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Preface 
 
This laboratory manual was designed for use in online introductory physical geoscience 
courses. All exercises require students to have access to a computer with internet access, 
and students may need to be able to install software on that computer. Some exercises 
also require the student to have access to a printer, calculator, and ruler. No other 
equipment is required by the student or instructor. These exercises rely heavily on 
resources available on the internet, including Google Earth, US Topo, the Web Soil 
Survey, National Climate Data Center, U.S. Drought Mitigation Center, and others.  
 
All exercises were designed so that the student should be able to complete them 
independently little to no guidance from the instructor. It is recommended that to 
assess student performance, each exercise should have an accompanying online quiz 
implemented through an online learning platform such as BlackBoard or Desire2Learn. 
This allows exercises to be automatically graded and immediately imported into student 
grade books. 
 
This manual includes several exercises specific to the region of northeast Wisconsin, 
including examining physical processes taking place on the University of Wisconsin 
Oshkosh campus. However, exercises can easily be modified for any region or campus. 
By creating region specific exercises, students are able to link concepts learned in class 
to physical processes and landforms they regularly encounter. This increases the value 
of learning to the student and increases student engagement with the material. 
 
Creation of this laboratory manual was made possible by a University of Wisconsin 
Oshkosh Faculty Development Fund Teaching Component grant awarded to Mark W. 
Bowen in summer 2014. Without this generous support, publication of this laboratory 
manual would not have been possible. This manual has been improved thanks to peer-
review of exercises by members of the National Association of Geosciences Teachers. 
The following undergraduate students also reviewed exercises and provided feedback: 
Chelsy Herring, Paige Courtney, and Dakota Burt. Students in GEOG 221 – Landforms 
and Soils provided constructive criticism during implementation and refinement of 
laboratory exercises. 
 
This manual is licensed under a Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International License by Mark W. Bowen in 2014. For more information 
about rights and restrictions associated with this license please visit: 
http://creativecommons.org/licenses/by-nc-sa/4.0/   
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Exercise 1 – Introduction to Google Earth 
 

 

Purpose: 

The purpose of this exercise is for you to become familiar with Google Earth to explore and 

analyze the physical geography of a location. 

 

Essential Learning Outcomes: 
Navigate to a location using a variety of techniques 

Analyze geographic and geomorphic properties of a location   

Incorporate external data 

 

Background: 
Google Earth is a user-friendly, basic geographic information system (GIS) computer program 

that allows the user to view and interact with a seamless 3-dimensional virtual Earth (as well as 

the night sky, the moon, and Mars), maps, and a variety of data layers. Users can also create and 

distribute geographic data layers using Google Earth. Google Earth originated from a program 

called EarthViewer 3D, with funding from the Central Intelligence Agency. It was bought by 

Google in 2004 and became publicly available in 2005. 

 

You will utilize Google Earth for this exercise and for several other laboratory exercises 

throughout the semester. Google Earth is available as a free download at www.earth.google.com. 

Google Earth apps are also available for smartphones and tablets. Many of the functions are not 

available in the app versions, however, so a computer will be necessary to complete this and 

future laboratory exercises. 

 

The Google Earth interface consists of four panels: Search, Places, Layers, and the View panels. 

Navigation controls are in the upper right-hand corner of the View panel. The Search panel 

allows the user to navigate to a particular feature or location by entering location name or 

geographic coordinates. The Places panel includes locations you have added to your “My Places” 

folder or data you have loaded from an external source. The Layers panel consists of a series of 

thematic layers created by Google Earth and from external sources. Before you begin this 

exercise, make sure all data layers in the Layers panel are unchecked. The View panel is the 

primary panel where you can view and interact with the data presented in Google Earth. 

 

Detailed directions on the several options available within Google Earth are available at: 

https://www.google.com/earth/learn/ 

 

A Google Earth user’s guide is also available at: 

http://serc.carleton.edu/sp/library/google_earth/UserGuide.html 

 

Equipment required: 
Computer with internet access 

Google Earth computer program (available free at www.earth.google.com) 

https://www.google.com/earth/learn/
http://serc.carleton.edu/sp/library/google_earth/UserGuide.html
file:///G:/Teaching/GEOG%20221/Lab/Lab%20Manual/Online/www.earth.google.com
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Exercises: 

Part 1 – Navigating in Google Earth 

When you first open Google Earth, the default view should be a zoomed out view of North 

America. You can begin navigating in Google Earth in several different ways: using the search 

tool, by double-clicking “Placemarks”, using the mouse, using the on-screen navigation buttons, 

and using keyboard keys. 

 

To begin, navigate to Mount Hood, Oregon by typing “Mt. Hood, OR” in the search panel and 

press the “Search” button. To adjust the eye altitude (i.e., the level of zoom), you can use the 

onscreen slider or “+” and “–“ buttons, you can hold the “Shift” + “Ctrl” keys and press the 

up/down arrow keys, you can hold the right mouse button and move the mouse up or down, or 

you can scroll the mouse wheel. 

 

Zoom to an eye altitude of approximately 30,000 ft. Your eye altitude is listed in the bottom 

right-hand corner of Google Earth. Now tilt the image until the eye altitude is approximately 

15,000 ft., so that you have an oblique/side view of the mountain. To tilt the image, hold the 

“Shift” key and press the up/down arrow keys or hold the “Shift” key and hold the left mouse 

button while moving the mouse up or down. 

 

Now zoom in so that you can clearly see the mountain peak in detail. Hover the mouse pointer 

over the highest peak. Elevation of the location of the mouse pointer is listed near the bottom 

right-hand corner of Google Earth. 

 

1. What is the approximate elevation of Mt. Hood?   

 

 

 

 

You can “fly” around the mountain by rotating the viewing direction by holding the “Shift” key 

and pressing the left/right arrow keys, holding the “Ctrl” key and scrolling the mouse wheel, or 

by dragging the “N” icon on the onscreen compass wheel. 

 

Add a “Placemark” to save this location by clicking on the yellow pushpin icon above the View 

panel. To adjust the location of the Placemark, press and hold the left mouse button while 

hovering the mouse pointer over the yellow pushpin and drag it to the proper location and release 

the mouse button. Move the Placemark to the peak of Mt. Hood and name it “Mt. Hood Peak”. 

You could add a description, change text and icon color, specify the default angle and eye 

altitude and more – for now you do not need to change anything but the name. It should appear 

under “My Places” in the Places panel. Right-click on the Placemark and select “Properties”. 

 

2. What is the approximate latitude and longitude of the peak?   
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You can also use Google Earth to navigate between two locations using the “Get Directions” 

function in the “Search” panel. Get directions between Oshkosh, WI and Mt. Hood, OR. 

 

3. Approximately how many miles would the trip be by car?   

 

     

 

 

Return to Mt. Hood by double-clicking the Placemark and zoom to an eye altitude of ~20,000 ft. 

 

Google Earth incorporates a variety of thematic layers, similar to more advanced Geographic 

Information System (GIS) software packages. In the Layers panel, expand the Borders and 

Labels layer, and then expand the Labels layers. Turn on the Geographic Features layer. You 

should now see a green icon on the peak of Mt. Hood – click on the icon to open an information 

box about Mt. Hood to answer the following questions.  

 

4. What type of mountain is Mt. Hood?    

 

    

 

 

5. How many glaciers are on the peak?    

 

     

 

 

Close the information box and explore the other pre-loaded data layers and select the appropriate 

layers to answer the following questions: 

 

6. When was the last eruptive period of the Mt. Hood volcano?   

 

  

 

 

7. What magnitude earthquake was recorded near the peak on August 18, 1982?   

 

  

 

 

Now you will import a data layer from the Google Earth Maps Gallery. Click on the “Earth 

Gallery” button in the top right-hand corner of the Layers panel. This will open a browser 

window with a series of Google Earth files. Search for “topographic maps”. Click on the 

“Historical Topographic Maps” icon, and then click on the “View in Google Earth” button below 

the right-hand corner of the map. You can save the file to your computer and open it with Google 

Earth, or you can select “Open with”, click on the browse button, and select Google Earth. Click 

Ok and the “Historical Topographic Maps” layer should appear at the bottom of the Layers list. 
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If it isn’t already, center the View panel on the peak of Mt. Hood at an eye altitude of ~20,000 ft. 

 

8. What is the elevation of the peak of Mt. Hood on the topographic map?   

 

  

 

 

9. What is the name of the glacier east/south-east of the peak?   

 

  

 

 

You can adjust the opacity of the layer, so that you can also see the aerial image of the landscape 

through the topographic map. To do this, click on the square icon with a blue gradient 

immediately above the Layer panel and next to the magnifying glass icon. Use the slide bar to 

adjust the opacity of the image. 

 

10. What is visible in the Google Earth image where the topographic map contour lines are 

brown rather than blue? 

 

         

 

 

You will now construct a topographic profile of Mt. Hood running west to east across the 

landscape. If it isn’t already, center the View panel on the peak of Mt. Hood at an eye altitude of 

~12 miles. Click the “Add Path” icon at the top of the View panel. Click on the west side of Mt. 

Hood at coordinates: 45.375 and -121.765 and on the east side at 45.370 and -121.600. Name the 

path “Mt. Hood transect” and click “Ok” to save the path to “My Places”. Right click on the path 

in “My Place” and select “Show Elevation Profile”. 

 

11. What is the approximate difference between minimum and maximum elevations?   

 

  

 

 

12. What is the approximate average positive slope of the entire topographic profile?  

 

  

 

 

You can also focus the transect on a select portion of the topographic profile. Navigate the 

mouse so the thin vertical black line passes through the peak of the topographic profile. Click 

and hold the left mouse button and drag the cursor to the left edge of the topographic profile and 

release the button to select the western half of the profile. Repeat this process for the right side of 

the topographic profile. 
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13. Which side has a greater average slope?   

 

      

 

 

14. What is the approximate length of the entire profile?  

 

    

 

 

The length of the topographic profile is not the same as a straight-line distance measurement 

because the length takes into account changes in elevation and straight-line distance does not. To 

determine straight-line distance, click the “Show Ruler” icon above the View panel. Click at the 

same coordinates as you did to create the path.  

 

15. What is the approximate straight-line distance between the two points?  
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Part 2 – Incorporating external data into Google Earth 

Several organizations have created data or modified existing data for viewing and analysis in 

Google Earth. Incorporating this data into Google Earth is very easy. To demonstrate, we will 

utilize a Google Earth .kmz file created by the California Soil Resource Lab that is used to access 

detailed USDA soils data. Navigate to: http://casoilresource.lawr.ucdavis.edu/soilweb/ and click 

on the “SoilWeb Earth” link. You can save the file to your computer and open it with Google 

Earth, or you can select “Open with”, click on the browse button, and select Google Earth. Click 

Ok and “SoilWeb” should appear in your “Temporary Places” in the Places panel. 

 

Navigate to the University of Wisconsin Oshkosh, and then zoom in on the area around Dempsey 

Hall. To better identify the buildings you can turn on the 3D Buildings layer in the Layer panel. 

Click in the View panel on the area around Dempsey Hall and a soil information box should 

open (make sure “SoilWeb” is turned on in the Places panel). 

 

16. What type of soil is Dempsey Hall built on?  

 

     

 

 

Click on the soil name in the information box. This should open a website with detailed 

information about the soil.  

 

17. What is the geomorphic position of this soil?  

 

     

 

 

Under the “Component Name” column, click the “Soil Type 1” link to open a detailed 

description of the soil profile. 

 

18. How deep is a typical profile?   

 

       

 

 

19. What soil order does this soil belong to?   

 

       

 

 

20. What is the soil’s limitation rating for local roads and streets?   

 

   

  

http://casoilresource.lawr.ucdavis.edu/soilweb/


GEOG 221 – Landforms and Soils Laboratory Exercise 2 (online) 

 

Page | 11  

 

Exercise 2 – Online Topographic Maps 
 

 

Purpose: 

The purpose of this exercise is for you to become familiar with the information presented on a 

digital topographic map and how to interpret that information. 

 

Essential Learning Outcomes: 
Use representative and graphic scales to calculate distance 

Determine elevation 

Calculate gradients 

Interpolate contour lines 

Construct a topographic profile 

 

Background: 
A topographic map is a detailed and accurate portrayal of the natural landscape and includes 

many important cultural features as well. Relief (or topography) is quantitatively depicted by the 

use of contour lines – lines of constant elevation. Topographic maps are typically drawn at a 

larger scale than most maps, and thus, provide greater detail for a smaller area. 

 

Systematic mapping of the topography of the United States did not begin until after 1884. The 

task was assigned to the newly created United States Geological Survey (USGS). Mapping was 

originally based almost exclusively on field surveys and hand sketching of contour lines based 

on surveyed control points in the field. It wasn’t until after the world wars that the field of 

photogrammetry was developed. Large swathes of territory could be quickly and more accurately 

mapped by use of aerial images. Pairs of images with significant overlap taken from slightly 

different angles created a three-dimensional “stereoimage” from which elevation could be 

determined.  

 

Topographic maps were originally created at 1:250,000 scale and later 1:62,500 (15 minute 

series) scale. With the use of photogrammetry, and the demand for more detailed maps, the 

USGS began creating the much more detailed 1:24,000 (7.5 minute series) scale map series. The 

1:24,000 scale is the most popular map scale now produced by the USGS. Mapping of the 

contiguous 48 states at 1:24,000 scale was completed in 1991.  

 

In 2001, the USGS released “The National Map”, an online platform to display and distribute 

geographic data to users. The National Map consists of eight data layers: transportation, 

hydrography, boundaries, structures, geographic names, land cover, elevation, and orthographic 

images. Digital versions of topographic maps were released via The National Map in 2009 as 

geoPDF files and include a variety of layers, such as aerial imagery, that can be toggled on or 

off. The 7.5 minute series maps are now updated every three years as new aerial images are 

collected for the National Agricultural Inventory Program. The USGS is currently in the process 

of digitizing all topographic maps created prior to 2009.  
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Equipment required: 
Computer with internet access 

Google Earth computer program (available free at www.earth.google.com) 

Adobe Acrobat Reader (available free at http://get.adobe.com/reader/) 

TerraGo Toolbar (available free at http://www.terragotech.com/products/terrago-toolbar) 

 

Exercises: 

Part 1 – Reading and interpreting a geoPDF topographic map 

Navigate to http://nationalmap.gov/ustopo/ and click on the “Current US Topo map coverage” 

link. You can use this website to search for current and historical topographic maps for any 

location within the United States. Search for “Oshkosh, WI” using the search bar. Click on the 

red icon that appears over the city of Oshkosh and download the 2010 7.5 x 7.5 grid map by 

clicking the link for file size (13.65MB). The geoPDF topographic map of Oshkosh, WI is also 

available for download from D2L. 

 

Upon opening the map, you should see a topographic map with an aerial image overlay. To 

navigate the map and control which layers are visible, you need to enable the Layers panel in 

Adobe Reader by going to View, then Show/Hide, then Navigation Panes, then enable Layers. 

