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Foreword

We walk above soil, stepping lightly on spring meadow grasses that grow out of it on our way
to a favorite lake. We curse and call it mud as we attempt to clean it off our shoes and our pets
after a particularly wet hike through forests in the Coast Range. We rinse it from our favorite
farmer’s market treats, and plant our own flowers and tomatoes in it, anticipating summer’s
bounty. Soil is a part of everyday life for anyone who loves the outdoors or Oregon’s
celebrated “foodie” culture.

But soil provides so much more richness to Oregon than most of us recognize. Created
from epic floods and volcanoes, decaying plants and hungry microorganisms, healthy soils
benefit every part of our lives. You don’t need to be a soil scientist (or even aspire to be one),
to benefit from knowing more about the value soil adds to our lives. Understanding Oregon
soils helps us appreciate Oregon’s rich history, natural diversity, and the cultural and eco-
nomic drivers that support Oregon families today.

Soils support Oregon’s Indigenous Culture. Indigenous Peoples have cared for the lands
and waters of Oregon and this country since time immemorial, and continue to do so today.
Their resilient communities are integrally tied to the health and abundance of the natural
resources derived from soil. As Indigenous Peoples have long recognized, healthy soils
support the food that people, plants, fish, and wildlife need—not just for Oregonians now, but
for future generations as well.

Soils support healthy ecosystems and local economies. Western Oregon’s forest soils
grow big trees. When managed with care, those trees create a system that can support homes
for owls, habitat for salmon, and a sustainable timber harvest. Our Eastern Oregon soils grow
sagebrush where birds nurture and protect their young, and ranchers raise cattle that thrive and
return nutrients to those same soils. Healthy soils capture water, holding it for use by plants
during Oregon’s dry, Mediterranean-like summer months. And these same soils are home to
countless beneficial microorganisms that are a critical food source in the web of life.

Soils grow great food and fiber. Soils are a major component of the “terroir” that we
reference when sampling a great wine in the Willamette Valley, southern Oregon, or the
Columbia Gorge—supporting a $3.35 billion wine economy in Oregon1. Soil is the essential
ingredient in which Oregon farmers are able to grow over 220 agricultural products2—not just
for our local farmer’s markets, but also for national and international consumers.

Soils cool the earth. Healthy soils can mitigate the impacts of climate change by storing
carbon that has been taken out of the atmosphere by plants through photosynthesis. Sus-
tainable management of plants and soils opens up new opportunities to sequester carbon,
creating a vital tool in our ability to address a changing climate.

“The Soils of Oregon” provides those of us who are not soil scientists with a broad
understanding of the soils we walk on, drive by, and consume products from every day. This
book is for anyone who doesn’t just want to taste great food, wine, and beer. It’s for people
who want to better understand the soils that make these things taste so incredibly good.

1Oregon Wine Board 2015. “Oregon’s Wine Industry Contributes $3.35 Billion to Oregon’s Economy.”
2Oregon Department of Agriculture. 2021. “Oregon agricultural statistics and directory 2021.” Salem, OR.
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Whether you’ve always wanted to know what a “Lickskillet stony loam” was and what
types of plants prefer it, have a burning desire to impress your friends with the difference
between wines that come from Jory or Willakenzie soils, or just want to know more about how
epic prehistoric floods that started in Montana result in great Oregon blueberries, this is the
book for you. You can carry it with you just like you would a book on roadside geology or
wildflowers, read it cover-to-cover, or keep it handy as a reference. However you choose to
use your new-found knowledge, a good understanding of Oregon’s soils will help you better
recognize why Oregon is such a unique and special place to visit or live.

Meta Loftsgaarden
Former Executive Director

Oregon Watershed Enhancement Board
Salem, Oregon, USA
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Preface

This book discusses the nature, properties, genesis, classification, and use of the soils of
Oregon and provides maps of dominant soil great groups in Oregon based on Soil Taxonomy.
The study of soils in Oregon originated with a reconnaissance soil survey of Baker City in
1903, shortly after the Bureau of Soils, a precursor to the Soil Conservation Service and the
more encompassing Natural Resources Conservation Service (NRCS), was established. Por-
tions of all but five of the 36 counties in Oregon have received an order 2 or 3 soil survey
(scale 1:24,000). Oregon has a variety of physiographic provinces that have led to the mapping
of more than 1,700 soil series in the state. This study was made easier by an abundance of
natural resource maps (vegetation, geology, etc.) and other technical information. We were
assisted in this endeavor by Cory Owens, Oregon State soil scientist, and Whityn Owen,
NRCS Oregon GIS specialist/coordinator.

