FYS207 WOU Earth Corps

Introduction to Soils Lab Exercise

Steve Taylor, PhD, Professor of Geology
Earth and Physical Science Dept.
Western Oregon University

FYS207 SOIL LAB PART 1. SOIL TEXTURE
Introduction
One of the most basic characteristics of soils is that of the composition and size of the mineral
components. The size of the mineral components, or grains, that make up the soil is a fundamental
characteristic that controls moisture content, erodibility, and agricultural fertility management. Soil
texture classification considers three fundamental grain sizes of the fine sediment materials that make up
the structure of the soil: Sand, Silt, and Clay. The triangular graph shown below is a visual tool that allows
classification of soils based on their texture. A clay-rich soil is compactible and resists infiltration of rainfall
(“poorly drained”), a sand-rich soil is loose and granular, with high rates of water infiltration (“well
drained”), and a silt-rich soil is somewhere in between. The term “loam” refers to a soil with relative
equal admixtures of sand, silt, and clay; and is generally in a sweet spot of texture with respect to soil
structure, water retention / drainage, and fertility management.
Exercise – Plot Soil Sample Textures on the Triangular Diagram and Classify the Soil Texture
Table 1 below shows five soil samples (A, B, C, D, E) that have been analyzed for sediment grainsize of the
three components, measured in grams of mass for each category, as measured on a mass balance in a lab.
Your goal is to complete the data tables, then plot and label the 5 samples on the triangular graph below.
Step 1. Watch a tutorial video on how to plot three component systems on a ternary diagram.
https://www.youtube.com/watch?v=h8tFnC4pNGc (Youtube Video ~ 7 minutes)
Step 2. Complete the data tables 1 and 2 for each sample, by converting the mass in grams for each of the
sand-silt-clay fractions, into percent of total mass (add up the total mass for each sample, divide each
fraction of mass by the total x 100% to derive percent sand, silt, and clay. Note: these percentages need
to add up to 100% for reach sample). Total the mass and fill in Table 1, calculate sand-silt clay% in Table 2.
Step 3. Using the percentages of sand-silt-clay for each sample, plot and label each of the 5 samples as
point on the ternary diagram, and classify the soil by it’s textural terminology shown on the diagram;
depending on where it plots. List the classification of the soil texture in Table 3.
Table 3. Soil Classification
CLAY
Table 1. Soil Sample Mass (grams)
Sample A _____________
A
B C
D E
Sample B _____________
Sample C _____________
Sand (g)
20 45 67 18 98
Sample D _____________
Silt (g)
50 42 18 76 104
Sample E _____________
Clay (g)
88 23 22 42 76
Total Mass (g) ___ ___ ___ ___ ___
Table 2. Soil Sample Percentages
A
B C
D

E

Sand (%)
Silt (%)
Clay (%)

___ ___ ___ ___ ___
___ ___ ___ ___ ___
___ ___ ___ ___ ___

Total %

___ ___ ___ ___ ___

SAND

SILT
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Part 2. Soil-Landscape Analysis for Mid-Willamette Valley (Coffin Butte Study Area, Benton County, OR)
Soil Surveys are represented by maps of soils prepared by scientists from the U.S. Natural Resources and
Conservation Service (NRCS). Soil surveys are mapped on air photo base maps, with soil units primarily
distinguished on the basis of texture, color, parent material and slope of the topography (amongst other
characteristics). Soil surveys along with topographic and geologic maps, provide essential natural resource
information needed for planning and design of sustainable human land-use systems.
Pages 4 through 20 show relevant maps and soils information for the Coffin Butte study area, located about
10 miles south of Monmouth on HWY99, just north of Corvallis in the Mid-Willamette Valley. Coffin Butte
is associated with an active landfill and solid waste disposal facility operated by Republic Services, and is
located in the Luckiamute River watershed which drains rivers from the Coast Range eastward to the
Willamette River. The Luckiamute is a significant watershed in the Monmouth-Independence area, and
provides water resources and ecological services for our local communities. All of the garbage and
municipal waste from the Monmouth-Corvallis area is disposed of and managed at Coffin Butte. This area
is also representative of typical topographic elements of the mid-Willamette Valley, in the vicinity of
Monmouth; as well as the related soil types that are found in our area.
The following is a summary of maps and soil information provided below:
Willamette Valley Regional Map
p. 4
Coffin Butte Soil Survey Map
p. 9
Luckiamute River Base Map
p. 5
Index to Soil Map Symbols and Labels
p. 10-11
Annual Precipitation Map
p. 6
Soil Map Unit Descriptions (keyed to index) p. 12-20
Coffin Butte 3-D Landscape Cartoon p. 7
Coffin Butte Topographic Map
p. 9
OBJECTIVES: The goal of the exercise is for students to engage basic map reading, and to answer thinking
questions related to the landscape and soils of the Coffin Butte Study Area, Luckiamute Watershed, midWillamette Valley.
INTRUCTIONS: Follow the directions below, and answer the questions in the spaces provided.
Examine the base map of the Willamette Valley on p. 4. Locate Monmouth and Corvallis, the Coffin
Butte site is located ~5 km due north of Corvallis. Answer questions 1-8.
1. What part of the Willamette Valley is the study site located?
2. Which mountain range lies west of the Willamette Valley?
3. Which mountain range lies east of the Willamette Valley?
4. The Northern Willamette Valley is separated by the Southern Willamette Valley by which to upland hill
features west of Salem?
5. Using the bar scale provided, determine the straightline distance between the point marked as
Corvallis, and the point marked as Portland on the base map. Answer in kilometers and miles. Show all
of your math work.

