Landforms and Soils
Laboratory Manual

Written by
Mark W. Bowen
Department of Geography and Urban Planning
University of Wisconsin Oshkosh
Page | 1

Preface
This laboratory manual was designed to fulfill a perceived need in introductory physical
geosciences courses. Most laboratory manuals currently available for purchase from
publishing companies are dominated by exercises in which students are asked to
analyze and interpret maps, tables, and graphs. Typically there are no actual hands-on
or field-based activities. Additionally, regions covered in the exercises are often
unfamiliar and seem irrelevant to students. Informal surveys and student opinion
Surveys indicate that students find these exercises to be tedious and boring. At the
same time textbook costs have outpaced inflation so students are asked to spend more
on a laboratory manual that they find uninteresting at best.
This laboratory manual has the very real benefit of providing required course material to
students free of charge. The manual incorporates several high-impact teaching
practices, including research, collaborative exercises, and community-based learning.
Research has shown that high-impact teaching practices have several benefits to the
student, such as increased engagement with the material, deeper learning, improved
performance/grades, improved ability to retain, integrate, and transfer information, and
increased retention and graduation rates (Kuh 2008). 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 peerreview 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-NonCommercialShareAlike 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/
Kuh GD (2008) “High-Impact Educational Practices: What They Are, Who Has Access to Them,
and Why They Matter.”Association of American Colleges and Universities
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GEOG 221 – Landforms and Soils Laboratory Exercise 1

Exercise 1 – Introduction to the Geographic Grid
Purpose:
The purpose of this exercise is to become familiar with the geographic grid used to describe
location on the Earth’s surface.
Essential Learning Outcomes:
Determine the latitude and longitude of a location
Determine a location based on latitude and longitude
Calculate distance using latitude and longitude
Equipment supplied:
Calculator
World atlas
Globe
Exercises:
Part 1 – Latitude and Longitude
Use a globe and atlas to answer the following:
1. What are the location, latitude, and longitude of the southernmost point in the conterminous
United States? Report your answer in degrees, minutes, seconds and in decimal degrees.

2. What are the location, latitude, and longitude of the southernmost point in all of the United
States? Report your answer in degrees, minutes, seconds and in decimal degrees.

3. Which is at higher latitude, the border between the state of Washington and Canada or the
border between Maine and Canada? What is the approximate latitude of each?
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4. What are the location, latitude, and longitude of the northernmost point in all of the United
States? Report your answer in degrees, minutes, seconds and in decimal degrees.

5. What are the location, latitude, and longitude of the westernmost point in the conterminous
United States? Report your answer in degrees, minutes, seconds and in decimal degrees.

6. What are the location, latitude, and longitude of the westernmost point in all of the United
States? Report your answer in degrees, minutes, seconds and in decimal degrees.

7. What are the location, latitude, and longitude of the easternmost point in the conterminous
United States? Report your answer in degrees, minutes, seconds and in decimal degrees.

8. Which ten countries does the equator pass through?

9. Which eight countries does the Prime Meridian pass through?
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10. Using a globe, locate three cities near the Tropic of Cancer. Determine the approximate
longitude of each city.
City and Country

Longitude

a.

b.

c.

11. Using a globe, locate three cities near the 30th E meridian. Determine the approximate
latitude of each city.
City and Country

Latitude

a.

b.

c.

12. Using a globe, locate three cities in three different countries at similar latitude as Oshkosh,
Wisconsin. Determine the approximate longitude of each city.
City and Country

Longitude

a.

b.

c.
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13. Using a globe, locate three cities in three different countries at similar longitude as Oshkosh,
Wisconsin. Determine the approximate latitude of each city.
City and Country

Latitude

a.

b.

c.

14. Using an atlas, locate three cities in three different states in the U.S. at similar latitude as
Oshkosh, Wisconsin. Determine the approximate longitude of each city.
City and State

Longitude

a.

b.

c.

15. Using an atlas, locate three cities in three different states in the U.S. at similar longitude as
Oshkosh, Wisconsin. Determine the approximate latitude of each city.
City and State

Latitude

a.

b.

c.
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16. Determine the following location of these major world cities based on the approximate
latitude and longitude:
Latitude and Longitude

Location

a. 44° N, 88.5° W
b. 40.4° N, 3.5° W
c. 30° N, 31° E
d. 23° S, 43° W
e. 34° S, 151° E
f. 14.5° N, 121° E
g. 33° N, 44.5° E
h. 34° S, 18.5° E
i. 12° S, 77° W
j. 60° N, 10.5° E

Part 2 – Calculating distance using longitude and latitude
Lines of latitude are parallels so distance between any two lines is nearly constant at ~69
miles/degree. There are slight variations due to the Earth being oblige (i.e., not a perfect sphere),
so distance ranges from 68.71 miles/degree at the equator to 69.41 miles/degree at the poles.
Lines of longitude converge at the poles, so distance between lines of longitude vary with
latitude and ranges from 69.17 miles/degree at the equator to 0 miles/degree at the poles.
Table 1. Linear distances represented by one degree latitude and longitude
1 Degree Latitude 1 Degree Longitude
Latitude
Length (miles)
Length (miles)
90° (poles)
69.41
0
60°
69.23
34.67
45°
69.06
48.81
30°
68.89
59.96
0° (equator)
68.71
69.17
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Use Table 1 to answer the following:
17. From Oshkosh, Wisconsin, if you traveled west one degree and then north 1 degree,
approximately how many miles have you travelled?

18. What is the approximate distance in miles between Oshkosh, Wisconsin and the equator?

19. What is the approximate distance in miles between Eugene, Oregon and the equator?

20. What is the approximate distance between Oshkosh, Wisconsin and the Prime Meridian?

21. What is the approximate distance between San Salvador and the Prime Meridian?

Page | 10

GEOG 221 – Landforms and Soils Laboratory Exercise 2

Exercise 2 – Introduction to Topographic Maps
Purpose:
The purpose of this exercise is to become familiar with the information presented on a
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
Equipment supplied:
Baraboo, WI topographic map
Ruler
Calculator
Exercises:
Part 1 – Reading and interpreting a topographic map
Use the topographic map of Baraboo, WI to answer the following questions:
1. What is the scale of the map? One inch on the map equals how many feet on the ground?

2. What is the contour interval of the map? So, if you cross three contour lines how much has
your elevation changed?

3. What is the projection of the map? Why use a map projection?

4. What series does this map belong to? What does that mean? (Tip: Compare latitude and
longitude values in the four corners of the map)
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5. Fill in the information below:
A. Highest point on map (name and elevation):

B. Lowest point on map (name and elevation):
C. Total relief of map (A – B):

6. Which gradient is steeper, the west bluff or the east bluff of Devils Lake? How can you tell?

7. Is the Baraboo River flowing from west to east or from east to west? How can you tell?

8. Using the graphic scale, determine the straight-line distance in miles between Brewster
Cemetery and Koerth Cemetery.

9. Using the representative scale, determine the straight-line distance in miles between Brewster
Cemetery and Koerth Cemetery. How does your answer compare to question 8? Which do
you think is more accurate? (Tip: There are 12 inches in 1 foot and 5,280 feet in 1 mile.)

10. Which ski lift for Devils Head Lodge (found on the right side of the map) has the steepest
gradient? (Tip: Gradient = rise / run OR elevation change / distance)
Ski Lift
Top elev.
Bottom
“Rise”
Distance on
“Run”
Gradient
elev.
map
1 (west)
1,280 ft
945 ft
335 ft
0.875”
1,750 ft
19%
2
3 (center)
4
5 (east)
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Part 2 – Constructing a topographic profile
A topographic profile is a cross-section view of the topography of a landscape along a transect.
Use the Baraboo, WI topographic map and the profile grid below to construct a topographic
profile along the thin black line that passes west to east through Devils Lake, originating at 4811
on the west side of the map and ending at the 1300 ft index contour immediately west of the red
line in section 19.
To construct the profile, fold this paper so that the top of the profile grid forms the top edge of
this sheet of paper. Determine the interval and label the lines of the Y-axis; the base line should
be slightly less than the minimum elevation along the transect, the top line should be slightly
greater than the maximum elevation along the transect, and each interval line in between should
be equally-spaced.
For example, if the minimum elevation is 424 ft and the maximum elevation is 697 ft, you should
use base and top line values of 420 ft and 700 ft. This is a difference of 280 ft; since there are 14
interval lines, the interval between lines is 20 ft (280 ft / 14 = 20 ft).
Next, place the left side of the profile grid on the western edge of the map at point 4811 and align
the top edge of the profile grid with the thin black line. Project points along the thin black line
straight down to the interval line of equal value on the profile grid and place a dot at that spot on
the grid. Plot beginning and end points and points at each location that the thin black line crosses
an index contour (the dark brown lines). Connect all of the dots, interpolating between high and
low points, to complete the topographic profile.
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Part 3 – Drawing contour lines
In the diagram below, dashed lines represent stream channels and black dots with numbers
represent elevation points in feet above sea level. The 950 ft contour line has been provided.
Draw all other contour lines for the elevation data using a 10-ft contour interval. Label each end
of the contour line appropriately. To plot contour lines between two points you must interpolate
its position; that is, you must decide where best to draw it based on nearby data points (i.e., the
980 ft line should be drawn closer to the 982 ft data point than the 971 ft data point).