This book is dedicated to the professional soil scientists from the Natural Resources
Conservation Service, US Forest Service (US Department of Agriculture), Bureau of Land
Management (US Department of Interior), Bureau of Indian Affairs, National Park Service, US
Fish and Wildlife Service , soil and water conservation districts, and the Oregon Agricultural
Experiment Station (Oregon State University), who contributed to the mapping of soils in
Oregon. We would like to acknowledge the support of these agencies and other land man-
agement agencies that contributed to soil surveys. This book could not have been written
without the support of NRCS database managers.

This book originated from data collected by the USDA-Natural Resources Conservation
Service, including the Soils Data Mart and Web Soil Survey, and by approximately 100
research reports dealing with the soils, geology, and vegetation of Oregon. The interpretations
were made solely by the authors. This book should be of interest to individuals in federal,
state, county, and non-government organizations who are interested in and responsible for
safeguarding Oregon’s natural resources. The book will be of interest to students in soil
science and allied disciplines.

Tualatin, USA Thor Thorson
Tigard, USA Chad McGrath
Portland, USA Dean Moberg
Lebanon, USA Matthew Fillmore
Portland, USA Steven Campbell
Philomath, USA Duane Lammers
Madison, USA James G. Bockheim
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1Introduction

1.1 Etymology

The origin of the word “Oregon” is disputed. However, three
suggestions suggest that it originates from (1) the French
Canadian word, ouragan, which means “windstorm” after
the chinook winds on the lower Columbia River; (2) orejón,
meaning “big ear,” after Indigenous Peoples living in the
area; and (3) the spice, orégano, which grew in the territory
(http://www.netstate.com).

1.2 Geography

Oregon is bounded by the Pacific Ocean on the west,
the Columbia River on the north, the Snake River and the
117°W longitude on the east, and the 42nd parallel on the
south. At 254,800 km2 (98,380 mi2), Oregon is the ninth
largest state in the United States. The state is 475 km (295
mi) north to south and 635 km (395 mi) east to west. Ele-
vation varies from 0 m along the Pacific Coast to 3,429 m
(11,249 ft) at the summit of Mt. Hood. Oregon has some of
the most diverse terrain in the United States, including an
eroded ancient mountain chain (Coast Range), a tectonically
active mountain range (Cascade Mountains), an area with
substantial serpentinite (Klamath Mountains), a glaciated
mountain range in the northeast (Blue Mountains), a valley
(Willamette) filled with multiple layers of sediments from
catastrophic Pleistocene floods, high plateaus (Deschutes–
Umatilla Plateau, Owyhee and High Lava Plains), and
alternating mountain ranges and valleys resulting from
faulting due to tectonic activity (Basin and Range).

Major water bodies in Oregon are shown in Fig. 1.1.
Major rivers that drain from the Coast Range or Klamath
Mountains to the Pacific Ocean include, from north to south,
the Nehalem, Nestucca, Siletz, Yaquina, Siuslaw, Umpqua,
Millicoma, Coos, Coquille, Elk, Rogue, Pistol, Chetco, and

Winchuck. The Smith and Klamath Rivers (Williamson,
Sprague, and Lost), in southwest Oregon, flow into Cali-
fornia, then to the Pacific Ocean. Major rivers draining into
the Columbia River include, from west to east, the Wil-
lamette (Clackamas), Sandy (Salmon), Hood, Deschutes
(Crooked), John Day, and Umatilla (Butte). Rivers draining
into the Snake River include, from north to south, Grande
Ronde (Wallowa and Lostine), Imnaha, Powder, Burnt,
Malheur, and Owyhee. Crater Lake, a drowned crater from
the eruption of Mt. Mazama, is the deepest lake in the United
States at 594 m (1,949 ft) and second largest (53 km2) nat-
ural water body in Oregon. Smaller lakes in the High Cas-
cades include Diamond, Waldo, and Odell.