 

1. What is the scale of the map?   

 

 

 

 

 

2. What is the contour interval of the map?   

 

  

 

 

 

3. What is the name of the quadrangle map immediately west of the Oshkosh quadrangle?  

 

 

 

 

 

4. What is the map projection?   

 

 

 

 

 

5. What is the date for the imagery?   

 

 

file:///G:/Teaching/GEOG%20221/Lab/Lab%20Manual/Online/www.earth.google.com
http://get.adobe.com/reader/
http://www.terragotech.com/products/terrago-toolbar
http://nationalmap.gov/ustopo/
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You will now use the TerraGo Toolbar to complete a series of measurements. Under the TerraGo 

menu, select GeoPDF Toolbar, and then select GeoTool. Zoom the map to 400%, then navigate 

to Titan Stadium (on the west side of the Fox River, immediately west of UWO campus – it is 

visible as a green field encircled by reddish-orange). Right-click on the map – if not already 

visible, you want to show Coordinates and show Geolocator. Left-click on the center of the 

football field. 

 

6. What are the precise latitude and longitude of the center of Titan Stadium? 

 

 

 

 

7. What are the precise Universal Transverse Mercator coordinates visible in the Geolocator 

box? 

 

 

 

 

You can now close the GeoLocator box and select Measure Length. To begin measuring, left-

click on your point of origin, continue to left-click to create segments, and when you are finished 

double-click to end your measurement. Measure the length of the Fox River between Lake Butte 

Des Mortes and Lake Winnebago. Begin at the thin blue that extends from Lake Shore Municipal 

Golf Course to Riverside Cemetery, end at the thin blue line that crosses the river west of the 

Mill Street Boat Ramp. You should create approximately 10 continuous segments along the 

center of the river.  

 

8. What is the length of the Fox River between Lake Butte Des Mortes and Lake Winnebago?  

 

 

 

 

Still using the Measure Length tool, click on the Wisconsin St. (AKA Hwy 44) bridge near the 

center of the river and click on the Congress St. (AKA Hwy 21) bridge near the center of the 

river. 

 

9. What is the azimuth of the river between the two bridges? 

 

 

 

 

You can now close the Measure Length box and open Measure Area. Navigate to the Wisconsin 

St Prison Farm, zoom to 400% and measure the total area of the prison farm using the road that 

encircles the prison farm as the boundary. Begin by left-clicking on the curve of the road in the 

NW corner, then click on the road intersection at the SW corner, then the curve in the road at the 

SE corner, then double-click at the curve in the road at the NE corner. 
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10. What is the total area of the Wisconsin St. Prison Farm? 

 

 

 

 

 

11. What is the approximate length of the perimeter of the Wisconsin St. Prison Farm? 

 

 

 

 

 

To make it easier to read the contour lines, turn the image off using the Layers panel. Attempt to 

determine the elevation of the Wisconsin St. Prison Farm. 

 

Part 2 – Topographic maps in Google Earth 

Open Google Earth and load the Historical Topographic Maps layer. To load the layer, click on 

the “Earth Gallery” button in the top right-hand corner of the Layers panel. This will open a 

browser window with a series of Google Earth files. Search for “topographic maps”. Click on the 

“Historical Topographic Maps” icon, and then click on the “View in Google Earth” button below 

the right-hand corner of the map. You can save the file to your computer and open it with Google 

Earth, or you can select “Open with”, click on the browse button, and select Google Earth. Click 

Ok and the “Historical Topographic Maps” layer should appear at the bottom of the Layers list. 

 

12. In what year was this map created? 

 

 

 

 

 

13. What was the name of University of Wisconsin Oshkosh when this map was created? 

 

 

 

 

 

Navigate to the Wisconsin St. Prison Farm and zoom in to an eye altitude of ~15,000 ft. 

 

14. What is the contour interval of the historical topographic map? 
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15. What is the approximate elevation of the Wisconsin St. Prison Farm? 

 

 

 

 

 

Navigate to the Wisconsin St. bridge and zoom to an eye altitude of ~4,000 feet. 

 

16. What is the width of the river at the Wisconsin St. bridge in feet? 

 

 

 

 

 

17. How deep is the river immediately upstream of the Wisconsin St. bridge? 

 

 

 

 

 

Now load the USGS Topographic Maps layer from the Earth Gallery. Navigate to North Dome, 

Yosemite National Park, CA and zoom to an eye altitude of ~10,000 ft. 

 

18. What is the contour interval of this map? 

 

 

 

 

 

19. What is the approximate difference in elevation between the peak of North Dome and the 

valley floor? 

 

 

 

 

 

20. The slope of Yosemite Valley primarily faces which cardinal direction (i.e., north, south, 

east, or west)? 
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Exercise 3 – County-Level Soil Surveys 
 

 

Purpose: 

The purpose of this laboratory exercise is for you to gain familiarity with the Natural Resource 

Conservation Service county-level soil surveys.  

 

Essential Learning Outcomes: 
Navigate a county soil survey 

Determine properties of soils 

Link soil properties to geomorphic processes 

Understand how soil properties are related to land use suitability 

 

Background: 
A soil survey is a detailed report on the soils of an area. The soil survey has maps with soil 

boundaries and photos, descriptions, and tables of soil properties and features. Soil surveys are 

used by farmers, real estate agents, land use planners, engineers and others who desire 

information about the soils of a particular location. 

 

The major parts of a soil survey publication include: 

 Table of Contents 

 Detailed soil map units 

 Use and management and interpretive tables 

 Classification of soils 

 References 

 Glossary 

 Index to map sheets 

 Soil maps  

 

Using the soil survey - Maps 

 Open the soil survey to Index To Map Sheets 

 Locate your area of interest or property on the Index. 

 The numbers in rectangles correspond to the map sheet number located in the second half 

of the publication. 

 Look at the aerial map closely and locate landmarks such as roads or streams to find your 

area of interest. 

 The lines on the image separate different soil types. Your area of interest may include one 

or more types. 

 The small letters or numbers that are within the same polygon as your area of interest, 

such as ScC, or KnC, or LaC designate a map unit. Note this map unit symbol. It is the 

key to finding information. 
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 Turn to the Index to Map Units which shows the page where these map units are 

described. Also go to the various tables or reports which are organized by map unit 

symbol. 

 If you find a term or soil description in the detailed information sheet on your soil and 

you would like to learn what that term means, go the Glossary section of the report. The 

Glossary is located in the center of the publication. 

 

Using the soil survey - Tables 

 The Tables section of the soil survey report provides detailed information on soil 

properties and their suitability and limitations as well as management and production 

potential of the various soils. 

 The Tables section has detailed information on engineering index properties, physical and 

chemical properties, and soil and water features. 

 The Tables section also has detailed information on soil use, such as crops and pasture, 

recreation, and engineering. 

 To use the tables, simply remember your map unit symbol and find it in the appropriate 

table. 

 

The soil survey report may have other useful information such as the general soils map, prime 

farmland, use and management of soils, processes and factors of soil formation, and landforms 

and surface geology. 

 

Equipment required:  
Winnebago County Soil Survey 

Computer with internet access 

Adobe Acrobat Reader (available free at http://get.adobe.com/reader/) 

 

Exercises: 

Part 1. Winnebago County Soil Survey 

Navigate to the USDA Natural Resources Conservation Service list of soil surveys by state at: 

http://www.nrcs.usda.gov/wps/portal/nrcs/soilsurvey/soils/survey/state/ 

Click on the link for Wisconsin. On the page that opens, scroll to Winnebago County and 

download the manuscript for the 1980 soil survey. The archived copy of the soil survey does not 

include the soil maps – you will work with online soil maps in online exercise 4.  

 

Use the 1980 Winnebago County Soil Survey to answer the following: 

 

1. Read the preface on page ii. When was the fieldwork for this survey performed? 

 

 

 

 

Read the introduction beginning on page 1 to answer the following:  

 

2. What is the total area of Winnebago County in acres?    

http://get.adobe.com/reader/
http://www.nrcs.usda.gov/wps/portal/nrcs/soilsurvey/soils/survey/state/
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3. What percentage of the area was forested prior to settlement?  

 

 

 

 

4. What percentage of the area was forested when the soil survey was published? 

 

 

 

 

5. What type of climate does Winnebago County have?  

 

 

 

 

6. What is the average winter temperature? 

 

 

 

 

7. What is the average summer temperature? 

 

 

 

 

8. What two types of sedimentary rocks form the bedrock throughout the county? 

 

 

 

 

9. What is the approximate range in elevation (referred to as altitude in the survey) for the 

county? 

 

 

 

 

10. What percentage of the county is water? 

 

 

 

11. In 1969, what percent of the county was farmed? 
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Now scroll to the tables near the back of the survey to answer the following: 

 

12. What is the average annual precipitation amount in inches and centimeters? 

(Tip: 1 inch = 2.54 cm) 

 

  

 

 

13. List the three soils that occupy the greatest land area in the county in order from greatest to 

third greatest. Also include the acres and percentage of the county they occupy. You do not 

need to include the slope information. 

 

 

 

 

 

 

 

 

14. If every acre of Kewaunee silt loam were planted to corn, how many bushels (Bu) could that 

soil produce in a year? 

 

 

 

 

15. Based on the engineering properties and classifications, what is the USDA texture of the 

surface horizon and the subsurface horizons of the Kewaunee silt loam? 

 

 

 

 

16. What is the shrink-swell potential for Kewaunee silt loam? Why would shrink-swell potential 

be important? 

 

 

 

 

17.  What parent material did Kewaunee silt loam weather from? 

   

  

 

 

18. What Family taxonomic class does Kewaunee silt loam belong to? 
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Now turn to the soil series and morphology description for Kewaunee silt loam in the text. 

 

19. Complete the following table for Kewaunee silt loam: 

 

Horizon Depth (Inches) Munsell color Structure 

 

 

 

 

 

   

 

 

 

 

 

   

 

 

 

 

 

   

 

 

 

 

 

   

 

 

 

 

 

   

 

 

 

 

 

   

 

 

 

 

 

   

 

 

20. Why are some pedons mottled between depths of 3 and 6 feet? 
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Exercise 4 – The Web Soil Survey 
 

 

Purpose: 

The purpose of this laboratory exercise is for you to gain familiarity with the Natural Resource 

Conservation Service Web Soil Survey.  

 

Essential Learning Outcomes: 
Navigate the Web Soil Survey 

Determine properties of soils 

Link soil properties to geomorphic processes 

Understand how soil properties are related to land use suitability 

 

Background: 
Soil surveys were originally produced at the county level and information about the soils of a 

county was conveyed to the public via a published book called a soil survey. Distributing soils 

information via a book form has several disadvantages: 1) it is expensive to print and distribute 

the soil surveys; 2) it is difficult to distribute thousands of different soil surveys to interested 

users; 3) it is difficult for users to access data for many areas; and 4) soil surveys in book form 

cannot be updated as easily or frequently. 

 

To address these limitations, the U.S. Department of Agriculture launched the Web Soil Survey 

in 2005. The Web Soil Survey provides users with electronic access to all of the soil survey data 

for the entire nation via download from the internet. The Web Soil Survey also allows users to 

customize the information they want.  

 

Soil surveys are continually revised and updated, and the Web Soil Survey allows these updates 

to be delivered to users in a timely fashion. The Web Soil Survey is updated a minimum of once 

per year on October 1. Major errors, significant revisions, errors that may impact users, and other 

updates are conducted throughout the year as needed. 

 

The Web Soil Survey contains much of the same information as the original county-level soil 

surveys, but is much more interactive and visually-driven. The primary viewing window of the 

Web Soil Survey is an aerial image of the area of interest with various data layers overlaid on the 

image. You can navigate the spatial data by moving the map or navigate the tabular data using 

the data panes on the left side of the website or by using the various tabs above the map. County-

level soil surveys in book form are no longer supported as the Web Soil Survey has replaced the 

traditional hardcopy publication. 

 

The Web Soil Survey allows users to download a variety of data. Tabular data can be 

downloaded into a spreadsheet. Spatial data can be downloaded for use in a GIS. Soil maps can 

be produced with color aerial imagery or topographic maps as the background. Custom soil 

resource reports can also be created as a PDF document. 
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For help using the Web Soil Survey access: 

http://websoilsurvey.sc.egov.usda.gov/App/GettingStarted.htm 

Equipment required:  
Computer with internet access 

Adobe Acrobat Reader (available free at http://get.adobe.com/reader/) 

 

Exercises: 

Part 1 – Web Soil Survey  

Navigate to the Web Soil Survey available at: 

http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm 

 

Start the Web Soil Survey by clicking the on the green “Start WSS” button. Under the “Quick 

Navigation” area select “State and County”. Select “Wisconsin” for State and “Winnebago” for 

County, then click the View button.  

 

Click on the magnifying glass button and zoom in on Oshkosh. Continue zooming in until you 

have UWO campus in the screen. UWO campus is on the east bank of the Fox River between 

New York Ave and Wisconsin St. 

 

Click the Define AIO (Area of Interest) by polygon button (the button with a red triangular shape 

at the top of the map), and draw a polygon that encloses the campus with the following 

boundaries: the Fox River from Wisconsin St. to Rockwell Ave., Rockwell Ave., High St., Vine 

Ave., Elmwood Ave., Algoma, and Wisconsin St. (see Figure 1 below). Once you complete your 

polygon it may take several minutes to process your request. 

 

 Figure 1. Boundaries of AOI 

http://websoilsurvey.sc.egov.usda.gov/App/GettingStarted.htm
http://get.adobe.com/reader/
http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
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1. What is the total area in acres for your Area of Interest? 

 

 

 

 

2. What is the version and date of the Tabular and Spatial data? 

 

 

 

 

 

3. Click on the Identify button (the blue button with a lower case “i”) and click anywhere inside 

the Area of Interest. What is the date range of dates photographed for the aerial photography? 

 

 

 

 

4. Click on the Measure Distance button (the button with a ruler). What is the width of the Area 

of Interest from the Fox River to Elmwood Ave. (round to the nearest 100 feet)? 

 

 

 

 

5. Now click on the “Contact Us” tab near the top left of the page. In what county is the nearest 

local NRCS office that serves your Area of Interest? 

 

 

 

 

6. Now click on the “Archived Soil Surveys” tab near the top of the page. Navigate to 

Wisconsin and scroll to Winnebago County. Other than the current Web Soil Survey, when 

was the most recent county-level soil survey published? 

 

 

 

 

7. Return to the Web Soil Survey and click on the “Soil Survey Status” link and the “PDF 

Document” or “JPG Image” link. What is the availability status of spatial and tabular data for 

Wisconsin? 
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8. Return to the Web Soil Survey and select the “Soil Map” tab near the top left of the page to 

see all the soils within your AOI. Soil units are delineated with thin orange lines and labeled 

with small orange letters that correspond to the table at the left of the screen. Which two soil 

series (i.e., Map Unit Name) are most of the campus buildings located on? Include map unit 

name, Acres in AOI, and percent of AOI. 

 

 

 

 

 

 

9. In the table on the left side of the screen, click on the map unit name for Kewaunee silt loam. 

Describe the “Map Unit Setting” (elevation, mean annual precipitation, mean annual air 

temperature, frost free period, and farmland classification). 

