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How To Use This Soil Survey

General Soil Map

The general soil map, which is a color map, shows the survey area divided into
groups of associated soils called general soil map units. This map is useful in planning
the use and management of large areas.

To find information about your area of interest, locate that area on the map, identify
the name of the map unit in the area on the color-coded map legend, then refer to the
section General Soil Map Units for a general description of the soils in your area.

Detailed Soil Maps

The detailed soil maps can be useful in planning the use and management of small
areas.

To find information about your area of interest, locate that area on the Index to Map
Sheets. Note the number of the map sheet and turn to that sheet.

Locate your area of interest on the map sheet. Note the map unit symbols that are
in that area. Turn to the Contents, which lists the map units by symbol and name and
shows the page where each map unit is described.

The Contents shows which table has data on a specific land use for each detailed
soil map unit. Also see the Contents for sections of this publication that may address
your specific needs.

| )
i

MAP SHEET

REA OF INTEREST

NOTE: Map unit symbols in a soil
A survey may consist only of numbers or

letters, or they may be a combination
of numbers and letters.
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National Cooperative Soil Survey

This soil survey is a publication of the National Cooperative Soil Survey, a joint
effort of the United States Department of Agriculture and other Federal agencies,
State agencies including the Agricultural Experiment Stations, and local agencies. The
Natural Resources Conservation Service (formerly the Soil Conservation Service) has
leadership for the Federal part of the National Cooperative Soil Survey. This survey
was made cooperatively by the Natural Resources Conservation Service and the
National Park Service.

Maijor fieldwork for this soil survey was completed in 2009. Soil names and
descriptions were approved in 2010. Unless otherwise indicated, statements in this
publication refer to conditions in the survey area in 2010. The most current official data
are available on the Internet.

Soil maps in this survey may be copied without permission. Enlargement of these
maps, however, could cause misunderstanding of the detail of mapping. If enlarged,
maps do not show the small areas of contrasting soils that could have been shown at
a larger scale.

Citation
The proper citation for this soil survey report is as follows:

United States Department of Agriculture, Natural Resources Conservation Service,
and United States Department of the Interior, National Park Service. 2012. Soil survey
of North Cascades National Park Complex, Washington.

Nondiscrimination Statement

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability, and
where applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
for communication of program information (Braille, large print, audiotape, etc.)
should contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file
a complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and employer.

Additional Information

Additional information about the Nation’s natural resources is available online from
the Natural Resources Conservation Service at http://www.nrcs.usda.gov.
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View looking northwest across Perry Creek to Mount Spickard.
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Foreword

This soil survey was developed in conjunction with the Inventory and Monitoring
Program of the National Park Service. It serves as the official source document for the
soils in the North Cascades National Park Complex, Washington.

The survey contains information that affects current and future land use planning
in the survey area. It includes predictions of soil behavior for selected land uses. The
survey highlights soil limitations, actions needed to overcome the limitations, and the
impact of selected land uses on the environment.

The survey is designed to meet the needs of the National Park Service and its
partners. The information provides for a better understanding of the various properties
of the soils in the area and their affect on various natural ecological properties. It can
be used to help understand, protect, and enhance the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. The information in this report is
intended to identify soil properties that are used in making various land use or land
treatment decisions. Statements made in this report are intended to help the land
users identify and reduce the effects of soil limitations on various land uses. The
landowner or user is responsible for identifying and complying with existing laws and
regulations.

Great differences in soil properties can occur within short distances. Some soils
are seasonally wet or subject to flooding. Some are shallow to bedrock. Some are
too unstable to be used as a foundation for buildings or roads. Clayey or wet soils are
poorly suited to use as septic tank absorption fields. A high water table makes a soil
poorly suited to underground installations.

These and many other soil properties that affect land use are described in this soil
survey. Broad areas of soils are shown on the general soil map. The location of each
soil is shown on the detailed soil maps. Each soil in the survey area is described, and
information on specific uses is given. Help in using this publication and additional
information are available at the local offices of the Natural Resources Conservation
Service or the North Cascades National Park Complex.

Roylene Rides at the Door
State Conservationist
Natural Resources Conservation Service

Chip Jenkins
Superintendent
North Cascades National Park Complex
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Soil Survey of

North Cascades
National Park Complex,
Washington

By Toby Rodgers and Philip Roberts, Natural Resources Conservation
Service

Fieldwork by Toby Rodgers, Crystal Briggs, Kathryn Smith, and Philip
Roberts, Natural Resources Conservation Service, and Sharon Brady,
National Park Service

United States Department of Agriculture, Natural Resources
Conservation Service, and United States Department of the Interior,
National Park Service

NorTH Cascapes NaTioNAL PARk CompLEX is at the northern end of the Cascade Range
in western Washington State (fig. 1). The survey area covers 277,142 hectares (1,070
square miles). It extends approximately 85 kilometers south from the Canadian border.
It ranges from 47 kilometers wide in the northern part to 7 kilometers wide in the
southern part. It is bounded by the International Boundary to the north, the Okanogan-
Wenatchee National Forest to the east and south, and the Mount Baker—Snoqualmie
National Forest to the west.

The survey area is within parts of Whatcom, Skagit, and Chelan Counties, and it is
comprised of three management units, including North Cascades National Park,
Ross Lake National Recreation Area, and Lake Chelan National Recreation Area
(fig. 2). The North Cascades Scenic Highway (Washington State Route 20) passes
through Ross Lake National Recreation Area and is the primary entrance to the survey
area. Seattle City Light public utility operates three hydroelectric facilities along the
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Figure 1.—Location of the North Cascades National Park Complex in Washington.
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Figure 2.—Map of the North Cascades National Park Complex showing the major geographic
features.

Skagit River in the recreation area, providing about 800 megawatts of electricity for the
city of Seattle. Stehekin, Washington, an unincorporated community of 75 permanent
residents, is at the head of Lake Chelan, in the Lake Chelan National Recreation Area.
The Stehekin River in this area empties into Lake Chelan, which is 89 kilometers long
and is the third deepest lake in the United States. This remote and isolated community
can only be reached by plane or boat or on foot.

The survey area is a wild, rugged wilderness in the Pacific Northwest. A long and
diverse geologic history has resulted in a variety of landforms, soils, and dramatic
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topography. The scenic appeal of many of the topographic features in the area is a
result of glacial processes. The area has more than 300 glaciers, which is more than
half of all glaciers in the continental United States. The climate barrier provided by
the Cascade Crest separates the distinctively wetter climate on the west side from
the drier climate on the east side. A complex mosaic of mountainous topography and
varied climatic conditions produces a diverse ecology of temperate rainforests, cool
mountain forests, alpine parklands, and open, dry woodlands. The survey area also
has a rich cultural history that spans thousands of years.

General Nature of the Survey Area

This section provides general information about the North Cascades National Park
Complex. It discusses history and development, geology, and climate. This soil survey
is an initial soil resource inventory. No previous investigations into the soils have been
conducted due mainly to the logistical challenges of conducting a soil survey in such a
remote mountain wilderness area.

History and Development

The North Cascades National Park Complex was established in 1968 “to preserve
for the benefit, use, and inspiration of present and future generations certain majestic
mountain scenery, snowfields, glaciers, alpine meadows, and other unique natural
features in the North Cascade Mountains of the State of Washington” (USDI, 2010).
The Stephen Mather Wilderness, created by Congress in 1988, encompasses
93 percent of the survey area. Balancing the conservation of the wilderness and the
management of hydroelectric facilities along the Skagit River as well as land policy
issues in the Stehekin River Valley is a challenge. The area offers a wealth of scenic,
recreational, educational, and naturalistic opportunities for visitors from the largely
urban population of the Puget Sound, which is less than 100 kilometers to the west.

The North Cascades Scenic Highway was completed in 1972, providing vehicle
access to the area north of Stevens Pass. This highway is the only road crossing
the Cascade Range between the Canadian Border and U.S. Highway 2, which is
135 kilometers to the south. Prior to construction of the highway, Native Americans
relied on vital trading routes through the mountains to connect the Pacific Coast with
Eastern Plateau Country for more than 8,000 years (Washington State Department
of Transportation, 2010). Initial plans for a highway began as early as 1896, with a
proposed route over the Cascade Pass. By 1940, plans for the Cascade Pass route
were dropped and plans for the current route over Rainy Pass (1,480 meters)
and Washington Pass (1,669 meters) were adopted. By 1968 a pioneer road for
four-wheel drive vehicles was completed. On September 2, 1972, North Cascades
Scenic Highway was officially opened. The highway is seasonally closed because of
snowfall and a risk of avalanches sometime between October and December, and it
reopens sometime between March and May.

The headquarters for the North Cascades National Park Complex is in Sedro-
Woolley, along the North Cascades Scenic Highway (State Route 20) about
80 kilometers west of the park entrance and 8 kilometers east of U.S. Interstate 5.

In addition, the Wilderness Information Center is in Marblemount, about 8 kilometers
west of the park entrance on the North Cascades Scenic Highway. The towns of
Newhalem, Diablo, and Hozomeen are in the Ross Lake National Recreation Area.
The North Cascades Visitor Center is in Newhalem, and numerous campgrounds

are along the Skagit River in Newhalem. Diablo is a small town along Gorge Lake,

at the base of Diablo Dam. Hozomeen consists of a seasonal ranger station and
campground at the head of Ross Lake. The town of Stehekin is in the Lake Chelan
National Recreation Area, at the head of Lake Chelan. The Golden West Visitor Center
is in Stehekin.
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The survey area offers a wide variety of recreational opportunities. Activities include
camping, hiking, boating, fishing, climbing, wildlife viewing, bird watching, horseback
riding, guided tours, and numerous interpretive and educational programs. It offers a
primitive wilderness experience for those who desire to explore its backcountry while
numerous visitor centers offer opportunities to learn about the region without traveling
into the wilderness.

In 2009, North Cascades National Park received 26,972 visitors. This was the
second lowest total for a National park in the continental United States; however, this
total does not include visitors to the Lake Chelan and Ross Lake National Recreation
Areas. Total visitors to the entire survey area was 349,984. For comparison, the
Olympic National Park received over 3 million visitors, roughly 9 times as many as the
North Cascades National Park Complex during the same period. Because of the
North Cascades Scenic Highway, more than 80 percent of the people visiting the
survey area went to the Ross Lake National Recreation Area. Most of the visitor
centers, vehicle-accessible campgrounds, and local merchants are along the highway.
In the last decade, an average of 6 percent of all visitors to the survey area traveled in
North Cascades National Park.

Geology

By Jon Riedel and Stephen Dorsch, geologists, National Park Service, North Cascades National Park
Complex.

The North Cascade Range is a geologic mosaic consisting of parts of old
continents, volcanic island arcs, deep ocean sediment, basaltic ocean floors,
continental-margin submarine fans, and pieces of the deep subcrustal mantle
(Haugerud and Tabor, 2009). Bedrock of the range was formed by a complex series
of igneous, metamorphic, and tectonic events beginning in the Cretaceous (145 to 65
million years ago [Ma]). Numerous faulting events and intrusions have created diverse
types of bedrock. Because of the complicated geology in this part of the United States,
geologists have summarized it into five broad events: 1) accumulation of massive
bodies of rock (terranes) on the west coast of North America between 200 Ma (early
Jurassic) and 50 Ma (late Cretaceous); 2) uplift and erosion of this rock, creating a
mountain range between 130 Ma (early Cretaceous) and 50 Ma (Eocene); 3) intensive
movement and faulting 50 to 40 Ma that fragmented the pre-existing mountains;

4) uplifting that created the modern North Cascade Range beginning 40 Ma (Eocene)
along with a developing volcanic arc, both of which continue at present; and 5) Ice Age
glaciers that not only created the jagged arétes and horns but also broadened passes,
rounded ridges, and deepened valleys from about 2.6 Ma and continuing intermittently
at present.

Tectonics and Structure

The rugged peaks of the North Cascade Range represent a unique physiographic
province with greater uplift, higher relief, and broader west to east expression than the
Cascade Range to the south (Haugerud and Tabor, 2009).

The survey area is divided by two major faults that separate the bedrock into three
different domains. The westernmost major fault is the Straight Creek Fault, and east
of it is the Ross Lake Fault. The Straight Creek Fault trends north to south. Itis a
strike-slip, extensional fault that is about 400 kilometers long. The fault separates
low-grade metamorphic rock of the western part from highly metamorphosed rock of
the metamorphic core to the east. The Ross Lake Fault separates the North Cascades
metamorphic core from the sedimentary and volcanic deposits of the Methow domain
to the east. The Ross Lake Fault is part of a 500-kilometer-long zone of high-angle
faults in the northern Cordillera that trends northwest to southeast. Tertiary arc plutons
have erased some evidence of both faults in Washington and southernmost British
Columbia.
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Regional uplift and exhumation of the North Cascade Range that began in the
Eocene (45 to 36 Ma) continues at present as part of the Cascade Magmatic Arc
(Reiners and others, 2002). This uplift established compressional faults that trend
northeast to southwest. These faults control the trend of the upper Skagit Valley in
British Columbia and possibly the Skagit Gorge (Riedel, 2007).

Geologic Units

A folded and thrust-faulted stack of terranes makes up the area west of the Straight
Creek Fault. Rock of the Easton terrane is extensive in the survey area. Originating
from deep-ocean sand and mud along with underlying basaltic ocean floor about
150 Ma, this rock has been metamorphosed at high pressure to form the Shuksan
Greenschist and Darrington Phyllite (Tabor and Haugerud, 1999).

Between the Straight Creek Fault and Ross Lake Fault zones is the metamorphic
core area. Rock in this area can be generally divided into four terranes—the Chelan
Mountain, Nason, Swakane, and Little Jack terranes (Tabor and Haugerud, 1999).
The majority of the bedrock in the metamorphic core area is the Chelan Mountain
terrane, composed primarily of the Skagit Gneiss Complex. Outcroppings of the
Skagit Gneiss Complex are along State Route 20, from Newhalem through the Skagit
Gorge. Consisting mainly of banded gneiss and banded tonalite, the rock is thought
to be derived from intense metamorphism of the Cascade River Schist and Napeequa
Schist, both thought to be arc-derived. The exception to this is the banded tonalite,
which is thought to be intrusive igneous material (Haugerud and others, 1991). Other
rock west of the Ross Lake Fault zone includes intrusive plutons that were emplaced
during a period of crustal extension that began 35 Ma. These plutons include the
intrusive rock of the Chilliwack Composite Batholith, which is mostly tonalite and
granodiorite. The Napeequa Schist, part of the Chelan Mountains terrane, has an
oceanic origin and is composed of schist with local serpentinite, talc, tremolite, and
olivine-talc.

To the east of the Ross Lake Fault zone is the older rock of the Hozomeen and
Methow terranes. The Hozomeen terrane is composed of mostly greenstone, chert,
clastic sedimentary rock, gabbro, and argillite. An oceanic rock assemblage, the
Hozomeen Group, represents the accretion of terranes along the west coast of North
America between 200 and 50 Ma. The Cretaceous Methow terrane exposed in the
survey area is mainly thick-bedded marine sandstone with thin beds of sandstone and
argillite.

Glacial History

The topography of the survey area reflects multiple glaciations occurring from
2.6 Ma, which have carved deep U-shaped valleys, steep valley walls, and jagged
horns and arétes. The geomorphology of the North Cascade Range during this period
has been shaped by both alpine and continental glaciations. Glaciation has altered
both local and regional drainage patterns (Riedel and others, 2007). The North
Cascade Range was inundated by the south-flowing Cordilleran Ice Sheet
(Armstrong and others, 1965; Porter and Swanson, 1998) during the Fraser
Glaciation 35 to 11.5 thousand years ago (Ka) following the end of the Olympia
nonglacial interval (60 to 30 Ka) (Clague, 1981a and 1981b).

Impacts from the ice sheet are evident throughout the North Cascade Range. They
include broad passes and beveled ridges, enlarged valley cross-sections, truncated
valley spurs, and thick accumulations of till and outwash. Between multiple ice sheet
glaciations, valley glaciers flowed from cirques throughout the survey area, forming
large, complex valley glacier systems. Tributary systems were left as hanging valleys
with bedrock canyons or narrow-stepped waterfalls at the mouth. Alpine glaciers
advanced and retreated several times during the Fraser Glaciation (Riedel and others,
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2010). Following ice sheet deglaciation, alpine glaciers advanced 5 to 10 kilometers
from cirques into valleys between 13 and 11.5 Ka (Riedel, 2007).

Neoglacial

Glaciers in the survey area probably reached their minimum extent since the last
ice age about 8 Ka. During the next several thousand years, small alpine glaciers
advanced and retreated several times (Porter and Denton, 1967), as evidenced
by Neoglacial moraines in the North Cascade Range. The most extensive of these
advances occurred during the Little Ice Age between 1350 and 1900 AD.

Glacial advance during the Little Ice Age created hundreds of small moraines
and left vast fields of unconsolidated glacial till. Presently, small cirque glaciers and
permanent snowfields are 45 to 50 percent less extensive than at the end of the
Little Ice Age 100 years ago. Retreating alpine glacial ice left many tarns on the high
landscapes of the survey area. Numerous cirque alpine glaciers remain at the high
elevations, most of which have a north or east aspect and are sheltered from the sun
by steep cirque walls, horns, and arétes. The giant glaciers of the last ice age and
alpine glaciers of the Little Ice Age left behind large amounts of glacial drift, including
till and outwash, which has been reworked by subsequent surficial processes or
abandoned as terraces not related to modern stream deposition processes. This
sediment fills the lower parts of numerous valleys in the area and is 100 meters thick
or more.

In addition to glacial advance and retreat during the Neoglacial Period, volcanic
eruptions from Mount Mazama (present day Crater Lake in Crater Lake National Park)
and Mount St. Helens (Mount St. Helens National Volcanic Monument) provided a
lasting geologic imprint on the landscape and ecology of the area. Tephra ejected by
the volcanoes was deposited as airfall across the landscape and can today be found
unevenly distributed in a variety of landscape positions as a result of erosion and
deposition processes (Rodgers, 2000; Briggs and others, 2006).

Landforms

Over the last 15 years, landforms in the survey area have been mapped by
geologists of the National Park Service (Riedel and others, 2011). High-elevation
landforms include horns, arétes, cirques, ridges, passes, Little Ice Age moraines,
and other mountains. These landforms are generally characterized by an alpine
environment that is devoid of vegetation and is covered either by seasonal snowfields
or permanent glaciers. Valley slope landforms are in lower lying landscape positions
and are primarily erosional. These landforms include valley walls, bedrock benches,
and river canyons. Valley walls are the most common landform in the survey area. In
the lowest landscape positions, valley floor landforms include flood plains, terraces,
fan terraces, shorelines, deltas, and valley bottoms. These landforms are primarily
depositional. Between the valley floors and valley slopes are a group of transitional
landforms. These include debris aprons, debris cones, and alluvial fans. Mass
movement, including rock falls and topples, debris avalanches, slumps and creeps,
and debris torrents, has occurred on these transitional landforms.

Climate

Prepared by the Natural Resources Conservation Service, National Water and Climate Center, Portland,
Oregon.

The climate tables were created from data recorded at the climate station at Ross
Dam, Washington, during the period 1971 to 2000. Thunderstorm days, relative
humidity, percent sunshine, and wind information are estimated from various climate
atlases.
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Table 1 gives data on temperature and precipitation for the survey area. Table 2
shows probable dates of the first freeze in fall and the last freeze in spring. Table 3
provides data on the length of the growing season.

In winter, the average temperature is 1.3 degrees C and the average daily minimum
temperature is -1.3 degrees. The lowest temperature on record, which occurred
at Ross Dam on December 30, 1968, is -23.3 degrees. In summer, the average
temperature is 17.4 degrees and the average daily maximum temperature is
23.4 degrees. The highest temperature, which occurred at Ross Dam on July 27, 1998,
is 38.3 degrees. Within the survey area, the average temperatures decrease about
0.6 degrees C for every increase of 300 meters in elevation from Ross Dam.

Growing degree days are shown in table 1. They are equivalent to “heat units.”
During the month, growing degree days accumulate by the amount that the average
temperature each day exceeds a base temperature (4.4 degrees C). The normal
monthly accumulation is a reference from cropland areas where it is used to schedule
single or successive plantings of a crop between the last freeze in spring and the
first freeze in fall. In mountainous areas, growing degree days can serve as a rough
approximation for when plants, especially trees, might be actively growing.

The average annual total precipitation is about 1,464 millimeters. Of this, about
427 millimeters, or 29 percent, usually falls in April through October, which constitutes
the bulk of the growing season for the survey area. The heaviest 1-day rainfall
during the period of record was 136 millimeters at Ross Dam on November 8, 1995.
Thunderstorms occur on about 10 days each year, and most occur in June and July.
At the highest peaks, precipitation is more than twice the annual total recorded at
Ross Dam.

The average seasonal snowfall is 122 centimeters. The greatest snow depth at
any one time during the period of record was 112 centimeters recorded on December
30, 1996. On an average, 50 days per year have at least 2.5 centimeters of snow on
the ground. The heaviest 1-day snowfall on record was 50.8 centimeters recorded
on February 15, 1995. The snowfall total doubles for every increase of 600 meters in
elevation from Ross Dam.

The average relative humidity in midafternoon is about 45 percent. Humidity is
higher at night, and the average at dawn is about 85 percent. The sun shines
75 percent of the time possible in summer and 28 percent in winter. The highest
average windspeed is 19 kilometers per hour. The prevailing wind is from the south.

How This Survey Was Made

This survey was made in conjunction with the Soil Inventory and Monitoring
Program of the National Park Service to provide information about the soils and
miscellaneous areas within the North Cascades National Park Complex. A meeting of
park staff was held in 2004 to identify the soil resource information needs and to relate
those needs to the proposed soil survey. Of particular importance to park staff was
information regarding a baseline inventory of soil types and their distribution across the
survey area and how such an inventory might relate to studies on air pollution input,
organic carbon sequestration, and site rehabilitation.

The soil survey of the North Cascades National Park Complex was initiated in 2005.
Fieldwork for the project began in 2005 and continued through 2009, concentrating
on establishing new series for broadly defined components. Forty-two new soil series
were established as a result of this soil survey, and these currently are only mapped
in the North Cascades National Park Complex. Two additional soils, the Farway and
Treen series, already exist in survey areas adjacent to this area.

During the soil survey, ecological site and soil component relationships were
observed and soil-site correlation concepts were established to help in designing the
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map units. Soil and plant specialists tested the concepts during mapping and collected
field documentation at numerous points across the landscape.

The information includes a description of the soils and miscellaneous areas and
their location and a discussion of their suitability, limitations, and management for
specified uses. Soil scientists observed the steepness, length, and shape of the
slopes; the general pattern of drainage; the kinds of native plants; and the kinds of
bedrock. They dug many holes to study the soil profile, which is the sequence of
natural layers, or horizons, in a soil. The profile extends from the surface down into
the unconsolidated material in which the soil formed. The unconsolidated material
is devoid of roots and other living organisms and has not been changed by other
biological activity.

Soils and miscellaneous areas within the survey area are in an orderly pattern
that is related to the geology, landforms, relief, climate, and natural vegetation of
the area. Each kind of soil and miscellaneous area is associated with a particular
kind of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific segments
of the landform, a soil scientist develops a concept, or model, of how they were
formed. Thus, during mapping, this model enables the soil scientist to predict with a
considerable degree of accuracy the kind of soil or miscellaneous area at a specific
location on the landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soils
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).

Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information
and field experience of specialists such as botanists and geologists.

Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example, soll
scientists can predict with a fairly high degree of accuracy that a given soil will have a
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high water table within certain depths in most years, but they cannot predict that a high
water table will always be at a specific level in the soil on a specific date.

Use of Soil Modeling

For this soil survey, a new technique was used to augment the traditional methods
used in soil survey. After soil scientists located and identified the significant natural
bodies of soil in the survey area, they delineated the boundaries of these bodies on
digital imagery and identified each as a specific map unit. In addition to this mental
model of soil distribution, a Remote Area Soil Proxy (RASP) model based on a
Geographic Information System (GIS) was used to extract preliminary delineations
that were further refined through manual digitizing on digital imagery (Rodgers, 2000;
Briggs, 2004). This model was developed cooperatively by the Natural Resources
Conservation Service, the Forest Service, and the National Park Service through
research projects at Washington State University. The purpose of the model is to
consistently and rapidly delineate map unit polygons that have similar climatic,
vegetation, landscape/landform, and topographic patterns.

The map unit polygon lines derived from the RASP model were plotted at a scale
of 1:24,000 and were evaluated and compared digitally to hillshade topographic relief
maps and 1-meter resolution National Agriculture Image Program (NAIP) publication
base imagery (fig. 3). Map unit polygon lines were compared to observable vegetative,
topographic, and landform breaks on the imagery and adjusted accordingly based
on the field experience of the soil scientists. The decision to revert to traditional line
placement techniques for the final soil survey was based on reasoned examination
by soil survey staff. Areas where RASP line placement did not coincide with changes
in tonal patterns were problematic when considering the final deliverable map, which
serves as an example of a drawback to using a GIS model for mapping.

GIS techniques cannot always replicate the soil-landscape relationships that can

be portrayed by trained and experienced field soil scientists. However, the RASP
modeling system is an example of a GIS auto-recognition technique that identifies
landscape attributes useful in the final mapping process. Complex manipulations of
digital terrain layers within a GIS framework allow soil scientists to consistently identify
repeating patterns that may be overlooked through the use of traditional methods.

The following is a synopsis of the digital information used in the development of the
RASP model, the design of the map units, and the field documentation for determining
map unit components. A more thorough discussion of the RASP model framework is
available in the masters theses written by Rodgers and Briggs (Rodgers, 2000; Briggs,
2004). This information included a 10-meter digital elevation model (DEM), landforms
(Riedel and Probala, 2005; Riedel and others, 2011), NAIP imagery, a 90-meter
computer-based model for potential natural vegetation (PNV) developed by Henderson
(Henderson, 2001), a map of actual vegetation (Pacific Meridian Resources, 1996)
derived from 30-meter resolution Landsat Thematic Mapper data (National Aeronautics
and Space Administration, 2010), and PRISM Climate Group mean annual
precipitation and mean annual air temperature data (PRISM Climate Group, 2010).
The primary terrain attributes derived from the DEM were topographic relief hillshade,
slope, aspect, and profile curvature. Secondary terrain attributes included flow
direction, flow accumulation, and wetness index (Moore and others, 1991) calculated
with TauDEM version 3.1 (Tarboton, 2005) as an extension within ArcGIS.

Map units were developed by querying single or multiple digital information layers.
The PNV layer was used as a proxy for predicting soil climate (soil temperature and
moisture regimes). This layer is a computer-based model for predicting potential
vegetation. It predicts potential forest vegetative types across all landscapes. In
the areas east of Ross Lake and in the Stehekin River watershed, Douglas-fir



Soil Survey of North Cascades National Park Complex, Washington

Kilometers

Figure 3.—Composite aerial photograph of the North Cascades National Park Complex from 2006
National Agriculture Image Program.

(Pseudotsuga menziesii), grand fir (Abies grandis), and ponderosa pine (Pinus
ponderosa) were considered to be indicators of the xeric and frigid regimes.
Codominant Douglas-fir and western hemlock (Tsuga heteropylla) throughout the rest
of the survey area were considered to be indicators of the udic and frigid regimes.
Pacific silver fir (Abies amabilis) was used as an indicator of the udic and cryic
intermediate elevations, and mountain hemlock (Tsuga mertensiana), subalpine fir
(Abies lasiocarpa) west of the Cascade Crest, and alpine zones were used to identify
areas with udic and cryic conditions at higher elevations. Subalpine fir east of the
Cascade Crest was considered to be an indicator of the xeric and cryic regimes.
Ultimately, the PNV zones were used to divide the survey area into six soil climate
zones—frigid/udic, frigid/xeric, cryic/xeric, west low cryic/udic, east low cryic/udic, and
high cryic/udic (fig. 4).