971

981

977

982



984

977

970

975

967
963
971

961

968
962
964

960
960
956

960
959

958

956

953

954

950
951

948
950

949
946

950’

950’
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Exercise 3 – Soil Physical Properties and Profile
Purpose:
The purpose of this laboratory experiment is to familiarize you with basic soil physical properties
(color, structure, and texture) of soil samples and how these properties vary with depth in a soil
profile.
Essential Learning Outcomes:
Describe soil color using a Munsell Soil Color Chart
Classify soil structure
Determine soil texture by hand texturing
Identify soil Master and subordinate horizons
Understand how soils vary with depth
Background:
For this exercise we will be describing basic soil properties (color, texture, and structure) in hand
samples. Soil color has little bearing on the function or use of soils, but provides information
about soil properties and conditions. Color is most influenced by organic matter content, water
content, and oxidation state. Also, soil color is the most obvious feature of a soil and one of the
easiest properties to measure. We will determine soil color using a Munsell Color Chart. When
using the chart to determine a soil color, soil is compared to a small color chip that is described
by hue (red/yellowness), value (light/dark), and chroma (intensity of brightness) in that order.
Example:

10 YR 5/6

chroma

Hue
value
(10 yellow/red, value 5, chroma 6)
Soil structure refers to the arrangement of primary soil particles into groupings called aggregates
or peds. Structure greatly influences water movement, heat transfer, aeration, and porosity in
soils. There are five basic structural shapes, some of which are subdivided: spheroidal (granular
or crumb), plate-like, blocky (angular or subangular), prism-like (columnar or prismatic), and
structureless (single-grain or massive).
Soil texture describes the size of soil particles within the fine earth fraction, that portion
excluding gravels, cobbles and boulders. Thus, soil texture is a combination of the sand, silt, and
clay fractions. There are three basic soil textural classes: sandy soils, clayey soils, and loamy
soils; loams are combinations of sands, silts, and clays in nearly equal portions. The basic
textural classes can be subdivided and from coarsest to finest texture are: sand, loamy sand,
sandy loam, loam, silt loam, sandy clay loam, clay loam, silty clay loam, sandy clay, silty clay
and clay. Texture can be further subdivided into fine and coarse factions (i.e. fine sandy loam
etc.). For this laboratory exercise we will classify soil texture using the “Feel” method.
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Soil Taxonomy is a hierarchical system developed in the United States to group/classify soils.
This system is based on a set of properties that can be objectively identified in the field and
measured in the lab. Examples of properties used in Soil Taxonomy include moisture and
temperature patterns throughout the year, color, texture, horizons, pH, organic matter content,
etc. The combination of various properties is used to define diagnostic soil horizons and the
presence or absence of diagnostic horizons is used to classify the soil. There are eight diagnostic
surface horizons, termed epipedons, and nineteen diagnostic subsurface horizons. There are six
classes within Soil Taxonomy: order, suborder, great group, subgroup, family, and series (from
broadest to most specific).
A soil profile is a vertical section of soil exposing several layers or horizons. Profiles can be
measured and sampled as exposed faces (i.e. road cuts, streams banks, etc.) or from soil cores.
Soil horizons are layers or zones of soils paralleling the surface, with properties and
characteristics distinct from soils above or below the horizon. The uppermost soil horizons are
generally the most weathered or altered soils, while the lowest horizons are typically the least
weathered and are most similar to the soil’s parent material. Soils can exhibit a range of master
horizons including: O, A, E, B, C, and R. O horizons are surface organic horizons and are not
always present, A horizons are surface mineral horizons and are common in all profiles, E
horizons are subsurface horizons dominated by eluviation or leaching and are not very common,
B horizons are subsurface horizons dominated by illuviation or accumulation and require some
degree of weathering of the profile to be present, C horizons are subsurface horizons with
minimal weathering and resemble the parent material, and the R horizon is bedrock or
unweathered parent material found at the base of the profile. Special characteristics distinct to a
master horizon may also be indicated with the designation of a lowercase letter immediately
following the capital letter that indicates the master horizon (i.e., Ap indicates the “A” master
horizon has been modified by plowing). These subordinate distinctions include special physical
properties and/or the accumulation of material such as clays or salts. There are currently 30
possible subordinate classifications.
Equipment supplied:
Munsell Soil Color Chart
Colored pencils
Mud bucket
Water bottle
Soil samples
Soil cores
Soil core racks
Tape measure
Weak acid
Field Book for Describing and Sampling Soils (Version 3.0)
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Exercises:
Part 1 – Soil Physical Properties (Hand samples)
1. Use the Munsell Color Chart to classify soil color for the following samples:
Tip: Most (not all) soils have a hue of 7.5YR or 10YR. See the example on this first page of this
laboratory exercise for proper notation of Munsell color.
A.
B.
C.
D.
E.

2. Use pages 2-53 & 2-54 in the Field Book for Describing and Sampling Soils Version 3.0 to
determine structure type for the following samples:
A.
B.
C.
D.
E.
3. Use the “feel method” to classify texture for the following samples (See Attached Handout):
Tip: You want to start with enough soil to make a ball slightly smaller than a golf ball. Do your
test over one of the mud buckets to reduce the mess.
A.
B.
C.
D.
E.
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4. Which sample do you think has the highest organic matter content? How can you tell?

5. Which sample do you think has the greatest water holding capacity? Why?

6. Which sample do you think has the greatest aeration rate? Why?

7. Which sample do you think would be best for agriculture? Why?
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Feel Method Flowchart

Modified from S.J. Thien. 1979. A flow diagram for teaching texture by feel analysis. Journal of Agronomic Education. 8:54-55.
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Part 2 – Soil Profile Descriptions
Core:
For this core, you must identify and label the master and subordinate horizons and determine
Munsell and soil structure for each horizon. Provide a sketch of the soil profile using colored
pencils – in addition to coloring, include horizon boundaries and structure in your drawing.
Soil Profile

Horizon

Munsell Color and Soil Structure
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Core:
For this core, you must identify and label the master and subordinate horizons and determine
Munsell and soil structure for each horizon. Provide a sketch of the soil profile using colored
pencils – in addition to coloring, include horizon boundaries and structure in your drawing.
Soil Profile

Horizon

Munsell Color and Soil Structure
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Tips for identifying soil horizons:
Remember your options for master soil horizons are O,A, E, B, C, and R or a combination of two
if it is a transitional horizon (e.g., AB, BC, CB). See lab introduction, lecture notes, and your
textbook for descriptions of master soil horizons. Below is a list of common subhorizon
designations. Not all master horizons will include a subhorizon designation.
Subhorizons you may encounter:
 Ap – tillage or other disturbance of the surface layer; typically only a few inches of the top of
the core, lighter color compared to underlying material, and little or no structure (appears
more like loose sediment than soil)
 Bt – accumulation of clays; hard zone; often slightly redder; small peds are difficult to crush
between your fingers
 Bc or Cc – concretions or nodules; may be small white carbonate nodules or small black to
purplish manganese nodules; carbonate nodules fizz if a weak acid is applied, while
manganese will leave a streak on a piece of paper
 Bg or Cg – strong gley; horizon will have a dull bluish-greenish-gray color (chroma is
typically ≤ 2)
 Bk or Ck – carbonate accumulation; whitish or has white lines in former root spaces; can
determine the presence of carbonate by applying a weak acid and seeing if it fizzes
 Bw – incipient/weak horizon formation; if you think you have a B horizon but it is not welldeveloped
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Exercise 4 – Soil Field Methods
Purpose:
The purpose of this lab is for students to gain hands-on experience in the field describing soil
profiles and learning proper sample collection techniques.
Essential Learning Outcomes:
Be familiar with standard soil sampling equipment and techniques
Describe soil profiles in the field
Link soil properties with geomorphic processes
Background:
Fieldwork is an integral part of any soil laboratory exercise since soils must first be collected
before they can be analyzed. It is extremely important to ensure that samples are collected as
carefully and precisely as possible to reduce errors and eliminate opportunities for sample
contamination. It is also important to add a geographic and geomorphic context to your
sampling procedures, as they are intimately linked to soil forming factors. Therefore, sample
collection is but one component of the fieldwork procedures.
Soil samples can be collected from a variety of environments using various methods to expose
the soil. One common, and often preferred method, is sampling of road cuts since the work of
exposing a clean face for sampling has mostly been done for you. Digging a large pit, either by
hand or with backhoe, is also common but is either very labor intensive or expensive. The third
common method of soil sample collection is by collection through coring. Coring allows you to
collect samples for the entire soil profile (or as deep as you can core) without having to expose a
face for sampling. All three methods have advantages and disadvantages.
Field Equipment:
Bucket auger
Munsell Color Chart
Topographic map
Winnebago Co. Soil Survey Trowel
Tape measure
GPS
Compass
Abney level
Profile trough
Hand towels
Field Book for Describing and Sampling Soils (Version 3.0)
Exercise:
Part 1. Site and Soil Profile Description
Complete a site description and soil profile description using the attached sheet. Collect a soil
profile using a bucket auger to incrementally collect samples. Lay samples out on the ground to
make a continuous profile. Complete descriptions for each bucket auger sample collected.
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Horizon

Land cover:

Name(s):
Date:
Lat-Long:
Elevation:
Geomorphic
Position:
Slope aspect:
Slope gradient:

Depth (cm)

Color

Structure

Hand Texture

Efferv.
(PDP Code)

Profile Description

Site Description
Site Notes

Profile Notes

GEOG 221 – Landforms and Soils Laboratory Exercise 4
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Exercise 4B – Winnebago County 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
Exercises:
Part 1. Winnebago County Soil Survey
Use the 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?