 

 

 

 

 

 

 

 

 

 

10. What landform did Kewaunee silt loam form on? 

 

 

 

 

11. What is the parent material for Kewaunee silt loam? 

 

 

 

 

12. Complete the following table for the description of a typical Kewaunee silt loam profile: 

 

Horizon Name Depth Textural Class 
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13. Given the landform and parent material, what was the dominant geomorphic process 

affecting this soil? (Tip: Click on the “Glossary” link near the top of the page and read 

about moraines and till if you are unfamiliar with these terms). 

 

 

 

 

14. Now click on the “Legend” tab to the left of the magnifying glass button. Scroll to the bottom 

of the list and turn on the Topographic Map layer. What is the approximate elevation of 

Kewaunee silt loam within your Area of Interest (round to the nearest 10 feet)? 

 

 

 

 

15. Now click on the “Soil Data Explorer” tab near the top of the page. Under the “Suitabilities 

and Limitations for Use” tab expand the “Building Site Development” section and complete 

the following table for Kewaunee silt loam by clicking on View Rating for each development 

– the map becomes color coded and information is presented below the map.  

 

Development Rating Rating Reason (numeric values) 

 

 

 

 

  

 

 

 

 

  

 

 

 

 

  

 

 

16. Under what conditions does the Kewaunee silt loam shrink-swell and why is shrink-swell 

important? (Tip: See the glossary) 

 

 

 

 

17. Expand the “Land Classifications” section and click “View Rating” for Soil Taxonomy 

Classification. What is the soil taxonomy for Kewaunee silt loam (listed under the “Rating” 

heading)?  
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18. What soil order does the Kewaunee silt loam belong to? (Tip: visit 

http://web2.geo.msu.edu/soilprofiles/ and search for the Typic Hapludalf subgroup). 

 

 

 

 

19. Click on the “Soil Properties and Qualities” tab and browse through chemical, physical, and 

qualities properties of Kewaunee silt loam to complete the table below. If given the option 

for layer, select surface layer 

 

Property Rating 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20. Expand the “Water Features” section. What is the depth to water table in feet (round to the 

nearest tenth of a foot)? (Tip: 1 inch = 2.54 cm). 

 

 

 

 

 

 

Something to consider… 

Based on the information about Kewaunee silt loam, is this a good soil to build the campus on? 

What are some positive and negative properties of the soil related to campus? 

 

 

 

  

http://web2.geo.msu.edu/soilprofiles/
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Exercise 5 –Rocks and the Rock Cycle 
 

 

Purpose: 

The purpose of this laboratory exercise is for you to become familiar with the rocks found at the 

earth’s surface and how they are cycled. 

 

Essential Learning Outcomes: 
Understand how igneous, metamorphic, and sedimentary rocks are formed 

Differentiate among the three rock types 

Identify a variety of rocks 

 

Background: 
The rock cycle is a way of imagining how rocks change and are recycled at the earth’s surface 

and illustrates how the three primary rock types are related. Rocks can “cycle” through three 

general types of rocks: igneous, sedimentary, and metamorphic rocks. Igneous rocks are those 

that form directly from slowly cooling magma below the earth’s surface or rapidly cooling lava 

at (or above) the earth’s surface to form crystals. Sedimentary rocks are composed of sediment-

sized particles that have been deposited in thick accumulations. Eventually the sediment 

becomes thick enough that it becomes lithified or cemented together to form a sedimentary rock 

unit. Metamorphic rocks are those rocks that have been exposed to intense heat and pressure to 

physically or chemically alter an igneous or sedimentary rock into a different rock. Metamorphic 

rocks are typically associated with plate boundaries. 

 

Because the earth is constantly in motion and changing due to plate tectonics, global circulation 

patterns, and the hydrologic cycle, rocks do not remain in equilibrium and are altered over time. 

As the rock cycle illustrates (Figs. 1 and 2), there is no set direction for this change – one rock 

type can be converted into either of the other two rock types (i.e., an igneous rock may become a 

sedimentary rock or it may become a metamorphic rock and a sedimentary rock may become an 

igneous rock or metamorphic rock). 

 

The idea of a “rock cycle” is attributed to James Hutton, the “Father of Geology”, and was 

conceived in the mid- to late-1700s. He used this idea to explain that there is “no vestige of a 

beginning, and no prospect of an end” to explain that there really are no “new” rocks and that 

we will continue to add and wear away rocks at the earth’s surface. In other words, the earth’s 

landscapes are constantly evolving and recycling material. 

 

The rock cycles presented below offer a landscape scale view of the rock cycle (Figure 1) and a 

diagrammatic representation of how the rocks cycle from one rock type to another (Figure 2). 
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Figure 1. Landscape-scale view of the rock cycle (Public Domain image downloaded from 

Wikimedia Commons). 

 

 

 
Figure 2. Rock types and the rock cycle (Creative commons licensed image downloaded from 

Wikimedia Commons).  



GEOG 221 – Landforms and Soils Laboratory Exercise 5 (online) 

 

Page | 29  

 

Equipment required:  
Computer with internet access 

 

Exercises: 

Part 1. Rocks and the Rock Cycle 

Navigate to Geology.com’s Rocks website at: http://geology.com/rocks/ 

Click on the links for igneous, metamorphic, and sedimentary rocks and the various examples for 

each rock type to answer the following: 

 

1. Diorite, gabbro, granite and pegmatite, which have solidified below the surface, are examples 

of what type of rock? 

 

 

 

 

2. Andesite, basalt, obsidian, pumice, rhyolite and scoria, which have solidified at or above the 

earth’s surface, are examples of what type of rock? 

 

 

 

 

3. Gneiss, phyllite, schist and slate, which have a layered or banded appearance that is produced 

by exposure to heat and directed pressure, are examples of what type of rock? 

 

 

 

 

4. Marble and quartzite, which do not have a layered or banded appearance, are examples of 

what type of rock? 

 

 

 

 

5. Breccia, conglomerate, sandstone and shale, which are formed from mechanical weathering 

debris, are examples of what type of rock? 

 

 

 

 

6. Rock salt and some limestones, which form when dissolved materials precipitate from 

solution, are examples of what type of rock? 

 

 

 

 

http://geology.com/rocks/
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7. Coal and some limestones, which form from the accumulation of plant or animal debris, are 

examples of what type of rock? 

 

 

 

 

 

8. This rock is dark-colored, composed of vesicles, that forms during volcanic eruptions: 

 

 

 

 

 

9. Mount Rushmore has been carved out of this light-colored, coarse-grained rock that is 

primarily composed of quartz and feldspar: 

 

 

 

 

 

10. This rock forms when limestone is subjected to intense heat and pressure: 

 

 

 

 

 

11. This rock is popular for a wide variety of uses such as roofing, flooring and flagging because 

of its durability and attractive appearance: 

 

 

 

 

 

12. This rock, which is one of the most common rocks in the world, is primarily composed of 

particles that range in size from 1/16
th

 of a millimeter to 2 millimeters in diameter: 

 

 

 

 

 

13. This rock, primarily composed of calcium carbonate, most commonly forms in clear, warm, 

shallow marine waters: 

 

 

 

  



GEOG 221 – Landforms and Soils Laboratory Exercise 5 (online) 

 

Page | 31  

 

14. Is the following rock an intrusive or extrusive igneous rock?  

 

  
 

 

15. Is the following rock an intrusive or extrusive igneous rock?  

 

 
 

 

16. Is the following rock a foliated or unfoliated metamorphic rock?  
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17. Is the following rock a foliated or unfoliated metamorphic rock?  

 
18. Is the following rock a clastic, chemical, or organic sedimentary rock?  

 

  
 

 

19. Is the following rock a clastic, chemical, or organic sedimentary rock?  
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20. Is the following rock a clastic, chemical, or organic sedimentary rock?  

 

  
 

 

All images included in this exercise were available in the Public Domain or with a Creative 

Commons license from Wikimedia Commons. 
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Exercise 6 – Landslides and the Colorado Front Range 

Debris Flows of 2013 
 

 

Purpose: 

The purpose of this laboratory exercise is for you to become familiar with the different types of 

landslides and their properties, and how landscape-scale factors such as slope aspect, vegetation, 

and geology can impact landslides. 

 

Essential Learning Outcomes: 
Identify the different types of landslides 

Recognize the different causes of landslides 

Convert between standard and metric units of measurement 

Interpret graphs and maps 

 

Background: 
Landslides, or the sudden downhill movement of soil, regolith, bedrock, and other debris under 

the influence of gravity, occur throughout all 50 states of the United States and in every country 

around the world. Mountainous regions are especially susceptible to mass wasting events. 

Landslides take a range of forms and can be initiated by a variety of different triggers, such as 

earthquakes, heavy precipitation events, animal burrowing, wildfires, development, overgrazing, 

deforestation, and mining. 

 

Landslides, or mass wasting events, are classified by four criteria: 1) type of material being 

moved (i.e., rock, soil, water-sediment); 2) physical properties of material (i.e., hard, plastic, 

fluid); 3) type of motion (i.e., falling/toppling/rolling/sliding, mass flow, or fluid flow); and 4) 

how quickly the process occurs (i.e., inches/year to feet/second). The slowest form of mass 

wasting is soil or rock creep, which may move less than a few centimeters per year. Rockfalls 

can occur instantaneously and result in catastrophic destruction within seconds. 

 

Some of the deadliest mass wasting events are flows. These nearly fluid events that occur after 

prolonged rainfall. Flows are common in mountainous regions, especially semi-arid zones, where 

slopes are steep and vegetation is sparse. Sediment and other debris are easily eroded by runoff 

and flow rapidly downhill, especially if it becomes channelized. The Colorado Front Range 

experiences more than 1,100 debris flow events within a one-week period in 2013. A series of 

high-intensity, long-duration storm events initiated the debris flows. Several lives were lost, 125 

homes were destroyed, overly 3,000 homes were damaged, and economic impacts exceeded one 

billion dollars. 

 

Equipment required:  
Computer with internet access 
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Exercises: 

Part 1 – Landslide Types and Processes 

Download the U.S. Geological Survey publication Landslide Types and Processes from D2L and 

read it to answer the following: 

 

1. How can the various types of landslides be differentiated? 

 

 

 

 

2. Of the types of landslides described which is the slowest moving? 

 

 

 

 

3. Of the types of landslides described which involves the finest material? 

 

 

 

 

4. Although there are multiple types of causes of landslides, the three that cause most of the 

damaging landslides around the world are these: 

 

 

 

 

5. A landslide induced by a wildfire is an example of what type of cause? 

 

 

 

 

6. A landslide occurring at the boundary between a sand-rich layer and a clay-rich layer is an 

example of what type of cause? 

 

 

 

 

7. A landslide induced by a wildfire is an example of what type of cause? 
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Part 2 – Debris Flows 

Download and the article New insights into debris-flow hazards from an extraordinary event in 

the Colorado Front Range by Jeffrey A. Coe, Jason W. Kean, Jonathan W. Godt, Rex L. Baum,  

Eric S. Jones, David J. Gochis, and Gregory S. Anderson, GSA Today, Vol. 24, No. 10, 2014 

from D2L to answer the following: 

 

8. Rainfall on September 9 – 13, 2013 triggered at least how many debris flows? 

 

 

 

 

9. How many fatalities were there as a result of the combination of debris flows and flooding 

that occurred with this event? 

 

 

 

 

10. From September 9 – 13, 2013, nearly continuous rainfall along the Colorado Front Range 

caused widespread debris flows and flooding in how large an area in square miles?  

(Tip: 1 mi
2
 = 2.59 km

2
) 

 

 

 

 

11. Historical debris flows in the Colorado Front Range have been triggered by rapid snowmelt 

and localized rainstorms, which caused debris flows over areas typically less than what size 

in square miles?  

 

 

 

 

12. How did slope aspect affect vegetation density along the Colorado Front Range? 

 

 

 

 

13. What was the range, in inches, of cumulative rainfall prior to September 9?  

(Tip: 1 in = 25.4 mm) 

 

 

 

 

14. What is the minimum antecedent rainfall, in inches, needed to initiate debris f lows? 
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15. How much rainfall, in inches, did the City of Boulder receive in the 7-day period of 

September 9 – 15, 2013? 

 

 

 

 

16. How did travel distance of flows that initiated in or entered channels compare to flows that 

did not interact with channels? 

 

 

 

  

17. What percentage of debris flows occurred on south- and east-facing slopes? 

 

 

 

 

18. Which ecological zones experienced the greatest number of debris flows? 

 

 

 

 

19. Slope aspect was an important control on debris flow distribution; what is the key ingredient 

required to increase the susceptibility of north-facing slopes to debris flows? 

 

 

 

 

20. Debris flows along the west coast of the United States (e.g., the Coast Range of Oregon) are 

widespread about every              years, while in the Colorado Front Range return periods for 

wide-spread debris-flow events are on the order of              years or more. 
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Exercise 7 – Stratovolcano and Shield Volcano 

Morphology, Eruptions, and Seismic Activity 
 

 

Purpose: 

The purpose of this lab is for you to become familiar with differences in topography and seismic 

activity for stratovolcanoes and shield volcanoes. 

 

Essential Learning Outcomes: 
Calculate slope 

Calculate mass and volume 

Interpret topographic map data 

Plot and interpret seismic data 

 

Background: 
The United States Geological Survey (USGS) is the primary agency in the United States for 

monitoring volcanoes and tectonic activity associated with them. The USGS has identified four 

primary volcano types: 1) cinder cones, 2) stratovolcanoes (AKA composite volcanoes), 3) 

shield volcanoes, and 4) lava domes. Cinder cones and lava domes are typically smaller features 

and are often associated with stratovolcanoes or shield volcanoes.  

 

Stratovolcanoes are typically tall, steep-sided, and nearly symmetrical cones built from 

alternating layers of lava flows and ash. Most stratovolcanoes have a central crater at the summit 

that vents gases and lava. The lava is typically thick and resistant to flow, which prevents gases 

from escaping to release pressure. As a result, major eruptions of stratovolcanoes are often 

explosive and catastrophic, blasting away large portions of the volcano and burying several 

hundreds to thousands of square miles in lava and ash. Examples of stratovolcanoes include 

Mount Fuji in Japan, Mount Hood in Oregon, and Mount Saint Helens in Washington. In fact, 

most volcanoes in the United States (excluding Hawai’i) are stratovolcanoes. 

 

Shield volcanoes are built almost entirely of lava flows because little to no ash is ejected during 

eruptions. Shield volcano eruptions often occur from several vents simultaneously, covering the 

landscape for many miles in a several-feet-thick layer of lava. The lava in shield volcanoes is 

less viscous and flows easily, preventing pressure from building inside the volcano. So eruptions 

rarely reach more than 100 m into the air, but may flow for several miles down the volcano’s 

flanks. The largest volcanoes in the world are shield volcanoes. The Hawaiian Islands are 

composed of numerous active and extinct shield volcanoes. Mauna Loa, in Hawai’i, is the largest 

volcano in the world. 