Pacific Meridian Resources classes of vegetative cover types were aggregated to
arrive at discernible and repeating patterns across the survey area (Pacific Meridian
Resources, 1996). Classes identified included coniferous forest, deciduous forest,
shrub, meadow, Rock outcrop, and water. Knowledge of the occurrence of these broad
cover types was useful in developing the map units. Final line placement for map unit
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Figure 4.—Soil climate regimes of the North Cascades National Park Complex.

delineations dependent on vegetative cover types was confirmed by NAIP imagery
during the final digitizing process.

The rationale for the design and delineation of many map units was based on
landforms mapped by the National Park Service (Riedel and Probala, 2005; Riedel
and others, 2011) (fig. 5). Landforms serve as a proxy for predicting parent material
and landscape stability and thereby time of soil formation. In general, soil-forming
processes have influenced the soil types on stable landforms for a longer period of
time. Parent material composition and therefore soil type are more consistent and
predictable on these landforms. On less stable landforms, parent material is less
predictable because of the movement and mixing of soil material over time. In addition,
the soil material on more active landforms has had less time for pedogenic processes
to influence diagnostic soil features.

Primary and secondary terrain attributes were used to varying degrees in the final
map unit design and delineation. For instance, the wetness index was calculated
for the entire survey area. Areas that had a high relative wetness value (more than
0.00015) were more closely examined during the final digitizing process to ensure that
the areas subject to a seasonal high water table were identified in the final soil map.

1



Soil Survey of North Cascades National Park Complex, Washington

Kilometers

10 20 30

1:425,000

Landform Legend
| | ALLUVIAL FAN

| | ARETE

| | BEDROCK BENCH
- CIRQUE

|| DEBRIS APRON

| | DEBRIS CONE
|| DEBRIS CONE TERRACE

|| FANTERRACE
| | FLOOD PLAIN

[ HoRN | prass
' MASS MOVEMENT-DEBRIS AVALANCHE | PLEISTOCENE MORAINE
5 MASS MOVEMENT-DEBRIS TORRENT | RIDGE
B MASS MOVEMENT-FALL/TOPPLE RIVER CANYON " |
Additional Legend Items
BB vASS MOVEMENT-SACKUNG || SHORELINE

i MASS MOVEMENT-SAIL || TERRACE || MAJOR LAKES

MASS MOVEMENT-SLUMP/CREEP || UNDIFFERENTIATED
[ NEOGLACIAL MORAINE [ | VALLEY BOTTOM
[ | OTHER MOUNTAIN | VALLEY WALL

Figure 5.—Landform map of the North Cascades National Park Complex (Riedel and others, 2011).
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Once the map unit polygons were digitized, slope was analyzed to develop a range of
slope values within the polygons and attribute these values to the map unit names and
components.

During the summers of 2005 through 2009, data were collected in the field to
determine the properties and distribution of all named components in the survey area.
Additional pedons were described during the summers of 2002 and 2003 (Briggs,
2004) and 2007 and 2008 (Meirik, 2008; Roberts, 2009). During these periods,
about 450 pedons were described. Pedon locations were entered into a digital layer
to show the distribution of point data information, and each pedon was classified to
the family level in Soil Taxonomy to determine the major soil components in the map
units (Soil Survey Staff, 2010).

Prior to the development of the soil-landscape model for the survey area, Order 4
mapping had been completed in adjacent Forest Service wilderness areas using only
an early version of the RASP model. Experience and observations from the mapping
of adjacent soil survey areas provided valuable data for this survey. As a result of
this data, predictions of the soil types likely to be observed in the survey area could
be made at an early stage. Mapping in the survey area then added to the overall
understanding of soil-landscape relationships and the documentation of new soil
types. Ultimately, this survey area was mapped at an Order 3 level. The dominant soil
orders in the survey area are Inceptisols, Andisols, Spodosols, and, to a lesser extent,
Histosols and Entisols.
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Formation of the Soils

Forty-four soil series are described and delineated in the North Cascades National
Park Complex. All of these series, except the Farway and Treen series, were
established for this soil survey because of the unique conditions in the survey area. At
this time, these forty-two soil series are unique to this area.

The appearance and properties of the soils in the area are a result of the interaction
of five soil-forming factors—climate, biological factors, topography, parent material,
and time. Although each of the factors are discussed separately in this section, they
are inseparable with respect to soil formation. For example, a change in climate
influences the ecology that is adapted to a soil type.

Climate

The survey area is characterized by a humid, temperate climate. The topography
and proximity to the ocean are the major influences on the climate. The maritime
influence is prominent, as tidewater is as close as 80 kilometers to the Cascade
Range. Proximity to the northern part of the Pacific Ocean results in significant rain
and snow. Precipitation falls mostly in winter, and the summers are relatively warm
and dry. The Skagit and Fraser River Valleys allow marine air to flow deep into the
mountainous interior.

Two semi-permanent pressure systems control the local climate (Beckey, 1995;
Beckey, 2003). In summer, the North Pacific high pressure system migrates over the
northern part of the Cascade Range. This clockwise circulation brings cool marine air
from the south and east to the Cascade Range. The Aleutian low pressure system
produces a rainy season late in fall and in winter. This counterclockwise circulation
produces a southwesterly flow of cool marine air. Most of the precipitation falls
as snow, and the snowpack commonly is more than 5 meters deep at the higher
elevations. In summer, the low pressure cells weaken and move to the north and the
North Pacific high pressure system creates a northwesterly flow of cool, dry air.

Proximity to the drainage divide, topography, and the Aleutian low pressure system
control the distribution of precipitation. Because the survey area is on the Cascade
Crest, the climate is transitional between the western and eastern slopes of the
range. The climate ranges from wetter in the west to drier in the east. Orographic
effects contribute to a humid climate on the western slopes of the northern part of
the Cascade Range while the eastern slopes are drier. Mountains force moist air
masses to higher, colder altitudes, releasing moisture and thus forming snowfields and
alpine glaciers at the higher elevations. The survey area has the most glaciers in the
contiguous United States.

The average annual precipitation is 430 to 3,940 millimeters, varying with
elevation and location relative to the Cascade Crest (fig. 6). In general, the eastern
edge and southern part of the area are drier than the northwestern part.
Temperatures are moderated by the proximity to the ocean, but they also vary
seasonally as a result of the northerly latitude. The average annual air temperature
is -2 to 11 degrees C, depending on elevation (fig. 7). Changes in topography also
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Figure 6.—Average annual precipitation (millimeters) in the North Cascades National Park Complex.

produce distinct microclimates, resulting in characteristics such as cold air drainages
and warmer south-facing slopes.

Soil climate regimes vary greatly in the survey area (see figure 4, page 11). The
drier climates on the eastern side contrast with the wetter climates on the western
side. The soils in the area have a xeric or udic moisture regime. Variations in elevation
produce gradations in temperature that affect soil formation. Frigid temperature
regimes are at the lower elevations in the area, and cryic temperature regimes are at
the higher elevations. The Chilliwack and Easy soils both are Spodosols that formed
in volcanic ash under forested plant communities; however, the temperature regime of
the Chilliwack series is cryic and that of the Easy series is frigid.

Overall, the variations in climate in the area affect the other soil-forming factors.
The Chilliwack and Easy series are both in similar stable landform positions and have
similar parent material. The Chilliwack soils, however, are at the higher elevations
where snow accumulation is significantly greater and subsequent seasonal snowmelt
and infiltration through the soil profile is more prolonged. As a result, these soils exhibit
a stronger morphological expression of Spodosol characteristics, such as thicker and
more pronounced albic and spodic horizons, than do the Easy soils. In addition, the
Chilliwack soils are classified as medial and the Easy soils are classified as ashy (Buol
and others, 2003).
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Figure 7.—Average annual air temperature (degrees C) in the North Cascades National Park
Complex.

Biological Factors

Temperate coniferous forests are the most dominant ecological community in the
area (Franklin and Dyrness, 1973; Pojar and MacKinnon, 1994) (see figure 3, page
10). Forest communities transition from low elevation, to montane, to subalpine, and
ultimately to alpine areas, which are dominantly devoid of vegetation. Other plant
communities in the survey area include herbaceous meadows, deciduous shrubs
and trees, and subalpine meadows. The biological factors of the area are strongly
influenced by the climate. As precipitation and temperature change, the mosaic of
vegetation also changes accordingly.

Organisms affect soil formation in many ways. Plant communities provide habitat
and nutrition for a variety of animals. Because of the abundance of moisture and
woody debris, a variety of fungi and molds are in the area. Pioneering organisms, such
as lichens, facilitate the weathering of rock (Birkeland, 1999). Soil horizons can be
mixed when trees are toppled by wind or when burrowing animals, such as marmots
and pikas, excavate the soil material. Other soil fauna, such as insects and worms,
increase the porosity of the soils. Increased porosity can enhance the ability of the
soils to store water, cycle nutrients, and provide a medium for plant roots.
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The relationship between ecological communities and soil genesis is significant
(Meirik, 2008). Podzolization occurs in areas that support woody evergreen vegetation,
and melanization occurs in areas that support deciduous vegetation. The color
and thickness of a surface layer is significantly influenced by the plant community.
Soils that formed under a meadow plant community, such as the Arriva, Doubtful,
and Stetattle series, have a thick, dark-colored surface layer as a result of the
concentration of biomass in the root zone. In contrast, forested soils, such as the
Chilliwack and Easy series, have a lighter colored surface layer as a result of the
concentration of biomass in the forest canopy and the layer of duff layer on the mineral
soil material.

The lower, western flank of the Cascade Range is dominantly characterized by
the western hemlock (Tsuga heterophylla) forest zone, which includes Douglas-fir
(Pseudotsuga menziesii) and western redcedar (Thuja plicata) in the canopy. These
species are at an elevation of about 300 to 1,000 meters, and generally are in areas
that receive more than 1,700 millimeters of precipitation. This corresponds with the
frigid soil temperature regime, and the udic soil moisture regime. Examples of soils
that formed in this zone include the Ledeir, Ragged, and Thorton series. Because of
the concentration of forest litter, these soils are typified by thin transitional A horizon
immediately below the layer of duff.

In contrast, the lower, eastern flank of the Cascade Range is characterized by the
more open, drier Douglas-fir and ponderosa pine (Pinus ponderosa) forest zone. This
zone includes a higher proportion of grasses and herbs in the understory; thus, the
soils have a thicker and darker colored A horizon. Examples are the Goode, Lyall, and
Sawtooth series.

Different forest zones are at the higher elevations. Pacific silver fir (Abies amabilis)
is indicative of the west slope of the Cascade Range at elevations of 750 to 1,400
meters. The soils in this zone have a cryic temperature regime and a udic moisture
regime. Western hemlock and western redcedar occur in lesser amounts. Soils in
this zone include the Perfect and Spickard series, and they exhibit an increase in
andisolization and podzolization.

At elevations of 900 to 1,800 meters, the soils have a cryic temperature regime
and a udic moisture regime. Mountain hemlock (Tsuga mertensiana) is dominant,
but the plant community also includes Pacific silver fir (Abies amabilis), subalpine fir
(Abies lasiocarpa), and Alaska yellow-cedar (Chamaecyparis nootkatensis). Soils
in this zone, such as the Chilliwack and Maggib series and the cold phase of the
Perfect and Spickard series, exhibit a high degree of mineral weathering and a strong
morphological expression of Andisols and Spodosols.

At intermediate elevations on the east slope of the Cascade Range, where the total
annual precipitation generally is lower than that of west slope, Pacific silver fir (Abies
amabilis) and Engelmann spruce (Picea engelmannii) are dominant. Soils in this zone
generally are the dry phase of the soils that occur on the west slope or at the higher
elevations, such as the dry phase of the Noca and Chilliwack series.

A narrow transition area is on the east slope of the Cascade Range between the
frigid/xeric and cryic/udic zones. It is characterized by the dominance of subalpine fir.
The soils have a cryic temperature regime and a xeric moisture regime. The Primus
and Stehekin series are in this unique zone.

At elevations above the high cryic/udic forested zone are the subalpine and alpine
zones, which are characterized dominantly by shrubs and herbs. Soils such as the
Arriva, Doubtful, Treen, and Stetattle series are in these areas. They exhibit a high
degree of mineral weathering and an accumulation of organic matter in the profile.

Also in the survey area are areas that support dominantly deciduous species,
including red alder (Alnus rubra), black cottonwood (Populus balsamifera), bigleaf
maple (Acer macrophyllum), Sitka alder (Alnus viridis), and vine maple (Acer
circinatum). Generally, the soils in these areas have a thick, dark-colored surface layer
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as a result of the accumulation of organic matter. These soils include the deciduous
phase of the Stetattle and Tricouni series and the Inspiration and Mesahchie series.

Topography

Steep, mountainous topography is extensive in the survey area (figs. 8 and 9).
Rivers, glaciers, mass movement, and avalanches have produced a wide variety of
unique landforms and have sculpted the valleys and peaks. A humid climate and high
precipitation supplies the rivers and glaciers and controls the hydrology of the area.
Principle drainage divides are the Pacific Crest, trending north to south and dividing
the Skagit and Columbia Rivers, and the North Cascade Crest, trending east to west
and dividing the Skagit and Fraser Rivers (Riedel and others, 2007). The Skagit River
drains most of the area into Puget Sound, the northwestern part drains north into the
Chilliwack and Fraser Rivers, and the southeastern part drains into the Stehekin and
Columbia Rivers. Larger tributaries tend to follow structural controls on bedrock and
produce rivers and valleys that trend northwest to southeast, and smaller first-order
streams tend to have parallel drainage patterns and flow from steep valley walls.

Elevation (m)

2300

Kilometers

Figure 8.—Elevations (meters) derived from a 10-meter digital elevation model and draped over a
hillshade image of the North Cascades National Park Complex.
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Slope (%)

Kilometers

Figure 9.—Slope classes (percent) in the North Cascades National Park Complex derived from a
10-meter digital elevation model.

Alpine and continental glaciations have had a major impact on the landscape. Broad
passes and beveled ridges, enlarged valley cross-sections, lateral moraines, terminal
moraines, truncated valley spurs, and thick accumulations of till and outwash are

the result of continental ice sheets and alpine glaciers. Terraces, flood plains, valley
bottoms, alluvial fans, and deltas are the result of detachment, transportation, and
deposition of material by rivers and streams.

Gravity constantly acts on the topography of the survey area. Mass movement is
common because of the steep topography. It has impacted the morphology of the land
surface, the stream courses, and the biotic communities. One notable landslide is on
the western flank of Ragged Ridge. This large slide (618 hectares) produced a swamp
near the confluence of Logan and Fisher Creeks by blocking drainage from Fisher
Creek. Similar slides have occurred between Marblemount and Newhalem, producing
a lake that existed for more than 1,500 years (Tabor and Haugerud, 1999; Riedel and
others, 2001).

Soil creep and mixing on debris aprons and steep valley walls are also effects of
gravity. Over time, soil material moves downslope and results in mixed soil profiles
and an accumulation of soil material in lower lying areas. Soils such as the Tricouni,
Ragged, Perfect, Stehekin, and Sawtooth series are in active slope positions.
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The relative stability of a landform influences the kind of soil that forms in an area
(Briggs and others, 2006). On active alluvial flood plains and valley bottoms are young
soils that exhibit little profile development and are subject to continuous deposition of
alluvium. The Nohokomeen, Roland, Skymo, Torment, Bacon, and Purple series are
examples. In contrast, on a Pleistocene moraine that has been stable for thousands
of years are older soils that have a more developed profile. The Chilliwack, Noca,
Farway, and Thorton series are examples.

A toposequence, or catena, is also useful in understanding the role of topography
in the formation of soils. Most of the drainage divides in the survey area are
characterized by steep cliffs with pointed rocky summits that may or may not be
mantled with Rubble land, ice, or seasonal snowfields. In these alpine areas, little
formation of soils occurs, especially in areas that have been recently deglaciated.
Pockets of Harlequin and Doubtful series are in small, isolated areas.

From the summits to the shoulder slopes, the slope gradient generally is gentler
and subalpine vegetation can grow in these areas. The soils are shallow to deep.
Examples are the Treen, Harlequin, Doubtful, and Arriva series. Below the shoulder
slopes are the backslopes (valley walls). These areas are characterized by steep,
linear slopes, with relief commonly as much as 1,000 meters. These slopes are
characterized by soil movement downslope and colluvial-influenced soils. Examples
are the Chilliwack, Noca, Spickard, Farway, and Thorton series.

At the lowest elevations in the catena are the alluvial soils near stream channels.
These soils are distinguished by the presence of redoximorphic features and alluvial
deposition.

Parent Material

Parent material is the material in which a soil forms over time. The soils in the
survey area formed in a variety of parent material. One of the most common is glacial
till deposited during the last ice age. This material is coarse textured and contains a
high concentration of rock fragments. Originally deposited as a discontinuous mantle
of varying thickness, this material has been reworked by gravity to varying degrees. In
some soils, such as the Thorton, Chilliwack, Farway, and Noca series, this mantle is
still a fairly distinct zone below the surface horizon in the profile. In other soils, such as
the Perfect and Stehekin series, it has been more thoroughly mixed with the overlying
material.

Volcanic ash is common in the soils in the area. The volcanic eruptions of Mount
Mazama (present-day Crater Lake in Crater Lake National Park) and Mount St. Helens
(Mount St. Helens National Volcanic Monument) produced tephra that was deposited
as airfall across the area. Today, through gravitational processes and pedogenic
disturbance, this volcanic ash is unevenly distributed in a variety of landscape
positions (Briggs and others, 2006; Rodgers, 2000). Volcanic ash has an important
role in retaining moisture and essential nutrients for plant growth. Most of the soils in
the survey area have some ash influence and are classified as Andisols or andic and
vitrandic intergrades of other soil orders. Soils on more stable landforms commonly
have a thick mantle of volcanic ash from the eruption of Mount Mazama. These soils
are classified as Andisols and include the Spickard, Treen, Primus, Cosho, Damnation,
Thorton, Despair, and Inspiration series. Other ash-influenced soils have been subject
to erosion and reworking. These soils include the Sawtooth, Mesahchie, Goode,
Tricouni, Terror, Tepeh, and Forbidden series. These soils are classified as andic
intergrades because of the volume of volcanic ash present. More highly eroded soils
with an ash influence are classified as vitrandic intergrades. These include the Perfect,
Triumph, Stehekin, Ragged, and Lyall series.

Soils on the most stable landscapes in the area have had sufficient time to develop
into Spodosols. These soils are characterized by the translocation of iron and
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aluminum vertically within the profile and are associated with coniferous vegetation
(Meirik, 2008). They exhibit an albic-spodic horizon sequence. The albic horizon is
light in color because of the removal of sesquioxides and organic matter. The spodic
horizon has a richer color as a result of the deposition of these materials. These soils
commonly have a considerable ash influence and have glacial till at a greater depth in
the profile. Spodosols in the survey area include the Ledeir, Easy, Yawning, Maggib,
Chilliwack, Mox, and Kimtah series. These soils commonly have volcanic ash over
reworked colluvium derived from glacial till.

In contrast, some of the soils in the area are not influenced by ash or till. The soils
of the Beaverpass series, for example, are organic. They formed almost entirely in
organic material. In wet, cold environments, the rate of microbial decomposition of
organic matter is slower than the rate in which it accumulates. Other soils have a thick
deposit of organic matter mixed with mineral soil material. These include the Purple,
Arriva, and Mox series. The soils of the Stetattle series are also strongly influenced by
high concentrations of organic matter, as evident in the dark-colored surface mineral
horizon.

Some soils in the survey area formed entirely in material transported by surface
water. These alluvial soils are common in low-lying areas in proximity to major
streams and rivers. The Skymo, Bacon, and Torment series are examples. These
soils commonly have management restrictions because of wetness, and they support
hydrophitic vegetation.

Time

The formation of a soil is ultimately the result of the interaction of the previously
discussed soil-forming factors over time. The end of the last glaciation in this area
effectively set the time for soil formation to begin about 11,500 years ago (Armstrong
and others, 1965; Porter and Swanson, 1998). Soil formation has progressed since
that time as a result of four general soil-forming processes—additions, losses,
transformations, and translocations (Simonson, 1959). Soil horizonation is a result
of these processes acting over time. The dark-colored surface layer of soils such as
the Stetattle, Mox, and Purple series is a result of additions of organic matter that can
occur in a relatively short amount of time.

Redoximorphic concentrations and depletions in the subsoil of the Terror, Kimtah,
and Manlywham series are evidence of transformation and translocation of iron due
to periodic saturation by water. These characteristics can form in a relatively short
amount of time, but they can also persist for long periods of time because of the slow
rate of loss within the soil environment. Presence of an albic-spodic horizon sequence
that extends into the subsoil of soils such as the Easy, Ledeir, and Maggib series
suggests that the landscape and soil-forming processes have been stable since the
glacial till was deposited.

Absolute ages can be determined from specific events in the history of the area.
Periodic eruptions of volcanoes in the Cascade Range provide chronostratigraphic
markers in many soil profiles. Tephra deposits from Glacier Peak, Mount St. Helens,
and ancient Mount Mazama have been observed throughout the Pacific Northwest,
and tephrachronology has been used for dating in numerous pedological (Briggs and
others, 2006), archaeological, and paleoclimatic reconstruction studies.

Biological succession is important in regard to soil genesis and profile development
over time. The way in which a plant community matures over time has an impact on
the development of soils. Meirik has studied the statistical correlations between soil
properties and vegetation (Meirik, 2008). The concept of potential natural vegetation
(PNV) is a useful analogy. To understand PNV, one must understand successional
patterns and the response and recovery of an ecosystem after large-scale changes,
such as landslides, fires, and logging. At the lower elevations, a forest composed
of western hemlock, Douglas-fir, and western redcedar will develop if the area is
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undisturbed. This forest association is the PNV for areas of the survey area below
an elevation of about 1,250 meters. Following a stand-clearing disturbance, the plant
community will respond by colonization of pioneering plant species such as alders,
maples, and grasses.

Alders have the ability to biologically fix nitrogen due to a symbiotic relationship
with soil micro-organisms. Alders are well suited to nutrient-poor soils. As this plant
community matures, western redcedar (Thuja plicata) or lodgepole pine (Pinus
contorta) may be the first coniferous species to become established. Douglas-fir and
hemlock become established next. If the plant community has sufficient time to reach
its climax stage, hemlock will mature and compete with Douglas-fir as the dominant
species.

This ecological succession is analogous to the development of soils on disturbed
land surfaces. An idealized sequence of soil development is useful in illustrating the
effects of time on soil genesis. Initially, a landslide that begins on a valley wall will strip
away soil material from the highest reaches and deposit fresh colluvial parent material
on the valley floor. This is evident in the many boulder fields throughout the survey
area. At the higher reaches where material was removed, the fresh, unweathered
parent material then is subject to the four general soil-forming processes and soll
formation begins. Coatings of moss or lichen may develop on this fresh parent material
and may be enriched by litter from nearby plants. Young, shallow soils composed
dominantly of organic matter form. When pioneering plant species, such as red
alder and Sitka alder, colonize the new surface, the soil formation processes are
accelerated as more organic matter is deposited. Organic compounds further break
down the underlying parent material, and a mineral soil begins to develop. Eventually
soils such as the Stetattle series form. These soils have a dark-colored horizon that
contains organic matter and a high content of rock fragments more than 2 millimeters
in diameter.

With sufficient time and stability of the area, coniferous forest communities become
colonized and podzolization occurs so that soils such as the Chilliwack series form.
These soils are characterized by an albic-spodic horizon sequence. These mature
Spodosols are analogous to the mature stand of hemlock and Douglas-fir trees, which
is the PNV. The well-developed Spodosols could be termed the “potential natural soils”
for this environment.

23






Classification of the Soils

The system of soil classification used by the National Cooperative Soil Survey
has six categories (Soil Survey Staff, 1999 and 2010). Beginning with the broadest,
these categories are the order, suborder, great group, subgroup, family, and series.
Classification is based on soil properties observed in the field or inferred from those
observations or from laboratory measurements. The categories are defined in the
following paragraphs.

ORDER. Twelve soil orders are recognized. The differences among orders reflect
the dominant soil-forming processes and the degree of soil formation. Each order is
identified by a word ending in sol. An example is Spodosol.

SUBORDER. Each order is divided into suborders primarily on the basis of
properties that influence soil genesis and are important to plant growth or properties
that reflect the most important variables within the orders. The last syllable in the name
of a suborder indicates the order. An example is Cryod (Cry, meaning cold, plus od,
from Spodosol).

GREAT GROUP. Each suborder is divided into great groups on the basis of close
similarities in kind, arrangement, and degree of development of pedogenic horizons;
soil moisture and temperature regimes; type of saturation; and base status. Each great
group is identified by the name of a suborder and by a prefix that indicates a property
of the soil. An example is Haplocryods (Hapl, meaning minimal horizonation, plus
cryod, the suborder of the Spodosols that has a cryic temperature regime).

SUBGROUP. Each great group has a typic subgroup. Other subgroups are
intergrades or extragrades. The typic subgroup is the central concept of the great
group; it is not necessarily the most extensive. Intergrades are transitions to other
orders, suborders, or great groups. Extragrades have some properties that are not
representative of the great group but do not indicate transitions to any other taxonomic
class. Each subgroup is identified by one or more adjectives preceding the name of
the great group. The adjective Typic identifies the subgroup that typifies the great
group. An example is Typic Haplocryods.

FAMILY. Families are established within a subgroup on the basis of physical and
chemical properties and other characteristics that affect management. Generally, the
properties are those of horizons below plow depth where there is much biological
activity. Among the properties and characteristics considered are particle-size class,
mineralogy class, cation-exchange activity class, soil temperature regime, soil depth,
and reaction class. A family name consists of the name of a subgroup preceded
by terms that indicate soil properties. An example is loamy-skeletal, isotic Typic
Haplocryods.

SERIES. The series consists of soils within a family that have horizons similar in
color, texture, structure, reaction, consistence, mineral and chemical composition, and
arrangement in the profile.

Table 4 indicates the order, suborder, great group, subgroup, and family of the soil
series in the survey area.
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Soil Series and Their Morphology

In this section, each soil series recognized in the survey area is described.
Characteristics of the soil and the material in which it formed are identified for each
series. A pedon, a small three-dimensional area of soil, that is typical of the series
in the survey area is described. The detailed description of each soil horizon follows
standards in the “Soil Survey Manual” (Soil Survey Division Staff, 1993) and in the
“Field Book for Describing and Sampling Soils” (Schoeneberger and others, 2002).
Many of the technical terms used in the descriptions are defined in “Soil Taxonomy”
(Soil Survey Staff, 1999) and in “Keys to Soil Taxonomy” (Soil Survey Staff, 2010).
Unless otherwise indicated, colors in the descriptions are for moist soil. Following
the pedon description is the range of important characteristics of the soils in the
series.

Arriva Series

Depth class: Very deep

Drainage class: Well drained

Capacity to transmit water (Ksat): Moderately high to very high
Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Volcanic ash over glacial drift

Slope range: 15 to 65 percent

Elevation: 365 to 2,310 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 1 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Medial over sandy or sandy-skeletal, amorphic over isotic Thaptic
Haplocryands

Typical Pedon

Arriva ashy fine sandy loam (fig. 10) in an area of Stetattle-Doubtful-Arriva complex,
15 to 100 percent slopes, about 27 kilometers southeast of the town of Newhalem,
Washington; North Cascades National Park Complex, Skagit County, Washington;
795 meters east and 560 meters north of the southeast corner of section 36,

T. 35N, R. 13 E.; Cascade Pass, Washington, U.S. Geological Survey quadrangle;
latitude 48 degrees, 28 minutes, 23 seconds north and longitude 121 degrees,

3 minutes, 23 seconds west; UTM 643640 meters E., 5370705 meters N., zone 10;
NAD 83.

Oi—O0 to 4 centimeters; slightly decomposed needles, leaves, and twigs; common very
fine and medium roots; abrupt smooth boundary.

Oe—4 to 23 centimeters; very dark grayish brown (10YR 3/2) moderately decomposed
needles and twigs, dark grayish brown (10YR 4/2) dry; common very fine and fine
and many medium roots; common fine and medium irregular pores; very strongly
acid (pH 4.6); abrupt smooth boundary.