3. What percentage of the area was forested prior to settlement?
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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 are the average winter and summer temperatures?

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

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

9. What percentage of the county is water?

10. In 1969, what percent of the county was farmed?

11. Utilizing the maps in the back of the survey, what two soil series are most of the campus
buildings located on?
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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 5 – Mineral and Rock Identification
Purpose:
The purpose of this lab is for students to become familiar with the basic properties of rocks and
minerals.
Essential Learning Outcomes:
Determine basic rock and mineral properties
Identify rocks and minerals based on properties
Equipment supplied:
Rock and mineral samples
Streak plate
Glass plate
Penny
Steel nail
Hand lens
Exercises:
Part 1 – Mineral Identification
You will identify minerals based on their physical properties. A mineral is a naturally occurring
substance with a definite chemical composition and characteristic structure. Minerals are
composed of one or more elements (i.e., silicon, iron, copper, etc.). Minerals differ from each
other in both chemical composition and physical properties. Color is the most obvious property,
but is highly variable; descriptions include dominate color as well as additional colors. Luster is
a description of how shiny the surface appears and is typically described as either metallic or
non-metallic. Hardness is a measure of how solid the mineral is and is classified using the Mohs
Hardness Scale (1 = softest, 10 = hardest). Hardness is determined by attempting to scratch the
mineral with objects of known hardness. Streak is the color of the mineral powder left behind on
a streak plate. Other miscellaneous properties include grain size, crystal size, feel, taste,
magnetism, etc.
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1. Use the physical properties of the samples, Table 1. Mohs Hardness Scale, and Table 2.
Physical Properties of Minerals to identify the minerals.
Mineral Color
Luster
Hardness Streak Other Misc. Mineral Name
Color
1
2
3
4
5
6
7
8
9
10

Table 1. Mohs Hardness Scale
Hardness
(Softest to Example Material
Hardest)
1
Talc
2
Gypsum
2.5
Fingernail, pure gold, silver, aluminum
3
Calcite, penny
4
Fluorite
4.5
Platinum, iron
5
Apatite
5.5
Glass
6
Orthoclase, titanium
6.5
Steel nail
7
Quartz
8
Topaz, emerald
9
Corundum, ruby, sapphire
10
Diamond

Page | 31

GEOG 221 – Landforms and Soils Laboratory Exercise 5
Table 2. Physical Properties of Minerals.
Mineral
Name
Color
Luster Hardness
Talc
Gray, white, NM
1
green
Hematite

Gypsum
Muscovite
mica
Biotite
mica
Galena
Halite

Fluorite
Magnetite
Pyrite
Quartz

Streak
Color
Green,
gray,
white
Red

Other Misc.
Feels
greasy/soapy

Chemical
Composition
Hydrous
magnesium
silicate
Iron oxide

Reddish
brown, steel
gray
Gray,
colorless
White,
colorless

M to
NM

1 – 6.5

NM

2

NM

2–3

Black,
brown, dark
green
Silver gray

NM

2–3

White to
colorless

Thin flakes

M

2.5

Heavy, cubic

Lead sulfide

Colorless,
white,
yellow, pink
Purple, blue,
green
Silver black

NM

2.5

Grayish
black
White to
colorless

Tastes salty,
cubic

Sodium chloride

NM

4
6

Brassy
yellow
Colorless,
white,
variable

M

6 – 6.5

NM

7

Interlocking
cubes
Magnetic,
heavy
Gold-like,
heavy
6-sided
crystals

Calcium fluoride

M

White to
colorless
Black

White to
colorless
White to
colorless

Greenish
black
White to
colorless

Heavy

Thin flakes

Hydrous calcium
sulfate
Nonferromagnesium
silicate
Ferromagnesium
silicate

Iron oxide
Iron sulfide
Silicon oxide

Part 2 – Rock Identification
Rocks are composed of two or more minerals and can be classified as igneous, sedimentary, or
metamorphic based on origin. Igneous rocks form when magma rises from the mantle, cools, and
hardens either below the Earth’s surface or on the surface. Sedimentary rocks are layered
accumulations of mineral particles derived from weathering and erosion of preexisting rocks,
chemical deposition, or accumulation of plant and animal remains. Metamorphic rocks form
when igneous, sedimentary, or other metamorphic rocks are subjected to intense heat and
pressure to form
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Igneous Rock Identification
Igneous rocks can be subdivided based on whether they formed above or below the Earth’s
surface. Intrusive igneous rocks form by gradually cooling below the surface, which results in
the formation of large crystal grains. Extrusive igneous rocks form by cooling rapidly at the
Earth’s surface, which results in small crystal grains and often contain pockets of air.

2. Use the physical properties of the samples and Table 3. Physical Properties of Igneous Rocks
to identify the igneous rocks.
1.
2.
3.
4.
5.
6.
7.
8.

Table 3. Physical Properties of Igneous Rocks
Orthoclase,
quartz,
muscovite,
COMPOSITION Minerals
biotite,
plagioclase,
hornblende
Light colored
Appearance
INTRUSIVE

EXTRUSIVE

Coarse grained
Fine grained
Vesicular
Glassy
Pyroclastic Coarse
Fine

Granite
Rhyolite
Pumice
Obsidian
Volcanic breccias
Tuff

Plagioclase,
biotite,
hornblende,
augite

Plagioclase,
olivine, augite

Intermediate
colored
Diorite
Andesite
Scoria

Dark colored
Gabbro
Basalt
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Sedimentary Rock Identification
Sedimentary rocks can be subdivided based on the source of minerals. Clastic sedimentary rocks,
the most common sedimentary rocks, form from the accumulation of mineral grains weathered
from other rocks (e.g., sandstone). Chemically-precipitated sedimentary rocks form from
minerals precipitated from solution or from organism that build shells from minerals dissolved in
solution (e.g., limestone). Organic sedimentary rocks form from the accumulation of organic
material; coal, asphalt/bitumen, lignite, and oil shale are examples of organic sedimentary rocks.

3. Use the physical properties of the samples and Table 4. Physical Properties of Sedimentary
Rocks to identify the sedimentary rocks.
1.
2.
3.
4.
5.
6.

Clastic

Table 4. Physical Properties of Sedimentary Rocks
Texture
Composition
Description
Gravel
Contains large rounded rock
fragments
Predominantly Cemented sand-sized grains
Sand
quartz
Silt
Cemented fine-grained fragments
Clay
Cemented very fine-grained fragments
Quartz
White to gray
Chemically
Precipitated
Dark gray to black
Light brown, hard, dense, smooth
Calcite
surfaces
Light colored, most shell fragments
Chalky color, gritty feel, microscopic
organisms
Carbon
Plant remains, black, light-weight
Organic

Name
Conglomerate
Sandstone
Siltstone
Shale
Chert
Flint
Lithographic
Limestone
Coquina
Chalk
Bituminous coal
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Metamorphic Rock Identification
All rocks can be subjected to metamorphic processes, so a wide variety of metamorphic rocks
exist. Metamorphic rocks form when a pre-existing rock is subjected to intense heat and pressure
to chemically and/or physically alter the rock into a new rock type (e.g., limestone being
metamorphosed into marble). Metamorphosis occurs when rocks are deeply buried and
compressed by overlying material, along plate boundaries and fault lines, during mountain uplift,
and near volcanoes and other regions of invading magma. Metamorphic rocks are often
smoother, harder, and have more banding compared to their parent rocks.
4. Use the physical properties of the samples and Table 5. Physical Properties of Metamorphic
Rocks to identify the metamorphic rocks.
1.
2.
3.
4.
5.
6.