Major lakes in Oregon that are remnant from larger plu-
vial lakes from the late Wisconsinan include Upper Klamath
Lake (249 km2), Malheur Lake (201 km2), Harney Lake
(107 km2) and lakes in Lake County (Goose Lake, 380 km2;
Lake Abert, 150 km2; Summer Lake, 109 km2; and the
Warner Lakes) (Fig. 1.1). Major reservoirs include Fern
Ridge (410 km2), Lake Wallula (157 km2), Hells Canyon
Reservoirs (61 km2), and Wickiup Reservoir (45 km2).

1.3 Demographics

With a population of 4.2 million, Oregon was the 27th most
populous US state in 2019. Major cities and 2019 populations
include Portland (653,000), Salem (174,000; also the capital
city), Eugene (173,000), Gresham (109,000), Hillsboro
(109,000), Beaverton (99,000), Bend (100,000), Medford
(83,000), Springfield (63,000), Corvallis (59,000), Aloha
(55,000), Tigard (56,000), and Albany (55,000) (United States
Census Bureau 2021). Oregon is divided into 36 counties that
range in size from Multnomah County, which is the smallest
(1,204 km2) to Harney County, which is the largest (26,490 km2)
(Fig. 1.2) (Oregon Secretary of State 2021).
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1.4 History

Artifacts from Indigenous Peoples1 who lived in Oregon
15,000 years ago have been recovered throughout the state.
By the sixteenth century, a number of indigenous tribes lived
in Oregon, including the Chinook, Coquille, Bannock,
Chasta, Kalapuya (Calapooya), Klamath, Klickitat, Molalla,
Nez Perce, Takelma, Killamuk, Neah-kah-nie, Umatilla, and
Umpqua.

The first Europeans to visit Oregon were Spanish
explorers led by Juan Rodriguez Cabrillo in 1543. Sir
Francis Drake, sailing in the Golden Hind, sheltered near
Cape Arago in 1579. In 1778, James Cook explored the
Oregon coast. French Canadian trappers and missionaries
arrived in Oregon in the late 1700s and early 1800s. The
Lewis and Clark Expedition Corps of Discovery camped the
winter of 1805–1806 at Fort Clatsop, arriving and returning
via the Columbia River. Representing the North West
Company, David Thompson may have been the first

European to navigate the entire Columbia River. John Jacob
Aster financed the establishment of Fort Astoria, an outpost
of the Pacific Fur Company, in 1811 at the mouth of the
Columbia River. This was the first permanent European
establishment in Oregon.

In the War of 1812, the British gained control of all
Pacific Fur Company posts. The Treaty of 1818 gave joint
custody of the region from the Rocky Mountains to the
Pacific Ocean to the United States and Great Britain. The
first wagon trains on the Oregon Trail arrived in the Wil-
lamette Valley in 1842. This trail provided a major conduit
for emigration for more than a decade. Oregon was admitted
to the US as the 33rd state in 1859.

1.5 Economy

In 2018, the gross domestic product for Oregon was $214
billion, ranking as the sixth wealthiest state in the United
States. Manufacturing accounts for 47% of the GDP,
including high-technology industries located in the “Silicon
Forest,” the industrial corridor between Beaverton and
Hillsboro. Agriculture, forestry, and fishing account for

Fig. 1.1 The rivers and lakes of Oregon. Source http://geology.com

1 Terminology used here follows, as much as possible, guidance set
forth in Gregory Younging’s Elements of Indigenous Style (2018).
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4.2% of the GDP. The top five agricultural industries are
greenhouse and nursery products, hay, cattle and calves,
milk, and grass seed. Oregon is the top producer of softwood
lumber in the contiguous United States and has one of the
largest salmon fisheries in the world.