E—23 to 26 centimeters; brown (7.5YR 4/2) ashy fine sandy loam, pinkish gray
(7.5YR 6/2) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine and medium roots at top of horizon;
common fine irregular pores; very strongly acid (pH 4.8); abrupt wavy
boundary.

0Oa—26 to 37 centimeters; very dark grayish brown (10YR 3/2) highly decomposed
plant material, dark grayish brown (10YR 4/2) dry; moderate medium subangular
blocky structure; common very fine to coarse roots; common fine and medium
irregular pores; very strongly acid (pH 4.5); abrupt wavy boundary.
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Figure 10.—Typical profile of an Arriva soil. Numerals on tape
indicate centimeters and inches.

Bw—37 to 47 centimeters; dark brown (7.5YR 3/2) medial sandy loam, brown
(7.5YR 4/2) dry; moderate medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine and fine and few medium roots;
common fine and medium irregular pores; 5 percent granite gravel; very strongly
acid (pH 4.8); clear wavy boundary.

Ab—47 to 50 centimeters; black (10YR 2/1) medial loam, dark gray (10YR 4/1) dry;
moderate fine subangular blocky structure; slightly hard, friable, slightly sticky and
slightly plastic; few very fine and fine roots; common fine and few medium irregular
pores; 5 percent granite gravel; very strongly acid (pH 5.0); abrupt smooth
boundary.

Bwb—50 to 60 centimeters; very dark brown (10YR 2/2) gravelly medial sandy loam,
dark grayish brown (10YR 4/2) dry; weak fine subangular blocky structure; soft,
very friable, slightly sticky and slightly plastic; few very fine and fine roots; common
fine and few medium irregular pores; 20 percent granite gravel and 10 percent
granite cobbles; strongly acid (pH 5.2); gradual wavy boundary.

2C1—60 to 85 centimeters; light olive brown (2.5Y 5/3) very stony loamy coarse sand,
light yellowish brown (2.5Y 6/3) dry; single grain; loose, nonsticky and nonplastic;
common medium and coarse interstitial pores; 30 percent granite gravel,

10 percent granite cobbles, and 10 percent granite stones; moderately acid (pH
5.6); gradual wavy boundary.
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2C2—85 to 152 centimeters; light yellowish brown (2.5Y 6/4) very stony loamy coarse
sand, pale yellow (2.5Y 7/4) dry; single grain; loose, nonsticky and nonplastic;
common medium and coarse interstitial pores; 20 percent granite gravel,
10 percent granite cobbles, and 20 percent granite stones; moderately acid (pH
5.6).

Range in Characteristics

Mean annual soil temperature: 2 to 8 degrees C

Moisture control section: Dry less than 30 consecutive days

Clay content: 0 to 10 percent

Thickness of volcanic ash mantle: 36 to 75 centimeters

Particle-size control section: Contrasting

Rock fragment content (medial part): 5 to 30 percent total, with 5 to 30 percent fine to
coarse gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Rock fragment content (sandy-skeletal part): 35 to 55 percent total, with 15 to 50
percent fine to coarse gravel, 10 to 30 percent cobbles, and 0 to 30 percent stones

E horizon

Hue—7.5YR or 10YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam
Rock fragment content—O0 to 15 percent fine to coarse gravel
Volcanic glass content—35 to 80 percent
Reaction—extremely acid or very strongly acid

Thickness—0 to 5 centimeters (not present in all pedons)

Bw horizon

Hue—7.5YR or 10YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 6 moist or dry

Fine-earth texture—medial sandy loam or medial fine sandy loam

Rock fragment content—5 to 30 percent total, with 5 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Volcanic glass content—15 to 70 percent

Reaction—very strongly acid or strongly acid

Thickness—5 to 25 centimeters

Ab horizon

Hue—10YR or 7.5YR

Value—2 to 3 moist, 3 to 5 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—medial loam, medial sandy loam, or medial fine sandy loam

Rock fragment content—5 to 30 percent total, with 5 to 30 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Volcanic glass content—15 to 70 percent

Reaction—very strongly acid or strongly acid

Thickness—2 to 15 centimeters

Bwb horizon

Hue—10YR or 7.5YR

Value—2 to 5 moist, 4 to 6 dry

Chroma—2 to 6 moist or dry

Fine-earth texture—medial sandy loam or medial fine sandy loam

Rock fragment content—5 to 30 percent total, with 5 to 30 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones
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Volcanic glass content—15 to 70 percent
Reaction—very strongly acid or strongly acid
Thickness—10 to 35 centimeters

2C horizon

Hue—2.5Y or 10YR

Value—4 to 6 moist, 5to 7 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—loamy coarse sand, loamy sand, coarse sand, or sand

Rock fragment content—35 to 55 percent total, with 15 to 50 percent fine to coarse
gravel, 10 to 30 percent cobbles, and 0 to 30 percent stones

Reaction—moderately acid or strongly acid

Bacon Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Very poorly drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Valleys

Landform: Depressions, flood plains, and terraces
Parent material: Alluvium

Slope range: 0 to 15 percent

Elevation: 325 to 2,110 meters

Mean annual precipitation: 1,750 to 2,800 millimeters
Mean annual air temperature: 3 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Coarse-loamy over sandy or sandy-skeletal, isotic, acid Typic
Cryaquepts

Typical Pedon

Bacon fine sandy loam (fig. 11) in an area of Beaverpass-Purple-Bacon complex,
0 to 15 percent slopes, in Pelton Basin in the Stehekin River Watershed; North
Cascades National Park Complex, Chelan County, Washington; 435 meters east and
430 meters north of the southwest corner of section 6, T. 34 N., R. 14 E.; Cascade
Pass, Washington, U.S. Geological Survey quadrangle; latitude 48 degrees,
27 minutes, 34 seconds north and longitude 121 degrees, 2 minutes, 29 seconds
west; UTM 644807 meters E., 5369211 meters N., zone 10; NAD 83.

Oe—0 to 2 centimeters; moderately decomposed plant material; common very fine
and fine and many medium and coarse roots; very strongly acid (pH 4.5); abrupt
smooth boundary.

Bg1—2 to 20 centimeters; greenish gray (5GY 5/) fine sandy loam, light greenish gray
(5GY 7/) dry; moderate medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine to coarse roots; 60 percent strong
brown (7.5YR 4/6) iron-manganese masses in matrix; very strongly acid (pH 5.0);
clear irregular boundary.

Bg2—20 to 38 centimeters; greenish gray (5GY 5/) very fine sandy loam, light
greenish gray (5GY 7/) dry; moderate medium subangular blocky structure; soft,
very friable, slightly sticky and slightly plastic; few very fine to coarse roots;

20 percent strong brown (7.5YR 4/6) iron-manganese masses on surfaces along
root channels; very strongly acid (pH 5.0); abrupt wavy boundary.

Cg1—38 to 43 centimeters; greenish gray (5GY 5/) coarse sand, light greenish gray
(5GY 7/) dry; single grain; soft, very friable, nonsticky and nonplastic; few very fine
to coarse roots; strongly acid (pH 5.4); abrupt wavy boundary.
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Figure 11.—Typical profile of a Bacon soil. The upper 25
centimeters exhibits strongly developed redoximorphic
concentrations and depletions of iron.

Cg2—43 to 80 centimeters; greenish gray (5GY 5/) very fine sandy loam, light
greenish gray (5GY 7/) dry; massive; soft, very friable, slightly sticky and slightly
plastic; few very fine to coarse roots; 5 percent strong brown (7.5YR 4/6)
iron-manganese masses on surfaces along root channels; strongly acid (pH 5.4);
abrupt wavy boundary.

Cg3—380 to 150 centimeters; greenish gray (5GY 5/) gravelly sand, light greenish gray
(5GY 7/) dry; massive; soft, very friable, nonsticky and nonplastic; 10 percent fine
gravel and 20 percent medium and coarse gravel; strongly acid (pH 5.4).

Range in Characteristics

Mean annual soil temperature: 4 to 7 degrees C

Moisture control section: Seasonal high water table at soil surface for more than
30 consecutive days

Clay content: 0 to 15 percent

Particle-size control section: Contrasting
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Rock fragment content (coarse-loamy part): 0 to 20 percent total, with 0 to 20 percent
fine to coarse gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Rock fragment content (sandy or sandy-skeletal part): 0 to 65 percent total, with
0 to 45 percent fine to coarse gravel, 0 to 20 percent cobbles, and 0 to 20 percent
stones

Bg1 horizon

Hue—5GY, 2.5Y, or 10YR

Value—3 to 5 moist, 5to 7 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—fine sandy loam or sandy loam

Rock fragment content—O0 to 20 percent total, with 0 to 15 percent fine to coarse
gravel and 0 to 5 percent cobbles

Reaction—very strongly acid or strongly acid

Thickness—15 to 30 centimeters

Bg2 horizon

Hue—5GY, 2.5Y, or 10YR

Value—3 to 5 moist, 5to 7 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—very fine sandy loam, fine sandy loam, or sandy loam

Rock fragment content—O0 to 20 percent total, with 0 to 20 percent fine to coarse
gravel and 0 to 10 percent cobbles

Reaction—very strongly acid or strongly acid

Thickness—10 to 40 centimeters

Cg1 horizon

Hue—5GY, 2.5Y, or 10YR

Value—3 to 5 moist, 5to 7 dry

Chroma—1 to 4 moist or dry

Fine-earth texture—coarse sand, coarse sandy loam, loamy sand, or sandy loam

Rock fragment content—O0 to 65 percent total, with 0 to 45 percent fine to coarse
gravel, 0 to 15 percent cobbles, 0 to 20 percent stones, and 0 to 20 percent
boulders

Reaction—strongly acid or moderately acid

Thickness—5 to 45 centimeters

Cg2 horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 5 or 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—very fine sandy loam, sandy loam, loamy coarse sand, or sand

Rock fragment content—O0 to 65 percent total, with 0 to 45 percent fine to coarse
gravel, 0 to 15 percent cobbles, 0 to 20 percent stones, and 0 to 20 percent
boulders

Reaction—strongly acid or moderately acid

Thickness—15 to 50 centimeters

Cg3 horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 5 or 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sand, coarse sand, loamy coarse sand, or loamy sand

Rock fragment content—O0 to 65 percent total, with 0 to 45 percent fine to coarse
gravel, 0 to 15 percent cobbles, 0 to 20 percent stones, and 0 to 20 percent
boulders
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Reaction—strongly acid or moderately acid
Thickness—15 to 50 centimeters

Beaverpass Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Very poorly drained

Capatcity to transmit water (Ksat): Moderately high to very high
Landscape: Valleys

Landform: Depressions

Parent material: Highly decomposed plant material
Slope range: 0 to 5 percent

Elevation: 545 to 1,750 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 2 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Sandy or sandy-skeletal, isotic, euic Terric Cryosaprists
Typical Pedon

Beaverpass woody mucky peat (fig. 12) in an area of Beaverpass-Purple-Bacon
complex, 0 to 15 percent slopes, on a southwest-facing toeslope; North Cascades
National Park Complex, Whatcom County, Washington; in the NW1/4SW1/4 of section
9, T. 39 N., R. 12 E.; Mount Redoubt, Washington, U.S. Geological Survey quadrangle;
latitude 48 degrees, 52 minutes, 19 seconds north and longitude 121 degrees,

15 minutes, 19 seconds west; UTM 627916 meters E., 5415498 meters N., zone 10;
NAD 83. (When described on August 8, 2007, the soil was moist throughout.)

Oe1—0 to 18 centimeters; very dark brown (7.5YR 2.5/2) moderately decomposed
needles, leaves, and twigs, dark brown (7.5YR 3/2) dry; common very fine and
medium and many coarse and very coarse roots; 10 percent wood fragments;
extremely acid (pH 4.3); clear wavy boundary.

0Oe2—18 to 56 centimeters; black (7.5YR 2.5/1) woody mucky peat, very dark gray
(7.5YR 3/1) dry; massive; soft, very friable, nonsticky and nonplastic; 52 percent
fiber, 28 percent rubbed; few very fine to very coarse roots; common fine and
medium interstitial and tubular pores; 20 percent wood fragments; extremely acid
(pH 4.3); abrupt wavy boundary.

Oa—56 to 91 centimeters; black (7.5YR 2.5/1) herbaceous muck, very dark gray
(7.5YR 3/1) dry; massive; soft, very friable, nonsticky and nonplastic; 40 percent
fiber, 8 percent rubbed; few very fine roots; common fine and medium interstitial
and tubular pores; strongly acid (pH 5.3); abrupt wavy boundary.

Cg1—91 to 107 centimeters; dark grayish brown (2.5Y 4/2) coarse sand, grayish
brown (2.5Y 5/2) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common fine and medium interstitial pores; 100 percent
reduced matrix; strongly acid (pH 5.2); abrupt wavy boundary.

Cg2—107 to 130 centimeters; very dark gray (10YR 3/1) fine sandy loam, gray
(10YR 5/1) dry; moderate medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common fine interstitial pores; 100 percent reduced
matrix; strongly acid (pH 5.2).

Range in Characteristics

Mean annual soil temperature: 2 to 7 degrees C

Soil temperature regime: Cryic

Moisture control section: Saturated for more than 30 days

Depth to redoximorphic features: 0 to 20 centimeters to hemic or sapric material
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Figure 12.—Typical profile of a Beaverpass soil. Numerals on
tape indicate inches.

Depth to mineral soil: 40 to 125 centimeters
Other features: Thin layers (as much as 2 centimeters thick) of diatomaceous earth
and/or tephra deposits may be in soil profile.

Oe1 horizon

Hue—5YR to 10YR

Value—2 to 3 moist, 2 to 4 dry

Chroma—1 to 3 moist or dry

Fiber content—60 to 90 percent unrubbed, 30 to 75 percent rubbed
Reaction—very strongly acid or extremely acid

Coarse woody fragment content—O0 to 15 percent total
Thickness—15 to 25 centimeters

Oe2 horizon

Hue—5YR to 10YR

Value—2 to 3 moist, 2 to 4 dry

Chroma—1 to 3 moist or dry

Fiber content—20 to 60 percent unrubbed, 10 to 30 percent rubbed

33



Soil Survey of North Cascades National Park Complex, Washington

Reaction—very strongly acid or extremely acid
Coarse woody fragment content—O0 to 30 percent total
Thickness—20 to 40 centimeters

Oa horizon

Hue—5YR to 10YR

Value—2 to 4 moist, 2 to 4 dry

Chroma—1 to 3 moist or dry

Fiber content—10 to 40 percent unrubbed, 0 to 16 percent rubbed
Reaction—strongly acid or very strongly acid

Coarse woody fragment content—O0 to 30 percent total
Thickness—30 to 60 centimeters

Cg horizon

Hue—2.5Y, 10YR, or variegated primary mineral colors

Value—3 to 5 moist, 4 to 6 dry

Chroma—1 to 3 moist or dry

Texture—coarse sand, loamy coarse sand, fine sandy loam, or sandy loam
Clay content—0 to 10 percent

Reaction—moderately acid or strongly acid

Chilliwack Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Debris aprons on mountain slopes
Parent material: Volcanic ash over glacial drift

Slope range: 15 to 65 percent

Elevation: 490 to 2,165 meters

Mean annual precipitation: 1,800 to 3,000 millimeters
Mean annual air temperature: 2 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Medial over sandy or sandy-skeletal, amorphic over isotic Andic
Haplocryods

Typical Pedon

Chilliwack medial sandy loam (fig. 13) in an area of Chilliwack-Forbidden-Stetattle
complex, 15 to 65 percent slopes, on a debris apron; North Cascades National Park
Complex, Skagit County, Washington; 184 meters north and 743 meters east of
section 5, T. 35 N., R. 14 E.; Forbidden Peak, Washington, U.S. Geological Survey
quadrangle; latitude 48 degrees, 32 minutes, 37.57 seconds north and longitude
121 degrees, 41 minutes, 53.93 seconds west; UTM 646507 meters E.,

5378644 meters N., zone 10; NAD 83.

Oe—0 to 3 centimeters; moderately decomposed plant material; abrupt wavy
boundary.

E—3 to 13 centimeters; brown (7.5YR 5/2) medial sandy loam, light gray (7.5YR 7/1)
dry; moderate medium subangular blocky structure; slightly hard, very friable,
nonsticky and nonplastic; few very fine, fine, medium, and coarse roots; 5 percent
fine gravel; extremely acid (pH 4.4); abrupt irregular boundary.

Bs1—13 to 34 centimeters; strong brown (7.5YR 4/6) gravelly medial sandy loam,
strong brown (7.5YR 5/8) dry; moderate medium subangular blocky structure
parting to strong very fine subangular blocky; moderately hard, friable, nonsticky
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Figure 13.—Typical profile of a Chilliwack soil. Numerals on
tape indicate centimeters.

and nonplastic; many very fine and fine and common medium and coarse roots;
5 percent fine gravel, 5 percent medium and coarse gravel, and 5 percent cobbles;
strongly acid (pH 5.5); clear irregular boundary.

Bs2—34 to 46 centimeters; strong brown (7.5YR 4/6) gravelly medial sandy loam,
strong brown (7.5YR 5/6) dry; moderate medium subangular blocky structure
parting to strong very fine subangular blocky; moderately hard, friable, nonsticky
and nonplastic; common very fine and fine and few medium and coarse roots;
10 percent fine gravel, 10 percent medium and coarse gravel, 5 percent cobbles,
and 2 percent stones; moderately acid (pH 5.6); clear irregular boundary.

2BC—46 to 70 centimeters; dark yellowish brown (10YR 4/6) extremely gravelly loamy
sand, yellowish brown (10YR 5/6) dry; weak medium subangular blocky structure;
moderately hard, friable, nonsticky and nonplastic; few very fine, fine, and medium
roots; 15 percent fine gravel, 35 percent medium and coarse gravel, 10 percent
cobbles, and 5 percent stones; moderately acid (pH 5.7); clear wavy boundary.

2C—70 to 150 centimeters; olive brown (2.5Y 4/4) extremely gravelly loamy sand,
light olive brown (2.5Y 5/6) dry; single grain; loose, nonsticky and nonplastic; few
very fine, fine, and medium roots; 20 percent fine gravel, 40 percent medium and
coarse gravel, 15 percent cobbles, and 5 percent stones; moderately acid (pH
6.0).
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Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry for less than 30 consecutive days from June through
October

Thickness of volcanic ash mantle (medial textural modifier): 40 to 75 centimeters

Particle-size control section: Contrasting

E horizon

Hue—7.5YR or 10YR

Value—4 to 6 moist, 5to 7 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—medial fine sandy loam or medial sandy loam

Rock fragment content—5 to 30 percent total, with 5 to 30 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Clay content—3 to 8 percent

Volcanic glass content—35 to 80 percent

Reaction—extremely acid or very strongly acid

Thickness—2 to 16 centimeters

Bhs horizon (where present)

Hue—7.5YR or 5YR

Value—2 to 4 moist

Chroma—2 or 4 moist

Texture—medial sandy loam or medial fine sandy loam
Reaction—very strongly acid or strongly acid
Thickness—1 to 4 centimeters

Bs horizon

Hue—7.5YR

Value—3 to 5 moist, 5 or 6 dry

Chroma—4 or 6 moist or dry

Fine-earth texture—medial sandy loam or medial coarse sandy loam

Rock fragment content—dominantly 10 to 30 percent total, with 10 to 30 percent fine
to coarse gravel, 0 to 10 percent cobbles, and 0 to 10 percent stones (lower part of
Bs2 horizon may have rock fragment content of 15 to 75 percent)

Clay content—2 to 10 percent

Volcanic glass content—15 to 70 percent

Reaction—very strongly acid or moderately acid

Thickness—30 to 70 centimeters

2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 5 or 6 dry

Chroma—4 or 6 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, loamy sand, or loamy coarse
sand

Rock fragment content—35 to 80 percent total, with 20 to 60 percent fine to coarse
gravel, 5 to 20 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 6 percent

Volcanic glass content—5 to 15 percent

Reaction—strongly acid or moderately acid

Thickness—20 to 40 centimeters

2C horizon
Hue—2.5Y or variegated
Value—3 to 5 moist, 5 or 6 moist
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Chroma—3 to 6 moist or dry

Fine-earth texture—loamy sand, loamy coarse sand, or coarse sand

Rock fragment content—50 to 85 percent total, with 30 to 75 percent fine to coarse
gravel, 10 to 20 percent cobbles, and 0 to 20 percent stones

Clay content—0 to 4 percent

Volcanic glass content—O0 to 10 percent

Reaction—moderately acid or slightly acid

Cosho Series

Depth class: Moderately deep to lithic bedrock
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Bedrock benches on mountain slopes
Parent material: Volcanic ash over glacial drift
Slope range: 15 to 65 percent

Elevation: 110 to 1,970 meters

Mean annual precipitation: 1,700 to 2,500 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Ashy over sandy or sandy-skeletal, amorphic over isotic, frigid Typic
Udivitrands

Typical Pedon

Cosho gravelly ashy sandy loam (fig. 14) in an area of Ragged-Tricouni-Cosho
complex, 15 to 65 percent slopes, on a bedrock bench; North Cascades National Park
Complex, Whatcom County, Washington; 34 meters west and 141 meters south of the
northeast corner of section 30, T. 37 N., R. 12 E., Willamette Meridian; Mount Triumph,
Washington, U.S. Geological Survey quadrangle; latitude 48 degrees, 40 minutes,

7 seconds north and longitude 121 degrees, 16 minutes, 53 seconds west;
UTM 626540 meters E., 5392037 meters N., zone 10; NAD 83.

Oi—O0 to 6 centimeters; slightly decomposed plant material; common very fine, fine,
and medium roots; clear wavy boundary.

Oe—6 to 14 centimeters; moderately decomposed plant material; many very fine
and medium and few very fine, coarse, and very coarse roots; abrupt irregular
boundary.

E—14 to 15 centimeters; very dark grayish brown (10YR 3/2) gravelly ashy sandy
loam, light brownish gray (10YR 6/2) dry; weak fine subangular blocky structure;
soft, very friable, nonsticky and nonplastic; common very fine and fine and few
medium roots; 10 percent fine gravel and 5 percent medium and coarse gravel,
very strongly acid (pH 4.8); abrupt wavy boundary.

Bw—15 to 53 centimeters; dark yellowish brown (10YR 3/4) gravelly ashy sandy loam,
yellowish brown (10YR 5/4) dry; moderate medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; few very fine, fine, coarse, and very
coarse and common medium roots; 10 percent fine gravel and 15 percent medium
and coarse gravel; moderately acid (pH 5.6); clear wavy boundary.

2BC—53 to 75 centimeters; dark yellowish brown (10YR 3/4) very gravelly loamy
sand, dark yellowish brown (10YR 4/4) dry; moderate medium subangular blocky
structure; soft, very friable, nonsticky and nonplastic; few very fine, fine, medium,
and coarse roots; 10 percent fine gravel, 20 percent medium and coarse gravel,
and 15 percent cobbles; moderately acid (pH 5.9); gradual wavy boundary.
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Figure 14.—Typical profile of a Cosho soil. Numerals on tape
indicate centimeters.

2C—75 to 90 centimeters; olive brown (2.5Y 4/3) very gravelly loamy sand, light
olive brown (2.5Y 5/3) dry; weak medium subangular blocky structure; soft, very
friable, nonsticky and nonplastic; few fine roots; 15 percent fine gravel, 15 percent
medium and coarse gravel, and 15 percent cobbles; moderately acid (pH 6.0).
2R—90 to 115 centimeters; metavolcanic bedrock.

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry for less than 45 consecutive days from June through
October

Thickness of volcanic ash mantle: 38 to 83 centimeters

Depth to bedrock: 50 to 100 centimeters from the mineral soil surface

Particle-size control section: Contrasting

E horizon

Hue—7.5YR or 10YR

Value—3 to 5 moist, 5to 7 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy sandy loam, or ashy loamy sand

Rock fragment content—O0 to 30 percent total, with 0 to 25 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones
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Clay content—1 to 8 percent

Volcanic glass content—15 to 50 percent
Reaction—extremely acid to strongly acid
Thickness—1 to 13 centimeters

Bw horizon

Hue—7.5YR or 10YR

Value—3 or 4 moist, 5 or 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragment content—10 to 30 percent total, with 10 to 30 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Clay content—3 to 8 percent

Volcanic glass content—15 to 50 percent

Reaction—strongly acid or moderately acid

Thickness—38 to 70 centimeters

2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—4 to 6 moist or dry

Fine-earth texture—coarse sandy loam, loamy sand, or loamy coarse sand

Rock fragment content—35 to 80 percent total, with 25 to 55 percent fine to coarse
gravel, 10 to 20 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 6 percent

Volcanic glass content—5 to 15 percent

Reaction—moderately acid or slightly acid

Thickness—0 to 35 centimeters

2C horizon

Hue—2.5Y or variegated

Value—4 to 5 moist, 5 or 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—loamy sand, loamy coarse sand, or sand

Rock fragment content—40 to 90 percent total, with 30 to 65 percent fine to coarse
gravel, 10 to 25 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Volcanic glass content—O0 to 10 percent

Reaction—moderately acid or slightly acid

Damnation Series

Depth class: Shallow to lithic bedrock

Drainage class: Well drained

Capacity to transmit water (Ksat): High
Landscape: Mountains

Landform: Bedrock benches on mountain slopes
Parent material: Volcanic ash over glacial drift
Slope range: 35 to 100 percent

Elevation: 110 to 1,970 meters

Mean annual precipitation: 1,700 to 2,500 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Ashy, amorphic, frigid Lithic Udivitrands
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Typical Pedon

Damnation cobbly ashy sandy loam (fig. 15) in an area of Damnation-Ragged-Rock
outcrop complex, 35 to 100 percent slopes, about 500 meters southwest of the town of
Diablo; North Cascades National Park Complex, Whatcom County, Washington;

380 meters east and 160 meters south of the northwest corner of section 8, T. 37 N.,
R. 13 E.; Diablo Dam, Washington, U.S. Geological Survey quadrangle; latitude

48 degrees, 42 minutes, 42 seconds north and longitude 121 degrees, 8 minutes,
43 seconds west; UTM 636422 meters E., 5397069 meters N., zone 10; NAD 83.

Oi—O0 to 4 centimeters; slightly decomposed needles, leaves, and twigs; abrupt
smooth boundary.

Oa—4 to 6 centimeters; dark brown (7.5YR 3/2) highly decomposed plant material,
brown (7.5YR 5/2) dry; very strongly acid (pH 5.0); abrupt wavy boundary.

Bw1—6 to 14 centimeters; brown (7.5YR 4/4) cobbly ashy sandy loam, brown
(7.5YR 5/4) dry; moderate medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine, many fine and medium, and common
coarse roots; many fine and medium irregular pores; 5 percent fine gravel,

5 percent medium and coarse gravel, 10 percent cobbles, and 5 percent stones;
very strongly acid (pH 5.0); clear wavy boundary.

Bw2—14 to 31 centimeters; yellowish red (5YR 4/6) cobbly ashy sandy loam,
yellowish red (5YR 5/6) dry; moderate medium subangular blocky structure; soft,
very friable, nonsticky and nonplastic; few very fine and common fine and medium
roots; many fine and medium irregular pores; 5 percent fine gravel, 5 percent
medium and coarse gravel, 10 percent cobbles, and 5 percent stones; strongly
acid (pH 5.5); abrupt wavy boundary.

Bw3—31 to 45 centimeters; dark brown (7.5YR 3/3) cobbly ashy sandy loam, brown
(7.5YR 5/3) dry; moderate medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine and fine and few medium roots;
common fine and medium irregular pores; 5 percent fine gravel, 5 percent medium
and coarse gravel, 10 percent cobbles, and 5 percent stones; strongly acid (pH
5.5); abrupt wavy boundary.

R—45 to 70 centimeters; gneiss.