Non-foliated

Foliated

Table 5. Physical Properties of Metamorphic Rocks
Texture
Rock
Composition
FineQuartz
Slate
grained
Coarse- Schist
Mica, garnet,
grained
quartz,
hornblende
Large
Feldspar, quartz,
Gneiss
crystals
mica, hornblende,
augite
FineAnthracite Carbon
grained
Medium Quartzite
Quartz
-grained
Coarsegrained

Marble

Calcite

Description
Flat, red to dark grey,
breaks in smooth plates
Conspicuous mica,
silvery black, shiny
Banded, breaks in
blocks
Black, shiny, light
Interlocking grains,
green to red to purple
colors
Crystalline masses,
effervesces

Derived from
Shale
Shale,
siltstone,
basalt
Granite and
igneous rocks
Bituminous
coal
Sandstone

Limestone
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Exercise 6 – Slope Stability and Landscape Evolution
Part 2 of this exercise has been modified from Thomas Hickson’s Investigating slope failure and
landscape evolution with red beans and rice laboratory exercise available from the National
Association of Geoscience Teachers website at
http://nagt.org/nagt/teaching_resources/teachingmaterials/9265.html
Purpose:
The purpose of this exercise is for you to understand how progressive lowering of the landscape
results in unstable slopes that trigger landslides.
Background:
To understand why these experiments are being conducted, and how they model real-world
processes, please download the following article from D2L and read: Densmore, A.L., Anderson,
R.S., McAdoo, B.G., and Ellis, M.A., 1997, Hillslope Evolution by Bedrock Landslides, Science,
Vol. 275, p. 369-372.
Essential Learning Outcomes:
Explain how experiments can be used to understand long-term geomorphic processes
Understand the role of base level and slope failure in landscape evolution
Understand how slope material composition affects slope stability and the type of mass
movement
Equipment required:
Slope failure box (8)
1 gallon bucket (8)
Funnel (8)
Set of dry erase markers (8)
Scientific calculator (8)
Red beans, white beans, chick peas, rice (8 sets)
Scale (4)
Computer with Excel (4)

Angle of repose tray (8)
Plastic weighing beaker (8)
Towel/dust rag (8)
Ruler (8)
Tape dispenser (2)
11 x 17 sheets of paper
Broom and dustpan (2)

Exercises:
Part 1 – Beans and Rice: Angles of Repose
You will first measure the angle of repose of each material to be used in the slope stability
experiment. Angle of repose is the steepest angle relative to a horizontal plane that a pile of
material can form without slumping. Angle of repose is one way to estimate the stability of a
material – material with a higher angle of repose is typically more stable, if all other factors are
the same.
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1. To begin, hypothesize about the relative angle of repose of each material by ranking them
from the material which you think will form the steepest angle to the material that will form
the least steep angle.
a. Steepest:
b. Second steepest:
c. Third steepest:
d. Least steep:






To begin your experiment, start with one of the containers of rice or beans.
Slowly and gently pour a stream of this material into the center of the tray to form as tall a
pile as possible.
Use a ruler to measure the height and radius length of the pile on the side that has the steepest
slope.
Repeat this process for all four materials.
Angle of repose = TAN-1(height / radius), where TAN-1 is the inverse tangent. On most
calculators, first divide height by radius then press the “TAN-1” button, or the “2nd” or “INV”
button and then “TAN” if there is no “TAN-1” button.

2. Complete the following table:
Material

Height
(cm)

Radius
(cm)

Angle of
repose
(degrees)

3. How did the results of the experiment compare to your hypothesis?

Isotropy is a measure of the uniformity of the shape of an object. As an object becomes more
spherical isotropy increases and as it becomes more irregularly shaped isotropy decreases (or
anisotropy increases).
4. How did the relative isotropy of the material affect the angle of repose?
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Part 2 – Beans and Rice: Base Level Lowering and Landscape Evolution
For this experiment there are four roles, so the experiment works best for groups of four. Here
are the roles: 1) Lowerer – this person will lower the sliding door incrementally to generate
landslides and induce landscape evolution, this person will also draw the slope profile on the
sidewall of the box; this person must have a steady hand and gentle touch; 2) Catcher – this
person is responsible for catching all the rice or beans that fall out of the box; this person must
make sure each grain is caught and requires close attention and a careful eye; 3) Weigher – this
person will weigh the rice or beans caught by the catcher; this person must be able to work
quickly and accurately; 4) Recorder – this person will record all the weights taken by the
weigher on the data sheet and then enter the data into Excel at the end of the experiment, the
recorder will also record any notes or observations made during experiments; this person must
pay close attention to detail.
You will conduct this experiment at least twice for each material. To begin, you will fill the
slope failure box to the fill line marked near the top of the box. You will then lower the door in 1
cm increments. When the slope fails, you must catch all the material in a bucket. You will
then weigh the material that failed for each increment – if there is no slope failure, record zero.
Before you begin, hypothesize about the potential results of the experiment and jot them down
below. Things to consider: how will each material fail (i.e., catastrophically or a few grains at a
time)? Which material will fail the easiest? Which material will form the steepest slope? Etc.
Hypotheses and Predictions
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Before you conduct your experiments, you need to conduct a practice run with each person
performing all of their duties several times.
Steps for conducting each experiment:
A. Make sure the sliding door is completely raised to the top
B. Fill the slope failure box to the fill line with your material and level the surface. Complete an
initial observation of how the material is arranged – is there a preferred orientation (e.g., are
they all arranged with long axis in one direction, are they all mixed, it is isotropic, etc.). Also
record the long, short, and intermediate axes of 3 individual rice grains or beans to determine
average size of material.
C. Lowerer should lower the sliding door in 1 cm increments. Be as precise as possible and be
as gentle as possible. Do not bump the box or the table or you may induce a landslide – if this
happens you must restart your experiment.
D. When material falls, the Catcher must catch all the material, picking up every grain that
misses the bucket. The Lowerer must also trace the shape of the newly formed slope on the
sidewall using a dry erase marker and label it with the increment number. Use different
colored markers if the lines are very close to each other. The Recorder should also observe
the slope and discuss with the Lowerer any comments or observations to record.
E. The Catcher and Weigher need to transfer the caught material from the bucket into a
weighing beaker and the Catcher needs to return the bucket to the slope failure box. The
Catcher and Weigher need to work at efficiently transferring material, so that the experiment
can progress quickly.
F. The Weigher should weigh the caught material using a scale, transfer results to the Recorder,
and return weighed material to the original storage container. You should start with an empty
bucket and beaker for each increment.
G. Repeat each step until the sliding door has been completely lowered.
H. Upon completion of each experiment, the Lowerer should overlay a piece of paper on the
sidewall and trace/transfer each slope line and increment number to the piece of paper. The
Recorder should enter results into Excel. The Catcher and Weigher should clean up and
prepare for the next experiment.
I. On the sheet of paper, a group member should measure the length of each slope, as well as
the height (i.e., rise) and width (i.e., run) of each slope.
J. You must conduct this experiment at least twice for each material, for a total of a minimum
of 8 experiment runs.

Data analysis for each experiment:
 Use Excel to plot the results of each experiment run.
 Create two line graphs: 1) plot increment as the independent variable on the X-axis and
weight as the dependent variable on the Y-axis, and 2) plot increment as the independent
variable on the X-axis and weight divided by slope length as the dependent variable on the
Y-axis (this provides a measure of the weight of material generated per unit length of slope).
 Create a column in Excel for “Cumulative weight” in which you create a running sum of the
weights for each completed increment to create a cumulative frequency histogram
 Calculate the gradient for each slope (slope = rise / run OR height / width)
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5. Which material formed the steepest slopes?

6. Which material generated the greatest amount of material per increment?

7. How did material size/shape influence slope stability?

8. Did the arrangement of material in the box influence stability?

9. How do results of these experiments compare to/help to explain landscape evolution?

10. How did your hypotheses match results?
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)

/

Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
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12
13
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15
16
17
18
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20
21
22
23
24
25
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
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13
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15
16
17
18
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21
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)
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Group members:
Material:
Initial observations:
Long/intermediate/short axis length (mm): 1)
Average long/intermediate/short axis length (mm):
Gate Drop
Increment

Weight
(g)

Slope
Length
(cm)

Slope
Height
(cm)

Slope
Width
(cm)

/

/

2)

/

/

/

/

3)

/

/

Comments/Notes

0
1
2
3
4
5
6
7
8
9
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12
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16
17
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21
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Exercise 7 – Fluvial Landforms
Purpose:
The purpose of this lab is for students to become familiar with ways to analyze and describe
fluvial geomorphic forms and processes.
Essential Learning Outcomes:
Delineate watershed boundaries
Delineate stream network
Determine Strahler stream order
Identify a variety of fluvial landforms using aerial imagery
Equipment supplied:
Colored pencils
Exercises:
Part 1 – Watershed and Stream Network Delineation
Use Figure 1. Portion of La Farge, WI 7.5’ topographic map to answer the following
questions:
1. Using a pencil, delineate the watershed for Chadwick Hollow upstream of Location A.
Remember, to delineate a watershed you simply follow the drainage divide (i.e., the
topographic highs).
2. Using a blue colored pencil, draw/trace the entire stream network for Chadwick Hollow.
3. What type of drainage pattern does this watershed have?

