaggeration. It shows hills and valleys, but elevations are hard to read, and the profile appears fairly flat. The middle profile has a vertical exaggeration of 2X, that is, the vertical scale is twice as large as the horizontal scale. The changes in topography are more distinct and easier to see. Finally, the third profile has a vertical exaggeration of 4X, so it has been stretched vertically. It is twice as high as the middle profile and four times as high as the top profile. Hills and valleys show up well, and elevations are much easier to read.

[image: ]
Figure 3.2. Topographic profiles with no vertical exaggeration (top), exaggeration of 2X (middle), and exaggeration of 4X (bottom).
	Look at the profiles in Fig. 3.2 closely. Vertical exaggeration helps us to see details of topography, but it also overemphasizes slopes and heights. The landscape is not nearly as steep as it appears in the bottom profile. Whenever you see a profile, always check the vertical exaggeration, and remember that any exaggeration greater than 1 (= no stretching) distorts the picture to a certain extent.
	To calculate the vertical scale of a topographic profile, measure the units on the Y-axis; determine how many meters or kilometers are represented by one centimeter or how many feet are represented by one inch. For example, if 1 cm = 200 m, then convert meters to centimeters (1 m = 100 cm) on the right side of the equation to obtain 1 cm = 20,000 cm. When the left side of the equation is 1 and the units on both sides of the equation are the same, then the numbers give the fractional scale. In the example, the vertical scale is 1:20,000.


3. What is the vertical scale of a topographic profile if 1 cm represents 50 m on the Y-axis?


4. What is the vertical scale of a topographic profile if 2 cm represents 1000 m on the Y-axis?




Calculating Vertical Exaggeration

	To calculate vertical exaggeration, divide the fractional vertical scale of the profile by the fractional horizontal scale of the profile. For example, if the vertical scale is 1:1200 and the horizontal (map) scale is 1:24,000, then the vertical exaggeration is:

	(1:1200) / (1/24,000) = (1/1200) * (24,000/1) = 24,000  1200 = 20 

Thus, the profile has been stretched 20 times in the vertical direction. This is usually written as 20X, but it has no units. If the calculation yields a decimal, then round to the nearest whole number. Note that the vertical exaggeration is the same whether the calculation is done using metric units or English units.

[image: ]

Figure 3.3. Another example of calculating vertical exaggeration.

5. If a topographic profile with a vertical scale of 1 cm = 1000 m is drawn from a map with a scale of 1:24,000, what is the vertical exaggeration? Show your work.



6. If a topographic profile with a vertical scale of 1 inch = 1000 feet is drawn from a map with a scale of 1:62,500, what is the vertical exaggeration? Show your work.



7. If a topographic profile with a vertical scale of 1 cm = 1000 m is drawn from a map with a scale of 3 cm = 500 m, what is the vertical exaggeration? Show your work.



8. What is the fractional horizontal scale of the topographic profile that you drew in Part II of this exercise?



9. On your topographic profile in Part II, one inch on the vertical scale equals 200 feet. What is the fractional vertical scale of the profile? (1 foot = 12 inches)



10. What is the vertical exaggeration of your profile?




A shortcut to finding vertical exaggeration: divide the denominator of the horizontal scale by the denominator of the vertical scale. You can remember this as dividing the larger number by the smaller number, so that your answer is always greater than 1.
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