1.6 Summary

The origin of the word “Oregon” may originate from the
French Canadian word, ouragan, which means “windstorm,”
orejón, meaning “big ear,” after Indigenous Peoples living in
the area; or the spice, orégano, which grew in the territory.
Oregon is the ninth largest state in the United States and is
one of the most diverse states in the United States, in terms
of elevation, rock types, physiographic provinces, climate,
and vegetation. Oregon is the 27th most populous state in the
United States, with 70% of the population living in the

Willamette Valley. The history of Oregon includes Indige-
nous Peoples, Spanish explorers, French Canadian trappers
and missionaries, the Lewis and Clark Voyage of Discovery
in 1804–1806, and settlers who arrived along the Oregon
Trail in 1842–1843. In 2018, Oregon was ranked sixth in the
USA in gross domestic products, primarily from manufac-
turing. Agriculture, forestry, and fishing are important
industries in the state.
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2History of Soil Studies in Oregon

2.1 Introduction

Oregon has a rich and long history of soils investigations
that began at the turn of the twentieth century with
1:63,360-scale soil surveys of Baker City (Jensen and
Mackie 1903) and Salem (Jensen 1903) by the Bureau of
Soils under the auspices of Milton Whitney. The first
countywide soil survey was of Yamhill County during
World War I (Kocher et al. 1917). As of 2020, all or a large
portion of 32 of the 36 counties in Oregon have been map-
ped, generally at a scale of 1:24,000. Soilmapping continues
at present, largely by the Natural Resources Conservation
Service (NRCS), with the assistance of federal agencies
such as the US Forest Service (USFS), the Bureau of Land
Management (BLM), the US Fish and Wildlife Service, the
National Park Service, and Indigenous tribes. This work has
been complemented with soils research by university, the
Natural Resources Conservation Service (NRCS), BLM,
and USFS personnel over the past 55 years.

2.2 Definition of Soil

There are many definitions for soil ranging from the utili-
tarian to a description that focuses on material. Soil has
been recognized as (i) a natural body, (ii) a medium for
plant growth, (iii) an ecosystem component, (iv) a vege-
tated water-transmitting mantle, and (v) an archive of past
climate and processes. In this book, we follow the defini-
tion given in the Keys to Soil Taxonomy (Soil Survey Staff,
2014, p. 1) that the soil “is a natural body comprised of
solids (minerals and organic matter), liquid, and gases that
occurs on the land surface, occupies space, and is charac-
terized by one or both of the following: horizons, or layers,
that are distinguishable from the initial material as a result
of additions, losses, transfers, and transformations of
energy and matter or the ability to support rooted plants in a
natural environment.”

2.3 Soil Surveys

Under the auspices of Milton Whitney, the Bureau of Soils
conducted the first soil surveys in Oregon at Baker City
(Fig. 2.1) and Salem (Fig. 2.2). The first countywide soil
survey in Oregon was of Yamhill County Area in 1917
(Fig. 2.3).

Soil mapping in Oregon increased from 1900 to 1930 and
then proceeded slowly from 1930 to 1970 as the United
States endured the Great Depression, World War II, and the
Vietnam War (Fig. 2.4). The cumulative number of soil
surveys increased sharply from 1970 to 2010 and has since
tapered off. These trends also are reflected by the cumulative
area of the state that has been mapped. Nearly two-thirds
(64%) of the soil mapping to date occurred between 1975
and 1990 (Fig. 2.5). These trends reflect the development of
a new soil classification system, the Seventh Approximation,
when soil mapping began in earnest in Oregon. The last
archived soil survey in Oregon was of Tillamook County in
2013 (Table 2.1). At the present time, mapping is reported
digitally on Web Soil Survey, and about 68% of the state has
received detailed soil mapping (Fig. 2.6). Only Alaska and
Idaho have greater proportions of areas unmapped in the
United States. About 26% of Oregon is undergoing initial
surveying, particularly in Malheur, Grant, Wheeler, and
Crook Counties and in portions of Linn, Lane, and Klamath
Counties. When these areas are complete, only about 6% of
the state will remain unmapped.