 

Equipment supplied: 
Ruler 

Calculator 

Computer with internet access and printer  
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Exercises: 

Part 1 –Stratovolcano and Shield Volcano Topography  

Print Figure 1. Topographic map of Mount Saint Helens prior to the 1980 eruption to answer the 

following: 

 

1. What is the contour interval of the map? 

(Tip: Count the number of lines between two index contours and determine the difference in 

elevation between the two index contours. Divide elevation difference by number of contour 

lines.) 

 

 

 

 

Now measure a distance of two miles due north and two miles due south of the peak and plot an 

“A” to the north and plot a “B” to the south. (Tip: Each red square represents 1 mile.) Determine 

the elevation of the peak, at point A, and at point B.  

 

2. What is the percent slope of the north face of Mount St. Helens? 

(Tip: Slope = elevation change / distance) 

 

  

 

 

 

3. What is the percent slope of the south face of Mount St. Helens? 

 

  

 

 

 

Measure the width of the volcano north to south at an elevation of 4,400 feet going through the 

peak. Now calculate the volume of Mount St. Helens above 4,400 feet using the equation to 

calculate the volume of a cone. (Tip: The formula for calculating the volume of a cone is: volume 

= (1/3) x pi x r
2
 x h, where pi = 3.14, r = radius of the cone, and h = height of the cone. To 

determine radius measure the length north to south from the 4,400 foot contour lines, going 

through the peak. Measure the north to south length of one red square to determine the length of 

one mile on the map. Divide the 4,400 foot N-S length by the red square length to get N-S 

distance in miles. Divide that by two to get the radius. To determine height take peak elevation 

minus 4,400 feet, then divide by 5,280 to convert to miles.) 

 

4. What is the volume of Mount St. Helens in cubic miles?  
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Figure 1. Topographic map of Mount St. Helens prior to the 1980 eruption 

Print this map to complete measurements and calculations!  
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Print Figure 2. Topographic map of Mauna Loa to answer the following: 

 

5. What is the contour interval of this map? 

 

 

 

 

Now measure a distance of 12.5 miles due north and south of the peak and plot an “A” to the 

north and plot a “B” to the south. (Tip: Each red square represents 6.25 miles.) Determine the 

elevation of the peak, at point A, and at point B.  

 

6. What is the percent slope of the north face of Mauna Loa? 

 

 

 

 

 

7. What is the percent slope of the south face of Mauna Loa? 

 

 

 

 

 

Measure the width of the volcano north to south at an elevation of 7,000 feet going through the 

peak. Now calculate the volume of Mauna Loa above 7,000 feet using the equation to calculate 

the volume of a cone. 

 

8. What is the volume of Mauna Loa in cubic miles? 
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Figure 2. Topographic map of Mauna Loa, Hawai’i 

Print this map to complete measurements and calculations! 
  



GEOG 221 – Landforms and Soils Laboratory Exercise 7 (online) 

 

Page | 43  

 

Part 2. Volcanic Eruptions and Seismic Activity  

Navigate to the following website to read U.S. Geological Survey Fact Sheet 036-00 Mount St. 

Helens – From the 1980 Eruption to 2000: http://pubs.usgs.gov/fs/2000/fs036-00/fs036-00.pdf 

 

9. Approximately how many days passed between the first seismic activity and the first 

explosion to blast a crater through the summit? 

 

 

 

10. What was the percent volume of the volcano removed by the May, 1980 eruption? (Tip: To 

calculate percent volume removed, determine volume removed from volcano in the reading, 

and then divide that by your answer to number 4 above.) 

 

 

 

11. The lateral blast from the eruption produced a column of ash and gas that rose how far into 

the atmosphere? 

 

 

 

12. How fast did the avalanches of hot ash, pumice, and gas (i.e., pyroclastic flows) flow down 

the mountain? 

 

 

 

 

Navigate to the following website to read Mauna Loa 1984 Eruption: March 25 – April 15 

http://hvo.wr.usgs.gov/maunaloa/history/1984.html 

 

13. Approximately how much time passed between the first earthquakes and the first eruption? 

 

 

 

14. The summit of the volcano began inflating how many years before the eruption? 

 

 

 

15. Mauna Loa began erupting on March 25 as a curtain of fountains. How high in the air did 

these lava fountains reach in feet? (Tip: There are 3.28 feet in one meter) 

 

 

 

16. The fountains eventually coalesced to create four parallel lava flows down the mountain. 

How fast did these flows move down the mountain? 

 

 

http://pubs.usgs.gov/fs/2000/fs036-00/fs036-00.pdf
http://hvo.wr.usgs.gov/maunaloa/history/1984.html
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Use the earthquake data provided in Tables 1 and 2 to plot on the graph paper below the number 

of earthquakes for each listed day. X axis is Day #. Y axis is # Earthquakes / Day. Plot the data 

for both volcanoes on the same graph. Do not plot data for dates/days not included in the table. 

 

Table 1. Number of earthquakes per day 

>3.2 magnitude, Mount St. Helens March to 

May, 1980.  

 
Date Day # # Earthquakes / Day 

20-Mar 1 1 

22-Mar 3 1 

25-Mar 6 32 

29-Mar 10 139 

31-Mar 12 72 

4-Apr 16 82 

10-Apr 22 57 

13-Apr 25 61 

20-Apr 32 53 

25-Apr 37 32 

27-Apr 39 37 

30-Apr 42 24 

6-May 48 36 

10-May 52 20 

12-May 54 34 

13-May 55 19 

14-May 56 25 

15-May 57 18 

17-May 59 23 

18-May 60 12 

19-May 61 6 

21-May 63 3 

24-May 66 1 

28-May 70 2 

 

 

 

 

 

 

 

 

Table 2. Number of earthquakes per day 

>2.0 magnitude, Mauna Loa, February to 

April, 1984. Only days with 3+ earthquakes 

greater than magnitude 2.0 are included. 

 
Date Day # # Earthquakes / Day 

21-Feb 1 3 

23-Feb 3 3 

25-Feb 5 4 

28-Feb 8 4 

1-Mar 9 5 

4-Mar 12 3 

7-Mar 15 3 

8-Mar 16 4 

9-Mar 17 5 

10-Mar 18 5 

11-Mar 19 6 

12-Mar 20 4 

14-Mar 22 4 

17-Mar 25 3 

18-Mar 26 5 

20-Mar 28 4 

21-Mar 29 7 

22-Mar 30 3 

25-Mar 33 15 

26-Mar 34 3 

28-Mar 36 3 

30-Mar 38 3 

1-Apr 40 4 

2-Apr 41 4 

5-Apr 44 5 

6-Apr 45 3 

9-Apr 48 4 

18-Apr 57 5 

19-Apr 58 3 

22-Apr 61 4 
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17. How did the number of earthquakes per day change over time for Mount Saint Helens after 

the large number of earthquakes on March 29? 

 

 

 

 

18. How did the number of earthquake per day change over time for Mauna Loa? 

 

 

 

 

Prior to the 1980 eruption of Mount Saint Helens, most of our knowledge of volcanic eruptions 

was based on studies of Hawaiian volcanoes.  

 

19. Do you think seismicity data could have been used to reliably predict the eruption of Mount 

Saint Helens on May 18, 1980? Why or why not? 

 

 

 

 

20. Do you think seismicity data could have been used to reliably predict the eruption of Mauna 

Loa on March 25, 1984? Why or why not? 

 

 

 

 

 

Something to consider… 
How do stratovolcanoes and shield volcanoes compare in size, earthquake activity, and 

explosiveness of eruptions? 
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Exercise 8 – Stream Hydrology 
 

 

Purpose: 

The purpose of this lab is for you to gain experience working with stream hydrographs and 

discharge data. 

 

Essential Learning Outcomes: 
Graph discharge data and interpret a stream hydrograph 

Plot regression line and calculate recurrence interval 

 

Background: 
A hydrograph is a line graph that depicts discharge of water over time for a cross-section within 

a stream. Storm hydrographs show change in discharge following a storm event. A storm 

hydrograph will typically have one X-axis for time and two Y-axes – with discharge on one side 

of the graph and precipitation on the other side. Time typically extends from several hours before 

a storm event to several hours beyond the point at which the river returns to baseflow conditions. 

Discharge and precipitation are usually determined remotely using automatic gaging stations. 

The U.S. Geological Survey maintains a network of stream gages to monitor discharge, while the 

National Weather Service maintains meteorological stations throughout the U.S. The shape of a 

hydrograph is influenced by a variety of controlling factors, see Table 1.  

 

Table 1. Factors influencing stream discharge (Q) (“+” = increases, “-” = decreases) 
 

Factor 

Peak 

Q 

Lag 

time 

Base 

flow 

Flood 

frequency 

 

Because 

As watershed size increases + + + - larger watersheds receive more rain, 

but runoff has farther to travel so the 

soils can absorb more water 

A more circular watershed has  + - - + runoff does not have as far to travel 

so soils cannot absorb as much water 

As drainage density increases + - - + there are more stream channels to 

more quickly convey water 

As relief increases + - - + steeper slopes generate more runoff 

and less water infiltrates the soil 

As precipitation intensity increases + - - + rain falls faster than it can infiltrate 

and more runoff is generated 

As antecedent conditions are wetter + - + + wet ground absorbs less water and 

generates more runoff 

As soils become sandier - + - - more water infiltrates the soil, but 

the soils cannot store the water 

As soils become more clayey + - - + less water infiltrates the soil and 

more water runs off 

As a watershed becomes more forested - + + - trees intercept the water, increasing 

infiltration and decreasing runoff 

As vegetation density increases - + + - because vegetation slows runoff, 

increasing infiltration 

As urbanization increases + - - + impervious surfaces prevent 

infiltration and increase runoff 
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Equipment required: 

Ruler 

Calculator 

Computer with internet access and printer 

 

Exercises: 

Part 1. Hydrographs 

Use your textbook, lecture notes, or search the internet for “storm hydrograph” to identify the 

components on Figure 1. Storm Hydrograph. 

 

 
Figure 1. Storm Hydrograph 

 

 

1.           

 

2.           

 

3.           

 

4.           

 

5.           

 

6.           

 

7.           

 

 

 

 

  1 

  4 

2 

3                        

 

5 

    6     7 
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8. Which of the following would reduce the amount of water flowing in a stream when storm 

events are not occurring? 

a. wetter antecedent conditions 

b. increased watershed size 

c. increased amount of forest 

d. increased precipitation intensity 

e. increased urbanization 

 

9. Which combination of factors would most likely produce the highest peak discharge? 

a. small, circular, rural watershed with wet ground 

b. large, circular, urban watershed on a hillside 

c. large, elongate, urban watershed with intense storm 

d. small, circular, urban watershed with many streams 

e. small, circular, forested watershed with steep slopes 

 

10. Which of the following would result in greater flood frequency? 

a. decreased urbanization 

b. decreased drainage density 

c. decreased watershed size 

d. decreased relief 

e. decreased soil clay content 

 

 

Using the graph paper below, plot two hydrographs on one graph using the data in Table 2. 

Precipitation and Discharge Data for Two Stream Gaging Stations. 

 

Appropriately label the axes. The X-axis should span the entire timeframe. The Y-axes should 

range from 0 to slightly greater than the maximum values (e.g., if maximum discharge is 1,382 

cfs, the Y-axis range should be 0 – 1,400 cfs). Plot discharge on the Y-axis on the left side of the 

graph; plot precipitation on the Y-axis on the right side of the graph. 

 

Plot discharge data for each given time and connect each point with a straight line. Plot 

precipitation as a bar graph for each time interval that precipitation is recorded. The bar for each 

precipitation value should be centered on the appropriate time interval. See Figure 2. 

Hypothetical Storm Hydrograph for Two Stream Gaging Stations for an example of how your 

hydrograph should look. 
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Figure 2. Hypothetical Storm Hydrograph for Two Stream Gaging Stations 

 

 

Using the hydrograph you created, calculate the lag time following the precipitation event for 

both stations. Calculate lag time as the time difference from the start of the precipitation event to 

the peak discharge.  

 

11. What is the lag time for Station A? 

 

 

 

 

12. What is the lag time for Station B? 

 

 

 

 

13. What is the peak discharge for Station A?  

 

 

 

 

14. What is the peak discharge for Station B?  

 

 

 

 

15. How do the receding limbs on the hydrographs for the two stations compare?  
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16. Assuming watershed size is equal, which station likely has a more urban watershed? How 

can you tell? 

 

 

 

 

 

 

Table 2. Precipitation and Discharge Data for Two Stream Gaging Stations. 

Station A                    Station B 

Time Precip. 

(In) 

Discharge 

(ft
3
/sec) 

Precip. 

(In) 

Discharge 

(ft
3
/sec) 

Noon   1298   765 

3:00 PM   1291   768 

6:00 PM   1287   756 

9:00 PM   1293   791 

Midnight   1297   772 

3:00 AM   1299   758 

6:00 AM   1295   764 

9:00 AM   1297   782 

Noon 0.5 1376 0.5 2845 

3:00 PM 0.6 1456 0.6 3988 

6:00 PM 1.1 2245 1.1 5882 

9:00 PM 0.8 2578 0.8 6667 

Midnight 0.6 2897 0.6 5058 

3:00 AM   3218   3982 

6:00 AM   3456   2791 

9:00 AM   3877   2362 

Noon   4168   2023 

3:00 PM   3935   1676 

6:00 PM   3812   1348 

9:00 PM   3634   1201 

Midnight   3502   1032 

3:00 AM   3371   967 

6:00 AM   3013   903 

9:00 AM   2878   854 

Noon   2615   827 

3:00 PM   2467   792 

6:00 PM   2271   788 

9:00 PM   2119   781 

Midnight   2032   783 

3:00 AM   1964   789 

6:00 AM   1849   782 

9:00 AM   1792   778 

Noon   1706   780 
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Part 2. Flood Frequency and Recurrence Intervals 

Flood frequency can be determined from peak discharge data provided enough years of 

information is available. This allows you to estimate recurrence interval for a given discharge or 

the probability that a flood of a given discharge will occur in any given year. 

 

In Table 3 below, fill in the Rank column.  Enter 1 for the maximum discharge, 2 for the second 

highest discharge, 3 for the third highest discharge, etc., through 25 for the lowest discharge. 

 

Calculate the recurrence interval, R, for each peak discharge using the equation: R = (n+1)/m, 

where n = number of years of record and m = rank 

 

Table 3. Annual Peak Discharge of the Wisconsin River at Muscoda, WI, 1988 – 2012. 

Year 

Gage 

Height 

(ft) 

Discharge 

(cfs) 

Rank, 

m 

Recurrence 

Interval, R 

1988 3.5 13,200     

1989 5.7 24,200     

1990 8.7 42,600     

1991 7.6 36,600     

1992 7.5 33,500     

1993 10.3 59,600     

1994 6.9 31,200     

1995 5.9 24,700     

1996 8.7 44,800     

1997 7.9 39,700     

1998 7.9 39,200     

1999 5.5 22,600     

2000 6.6 28,600     

2001 8.3 44,400     

2002 7.9 41,600     

2003 8.2 42,100     

2004 8.2 41,300     

2005 5.0 21,500     

2006 3.2 12,600     

2007 3.2 12,600     

2008 8.6 44,300     

2009 4.9 20,700     

2010 9.6 57,000     

2011 9.1 52,000     

2012 5.1 22,500     

 

 

17. What is the annual peak discharge with a recurrence interval of approximately one year? 
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18. Approximately how often does a discharge greater than 40,000 cfs occur?  

