		
Lab: Using Maps

Materials (per lab group)
Pencil
Two colored pencils or crayons
Mapping grid (at least 1-foot square frame, with pins and labels along 1” grid)
Playdough (one 6-lb. tub)
Depth probe (wooden skewer with ¼” length markings)
String (2+ pieces slightly longer than mapping grid)
Spatula, butter knife, or ruler (for cutting playdough)
Large graph paper (1” square grid lines; 1 sheet, larger than mapping grid)
Large wax paper (1 sheet)
Local USGS 7.5 minute quadrangle
Examples of other USGS maps showing steep and flat topography, depressions, valleys, etc.

Introduction
Understanding geology begins with understanding geography. Where are rivers, volcanoes, and faults found? Where do earthquakes occur? Do Pennsylvania and Colorado have different physical characteristics? Once you answer these questions, you can start to explore why certain features occur in certain places and not in others. Maps are critical for seeing broad patterns in landscapes at the large scales that are important for geologic study.

Maps come in a variety of flavors, but important for geologists are maps that show physical features (e.g., rivers, roads, and buildings) as well as elevation contours. Elevation contour maps, called topographic maps, are data-rich (i.e. they contain a lot of information), allowing field scientists to answer the question “Where am I?” with great precision. Using topographic maps, we can analyze landscape shapes, addressing topics as diverse as stream characteristics, natural hazard probabilities, and ecosystem traits. Topographic maps are the basic foundation for geologic maps, which shows where rocks are located on a landscape.

The purpose of this laboratory is for you to become familiar with the fundamentals of map construction and interpretation, and to start thinking about Earth materials in a spatial way. Because these maps are data-rich, they can be complex to read. When you are finished, you should be more comfortable working with the concepts of scale, location (latitude and longitude), elevations, and contour lines. You should be able to identify the direction and steepness of land slope and visualize the form of the land. First you will make your own topographic maps, and then you will make some basic observations about a published local map.

Two notes:
1. Please do not write directly on any of the USGS maps.
2. We will mostly use metric units in this course, but USGS maps primarily use standard measurements of feet and miles. This is an unavoidable annoyance when working with American maps.

Part I. Making maps

For this part of the lab, you will design your own landscape and map it. First, tape down a large sheet of wax paper. Then place the mapping grid on the table and mark the corner locations (in case it moves during class). Then, using the playdough provided, work with your group to sculpt a landscape within the grid space as directed (between letters A and O). Make sure the mapped area crosses grid line 10! Be creative! You can have valleys, hills, or stream channels if you choose. Avoid too much unrealistic vertical exaggeration (don’t exceed 4” in height), but do not make the topography too flat: make sure some features are higher than 2”! Note that tiny features are unlikely to show up on your final map.

Make a quick sketch of your finished landscape below:






















Name of map area: __________________________________

On an adjacent table, lay out a large piece of 1” grid paper. Leaving plenty of room for labels on all sides, label the boundaries of a large square with the letters and numbers from the grid, in the same direction as they are placed on the grid. This will be your group map. Decide on and mark a north direction.

Assign one group member to be the data recorder: using small but clear pencil marks, that person will mark elevations directly on the map as they are being measured. Note that the letters and numbers on the edges of the map should be in the spaces before the intersections, just like on the mapping grid. Communicate with each other clearly about grid spaces vs. grid lines!

Others will have the job of making sure the measurements are lined up and taking elevation readings using the depth probe. At each grid intersection (e.g. the northwest corners of squares A1, A2, A3, etc.), you should measure the elevation in inches above sea level (your table surface). Be as precise as you can! A couple people can lay out string at each grid point using the pins on the frame (but be careful not to damage your landscape!), and then one person can gently insert the probe into the "ground" until it reaches the table and read the depth on the probe. The landscape may deform a little, but the dough is elastic and should mostly hold its shape. You can also approximate and separately mark the elevations of important landmarks on your map that do not fall on a grid corner, like the tops of major peaks and the locations of any coastlines.

When you have finished data collection, begin mapping the topography! Be sure to work lightly in pencil so you can make corrections, and so you can erase stray marks for your final draft later. To do this task, you will need to draw contour lines. A contour line connects points of equal elevation. These lines allow us to visualize the shape of the land. The contour interval is the difference in elevation between adjacent contour lines, counted from zero (e.g. if the contour interval is 20 feet, lines might correspond to 20', 40', 60’, etc.). Your contour interval should be ½ inch; any smaller and you lack the data precision necessary to be reasonably accurate, and any larger and you’ll have too few contours to define the landscape on your map. Some general rules for contour lines are:

· A contour line connects points of equal elevation. If you were shrunk down and placed in our landscape and then walked along a contour line, you would never go up or downhill, just around the sides of all the slopes.
· A contour line never branches, splits, or stops abruptly. It is acceptable to have two contours next to each other of the same elevation, though!
· Steep slopes are indicated by closely spaced contours, while flatter areas are shown with widely spaced contours (a completely flat area would not contain any contours!).
· Contour lines never cross, except to show an overhanging cliff (where hidden contours are dashed). Contour lines merge only to show a vertical cliff.
· Hills are represented by a concentric series of closed contour lines (like a bullseye).
· A closed depression (basin) is shown by concentric contour lines with hachures (little hatch marks) on the downhill side of each line.
· Where contour lines cross a stream or a dry stream channel, they form a "V" that points upstream.