-

Figure 15.—Typical profile of a Damnation soil. Numerals on
tape indicate centimeters.
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Range in Characteristics

Depth to diagnostic horizons and features: Calculated from mineral soil surface

Mean annual soil temperature: 5 to 8 degrees C

Moisture control section: Dry 30 to 45 consecutive days

Depth to lithic contact: 25 to 50 centimeters

Reaction: Very strongly acid or strongly acid

Clay content: 2 to 10 percent throughout

Rock fragment content: 0 to 35 percent total throughout, with 0 to 35 percent fine to
coarse gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Bw1 horizon

Hue—7.5YR or 10YR

Value—3 or 4 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam
Thickness—5 to 10 centimeters

Bw2 and Bw3 horizons

Hue—5YR, 7.5YR, or 10YR

Value—3 or 4 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam
Combined thickness—15 to 40 centimeters

Deerlick Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Moderately well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Alluvial fans, flood plains, and terraces
Parent material: Volcanic ash and alluvium over alluvium and glacial drift
Slope range: 0 to 35 percent

Elevation: 100 to 1,970 meters

Mean annual precipitation: 1,700 to 2,500 millimeters
Mean annual air temperature: 5 to 7 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Ashy over sandy or sandy-skeletal, amorphic over isotic, frigid Aquic
Udivitrands

Deerlick ashy silt loam (fig. 16) in an area of Roland-Skymo-Deerlick complex,
0 to 25 percent slopes, about 28 kilometers north of the town of Marblemount,
along Sulphide Creek; North Cascades National Park Complex, Whatcom County,
Washington; 170 meters east and 640 meters north of the southwest corner of section
17, T. 38 N., R. 10 E.; Willamette Meridian; Mount Shuksan, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 46 minutes, 45 seconds
north and longitude 120 degrees, 32 minutes, 15 seconds west; UTM zone 10N,
607435 meters E., 5403950 meters N.; NAD 83.

Typical Pedon
Oi—0 to 3 centimeters; slightly decomposed plant material; clear wavy boundary.

Oe—3 to 10 centimeters; moderately decomposed plant material; common very fine
and medium roots; extremely acid (pH 4.0); clear wavy boundary.
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Figure 16.—Typical profile of a Deerlick soil. Numerals on tape
indicate centimeters.

A—10 to 14 centimeters; very dark gray (10YR 3/1) ashy silt loam, gray (10YR 5/1)
dry; weak medium subangular blocky structure; soft, very friable, nonsticky and
nonplastic; many very fine and fine and common medium to very coarse roots;
common fine and medium irregular pores; 5 percent fine gravel and 5 percent
cobbles; strongly acid (pH 5.4); abrupt wavy boundary.

Bw—14 to 22 centimeters; dark brown (10YR 3/3) ashy sandy loam, brown (10YR 5/3)
dry; moderate fine subangular blocky structure; soft, very friable, nonsticky and
nonplastic; many very fine and fine and common medium to very coarse roots;
common fine and medium irregular pores; 10 percent cobbles; strongly acid (pH
5.5); abrupt wavy boundary.

C1—22 to 30 centimeters; grayish brown (2.5Y 5/2) gravelly ashy coarse sand,
light brownish gray (2.5Y 6/2) dry; single grain; loose, nonsticky and nonplastic;
common very fine to coarse roots; common medium interstitial pores; 10 percent
fine gravel, 10 percent medium and coarse gravel, and 10 percent cobbles;
moderately acid (pH 5.9); clear smooth boundary.
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C2—30 to 50 centimeters; gray (2.5Y 5/1) very gravelly ashy coarse sand, gray (2.5Y
6/1) dry; single grain; loose, nonsticky and nonplastic; common very fine and fine
and few medium and coarse roots; common medium interstitial pores; 10 percent
fine gravel, 15 percent medium and coarse gravel, and 10 percent cobbles;
moderately acid (pH 6.0); abrupt smooth boundary.

2Bg—50 to 64 centimeters; brown (10YR 4/3) very fine sandy loam, pale brown
(10YR 6/3) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and medium roots; common fine and
medium irregular pores; 10 percent medium distinct yellowish red (5YR 4/6)
irregular iron-manganese masses in matrix; 15 percent medium distinct gray
(2.5Y 5/1) irregular iron depletions; slightly acid (pH 6.2); abrupt smooth
boundary.

2Cg—64 to 80 centimeters; dark grayish brown (2.5Y 4/2) very fine sand, light
brownish gray (2.5Y 6/2) dry; weak medium subangular blocky structure; soft,
very friable, nonsticky and nonplastic; few very fine and fine roots; common fine
interstitial pores; 15 percent medium distinct yellowish red (5YR 4/6) irregular
iron-manganese masses in matrix; 20 percent medium distinct gray (2.5Y 6/1)
irregular iron depletions; slightly acid (pH 6.4); clear wavy boundary.

3C—80 to 152 centimeters; dark grayish brown (2.5Y 4/2) extremely cobbly sand,
light brownish gray (2.5Y 6/2) dry; single grain; loose, nonsticky and nonplastic;
common medium interstitial pores; 20 percent fine gravel, 20 percent medium and
coarse gravel, and 40 percent cobbles; slightly acid (pH 6.4).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry less than 45 consecutive days

Particle-size control section: Contrasting

Clay content:. 0 to 5 percent throughout

Thickness of volcanic ash mantle (ashy textural modifier): 35 to 80 centimeters

Volcanic glass content in ash mantle: 15 to 50 percent

Rock fragment content (ashy part): 5 to 35 percent total, with 5 to 30 percent gravel
and 0 to 15 percent cobbles

Rock fragment content (sandy or sandy-skeletal part): 15 to 50 percent total, with 15
to 25 percent fine to coarse gravel and 5 to 15 percent cobbles

A horizon

Hue—10YR or 7.5YR

Value—2 to 4 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy silt loam, ashy sandy loam, or ashy fine sandy loam

Rock fragment content—O0 to 15 percent total, with 0 to 15 percent gravel and 0 to 15
percent cobbles

Reaction—moderately acid or strongly acid

Thickness—4 to 15 centimeters

Bw horizon

Hue—10YR or 7.5YR

Value—3 or 4 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—ashy sandy loam, ashy fine sandy loam, or ashy loam

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent gravel and 0 to 15
percent cobbles

Reaction—moderately acid or strongly acid

Thickness—38 to 36 centimeters
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C horizon

Hue—10YR or 2.5Y

Value—?2 to 4 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy coarse sand, ashy sand, or ashy loamy coarse sand

Rock fragment content—10 to 35 percent total, with 10 to 30 percent gravel and 0 to
15 percent cobbles

Reaction—moderately acid or strongly acid

Thickness—38 to 30 centimeters (combined thickness, may be only one C horizon)

2Bg horizon

Hue—10YR or 2.5Y

Value—?2 to 4 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—very fine sandy loam, fine sandy loam, or loamy sand

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent gravel and 0 to 10
percent cobbles

Reaction—slightly acid or moderately acid

Thickness—10 to 20 centimeters

2Cg horizon

Hue—10YR or 2.5Y

Value—?2 to 4 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—very fine sand, loamy sand, or loamy very fine sand

Rock fragment content—O0 to 50 percent total, with 0 to 30 percent gravel and 0 to 20
percent cobbles

Reaction—slightly acid or moderately acid

Thickness—10 to 20 centimeters

3C horizon

Hue—10YR or 2.5Y

Value—?2 to 4 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—sand, loamy sand, or sandy loam

Rock fragment content—35 to 80 percent total, with 25 to 50 percent gravel, 15 to 50
percent cobbles, and 0 to 10 percent stones

Reaction—slightly acid or moderately acid

Despair Series

Depth class: Shallow to lithic bedrock

Drainage class: Well drained

Capacity to transmit water (Ksat): High
Landscape: Mountains

Landform: Bedrock benches on mountain slopes
Parent material: Volcanic ash over glacial drift
Slope range: 25 to 100 percent

Elevation: 270 to 2,710 meters

Mean annual precipitation: 1,700 to 2,500 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Ashy, glassy, frigid Lithic Vitrixerands
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Typical Pedon

Despair ashy sandy loam (fig. 17) in an area of Farway-Sawtooth-Despair complex,
35 to 100 percent slopes, about 17 kilometers northwest of the town of Stehekin; North
Cascades National Park Complex, Chelan County, Washington; 540 meters east and
400 meters north of the southeast corner of section 34, T. 34 N., R. 16 E.; McGregor
Mountain, Washington, U.S. Geological Survey quadrangle; latitude 48 degrees,

24 minutes, 0 seconds north and longitude 120 degrees, 50 minutes, 53 seconds
west; UTM 659270 meters E., 5363000 meters N., zone 10; NAD 83.

0Oa—~0 to 4 centimeters; dark brown (7.5YR 3/2) highly decomposed plant material,
brown (7.5YR 5/2) dry; strongly acid (pH 5.2); abrupt wavy boundary.

A—4 to 21 centimeters; very dark brown (10YR 2/2) ashy sandy loam, very dark
grayish brown (10YR 3/2) dry; weak medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; common very fine and fine and few
medium roots; common fine and medium irregular pores; 5 percent fine gravel
and 5 percent medium and coarse gravel; strongly acid (pH 5.4); abrupt irregular
boundary.

Bw—21 to 41 centimeters; brown (10YR 4/3) gravelly ashy sandy loam, brown (10YR
5/3) dry; weak fine subangular blocky structure; soft, very friable, nonsticky
and nonplastic; few very fine and medium roots; common fine and medium
irregular pores; 10 percent fine gravel and 10 percent medium and coarse gravel,
moderately acid (pH 5.6); abrupt irregular boundary.

R—41 to 66 centimeters; gneiss.

Range in Characteristics

Depth to diagnostic horizons and features: Calculated from mineral soil surface
Mean annual soil temperature: 5 to 8 degrees C

Figure 17.—Typical profile of a Despair soil. Numerals on tape
indicate centimeters.
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Moisture control section: Dry 60 to 90 consecutive days

Depth to lithic contact: 25 to 50 centimeters from the mineral soil surface

Reaction: Strongly acid or moderately acid

Clay content: 2 to 8 percent throughout

Rock fragment content: 0 to 35 percent total throughout, with 0 to 35 percent fine to
coarse gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

A horizon

Hue—10YR or 7.5YR

Value—2 to 3 moist, 3 to 5 dry

Chroma—2 to 3 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam
Thickness—5 to 17 centimeters

Bw horizon

Hue—10YR or 7.5YR

Value—3 or 4 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam
Thickness—15 to 40 centimeters

Doubtful Series

Depth class: Moderately deep to lithic bedrock

Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Bedrock benches on mountain slopes, valley walls of mountain slopes, and
ridges

Parent material: Volcanic ash over glacial drift

Slope range: 35 to 100 percent

Elevation: 290 to 2,350 meters

Mean annual precipitation: 1,600 to 3,000 millimeters

Mean annual air temperature: 2 to 4 degrees C

Frost-free period: 30 to 60 days

Taxonomic class: Ashy over sandy or sandy-skeletal, amorphic over isotic Typic
Vitricryands

Doubtful gravelly ashy sandy loam (fig. 18) in an area of Mox-Doubtful-Perfect
complex, 35 to 100 percent slopes, on a rock knob south of Desolation Peak;
North Cascades National Park Complex, Whatcom County, Washington;

520 meters north and 330 meters east of the southwest corner of section 32,
T.40 N., R. 14 E.; Hozomeen Mountain, Washington, U.S. Geological Survey
quadrangle; latitude 48 degrees, 54 minutes, 20 seconds north and longitude
121 degrees, 0 minutes, 58 seconds west; UTM 645381 meters E.,

5418867 meters N., zone 10; NAD 83.

Typical Pedon

Oi—0 to 2 centimeters; slightly decomposed plant material from forbs and twigs;
abrupt smooth boundary.

A—2 to 9 centimeters; very dark brown (10YR 2/2) gravelly ashy sandy loam, dark
grayish brown (10YR 4/2) dry; weak fine subangular blocky structure; soft, very
friable, nonsticky and nonplastic; many very fine and fine and few medium roots;

5 percent fine gravel, 5 percent medium and coarse gravel, and 5 percent cobbles;
moderately acid (pH 6.0); abrupt wavy boundary.
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Figure 18.—Typical profile of a Doubtful soil. Numerals on tape
indicate centimeters.

Bw1—9 to 27 centimeters; dark brown (10YR 3/3) gravelly ashy sandy loam, brown
(10YR 5/3) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; many very fine and fine, common medium and coarse,
and few very coarse roots; 10 percent fine gravel, 10 percent medium and coarse
gravel, and 5 percent cobbles; slightly acid (pH 6.4); clear wavy boundary.

Bw2—27 to 58 centimeters; dark brown (10YR 3/3) gravelly ashy sandy loam, brown
(10YR 5/3) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; many very fine and fine roots; 5 percent fine gravel,

20 percent medium and coarse gravel, and 5 percent cobbles; slightly acid (pH
6.2); clear irregular boundary.

2C—58 to 70 centimeters; very dark brown (10YR 2/2) extremely gravelly loamy
coarse sand, dark grayish brown (10YR 4/2) dry; single grain; loose, nonsticky
and nonplastic; few very fine roots; 10 percent fine gravel, 60 percent medium
and coarse gravel, and 10 percent cobbles; slightly acid (pH 6.1); gradual irregular
boundary.

R—70 to 95 centimeters; metasedimentary rock.
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Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry for less than 45 consecutive days following the summer
solstice

Thickness of volcanic ash mantle: 35 to 60 centimeters

Depth to bedrock (lithic contact): 50 to 100 centimeters from mineral soil surface

Particle-size control section: Contrasting

A horizon

Hue—10YR or 7.5YR

Value—2 or 3 moist, 3 or 4 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—10 to 35 percent total, with 10 to 25 percent fine to coarse
gravel and 0 to 10 percent cobbles

Clay content—1 to 6 percent

Volcanic glass content—15 to 50 percent

Reaction—moderately acid or strongly acid

Thickness—2 to 8 centimeters

Bw horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 4 or 5 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—ashy sandy loam, ashy fine sandy loam, or ashy coarse sandy
loam

Rock fragment content—10 to 35 percent total, with 10 to 30 percent fine to coarse
gravel and 0 to 10 percent cobbles

Clay content—2 to 6 percent

Volcanic glass content—20 to 50 percent

Reaction—slightly acid or moderately acid

Thickness—20 to 90 centimeters

2C horizon

Hue—10YR or 7.5YR

Value—2 to 4 moist, 4 or 5 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy coarse sand, loamy sand, or coarse sand

Rock fragment content—30 to 85 percent total, with 25 to 80 percent fine to coarse
gravel and 5 to 25 percent cobbles

Clay content—0 to 4 percent

Volcanic glass content—0 to 5 percent

Reaction—slightly acid or moderately acid

Thickness—10 to 15 centimeters

Easy Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Bedrock benches on mountain slopes
Parent material: Mixed volcanic ash over glacial drift
Slope range: 0 to 35 percent

Elevation: 110 to 1,490 meters
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Mean annual precipitation: 1,500 to 2,300 millimeters
Mean annual air temperature: 5 to 8 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Ashy over loamy-skeletal, amorphic over isotic, frigid Andic
Haplorthods

Typical Pedon

Easy ashy sandy loam (fig. 19) in an area of Tricouni-Ragged-Easy complex, 5 to
50 percent slopes, on a bedrock bench; North Cascades National Park Complex,
Skagit County, Washington; 230 meters west and 640 meters north of the southeast
corner of section 19, T. 36 N., R. 14 E.; Forbidden Peak, Washington, U.S. Geological
Survey quadrangle; latitude 48 degrees, 35 minutes, 24 seconds north and longitude
121 degrees, 1 minute, 40 seconds west; UTM 645426 meters E., 5383763 meters N.,
zone 10; NAD 83.

Oi—O0 to 3 centimeters; slightly decomposed plant material; common very fine and fine
roots; abrupt smooth boundary.

Oe—3 to 6 centimeters; moderately decomposed plant material; common very fine
and fine roots; abrupt wavy boundary.

Figure 19.—Typical profile of an Easy soil. Numerals on tape
indicate centimeters.
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E—6 to 12 centimeters; gray (10YR 5/1) ashy sandy loam, light gray (10YR 7/1) dry;
weak fine subangular blocky structure; soft, very friable, nonsticky and nonplastic;
common very fine and fine and few medium and coarse roots; 5 percent fine
gravel and 5 percent medium and coarse gravel; strongly acid (pH 5.1); clear
irregular boundary.

Bs1—12 to 28 centimeters; strong brown (7.5YR 4/6) gravelly ashy sandy loam,
reddish yellow (7.5YR 6/6) dry; weak fine subangular blocky structure; slightly
hard, very friable, nonsticky and nonplastic; many very fine and fine and common
medium, coarse, and very coarse roots; 10 percent fine gravel, 15 percent medium
and coarse gravel, and 5 percent cobbles; moderately acid (pH 5.6); clear wavy
boundary.

Bs2—28 to 41 centimeters; yellowish brown (10YR 5/6) gravelly ashy sandy loam,
brownish yellow (10YR 6/6) dry; weak fine subangular blocky structure; slightly
hard, very friable, nonsticky and nonplastic; common very fine and fine and few
medium and coarse roots; 10 percent fine gravel, 15 percent medium and coarse
gravel, and 5 percent cobbles; moderately acid (pH 5.7); clear wavy boundary.

2BC—41 to 66 centimeters; light olive brown (2.5Y 5/4) extremely gravelly sandy loam,
light yellowish brown (2.5Y 6/4) dry; single grain; loose, nonsticky and nonplastic;
common very fine and fine and few medium roots; 15 percent fine gravel,

35 percent medium and coarse gravel, and 10 percent cobbles; moderately acid
(pH 5.8); clear wavy boundary.

2C—66 to 150 centimeters; light olive brown (2.5Y 5/4) extremely gravelly coarse
sandy loam, pale yellow (2.5Y 7/4) dry; single grain; loose, nonsticky and
nonplastic; few very fine and fine roots; 20 percent fine gravel, 30 percent medium
and coarse gravel, 10 percent cobbles, and 5 percent stones; slightly acid (pH
6.1).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry for less than 45 consecutive days from June to October
Thickness of volcanic ash mantle: 35 to 90 centimeters

Particle-size control section: Contrasting

E horizon

Hue—7.5YR or 10YR

Value—3 to 5 moist, 4 to 7 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy sandy loam, or ashy loamy sand

Rock fragment content—0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Clay content—1 to 6 percent

Volcanic glass content—15 to 50 percent

Reaction—extremely acid to strongly acid

Thickness—1 to 11 centimeters

Bhs horizon (where present)

Hue—7.5YR or 5YR

Value—2 to 4 moist

Chroma—3 or 4 moist

Texture—ashy sandy loam or ashy fine sandy loam
Reaction—very strongly acid or strongly acid
Thickness—1 to 9 centimeters

Bs horizon
Hue—5YR or 7.5YR
Value—2 to 5 moist, 4 to 6 moist
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Chroma—3 to 6 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragment content—10 to 35 percent total, with 10 to 35 percent fine to coarse
gravel, 0 to 20 percent cobbles, and 0 to 5 percent stones

Clay content—3 to 10 percent

Volcanic glass content—15 to 50 percent

Reaction—strongly acid or moderately acid

Thickness—13 to 60 centimeters

2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 moist

Chroma—4 or 6 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy coarse sand

Rock fragment content—35 to 80 percent total, with 25 to 50 percent fine to coarse
gravel, 10 to 20 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 8 percent

Volcanic glass content—5 to 15 percent

Reaction—strongly acid to slightly acid

Thickness—30 to 70 centimeters

2C horizon

Hue—2.5Y

Value—4 to 5 moist, 5 or 6 moist

Chroma—3 or 4 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy sand

Rock fragment content—40 to 80 percent total, with 30 to 50 percent fine to coarse
gravel, 10 to 25 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Volcanic glass content—O0 to 10 percent

Reaction—strongly acid to slightly acid

Farway Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Debris aprons on mountain slopes
Parent material: Volcanic ash over colluvium and reworked glacial drift
Slope range: 5 to 100 percent

Elevation: 335 to 1,900 meters

Mean annual precipitation: 500 to 800 millimeters
Mean annual air temperature: 2 to 9 degrees C
Frost-free period: 75 to 115 days

Taxonomic class: Ashy over loamy-skeletal, glassy over isotic, frigid Typic Vitrixerands
Typical Pedon

Farway ashy fine sandy loam (fig. 20) in an area of Farway-Sawtooth-Despair
complex, 35 to 100 percent slopes, on a debris apron about 1 kilometer along Agnes
Creek trail from High Bridge; North Cascades National Park Complex, Chelan County,
Washington; 247 meters east and 460 meters south of the northwest corner of
section 11, T. 33 N., R. 16 E.; McGregor Mountain, Washington, U.S. Geological
Survey quadrangle; latitude 48 degrees, 22 minutes, 36 seconds north and
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Figure 20.—Typical profile of a Farway soil. Numerals on tape
indicate centimeters.

longitude 120 degrees, 50 minutes, 17 seconds west; UTM 660094 meters E.,
5360427 meters N., zone 11; NAD 83.

Oe—0 to 3 centimeters; moderately decomposed plant material; diffuse wavy
boundary.

Bw1—3 to 45 centimeters; dark yellowish brown (10YR 4/4) ashy fine sandy loam,
light yellowish brown (10YR 6/4) dry; weak fine subangular blocky structure; soft,
very friable, nonsticky and nonplastic; common very fine, fine, and medium roots;
5 percent fine gravel; diffuse wavy boundary.

Bw2—45 to 78 centimeters; dark yellowish brown (10YR 4/4) cobbly ashy sandy loam,
light yellowish brown (10YR 6/4) dry; weak fine subangular blocky structure; soft,
very friable, nonsticky and nonplastic; few very fine and fine roots; 5 percent fine
gravel and 10 percent cobbles; diffuse wavy boundary.

Bw3—78 to 90 centimeters; dark yellowish brown (10YR 4/4) cobbly ashy sandy loam,
light yellowish brown (10YR 6/4) dry; weak fine subangular blocky structure; soft,
very friable, nonsticky and nonplastic; few fine and very fine roots; 5 percent fine
gravel, 5 percent medium and coarse gravel, and 20 percent cobbles; abrupt wavy
boundary.

2BC—90 to 150 centimeters; dark yellowish brown (10YR 3/6) very cobbly sandy
loam, yellowish brown (10YR 5/6) dry; weak fine subangular blocky structure; soft,
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very friable, nonsticky and nonplastic; few very fine roots; 10 percent fine gravel,
10 percent medium and coarse gravel, and 15 percent cobbles.

Range in Characteristics

Mean annual soil temperature: 3 to 8 degrees C

Moisture control section: Dry for 60 to 90 consecutive days following the summer
solstice

Rock fragment roundness classes: Subrounded and subangular

Thickness of volcanic ash mantle: 36 to 85 centimeters

Bw horizon

Hue—10YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—O0 to 35 percent total, with 0 to 30 percent fine to coarse
gravel, 0 to 20 percent cobbles, and 0 to 5 percent stones

Clay content—2 to 10 percent

Volcanic glass content—30 to 60 percent

Reaction—strongly acid to neutral

Thickness—25 to 70 centimeters

2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 or 6 moist or dry

Fine-earth texture—coarse sandy loam, sandy loam, or loamy coarse sand

Rock fragment content—35 to 80 percent total, with 25 to 60 percent fine to coarse
gravel, 5 to 35 percent cobbles, and 0 to 10 percent stones

Clay content—2 to 10 percent

Volcanic glass content—O0 to 15 percent

Reaction—moderately acid to neutral

Forbidden Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Volcanic ash mixed with reworked glacial drift over glacial drift
Slope range: 15 to 100 percent

Elevation: 325 to 2,350 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 3 to 7 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Sandy-skeletal, isotic Andic Dystrocryepts
Typical Pedon

Forbidden ashy sandy loam in an area of Stetattle-Forbidden-Triumph complex,
15 to 65 percent slopes, on a valley wall; North Cascades National Park Complex,
Skagit County, Washington; 306 meters south and 748 meters east of the
northwest corner of section 29, T. 36 N., R. 14 E.; Forbidden Peak, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 34 minutes,
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54 seconds north and longitude 121 degrees, 0 minutes, 52 seconds west;
UTM 646433 meters E., 5382845 meters N., zone 10; NAD 83.

Oi—O0 to 4 centimeters; slightly decomposed plant material; few fine roots throughout;
abrupt smooth boundary.

Oe—4 to 14 centimeters; moderately decomposed plant material; common very fine,
fine, and medium roots throughout; abrupt wavy boundary.

E—14 to 16 centimeters; dark grayish brown (10YR 4/2) ashy sandy loam, light
brownish gray (10YR 6/2) dry; weak medium granular structure; very friable, soft,
nonsticky and nonplastic; common very fine, fine, and medium roots; strongly acid
(pH 5.2); abrupt wavy boundary.

Bw—16 to 46 centimeters; dark yellowish brown (10YR 4/4) very gravelly ashy sandy
loam, light yellowish brown (10YR 6/4) dry; weak fine subangular blocky structure;
very friable, slightly hard, nonsticky and nonplastic; many very fine and fine and
common medium and coarse roots; 10 percent fine gravel, 20 percent medium and
coarse gravel, and 10 percent cobbles; slightly acid (pH 6.5); clear wavy boundary.

2BC1—46 to 68 centimeters; light olive brown (2.5Y 5/4) extremely gravelly loamy
sand, light yellowish brown (2.5Y 6/4) dry; single grain; loose, nonsticky and
nonplastic; many very fine, common fine, and few medium and coarse roots;
20 percent fine gravel, 30 percent medium and coarse gravel, 15 percent cobbles,
and 10 percent stones; moderately acid (pH 6.0); abrupt smooth boundary.

2BC2—68 to 90 centimeters; olive brown (2.5Y 4/3) extremely gravelly loamy sand,
light olive brown (2.5Y 5/4) dry; single grain; loose, nonsticky and nonplastic;
common very fine and fine and few medium and coarse roots; 20 percent fine
gravel, 35 percent medium and coarse gravel, 20 percent cobbles, and 10 percent
stones; moderately acid (pH 6.0); abrupt smooth boundary.

2C—90 to 152 centimeters; variegated extremely gravelly coarse sand; single grain;
loose, nonsticky and nonplastic; few fine and medium roots; 15 percent fine gravel,
35 percent medium and coarse gravel, 20 percent cobbles, and 5 percent stones;
moderately acid (pH 6.0).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C
Moisture control section: Dry for less than 30 consecutive days from June to October
Thickness of volcanic ash mantle: 18 to 35 centimeters

E horizon

Hue—7.5YR or 10YR

Value—3 or 4 moist, 5 or 6 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy sandy loam, or ashy loamy sand

Rock fragment content—O0 to 35 percent total, with 0 to 35 percent fine to coarse
gravel, 0 to 25 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 8 percent

Volcanic glass content—15 to 50 percent

Reaction—very strongly acid or strongly acid

Thickness—0 to 4 centimeters

Bw horizon

Hue—7.5YR or 10YR

Value—3 or 4 moist, 4 to 6 dry

Chroma—2 or 4 moist or dry

Fine earth texture—ashy sandy loam or ashy loamy sand

Rock fragment content—35 to 75 percent total, with 25 to 65 percent fine to coarse
gravel, 0 to 30 percent cobbles, 0 to 10 percent stones, and 0 to 5 percent
boulders
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Clay content—3 to 8 percent

Volcanic glass content—b5 to 50 percent
Reaction—strongly acid to neutral
Thickness—18 to 35 centimeters

2BC horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 4 to 6 moist

Chroma—3 or 4 moist or dry

Fine-earth texture—loamy sand or loamy coarse sand

Rock fragment content—35 to 85 percent total, with 20 to 65 percent fine to coarse
gravel, 15 to 35 percent cobbles, and 0 to 15 percent stones

Clay content—0 to 5 percent

Volcanic glass content—0 to 10 percent

Reaction—strongly acid to slightly acid

2C horizon

Hue—2.5Y or variegated

Value—3 or 4 moist, 4 to 5 moist

Chroma—3 or 4 moist or dry

Fine earth texture—loamy sand, loamy coarse sand, coarse sand, or sand

Rock fragment content—50 to 90 percent total, with 25 to 60 percent fine to coarse
gravel, 20 to 60 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 3 percent

Volcanic glass content—0 to 5 percent

Reaction—strongly acid to slightly acid

Goode Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Alluvial fans

Parent material: Volcanic ash mixed with colluvium and glacial drift over glacial drift
Slope range: 35 to 100 percent

Elevation: 270 to 2,055 meters

Mean annual precipitation: 600 to 1,600 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 70 to 100 days

Taxonomic class: Loamy-skeletal, isotic, frigid Andic Dystroxerepts
Typical Pedon

Goode gravelly ashy fine sandy loam (fig. 21) in an area of Despair-Goode-Rock
outcrop complex, 35 to 100 percent slopes, on an alluvial fan; North Cascades
National Park Complex, Chelan County, Washington; 50 meters east and 580 meters
south of the northwest corner of section 25, T. 33 N., R. 17 E.; Stehekin, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 19 minutes, 58 seconds north
and longitude 120 degrees, 41 minutes, 17 seconds west; UTM 671349 meters E.,
5355868 meters N., zone 10; NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed plant material; abrupt smooth boundary.
A—2 to 23 centimeters; black (10YR 2/1) gravelly ashy fine sandy loam, dark grayish
brown (10YR 4/2) dry; moderate medium subangular blocky structure; slightly
hard, friable, nonsticky and nonplastic; common very fine to very coarse roots;
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Figure 21.—Typical profile of a Goode soil. Numerals on tape
indicate centimeters.