4. What is the total relief for the watershed (i.e., maximum elevation – minimum elevation)?

5. What type of channel pattern (i.e., straight, meandering, braided) does the Kickapoo River
have? How did you determine that?
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6. Using a red colored pencil, outline the boundaries of the Kickapoo River’s floodplain.

A

Figure 1. Portion of La Farge, WI 7.5’ topographic map with 20 ft contour interval
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Part 2 – Stream Ordering
Stream ordering is a way to describe the relative size of a stream. The Strahler stream ordering
method defines stream size based on a hierarchy of stream tributaries. With the Strahler method,
the smallest streams with no tributaries are classified as 1st order streams. When two streams of
the same order meet, the stream order increases by 1. So, where two 1st order streams meet, a 2nd
order stream forms, when two 2nd order streams meet, a 3rd order stream forms, etc. When a
stream with a lower order joins a stream with a higher order, the higher order is retained. See
Figure 2 below.

Figure 2. Strahler Stream Order Classification (Public Domain image downloaded from
Wikimedia Commons)

7. On Figure 3, label the stream order for all segments using the Strahler stream order method.

8. On Figure 3, outline the sub-watersheds for all tributaries with a Strahler stream order of 3.

9. Below Figure 3, draw a stream network that includes at least one stream with a Strahler
stream order of 5.

10. Returning to Chadwick Hollow in Figure 1, what is the Strahler stream order at point A?
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Figure 3. Hypothetical stream network.
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Part 3 – Fluvial landforms 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, examining the user submitted pictures (make sure the box is checked next to
Photos in the layers panel on the bottom left side of the screen) may aid in landform
identification. For each site, identify the landform and the state it is located.
Below is the list of possible landforms. Each should only be used once.
 oxbow lake
 badlands
 entrenched meander
 arroyo
 river terrace
 alluvial fan
 braided river
 meander scroll
 point bar
 knickpoint

Latitude
11 43° 4'37.61"N

Longitude
79° 4'27.87"W

Altitude
3000 – 5000 ft

12 66°49'43.10"N

157°11'58.22"W 25,000 – 30,000 ft

13 37°10'27.20"N

109°55'54.56"W 8,000 – 10,000 ft

14 41°11'17.48"N

101°14'48.53"W 6,000 – 8,000 ft

15 35°16'37.53"N

90°22'21.98"W

16 35°53'20.09"N

116°37'52.84"W 15,000 – 20,000 ft

17 36°45'25.81"N

106°22'52.08"W 15,000 – 20,000 ft

18 43°45'59.95"N

101°54'13.25"W 5,000 – 10,000 ft

19 44.582286°N

108.973273°W

10,000 – 15,000 ft

20 37° 1'56.94"N

93°22'6.30"W

2,000 – 3,000 ft

Landform

State

10 – 20 mi
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Exercise 8 – Fox River Water Quality
Purpose:
The purpose of this exercise is to gain hands-on experience in a field setting assessing the quality
of water resources.
Essential Learning Outcomes:
Conduct a site assessment
Measure water clarity
Analyze dissolved oxygen and nitrogen content of a water sample
Equipment required:
LaMotte dissolved oxygen test kit
Tape measure
Rubber gloves
Squirt water bottle

LaMotte nitrate nitrogen test kit
Turbidity tube
Safety glasses
Van Dorn sampler

Secchi disk
Thermometer
Waste bottle

Exercises:
Part 1 – Stream Visual Site Assessment
The purpose of the site assessment is to provide a description of the current conditions within
and surrounding the stream you are examining. A visual site assessment should be completed
each time water samples are collected/analyzed.
Stream name:
County and State:
Date and Time:
Latitude and Longitude:
Map name and series:
Names of group members:
Weather conditions: ___sunny & clear ___partly cloudy ___cloudy/overcast ___rain
___rain within last 24 hrs? ___48hrs?
Length of stream walked:

ft (15-20X the stream width is suggested, 500 ft max)

Width of stream (approx.):

ft

Depth of stream (approx.):

ft
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Floodplain land use (%):
Row Crops

Riparian Cover (%):
(within 10 m)

Stream bank (%):
Conditions

Commercial

Residential

Industrial

Pasture

Wooded

Other:

Trees

Grasses

Bare ground

Pavement

Buildings

Other:

Trees

Grasses

Bare ground

Pavement

Buildings

Other:

Water Appearance
___ clear
___ milky/gray
___ muddy ___ green
___ oily
___ brown
___ foamy
___ black
___ scummy ___ other

Water Odor
___ none
___ rotten eggs
___ natural
___ sewage
___ gas/oil
___ chemical
___ chlorine ___ other

Algae Presence
___ none present
___ in spots
___ attached
___ everywhere
___ hairy

Algae Appearance
___ light green
___ dark green
___ brown coated
___ matted on stream bed

Air Temp:

Surface Water Temp:

Bottom Water Temp:

Other observations
Wildlife:
Evidence of pollution:
Litter in the area:
Presence of discharge/withdrawal pipes? ___ yes ___ no Active discharge? ___ yes ___ no
Misc. Notes:
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Site Map Sketch.
Please draw a map of your stream walk. Include on your map things like buildings, parking lots,
sidewalks, trees, land cover, water sampling location, areas of bank erosion, areas with
constructed banks, and any other relevant features.
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Before you begin measuring water quality, make predictions about expected results.
1. How deep do you think you will be able to see the secchi disk?

2. Which do you think will give you a deeper reading, lowering disk depth or raising disk
depth? Why?

3. Which do you think will give you a deeper reading, the secchi disk or the turbidity tube?
Why?

4. Which will have better water clarity, surface water or bottom water? Why?

5. Which will have a higher dissolved oxygen concentration, surface water or bottom water?
Why?

6. Do you think nitrate concentrations will be relatively high or low? Why?

7. Which will have a higher nitrate concentration, surface water or bottom water? Why?
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Part 2 – Water Clarity
Water clarity gives an indication of the transparency or amount of suspended material within the
water column. The lower the water clarity, typically the higher the amount of suspended
material. Water clarity also provides a measure of the depth of light penetration, which is
important for several biological processes. You will measure water clarity using two different
devices – a secchi disk and a turbidity tube.
Secchi Disk
A. Make sure the rope is securely attached to the secchi disk before you begin.
B. Pick a location in which the water is shaded (if possible) and the deepest.
C. Lower the disk until you can no longer distinguish between the white-black quadrants.
D. Count the marks on the line as you lower the disk to use as a guide, then remove the disk
from the water and use a tape measure to measure the depth from the top of the disk the
point on the rope where the water surface was. Record the depth as LDD1 (lowering disk
depth 1)
E. Now lower the disk completely until it touches the bottom and slowly raise the disk from
the bottom until you can distinguish between the white and black quadrants and measure
the depth as RDD1 (raising disk depth 1).
F. Repeat this process at least three more times. The secchi disk depth will be an average of
all secchi disk depth readings (water depth is not included).
G. After you have completed your secchi disk readings, lower the secchi disk to the bottom
and measuring the total water depth.
Water
Depth
(cm)

LDD 1
(cm)

RDD1
(cm)

LDD2
(cm)

RDD2
(cm)

LDD3
(cm)

RDD3
(cm)

LDD4
(cm)

RDD4
(cm)

Avg.
Disk
Depth

8. How did your lowering disk depth readings compare to your raising disk depths? What
would account for this difference between these two types of readings?

9. How did your readings compare to your group mates readings? What are two factors that
could account for those differences?
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Turbidity Tube – Surface and Bottom Water
Surface Water Readings
A. Close the clamp on the turbidity tube.
B. Submerse the turbidity tube and completely fill with water. With the turbidity tube filled,
examine the water and the material floating in it.
C. With the tube completely full, stand in a shady location and look down the turbidity tube.
If you can distinguish between the white-black quadrants, record the depth as >60 cm.
D. If you cannot distinguish between the white-black quadrants, release the clamp and
slowly drain the tube until you can distinguish between the white-black quadrants.
E. As soon as you can distinguish between the white-black quadrants clamp the drain hose.
F. Record the water depth in the tube in centimeters by reading the scale on the tube.
G. Repeat at least three times. The turbidity depth will be an average of all readings.

Turbidity Tube Turbidity Tube
Depth 1 (cm)
Depth 2 (cm)

Turbidity Tube
Depth 3 (cm)

Turbidity Tube
Depth 4 (cm)

Avg. Turbidity
Tube Depth (cm)

Bottom Water Readings
A. Close the clamp on the turbidity tube.
B. You will collect the bottom sample using a Van Dorn water sampler. To use the Van
Dorn sampler, hook both side loops on the center tabs, which keeps the two sides open,
and close the drain hose clamp. While holding onto the brass messenger, lower the
sampler until it is just above the bottom and gently move it about 2 feet to either side to
circulate water through the sampler. Hold the rope tight and as vertical as possible and
drop the brass messenger to close the sides. Raise the now-full sampler.
C. Fill the turbidity tube with water from the Van Dorn sampler using the sampler’s drain
and repeat steps C – G from the surface water readings directions. You only need to make
one bottom depth reading.