 

 

 

 

 

Using the semi-log graph paper, plot discharge on the y-axis versus recurrence interval on the x-

axis. Use a ruler to draw a straight best-fit line through the data points. A best fit line is a line 

that best summarizes all the data to a single line – or represents an average. Best-fit lines should 

not connect data points. See Figure 3 below for an example of a best fit line. You can use the 

best-fit line to estimate the value of one variable for a certain value of another variable. For 

example, we can estimate the discharge with a 20-year recurrence interval by following a line 

straight up from 20 years on the X-axis to the best-fit line and the drawing a line straight to the 

Y-axis and estimating the discharge value at approximately 64,000 cfs. 

 

 
Figure 3. Example of a Best-Fit Line and Estimating Discharge vs. Recurrence Interval 

 

 

19. On the graph you plotted, estimate the peak discharge expected for a flood with a recurrence 

interval of 5 years. 

 

 

 

 

 

20. On the graph you plotted, estimate the peak discharge expected for a flood with a recurrence 

interval of 50 years. 
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Discharge (cfs) 
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Exercise 9 – Stream Morphology 
 

 

Purpose: 

The purpose of this lab is for you to gain experience working with stream survey and water 

velocity measurement data. 

 

Essential Learning Outcomes: 
Plot and interpret stream survey data 

Calculate stream cross-sectional area, discharge, and gradient 

Measure channel width and slope using Google Earth 

 

Background: 
Fluvial geomorphology is the study of how rivers shape the landscape. To understand how rivers 

change over time, scientists conduct a variety of repeat measurements for a particular reach of a 

stream or river. Two common variables measured include cross-sectional profiles and 

longitudinal profiles. Both variables are typically measured in the field with the use of a level 

and survey rod. 

 

A cross-sectional profile provides a view of the channel and floodplain perpendicular to the 

direction of flow at a particular point along the stream. A cross-sectional profile allows you to 

calculate a suite of channel morphometry variables, such as maximum depth, average depth, 

width, width:depth ratio, wetted perimeter (portion of the channel covered by water), and 

hydraulic radius (cross-sectional area / wetted perimeter). A stream’s cross-sectional profile 

changes as you progress from upstream to downstream. Channels typically become wider and 

deeper, resulting in greater cross-sectional area, wetted perimeter, and hydraulic radius, as you 

progress downstream. 

 

A longitudinal profile provides a view of the channel bed, typically the deepest point within a 

channel (called the thalweg), between two points. A longitudinal profile can be used to calculate 

the gradient of the channel. Channel gradient typically decreases as you move downstream. A 

longitudinal profile also allows you to analyze riffles and pools. Riffles are steeper zones with 

shallow water. Riffles are sometimes referred to as rapids. The top of a riffle is identifiable as a 

peak on a longitudinal profile. Pools are deeper areas of gentle slope with calm water. Pools are 

identifiable as troughs within the longitudinal profile. Analyses include riffle length and gradient, 

pool length and depth, and riffle-pool spacing. As you progress downstream, riffles typically 

become longer and less steep, while pools become longer and deeper, and riffle-pool spacing 

increases. 

 

Equipment required: 

Ruler 

Calculator 

Computer with internet access 

Google Earth computer program (available free at www.earth.google.com)  

file:///G:/Teaching/GEOG%20221/Lab/Lab%20Manual/Online/www.earth.google.com
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Exercises: 

Part 1. Stream Channel Cross-Sections 

Using the graph paper provided, plot the stream channel cross-sectional profile using the cross-

sectional survey data in Table 1. See the example at the end of the exercise for assistance plotting 

graphs and making calculations. 

 

Create a graph with distance on the X-axis and relative elevation on the Y-axis. The axes should 

range from 0 to slightly greater than the maximum values (e.g., if maximum distance is 8.7 m, 

the X-axis range should be 0 – 10 m; if maximum relative elevation is 2.8 m, the Y-axis range 

should be 0 – 3 m). 

 

Convert survey rod measurement to relative elevation by identifying the maximum survey rod 

measurement, and then subtracting the survey rod measurement value for each measurement 

from the maximum survey rod measurement (e.g., if the maximum survey rod measurement is 

3.05 m, relative elevation = 3.05 m – survey rod measurement). Plot relative elevation at the 

proper distance on the graph and connect each point with a straight line.  

 

1. What is the maximum survey rod measurement? 

 

 

 

 

Calculate cross-sectional area at bankfull conditions (i.e., channel is completely full of water). 

Calculate water depth for each survey point by subtracting relative elevation from the maximum 

elevation of the lower of the two banks, including the water’s edge at both banks. (Tip: Think of 

the stream channel as a bowl, you can only fill a bowl as full as the lowest lip of the bowl).  

 

2. What is the maximum elevation for the lower of the two banks? 

 

 

 

 

3. What is the average water depth at bankfull? (Tip: Add all water depths and divide by the 

number of depth measurements. Be sure to include both water edges, so you should include 

two water depths with a value of 0.) 

 

 

 

 

4. What is the channel width at bankfull? (Tip: Determine the width of the water by reading the 

distance values for each water’s edge by drawing lines straight down on the x-axis then 

determine the difference between those values.) 
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5. What is the cross-sectional area at bankfull? (Tip: Cross-sectional area = width * average 

depth) 

 

 

 

 

 

 

 

6. What is the width:depth ratio at bankfull? (Tip: W:D ratio = width / average depth) 

 

 

 

 

 

 

7. What is the wetted perimeter at bankfull? (Tip: WP = width + (average depth * 2)) 

 

 

 

 

 

 

 

8. What is the hydraulic radius at bankfull? (Tip: HR = cross-sectional area / wetted perimeter) 

 

 

 

 

 

 

 

9. What is the average velocity at bankfull? (Tip: Add all water velocity measurements and 

divide by the number of measurements.) 

 

 

 

 

 

 

 

10. What is the discharge for bankfull conditions? (Tip: Discharge = cross-sectional area * 

average velocity) 
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Part 2. Stream Channel Longitudinal Profiles 

Using the graph paper provided, plot the longitudinal profile of the stream channel bed and water 

depth using the data in Table 2. Plot the longitudinal profile following similar steps for plotting a 

cross-sectional profile detailed in Part 1. To plot water depth, you must calculate relative water 

depth by adding water depth and relative elevation for each row in the table. You then plot 

relative water depth.  

 

 

11. How many complete pools are identifiable in the longitudinal profile? 

 

 

 

 

12. How deep is the deepest pool? (Tip: Pool depth = maximum elevation of the downstream 

riffle - lowest elevation in the pool) 

 

 

 

 

13. What is the slope of the downstream most riffle from 60 m to 72 m? (Tip: Slope = rise / run 

OR change in elevation / distance) 

 

 

 

 

 

 

14. What is the slope of the entire longitudinal profile?  
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Table 1. Cross-sectional survey and water 

velocity data. 
Dist. 

(m) 

Survey 

Rod 

(m) 

Relative 

Elevation 

(m) 

Bankfull 

Water 

Depth 

(m) 

Bankfull 

Water 

Velocity 

(m/sec) 

0.0 0.26    

0.5 0.21    

1.0 0.19    

1.5 0.33    

2.5 1.63   1.74 

3.5 1.81   2.43 

4.5 1.78   2.51 

5.0 1.80   2.35 

6.0 1.76   2.87 

6.5 1.80   3.26 

7.0 1.87   4.40 

7.5 1.90   4.73 

8.0 1.86   3.05 

8.5 1.76   2.46 

9.0 1.66   2.58 

10.0 1.16   2.29 

11.5 0.87   1.99 

12.0 0.72   1.63 

13.0 0.33    

14.0 0.35    

15.0 0.37    

Table 2. Longitudinal profile and water 

depth data. 

Distance 

(m) 

Survey 

Rod 

(m) 

Relative 

Elevation 

(m) 

Water 

Depth 

(m) 

Rel. 

Water 

Depth 

(m) 

0 1.67  0.05  

7 1.69  0.06  

11 1.84  0.10  

16 1.99  0.25  

20 1.99  0.26  

27 1.85  0.10  

33 1.77  0.03  

35 1.78  0.05  

42 1.90  0.09  

46 1.94  0.13  

51 2.15  0.35  

57 1.94  0.15  

60 1.81  0.04  

66 2.02  0.05  

72 2.08  0.03  

76 2.18  0.10  

87 2.16  0.07  

92 2.15  0.06  
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Part 3 – Stream Morphology in Google Earth 

Open Google Earth and load the USGS Topographic Maps layer. To load the layer, click on the 

“Earth Gallery” button in the top right-hand corner of the Layers panel. This will open a browser 

window with a series of Google Earth files. Search for “topographic maps”. Click on the “USGS 

Topographic Maps” icon, and then click on the “View in Google Earth” button below the right-

hand corner of the map. You can save the file to your computer and open it with Google Earth, 

or you can select “Open with”, click on the browse button, and select Google Earth. Click Ok 

and the “USGS Topographic Maps” layer should appear at the bottom of the Layers list. 

 

Zoom to the following sites: A) 44.545678°, -111.490163°, B) 45.927382°, -111.504694°, and 

C) 38.842930°, -90.235086° and examine each location at a range of eye altitudes from zoomed 

out to see the regional landscape to highly zoomed in to see the river reach. 

 

Site A is near the ultimate source of the Missouri River, the headwaters of Hell Roaring Creek, 

in Montana near the border with Idaho. Zoom to an eye altitude of 15,000 – 20,000 feet and 

center the map so that you can see where the creek crosses the 8,600 ft and 8,000 ft contour lines. 

Use the path tool to measure the slope between the two lines. Start upstream and place a point at 

every location that the channel crosses a contour line. 

 

15. What are the maximum and average negative slopes of the channel along this reach? 

 

 

 

 

Zoom in to the reach between the 8,400 and 8,360 contour lines. Turn off the topographic map 

layer to view the aerial image. Zoom to an eye altitude of approximately 8,800 feet and use the 

ruler tool to measure the channel width. 

 

16. What is the width of Hell Roaring Creek along this reach? 

 

 

 

 

Site B is where the Missouri River officially begins at the confluence of the Jefferson and 

Madison Rivers near Three Rivers, Montana. It is joined by the Gallatin River immediately 

downstream. Zoom to an eye altitude of approximately 6,000 feet and use the ruler tool to 

measure the channel width of the reach between the confluence of the river and where the 

channel splits immediately downstream (measure width on the aerial image, not the topographic 

map). 

 

17. What is the width of the Missouri River along this reach? 
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Turn on the Topographic Maps layer. Zoom to an eye altitude of 8,000 – 10,000 feet and center 

the map so you can see the confluence of the Jefferson and Madison Rivers and the confluence 

of the Missouri and Gallatin Rivers. Construct a path along this reach following the dashed black 

line in the center of the channel. You should place 15 – 20 points to construct the path. 

 

18. What are the maximum and average negative slopes for this reach?  

 

 

 

 

Site C is near the end of the Missouri River where it flows into the Mississippi River at St. Louis, 

Missouri. Zoom to an eye altitude of approximately 3,000 feet and use the ruler tool to measure 

the channel width of the reach immediately downstream of Lewis Bridge (measure width on the 

aerial image, not the topographic map). 

 

19. What is the width of the Missouri River along this reach? 

 

 

 

 

Turn on the Topographic Maps layer. Zoom to an eye altitude of ~35,000 feet and center the map 

so you can see the Lewis Bridge and the confluence with the Mississippi River. Construct a path 

along this reach following the dashed black line in the center of the channel. You should place 15 

– 20 points to construct the path. 

 

20. What are the maximum and average negative slopes for this reach?  
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Stream Channel Cross-section Example 
Dist. 

(m) 

Survey 

Rod 

(m) 

Relative Elevation 

(m) 

Bankfull Water Depth 

(m) 

Bankfull Water 

Velocity (m/sec) 

0 1.85 3.05 – 1.85 = 1.20   

2 1.78 3.05 – 1.78 = 1.27   

4 1.71 3.05 – 1.71 = 1.34   

4.8 2.19 3.05 – 2.19 = 0.86 1.23 – 0.86 = 0.37 2.34 

5.7 2.74 3.05 – 2.74 = 0.31 1.23 – 0.31 = 0.92 2.99 

6.1 2.97 3.05 – 2.97 = 0.08 1.23 – 0.08 = 1.15 3.68 

6.8 3.04 3.05 – 3.04 = 0.01 1.23 – 0.01 = 1.22 3.45 

7.9 2.98 3.05 – 2.98 = 0.07 1.23 – 0.07 = 1.16 5.67 

8.9 2.98 3.05 – 2.98 = 0.07 1.23 – 0.07 = 1.16 4.11 

9.8 3.00 3.05 – 3.00 = 0.05 1.23 – 0.05 = 1.18 5.48 

10.3 3.05 3.05 – 3.05 = 0.00 1.23 – 0.00 = 1.23 4.26 

11.1 2.99 3.05 – 2.99 = 0.06 1.23 – 0.06 = 1.17 3.13 

11.7 2.69 3.05 – 2.69 = 0.36 1.23 – 0.36 = 0.87 2.87 

12.4 2.36 3.05 – 2.36 = 0.69 1.23 – 0.69 = 0.54 2.09 

13.4 1.82 3.05 – 1.82 = 1.23 1.23 – 1.23 = 0.00  

15.3 1.84 3.05 – 1.84 = 1.21   

17.7 1.88 3.05 – 1.88 = 1.17   

 

 
 

 

Maximum survey rod measurement = 3.05 m 

Maximum elevation of the lower of the two banks = 1.23 

Average water depth = 0.84 m 

(0.00 + 0.37 + 0.92 + 1.15 + 1.22 + 1.16 + 1.16 + 1.18 + 1.23 + 1.17 + 0.87 + 0.54 + 0.00) / 13 

Channel width at bankfull = 13.4 m (right bank) – 4.2 m (left bank) = 9.2 m 

Cross-sectional area at bankfull = 9.1 m * 0.84 m = 7.64 m
2
 

Average velocity = 3.64 m/sec  

(2.34 + 2.99 + 3.68 + 3.45 + 5.67 + 4.11 + 5.48 + 4.26 + 3.13 + 2.87 + 2.09) / 11 

Discharge at bankfull = 7.64 m
2
 * 3.64 m/sec = 27.81 m

3
/sec 

Maximum survey rod measurement Maximum elevation of the lower of the two banks 

Channel width at bankfull 
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Stream channel longitudinal profile example 

Distance 

(m) 

Survey 

Rod 

(m) 

Relative Elevation 

(m) 

Water 

Depth 

(m) 