5 percent fine gravel, 10 percent medium and coarse gravel, and 5 percent
cobbles; strongly acid (pH 5.1); clear wavy boundary.

Bw1—23 to 66 centimeters; dark yellowish brown (10YR 3/6) very gravelly ashy sandy
loam, light yellowish brown (10YR 6/4) dry; weak medium subangular blocky
structure; soft, very friable, nonsticky and nonplastic; many very fine and fine and
common medium, coarse, and very coarse roots; 5 percent fine gravel, 25 percent
medium and coarse gravel, 10 percent cobbles, and 5 percent stones; moderately
acid (pH 5.6); clear wavy boundary.

2Bw2—66 to 91 centimeters; dark yellowish brown (10YR 3/4) very gravelly coarse
sandy loam, brown (10YR 5/3) dry; single grain; loose, nonsticky and nonplastic;
few very fine and common fine and medium roots; 10 percent fine gravel,

25 percent medium and coarse gravel, 15 percent cobbles, and 5 percent stones;
moderately acid (pH 5.8); clear wavy boundary.

2BC—91 to 152 centimeters; olive brown (2.5Y 4/4) extremely gravelly coarse sand,
light yellowish brown (2.5Y 6/4) dry; loose, nonsticky and nonplastic; few very fine,
fine, and medium roots; 20 percent fine gravel, 40 percent medium and coarse
gravel, 5 percent cobbles, and 5 percent stones; moderately acid (pH 6.0).
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Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry for 60 to 90 consecutive days following the summer
solstice

Thickness of andic feature: 18 to 35 centimeters

Rock fragment roundness classes: Rounded, subrounded, and subangular

A horizon

Hue—10YR or 7.5YR

Value—2 or 3 moist, 3 to 5 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—10 to 55 percent total, with 10 to 30 percent fine to coarse
gravel, 0 to 25 percent cobbles, and 0 to 10 percent stones

Clay content—2 to 8 percent

Volcanic glass content—15 to 40 percent

Reaction—very strongly acid or moderately acid

Thickness—0 to 25 centimeters (absent in some areas that support denser forests)

Bw horizon

Hue—10YR or 7.5YR

Value—2 or 3 moist, 4 or 5 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—ashy sandy loam, ashy fine sandy loam, or ashy coarse sandy
loam

Rock fragment content—20 to 65 percent total, with 10 to 40 percent fine to coarse
gravel, 5 to 20 percent cobbles, and 0 to 10 percent stones

Clay content—2 to 8 percent

Volcanic glass content—5 to 20 percent

Reaction—strongly acid to slightly acid

Thickness—40 to 80 centimeters

2Bw horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—fine sandy loam, sandy loam, or coarse sandy loam

Rock fragment content—35 to 70 percent total, with 25 to 45 percent fine to coarse
gravel, 10 to 25 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 6 percent

Volcanic glass content—O0 to 5 percent

Reaction—moderately acid or slightly acid

Thickness—0 to 30 centimeters

2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 5 moist or dry

Fine-earth texture—loamy coarse sand, loamy sand, or coarse sand

Rock fragment content—35 to 80 percent total, with 30 to 70 percent fine to coarse
gravel, 5 to 25 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Volcanic glass content—0 to 5 percent

Reaction—moderately acid or slightly acid
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C horizon (where present)

Hue—2.5Y or variegated

Value—4 or 5 moist

Chroma—4 to 6 moist

Fine-earth texture—coarse sand, loamy sand, or loamy coarse sand
Reaction—moderately acid or slightly acid

Harlequin Series

Depth class: Shallow to lithic bedrock

Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Cirques and mountain slopes

Parent material: Colluvium and glacial drift over residuum
Slope range: 15 to 100 percent

Elevation: 335 to 1,875 meters

Mean annual precipitation: 1,955 to 2,720 millimeters
Mean annual air temperature: 0 to 4 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Loamy, isotic Lithic Dystrocryepts
Typical Pedon

Harlequin sandy loam in an area of Rock outcrop-Glaciers-Harlequin complex,
25 to 100 percent slopes, on a valley wall about 30 kilometers northwest of the town
of Newhalem, along the Copper Ridge trail; North Cascades National Park Complex,
Whatcom County, Washington; 40 meters east and 735 meters north of the
southwest corner of section 2, T. 39 N., R. 10 E.; Copper Mountain, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 53 minutes, 47 seconds north
and longitude 121 degrees, 28 minutes, 35 seconds west; UTM 611677 meters E.,
5417048 meters N., zone 10; NAD 83.

Oi—0 to 6 centimeters; slightly decomposed plant material; few fine and medium roots;
abrupt wavy boundary.

A—©6 to 24 centimeters; dark grayish brown (10YR 4/2) sandy loam, light brownish
gray (10YR 6/2) dry; moderate coarse subangular blocky structure; slightly hard,
friable, nonsticky and nonplastic; few very fine and common fine to coarse roots;
common medium irregular pores; 5 percent gravel and 5 percent cobbles; very
strongly acid (pH 4.5); clear irregular boundary.

Bw—24 to 46 centimeters; dark brown (7.5YR 3/3) sandy loam, brown (7.5YR 5/3)
dry; weak fine subangular blocky structure; loose, nonsticky and nonplastic; few
fine and medium roots; common medium irregular pores; 10 percent gravel; very
strongly acid (pH 5.0); clear wavy boundary.

2R—46 to 71 centimeters; indurated granite.

Range in Characteristics

Mean annual soil temperature: 0 to 4 degrees C

Moisture control section: Dry less than 30 consecutive days

Particle-size control section:

Clay content—4 to 15 percent

Rock fragment content—10 to 15 percent total, with 0 to 15 percent gravel and
0 to 5 percent cobbles

Depth to lithic contact: 25 to 50 centimeters
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A horizon

Hue—10YR or 7.5YR

Value—3 or 4 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—sandy loam or fine sandy loam

Rock fragment content—O0 to 15 percent total, with 0 to 15 percent gravel and 0 to 5
percent cobbles

Reaction—extremely acid or very strongly acid

Thickness—0 to 18 centimeters (absent in some pedons)

Bw horizon

Hue—7.5YR or 10YR

Value—3 or 4 moist, 5 or 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—sandy loam or fine sandy loam

Rock fragment content—O0 to 15 percent total, with 0 to 15 percent gravel and 0 to 5
percent cobbles

Reaction—very strongly acid or strongly acid

Thickness—20 to 25 centimeters

Inspiration Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Debris aprons on mountain slopes
Parent material: Volcanic ash over glacial drift
Slope range: 15 to 100 percent

Elevation: 215 to 1,790 meters

Mean annual precipitation: 600 to 1,700 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 70 to 100 days

Taxonomic class: Ashy-skeletal over loamy-skeletal, glassy over isotic, frigid Humic
Vitrixerands

Typical Pedon

Inspiration very gravelly ashy sandy loam (fig. 22) in an area of Mesahchie-
Inspiration-Lyall complex, 15 to 65 percent slopes, on a debris apron; North Cascades
National Park Complex, Chelan County, Washington; 460 meters east and 377 meters
south of the northwest corner of section 8, T. 34 E., R. 17 E.; McGregor Mountain,
Washington, U.S. Geological Survey quadrangle; latitude 48 degrees, 27 minutes,

56 seconds north and longitude 120 degrees, 46 minutes, 7 seconds west;
UTM 664941 meters E., 5370442 meters N., zone 10; NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed plant material; clear smooth boundary.
Oe—2 to 9 centimeters; moderately decomposed plant material; clear smooth
boundary.

Oa—9 to 15 centimeters; highly decomposed plant material; abrupt wavy boundary.
A1—15 to 25 centimeters; very dark brown (10YR 2/2) very gravelly ashy sandy loam,
grayish brown (10YR 5/2) dry; moderate medium subangular blocky structure;

friable, slightly hard, nonsticky and nonplastic; common very fine, fine, and coarse
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Figure 22.—Typical profile of an Inspiration soil. Numerals on
tape indicate centimeters.

and many medium roots; 10 percent fine gravel, 20 percent medium and coarse
gravel, and 10 percent cobbles; very strongly acid (pH 4.6); clear wavy
boundary.

A2—25 to 37 centimeters; very dark brown (10YR 2/2) extremely cobbly ashy sandy
loam, grayish brown (10YR 5/2) dry; weak medium subangular blocky structure;
friable, slightly hard, nonsticky and nonplastic; common very fine, fine, and coarse
roots and many medium roots; 10 percent fine gravel, 20 percent medium and
coarse gravel, and 35 percent cobbles; very strongly acid (pH 4.9); abrupt wavy
boundary.

Bw—37 to 64 centimeters; dark yellowish brown (10YR 3/6) very gravelly ashy sandy
loam, yellowish brown (10YR 5/6) dry; moderate medium subangular blocky
structure; friable, slightly hard, nonsticky and nonplastic; few very fine, fine,
medium, and coarse roots; 15 percent fine gravel, 10 percent medium and
coarse gravel, and 10 percent cobbles; strongly acid (pH 5.1); abrupt wavy
boundary.
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2BC—64 to 150 centimeters; dark yellowish brown (10YR 4/6) extremely gravelly
coarse sandy loam, brownish yellow (10YR 6/6) dry; single grain; loose, nonsticky
and nonplastic; few medium roots; 10 percent fine gravel, 30 percent medium and
coarse gravel, and 25 percent cobbles; moderately acid (pH 5.8).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry for 60 to 90 consecutive days from June to October
Thickness of volcanic ash mantle: 40 to 80 centimeters

Particle-size control section: Contrasting

A horizon

Hue—10YR

Value—2 to 3 moist, 4 to 5 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragment content—35 to 70 percent total, with 10 to 35 percent fine to coarse
gravel, 10 to 40 percent cobbles, and 0 to 10 percent stones

Clay content—3 to 6 percent

Volcanic glass content—15 to 50 percent

Reaction—very strongly acid or strongly acid

Thickness—19 to 40 centimeters

Bw horizon

Hue—10YR or 7.5YR

Value—2 to 4 moist, 4 to 6 moist

Chroma—2 to 6 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragment content—25 to 50 percent total, with 10 to 45 percent fine to coarse
gravel, 5 to 30 percent cobbles, and 0 to 20 percent stones

Clay content—2 to 7 percent

Volcanic glass content—15 to 50 percent

Reaction—strongly acid or moderately acid

Thickness—20 to 60 centimeters

2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 moist

Chroma—3 to 6 moist or dry

Fine-earth texture—sandy loam or coarse sandy loam

Rock fragment content—35 to 75 percent total, with 25 to 50 percent fine to coarse
gravel, 10 to 30 percent cobbles, and 0 to 20 percent stones

Clay content—1 to 5 percent

Volcanic glass content—5 to 15 percent

Reaction—strongly acid to slightly acid

Thickness—0 to 40 centimeters

C horizon (where present)

Hue—2.5Y or 10YR

Value—3 or 4 moist

Chroma—2 or 3 moist

Texture—coarse sandy loam, sandy loam, or loamy sand

Clay content—1 to 3 percent

Rock fragment content—25 to 80 percent gravel and 0 to 15 percent cobbles
Reaction—strongly acid to slightly acid
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Kettling Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Moderately well drained

Capacity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Debris aprons on mountain slopes, fan terraces on mountain slopes, and
terraces

Parent material: Volcanic ash and alluvium over glacial drift

Slope range: 0 to 15 percent

Elevation: 335 to 980 meters

Mean annual precipitation: 1,700 to 2,500 millimeters

Mean annual air temperature: 5 to 10 degrees C

Frost-free period: 60 to 90 days

Taxonomic class: Coarse-loamy, isotic, frigid Fluventic Humixerepts
Typical Pedon

Kettling sandy loam (fig. 23) in an area of Sandalee-Kettling-Torment complex, 0 to
15 percent slopes, on an alluvial terrace about 2 kilometers northwest of the town of
Stehekin; North Cascades National Park Complex, Chelan County, Washington;

Figure 23.—Typical profile of a Kettling soil. Numerals on tape
indicate centimeters.

62



Soil Survey of North Cascades National Park Complex, Washington

320 meters east and 650 meters south of the northwest corner of section 36,

T. 33 N., R. 17 E.; Stehekin, Washington, U.S. Geological Survey quadrangle;
latitude 48 degrees, 19 minutes, 3 seconds north and longitude 120 degrees,

41 minutes, 3 seconds west; UTM 671680 meters E., 5354185 meters N., zone 10;
NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed leaves and twigs; abrupt smooth
boundary.

Oe—2 to 5 centimeters; dark brown (7.5YR 3/3) moderately decomposed leaves and
twigs, brown (7.5YR 5/3) dry; few very fine and fine and common medium roots;
abrupt smooth boundary.

A—>5 to 13 centimeters; black (10YR 2/1) sandy loam, very dark gray (10YR 3/1) dry;
weak fine subangular blocky structure parting to moderate fine granular; soft, very
friable, nonsticky and nonplastic; few very fine, fine, and coarse and common
medium roots; common fine and medium dendritic tubular pores; strongly acid (pH
5.4); abrupt wavy boundary.

Bw1—13 to 25 centimeters; very dark grayish brown (10YR 3/2) loam, dark grayish
brown (10YR 4/2) dry; moderate coarse granular structure; slightly hard, friable,
nonsticky and nonplastic; few very fine to coarse roots; common fine and medium
dendritic tubular pores; strongly acid (pH 5.5); clear wavy boundary.

Bw2—25 to 60 centimeters; dark grayish brown (10YR 4/2) fine sandy loam, grayish
brown (10YR 5/2) dry; moderate medium subangular blocky structure; soft, very
friable, nonsticky and nonplastic; few very fine and medium roots; common fine
and medium irregular pores; moderately acid (pH 5.8); abrupt wavy boundary.

C1—60 to 90 centimeters; dark grayish brown (2.5Y 4/2) coarse sand, light brownish
gray (2.5Y 6/2) dry; single grain; loose, nonsticky and nonplastic; few very fine
and fine roots; common fine and medium interstitial pores; 5 percent gravel;
moderately acid (pH 6.0); abrupt wavy boundary.

C2—90 to 152 centimeters; very dark grayish brown (2.5Y 3/2) sandy loam, grayish
brown (2.5Y 5/2) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and fine roots; common very fine and
fine irregular pores; 5 percent medium faint irregular yellowish brown (10YR 5/4)
masses of oxidized iron with diffuse boundaries throughout; 5 percent gravel;
slightly acid (pH 6.2).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry 60 to 90 consecutive days

Other features: Athin (2 to 10 centimeters thick) C horizon of freshly deposited flood
sediment with texture of sandy loam, fine sandy loam, or loamy fine sand may be
present in some pedons.

A horizon

Hue—10YR or 7.5YR

Value—2 to 3 moist, 3 to 5 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—sandy loam

Clay content—0 to 8 percent

Rock fragment content—0 to 10 percent total, with 0 to 10 percent fine to coarse
gravel and 0 to 5 percent cobbles

Thickness—5 to 20 centimeters

Bw horizon
Hue—10YR or 2.5Y
Value—3 or 4 moist, 4 to 6 dry
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Chroma—2 to 4 moist or dry

Fine-earth texture—loam, sandy loam, or fine sandy loam

Clay content—0 to 10 percent

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 10 percent cobbles

Combined thickness—35 to 60 centimeters

C1 horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—coarse sand, loamy coarse sand, or loamy sand

Clay content—0 to 5 percent

Rock fragment content—5 to 55 percent total, with 5 to 50 percent fine to coarse
gravel, 5 to 25 percent cobbles, and 0 to 5 percent stones

Thickness—0 to 30 centimeters (horizon with this rock fragment content absent in
some pedons)

C2 horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, fine sandy loam, loamy fine sand, or loamy coarse
sand

Clay content—0 to 8 percent

Rock fragment content—5 to 35 percent total, with 5 to 35 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Kimtah Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Moderately well drained

Capatcity to transmit water (Ksat): Moderately high or high

Landscape: Mountains

Landform: Debris aprons on mountain slopes, valley bottoms of mountain slopes, and
valley walls of mountain slopes

Parent material: Mixed volcanic ash over glacial drift and colluvium

Slope range: 5 to 35 percent

Elevation: 290 to 2,200 meters

Mean annual precipitation: 2,000 to 3,300 millimeters

Mean annual air temperature: 2 to 6 degrees C

Frost-free period: 30 to 60 days

Taxonomic class: Ashy over loamy, amorphic over isotic Aquandic Haplocryods
Typical Pedon

Kimtah ashy fine sandy loam (fig. 24) in an area of Chilliwack-Tepeh-Kimtah
complex, 15 to 65 percent slopes, on a valley wall about 22 kilometers north of the
town of Newhalem, near Beaver Pass; North Cascades National Park Complex,
Whatcom County, Washington; 451 meters west and 563 meters south of the
northeast corner of section 16, T. 39 N., R. 12 E.; Mount Prophet, Washington,

U.S. Geological Survey quadrangle; latitude 48 degrees, 52 minutes, 4 seconds north
and longitude 121 degrees, 14 minutes, 39 seconds west; UTM 628772 meters E.,
5414234 meters N., zone 10; NAD 83.
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Figure 24.—Typical profile of a Kimtah soil. Numerals on tape
indicate centimeters.

Oi—O0 to 2 centimeters; slightly decomposed plant material; abrupt wavy boundary.

Oe—2 to 7 centimeters; moderately decomposed plant material; few very fine and
medium roots; common fine irregular pores; extremely acid (pH 4.0); abrupt wavy
boundary.

E—7 to 12 centimeters; very dark gray (10YR 3/1) ashy fine sandy loam, gray (10YR
5/1) dry; weak fine subangular blocky structure; soft, very friable, nonsticky and
nonplastic; common very fine to very coarse roots; common fine irregular pores;
10 percent gravel; extremely acid (pH 4.4); abrupt irregular boundary.

Bs1—12 to 33 centimeters; brown (7.5YR 4/6) ashy sandy loam, reddish yellow
(7.5YR 6/6) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine and fine and few medium and coarse
roots; common fine and medium irregular pores; 5 percent cobbles; strongly acid
(pH 5.5); gradual irregular boundary.

Bs2—33 to 51 centimeters; dark brown (7.5YR 3/4) ashy sandy loam, light brown
(7.5YR 6/4) dry; moderate medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and fine roots; common fine and medium
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irregular pores; 5 percent cobbles; moderately acid (pH 5.6); abrupt irregular
boundary.

2Bg—51 to 90 centimeters; very dark grayish brown (2.5Y 3/2) gravelly sandy loam,
grayish brown (2.5Y 5/2) dry; moderate medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; few very fine and fine roots; common
medium interstitial pores; 40 percent brown (7.5YR 4/4) iron-manganese
concretions and 60 percent very dark grayish brown (2.5Y 3/2) iron depletions;
25 percent gravel and 5 percent cobbles; moderately acid (pH 5.8); gradual wavy
boundary.

2Cg—90 to 152 centimeters; very dark grayish brown (2.5Y 3/2) gravelly sandy loam,
grayish brown (2.5Y 5/2) dry; moderate medium subangular blocky structure; soft,
very friable, nonsticky and nonplastic; 40 percent strong brown (7.5YR 4/6)
iron-manganese concretions and 60 percent very dark grayish brown (2.5Y 3/2)
iron depletions; 25 percent gravel and 5 percent cobbles; moderately acid (pH
6.0).

Range in Characteristics

Mean annual soil temperature: 2 to 6 degrees C

Moisture control section: Dry less than 30 consecutive days

Particle-size control section: Contrasting

Clay content: 2 to 16 percent

Thickness of volcanic ash mantle (ashy textural modifier): 25 to 65 centimeters

Rock fragment content (ashy part): 5 to 30 percent total, with 5 to 25 percent gravel
and 0 to 10 percent cobbles

Rock fragment content (loamy part): 0 to 30 percent total, with 0 to 30 percent gravel
and 0 to 10 percent cobbles

E horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 4 to 7 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragments—O0 to 30 percent total, with 0 to 20 percent gravel and 0 to 10 percent
cobbles

Clay content—2 to 12 percent

Volcanic glass content—15 to 50 percent

Reaction—extremely acid or very strongly acid

Thickness—3 to 13 centimeters

Bs horizon

Hue—7.5YR or 10YR

Value—2 to 4 moist, 4 to 6 dry

Chroma—2 or 6 moist or dry

Fine-earth texture—ashy sandy loam, ashy fine sandy loam, or ashy loamy sand

Rock fragment content—5 to 25 percent total, with 5 to 25 percent gravel and 0 to 10
percent cobbles

Clay content—4 to 14 percent

Volcanic glass content—15 to 50 percent

Reaction—strongly acid or moderately acid

Thickness—10 to 40 centimeters

2Bg horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 5to 7 dry

Chroma—2 or 4 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy fine sand
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Rock fragment content—O0 to 30 percent total, with 0 to 30 percent gravel and 0 to 10
percent cobbles

Clay content—5 to 15 percent

Reaction—strongly acid to slightly acid

Thickness—30 to 60 centimeters

2Cg horizon

Hue—2.5Y, 5Y, or 10YR

Value—3 or 4 moist, 5 or 6 dry

Chroma—2 or 6 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy fine sand

Rock fragment content—5 to 35 percent total, with 5 to 30 percent gravel and 0 to 10
percent cobbles

Clay content—2 to 15 percent

Reaction—strongly acid to slightly acid

Ledeir Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Valley walls, debris aprons, and terraces of mountains and mountain
valleys

Parent material: Volcanic ash over alluvium

Slope range: 15 to 35 percent

Elevation: 110 to 1,530 meters

Mean annual precipitation: 1,700 to 2,500 millimeters

Mean annual air temperature: 5 to 10 degrees C

Frost-free period: 60 to 90 days

Taxonomic class: Ashy over sandy or sandy-skeletal, amorphic over isotic, frigid
Andic Haplorthods

Typical Pedon

Ledeir ashy sandy loam (fig. 25) in an area of Thorton-Ragged-Ledeir complex,
15 to 65 percent slopes, on a terrace west of Flat Creek Camp; North Cascades
National Park Complex, Chelan County, Washington; 580 meters west and 522 meters
north of the southeast corner of section 13, T. 34 N., R. 14 E.; Stehekin, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 25 minutes, 52 seconds north
and longitude 120 degrees, 55 minutes, 29 seconds west; UTM 653517 meters E.,
5366306 meters N., zone 10; NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed plant material; few very fine and fine roots
throughout; abrupt smooth boundary.

Oe—2 to 12 centimeters; moderately decomposed plant material; few very fine
and fine roots and common medium and coarse roots throughout; abrupt wavy
boundary.

E—12 to 20 centimeters; dark gray (10YR 4/1) ashy sandy loam, light gray (10YR 7/1)
dry; moderate fine subangular blocky structure; soft, very friable, nonsticky and
nonplastic; common very fine, fine, medium, and coarse roots throughout;

5 percent fine gravel; very strongly acid (pH 4.6); clear irregular boundary.

Bs1—20 to 50 centimeters; strong brown (7.5YR 4/6) ashy sandy loam, reddish yellow
(7.5YR 6/6) dry; moderate medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine to very coarse roots throughout;
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Figure 25.—Typical profile of a Ledeir soil. Numerals on tape
indicate centimeters.

5 percent fine gravel and 5 percent medium and coarse gravel; strongly acid (pH
5.4); clear wavy boundary.
Bs2—50 to 82 centimeters; dark yellowish brown (10YR 4/4) ashy fine sandy
loam, light yellowish brown (10YR 6/4) dry; weak medium subangular blocky
structure; soft, very friable, nonsticky and nonplastic; few very fine to coarse roots
throughout; 5 percent fine gravel; strongly acid (pH 5.5); clear wavy boundary.
2C—=82 to 152 centimeters; dark yellowish brown (10YR 4/4) very gravelly loamy sand,
light yellowish brown (10YR 6/4) dry; single grain; loose, nonsticky and nonplastic;
few very fine roots throughout; 20 percent fine gravel and 15 percent medium and
coarse gravel; moderately acid (pH 5.8).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry for less than 45 consecutive days from June through
October

Thickness of volcanic ash mantle: 25 to 80 centimeters

Particle-size control section: Contrasting

E horizon

Hue—7.5YR or 10YR
Value—4 to 6 moist, 5to 7 dry
Chroma—1 or 2 moist or dry
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Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragment content—O0 to 30 percent total, with 0 to 20 percent fine or coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Clay content—1 to 6 percent

Volcanic glass content—15 to 50 percent

Reaction—extremely acid to strongly acid

Thickness—1 to 10 centimeters

Bhs horizon (where present)

Hue—7.5YR or 5YR

Value—2 to 4 moist

Chroma—3 or 4 moist

Texture—ashy sandy loam or ashy fine sandy loam
Reaction—very strongly acid or strongly acid
Thickness—1 to 6 centimeters

Bs horizon

Hue—5YR or 7.5YR in upper part; 7.5YR or 10YR in lower part

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragment content—O0 to 30 percent total, with 0 to 35 percent fine or coarse
gravel, 0 to 20 percent cobbles, and 0 to 5 percent stones

Clay content—3 to 10 percent

Volcanic glass content—15 to 50 percent

Reaction—strongly acid or moderately acid

Thickness—30 to 70 centimeters

2BC horizon (where present)

Hue—10YR or 2.5Y

Value—3 to 5 moist

Chroma—4 to 6 moist

Texture—coarse sandy loam, loamy coarse sand, or loamy sand
Reaction—strongly acid to slightly acid

Thickness—as much as 30 centimeters

2C horizon

Hue—2.5Y or variegated

Value—4 or 5 moist, 5 or 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—loamy sand, loamy coarse sand, or sand

Rock fragment content—30 to 70 percent total, with 30 to 50 percent fine or coarse
gravel, 0 to 20 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Volcanic glass content—0 to 10 percent

Reaction—strongly acid to slightly acid

Lyall Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Minor amount of volcanic ash mixed with alluvium and glacial drift
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Slope range: 5 to 65 percent

Elevation: 215 to 2,055 meters

Mean annual precipitation: 600 to 1,650 millimeters
Mean annual air temperature: 6 to 8 degrees C
Frost-free period: 70 to 100 days

Taxonomic class: Sandy-skeletal, isotic, frigid Vitrandic Dystroxerepts
Typical Pedon

Lyall gravelly ashy coarse sandy loam (fig. 26) in an area of Mesahchie-Inspiration-
Lyall complex, 15 to 65 percent slopes, on a valley wall about 100 meters up bank of
Ross Lake, on Desolation Peak Trail; North Cascades National Park Complex,
Whatcom County, Washington; 345 meters west and 430 meters south of the
northeast corner of section 1, T. 39 N., R. 13 E.; Hozomeen Mountain, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 53 minutes, 50 seconds north
and longitude 121 degrees, 2 minutes, 46 seconds west; UTM 643189 meters E.,
5417873 meters N., zone 10; NAD 83.