Bottom Turbidity
Tube Depth (cm)

10. How did your surface water turbidity tube depths compare to your secchi disk depths? What
would account for differences between these two methods?
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11. How did your surface turbidity tube depths compare to bottom turbidity tub depths? What
accounts for the differences?

12. What material do you think is responsible for decreasing water clarity at the surface? Is it the
same on the bottom?

Part 3 – Dissolved Oxygen Concentration
Nearly all living organisms need oxygen to survive, including aquatic plants and animals.
Oxygen easily dissolves into water from the atmosphere and slowly diffuses through the water
column. The more mixing and aeration that occurs, primarily from wave action, the more oxygen
is dissolved and the deeper it is distributed. Aquatic plants also produce oxygen during
photosynthesis, but consume oxygen during respiration. Dissolved oxygen concentration is
temperature dependent, with colder water capable of holding more dissolved oxygen.
Concentrations can range from 0 mg/L to 18 mg/L. Concentrations above 6 mg/L are considered
necessary to support aquatic organisms such as fish and; concentrations below ~5mg/L will
result in massive fish kills.
To analyze dissolved oxygen concentration, you will collect two water samples – one just below
the water surface and one just above the river bottom. You will collect the surface sample using
the water bottle supplied in the DO sampling kit. You will collect the bottom sample using a Van
Dorn water sampler. All the necessary analysis equipment is included within the dissolved
oxygen test kit. Safety equipment, including rubber gloves, safety goggles, and a waste bottle are
provided separately. Follow the directions provided with dissolved oxygen test kit – pages 11 –
14. Make sure you read all directions BEFORE you begin your analysis! When you are finished,
dump all liquids into the waste water bottle and rinse all equipment with the squirt bottle.

Surface dissolved oxygen concentration:

ppm % saturation:

Bottom dissolved oxygen concentration:
ppm % saturation:
To use the Van Dorn sampler, hook both side loops on the center tabs, which keeps the two sides
open, and close the drain hose clamp. While holding onto the brass messenger, lower the
sampler until it is just above the bottom and gently move it about 2 feet to either side to circulate
water through the sampler. Hold the rope tight and as vertical as possible and drop the brass
messenger to close the sides. Raise the sampler and collect a water sample using the sampler’s
drain hose.
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13. Were dissolved oxygen levels relatively low or high at the surface? At the bottom?

14. How did surface dissolved oxygen concentration compare to bottom concentration? Why
would you expect the results that you got?

15. Are dissolved oxygen concentrations sufficient to support aquatic life?

Part 4 – Nitrate Nitrogen Concentration
Nitrogen is the most abundant element within the atmosphere, and nitrate (NO3) is a naturally
occurring form commonly found within soils. Most plants require large quantities of nitrogen,
especially as nitrates, to grow. In low to moderate concentrations nitrates are harmless, but cause
two major problems in high concentrations. Nitrates are converted to nitrites in the guts of
animals and in high enough concentration (>10 mg/L), block oxygen uptake in the blood stream.
This can cause skin to change to a bluish color (i.e., blue baby syndrome), headaches, dizziness,
and ultimately death. Another major problem with nitrates is that it causes eutrophication.
Eutrophication is the result of massive algal blooms within a stream, which reduces water clarity,
depletes oxygen, causes taste, odor, and aesthetic problems, and increases water treatment costs.
Common sources of nitrates in water include – urban and agricultural runoff, fertilizers, manure,
feedlot outflow, septic systems, and waste water treatment plants.
Use the provided nitrate-nitrogen test kit to measure the nitrate concentration of the Fox River.
Follow the directions provided with the test kit. You will analyze two water samples – one from
just below the water surface and one just above the river bottom. You will collect the surface
sample using the test tube supplied in the nitrate sampling kit. You will collect the bottom
sample using a Van Dorn water sampler (see directions above). When you are finished, dump all
liquids into the waste water bottle and rinse all equipment with the squirt bottle.

Surface nitrate concentration:

ppm

Bottom nitrate concentration:

ppm
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16. Were nitrate levels relatively low or high at the surface? At the bottom?

17. What are likely sources of nitrates to this reach of the Fox River?

18. How did your water clarity, dissolved oxygen, and nitrate results compare to predicted
results?

19. How do you think water quality would vary if we measured it six months from now?

20. How do you think we could improve the water quality of the Fox River?
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Exercise 8B – Stream Hydrology and Morphology
Purpose:
The purpose of this lab is for you to gain experience working with stream hydrographs, survey
data, and discharge data.
Essential Learning Outcomes:
Graph discharge data and interpret a stream hydrograph
Plot regression line
Calculate recurrence interval
Plot and interpret stream survey data
Calculate stream cross-sectional area, discharge, and gradient
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.
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
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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)
Peak Lag Base
Flood
Factor
Q
time flow 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
runoff does not have as far to
+
+
has
travel so soils cannot absorb
as much water
As drainage density
there are more stream
+
+
increases
channels to more quickly
convey water
As relief increases
steeper slopes generate more
+
+
runoff and less water
infiltrates the soil
As precipitation intensity
rain falls faster than it can
+
+
increases
infiltrate and more runoff is
generated
As antecedent conditions are
wet ground absorbs less water
+
+
+
wetter
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
trees intercept the water,
+
+
more forested
increasing infiltration and
decreasing runoff
As vegetation density
because vegetation slows
+
+
increases
runoff, increasing infiltration
As urbanization increases
impervious surfaces prevent
+
+
infiltration and increase runoff
Equipment required:
Ruler
Calculator
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Exercises:
Part 1. Hydrographs
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 1.
Hypothetical Storm Hydrograph for Two Stream Gaging Stations for an example of how your
hydrograph should look.

Figure 1. Hypothetical Storm Hydrograph for Two Stream Gaging Stations
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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.
1. What is the lag time for Station A?

2. What is the lag time for Station B?

3. What is the peak discharge for Station A?

4. What is the peak discharge for Station B?

5. How do the receding limbs on the hydrographs for the two stations compare?

6. Assuming watershed size is equal, which station likely has a more urban watershed? How
can you tell?
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Table 2. Precipitation and Discharge Data for Two Stream Gaging Stations.
Station A
Station B
Time
Precip. Discharge Precip. Discharge
(In)
(ft3/sec)
(In)
(ft3/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.
Gage
Height Discharge Rank, Recurrence
Year
(ft)
(cfs)
m
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

7. What is the annual peak discharge with a recurrence interval of approximately one year?
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8. 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 xaxis. 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 2 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 2. Example of a Best-Fit Line and Estimating Discharge vs. Recurrence Interval

9. On the graph you plotted, estimate the peak discharge expected for a flood with a recurrence
interval of 5 years.

10. 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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Part 3. Stream Channel Cross-Sections
Using the graph paper provided, plot the stream channel cross-sectional profile using the crosssectional survey data in Table 4. 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.
11. 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).
12. What is the maximum elevation for the lower of the two banks?

13. 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.)

14. 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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15. What is the cross-sectional area at bankfull? (Tip: Cross-sectional area = width * average
depth)

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

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

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

19. What is the average velocity at bankfull? (Tip: Add all water velocity measurements and
divide by the number of measurements.)

20. What is the discharge for bankfull conditions? (Tip: Discharge = cross-sectional area *
average velocity)
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Part 4. 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 5. Plot the longitudinal profile following similar steps for plotting a
cross-sectional profile detailed in Part 3. 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.

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

22. How deep is the deepest pool? (Tip: Pool depth = maximum elevation of the downstream
riffle - lowest elevation in the pool)

23. What is the slope of the downstream most riffle from 60 m to 72 m? (Tip: Slope = rise / run
OR change in elevation / distance)

24. What is the slope of the entire longitudinal profile?
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Table 4. Cross-sectional survey and water
velocity data.
Dist Surve Relative Bankful Bankful
.
y Rod Elevatio l Water l Water
(m)
(m)
n (m)
Depth
Velocit
(m)
y
(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

42
46
51
57
60
66
72
76
87
92

1.90
1.94
2.15
1.94
1.81
2.02
2.08
2.18
2.16
2.15

0.09
0.13
0.35
0.15
0.04
0.05
0.03
0.10
0.07
0.06

Table 5. Longitudinal profile and water
depth data.
Relative Wate Rel.
Elevatio
r
Wate
Surve
n (m)
Dept
r
Distanc y Rod
h (m) Dept
e (m)
(m)
h (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
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Stream Channel Cross-section Example
Dist.
(m)
0
2
4
4.8
5.7
6.1
6.8
7.9
8.9
9.8
10.3
11.1
11.7
12.4
13.4
15.3
17.7

Survey
Rod
(m)
1.85
1.78
1.71
2.19
2.74
2.97
3.04
2.98
2.98
3.00
3.05
2.99
2.69
2.36
1.82
1.84
1.88