Relative Water 

Depth (m) 

0.0 0.98 1.78 – 0.98 = 0.80 0.14 0.80 + 0.14 = 0.94 

1.7 1.02 1.78 – 1.02 = 0.76 0.16 0.76 + 0.16 = 0.92 

3.3 0.92 1.78 – 0.92 = 0.86 0.08 0.86 + 0.08 = 0.94 

4.6 0.90 1.78 – 0.90 = 0.88 0.05 0.88 + 0.05 = 0.93 

7.6 0.89 1.78 – 0.89 = 0.89 0.01 0.89 + 0.01 = 0.90 

10.1 1.07 1.78 – 1.07 = 0.71 0.02 0.71 + 0.02 = 0.73 

14.0 1.18 1.78 – 1.18 = 0.60 0.03 0.60 + 0.03 = 0.63 

20.0 1.33 1.78 – 1.33 = 0.45 0.04 0.45 + 0.04 = 0.49 

23.0 1.63 1.78 – 1.63 = 0.15 0.31 0.15 + 0.31 = 0.46 

25.9 1.47 1.78 – 1.47 = 0.31 0.15 0.31 + 0.15 = 0.46 

30.3 1.35 1.78 – 1.35 = 0.43 0.03 0.43 + 0.03 = 0.46 

32.6 1.78 1.78 – 1.78 = 0.00 0.47 0.00 + 0.47 = 0.47 

35.0 1.63 1.78 – 1.63 = 0.15 0.30 0.15 + 0.30 = 0.45 

39.5 1.52 1.78 – 1.52 = 0.26 0.18 0.26 + 0.18 = 0.44 

43.5 1.38 1.78 – 1.38 = 0.40 0.04 0.40 + 0.04 = 0.44 

46.5 1.40 1.78 – 1.40 = 0.38 0.05 0.38 + 0.05 = 0.43 

49.5 1.58 1.78 – 1.58 = 0.20 0.24 0.20 + 0.24 = 0.44 

51.7 1.48 1.78 – 1.48 = 0.30 0.13 0.30 + 0.13 = 0.43 

54.0 1.40 1.78 – 1.40 = 0.38 0.04 0.38 + 0.04 = 0.42 

59.0 1.42 1.78 – 1.42 = 0.36 0.05 0.36 + 0.05 = 0.41 

64.0 1.45 1.78 – 1.45 = 0.33 0.03 0.33 + 0.03 = 0.36 

68.1 1.60 1.78 – 1.60 = 0.18 0.04 0.18 + 0.04 = 0.22 

71.4 1.62 1.78 – 1.62 = 0.16 0.03 0.16 + 0.03 = 0.19 

74.3 1.66 1.78 – 1.66 = 0.12 0.01 0.12 + 0.01 = 0.13 

76.5 1.70 1.78 – 1.70 = 0.08 0.06 0.08 + 0.06 = 0.14 

 

 

Three complete pools 

depth of 

deepest 

pool 

Depth of deepest pool 

= 0.40 

Profile Gradient = 

(0.80 – 0.08 / 76.5) = 

0.95% 
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Exercise 10 – Glacier Dynamics and Glacial Landforms 
 

 

Purpose: 

The purpose of this lab is for you to become familiar with how glaciers expand and retreat over 

time and landforms and geomorphic processes associated with glacial landscapes. 

 

Essential Learning Outcomes: 
Understand how environmental conditions affect glacial mass balance 

Understand how ice flows within a glacier 

Determine how multiple glacial advance-retreat cycles impact landform preservation 

Identify alpine and continental glacial landforms on topographic maps and aerial images 

 

Background: 
Glaciers are large masses of perennial ice that form on land through the accumulation and 

recrystallization of snow. Glaciers form in regions where annual snowfall exceeds the amount 

lost to ablation (i.e., melting, evaporation, and sublimation), so glaciers require cold temperatures 

and high annual snowfall. Snow slowly accumulates over hundreds of years. As snow melts and 

refreezes firn is formed, and eventually firn is compacted into ice.  

 

Glaciers can be divided into two general zones. The zone of accumulation is found near the 

head/origin of the glacier – in this zone snowfall accumulation exceeds loss from ablation and 

the glacier expands in size. The zone of ablation is found at the downslope end of the glacier – in 

this zone loss of snow and ice exceeds the amount that accumulates and the glacier decreases in 

size. The transition where accumulation and ablation are approximately equal is called the line of 

equilibrium.  

 

Intense weight and pressure of the overlying snow and ice, which can exceed several thousand 

feet thick, causes internal deformation and gives the glacier plasticity. Pressure is great enough to 

melt the base of the glacier and it begins to move. Friction near the base and edges causes the 

glacier to flow most quickly near the center at the surface. Glaciers typically only flow a few 

inches per day but can surge several hundred feet per day. As the slope steepness increases, basal 

roughness decreases, and the base melts to provide lubrication the flow rate increases.  

 

It is important to keep in mind that all glaciers move forward, even retreating glaciers. A 

retreating glacier is one in which the front of the glacier is melting quicker than the glacier is 

moving forward. So the front is retreating due to loss of snow and ice, not because of a change in 

direction. Most glaciers are currently in a retreating phase and have been for the last 20,000 

years. 

 

Glaciers currently cover approximately 10% of the earth’s land surface. Climate has changed 

dramatically over earth’s history, with prolonged periods in which climate was much warmer and 

much colder than today. During some prolonged warm periods, glaciers completely disappeared 

from the landscape. And during periods much colder than today, particularly around 650 – 750 
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million years ago, the earth may have been completely covered in glaciers, a theory referred to as 

Snowball Earth. There have been several ice ages throughout earth’s history. The Pleistocene Ice 

Age, which we are currently in, began approximately 2 million years ago. We are currently in an 

interglacial period, a phase in which the glaciers are retreating; glacial periods are phases in 

which glaciers expand. 

 

There are two primary types of glaciers: alpine glaciers and continental glaciers or ice sheets. 

Alpine glaciers form at high altitudes due to orographic precipitation, migrate down the side of 

the mountain, and melt at lower elevations. Continental glaciers form at high latitudes over broad 

flat areas and expand outward from a central core. There are several thousand alpine glaciers 

found throughout mountain ranges around the world. There are currently only two continental 

glaciers: the Greenland ice sheet and the Antarctic ice sheet.  

 

Regions near the head of alpine glaciers are dominated by erosional landforms because the 

glaciers remove huge masses of rock, sediment, and other debris and deposit it downslope. 

Cirques are bowl-shaped depressions found at the head of glaciers. Arêtes are thin ridges of rock 

separating two glaciers, and a col is a low pass in an arête. Horns are sharp pointed mountain 

peaks with cirques on at least three sides – the Matterhorn in Italy is probably the best known 

horn. Glaciers also carve out large, deep valleys called glacial troughs. Tributary streams that 

flow into glacial troughs typically drop off sharply as waterfalls. These tributaries are referred to 

as hanging valleys, because they “hang” above the valley floor. Rock, sediment, and other debris 

transported by the glacier is deposited along the edge of glacier as lateral moraines, within the 

center where two glaciers meet as medial moraines, and at the glacier’s end as terminal moraines 

(the furthest downslope moraine) and recessional moraines, which record periods in which the 

glacier paused and accumulated material at its end during its retreat.  

 

Regions occupied by continental glaciers are dominated by depositional landforms because as 

the glacier melts and retreats large volumes of rock, sediment, and other debris entrained within 

the glacier are deposited, deeply burying most erosional features. Large flat outwash plains form 

along the front of the glacier as it retreats and deposits large quantities of sediment; outwash 

plains are similar to floodplains. Continental glaciers also deposit terminal moraines, 

demarcating the furthest extent of the glacier, and recessional moraines as the glacier retreats. 

Other depositional landforms include drumlins, elongate hills shaped in the direction of glacial 

movement, and eskers, long sinuous ridges marking the former position of ice tunnels and 

streams inside the glacier. Kettles, or kettle lakes, form when large blocks of ice broken off the 

glacier become buried by sediment and later melt to form a depression that fills with water. 

 

 

Equipment required: 
Computer with internet access 

Google Earth computer program (available free at www.earth.google.com) 

 

  

www.earth.google.com
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Exercises: 

Part 1 – Simulating Glacier Dynamics 

Navigate to: http://phet.colorado.edu/en/simulation/glaciers and select “Download” or “Run 

Now!” to open the Glaciers simulation program (Note: You must have Java installed on your 

computer to run the simulation program.).  

 

Upon opening the program, the simulation of glacier evolution automatically begins. You can 

control the simulation rate in the lower left-hand corner by adjust the sliding bar to slow or fast, 

and pause and restart the simulation. You can also change the location you are viewing by 

dragging the bear along the top viewing panel or clicking the large white arrows. 

 

Click on the “Advanced” tab near the upper left-hand corner of the program. Advanced provides 

you with more “View” options and allows you to view a variety of graphs.  

 

Toolbox 

The “Toolbox” offers six tools: 1) Thermometer – allows you to determine the temperature of a 

specific location; 2) Glacial budget meter – allows you to determine accumulation, ablation, and 

budget for a specific location; 3) Tracer flag – allows you to place a flag at the top or bottom of 

the glacier to trace its movement during the simulation; 4) Ice thickness tool – allows you to 

measure the thickness of the glacier from top to bottom; 5) Borehole drill – allows you to 

simulate placing a borehole through the glacier, during simulation you can track how the 

borehole changes as the glacier moves; and 6) GPS receiver – allows you to determine the 

elevation and distance from the head of the glacier for a specific location 

 

View 
The “View” panel allows you to toggle on or off a variety of options to assess glacial dynamics. 

You can choose between English and metric units. Equilibrium line shows the point at which 

accumulation and ablation are equal. Snowfall simply changes the appearance of the upper 

portion of the simulation window. Ice flow vectors provide a relative measure of ice flow at the 

top of the glacier compared to the bottom of the glacier. Coordinates provides a grid for 

horizontal distance from the head of the glacier and vertical elevation. 

 

Climate 
The “Climate” panel allows you to adjust the climatic conditions that affect glacier advance and 

retreat. You can increase or decrease the sea-level air temperature from a range of 55.4 °F to 68 

°F. You can also adjust average snowfall amount from 0.0 ft to 4.9 ft. These are the two primary 

controls that affect the rate at which glaciers grow or contract. 

 

Graphs 
The “Graphs” panel allows you to view a variety of graphs depicting the simulation you run. 

Graph types are self-explanatory. All graphs are dynamic, meaning that they change as the 

simulation is run and as you change simulation parameters. 

 

The “Show real glacier” button loads an image of Alaska’s Tonsina Glacier, which this 

simulation is loosely based on. 

http://phet.colorado.edu/en/simulation/glaciers
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The “Set glacier to steady state” button puts the glacier in its equilibrium state based on the 

climate parameters. This essentially forces the simulation to the very end state of the glacier 

based on the current simulation settings.  

 

The “Reset All” button resets the model. 

 

Simulation Window 
Within the simulation viewing window, you can see a model alpine landscape with the glacier 

originating near the left side of the window and moving to the right. The top surface of the 

glacier is depicted in white, while the interior of the glacier is depicted as light blue. Small black 

dots represent rocks and other debris being transported and deposited by the glacier. These black 

dots accumulate at the end of the glacier, simulating the deposition of rock, sediment, and other 

debris by the glacier. 

 

Start your simulation and adjust the speed to the fastest possible. Set air temperature to the 

minimum and snowfall at the maximum. Click on “Set glacier to steady state”. This represents 

the maximum extent possible of the glacier under these conditions. Adjust the view so you can 

see the end of the glacier. 

 

1. Given that this is the maximum downslope extent of the glacier, what specific landform is 

represented by the accumulation of the black dots (represented as a black line) at the front of 

the glacier? 

 

 

 

 

Now increase the air temperature to 56.0 °F, and allow the simulation to run for approximately 

2,000 years. Then increase the temperature to 57.0 °F, and allow the simulation to run for 

approximately 2,000 years. 

 

2. What type of landform developed when glacial retreat paused at 56 °F and 57 °F? 

 

 

 

 

Now turn on the ice flow vectors. 

 

3. Why are the arrows longer near the surface of the glacier compared to the base of the glacier? 

 

 

 

 

Now pause the simulation. Turn on the equilibrium line and adjust the view so the equilibrium 

line is on the left side of the window. Use the borehole tool to drill a borehole at the equilibrium 

line. Allow the simulation to run for approximately 50 years and then pause it. 
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4. What happens to the borehole and why? 

 

 

 

 

With the simulation still paused toggle on the coordinates. Place a tracer flag at the base of the 

glacier near the equilibrium line, which should be at 140,000 feet. Note the year before you 

restart the simulation. Start the simulation and determine how many years it takes the tracer flag 

to travel approximately 20,000 feet (i.e., pause the glacier when it reaches 160,000 feet and 

divide 20,000 feet by the number of years that elapsed). 

 

5. What is the rate of glacier movement in feet/year at the base of the glacier? 

 

 

 

 

Repeat this process, but this time placing the tracer flag at the equilibrium line at the surface of 

the glacier. 

 

6. What is the rate of glacier movement in feet/year at the surface of the glacier? 

 

 

 

 

With the simulation paused use the glacial budget meter to compare the glacial budget from the 

head of the glacier to the toe. 

 

7. How does glacial budget change as you move upslope of the equilibrium line? 

 

 

 

 

8. How does glacial budget change as you move downslope of the equilibrium line? 

 

 

 

 

With the simulation paused use the ice thickness tool to measure thickness of the glacier from the 

head to the toe at every 5,000 foot interval. 

 

9. At what distance, rounded to the nearest 5,000 feet, is the glacier thickest? 
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Adjust the view so that you are looking at the end of the glacier. Now reset sea-level air 

temperature to coldest possible and snowfall to maximum possible and restart the simulation. 

 

10. What will happen to the previously deposited landforms as the glacier expands downslope? 

 

 

 

 

Part 2 – Alpine Glaciation 

To answer these questions, you need to download the GlacialLandforms.kmz file from D2L and 

open using Google Earth. Make-sure the check-mark is turned on for the file in the Google Earth 

“Places” panel (it should be under “Temporary Places”).  

 

 

11. What type of landform is denoted by Placemark 1 and is it erosional or depositional? 

 

 

 

 

 

12. What type of landform is denoted by Placemark 2 and is it erosional or depositional? 

 

 

 

 

 

13. What type of landform is denoted by Placemark 3 and is it erosional or depositional? 

 

 

 

 

 

14. What type of landform is denoted by Placemark 4 and is it erosional or depositional? 

 

 

 

 

 

15. What type of landform is denoted by Placemark 5 and is it erosional or depositional? 
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Part 3 – Continental Glaciation 

To answer these questions, you need to download the GlacialLandforms.kmz file from D2L and 

open using Google Earth. Make-sure the check-mark is turned on for the file in the Google Earth 

“Places” panel (it should be under “Temporary Places”).  

