Name: ___________________________________
EAS 150 – Introduction to Geology

Lab 2 – Topographic Maps

Topographic Maps
Maps are fundamental geological tools. We use maps to represent a host of information, including rock distribution, water tables, and, most commonly, the shape of the Earth’s surface. Topography is the shape of the Earth’s surface; maps that represent this surface are called topographic maps. Topographic maps depict the Earth’s surface by means of contour lines, or lines of constant elevation. 

Goals – your goals in this lab are twofold. 1) Understand how a topographic map represents the Earth’s surface and be able to create and interpret such a map. 2) Solve problems using published topographic maps and your newly discovered map-reading abilities.

This lab has been modified from an earlier version designed by Dr. David Kendrick, Hobart and William Smith Colleges, Geneva, NY, 2005.  The Turtle Island topographic map is offered by Dr. John J. Thomas at Skidmore College, Saratoga Springs, NY, 2007. 
Materials and Preparation

You will need a pencil (with an eraser) and a calculator.  Graph paper for your cross-section will be provided to you.

An Introduction to Topographic Maps

To use topographic maps, you need to understand several basic map features:

Location: Location information identifies the area covered by a map.  United States Geological Survey (USGS) maps cover rectangular areas and are identified by a quadrangle name.  A state index map shows the locations and names of all the quadrangles in a state and can be used to find the quadrangle that covers a particular area.  In addition to quadrangle names, USGS maps are marked with latitude and longitude and other coordinate systems that can be used to locate a map area or feature relative to larger geographic features.  The latitude and longitude of California, PA is 40.0625N and 79.8953W, respectively.
Map Scale: Maps are scaled-down representations of an area. This means that the distance between two points on a map corresponds to some true distance on the ground. The ratio of map distance to true distance is the map scale. Most people are familiar with a map’s scale bar. A scale bar is a line or bar of some predetermined map length, 2 cm for example, which is labeled with the corresponding true distance, for example, 2 kilometers. Map scales can also be expressed as a ratio or fraction. Many topographic maps, for instance, have a scale of 1:24,000. This means that one cm on the map equals 24,000 cm on the ground, one foot on the map equals 24,000 feet on the ground, etc.  The scale 1:24,000 can also be expressed as a decimal fraction, 1/24000 =0.000041666. While scale bars are handy for a rough approximation of lengths, fractional scales allow precise calculations of lengths. Two equations are particularly useful:

True Distance = (Map Distance) * (Fractional Scale)

Map Distance = (True Distance) / (Fractional Scale)

Note: These expressions assume that map and true distances are expressed in the same units! Thus if you measure map distance in cm and calculate true distance, the calculated distance will be in cm. If true distance is in miles and you calculate map distance, the calculated distance will be in miles.

Orientation: Most maps have a North arrow. When the map is oriented so that the North arrow on the map points to north on the Earth, directions on the map are the same as directions on the ground and the map can be used for navigation. In addition to showing true geographic North, USGS maps show magnetic north.  In California, the discrepancy is about 9o west; compass needles point to a direction that is 9o west of due North.  This “magnetic declination” changes with location—in the western United States, magnetic declinations are east of due North.  Besides North arrows, lines of longitude and latitude or other similar coordinate systems can be used to orient a map.

Contour Lines: Contour lines indicate the shape of the land surface, i.e. its topography. A contour line is the map trace of an imaginary line on the ground that has a particular elevation. One way of visualizing such a line is to imagine a shoreline. Bodies of standing water have level upper surfaces, thus their shorelines are traces on the ground surface of that particular elevation. Topographic maps have many contour lines, each adjacent line differing by a constant elevation difference, the contour interval (Figure 1).
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Figure 1: Example of contour lines on a 3-dimensional block diagram.
Contour lines follow some basic rules. If you understand contour lines, you should be able to explain why each of these rules is true: 