Table 2.1 provides a listing for all of Oregon’s archived
published soil surveys and their publication date. All of the
survey text material is available online. In about 2005, the
USDA phased out printing soil survey reports and made the
WebSoil Survey the official source for soil survey information.
In most cases, published soil survey reports are available for
reference and information at local NRCS offices and public
libraries. However, copies for distribution are not available.
Official soil survey information for all of the Oregon soil sur-
vey areas shown in Fig. 2.6 is available online usingWeb Soil
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Fig. 2.1 Soil map of Baker City, Oregon, published in 1903 at a scale of 1:63,360. Source USDA Bureau of Soils, 1903
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Fig. 2.2 Soil map of Salem, Oregon, published in 1903 at a scale of 1:63,360. Source USDA Bureau of Soils, 1903

Fig. 2.3 General soil map of Yamhill County, Oregon, published in 1917 at a scale of 1:63,360. Source USDA Bureau of Soils, 2017
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Survey at https://websoilsurvey.sc.egov.usda.gov. To start
usingWeb Soil Survey, click on one of the links under Browse
bySubject or on the large green button that says startWSS.The
amount of soil information for anygiven surveywill dependon
the completeness of the survey. Areas in green in Fig. 2.6 are
very complete, areas in yellow are ongoing and data is less
complete, and areas in gray have little or no information.

2.4 Soil Series

The early concept of the soil series is that all occurrences of
a series would have the same, or very nearly the same,
chemical composition because they were derived from the
same rocks. Maps completed between 1903 and 1914

Fig. 2.4 Cumulative soil surveys in Oregon by decade

Fig. 2.5 Cumulative area
mapped in Oregon by decade
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Table 2.1 Archived Oregon soil
survey publications

Soil survey name Publ. date

Alsea Area 1973

Astoria Area 1949

Baker Area 1954

Baker City Area 1903

Baker County Area 1997

Benton County Area 1975

Benton County 1920

Benton County 2009

Clackamas County Area 1985

Clackamas County 1926

Clatsop County 1985

Columbia County 1925

Columbia County 1986

Coos County 1989

Crater Lake National Park 2009

Curry Area 1970

Curry County 2005

Deschutes Area 1958

Douglas County Area 2003

Eugene Area 1930

Gilliam County 1984

Grand Ronde Valley Area 1930

Grant County, Central Part 1981

Harney County Area 2006

Hood River County Area 1981

Hood River-White Salmon River Area, OR-WA 1914

Jackson County Area 1993

Josephine County 1923

Josephine County 1983

Klamath County, Southern Part 1985

Klamath Reclamation Project 1908

Lake County, Northern Part 2012

Lake County, Southern Part 1999

Lane County Area 1987

Lincoln County Area 1997

Linn County Area 1987

Linn County 1924

Malheur County, Northeastern Part 1980

Marion County Area 1972

Marion County 1927

Marshfield Area 1911

Medford Area 1913

Morrow County 1983

Multnomah County 1919

(continued)
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showed 7 or fewer soil series and 15 or fewer soil types.
Those created from 1917 to 1929 showed between 14 and 20
soil series, 27–41 soil types, and 2–6 land types (Table 2.2).
In Soils of Oregon: Their Classification, Taxonomic Rela-
tionships, and Physiography, Huddleston (1979) reported
about 800 soil series, of which over 100 series are no longer
recognized in Oregon, and over 900 series have been added.
Many of the early maps, particularly those of Benton County
in 1920 and Marion County in 1927, were truly works of art.

By 2019 more than 1,700 soil series had been identified
in Oregon, 73% of which are identified only in Oregon
(Fig. 2.7). The historical trends in the number of soil surveys
(Fig. 2.4) and soil series (Fig. 2.8) illustrate the marked
growth in both surveys and identified series between 1961
and 2010.

2.5 Soil Classification

Early soil classification schemes developed in the United
States were not used in soil survey reports. The 1938 zonal
soil classification system developed by Baldwin and others
was used in Oregon from 1954 to 1966. After more than a

decade of development, in 1960 the Seventh Approximation,
a new classification scheme and a precursor to Soil Taxon-
omy (Soil Survey Staff 1999) was published. Beginning in
the Curry County Area in 1970, Soil Taxonomy was used
exclusively in the state.

2.6 Soil Taxonomy

All soils in Oregon are now classified using Soil Taxonomy,
which is used throughout this book. The Keys to Soil Tax-
onomy (Soil Survey Staff 2014) is an abridged companion
document that incorporates all the amendments that have
been approved to the system since publication of the second
edition of Soil Taxonomy in 1999, in a form that can be used
easily in a field setting. Soil Taxonomy is a hierarchical
classification system that classifies soils based on the prop-
erties of diagnostic surface and subsurface horizons. Both
Soil Taxonomy and Keys to Soil Taxonomy are available
online and readers are directed to those publications for
detailed explanations of concepts.