 

You may find it helpful to load the topographic map layer to answer the following questions. To 

load the layer, click on the “Earth Gallery” button in the top right-hand corner of the Layers 

panel. This will open a browser window with a series of Google Earth files. Search for 

“topographic maps”. Click on the “USGS Topographic Maps” icon, and then click on the “View 

in Google Earth” button below the right-hand corner of the map. You can save the file to your 

computer and open it with Google Earth, or you can select “Open with”, click on the browse 

button, and select Google Earth. Click Ok and the “USGS Topographic Maps” layer should 

appear at the bottom of the Layers list. 

 

16. What type of landform is denoted by Placemark 6 and is it erosional or depositional? 

 

 

 

 

 

17. In what direction did glaciers advance in this area? How can you tell? 

 

 

 

 

 

18. What type of landforms is immediately northeast of the landform denoted by Placemark 6 

and is it erosional or depositional? 

 

 

 

 

 

19. What type of landform is denoted by Placemark 7 and is it erosional or depositional? 

 

 

 

 

 

20. What type of landform is denoted by Placemark 8 and is it erosional or depositional? 
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Exercise 11 – Playa-Lunette Systems and Eolian 

Geomorphology 
 

 

Purpose: 

The purpose of this lab is for you to become familiar with eolian landforms and the processes 

that have created those landforms, with playa-lunette systems used as a case study. 

 

Essential Learning Outcomes: 
Determine playa and lunette characteristics 

Link eolian landforms with geomorphic processes 

Assess landform morphometry 

Identify landforms created by eolian processes 

 

Background: 
Please read the Kansas Geological Survey Public Information Circular, Playas in Kansas and the 

High Plains, 2010, by Catherine S. Evans to become familiar with playa wetland characteristics, 

formation, and distribution in Kansas. 

 

Also read: Lunette Distribution on the High Plains of Kansas—A Guide to Seeking Paleoindian 

Sites, in Current Research in the Pleistocene, Vol. 28, 2011, by Mark W. Bowen and William C. 

Johnson to become familiar with lunette characteristics, formation, and distribution in Kansas. 

 

Equipment required: 
Computer with internet access 

Google Earth computer program (available free at www.earth.google.com) 

 

Exercises: 

Part 1 – Playa-Lunette Systems Characteristics and Distribution 

Use the background readings to answer the following questions:  

 

1. How many playa wetlands are in Kansas? 

 

 

 

 

2. Lunettes are broad, low, dune-like, crescent-shaped ridges or mounds formed from what? 

 

 

 

 

3. How many individual lunettes are in Kansas, and what percentage of playas have lunettes? 

 

file:///G:/Teaching/GEOG%20221/Lab/Lab%20Manual/Online/www.earth.google.com
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4. In which direction are most lunettes located in relation to playas? 

 

 

 

 

5. Given your answer to #4, what was the predominant wind direction during lunette formation? 

 

 

 

Part 2. Playa-Lunette System Morphometry 

Morphometry is the quantitative analysis or measurement of objects, such as landforms, and 

includes information such as height, width, length, volume, area, distance, etc. You will use 

Google Earth to conduct a series of morphometric analyses of Ehmke playa-lunette system. 

 

Open Google Earth and fly to 38.442728°, -100.603089° and adjust the altitude to approximately 

8,000 feet. Load the “Historical Topographic Maps” layer from the Earth Gallery.  

 

On the historical topographic map, use the ruler tool to measure the distance from the southern 

edge of the playa (as indicated by the depression contour) to the crest of the lunette. 

 

6. How far is the lunette crest from the southern edge of the playa?  

 

 

 

 

7. What is the difference in elevation from the edge of the playa to the crest of the lunette? 

 

 

 

 

8. The leeward side of the lunette faces which direction? 

 

 

 

 

Compare the spacing of contour lines on the windward and leeward slopes of the lunette. 

 

9. Which slope is steeper, the windward side or the leeward side of the lunette? 

 

 

 

 

10. Given the shape of the lunette and the dominant wind direction, what type of dune is this 

lunette (e.g., barchan, parabolic, transverse, longitudinal, star, foredune, etc.)? 
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Part 3 – Eolian Landform Identification in Google Earth 

Using Google Earth, enter the latitude and longitude (copy and paste is easiest) for the following 

locations. Examine each image at the altitude indicated (eye alt in lower right hand corner of 

Google Earth). To adjust image altitude hold Shift + Ctrl + Up/Down arrow. Adjusting the 

direction (Shift + Left/Right arrow) and tilt (Shift + Up/Down arrow) may help in identification. 

Additionally, the Photos or Historical Topographic Maps layers may aid in landform 

identification. For each site, identify the landform and location (State or Country). 

 

Below is the list of possible landforms. Each landform should only be used once. 

 Playa 

 Ventifact 

 Blow out 

 Interdunal wetland 

 Star dune 

 Transverse dunes 

 Sand sea 

 Barchan dune 

 Loess plateau 

 Coastal blowout dune  

 

 

# Latitude Longitude Altitude Landform Location 

(State or Country) 

11 

 

25.298141° 

 

13.032728° 90 – 100 mi   

12 27.275626° 

 

28.194676° 800 – 1,200 ft   

13 21.656105° 

 

55.301880° 10,000 – 15,000 ft   

14 -24.257854°  

 

15.094621 15 – 20 mi   

15 20.470589° 

 

54.975567° 4,000 – 6,000 ft   

16 38.355431° 

 

-100.462364° 7,000 – 9,000 ft   

17 42.344941° 

 

-101.378312° 10 – 15 mi   

18 34.178311° 

 

-102.418852° 4,000 – 6,000 ft   

19 44.896047° 

 

-86.047836° 4,000 – 6,000 ft  

 

 

20 37.004839° 

 

111.768981° 18,000 – 20,000 ft   
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Exercise 12 – Barrier Islands and Coastal Geomorphology 
 

 

Purpose: 

The purpose of this lab is for students to become familiar with coastal and eolian landforms and 

the processes that have created those landforms. 

 

Essential Learning Outcomes: 
Utilize historical aerial imagery to measure change in landform position over time 

Calculate migration rates of barrier islands 

Determine direction of longshore currents 

Identify coastal landforms using Google Earth 

 

Background: 
Coastal environments are highly dynamic landscapes that are slowly shaped by tidal action, 

waves, longshore currents, and the long-term rise and fall of sea level. Coastlines can also 

change dramatically during intense storm events such as tropical storms and hurricanes. 

Coastlines can expand oceanward (progradation) as deposition occurs, eroded landward 

(retrogradation), or migrate and change position and shape. 

 

Coastlines can be classified as either submergent or emergent. Submergent coastlines are those 

that have been inundated by water due to rising sea levels or sinking crust, while emergent 

coastlines are those that have become exposed due to falling sea levels or rising crust. Rias and 

fjords are examples of submergent coastlines; barrier island, delta, coral reef, volcanic, and fault 

coastlines are all emergent.  

 

Barrier island coastlines are the most common form in the United States, particularly along the 

Gulf Coast and East Coast where more than 300 barrier islands have been mapped. Barrier 

islands are long, narrow islands that parallel the coastline, typically only a few hundred feet or 

less offshore of the mainland. Barrier islands form where ridges of sand accumulate underwater 

from deposition by rivers and reworking by ocean currents. These ridges of sand become 

exposed and “emerge” from the ocean as sea levels fall or the landscape rises due to isostatic 

rebound.  

 

Barrier islands are highly mobile systems that constantly migrate and change position as the sand 

supply and forces acting upon them change. Historically, these islands were the first line of 

defense against large storm events, shielding the mainland from strong winds and waves. 

However, over time barrier islands have become highly developed with homes, condominiums, 

and other attractions, and damage to developments on these islands can be catastrophic during 

tropical storms and hurricanes. Due to construction and other activities that damage the 

vegetation and destabilize the sand deposits, most barrier islands are currently in a 

retrogradational phase, and the ability of barrier islands to reduce the impacts of major storm 

events has been diminished. 
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Equipment required:  
Calculator 

Computer with internet access 

Google Earth computer program (available free at www.earth.google.com) 

 

Exercises: 

Part 1 – Barrier Island Evolution and Migration 

Fly to Brigantine Inlet, NJ in Google Earth and adjust eye altitude to approximate 5,000 feet. 

Hover the pointer over the following coordinates 39.447777 °N, 74.3280 °W or enter the 

coordinates into the search window to place a marker. Make sure the June 1, 2011 image is 

visible. If it is not, turn on the historical imagery slider by clicking on the “Show historical 

imagery button above the View panel (it looks like a clock with a blue arrow), and adjust the 

slider to June 1, 2011. 

 

1. What type of landform is visible in this image at the above coordinates? 

 

 

 

 

Scroll the image to Pullen Island on the north side of the inlet. Adjust the historical imagery to 

4/6/1995 and zoom to the south end of Pullen Island at an eye altitude of approximately 1,000 

feet. Insert a Placemark precisely along the shoreline at the southernmost tip of the island; name 

the Placemark “South Pullen 1”. 

 

Adjust the historical imagery to 2/24/2013 and insert a Placemark precisely along the shoreline at 

the new location of the southernmost tip of the island; name the Placemark “South Pullen 2”. 

 

Use the ruler tool to measure the distance between the two Placemarks. 

 

2. How far did the shoreline migrate between the two images, round to the nearest 10 feet? 

 

 

 

 

3. What was the approximate migration rate in feet/year? (Tip: To calculate migration rate, 

divide the distance by the amount of time that elapsed) 

 

 

 

 

4. If migration rate stayed the same for the next 5 years, approximately how far will it have 

migrated? 

 

 

 

www.earth.google.com
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Load the Historical Topographic Maps layer and the USGS Topographic Maps layer from the 

Earth Gallery. To load these layers, click on the “Earth Gallery” button in the top right-hand 

corner of the Layers panel. This will open a browser window with a series of Google Earth files. 

Search for “topographic maps”. Click on the “USGS Topographic Maps” icon, and then click on 

the “View in Google Earth” button below the right-hand corner of the map. You can save the file 

to your computer and open it with Google Earth, or you can select “Open with”, click on the 

browse button, and select Google Earth. Click Ok and the “USGS Topographic Maps” layer 

should appear at the bottom of the Layers list. Repeat these steps to load the “Historical 

Topographic Maps” layer. 

 

Turn on the Historical Topographic Maps layer, adjust the eye altitude to ~10,000 feet, and zoom 

to the north end of Pullen Island at Little Egg Inlet. Insert a Placemark along the shoreline at the 

northern tip of the island; name the Placemark “Pullen north 1”. Turn off the Historical 

Topographic Maps layers and turn on the USGS Topographic Maps layers. Insert a Placemark 

along the shoreline at the northern tip of the island; name the Placemark “Pullen north 2.” 

 

Zoom out to an eye altitude of ~12 miles and turn on the “Information” layer for the Historical 

Topographic Maps and click on the purple icon that appears. Turn of the information for the 

historical topographic maps and turn on the information for the USGS Topographic Maps. 

 

 

5. What are the years for the historical topographic map and USGS topographic map? 

 

 

 

 

Using the ruler tool, measure the distance between Pullen north 1 and 2 Placemarks. 

 

6. How far did the shoreline migrate between the two maps, round to the nearest 50 feet? 

 

 

 

 

7. What was the approximate migration rate in feet/year for Pullen Island? 

 

 

 

 

 

8. If the migration rate stayed the same, how long would it take the northern tip of Pullen Island 

to migrate 1 mile? (Tip 1 mile = 5,280 feet) 
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9. What is the direction of the longshore current from Brigantine Inlet to Little Egg Inlet? 

 

 

 

 

Open the ruler tool and select the Path function. On the Historical Topographic Maps layer, 

outline/trace the eastern shoreline of Pullen Island from the southernmost tip to the northernmost 

tip. Save the measurement as “Pullen shoreline 1994”. Repeat for the USGS Topographic Maps 

layer, saving the measurement as “Pullen shoreline 2011. 

  

10. Based on the topographic maps, from 1994 to 2011 did Pullen Island experience progradation 

or retrogradation? 
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Part 2 – Coastal Landform Identification in Google Earth 

Using Google Earth, enter the latitude and longitude (copy and paste is easiest) for the following 

locations. Examine each image at the altitude indicated (eye alt in lower right hand corner of 

Google Earth). To adjust image altitude hold Shift + Ctrl + Up/Down arrow. Adjusting the 

direction (Shift + Left/Right arrow) and tilt (Shift + Up/Down arrow) may help in identification. 

Additionally, the Photos or Historical Topographic Maps layers may aid in landform 

identification. For each site, identify the landform and location (State or Country). 

 

Below is the list of possible landforms. Each should only be used once. 

 Barrier island 

 Spit 

 Estuary 

 Sea stacks 

 Pocket beach 

 Tidal marsh 

 Fjord 

 Atoll 

 Ebb/Flood delta 

 Delta 

 

 

# Latitude Longitude Altitude Landform Location 

(State or Country) 

11 37.659982° 

 

-76.158251° 200 – 300 mi   

12 35.189739° 

 

-75.755406° 10 – 12 mi   

13 35.216276° 

 

-75.532569° 8,000 – 10,000 ft   

14 29.822394° 

 

-93.573475° 20 – 40 mi   

15 26.289858° 

 

-97.202398° 40 – 50 mi   

16 30.877164° 

 

31.232835° 300 – 400 mi   

17 71.122935° 

 

-25.017269° 200 – 300 mi   

18 18.111206° 

 

-65.400852° 4,000 – 6,000 ft   

19 16.816390° 

 

-87.791619° 30 – 40 mi   

20 45.884084° 

 

-123.968457° 2,000 – 3,000 ft   
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Exercise 13 –The Geologic Timescale & Climate Change 
 

 

Purpose: 

The purpose of this laboratory exercise is for you to become familiar with the geologic timescale 

and the processes of landscape evolution and climate change at various scales. 

 

Essential Learning Outcomes: 
Interpret the geologic timescale 

Recognize the major theories of landscape evolution 

Link major events in life history with geologic eras and periods 

Understand different natural climate drivers at different temporal scales 

 

Background: 
Earth is old, very old, so old in fact that it is difficult for us to even comprehend. When we think 

something occurred a long time in the past, perhaps we think in terms of hundreds of years. Yet, 

on the geologic timescale a few hundred years is a virtual blink of the eye. After several decades 

of research, scientists have now estimated the earth’s age to be approximately 4.6 billion years 

old – that is 4,600,000,000 years old. The Homo genus, which includes modern humans (Homo 

sapiens), evolved approximately 2.4 million years ago. To give you some perspective, if the 

entire time span of Earth was compressed into a single year, humans would not show up until the 

last minute of the last hour of the last day of the year! 