1. The closer spaced contour lines are, the steeper the ground surface is. 

2. Contour lines never cross

3. Contour lines never branch

4. Contour lines never change elevation

5. Contour lines never skip (e.g., you can never have the sequence of lines 10, 20, 40 without having 10, 20, 30, 40)

6. Contour lines always have an up side and a down side (all elevations on one side of the line are higher than the line, all elevations on the other side lower). The up and down side never change along the length of the contour line.
Figure 2:  Local area surrounding Hobart and William Smith Colleges, Geneva NY.  Note the cross-section line A-B.
[image: image2.png]CANANDAIGUA 15 MI,

20+x
VERTcAL
EXAGGERATION

No
VERTICAL
ExacGERATION




Procedure

This lab has three parts: (1) Making a contour map of Turtle Island, an imaginary island with known spot elevations, (2) constructing a topographic profile across Turtle Island, and (3) examining some published quadrangle maps and answering questions about them.

Making a Contour Map of Turtle Island

A map of Turtle Island on a following page shows spot elevations (in meters) representing ground level.  The zero points are water, so make sure to keep your islands shoreline above the zero elevation.  Keeping the “Rules of Contour Lines” in mind, draw in and label the contours using a contour interval of 10 meters. 

Making a Topographic Profile

Topographic profiles are scaled drawings depicting the elevation of the land surface along some particular line.  Figure 2, for example, is a topographic profile that runs EW through the campus of Hobart & William Smith Colleges in Geneva, NY.  A drumlin (a glacial landform that appears as a streamlined hill) is bisected by the profile line.

If the vertical scale of the profile is the same as that of the map, the profile has no vertical exaggeration.  Often, however, it is advantageous to use a scale that “stretches” or exaggerates the vertical dimension in order to emphasize topographic features.  Figure 2 shows both an unexaggerated and an exaggerated profile.  The vertical exaggeration can be calculated from the vertical and horizontal scales.  If the horizontal scale is 1:1000 and the vertical scale is 1:50, then the vertical exaggeration is 20X
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If you have a topographic map, it is easy to construct a topographic profile.  Follow the instructions below to make a topographic profile of the A-A’ section line marked on your Turtle Island map.  We will also go over this in detail in Lab.  Be sure to ask questions so that you understand what it is we are doing.
1. Lay a piece of scrap paper along the line of section.  Mark the two ends of the section line.

2. At each point where a contour line crosses the section, make a small mark on you scrap paper and label it with the elevation of the contour line.

3. Lay your scrap paper along the horizontal axis of the topographic profile. Transfer your contour intersection points and elevations to this axis.

4. Using the contour value, plot a point at the correct elevation above each of your horizontal axis marks, then connect these points with a smooth line to create the profile.

Plot your section on the topographic profile grid.  Use the horizontal and vertical scales of this grid to calculate the vertical exaggeration of this profile.

Quadrangle Maps
You have been provided with several different quadrangle maps from southwestern Pennsylvania.  View the map at your table, paying particular attention to the different symbology and landscapes.  Answer the following questions based on the map available to you and your group.  The map for Ligonier is located at the front of the room.  You will need to spend a few minutes viewing it to answer the questions for “Map 2” below.
Map 1: ________________________________________

1. What is the ratio scale for this particular map? 

2. Estimate the north-south and east-west dimension (true length) of this quadrangle in kilometers.  Calculate its area in square kilometers.

3. What is the magnetic declination of this area?  Does a compass needle point east or west of true north?

4. What is the contour interval on this map?  What is the index contour interval?
5. Name one of the rivers/streams located within your map’s area.  Which way is this stream flowing, by compass direction? 
6. The term “relief” is used to describe the difference between the highest and lowest elevations in an area.  What is the total relief in the quadrangle?

7. What are the small black (or purple) polygon symbols representing?

Map 2: Ligonier Quadrangle, PA Topographic Map and Orthophoto (Air photo) 
8. What is the year for the topographic map? ______________
9. What is the year of the air photo publication?  _____________

10. What time of day, AM or PM, was the photo taken? _________________  Try to be more specific about the actual time? ____________
11. What is the Elevation of the Ski Mountain (at the top of the Ski Lift)? ____________
12. If you were a novice skier, which side of the mountain should you try first, the West side or the North side?  Why?
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