Relative Elevation
(m)
3.05 – 1.85 = 1.20
3.05 – 1.78 = 1.27
3.05 – 1.71 = 1.34
3.05 – 2.19 = 0.86
3.05 – 2.74 = 0.31
3.05 – 2.97 = 0.08
3.05 – 3.04 = 0.01
3.05 – 2.98 = 0.07
3.05 – 2.98 = 0.07
3.05 – 3.00 = 0.05
3.05 – 3.05 = 0.00
3.05 – 2.99 = 0.06
3.05 – 2.69 = 0.36
3.05 – 2.36 = 0.69
3.05 – 1.82 = 1.23
3.05 – 1.84 = 1.21
3.05 – 1.88 = 1.17

Maximum survey rod measurement

Bankfull Water Depth
(m)

1.23 – 0.86 = 0.37
1.23 – 0.31 = 0.92
1.23 – 0.08 = 1.15
1.23 – 0.01 = 1.22
1.23 – 0.07 = 1.16
1.23 – 0.07 = 1.16
1.23 – 0.05 = 1.18
1.23 – 0.00 = 1.23
1.23 – 0.06 = 1.17
1.23 – 0.36 = 0.87
1.23 – 0.69 = 0.54
1.23 – 1.23 = 0.00

Bankfull Water
Velocity (m/sec)

2.34
2.99
3.68
3.45
5.67
4.11
5.48
4.26
3.13
2.87
2.09

Maximum elevation of the lower of the two banks

Channel width at bankfull

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 m2
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 m2 * 3.64 m/sec = 27.81 m3/sec
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Stream channel longitudinal profile example
Distance
(m)
0.0
1.7
3.3
4.6
7.6
10.1
14.0
20.0
23.0
25.9
30.3
32.6
35.0
39.5
43.5
46.5
49.5
51.7
54.0
59.0
64.0
68.1
71.4
74.3
76.5

Survey
Rod
(m)
0.98
1.02
0.92
0.90
0.89
1.07
1.18
1.33
1.63
1.47
1.35
1.78
1.63
1.52
1.38
1.40
1.58
1.48
1.40
1.42
1.45
1.60
1.62
1.66
1.70

Relative Elevation
(m)
1.78 – 0.98 = 0.80
1.78 – 1.02 = 0.76
1.78 – 0.92 = 0.86
1.78 – 0.90 = 0.88
1.78 – 0.89 = 0.89
1.78 – 1.07 = 0.71
1.78 – 1.18 = 0.60
1.78 – 1.33 = 0.45
1.78 – 1.63 = 0.15
1.78 – 1.47 = 0.31
1.78 – 1.35 = 0.43
1.78 – 1.78 = 0.00
1.78 – 1.63 = 0.15
1.78 – 1.52 = 0.26
1.78 – 1.38 = 0.40
1.78 – 1.40 = 0.38
1.78 – 1.58 = 0.20
1.78 – 1.48 = 0.30
1.78 – 1.40 = 0.38
1.78 – 1.42 = 0.36
1.78 – 1.45 = 0.33
1.78 – 1.60 = 0.18
1.78 – 1.62 = 0.16
1.78 – 1.66 = 0.12
1.78 – 1.70 = 0.08

Water
Depth
(m)
0.14
0.16
0.08
0.05
0.01
0.02
0.03
0.04
0.31
0.15
0.03
0.47
0.30
0.18
0.04
0.05
0.24
0.13
0.04
0.05
0.03
0.04
0.03
0.01
0.06

Relative Water
Depth (m)
0.80 + 0.14 = 0.94
0.76 + 0.16 = 0.92
0.86 + 0.08 = 0.94
0.88 + 0.05 = 0.93
0.89 + 0.01 = 0.90
0.71 + 0.02 = 0.73
0.60 + 0.03 = 0.63
0.45 + 0.04 = 0.49
0.15 + 0.31 = 0.46
0.31 + 0.15 = 0.46
0.43 + 0.03 = 0.46
0.00 + 0.47 = 0.47
0.15 + 0.30 = 0.45
0.26 + 0.18 = 0.44
0.40 + 0.04 = 0.44
0.38 + 0.05 = 0.43
0.20 + 0.24 = 0.44
0.30 + 0.13 = 0.43
0.38 + 0.04 = 0.42
0.36 + 0.05 = 0.41
0.33 + 0.03 = 0.36
0.18 + 0.04 = 0.22
0.16 + 0.03 = 0.19
0.12 + 0.01 = 0.13
0.08 + 0.06 = 0.14

Depth of deepest pool
= 0.40

Profile Gradient =
(0.80 – 0.08 / 76.5) =
0.95%

Three complete pools

depth of
deepest
pool
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Exercise 9 – Modeling Alpine Glacier Dynamics
This exercise has been modified from Leigh A. Stearns, Modeling Glacier Dynamics with
Flubber available at http://nagt.org/nagt/teaching_resources/teachingmaterials/11337.html and
Ice Bound’s How Do Glaciers Move? exercise available at
http://www.ig.utexas.edu/outreach/ice-bound/lessons/lesson5_icemovement.pdf
Purpose:
The purpose of this lab is for students to become familiar with how glaciers move down slope
and how changes in glacier and landscape dynamics impact flow rates.
Essential Learning Outcomes:
Calculate flow rates at different spatial and temporal scales
Measure slope
Determine how glacier conditions (e.g., thickness, temperature) impact flow rates
Assess topographic impacts (e.g., slope, boundary roughness) on glacier flow rates
Background:
Glaciers are large masses of snow, ice, and water that simultaneously that cause the glacier to
behave as solid, liquid, and plastic within different zones. The intense weight and pressure of
overlying snow and ice melts the base of glaciers and results in internal deformation. If strain is
too great, the brittle surface of the glacier cracks and large crevasses form. In alpine
environments, gravity pulls this melting and deforming mass of ice downhill, sculpting the
landscape as it flows.
On timescales ranging from seasonal to tens of thousands of years, alpine glaciers have
repeatedly advanced and retreated along glacial troughs. The rate at which alpine glaciers flow
downhill is influenced by a variety of glacier and glacial trough conditions. In this exercise you
will examine how changes in the size, temperature, and amount of basal melting influences
glacier flow rate. You will also examine how the slope and roughness of the glacial trough
influences glacier flow rate.
Equipment supplied:
Container of white flubber
PVC pipe
Drinking straw
Sand paper
Plastic sheeting
Cooler with ice
Timer (use cell phone?)

Container of blue flubber
PVC pipe rack
Toothpicks
Tape measure
Water bottle
Dry erase markers
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Exercises:
Part 1 – Control Run
The control run is an experiment to measure glacier flow rate during normal conditions. The
control run provides a baseline to compare how changing the glacier and/or glacial trough
conditions affect flow rate.
A. Setup your glacial trough (i.e., PVC pipe) at a slope angle of XX%.
B. Place approximately half of the white flubber in the top of the PVC trough and prevent it
from flowing by holding it in place.
C. Mark the location of the glacier terminus on the outside edge of the PVC pipe with a dry
erase marker.
D. Add four rows of toothpicks equally-spaced across the glacier.
E. Simultaneously move your hand to allow the glacier to begin flowing and start the time
on your timer.
F. Mark the position of the glacier terminus on the edge of the PVC pipe after every one
minute.
G. Allow the glacier to flow for 10 minutes or until all of the flubber flows out of the trough,
which ever happens first.
H. Measure the distance between each marking and record in Table 1.
I. Calculate velocity for the first five minute interval, second five minute interval, and for
the entire ten minutes and record in Table 2.

Examine the marks of the position of the glacier terminus along the edge of the PVC pipe.

1. Does it appear that the glacier was flowing faster at the beginning or end of the experiment?

2. Based on the position of the toothpicks, where was the glacier flowing the fastest?
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Part 2 – Experimental Runs
You will now conduct a series of experiments altering properties of the glacier and/or the glacial
trough.
Before you begin, predict whether the following changes will increase or decrease glacier flow
rate by circling the correct answer.
I.

II.

Increasing the glacier size will increase / decrease the glacier flow rate.
Why?

Increasing the glacial trough slope will increase / decrease the glacier flow rate.
Why?

III.

Adding sandpaper to the glacial trough will increase / decrease the glacier flow rate.
Why?

IV.

Adding water to the base of the glacier will increase / decrease the glacier flow rate.
Why?

V.

Decreasing the glacier temperature will increase / decrease the glacier flow rate.
Why?

Experiment 1 – Increasing Glacier Size
Repeat steps B through I, this time adding all of the white flubber to the glacial trough.
3. How did increasing the size of the glacier affect flow rate? Did location of fastest flow
change? Was your prediction correct?
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Experiment 2 – Increasing Glacial Trough Slope
Repeat steps B through I, this time increasing the slope of the glacial trough to XX% and adding
all of the white flubber to the glacial trough.
4. How did increasing the slope of the glacial trough affect flow rate? Did location of fastest
flow change?