Oi—O0 to 4 centimeters; slightly decomposed plant material; abrupt smooth boundary.

Oe—4 to 7 centimeters; moderately decomposed plant material; abrupt wavy
boundary.

A—T7 to 19 centimeters; very dark brown (10YR 2/2) gravelly ashy coarse sandy loam,
dark grayish brown (10YR 4/2) dry; weak fine granular structure; soft, very friable,

Figure 26.—Typical profile of a Lyall soil. Numerals on tape
indicate centimeters.
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nonsticky and nonplastic; common very fine to coarse roots throughout; 5 percent
fine gravel and 15 percent medium and coarse gravel; strongly acid (pH 5.5); clear
wavy boundary.

Bw1—19 to 44 centimeters; dark yellowish brown (10YR 4/4) very gravelly ashy
coarse sandy loam, yellowish brown (10YR 5/4) dry; single grain; loose, nonsticky
and nonplastic; common very fine to coarse roots; 10 percent fine gravel,

30 percent medium and coarse gravel, and 5 percent cobbles; moderately acid
(pH 5.7); clear wavy boundary.

Bw2—44 to 75 centimeters; dark yellowish brown (10YR 3/6) very gravelly loamy
sand, yellowish brown (10YR 5/6) dry; single grain; loose, nonsticky and
nonplastic; common very fine and fine and few medium and coarse roots;

10 percent fine gravel, 35 percent medium and coarse gravel, and 5 percent
cobbles; moderately acid (pH 5.8); gradual wavy boundary.

Bw3—75 to 120 centimeters; dark yellowish brown (10YR 4/4) very gravelly loamy
sand, yellowish brown (10YR 5/4) dry; single grain; loose, nonsticky and
nonplastic; few very fine and fine roots; 5 percent fine gravel, 40 percent medium
and coarse gravel, and 5 percent cobbles; moderately acid (pH 5.9); abrupt wavy
boundary.

2C—120 to 150 centimeters; olive brown (2.5Y 4/3) extremely gravelly loamy sand,
light olive brown (2.5Y 5/3) dry; single grain; loose, nonsticky and nonplastic; few
very fine roots; 10 percent fine gravel, 40 percent medium and coarse gravel, and
10 percent cobbles; moderately acid (pH 6.0).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C
Moisture control section: Dry for 60 to 90 consecutive days from June through
October

A horizon

Hue—7.5YR or 10YR

Value—2 or 3 moist, 3 to 5 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy sandy loam, or ashy coarse sandy
loam

Rock fragments—10 to 45 percent total, with 10 to 25 percent fine to coarse gravel,
0 to 15 percent cobbles, and 0 to 5 percent stones

Clay content—2 to 8 percent

Volcanic glass content—5 to 15 percent

Reaction—very strongly acid or moderately acid

Thickness—1 to 14 centimeters

Bw horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 6 moist or dry

Fine-earth texture—ashy coarse sandy loam, ashy fine sandy loam, or ashy
sandy loam in the upper part and loamy sand or ashy loamy sand in the lower
part

Rock fragment content—25 to 80 percent total, with 20 to 55 percent fine to coarse
gravel, 5 to 30 percent cobbles, and 0 to 5 percent stones

Clay content—2 to 8 percent

Volcanic glass content—5 to 15 percent in the upper part and 0 to 10 percent in the
lower part

Reaction—strongly acid to slightly acid

Thickness—100 to 150 centimeters
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2C horizon

Hue—2.5Y, 10YR, or variegated

Value—3 or 4 moist, 4 to 6 moist

Chroma—2 to 4 moist or dry

Fine earth texture—coarse sand, loamy coarse sand, or loamy sand

Rock fragment content—35 to 80 percent total, with 30 to 55 percent fine to coarse
gravel, 5 to 30 percent cobbles, and 0 to 5 percent stones

Clay content—0 to 5 percent

Volcanic glass content—0 to 5 percent

Reaction—strongly acid or moderately acid

Maggib Series

Depth class: Moderately deep to lithic bedrock
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Volcanic ash over glacial drift
Slope range: 15 to 65 percent

Elevation: 265 to 2,200 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 1 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Medial over sandy or sandy-skeletal, amorphic over isotic Andic
Haplocryods

Typical Pedon

Maggib stony medial fine sandy loam (fig. 27) in an area of Spickard-Tepeh-Maggib
complex, 15 to 100 percent slopes, on a valley wall cirque basin on the north side
of McAlester Mountain; North Cascades National Park Complex, Chelan County,
Washington; 507 meters west and 669 meters south of northeast corner of
section 31, T. 34 N., R. 18 E.; McAlester Mountain, Washington, U.S. Geological
Survey quadrangle; latitude 48 degrees, 24 minutes, 18 seconds north and
longitude 120 degrees, 39 minutes, 9 seconds west; UTM 673737 meters E.,
5363975 meters N., zone 10; NAD 83.

Oe—0 to 2 centimeters; moderately decomposed plant material; many very fine and
common fine roots; abrupt smooth boundary.

Oa—2 to 5 centimeters; highly decomposed plant material; many very fine and fine
and few medium and coarse roots; abrupt smooth boundary.

E—5 to 9 centimeters; very dark gray (10YR 3/1) stony medial fine sandy loam, gray
(10YR 6/1) dry; weak fine subangular blocky structure; soft, very friable, nonsticky
and nonplastic; few very fine and fine roots and common medium and coarse
roots; 5 percent medium and coarse gravel, 5 percent cobbles, and 5 percent
stones; extremely acid (pH 4.4); clear irregular boundary.

Bs1—9 to 27 centimeters; strong brown (7.5YR 4/6) gravelly medial fine sandy loam,
reddish yellow (7.5YR 7/6) dry; weak fine subangular blocky structure; soft, very
friable, nonsticky and nonplastic; common very fine to very coarse roots; 5 percent
fine gravel, 10 percent medium and coarse gravel, and 5 percent cobbles; strongly
acid (pH 5.2); clear wavy boundary.

Bs2—27 to 64 centimeters; dark brown (7.5YR 3/4) gravelly medial sandy loam, strong
brown (7.5YR 5/6) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine, fine, and medium roots and few
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Figure 27.—Typical profile of a Maggib soil. Numerals on tape
indicate centimeters.

coarse roots; 5 percent fine gravel, 20 percent medium and coarse gravel, and
5 percent cobbles; strongly acid (pH 5.4); clear wavy boundary.

2BC—64 to 80 centimeters; dark yellowish brown (10YR 3/4) extremely cobbly
loamy sand, yellowish brown (10YR 5/4) dry; single grain; loose, nonsticky
and nonplastic; few very fine and fine and common medium and coarse roots;
15 percent fine gravel, 30 percent medium and coarse gravel, and 35 percent
cobbles; moderately acid (pH 5.8); abrupt wavy boundary.

R—80 to 110 centimeters; orthogneiss rock.

Range in Characteristics

Mean annual soil temperature: 1 to 6 degrees C

Moisture control section: Dry for less than 30 consecutive days from June through
October

Thickness of volcanic ash mantle: 35 to 90 centimeters

Depth to bedrock (lithic contact): 50 to 100 centimeters from the mineral soil surface

Particle-size control section: Contrasting

E horizon
Hue—7.5YR or 10YR
Value—3 to 5 moist, 5to 7 dry
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Chroma—1 or 2 moist or dry

Fine-earth texture—medial fine sandy loam, medial sandy loam, or ashy loamy sand

Rock fragment content—O0 to 30 percent total, with 0 to 15 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 6 percent

Volcanic glass content—15 to 50 percent

Reaction—extremely acid to strongly acid

Thickness—2 to 10 centimeters

Bhs horizon (where present)

Hue—7.5YR or 5YR

Value—2 to 4 moist

Chroma—3 or 4 moist

Thickness—1 to 9 centimeters

Texture—medial sandy loam or medial fine sandy loam
Reaction—very strongly acid or strongly acid
Thickness—as much as 30 centimeters

Bs horizon

Hue—5YR or 7.5YR

Value—3 to 5 moist, 5to 7 dry

Chroma—2 to 6 moist or dry

Fine-earth texture—medial fine sandy loam, medial sandy loam, or medial loam

Rock fragment content—5 to 35 percent total, with 5 to 25 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 10 percent stones

Clay content—3 to 10 percent

Volcanic glass content—15 to 50 percent

Reaction—strongly acid or moderately acid

Thickness—33 to 65 centimeters

2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 5 moist or dry

Fine-earth texture—sandy loam, loamy sand, or loamy coarse sand in the upper part
and loamy sand or loamy coarse sand in the lower part

Rock fragment content—35 to 80 percent total, with 25 to 45 percent fine to coarse
gravel, 10 to 35 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 8 percent

Volcanic glass content—b5 to 15 percent

Reaction—strongly acid to slightly acid

Thickness—15 to 65 centimeters

Manlywham Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Poorly drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Depressions, flood plains

Parent material: Alluvium

Slope range: 0 to 3 percent

Elevation: 100 to 980 meters

Mean annual precipitation: 1,750 to 2,300 millimeters
Mean annual air temperature: 5 to 8 degrees C
Frost-free period: 60 to 90 days
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Taxonomic class: Coarse-loamy over sandy or sandy-skeletal, isotic, acid, frigid Typic
Humaquepts

Typical Pedon

Manlywham mucky fine sandy loam in an area of Manlywham-Nohokomeen-Roland
complex, 0 to 5 percent slopes, on a flood plain along the Big Beaver Creek trail about
18 kilometers northeast of the town of Newhalem; North Cascades National Park
Complex, Whatcom County, Washington; 85 meters east and 125 meters south of the
northwest corner of section 10, T. 38 N., R. 13 E.; Pumpkin Mountain, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 47 minutes, 56 seconds
north and longitude 121 degrees, 6 minutes, 20 seconds west; UTM 639111 meters E.,
5406833 meters N., zone 10; NAD 83.

A1—-0 to 6 centimeters; black (10YR 2/1) mucky fine sandy loam, dark gray (10YR
4/1) dry; weak fine subangular blocky structure; soft, very friable, nonsticky and
nonplastic; many very fine and fine roots; moderately acid (pH 6.0); clear smooth
boundary.

A2—6 to 24 centimeters; very dark gray (5Y 3/1) sandy loam, gray (5Y 5/1) dry; weak
fine subangular blocky structure; soft, very friable, nonsticky and nonplastic;
common very fine and fine roots; 2 percent dark reddish brown (5YR 3/3) masses
of oxidized iron; 5 percent fine gravel; moderately acid (pH 6.0); clear smooth
boundary.

Cg1—24 to 60 centimeters; dark yellowish brown (10YR 4/4) gravelly sandy loam, light
yellowish brown (10YR 6/4) dry; single grain; loose, nonsticky and nonplastic; few
very fine to coarse roots; 15 percent distinct strong brown (7.5YR 5/8) masses
of oxidized iron on surfaces along root channels and 15 percent distinct grayish
brown (10YR 5/2) iron depletions in matrix; 10 percent fine gravel and 5 percent
medium and coarse gravel; strongly acid (pH 5.5); gradual wavy boundary.

Cg2—60 to 104 centimeters; olive brown (2.5Y 4/3) cobbly loamy coarse sand, light
yellowish brown (2.5Y 6/3) dry; single grain; loose, nonsticky and nonplastic; few
very fine and fine roots; 15 percent distinct strong brown (7.5YR 4/6) masses
of oxidized iron on surfaces along root channels and 15 percent distinct grayish
brown (10YR 5/2) iron depletions in matrix; 5 percent fine gravel, 10 percent
medium and coarse gravel, and 15 percent cobbles; very strongly acid (pH 5.0);
gradual wavy boundary.

Cg3—104 to 150 centimeters; olive brown (2.5Y 4/3) very cobbly loamy coarse sand,
light yellowish brown (2.5Y 6/3) dry; single grain; loose, nonsticky and nonplastic;
15 percent distinct light yellowish brown (2.5Y 6/3) iron depletions in matrix;

5 percent fine gravel, 15 percent medium and coarse gravel, and 15 percent
cobbles; very strongly acid (pH 5.0).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Seasonal high water table at the soil surface for more than
30 consecutive days

Particle-size control section: Contrasting

Clay content: 0 to 5 percent

Rock fragment content (coarse-loamy part): 5 to 30 percent gravel

Rock fragment content (sandy or sandy-skeletal part): 15 to 35 percent total,
with 15 to 25 percent fine to coarse gravel and 5 to 15 percent cobbles

A1 horizon

Hue—10YR or 2.5Y

Value—?2 to 4 moist, 4 to 6 dry
Chroma—1 or 2 moist or dry
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Fine-earth texture—mucky fine sandy loam, mucky sandy loam, or sandy loam
Rock fragment content—O0 to 10 percent gravel

Reaction—moderately acid or slightly acid

Thickness—5 to 15 centimeters

A2 horizon

Hue—>5Y, 2.5Y, or 10YR

Value—3 or 4 moist, 5 or 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—sandy loam, fine sandy loam, or loamy sand

Rock fragment content—5 to 30 percent total, with 5 to 30 percent gravel and 0 to 15
percent cobbles

Reaction—moderately acid or slightly acid

Thickness—>5 to 20 centimeters

Cg1 horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 5 to 7 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, loamy coarse sand, coarse sand, or sand

Rock fragment content—15 to 35 percent total, with 10 to 30 percent fine to coarse
gravel and 0 to 10 percent cobbles

Reaction—strongly acid or moderately acid

Thickness—30 to 65 centimeters

Cg2 horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 5 to 7 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy coarse sand, sandy loam, coarse sand, or sand

Rock fragment content—15 to 35 percent total, with 10 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Reaction—very strongly acid or strongly acid

Thickness—30 to 65 centimeters

Cg3 horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 5 to 7 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy coarse sand, sandy loam, coarse sand, or sand

Rock fragment content—15 to 35 percent total, with 15 to 25 percent fine to coarse
gravel and 0 to 15 percent cobbles

Reaction—very strongly acid or strongly acid

Thickness—30 to 65 centimeters

Mesahchie Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Volcanic ash mixed with glacial drift over glacial drift
Slope range: 15 to 100 percent

Elevation: 215 to 2,055 meters

Mean annual precipitation: 600 to 1,600 millimeters
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Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 70 to 100 days

Taxonomic class: Loamy-skeletal, isotic, frigid Andic Humixerepts
Typical Pedon

Mesahchie gravelly ashy fine sandy loam (fig. 28) in an area of Inspiration-
Mesahchie-Sawtooth complex, 35 to 100 percent slopes, on a valley wall near Flat
Creek; North Cascades National Park Complex, Chelan County, Washington;

761 meters east and 374 meters north of the southwest corner of section 13, T. 34 N.,
R. 14 E.; Goode Mountain, Washington, U.S. Geological Survey quadrangle;

latitude 48 degrees, 35 minutes, 48 seconds north and longitude 120 degrees,

55 minutes, 41 seconds west; UTM 653260 meters E., 5366155 meters N., zone 10;
NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed plant material; abrupt wavy boundary.

A1—2 to 20 centimeters; very dark brown (10YR 2/2) gravelly ashy fine sandy loam,
dark grayish brown (10YR 4/2) dry; weak medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; common very fine and fine roots and

Figure 28.—Typical profile of a Mesahchie soil. Numerals on
tape indicate centimeters.
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few medium roots throughout; 5 percent fine gravel, 10 percent medium and
coarse gravel, and 5 percent cobbles; very strongly acid (pH 5.0); clear wavy
boundary.

A2—20 to 44 centimeters; very dark brown (10YR 2/2) gravelly ashy sandy loam, dark
grayish brown (10YR 4/2) dry; weak medium subangular blocky structure; soft,
very friable, nonsticky and nonplastic; common very fine, fine, and medium roots
and few coarse roots throughout; 5 percent fine gravel, 10 percent medium and
coarse gravel, and 5 percent cobbles; strongly acid (pH 5.3); clear wavy boundary.

A3—44 to 74 centimeters; very dark brown (10YR 2/2) very cobbly ashy sandy loam,
dark grayish brown (10YR 4/2) dry; weak fine subangular blocky structure; soft,
very friable, nonsticky and nonplastic; common very fine and few fine, medium,
and coarse roots throughout; 10 percent fine gravel, 15 percent medium and
coarse gravel, and 20 percent cobbles; strongly acid (pH 5.5); abrupt wavy
boundary.

2BC—74 to 96 centimeters; dark olive brown (2.5Y 3/3) very gravelly sandy loam,
light olive brown (2.5Y 5/3) dry; weak medium subangular blocky structure; soft,
very friable, nonsticky and nonplastic; 10 percent fine gravel, 15 percent medium
and coarse gravel, and 10 percent cobbles; moderately acid (pH 5.8); clear wavy
boundary.

2C—96 to 152 centimeters; very dark grayish brown (2.5Y 3/2) very gravelly loamy
sand, grayish brown (2.5Y 5/2) dry; single grain; loose, nonsticky and nonplastic;
15 percent fine gravel, 15 percent medium and coarse gravel, and 15 percent
cobbles; moderately acid (pH 6.0).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry for 60 to 90 consecutive days from June through
October

Thickness of volcanic ash mantle: 18 to 35 centimeters

Rock fragment roundness classes: Rounded, subrounded, and subangular

A horizon

Hue—10YR

Value—2 to 3 moist, 3 to 5 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy sandy loam, or ashy coarse sandy
loam

Rock fragment content—10 to 60 percent total, with 5 to 35 percent fine to coarse
gravel, 5 to 20 percent cobbles, and 0 to 30 percent stones

Clay content—3 to 8 percent

Volcanic glass content—5 to 30 percent

Reaction—very strongly acid or moderately acid

Thickness—25 to 85 centimeters

Bw horizon (where present)

Hue—10YR

Value—3 or 4 moist

Chroma—3 or 4 moist

Texture—ashy sandy loam or ashy coarse sandy loam
Reaction—strongly acid or moderately acid
Thickness—as much as 50 centimeters

2BC horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 4 to 6 dry
Chroma—2 to 4 moist or dry
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Fine-earth texture—sandy loam, coarse sandy loam, or loamy sand

Rock fragment content—35 to 60 percent total, with 25 to 40 percent fine to coarse
gravel, 10 to 20 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 6 percent

Volcanic glass content—0 to 20 percent

Reaction—strongly acid to slightly acid

Thickness—20 to 70 centimeters

2C horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 5 or 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy sand or loamy coarse sand

Rock fragment content—30 to 65 percent total, with 25 to 45 percent fine to coarse
gravel, 10 to 30 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Volcanic glass content—0 to 20 percent

Reaction—moderately acid or slightly acid

Mox Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Debris aprons on mountain slopes
Parent material: Volcanic ash over glacial drift

Slope range: 35 to 100 percent

Elevation: 290 to 2,200 meters

Mean annual precipitation: 1,800 to 3,000 millimeters
Mean annual air temperature: 2 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Medial over loamy-skeletal, amorphic over isotic Andic Humicryods
Typical Pedon

Mox ashy sandy loam (fig. 29) in an area of Mox-Doubtful-Perfect complex,
35 to 100 percent slopes, on a Pleistocene moraine about 6 kilometers northwest
of Whatcom Pass; North Cascades National Park Complex, Whatcom County,
Washington; 540 meters east and 430 meters north of the southeast corner of
section 31, T. 31 N., R. 11 E.; Copper Mountain, Washington, U.S. Geological Survey
quadrangle; latitude 48 degrees, 54 minutes, 30 seconds north and longitude
121 degrees, 25 minutes, 34 seconds west; UTM 615310 meters E.,
5418480 meters N., zone 10; NAD 83.

Oi—0 to 4 centimeters; slightly decomposed leaves, needles, and twigs; common very
fine and fine roots; abrupt wavy boundary.

Oe—4 to 16 centimeters; moderately decomposed needles and twigs; common very
fine and fine and many medium and coarse roots; common fine and medium
irregular pores; abrupt wavy boundary.

E—16 to 27 centimeters; grayish brown (10YR 5/2) ashy sandy loam, light gray (10YR
7/1) dry; weak medium subangular blocky structure; soft, friable, nonsticky and
nonplastic; few very fine and common fine to coarse roots; common fine and
medium irregular pores; 5 percent gravel and 5 percent stones; extremely acid (pH
4.4); abrupt irregular boundary.
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Figure 29.—Typical profile of a Mox soil. Numerals on tape
indicate centimeters.

Bs—27 to 49 centimeters; dark reddish brown (5YR 3/4) cobbly medial sandy loam,
reddish brown (5YR 5/4) dry; moderate medium subangular blocky structure; soft,
friable, nonsticky and nonplastic; common fine and medium and few very fine and
coarse roots; common fine and medium irregular pores; 5 percent fine gravel,

10 percent medium and coarse gravel, 10 percent cobbles, and 5 percent stones;
strongly acid (pH 5.1); abrupt irregular boundary.

Bhs—49 to 76 centimeters; dark reddish brown (5YR 2.5/2) cobbly medial sandy loam,
dark reddish brown (5YR 3/2) dry; moderate medium subangular blocky structure;
soft, friable, slightly sticky and slightly plastic; few fine and medium roots; common
fine and medium irregular pores; 5 percent fine gravel, 10 percent medium
and coarse gravel, and 15 percent cobbles; strongly acid (pH 5.2); clear wavy
boundary.

2BC—76 to 94 centimeters; dark reddish brown (5YR 3/4) very gravelly coarse sandy
loam, reddish brown (5YR 5/4) dry; moderate medium subangular blocky
structure; soft, friable, nonsticky and nonplastic; few fine roots; few fine and
medium irregular pores; 10 percent fine gravel, 25 percent medium and coarse
gravel, and 20 percent cobbles; strongly acid (pH 5.5); abrupt wavy boundary.
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2C—94 to 152 centimeters; olive brown (2.5Y 4/3) very gravelly sandy loam, light
yellowish brown (2.5Y 6/3) dry; single grain; loose, very friable, nonsticky and
nonplastic; common medium interstitial pores; 10 percent fine gravel, 25 percent
medium and coarse gravel, 10 percent cobbles, and 5 percent stones; moderately
acid (pH 5.7).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry less than 30 consecutive days

Particle-size control section: Contrasting

Clay content: 0 to 10 percent

Rock fragment content (medial part): 5 to 30 percent total, with 5 to 30 percent fine to
coarse gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Rock fragment content (loamy-skeletal part): 35 to 70 percent total, with 25 to 50
percent fine to coarse gravel, 15 to 50 percent cobbles, and 0 to 10 percent stones

Thickness of volcanic ash mantle (ashy and medial textural modifiers): 30 to 75
centimeters

E horizon

Hue—10YR or 7.5YR

Value—4 to 6 moist, 5to 7 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—O0 to 15 percent total, with 0 to 15 percent gravel, 0 to 5
percent cobbles, and 0 to 5 percent stones

Volcanic glass content—35 to 80 percent

Reaction—extremely acid or very strongly acid

Thickness—2 to 15 centimeters

Bs horizon

Hue—5YR to 7.5YR

Value—2 to 3 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—medial sandy loam or medial fine sandy loam

Rock fragment content—5 to 30 percent total, with 5 to 30 percent gravel, 0 to 15
percent cobbles, and 0 to 5 percent stones

Volcanic glass content—15 to 70 percent

Reaction—very strongly acid or strongly acid

Thickness—15 to 30 centimeters

Bhs horizon

Hue—5YR to 7.5YR

Value—2 to 3 moist, 4 to 6 dry

Chroma—2 to 3 moist or dry

Fine-earth texture—medial sandy loam or medial fine sandy loam

Rock fragment content—5 to 30 percent total, with 5 to 30 percent gravel, 0 to 15
percent cobbles, and 0 to 5 percent stones

Volcanic glass content—15 to 70 percent

Reaction—very strongly acid or strongly acid

Thickness—15 to 45 centimeters

2BC horizon

Hue—5YR to 10YR

Value—3 to 5 moist, 5 or 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—coarse sandy loam or sandy loam
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Rock fragment content—35 to 70 percent total, with 25 to 50 percent fine to coarse
gravel, 15 to 50 percent cobbles, and 0 to 10 percent stones

Volcanic glass content—5 to 15 percent

Reaction—strongly acid or moderately acid

Thickness—15 to 40 centimeters

2C horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 5 or 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy sand

Rock fragment content—35 to 90 percent total, with 30 to 50 percent fine to coarse
gravel, 10 to 60 percent cobbles, and 0 to 10 percent stones

Reaction—moderately acid or strongly acid

Noca Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Volcanic ash over glacial drift

Slope range: 15 to 100 percent

Elevation: 550 to 2,150 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 2 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Ashy over sandy or sandy-skeletal, amorphic over isotic Spodic
Vitricryands

Typical Pedon

Noca gravelly ashy sandy loam (fig. 30) in an area of Primus-Noca-Stehekin
complex, 15 to 65 percent slopes, on a valley wall northwest of McAlester Lake;
North Cascades National Park Complex, Chelan County, Washington; 410 meters
east and 442 meters north of the southwest corner of section 24, T. 34 N., R. 17 E.;
McAlester Mountain, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 25 minutes, 46 seconds north and longitude 120 degrees, 40 minutes,
58 seconds west; UTM 671407 meters E., 5366631 meters N., zone 11; NAD 83.

Oe—0 to 2 centimeters; moderately decomposed plant material; common very fine
and very coarse and few medium roots throughout; abrupt wavy boundary.

E—2 to 5 centimeters; dark gray (10YR 4/1) gravelly ashy sandy loam, gray (10YR
5/1) dry; weak fine subangular blocky structure; soft, very friable, nonsticky and
nonplastic; many very fine to very coarse roots throughout; 5 percent fine gravel,
5 percent medium and coarse gravel, and 5 percent cobbles; very strongly acid
(pH 5.0); abrupt irregular boundary.

Bw1—5 to 29 centimeters; dark yellowish brown (10YR 3/4) stony ashy sandy loam,
yellowish brown (10YR 5/4) dry; weak medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; common very fine and fine and many
medium, coarse, and very coarse roots throughout; 5 percent fine gravel,

10 percent medium and coarse gravel, 5 percent cobbles, and 5 percent stones;
moderately acid (pH 5.6); clear wavy boundary.

Bw2—29 to 51 centimeters; dark yellowish brown (10YR 4/6) gravelly ashy sandy
loam, yellowish brown (10YR 5/6) dry; weak medium subangular blocky structure;

82



Soil Survey of North Cascades National Park Complex, Washington

8
" Cl

Figure 30.—Typical profile of a Noca soil. Numerals on tape
indicate centimeters.

soft, very friable, nonsticky and nonplastic; common very fine and fine, many
medium and coarse, and few very coarse roots throughout; 5 percent fine gravel,
20 percent medium and coarse gravel, and 5 percent cobbles; moderately acid
(pH 5.7); abrupt wavy boundary.

2BC—51 to 77 centimeters; light olive brown (2.5Y 5/4) very gravelly loamy sand,
light yellowish brown (2.5Y 6/4) dry; single grain; loose, nonsticky and nonplastic;
few very fine to very coarse roots; 5 percent fine gravel, 35 percent medium and
coarse gravel, and 10 percent cobbles; moderately acid (pH 6.0); abrupt wavy
boundary.