Relief refers to the difference in elevation between two points. Total relief is the difference between the highest and lowest points in an area, while local relief refers to the difference in elevation between two nearby points (e.g., a hilltop and nearby valley).

If you feel confused about contour lines, on your physical model, lightly etch in a few contour lines at 1” intervals. After you’ve done this, look down on the model from above. This is a general guide to what your map will look like! Feel free to refer back to how your model looks as you draw your contours. It may also help to consult the published map examples provided for guidance.

Next, on your map, draw a contour line for every half-inch of elevation (contour interval of 0.5 inches). Be sure to give your map a name, put your name on it, and choose and label a north direction.

To prepare your map to be handed in, clean it up! All contours should be clean, neat, and clear. Erase stray pencil marks. Write titles and labels neatly. (If necessary, you can do this part at home.)

Next, picture that your region was composed of a limestone bed 1” high, which was then overlain by a capping basaltic lava flow. The whole region was later exposed and eroded to make the landscape you invented! Shade all of the areas on your map with elevations lower than the 1” contour with one color (like yellow) to indicate the presence of limestone exposures, and everything above 1” with a second color (like blue) to indicate basaltic outcrops. This is how a geologic map is created.

Scale expresses the relationship between distances on the map and corresponding distances on the ground (i.e. in the "real world"). Ratio scales have no units, and in fact apply to all units of measurement (e.g. inches, millimeters). For example, a scale of 1:10,000 indicates that 1 inch on the map corresponds to 10,000 inches on the ground and that 1 millimeter on the map corresponds to 10,000 millimeters on the ground.


Questions

1) What is the scale of your map? That is, how many inches on the map does it take to represent exactly one inch on your model?




2) If 1 inch on the model actually represents 100 feet in the landscape, now what is the scale of your map? (Be careful about units!)





3) Using the scale from #2, how big is your contour interval in "real world" inches? what about in feet? On a topographic map, the contour lines have to be labeled with their elevations, or else people can't get oriented. It is easiest to label only a few of the lines (index contours) and allow the map users to interpret the lines in between. Go back and label every other contour on your final map with its elevation, using the contour interval you just determined in feet, starting at zero (Note: the table surface is zero!). Be sure to label them frequently enough that someone could easily find their way around your map!




4) Using the new scale, how high is the highest point on your map? What about the lowest? What is the difference between them (the total relief of your map)? Go back and add a scale bar to your map that reflects the new scale!
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Part II. Making a profile

Topographic maps depict the earth as viewed from above. But if you need to see a cutaway of the elevations and slopes in an area (e.g. to see the area’s relief), that can be accomplished by constructing a topographic profile. Profiles are excellent tools for visualizing three-dimensional forms.

Draw the topographic profile of your model along grid line 10.
· First, neatly draw a line across your map, on the #10 grid line. Label the low-alphabet edge A and the high-alphabet edge A': the line A-A' will be your profile, and this labeled line indicates to map users the location of the profile.
· Next you will make a precise topographic profile using the data you already measured. Transfer your depth measurements for grid line 10 to the graph below. A profile is an x-y graph, with distance from the map on the x-axis and elevation on the y-axis. In pencil, mark the data points for each grid intersection (A10, B10, etc.) on the graph itself, and then connect them using a smooth line. You may not have every data point because you only used part of the map area, so only graph the measurements that you actually have.
· To help visualize what you are plotting, if time allows you can cut your landscape model. To do this, mark the location of grid line 10 on the dough at both ends. Then remove the mapping grid, and cut your model along grid line 10. Physically slide away one side of your landscape so that you can see the A-A' cut exposed in profile (i.e. from the side). That profile should look like your graph.
· Label the elevation on the left hand side of the profile using the feet scale from question #2 above. Using the same scale, label the horizontal scale bar for the x-axis. Circle a cardinal direction for the profile (check it against the north direction you established for your map)
· Include the geology we defined above! Color in the area below 1” high on the model to indicate limestone, and the area above it to indicate basalt.
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Topographic Profile for ________________________ (name of map area)

___________________________ (your names)
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Part III. Reading a topographic map

5) Look at the local topographic map for our area. Where are you? Topographic maps include margins with an extensive amount of information that will help you answer that question. Included are the names of this map and adjacent maps, the map’s scale, the map’s publication date, and the latitudes and longitudes of the mapped areas.

Map name:	_________________________________________________________
Year the map was made:	_______________________________________________
Name of map to the southeast: _________________________________________

Latitude of north edge of map:	_________________________________________
Latitude of south edge of map:	_________________________________________
Minutes of latitude covered by map:	_____________________________________

Longitude of west edge of map:	________________________________________
Longitude of east edge of map:	_________________________________________
Minutes of longitude covered by map:	___________________________________

Ratio scale of the map:________________________________________________

Why is this map part of the USGS “7.5 minute” quadrangle series?




6) Find our science building on the map! What is its elevation? If sea level were to rise by 260 ft, which would happen if all of the world’s glaciers and ice sheets suddenly melted (not likely in the short term), would the building be underwater?
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