Experiment 3 – Adding Sandpaper to Glacial Trough
Repeat steps B through I, this time returning the glacial trough to its original slope, taping strips
of sandpaper across the trough, and adding all of the white flubber to the glacial trough. You
can experiment with different locations for the sandpaper (e.g., top, bottom, edges, middle, etc.).
5. How did adding sandpaper to the glacial trough affect flow rate? Did location of fastest flow
change? What does the sandpaper model in the experiment?

Experiment 4 – Adding Water to Glacier Base
Repeat steps B through I, this time removing the strips of sandpaper, adding all of the white
flubber to the glacial trough, poking the straw through the upper end of the glacier, inserting the
tip of the water bottle into the straw and squeezing to lubricate the base of the glacier.
6. How did adding water to the base affect flow rate? Did location of fastest flow change? How
does adding water model real-world conditions?
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Experiment 5 – Decreasing Glacier Temperature
Completely dry the glacial trough using a hand towel. Repeat steps B through I, this time adding
all of the iced-down blue flubber to the glacial trough. Do not remove the blue flubber from the
cooler until you are ready to begin the experiment. You can return the white flubber to its
storage container.
7. How did decreasing the temperature of the glacier affect flow rate? Did location of fastest
flow change? How does using cold flubber model real-world conditions?

8. Of the experiments, which had the greatest impact on glacier flow rate?

9. Which combinations of factors would result in the fastest flow rate? Slowest flow rate?

10. How are results of these experiments applicable to the way alpine glaciers actually behave?

11. What other glacier or landscape conditions could we examine with this model?
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Table 1. Distance glacier terminus moved during experiment.
Time
(min)
Distance (cm)
Control Double- Increased Sandpaper LubricatedThickness
Slope
Base

Cold
Glacier

1
2
3
4
5
6
7
8
9
10

Table 2. Velocity of glacier movement during experiment.
Velocity
Control
DoubleIncreased Sandpaper LubricatedThickness
Slope
Base
1st 5 min
(cm/min)
2nd 5 min
(cm/min)
Total
(cm/min)
Total
(cm/hour)
Total
(m/day)
Total
(km/year)

Cold
Glacier
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Exercise 10 – Playa-Lunette Systems: Environmental
Barometers of the High Plains
Purpose:
The purpose of this exercise is for you to become familiar with utilizing proxy records to
reconstruct past climates and processes of landscape evolution.
Essential Learning Outcomes:
Interpret a topographic map
Create and interpret graphical data
Link climate data with geomorphic processes
Background:
Playas are small, ephemeral wetlands found throughout semi-arid and arid regions around the
world. Lunettes are dunes that form downwind of some large playas. Playa-lunette systems are
useful for climate reconstructions because as climate changes the dominant geomorphic process
impacting playas change, which is preserved in the soil record. Playas are especially sensitive to
climate change due to their small size and ephemeral nature. As a result, playas provide detailed
records of climate change and landscape evolution for semi-arid and arid regions around the
world – regions in which paleorecords are often scarce.
The High Plains region is underlain by thick loess deposits in which a series of soils and buried
soils are preserved. Sand and gravel eroded from the Rocky Mountains and deposited in the
High Plains region approximately 2 to 5 million years ago formed the Ogallala Formation, the
uppermost bedrock unit in the region. Four loess units commonly overlie the Ogallala Formation
in order from oldest to youngest: 1) Loveland, 2) Gilman Canyon, 3) Peoria, and 4) Bignell loess
units; buried soils have developed at the top of each unit. Loess accumulated during relatively
cold glacial periods in which strong winds easily deflated sediment derived from glaciers and
redeposited it on the High Plains. Soils formed in the loess during relative warm interglacial
periods in which soils formed faster than sediment accumulated.
Paleoclimate records, such as tree rings and pollen, are sparse on the High Plains, so to identify
past interglacial vs. glacial periods proxy data are used. Carbon, which has two naturally
occurring stable isotopes, 12C and 13C, can reveal changes in climate due to variations in uptake
of 12C vs. 13C by different plant communities during photosynthesis. To reconstruction past
climates, the ratio of 13C to 12C in a soil sample is compared to a standard; more negative values
indicate a cooler-wetter climate, while less negative values indicate a warmer-drier climate.
Cool-moist C3-plant communities (trees, forbs, and other woody plants) will have more negative
13
C values (-20 to -28‰), while warm-dry C4-dominated plant communities (grasses) have less
negative values (-12 to -20‰). Magnetic susceptibility provides a measure of the iron-bearing
minerals in soil, which accumulate during soil formation. Magnetic susceptibility is enhanced in
soils and buried soils and depleted in loess units. Magnetic susceptibility is also depleted during
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prolonged saturation, so it provides an indication of playa water storage. Soil color is
predominantly related to sediment composition, organic matter content, and hydrology, which
are influenced by climate. Color can be determined using a spectrophotometer and results can be
output into the international L*a*b* color system. The b* variable provides a measure of yellow
to blue, with negative values indicating bluer colors and positive values indicating yellow colors.
Within playas, blue colors indicate gleying during prolonged saturation while yellow colors
indicate exposure to oxygen during dry conditions; loess typically exhibits yellower colors than
soils. Particle size distribution is a measure of the percent sand, silt, and clay that makes up a soil
sample. Changes in the ratio of sand to silt may be the result of climate change, which alters
erosion and deposition rates, patterns, and processes. During colder, wetter phases more sand is
delivered to playas via runoff, so the sand:silt ratio increases. During warmer, drier phases more
silt is delivered to playas via eolian processes, so the sand:silt ratio decreases. Ratios greater than
1 indicates the soil is dominated by sand, ratios less than 1 indicate silt dominance.
Equipment supplied:
Ruler
Calculator
Exercises:
Part 1 – Playa-Lunette Systems Characteristics and Distribution
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.
Use the 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 has lunettes?
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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. Use Figure 1 to
conduct a series of morphometric analyses of Ehmke playa-lunette system.
6. Given that the distance between the thin, solid red line passing through the lunette and the
dashed red line north of the playa is exactly one half mile, how far is the lunette crest from
the southeast 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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Figure 1. Portion of Amy, Kansas 7.5’ series topographic map showing Ehmke playa-lunette
system.

Part 3 – Proxy Data, Climate Change, and Landscape Evolution
Use the data provided in Table 1 to create four separate proxy data graphs, one for each variable
on the graph paper provided. Each variable should be plotted on the x-axis along the top of the
graph, and depth should be plotted on the y-axis with zero at the top of the axis. Rotate the paper
so the y-axis is along the long edge of the graph. See Figure 2 for an example of how to construct
your proxy data graphs.
Using the information provided in the background and Figure 3 as a guide, draw a dashed line
across your graphs separating individual loess units; draw a solid line across your graphs at the
top and bottom of soils/buried soils. Appropriately label each loess unit and soil on your graph,
including age range for loess deposition or soil formation.
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11. Which of the loess units is the thickest?

12. What does the proxy data indicate the climate was like during deposition of this unit?

13. Why do you think this loess unit is thicker than the other loess units?

14. Playas are wetlands that store water during wet phases, preventing soils from forming. Do
you think this is representative of what is taking place outside of the wetland? Why?

15. What do you think the impact of current and future climate change will have on playa
wetlands?
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Table 1. Proxy data for Ehmke playa.
Depth 13C Magnetic
b*
(cm) (‰)
Sus.
Sand:Silt Color
0 -14
114
0.4
0.5
10 -13
118
0.3
0.7
20 -12
124
0.4
0.5
30 -12
124
0.5
0.5
40 -13
123
0.4
0.8
50 -15
110
0.8
1.2
60 -15
105
0.8
1.1
70 -13
115
0.6
0.6
80 -13
120
0.5
0.6
90 -14
116
0.5
0.5
100 -18
86
0.9
0
110 -23
56
1.3
-0.8
120 -22
41
1.1
-0.9
130 -24
44
1.4
-1.1
140 -23
29
1.2
-1.4
150 -24
40
1.6
-1.7
160 -22
22
1.5
-1.5
170 -19
46
1.6
-1.6
180 -20
36
1.2
-1.5
190 -18
54
1.1
-1.4
200 -14
76
0.8
-0.5
210 -16
89
0.6
0.4
220 -14
80
0.8
0.2
230 -16
93
0.5
0.4
240 -14
77
0.8
0.2
250 -15
84
0.4
0.4
260 -17
62
0.9
0.9
270 -18
51
1.1
1.2
280 -18
53
1.2
1.2
290 -16
51
1.2
0.9
300 -15
75
1.1
0.5
310 -14
80
0.6
0.4
320 -14
78
0.5
0.5
330 -16
77
0.6
0.8
340 -19
54
0.7
1.1
350 -19
42
1.1
1

Figure 2. Example of a proxy data graph.

Figure 3. Idealized profile of High Plains
soil stratigraphy (ka – thousand years; Ma –
million years). Modified from Bowen and
Johnson, 2012, GSA Bulletin, vol. 124 (1-2).
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Exercise 11 – 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.
Exercise:
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 on 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/
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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
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