2C—77 to 150 centimeters; light olive brown (2.5Y 5/3) extremely gravelly loamy sand,
light yellowish brown (2.5Y 6/3) dry; single grain; loose, nonsticky and nonplastic;
few very fine, fine, and medium roots throughout; 10 percent fine gravel,
40 percent medium and coarse gravel, and 10 percent cobbles; slightly acid (pH
6.1).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry for less than 30 consecutive days from June through
October

Thickness of volcanic ash mantle: 40 to 70 centimeters

Particle-size control section: Contrasting
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E horizon

Hue—7.5YR or 10YR

Value—3 to 5 moist, 5to 7 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy sandy loam, or ashy coarse sandy
loam

Rock fragment content—O0 to 30 percent total, with 0 to 20 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Clay content—2 to 8 percent

Volcanic glass content—15 to 50 percent

Reaction—extremely acid to strongly acid

Thickness—2 to 8 centimeters

Bw horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 4 to 6 moist

Chroma—4 to 6 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy coarse sandy loam, or ashy sandy
loam

Rock fragment content—5 to 35 percent total, with 5 to 35 percent fine to coarse
gravel, 0 to 20 percent cobbles, and 0 to 10 percent stones

Clay content—3 to 8 percent

Volcanic glass content—15 to 50 percent

Reaction—strongly acid or moderately acid

Thickness—35 to 70 centimeters

2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 moist

Chroma—3 to 5 moist or dry

Fine-earth texture—loamy sand or loamy coarse sand

Rock fragment content—35 to 75 percent total, with 25 to 65 percent fine to coarse
gravel, 10 to 20 percent cobbles, and 0 to 5 percent stones

Clay content—1 to 6 percent

Volcanic glass content—O0 to 15 percent

Reaction—strongly acid to slightly acid

Thickness—10 to 30 centimeters

2C horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 5 or 6 moist

Chroma—3 or 4 moist or dry

Fine-earth texture—loamy sand or loamy coarse sand

Rock fragment content—40 to 85 percent total, with 20 to 65 percent fine to coarse
gravel, 10 to 50 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 3 percent

Volcanic glass content—0 to 10 percent

Reaction—strongly acid to slightly acid

Nohokomeen Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Somewhat poorly drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

84



Soil Survey of North Cascades National Park Complex, Washington

Landform: Debris aprons on mountain slopes, fan terraces on mountain slopes, and
terraces

Parent material: Volcanic ash and alluvium over glacial drift

Slope range: 0 to 65 percent

Elevation: 110 to 1,490 meters

Mean annual precipitation: 1,700 to 2,500 millimeters

Mean annual air temperature: 5 to 10 degrees C

Frost-free period: 60 to 90 days

Taxonomic class: Coarse-loamy, isotic, frigid Aquandic Dystrudepts
Typical Pedon

Nohokomeen ashy sandy loam (fig. 31) in an area of Manlywham-Nohokomeen-
Roland complex, 0 to 5 percent slopes, on a debris apron; North Cascades National
Park Complex, Whatcom County, Washington; 560 meters west and 707 meters north
of the southeast corner of section 29, T. 34 N., R. 12 E.; Mount Triumph, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 39 minutes, 43 seconds north
and longitude 121 degrees, 15 minutes, 58 seconds west; UTM 627668 meters E.,
5391321 meters N., zone 10; NAD 83.

Figure 31.—Typical profile of a Nohokomeen soil. Numerals on
tape indicate centimeters.
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Oi—O0 to 3 centimeters; slightly decomposed plant material; abrupt smooth
boundary.

Oe—3 to 7 centimeters; moderately decomposed plant material; abrupt wavy
boundary.

Bw—7 to 30 centimeters; dark brown (7.5YR 3/4) ashy sandy loam, brown (7.5YR
5/4) dry; weak fine subangular blocky structure; very friable, soft, nonsticky and
nonplastic; common very fine to coarse roots throughout; 5 percent fine gravel
and 5 percent medium and coarse gravel; strongly acid (pH 5.5); clear smooth
boundary.

Bg1—30 to 73 centimeters; dark brown (7.5YR 3/4) ashy sandy loam, brown (7.5YR
5/3) dry; moderate medium subangular blocky structure; very friable, soft,
nonsticky and nonplastic; common fine and medium and few very fine and coarse
roots throughout; common distinct medium strong brown (7.5YR 4/6) masses of
oxidized iron with clear boundaries in matrix and many distinct medium grayish
brown (10YR 5/2) iron depletions with clear boundaries in matrix; moderately acid
(pH 5.8); abrupt smooth boundary.

Bg2—73 to 108 centimeters; brown (7.5YR 4/4) very fine sandy loam, brown (7.5YR
5/4) dry; moderate medium subangular blocky structure; very friable, soft,
nonsticky and nonplastic; few fine roots throughout; common distinct medium
grayish brown (10YR 5/2) iron depletions with diffuse boundaries in matrix and
common distinct medium strong brown (7.5YR 4/6) masses of oxidized iron with
diffuse boundaries in matrix; moderately acid (pH 5.9); abrupt wavy boundary.

2BC—108 to 150 centimeters; olive brown (2.5Y 4/3) very gravelly loamy sand, light
yellowish brown (2.5Y 6/3) dry; single grain; loose, nonsticky and nonplastic; few
very fine roots throughout; 10 percent fine gravel, 20 percent medium and coarse
gravel, and 10 percent cobbles; moderately acid (pH 6.0).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C
Moisture control section: Dry for less than 45 consecutive days from June through
October

A horizon (where present)

Hue—10YR

Value—2 or 3 moist

Chroma—1 or 2 moist

Texture—ashy sandy loam or ashy fine sandy loam
Reaction—very strongly acid or strongly acid
Thickness—0 to 10 centimeters

E horizon (where present)

Thickness—0 to 3 centimeters

Texture—ashy sandy loam or ashy fine sandy loam
Reaction—very strongly acid or strongly acid
Hue—10YR

Thickness—0 to 10 centimeters

Value—4 to 6 moist

Chroma—1 or 2 moist

Bw horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—ashy sandy loam, ashy fine sandy loam, or ashy very fine sandy
loam
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Rock fragment content—O0 to 30 percent total, with 0 to 20 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Clay content—3 to 8 percent

Volcanic glass content—5 to 35 percent

Reaction—strongly acid or moderately acid

Thickness—15 to 40 centimeters

Bg horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—sandy loam, fine sandy loam, or silt loam and is ashy in the upper
part in some pedons

Rock fragment content—O0 to 30 percent total, with 0 to 25 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Clay content—3 to 10 percent

Volcanic glass content—O0 to 15 percent

Reaction—moderately acid or slightly acid

Thickness—40 to 80 centimeters

2BC horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—sandy loam, loamy sand, or coarse sand

Rock fragment content—35 to 85 percent total, with 25 to 50 percent fine to coarse
gravel, 10 to 35 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Volcanic glass content—0 to 5 percent

Reaction—moderately acid or slightly acid

Perfect Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Debris cones and valley walls on mountain slopes

Parent material: Minor amount of volcanic ash mixed with colluvium and reworked
glacial drift

Slope range: 5 to 100 percent

Elevation: 265 to 2,310 meters

Mean annual precipitation: 1,750 to 3,300 millimeters

Mean annual air temperature: 2 to 6 degrees C

Frost-free period: 30 to 60 days

Taxonomic class: Sandy-skeletal, isotic Vitrandic Dystrocryepts
Typical Pedon

Perfect ashy sandy loam (fig. 32) in an area of Chilliwack-Perfect-Terror complex,
15 to 65 percent slopes, on a valley wall about 0.5 mile past Panther Camp; North
Cascades National Park Complex, Whatcom County, Washington; 88 meters west and
115 meters south of the northeast corner of section 20, T. 37 N., R. 14 E.; Crater
Mountain, Washington, U.S. Geological Survey quadrangle; latitude 48 degrees,
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Figure 32.—Typical profile of a Perfect soil. Numerals on tape
indicate centimeters.

40 minutes, 59 seconds north and longitude 120 degrees, 59 minutes, 57 seconds
west; UTM 647265 meters E., 5394168 meters N., zone 10; NAD 83.

Oi—O0 to 3 centimeters; slightly decomposed plant material; abrupt wavy boundary.

Oe—3 to 4 centimeters; moderately decomposed plant material; many very fine
roots and common fine, medium, and coarse roots throughout; abrupt irregular
boundary.

Bw—4 to 7 centimeters; dark yellowish brown (10YR 3/4) ashy sandy loam, yellowish
brown (10YR 5/4) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine, many fine and medium, and few
coarse and very coarse roots throughout; 5 percent fine gravel and 5 percent
medium and coarse gravel; moderately acid (pH 5.7); abrupt irregular boundary.

Oeb—7 to 11 centimeters; moderately decomposed plant material; common very
fine, fine, and medium roots and few coarse roots throughout; abrupt irregular
boundary.

Eb—11 to 13 centimeters; dark gray (10YR 4/1) ashy sandy loam, gray (10YR 5/1) dry;
weak fine subangular blocky structure; soft, very friable, nonsticky and nonplastic;
common very fine and fine and few medium and coarse roots throughout;

5 percent fine gravel and 5 percent medium and coarse gravel; strongly acid
(pH 5.4); abrupt irregular boundary.
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Bwb—13 to 39 centimeters; dark yellowish brown (10YR 3/4) ashy gravelly sandy
loam, dark yellowish brown (10YR 4/4) dry; weak medium subangular blocky
structure; soft, very friable, nonsticky and nonplastic; few very fine to very coarse
roots throughout; 5 percent fine gravel, 5 percent medium and coarse gravel, and
5 percent cobbles; moderately acid (pH 5.7); clear wavy boundary.

2BCb1—39 to 73 centimeters; olive brown (2.5Y 4/4) extremely cobbly loamy sand,
light olive brown (2.5Y 5/4) dry; weak fine subangular blocky structure; soft, very
friable, nonsticky and nonplastic; 20 percent fine gravel, 20 percent medium and
coarse gravel, 25 percent cobbles, and 5 percent stones; slightly acid (pH 6.1);
abrupt smooth boundary.

2BCbh2—73 to 150 centimeters; olive brown (2.5Y 4/3) extremely gravelly loamy sand,
light olive brown (2.5Y 5/3) dry; weak fine subangular blocky structure; soft, very
friable, nonsticky and nonplastic; 20 percent fine gravel, 20 percent medium and
coarse gravel, and 25 percent cobbles; slightly acid (pH 6.3).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C
Moisture control section: Dry for less than 30 consecutive days from June through
October

Bw and Bwb horizons

Hue—10YR

Value—3 or 4 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—ashy loamy sand, ashy sandy loam, or ashy coarse sandy loam

Rock fragment content—O0 to 65 percent total, with 0 to 45 percent fine to coarse
gravel, 0 to 20 percent cobbles, and 0 to 10 percent stones

Clay content—1 to 8 percent

Volcanic glass content—0 to 5 percent

Reaction—strongly acid to slightly acid

Thickness—50 to 80 centimeters

E and Eb horizons (where present)

Hue—10YR

Value—4 to 6 moist

Chroma—1 to 3 moist

Texture—ashy sandy loam, ashy fine sandy loam, or loamy sand
Reaction—very strongly acid to moderately acid

Thickness—2 to 5 centimeters

2BC horizon (where present) and 2BCb horizon

Hue—2.5Y or 10YR

Value—3 or 4 moist, 5 or 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy sand, loamy coarse sand, or loamy fine sand

Rock fragment content—35 to 85 percent total, with 35 to 50 percent fine to coarse
gravel, 0 to 35 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 5 percent

Volcanic glass content—0 to 5 percent

Reaction—moderately acid or slightly acid

Primus Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained
Capatcity to transmit water (Ksat): High or very high
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Landscape: Mountains

Landform: Fan terraces on mountain valleys

Parent material: Volcanic ash and reworked glacial drift over alluvium and glacial drift
Slope range: 5 to 100 percent

Elevation: 530 to 2,210 meters

Mean annual precipitation: 700 to 1,600 millimeters

Mean annual air temperature: 2 to 6 degrees C

Frost-free period: 40 to 77 days

Taxonomic class: Ashy over sandy or sandy-skeletal, glassy over isotic Xeric
Vitricryands

Typical Pedon

Primus gravelly ashy fine sandy loam (fig. 33) in an area of Stehekin-Primus-
Stetattle complex, 35 to 100 percent slopes, on a fan terrace; North Cascades National
Park Complex, Chelan County, Washington; 226 meters east and 318 meters north of
the southwest corner of section 19, T. 34 N., R. 16 E.; Goode Mountain, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 25 minutes, 43 seconds north
and longitude 120 degrees, 54 minutes, 49 seconds west; UTM 654329 meters E.,
5366039 meters N., zone 10; NAD 83.

Figure 33.—Typical profile of a Primus soil. Numerals on tape
indicate centimeters.
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Oi—O0 to 1 centimeter; slightly decomposed plant material; abrupt smooth boundary.

Oe—1 to 3 centimeters; moderately decomposed plant material; abrupt smooth
boundary.

Bw1—3 to 34 centimeters; dark yellowish brown (10YR 3/4) gravelly ashy fine sandy
loam, yellowish brown (10YR 5/4) dry; moderate medium subangular blocky
structure; slightly hard, very friable, nonsticky and nonplastic; common very fine
and fine and many medium and coarse roots throughout; 10 percent fine gravel,
15 percent medium and coarse gravel, and 5 percent cobbles; strongly acid (pH
5.5); clear wavy boundary.

Bw2—34 to 60 centimeters; dark yellowish brown (10YR 3/4) gravelly ashy fine
sandy loam, yellowish brown (10YR 5/4) dry; moderate coarse subangular blocky
structure; slightly hard, very friable, nonsticky and nonplastic; common very fine,
fine, medium, and coarse roots throughout; 10 percent fine gravel, 15 percent
medium and coarse gravel, and 5 percent cobbles; moderately acid (pH 5.7); clear
wavy boundary.

2BC—60 to 84 centimeters; dark yellowish brown (10YR 3/4) extremely cobbly ashy
sandy loam, yellowish brown (10YR 5/4) dry; single grain; loose, nonsticky and
nonplastic; common very fine to coarse roots throughout; 15 percent fine gravel,
30 percent medium and coarse gravel, 25 percent cobbles, and 10 percent stones;
moderately acid (pH 5.9); clear wavy boundary.

2C—=84 to 150 centimeters; olive brown (2.5Y 4/4) extremely gravelly loamy sand,
light olive brown (2.5Y 5/4) dry; single grain; loose, nonsticky and nonplastic; few
very fine and fine roots throughout; 15 percent fine gravel, 35 percent medium and
coarse gravel, 20 percent cobbles, and 5 percent stones; slightly acid (pH 6.1).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry for 45 to 60 consecutive days from June through
October

Thickness of volcanic ash mantle: 40 to 80 centimeters

Particle-size control section: Contrasting

A horizon (where present)

Hue—7.5YR or 10YR

Value—2 to 3 moist

Chroma—1 or 2 moist

Texture—ashy sandy loam or ashy fine sandy loam
Reaction—very strongly acid or strongly acid
Thickness—1 to 10 centimeters

Bw horizon

Hue—10YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy coarse sandy loam, or ashy sandy
loam

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Clay content—3 to 8 percent

Volcanic glass content—20 to 60 percent

Reaction—strongly acid or moderately acid

Thickness—35 to 70 centimeters

2BC horizon
Hue—10YR
Value—3 to 5 moist, 4 to 6 dry
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Chroma—3 or 4 moist or dry

Fine-earth texture—ashy loamy sand or ashy sandy loam

Rock fragment content—25 to 85 percent total, with 15 to 45 percent fine to coarse
gravel, 10 to 60 percent cobbles, and 0 to 15 percent stones

Clay content—1 to 6 percent

Volcanic glass content—5 to 30 percent

Reaction—moderately acid or slightly acid

Thickness—10 to 30 centimeters

2C horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 5 or 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—loamy sand or loamy coarse sand

Rock fragment content—35 to 85 percent total, with 15 to 60 percent fine to coarse
gravel, 10 to 60 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Volcanic glass content—0 to 20 percent

Reaction—moderately acid or slightly acid

Purple Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Very poorly drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Valleys

Landform: Depressions and flood plains

Parent material: Highly decomposed plant material over alluvium
Slope range: 0 to 5 percent

Elevation: 510 to 2,110 meters

Mean annual precipitation: 1,400 to 2,700 millimeters
Mean annual air temperature: 3 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Coarse-loamy over sandy or sandy-skeletal, isotic, acid Histic
Cryaquepts

Typical Pedon

Purple mucky loam (fig. 34) in an area of Beaverpass-Purple-Bacon complex,
0 to 15 percent slopes, on a flood plain in Perry Creek Valley about 30 kilometers
north of the town of Newhalem; North Cascades National Park Complex, Whatcom
County, Washington; 350 meters west and 780 meters north of the southeast corner
of section 24, T. 40 N., R. 12 E.; Mount Spickard, Washington, U.S. Geological Survey
quadrangle; latitude 48 degrees, 56 minutes, 14 seconds north and longitude
121 degrees, 10 minutes, 39 seconds west; UTM 633471 meters E.,
5422066 meters N., zone 10; NAD 83.

Oa—0 to 25 centimeters; highly decomposed plant material; common very fine and
fine roots; gradual wavy boundary.

A1—25 to 45 centimeters; very dark brown (10YR 2/2) mucky loam, dark grayish
brown (10YR 4/2) dry; moderate coarse subangular blocky structure; moderately
hard, firm, slightly sticky and slightly plastic; common very fine and fine roots;

15 percent distinct strong brown (7.5YR 4/6) iron-manganese masses; very
strongly acid (pH 5.0); clear wavy boundary.

A2—A45 to 58 centimeters; very dark brown (10YR 2/2) mucky loam, dark grayish
brown (10YR 4/2) dry; massive; moderately hard, firm, slightly sticky and
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Figure 34.—Typical profile of a Purple soil. Numerals on tape
indicate centimeters.

slightly plastic; few fine roots; 15 percent distinct strong brown (7.5YR 4/6)
iron-manganese masses on faces of peds; very strongly acid (pH 5.0); clear
wavy boundary.

C1—58 to 96 centimeters; dark gray (10YR 4/1) sandy loam, gray (10YR 6/1) dry;
massive; moderately hard, firm, slightly sticky and slightly plastic; few fine roots;
25 percent distinct strong brown (7.5YR 4/6) iron-manganese masses and
25 percent distinct grayish brown (2.5Y 5/2) iron depletions; very strongly acid
(pH 5.0); clear wavy boundary.

C2—96 to 150 centimeters; dark gray (10YR 4/1) loamy sand, gray (10YR 6/1) dry;
massive; moderately hard, firm, slightly sticky and slightly plastic; few fine roots;
25 percent distinct strong brown (7.5YR 4/6) iron-manganese masses and
25 percent distinct grayish brown (2.5Y 5/2) iron depletions; very strongly acid
(pH 5.0).

Range in Characteristics

Mean annual soil temperature: 4 to 7 degrees C
Moisture control section: Seasonal high water table at the soil surface for more than
30 consecutive days
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Particle-size control section: Contrasting

Clay content: 0 to 15 percent

Rock fragment content (coarse-loamy part): 0 to 15 percent total, with 0 to 10 percent
fine to coarse gravel and 0 to 5 percent cobbles

Rock fragment content (sandy or sandy-skeletal part): 0 to 60 percent total, with
0 to 30 percent fine to coarse gravel, 0 to 25 percent cobbles, and 0 to 10 percent
stones

Oa horizon
Thickness—20 to 35 centimeters

A1 horizon

Hue—10YR or 2.5Y

Value—2 to 5 moist, 4 to 7 dry

Chroma—1 to 4 moist or dry

Fine-earth texture—mucky loam, mucky sandy loam, or mucky fine sandy loam

Rock fragment content—O0 to 15 percent total, with 0 to 10 percent fine to coarse
gravel and 0 to 5 percent cobbles

Reaction—very strongly acid or strongly acid

Thickness—10 to 35 centimeters

A2 horizon

Hue—10YR or 2.5Y

Value—2 to 5 moist, 4 to 7 dry

Chroma—1 to 4 moist or dry

Fine-earth texture—mucky loam, mucky sandy loam, or mucky fine sandy loam

Rock fragment content—O0 to 20 percent total, with 0 to 15 percent fine to coarse
gravel and 0 to 5 percent cobbles

Reaction—very strongly acid or strongly acid

Thickness—10 to 35 centimeters

C horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 5to 7 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—sandy loam, loamy sand, or sand

Rock fragment content—O0 to 60 percent total, with 0 to 30 percent fine to coarse
gravel, 0 to 25 percent cobbles, and 0 to 10 percent stones

Reaction—very strongly acid or strongly acid

Combined thickness—45 to 110 centimeters

Ragged Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Debris cones on mountain slopes

Parent material: Volcanic ash mixed with alluvium
Slope range: 0 to 100 percent

Elevation: 100 to 1,970 meters

Mean annual precipitation: 1,500 to 2,540 millimeters
Mean annual air temperature: 6 to 10 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Sandy-skeletal, isotic, frigid Vitrandic Dystrudepts
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Typical Pedon

Ragged gravelly ashy loamy sand (fig. 35) in an area of Thorton-Ragged-Ledeir
complex, 15 to 65 percent slopes, on a debris cone west of 39 Mile hiker camp; North
Cascades National Park Complex, Whatcom County, Washington; section 5, T. 38 N.,
R. 13 E.; Mount Prophet, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 48 minutes, 15 seconds north and longitude 121 degrees, 8 minutes,

41 seconds west; UTM 636232 meters E., 5407352 meters N., zone 10; NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed plant material; abrupt wavy boundary.

Oe—2 to 5 centimeters; moderately decomposed plant material; many very fine, fine,
and medium and common coarse roots; abrupt wavy boundary.

Bw1—5 to 20 centimeters; dark brown (10YR 3/3) gravelly ashy loamy sand, brown
(10YR 5/3) dry; single grain; loose, nonsticky and nonplastic; many very fine to
coarse roots; 5 percent fine gravel and 10 percent medium and coarse gravel;
strongly acid (pH 5.5); abrupt wavy boundary.

Bw2—20 to 34 centimeters; dark yellowish brown (10YR 3/4) ashy sandy loam, brown
(10YR 5/3) dry; moderate fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; many very fine to coarse and few very coarse roots;

5 percent fine gravel; strongly acid (pH 5.5); clear irregular boundary.

Figure 35.—Typical profile of a Ragged soil. Numerals on tape
indicate centimeters.
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2C—34 to 150 centimeters; variegated extremely cobbly sand; single grain; loose,
nonsticky and nonplastic; few very fine to coarse roots; 15 percent fine gravel,
15 percent medium and coarse gravel, 25 percent cobbles, and 15 percent stones;
moderately acid (pH 6.0).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry for less than 45 consecutive days from June through
October

Reaction: Very strongly acid to slightly acid

Depth to lithologic discontinuity: 30 to 100 centimeters

Bw horizon

Hue—10YR, 7.5YR, or 2.5Y

Value—2 to 4 moist, 3 to 5 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy sand

Rock fragment content—5 to 60 percent total, with 0 to 25 percent fine gravel, 5 to 25
percent medium and coarse gravel, 0 to 20 percent cobbles, and 0 to 10 percent
stones

Clay content—2 to 10 percent

Volcanic glass content—5 to 15 percent

Thickness—30 to 100 centimeters

BC horizon (where present)

Note—represents more gradual transition to the lithologic discontinuity
Hue—10YR or 2.5Y

Value—3 to 5 moist

Chroma—3 to 6 moist

Texture—sandy loam, coarse sandy loam, or loamy sand
Reaction—strongly acid or moderately acid

Thickness—30 to 50 centimeters

2C horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Texture—loamy coarse sand or sand

Rock fragment content—35 to 80 percent total, with 10 to 30 percent fine gravel,
10 to 30 percent medium and coarse gravel, 10 to 35 percent cobbles, and 0 to 15
percent stones

Clay content—0 to 5 percent

Volcanic glass content—0 to 5 percent

Roland Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Somewhat poorly drained

Capatcity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Debris aprons on mountain slopes, fan terraces on mountain slopes, and
terraces

Parent material: Volcanic ash and alluvium over glacial drift

Slope range: 0 to 25 percent

Elevation: 100 to 935 meters

Mean annual precipitation: 1,700 to 2,500 millimeters
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Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Coarse-loamy, isotic, frigid Fluvaquentic Dystrudepts
Typical Pedon

Roland fine sandy loam (fig. 36) in an area of Roland-Skymo-Deerlick complex,
0 to 25 percent slopes; on a terrace about 3 kilometers southwest of the town of
Newhalem; North Cascades National Park Complex, Whatcom County, Washington;
205 meters west and 520 meters south of the northeast corner of section 30, T. 37 N.,
R. 12 E.; Mount Triumph, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 39 minutes, 54 seconds north and longitude 121 degrees, 17 minutes,
1 second west; UTM 626370 meters E., 5391655 meters N., zone 10; NAD 83.

Oe—0 to 3 centimeters; moderately decomposed leaves, twigs, and needles; few fine
and medium roots; common fine and medium irregular pores; strongly acid (pH
5.5); abrupt smooth boundary.

A—3 to 17 centimeters; very dark brown (10YR 2/2) fine sandy loam, very dark
grayish brown (10YR 3/2) dry; moderate fine granular structure; soft, very friable,
nonsticky and nonplastic; many very fine and common fine and medium roots;

Figure 36.—Typical profile of a Roland soil. Numerals on tape
indicate centimeters.

97



Soil Survey of North Cascades National Park Complex, Washington

common fine and medium irregular pores; moderately acid (pH 5.6); abrupt wavy
boundary.

Bg1—17 to 42 centimeters; dark yellowish brown (10YR 3/4) fine sandy loam,
yellowish brown (10YR 5/4) dry; moderate medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; common very fine and medium and
few coarse roots; common fine and medium irregular pores; 10 percent medium
faint irregular gray (10YR 6/1) iron depletions with clear boundaries in matrix and
20 percent medium faint irregular brown (7.5YR 4/4) masses of oxidized iron with
clear boundaries in matrix; moderately acid (pH 5.7); clear smooth boundary.

Bg2—42 to 78 centimeters; brown (10YR 4/3) very fine sandy loam, brown (10YR
5/3) dry; weak medium subangular blocky structure; soft, very friable, nonsticky
and nonplastic; few very fine and common fine and medium roots; common fine
irregular pores; 25 percent medium faint irregular gray (10YR 6/1) iron depletions
with clear boundaries in matrix and 35 percent medium faint irregular brown
(7.5YR 4/4) masses of oxidized iron with clear boundaries in matrix; moderately
acid (pH 5.8); abrupt smooth boundary.

Bg3—78 to 137 centimeters; grayish brown (2.5Y 5/2) loamy sand, light brownish
gray (2.5Y 6/2) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and medium roots; common medium
interstitial pores; 20 percent coarse distinct irregular gray (10YR 6/1) iron
depletions with clear boundaries in matrix and 40 percent coarse distinct irregular
brown (7.5YR 4/4) masses of oxidized iron with clear boundaries in matrix;
moderately acid (pH 6.0); abrupt smooth boundary.

Bg4—137 to 152 centimeters; gray (10YR 6/1) sand, light gray (10YR 7/1) dry; weak
fine subangular blocky structure; soft, very friable, nonsticky and nonplastic;
few fine roots; common medium interstitial pores; 30 percent medium prominent
irregular weakly cemented brown (7.5YR 4/4) masses of oxidized iron with diffuse
boundaries in matrix and 70 percent medium distinct irregular gray (10YR 6/1)
reduced matrix with diffuse boundaries throughout; moderately acid (pH 6.0).

Range in Characteristics

Mean annual soil temperature: 5 to 8 degrees C

Moisture control section: Dry 30 to 45 consecutive days

Depth to redoximorphic features: 20 to 46 centimeters from the mineral soil surface

Clay content: 0 to 10 percent

Rock fragment content: 0 to 30 percent total, with 0 to 30 percent fine to coarse gravel
and 0 to 25 percent cobbles

A horizon

Hue—10YR or 7.5YR

Value—2 to 3 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—fine sandy loam or sandy loam

Rock fragment content—O0 to 15 percent fine to coarse gravel
Reaction—moderately acid or strongly acid

Thickness—5 to 20 centimeters

Bg horizon

Hue—10YR, 7.5YR, or 2.5Y

Value—3 to 6 moist, 4 to 7 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—fine sandy loam, sandy loam, very fine sandy loam, sand, loamy
sand, or coarse sandy loam

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 25 percent cobbles
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Reaction—moderately acid or strongly acid
Combined thickness—50 to 100 centimeters

Cg horizon (where present in lower part of profile)

Hue—2.5Y or variegated

Value—4 to 5 moist, 5 or 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy fine sand

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 25 percent cobbles

Reaction—moderately acid or slightly acid

Sandalee Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Somewhat poorly drained
Capatcity to transmit water (Ksat): High or very high
Landscape: River valleys

Landform: Stable flood plains and young terraces
Parent material: Alluvium

Slope range: 0 to 15 percent

Elevation: 215 to 1,400 meters

Mean annual precipitation: 600 to 1,200 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 70 to 100 days

Taxonomic class: Coarse-loamy, isotic, frigid Fluvaquentic Dystroxerepts
Typical Pedon

Sandalee sandy loam (fig. 37) in an area of Sandalee-Kettling-Torment complex,
0 to 15 percent slopes, on a flood plain west of the Stehekin airstrip; North Cascades
National Park Complex, Chelan County, Washington; 690 meters west and 535 meters
north of the southeast corner of section 22, T. 33 N., R. 17 E.; Stehekin, Washington,
U.S. Geological Survey quadrangle; latitude 48 degrees, 20 minutes, 34 seconds north
and longitude 120 degrees, 43 minutes, 12 seconds west; UTM 668937 meters E.,
5356910 meters N., zone 10; NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed plant material; abrupt wavy boundary.