6. The Willamette River flows downhill into the Columbia River, where they merge near Portland. In
which direction is the Willamette River flows?
7. List the four major river tributaries shown that drain from the Cascade Range into the Willamette River.
8. Which way does water flow under the influence of gravity: from low elevation to high elevation or
from high elevation to low elevation?
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Examine the base maps for physiography and annual precipitation of the Luckiamute River Basin on p. 56. Note the Coffin Butte Study site is located at the map point “7” or “stop 7”; spot elevations are listed
in meters relative to sea level. Answer Questions 9-19.
9. What is the highest elevation in the Luckiamute Watershed in meters?
10. What is the lowest elevation in the Luckiamute Watershed in meters?

11. Using the bar scale, measure the straight line distance in km between the highest point and lowest
point marked on the map on p. 5.
12. Calculate the average slope or gradient of the Luckiamute River Basin using data from questions 9-11,
and the following equation: Average Gradient = (High Elev. – Low Elev.) / Straight Line Distance
Answer in meters of elevation drop per kilometers of distance. Show all of your math work.
13. Examine the average annual precipitation (rainfall) data shown on maps from p. 5-6. Is the
precipitation evenly distributed across the watershed or is it variable?
14. Identify the general locations of the highest average annual precipitation in the basin. (to east or west?)
15. Identify the general locations of the lowest average annual precipitation in the basin. (to east or west?)
16. Based on your weather knowledge, or googling… Which direction do storm systems track across
Oregon? From west to east, from the ocean towards the land? Or from east to west, from the land
towards the ocean?
17. On the map on p. 5, measure the straight-line distance from the highest average annual precipitation
point to the lowest average annual precipitation point shown on the map. Similar to question 12 above,
calculate the precipitation gradient across the basin in mm / km. Show all of your math work.
18. Based on the elevation data provide, in which direction is the Luckiamute River basin generally flowing?
From north to south? South to north? East to west? Or west to east?
19. Which major river system does the Luckiamute drain into?
Examine the three-dimensional landscape model and topographic map of the Coffin Butte Study Area on
pages 7 and 8; answer the following questions 20-25.
20. Identify the following labelled topographic features as either a upland “hill” or a “lowland” valley; and
identify the slope as either “steep” or “gentle”
a. Coffin Butte
b. Poison Oak Hill
c. Berry Creek
d. Soap Creek
e. the location marked “Wellsdale”

21. Which direction is Soap Creek flowing to the north or south?
22. Which direction is Berry Creek flowing to the north or south?
23. Based on the 3-D block diagram shown on page 7, what type of rock material underlies the landscape
below Coffin Butte, choose one: Sandstone, Granite, Basalt, Granodiorite, Marble or Shale?
24. What is the name of the soil that overlies the bedrock, near the surface. (see p. 7)
25. True or False: the rock material beneath Coffin Butte is devoid of groundwater, none available for use.
(see p. 7)
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READING SOIL SURVEY INSTRUCTIONS AND EXAMPLE: Examine the Coffin Butte Soil Survey Map on p. 9,
and compare to the topographic map on p. 8. Note that the soils units are marked with black line polygons
and labeled with letter designations, for example: Dne, WLG, Joc, WoA, etc. The explanation and
descriptions of the letter codes for the soil units are provided on the tables on pages 10 and 11. For
example, the feature labeled Coffin Butte on p. 9, is mapped with soil unit Dne; now refer to the
explanation on page 10, soil unit Dne = Dixonville Silty Clay Loam 20-30 percent slopes. For more
information on the details of this soil, all of the soil unit descriptions are provided on pages 13 – 20. Scan
down the list of detailed soil descriptions in alphabetical order and find the “Dixonville” Series on p. 13.
Here are some details of the description for unit Dne on Coffin Butte, “Dixonville” Series:

Based on the process described for reading the soil survey information above, answer the following
questions using the soil survey map and related information.
26. What is the soil unit that is located on top of Coffin Butte (see above)?
Read the detailed description, and follow below with answers on this soil type:
A. what type of parent rock is this soil typically formed on? Igneous, sedimentary or metamorphic?
B. what types of topographic features does this soil form: uplands/hillslopes or valley bottoms?
C. What is the typical natural vegetation that prefers to grow on these types of soils?
D. What types of crops are recommended to grow on these soils?
E. What color is the surface layer of the soil?
27. Examine the soil map on p. 9, what is the letter code of the soil found along Soap Creek (to west of
Coffin Butte)? What is the name of this soil (from tables on p. 10-11)?
Locate the detailed soil description on p. Read the detailed description on p. 17. Answer questions below:
A. what type of parent rock is this soil typically formed on? Bedrock or river sediment?
B. what types of topographic features does this soil form: uplands/hillslopes or valley bottoms?
C. What is the typical natural vegetation that prefers to grow on these types of soils?
D. What types of crops are recommended to grow on these soils?
E. What color is the surface layer of the soil?
28. Examine the topographic map on p. 8, and soil map on p. 9. Locate Poison Oak Hill. what is the letter
code of the soil found on this feature? What is the name of this soil (from tables on p. 10-11)?
Locate the detailed soil description on p. Read the detailed description on p. 19. Answer questions below:
A. what type of parent rock is this soil typically formed on? Igneous, Sedimentary or Metamorphic
B. what types of topographic features does this soil form: uplands/hillslopes or valley bottoms?
C. What is the typical natural vegetation that prefers to grow on these types of soils?
D. What types of crops are recommended to grow on these soils?
E. What color is the surface layer of the soil?
29. Based on your observations in questions 26-28 above, briefly describe (3-4 sentences) the differences
in soil types and land-use observed in valley-bottom vs. upland topographic areas near Coffin Butte.
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