 

Geologic time can be discussed in two basic forms: Relative and Absolute. Relative ages place 

things in temporal order without giving an actual age – for example Brett Favre is older than 

Aaron Rodgers (but we don’t know actual ages for either person). This is the basic relationship 

for rock and soil stratigraphy and the general basis for the geologic principle of Superposition – 

older things are typically buried by younger things. Relative ages are often based on the presence 

of fossil assemblages – with more complex and greater variety of fossil organisms appearing 

later in the earth’s history. Absolute ages give a numerical age with actual values – for example 

Brett Favre is 44 years old and Aaron Rodgers is 30 years old. In geology, absolute ages are 

frequently determined by radiometric dating – the idea that certain “radioactive” elements decay 

at a known rate. Radiometric dating of geologic units was first conducted in the early 1900s 

using Uranium. Since then, radiometric dating has incorporated a variety of elements, and 

techniques have been adapted and applied to date rock units around the world. It wasn’t until 

after radioactivity and radiometric dating were discovered that numerical values could be 

assigned to the rock record. Since then the geologic timescale has been adjusted and updated as 

new information on the ages of rock units has been determined. 

 

Equipment required:  

Computer with internet access 
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Exercises: 

Part 1. The Geologic Timescale 

Navigate to The Geologic Timescale in Historical Perspective website at: 

http://www.ucmp.berkeley.edu/exhibit/histgeoscale.html 

 

1. What aspect of the rock record provided the opportunity for workers to correlate between 

geographically distinct areas? 

 

 

 

 

2. Approximately how many years ago did the Phanerozoic begin? 

 

 

 

 

3. What does the beginning of the Phanerozoic Eon coincide with? 

 

 

 

 

4. What is the name for the time before the Phanerozoic Eon? 

 

 

 

 

5. The      is known as the “Age of Fishes”, the      

 

is known as the “Age of Dinosaurs”, and the     is known as the “Age of 

Mammals”. 

 

 

Navigate to the National Park Service’s Geologic Time website at: 

http://www.nature.nps.gov/geology/education/concepts/concepts_geotime.cfm 

 

Click on the Geologic Time Views Module and match the following concepts with the most 

appropriate description: 

 

6. The theory that more recent types of plants and animals have their origins in other 

preexisting types and that the distinguishable differences between ancestors and descendents 

are due to modifications in successive generations. 

 

  

http://www.ucmp.berkeley.edu/exhibit/histgeoscale.html
http://www.nature.nps.gov/geology/education/concepts/concepts_geotime.cfm
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7. Each layer of rock (also called a “bed”) is older than the one above it and younger than the 

one below it 

 

 

 

 

8. Strata may be identified by the fossils they contain 

 

 

 

 

9. An intrusive rock body is younger than the rocks it intrudes 

 

 

 

 

10. Processes now visibly acting in the natural world are essentially the same as those that have 

acted throughout the history of the Earth, and are sufficient to account for all geologic 

phenomena 

 

 

 

 

Watch the video Big Idea in Geoscience – Big Idea 2 

11. Approximately how old is Earth? 

 

 

 

 

12. What is the most reliable way to determine a rock’s age (1:07) 

 

 

 

 

13. What metal primarily makes up the earth’s core? (2:02) 

 

 

 

 

14. Where would you expect to find older rocks, in continental crust or oceanic crust? (2:54) 

 

 

 

 

15. Approximately how long ago did life on earth begin? (3:20) 
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Part 2 – Paleoclimatology 

For most of Earth’s history climate changed as a result of complex interactions among a variety 

of natural processes such as changes in atmospheric composition, continental drift, changes in 

earth-sun relationships, variations in solar output, changes in ocean currents, evolution of plant 

life, and catastrophic events such as meteor impacts and major volcanic eruptions. The temporal 

scales at which these factors affect climate are highly variable. More recently, humans have had 

a pronounced impact on the climate, mostly due to the increased emissions of carbon dioxide 

(CO2), methane (CH4), and other greenhouse gases. Other anthropogenic (i.e., human) drivers of 

climate change include deforestation, agriculture, pollution, desertification, and urbanization. 

 

Navigate to the National Climate Data Center’s Climate Timeline at: 

http://www.ncdc.noaa.gov/paleo/ctl/index.html. Explore each “Power of 10” on the timeline by 

clicking on the green button links under each number to answer the following questions: 

 

16. For how long have Ice Age cycles been occurring? 

 

 

 

 

17. What the name of for the cycles that influence climate on a 100,000 year timescale? 

 

 

 

 

18. What are two records of data that provide evidence about climate over a 100,000 year 

timescale? 

 

 

 

 

19. What is the name for the period taking place over the last 10,000 years 

 

 

 

 

20. What climate change drivers occur on a decadal scale? 

 

 

 

  

http://www.ncdc.noaa.gov/paleo/ctl/index.html
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Exercise 14 – Climates, Biomes, and Droughts 
 

 

Purpose: 

The purpose of this exercise is for you to become familiar with sources of climate data, including 

droughts, and how climates and biomes are linked. 

 

Essential Learning Outcomes: 

Access and analyze climate databases 

Convert between the metric and U.S. standard systems of measurement 

Read and interpret climate graphs and maps 

 

Background: 
The National Climate Data Center (http://www.ncdc.noaa.gov/), within the National Oceanic and 

Atmospheric Administration (NOAA), is the world’s largest climate data archive and provides a 

host climatological services for the U.S. and the world. NCDC maintains both paleoclimatic 

archives as well as up-to-the-minute data. The mission of the NCDS is to describe the climate of 

the United States and minimize the risks caused by climate variability and weather extremes.  

 

Biomes, the largest division of terrestrial ecosystems, are based on the dominant plant structure. 

There are five principal biomes: 1) forest; 2) savanna; 3) grassland; 4) desert; and 5) tundra. 

Temperature and precipitation are the two most important factors in determining the dominant 

plant structure. The Köppen climate classification system, one of the most widely used climate 

classification systems in the world, is based on the idea that dominant vegetation type is the best 

indicator of climate. That is only certain types of vegetation can grow in a given climate, so 

vegetation boundaries can be used to identify climate boundaries.  

 

One of the most common, widespread, and destructive weather extremes is drought. Areas 

impacted by drought and potential consequences of drought are measured by several agencies. 

The Climate Prediction Center, within the National Weather Service, provides analyses and 

climate forecasts at a variety of timescales out to about one year. Forecasts, including potential 

drought conditions, are based on El Nino – La Nina conditions in the tropical Pacific Ocean. The 

leading drought monitoring agency in the United States is the National Drought Mitigation 

Center, based at the University of Nebraska-Lincoln. The National Drought Mitigation Center 

produces the U.S. Drought Monitor, a weekly map of drought conditions for the entire United 

States. 

 

Equipment required: 

Computer with internet access 

Google Earth computer program (available free at www.earth.google.com) 

 

  

http://www.ncdc.noaa.gov/
www.earth.google.com
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Exercises: 

Part 1 – National Climate Data Center  

Navigate to the National Climate Data Center’s Divisional Data interface at: 

http://www7.ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp 

 

Set your start period at 01, 2013 and your end period at 12, 2013. Click on the State tab near the 

top of the interface and select Wisconsin. Click on the Division tab near the top of the interface 

and select 06 – East Central. Select Static Graphs and choose Temperature from the dropdown 

list. Show all months and push the submit button. 

 

 

1. What was the approximate average annual temperature? 

 

 

 

 

2. Which month was the warmest in 2013? 

 

 

 

 

3. What was the approximate average temperature for the warmest month? 

 

 

 

 

4. Which month was the coldest in 2013? 

 

 

 

 

5. What was the approximate average temperature for the coldest month? 

 

 

 

 

 

Part 2 – Climate and Biomes of North America 

For this section, you need to download the Climate-Biomes.kmz file (created by the Science 

Education Resource Center at Carleton College) from D2L and open it using Google Earth. 

 

Zoom to North America and enable the Avg Temp Day July and January layers. Examine the 

temperature patterns for these two layers for North America. Now turn on the Terrestrial Biomes 

layer and examine the pattern for North America.  

 

http://www7.ncdc.noaa.gov/CDO/CDODivisionalSelect.jsp
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6. The temperature ranges from -25° C to 45° C. What is this temperature range in Fahrenheit?  

(Tip: Fahrenheit = Celsius * 1.80 + 32) 

 

 

 

 

7. The regions with the warmest average July temperature coincide primarily with which two 

biomes? 

 

 

 

 

Now enable the Climates Around the World layer and zoom to Wisconsin. 

 

8. What biome is Wisconsin predominantly composed of? 

 

 

 

 

Click on the flag located at Green Bay and then click on the Climate Graph link 

 

9. What is the mean annual temperature in Fahrenheit (round to the nearest tenth of a degree)? 

 

 

 

 

10. What is the average annual precipitation in inches (round to the nearest tenth of an inch)? 

(Tip: Inch = mm / 25.4) 

 

 

 

 

11. Which month is the coldest? warmest? 

 

 

 

 

12. Which three months receive the most amount of rain? 
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Now examine the Climate Graph for Bismarck, ND. 

 

13. What biome type is located at Bismarck, ND? 

 

 

 

 

14. What is the primary difference in the climate between Bismarck, ND and Green Bay, WI? 

 

 

 

 

 

Part 3 – Drought Monitoring and the National Drought Mitigation Center 

Now navigate to the Climate Prediction Center’s Drought Monitoring site at: 

http://www.cpc.ncep.noaa.gov/products/monitoring_and_data/drought.shtml 

 

Click on the 2014 link and select the first date in May. A large amount of food is grown in 

California’s Central Valley (the oval area in central California). Notice the drought conditions 

for the Central Valley – Extreme Drought. Click on the first date in May for each year for the 

past 10 years (2014 – 2005). 

 

 

15. In which years in the past ten years has the Central Valley experienced a moderate, severe, or 

extreme drought in May? 

 

 

 

 

 

Drought in the United States is typically monitored using the Palmer Drought Severity Index 

(PDSI). Navigate to the National Drought Mitigation Center website at: 

http://drought.unl.edu/Home.aspx 

 

Under the Planning dropdown menu, hover over Monitoring, then Comparison of Indices Intro, 

and then select PDSI. 

 

16. The Palmer Drought Index is a measure of what three variables: 

 

 

 

 

17. What is the most common application of the Palmer Drought Severity Index? 

 

 

 

http://www.cpc.ncep.noaa.gov/products/monitoring_and_data/drought.shtml
http://drought.unl.edu/Home.aspx
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Now let’s look at some historical PDSI maps of the United States. Under the Planning menu, 

hover over Monitoring and click on the Historical PDSI Maps link. 

 

18. Which timeframe had the greatest area in severe and extreme drought? 

 

 

 

 

19. From 1895 – 1995, which state had the greatest percentage of land in severe and extreme 

drought? 

 

 

 

 

Now click on the Graphs of the Palmer Drought Index by river basin link near the top of the 

page. Click on the 18. California Basin link. 

 

20. Have droughts become more common or less common since 1895? 
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Exercise 15 – Physical Geography Virtual Fieldtrip 
 

 

Purpose: 

The purpose of this lab is for you to become familiar with a landform or landscape of a region of 

their choosing. 

 

Essential Learning Outcomes: 
Link concepts learned in class with a specific landform or landscape on the Earth’s surface 

Use appropriate technology to create maps, images, figures, etc. 

 

Exercises: 
You must develop a physical geography virtual fieldtrip using Microsoft PowerPoint software. 

You must describe either a landform (e.g., the Grand Canyon, Mount Saint Helens, etc.) or a 

landscape (e.g. the Driftless Area, Sonoran Desert, etc.). You must describe the 

landform/landscape using at least 5 topics discussed in lecture (i.e., climate, biogeography, soils, 

geology, weathering, hydrology, fluvial geomorphology, glacial geomorphology, eolian 

geomorphology, coastal geomorphology). If at least five of these topics are not relevant to your 

landform/landscape, you cannot do it. Your presentation must include at least 10 slides. 

 

Your presentation MUST INCLUDE THE FOLLOWING: 

 Title Page – the name of your landform, your name, GEOG 221, lab section, and a 

picture of your landform/landscape 

 Map – a map showing where on Earth your landform/landscape is located 

 Description of the origin of the landform/landscape 

 References – minimum of three 

 

Your presentation should also include the following, when relevant 

 Regional climate 

 Regional biogeography 

 Regional soils 

 Regional geology 

 Hydrology (surface and/or groundwater) 

 Description of geomorphic processes (i.e., fluvial, tectonic, mass wasting, coastal, eolian, 

glacial, if relevant)  

 

Text should be at a minimum and should be in concise bullet point format. Every slide except 

references should have at least one image/figure on it. References are required. You may 

choose any landform or landscape on the Earth’s surface, but keep in mind the more popular it is, 

the easier it will be to find all the necessary information. 

 

This assignment is due by Midnight the last Wednesday of the semester. You must submit a 

PowerPoint presentation via D2L dropbox. 
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Data sources for sites in the U.S. 

 

Maps 
Google Earth/Google Maps 

 

National Atlas 

http://www.nationalatlas.gov/ 

 

Web Soil Survey 

http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm 

 

The National Map 

http://nationalmap.gov/ 

 

US Topo 

http://nationalmap.gov/ustopo/index.html 

 

National Geologic Map Database 

http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html 

 

 

Weather/climate data  
Koppen Climate Classification 

Google search to find a map of your area. 

 

National Climatic Data Center 

http://www.ncdc.noaa.gov/ 

 

World Climate 

http://www.worldclimate.com/ 

 

National Weather Service 

http://www.nws.noaa.gov/view/states.php 

 

 

Land use/land cover  
Kuchler vegetation map to determine natural/potential native vegetation 

Google search to find a map of your area. 

 

USGS Land Cover Institute 

http://landcover.usgs.gov/uslandcover.php 

 

NASA Land Cover/Land Use Change Program 

http://lcluc.umd.edu/ 

 

http://www.nationalatlas.gov/
http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
http://nationalmap.gov/
http://nationalmap.gov/ustopo/index.html
http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html
http://www.ncdc.noaa.gov/
http://www.worldclimate.com/
http://www.nws.noaa.gov/view/states.php
http://landcover.usgs.gov/uslandcover.php
http://lcluc.umd.edu/
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Geology  
Books, government reports, and journal article descriptions 

 

National Geologic Map Database 

http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html 

 

Web Soil Survey 

http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm 

 

 

Soils  
Books, government reports, and journal article descriptions 

 

Natural Resources Conservation Service 

http://soils.usda.gov/ 

 

Web Soil Survey 

http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm 

 

California Soil Resource Lab SoilWeb Earth 

http://casoilresource.lawr.ucdavis.edu/soilweb/ 

Download the SoilWeb Earth .kmz file to open in Google Earth. Navigate to your area of interest 

and click on the screen to open an information box about the soil. Click on the soil name in the 

information box. This should open a website with detailed information about the soil. Under the 

“Component Name” column, click the “Soil Type 1” link to open a detailed description of the 

soil profile. 

 

Hydrology  
USGS Water Data 

http://waterdata.usgs.gov/nwis 

 

 

Miscellaneous Websites 
Geomorphology from Space 

http://disc.sci.gsfc.nasa.gov/geomorphology 

 

 

 

http://ngmdb.usgs.gov/ngmdb/ngmdb_home.html
http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
http://soils.usda.gov/
http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
http://casoilresource.lawr.ucdavis.edu/soilweb/
http://waterdata.usgs.gov/nwis
http://disc.sci.gsfc.nasa.gov/geomorphology