For classification purposes, the upper limit of the soil is
defined as the boundary between the soil (including organic

Table 2.1 (continued)

Soil survey name Publ. date

Multnomah County 1983

Polk County 1928

Polk County 1982

Prineville Area 1966

Salem Area 1903

Sherman County 1964

Sherman County 1999

South Umpqua Area 1973

Tillamook Area 1964

Tillamook County 2013

Trout Creek- Shaniko Area 1975

Umatilla Area 1948

Umatilla County Area 1988

Union Area 1985

Upper Deschutes River Area 1999

Wallowa Area 2007

Warm Springs Indian Reservation 1998

Wasco County, Northern Area 1982

Washington County 1919

Washington County 1982

Yamhill Area 1974

Yamhill County 1917
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horizons) and the air above it. The lower limit is arbitrarily
set at 200 cm. The definition of the classes (taxa) is quan-
titative and uses well-described methods of analysis for the
diagnostic properties. The assumed genesis of the soil is not

used in the system and the soil is classified “as it is” using
morphometric observations in the field coupled with labo-
ratory analysis and other data. The nomenclature in Soil
Taxonomy is mostly derived from Greek and Latin sources,
as is done for the classification of plants and animals.

Soil Taxonomy classifies soils, from broadest to narrowest
levels, into orders, suborders, great groups, subgroups, and
families. Soil Taxonomy is similar to the taxonomic classi-
fication of living organisms, from broadest to narrowest
levels, into kingdom, phylum, class, order, family, genus,
and species. Casual readers may be unfamiliar with soil
taxonomic terms, which often employ abbreviations based
on Latin or Greek words. Those readers will benefit from a
glossary of terms, such as the online Soil Formation and
Classification provided by the NRCS (2022) or Chap. 7,
Nomenclature, of Soil Taxonomy (1999). Introductory soil
science textbooks, such as Weil and Brady’s The Nature and
Properties of Soils (2016), also explain soil taxonomy, as

Fig. 2.6 Status of soil surveying in Oregon as of 2018. Source NRCS

Fig. 2.7 Proportion of soil series that occur only in Oregon, elsewhere
but where Oregon is the lead state (TL), and elsewhere where Oregon is
not the lead state (Other TL)
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well as other aspects of soil science. In any case, the soil
taxonomic system is logical and consistent, and reveals a
wealth of information about soils in a concise manner.

Soil taxonomic names are constructed in an order that
progresses from narrow to broad, unlike biological classifi-
cations, which progress from broad to narrow. For example,
the taxonomic classification of Douglas-fir progresses from
kingdom (broad) to species (narrow) as follows: Plantae
(kingdom)-Pinopsida-Pinales-Pinaceae-
Pseudotsuga-menziesii (species). In contrast, a soil taxo-
nomic classification for the Puderbaugh soil series to the
subgroup level is “Pachic Argixeroll.” In this compact and

efficient system, the following terms are used, progressing
from narrow to broad:

• “Pachic” describes a soil subgroup (narrow classification)
with a thick epipedon,

• “Argi” describes a soil great group with a horizon that has
accumulated clays from an overlying horizon,

• “xer” describes a soil suborder with an annual dry season,
and

• “oll” describes a soil in the order of Mollisols (broad
classification).

Fig. 2.8 Cumulative number of soil series recognized in Oregon by decade

Table 2.2 Number of soil series,
soil type, and land types
recognized in 1:62,500-scale soil
surveys in Oregon from 1908 to
1929

No. soil No. soil No. land

Year Area Series Types Types Total

1908 Klamath Reclamation Project 2 9 1 10

1911 Marshfield County Area 7 15 5 20

1913 Medford County Area 23 42 4 46

1914 Hood R.-White Salmon R 7 16 2 18

1917 Yamhill Co. Area 15 29 4 33

1919 Multnomah County Area 14 27 6 33

1920 Benton County Area 16 30 2 32

1923 Josephine County Area 14 37 5 42

1926 Clackamas County Area 19 33 4 37

1927 Marion County Area 20 41 4 45

1928 Polk County Area 16 31 2 33

1929 Columbia County Area 16 34 4 38
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