A—2 to 11 centimeters; black (10YR 2/1) sandy loam, dark grayish brown (10YR
4/2) dry; weak fine granular structure; soft, very friable, slightly sticky and slightly
plastic; common very fine, fine, and medium roots throughout; very strongly acid
(pH 5.0); abrupt wavy boundary.

Bw—11 to 40 centimeters; olive brown (2.5Y 4/3) fine sandy loam, light yellowish
brown (2.5Y 6/3) dry; weak medium subangular blocky structure; soft, very friable,
slightly sticky and slightly plastic; few very fine, fine, and medium roots throughout;
5 percent fine gravel; strongly acid (pH 5.5); clear wavy boundary.

Bg1—40 to 56 centimeters; dark grayish brown (10YR 4/2) fine sandy loam, light
brownish gray (10YR 6/2) dry; weak medium subangular blocky structure; soft,
very friable, slightly sticky and slightly plastic; few very fine to coarse roots
throughout; many distinct medium gray (2.5Y 6/1) iron depletions with clear
boundaries in matrix and many distinct medium dark yellowish brown (10YR 4/4)
masses of oxidized iron with clear boundaries in matrix; 5 percent fine gravel,
moderately acid (pH 5.7); clear wavy boundary.

Bg2—56 to 80 centimeters; dark grayish brown (10YR 4/2) fine sandy loam, light
brownish gray (10YR 6/2) dry; weak medium subangular blocky structure; soft,
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Figure 37.—Typical profile of a Sandalee soil. Numerals on
tape indicate centimeters.

very friable, slightly sticky and slightly plastic; few very fine, fine, and medium
roots throughout; common distinct medium gray (2.5Y 6/1) iron depletions with
clear boundaries in matrix and many distinct medium dark yellowish brown (10YR
4/4) masses of oxidized iron with clear boundaries in matrix; 5 percent fine gravel;
moderately acid (pH 5.8); clear wavy boundary.

Cg—80 to 150 centimeters; variegated loamy coarse sand; single grain; loose,
nonsticky and nonplastic; common faint medium dark yellowish brown (10YR 4/4)
masses of oxidized iron with diffuse boundaries in matrix and many faint medium
dark grayish brown (2.5Y 4/2) iron depletions with diffuse boundaries in matrix;
moderately acid (pH 5.9); 5 percent fine gravel.

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C
Moisture control section: Dry for 60 to 90 consecutive days from June through
October

A horizon

Hue—10YR or 7.5YR

Value—2 or 3 moist, 4 or 5 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—sandy loam or fine sandy loam
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Rock fragment content—O0 to 10 percent total, with 0 to 10 percent fine to coarse
gravel and 0 to 5 percent cobbles

Clay content—3 to 8 percent

Volcanic glass content—0 to 5 percent

Reaction—very strongly acid or strongly acid

Thickness—0 to 40 centimeters

Bw horizon

Hue—10YR or 2.5YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, fine sandy loam, or very fine sandy loam

Rock fragment content—0 to 15 percent total, with 0 to 10 percent fine to coarse
gravel and 0 to 10 percent cobbles

Clay content—3 to 8 percent

Volcanic glass content—0 to 5 percent

Reaction—strongly acid or moderately acid

Thickness—0 to 40 centimeters

Bg horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, fine sandy loam, or loamy fine sand

Rock fragment content—O0 to 15 percent total, with 0 to 10 percent fine to coarse
gravel and 0 to 10 percent cobbles

Clay content—2 to 8 percent

Volcanic glass content—0 to 5 percent

Reaction—strongly acid to slightly acid

Thickness—30 to 100 centimeters

Cg horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 or 4 moist or dry

Fine-earth texture—loamy coarse sand, loamy sand, or coarse sand

Rock fragment content—0 to 35 percent total, with 0 to 25 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Clay content—0 to 6 percent

Volcanic glass content—0 to 5 percent

Reaction—moderately acid or slightly acid

Depth to restrictive feature—more than 150 centimeters

Sawtooth Series

Depth class: Moderately deep to lithic bedrock
Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Bedrock benches on mountain slopes
Parent material: Volcanic ash over glacial drift
Slope range: 35 to 100 percent

Elevation: 335 to 1,900 meters

Mean annual precipitation: 1,700 to 2,500 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 60 to 90 days
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Taxonomic class: Loamy-skeletal, isotic, frigid Andic Dystroxerepts
Typical Pedon

Sawtooth gravelly ashy sandy loam (fig. 38) in an area of Farway-Sawtooth-Despair
complex, 35 to 100 percent slopes; on a debris apron about 20 kilometers northeast
of the town of Diablo; North Cascades National Park Complex, Whatcom County,
Washington; 180 meters west and 720 meters north of the southeast corner of
section 7, T. 39 N., R. 14 E.; Hozomeen Mountain, Washington, U.S. Geological
Survey quadrangle; latitude 48 degrees, 52 minutes, 42 seconds north and longitude
121 degrees, 1 minute, 20 seconds west; UTM 645005 meters E., 5415840 meters N.,
zone 10; NAD 83.

Oi—O0 to 3 centimeters; slightly decomposed plant material; common medium
interstitial pores; abrupt wavy boundary.

A—3 to 15 centimeters; very dark brown (10YR 2/2) gravelly ashy sandy loam, dark
yellowish brown (10YR 3/4) dry; weak coarse granular structure; soft, very friable,
nonsticky and nonplastic; many very fine and fine and common medium and
coarse roots; common fine and medium irregular pores; 5 percent fine gravel,

20 percent medium and coarse gravel, and 5 percent cobbles; strongly acid (pH
5.5); clear irregular boundary.

a
e A

Figure 38.—Typical profile of a Sawtooth soil. Numerals on
tape indicate centimeters.
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Bw1—15 to 35 centimeters; dark yellowish brown (10YR 3/4) gravelly ashy sandy
loam, dark yellowish brown (10YR 4/6) dry; weak medium subangular blocky
structure; soft, very friable, nonsticky and nonplastic; many very fine to coarse
roots; common fine and medium irregular pores; 5 percent fine gravel, 20 percent
medium and coarse gravel, and 5 percent cobbles; moderately acid (pH 5.8); clear
irregular boundary.

2Bw2—35 to 45 centimeters; dark yellowish brown (10YR 3/6) gravelly sandy loam,
dark yellowish brown (10YR 4/6) dry; weak fine subangular blocky structure; soft,
very friable, nonsticky and nonplastic; common very fine to coarse roots; common
fine and medium irregular pores; 5 percent fine gravel, 15 percent medium and
coarse gravel, and 10 percent cobbles; moderately acid (pH 6.0); clear wavy
boundary.

2BC—45 to 60 centimeters; dark olive brown (2.5Y 3/3) very cobbly loamy sand, light
olive brown (2.5Y 5/4) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and medium roots; common fine and
medium interstitial pores; 10 percent fine gravel, 15 percent medium and coarse
gravel, and 30 percent cobbles; slightly acid (pH 6.1); abrupt irregular boundary.

2R—60 to 85 centimeters; metavolcanic rock.

Range in Characteristics

Mean annual soil temperature: 5 to 8 degrees C

Moisture control section: Dry 60 to 90 consecutive days

Clay content: 0 to 10 percent

Rock fragment content: 35 to 55 percent total, with 15 to 45 percent fine to coarse
gravel, 5 to 35 percent cobbles, and 0 to 15 percent stones

Thickness of volcanic ash mantle (ashy textural modifier): 18 to 35 centimeters

Depth to bedrock (lithic contact): 50 to 100 centimeters from the mineral soil surface

A horizon

Hue—10YR or 7.5YR

Value—2 to 3 moist, 3 or 4 dry

Chroma—1 to 4 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Volcanic glass content—35 to 80 percent

Reaction—strongly acid or moderately acid

Thickness—5 to 20 centimeters

Bw horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Volcanic glass content—15 to 70 percent

Reaction—moderately acid or strongly acid

Thickness—15 to 30 centimeters

2Bw horizon

Hue—10YR or 7.5YR

Value—3 or 4 moist, 4 to 5 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or fine sandy loam
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Rock fragment content—30 to 60 percent total, with 15 to 45 percent gravel, 5 to 35
percent cobbles, and 0 to 15 percent stones

Volcanic glass content—5 to 15 percent

Reaction—moderately acid or strongly acid

Thickness—15 to 35 centimeters

2BC horizon

Hue—2.5Y or 10YR

Value—3 or 4 moist, 4 to 5 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy sand, coarse sandy loam, sandy loam, or loamy fine sand

Rock fragment content—35 to 60 percent total, with 15 to 50 percent fine to coarse
gravel, 5 to 35 percent cobbles, and 0 to 15 percent stones

Volcanic glass content—5 to 15 percent

Reaction—slightly acid or moderately acid

Skymo Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Moderately well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Debris cones on mountain slopes

Parent material: Volcanic ash mixed with alluvium
Slope range: 0 to 25 percent

Elevation: 100 to 935 meters

Mean annual precipitation: 1,500 to 2,540 millimeters
Mean annual air temperature: 6 to 10 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Sandy, isotic, frigid Oxyaquic Udifluvents
Typical Pedon

Skymo coarse sand (fig. 39) in an area of Roland-Skymo-Deerlick complex,
0 to 25 percent slopes; on a flood plain about 8 kilometers southwest of the town of
Newhalem; North Cascades National Park Complex, Skagit County, Washington;
290 meters west and 25 meters south of the northeast corner of section 11, T. 36 N.,
R. 11 E.; Mount Triumph, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 37 minutes, 39 seconds north and longitude 121 degrees, 19 minutes,
57 seconds west; UTM 622865 meters E., 5387420 meters N., zone 10; NAD 83.

Oi—0 to 2 centimeters; slightly decomposed leaves, twigs, and needles; common
medium irregular pores; abrupt wavy boundary.

C—2 to 10 centimeters; grayish brown (2.5Y 5/2) coarse sand, light brownish gray
(2.5Y 6/2) dry; single grain; loose, nonsticky and nonplastic; few very fine and
medium roots; many fine and medium interstitial pores; strongly acid (pH 5.5);
abrupt wavy boundary.

Ab—10 to 16 centimeters; dark grayish brown (10YR 4/2) loamy sand, grayish brown
(10YR 5/2) dry; weak fine subangular blocky structure; loose, nonsticky and
nonplastic; many very fine and common fine to coarse roots; common fine and
medium irregular pores; strongly acid (pH 5.1); abrupt wavy boundary.

C'—16 to 34 centimeters; light olive brown (2.5Y 5/3) sand, light yellowish brown (2.5Y
6/3) dry; single grain; loose, nonsticky and nonplastic; many very fine and fine and
common medium and coarse roots; common fine and medium interstitial pores;
strongly acid (pH 5.2); abrupt irregular boundary.
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Figure 39.—Typical profile of a Skymo soil. Numerals on tape
indicate centimeters.

Ab'—34 to 40 centimeters; very dark grayish brown (10YR 3/2) sandy loam, grayish
brown (10YR 5/2) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and common fine to coarse roots; common
fine and medium irregular pores; strongly acid (pH 5.1); abrupt wavy boundary.

Bwb1—40 to 45 centimeters; dark olive brown (2.5Y 3/3) loamy sand, light olive
brown (2.5Y 5/3) dry; weak fine subangular blocky structure; loose, nonsticky and
nonplastic; few very fine and fine and common medium and coarse roots; many
fine and medium interstitial pores; strongly acid (pH 5.2); clear wavy boundary.

Bwb2—45 to 66 centimeters; very dark grayish brown (10YR 3/2) loamy sand, grayish
brown (10YR 5/2) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few coarse and very fine and fine and common medium
roots; common fine and medium irregular pores; strongly acid (pH 5.5); clear wavy
boundary.

Bwb3—66 to 90 centimeters; very dark grayish brown (2.5Y 3/2) loamy sand, grayish
brown (2.5Y 5/2) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine to coarse roots; common fine and medium
irregular pores; 10 percent fine faint irregular grayish brown (2.5Y 5/2) iron
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depletions with sharp boundaries in matrix and 20 percent medium faint irregular
yellowish brown (10YR 5/4) masses of oxidized iron with clear boundaries in
matrix; moderately acid (pH 5.6); clear irregular boundary.

C"—90 to 152 centimeters; dark olive brown (2.5Y 3/3) gravelly sand, light olive brown
(2.5Y 5/3) dry; single grain; loose, nonsticky and nonplastic; few very fine and
medium roots; common medium and coarse interstitial pores; 10 percent fine faint
irregular grayish brown (2.5Y 5/2) iron depletions with sharp boundaries in matrix
and 30 percent medium faint irregular yellowish brown (10YR 5/4) masses of
oxidized iron with clear boundaries in matrix; 5 percent rounded fine gravel,

15 percent rounded medium and coarse gravel, and 10 percent rounded cobbles;
slightly acid (pH 6.1).

Range in Characteristics

Mean annual soil temperature: 5 to 8 degrees C

Moisture control section: Dry 30 to 45 consecutive days

Depth to redoximorphic concentrations: 50 to 100 centimeters

Clay content: 0 to 8 percent

Rock fragment content: 0 to 30 percent total, with 0 to 30 percent fine to coarse gravel
and 0 to 25 percent cobbles

C horizon

Hue—2.5Y, 10YR, or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—coarse sand or sand

Rock fragment content—O0 to 10 percent fine gravel
Reaction—strongly acid or moderately acid

Thickness—5 to 15 centimeters (may be absent in some pedons)

Ab and Ab’ horizons

Hue—10YR or 7.5YR

Value—3 or 4 moist, 4 to 5 dry

Chroma—2 to 3 moist or dry

Fine-earth texture—sandy loam, loamy sand, sand, or loamy fine sand

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Reaction—strongly acid or moderately acid

Thickness—2 to 15 centimeters

C’and C" horizons

Hue—2.5Y or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sand, coarse sand, loamy sand, or loamy coarse sand

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Reaction—strongly acid or moderately acid

Thickness—typically 5 to 25 centimeters, but ranges to 70 centimeters

Bwb horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy sand, loamy coarse sand, coarse sand, or sand

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Reaction—moderately acid or strongly acid
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Spickard Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Volcanic ash over glacial drift
Slope range: 5 to 100 percent

Elevation: 265 to 2,265 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 2 to 6 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Ashy over sandy or sandy-skeletal, amorphic over isotic Typic
Vitricryands

Typical Pedon

Spickard ashy sandy loam (fig. 40) in an area of Spickard-Tepeh-Maggib complex,
15 to 100 percent slopes, on a debris apron about 21 kilometers southeast of the town
of Newhalem; North Cascades National Park Complex, Skagit County, Washington;
550 meters east and 675 meters north of the southwest corner of section 28, T. 36 N.,
R. 14 E.; Mount Logan, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 34 minutes, 34 seconds north and longitude 120 degrees, 59 minutes,

44 seconds west; UTM 647840 meters E., 5382280 meters N., zone 10; NAD 83.

Oi—O0 to 3 centimeters; slightly decomposed leaves, needles, and twigs; abrupt
smooth boundary.

Oe—3 to 10 centimeters; black (10YR 2/1) moderately decomposed needles and
twigs, dark gray (10YR 4/1) dry; many very fine and fine roots; common fine
irregular pores; extremely acid (pH 4.4); abrupt wavy boundary.

A—10 to 13 centimeters; very dark gray (10YR 3/1) ashy sandy loam, dark gray (10YR
4/1) dry; weak fine subangular blocky structure; soft, very friable, nonsticky and
nonplastic; many very fine and fine and few medium roots; common fine irregular
pores; 5 percent gravel; extremely acid (pH 4.4); abrupt wavy boundary.

Bw1—13 to 22 centimeters; dark brown (7.5YR 3/4) gravelly ashy sandy loam, brown
(7.5YR 4/4) dry; moderate fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; many very fine and fine and common medium and
coarse roots; common fine and medium irregular pores; 20 percent gravel and
10 percent cobbles; strongly acid (pH 5.1); clear wavy boundary.

Bw2—22 to 44 centimeters; dark yellowish brown (10YR 4/4) gravelly ashy sandy
loam, light yellowish brown (10YR 6/4) dry; moderate medium subangular blocky
structure; soft, very friable, nonsticky and nonplastic; common very fine and fine
and few medium and coarse roots; common fine and medium irregular pores;

5 percent fine gravel, 15 percent medium and coarse gravel, and 10 percent
cobbles; strongly acid (pH 5.2); clear irregular boundary.

Bw3—44 to 60 centimeters; dark yellowish brown (10YR 3/4) gravelly ashy sandy
loam, yellowish brown (10YR 5/4) dry; weak fine subangular blocky structure; soft,
very friable, nonsticky and nonplastic; few very fine and medium roots; common
fine and medium interstitial pores; 5 percent fine gravel, 15 percent medium and
coarse gravel, and 10 percent cobbles; strongly acid (pH 5.5); gradual irregular
boundary.

2BC—60 to 105 centimeters; dark olive brown (2.5Y 3/3) very cobbly loamy sand, light
olive brown (2.5Y 5/3) dry; single grain; loose, nonsticky and nonplastic; few very
fine and fine roots; common medium interstitial pores; 5 percent fine gravel,
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Figure 40.—Typical profile of a Spickard soil. Numerals on tape
indicate centimeters.

20 percent medium and coarse gravel, 20 percent cobbles, and 10 percent stones;
moderately acid (pH 5.7); gradual irregular boundary.

2C—105 to 152 centimeters; dark grayish brown (2.5Y 4/2) very stony loamy sand,
grayish brown (2.5Y 5/2) dry; single grain; loose, nonsticky and nonplastic; few fine
roots; many coarse interstitial pores; 5 percent fine gravel, 20 percent medium and
coarse gravel, 10 percent cobbles, and 20 percent stones; moderately acid (pH
6.0).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry less than 30 consecutive days

Particle-size control section: Contrasting

Clay content: 0 to 10 percent throughout

Rock fragment content (ashy part): 5 to 30 percent total, with 5 to 30 percent fine to
coarse gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Rock fragment content (sandy-skeletal part): 35 to 55 percent total, with 15 to 50
percent fine to coarse gravel, 10 to 30 percent cobbles, and 0 to 30 percent stones

Thickness of volcanic ash mantle (ashy textural modifier): 36 to 75 centimeters
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A horizon

Hue—10YR or 7.5YR

Value—2 to 3 moist, 4 to 5 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam
Rock fragment content—O0 to 15 percent fine to coarse gravel
Volcanic glass content—35 to 80 percent
Reaction—extremely acid to strongly acid

Thickness—0 to 10 centimeters (absent in some pedons)

Bw horizon

Hue—7.5YR or 10YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—5 to 30 percent total, with 5 to 30 percent gravel, 0 to 15
percent cobbles, and 0 to 5 percent stones

Volcanic glass content—15 to 70 percent

Reaction—very strongly acid or strongly acid

Combined thickness—35 to 85 centimeters

2BC horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 5 or 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—loamy sand, loamy coarse sand, coarse sand, or sand

Rock fragment content—35 to 55 percent total, with 15 to 50 percent fine to coarse
gravel, 10 to 30 percent cobbles, and 0 to 30 percent stones

Volcanic glass content—5 to 15 percent

Reaction—moderately acid or strongly acid

Thickness—15 to 50 centimeters

2C horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 5 or 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy sand, loamy coarse sand, coarse sand, or sand

Rock fragment content—35 to 55 percent total, with 15 to 50 percent fine to coarse
gravel, 10 to 30 percent cobbles, and 0 to 30 percent stones

Reaction—moderately acid or strongly acid

Stehekin Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Debris aprons on mountain slopes, debris cones on mountain slopes, and
valley walls of mountain slopes

Parent material: Mixed volcanic ash over colluvium and glacial drift

Slope range: 5 to 100 percent

Elevation: 530 to 2,210 meters

Mean annual precipitation: 1,000 to 1,700 millimeters

Mean annual air temperature: 4 to 6 degrees C

Frost-free period: 40 to 75 days
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Taxonomic class: Loamy-skeletal, isotic Vitrixerandic Dystrocryepts
Typical Pedon

Stehekin ashy sandy loam (fig. 41) in an area of Stehekin-Primus-Stetattle complex,
35 to 100 percent slopes, on a debris apron of a valley wall below Goode Glacier;
North Cascades National Park Complex, Chelan County, Washington; 615 meters
west and 330 meters north of the southeast corner of section 29, T. 35 N., R. 16 E;
Goode Mountain, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 30 minutes, 4 seconds north and longitude 120 degrees, 53 minutes,

31 seconds west; UTM 655726 meters E., 5374168 meters N., zone 10; NAD 83.

A—O0 to 18 centimeters; dark yellowish brown (10YR 3/4) ashy sandy loam, yellowish
brown (10YR 5/4) dry; moderate coarse subangular blocky structure; slightly hard,
friable, nonsticky and nonplastic; common very fine and fine and few medium
roots; common fine and medium irregular pores; 10 percent gravel; very strongly
acid (pH 5.0); clear wavy boundary.

Bw—18 to 44 centimeters; dark yellowish brown (10YR 4/4) very cobbly sandy loam,
light yellowish brown (10YR 6/4) dry; moderate fine subangular blocky structure;
slightly hard, friable, nonsticky and nonplastic; common very fine and medium

Figure 41.—Typical profile of a Stehekin soil. Numerals on tape
indicate centimeters.
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roots; common fine and medium irregular pores; 15 percent gravel, 15 percent
cobbles, and 10 percent stones; very strongly acid (pH 5.0); gradual wavy
boundary.

BC—44 to 109 centimeters; dark yellowish brown (10YR 4/4) very stony sandy loam,
light yellowish brown (10YR 6/4) dry; moderate fine subangular blocky structure;
moderately hard, firm, nonsticky and nonplastic; few very fine and medium roots;
common fine and medium irregular pores; 20 percent gravel, 10 percent cobbles,
and 10 percent stones; strongly acid (pH 5.1); gradual wavy boundary.

C—109 to 152 centimeters; light olive brown (2.5Y 5/4) very stony sandy loam, light
yellowish brown (2.5Y 6/4) dry; weak fine subangular blocky structure; soft,
very friable, nonsticky and nonplastic; few fine roots; common fine and medium
irregular pores; 20 percent gravel, 20 percent cobbles, and 10 percent stones;
strongly acid (pH 5.4).

Range in Characteristics

Mean annual soil temperature: 4 to 7 degrees C

Moisture control section: Dry for 45 to 60 consecutive days

Clay content: 0 to 10 percent throughout

Rock fragment content: 35 to 75 percent total, with 15 to 50 percent gravel, 10 to 40
percent cobbles, and 0 to 30 percent stones

A horizon

Hue—10YR or 7.5YR

Value—?2 to 4 moist, 4 to 6 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragments—10 to 35 percent total, with 5 to 25 percent gravel and 0 to 20
percent cobbles

Volcanic glass content—10 to 25 percent

Reaction—very strongly acid or strongly acid

Thickness—10 to 20 centimeters

E horizon (where present)

Hue—7.5YR or 10YR

Value—4 or 5 moist

Chroma—1 or 2 moist

Texture—ashy sandy loam or ashy coarse sandy loam
Reaction—very strongly acid or strongly acid
Thickness—1 to 8 centimeters

Bw horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—sandy loam, fine sandy loam, or coarse sandy loam

Rock fragment content—25 to 75 percent total, with 10 to 45 percent gravel, 5 to 40
percent cobbles, and 0 to 10 percent stones

Volcanic glass content—5 to 15 percent

Reaction—very strongly acid or strongly acid

Thickness—10 to 40 centimeters

BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 4 to 6 dry
Chroma—3 or 4 moist or dry
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Fine-earth texture—sandy loam, fine sandy loam, or coarse sandy loam

Rock fragment content—35 to 75 percent total, with 15 to 50 percent gravel, 5 to 40
percent cobbles, and 0 to 10 percent stones

Volcanic glass content—b5 to 15 percent

Reaction—strongly acid or moderately acid

Thickness—20 to 70 centimeters

C horizon

Hue—2.5Y

Value—3 to 5 moist, 5to 7 dry

Chroma—2 to 6 moist or dry

Fine earth texture—sandy loam, coarse sandy loam, or loamy sand

Rock fragment content—35 to 75 percent total, with 10 to 50 percent gravel, 5 to 40
percent cobbles, and 0 to 30 percent stones

Reaction—strongly acid or moderately acid

Stetattle Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Valley walls and ridges on mountain slopes
Parent material: Volcanic ash mixed with glacial drift
Slope range: 5 to 100 percent

Elevation: 290 to 2,265 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 2 to 5 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Medial-skeletal, amorphic Pachic Fulvicryands
Typical Pedon

Stetattle very stony medial fine sandy loam (fig. 42) in an area of Stetattle-
Doubtful-Arriva complex, 15 to 100 percent slopes, on a valley wall about 20 meters
downslope of South Pass trail; North Cascades National Park Complex, Chelan
County, Washington; section 30, T. 34 N., R. 18 E.; McAlester Mountain,
Washington, U.S. Geological Survey quadrangle; latitude 48 degrees, 25 minutes,
16 seconds north and longitude 120 degrees, 39 minutes, 21 seconds west;

UTM 673424 meters E., 5365772 meters N., zone 10; NAD 83.

A1—0 to 12 centimeters; black (10YR 2/1) very stony medial fine sandy loam, very
dark brown (10YR 2/2) dry; weak medium granular structure; soft, very friable,
nonsticky and nonplastic; many very fine to coarse roots; 5 percent fine gravel,

5 percent medium and coarse gravel, 10 percent cobbles, and 20 percent stones;
extremely acid (pH 4.4); clear wavy boundary.

A2—12 to 30 centimeters; black (10YR 2/1) extremely stony medial fine sandy loam,
dark brown (10YR 3/3) dry; moderate fine subangular blocky structure; slightly
hard, friable, nonsticky and nonplastic; common very fine and fine, many medium,
and few coarse roots; 15 percent fine gravel, 15 percent medium and coarse
gravel, 10 percent cobbles, and 20 percent stones; very strongly acid (pH 4.8);
clear wavy boundary.

A3—30 to 55 centimeters; black (10YR 2/1) extremely stony medial sandy loam, dark
brown (10YR 3/3) dry; moderate medium subangular blocky structure; slightly
hard, friable, nonsticky and nonplastic; common very fine and fine roots and few
medium roots; 10 percent fine gravel, 25 percent medium and coarse gravel,
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Figure 42.—Typical profile of a Stetattle soil. Numerals on tape
indicate centimeters.

15 percent cobbles, and 35 percent stones; very strongly acid (pH 4.6); clear wavy
boundary.

Bw—55 to 100 centimeters; very dark brown (10YR 2/2) extremely stony medial sandy
loam, dark yellowish brown (10YR 4/4) dry; moderate medium subangular blocky
structure; soft, very friable, nonsticky and nonplastic; few very fine, fine, and
medium roots; 10 percent fine gravel, 20 percent medium and coarse gravel,

15 percent cobbles, and 40 percent stones; very strongly acid (pH 4.7); clear wavy
boundary.

2C—100 to 150 centimeters; dark olive brown (2.5Y 3/3) fragmental material with sand
in interstices between rock fragments, olive brown (2.5Y 4/3) dry; single grain;

15 percent fine gravel, 25 percent medium and coarse gravel, 30 percent cobbles,
and 20 percent stones.

Range in Characteristics

Mean annual soil temperature: 4 to 7 degrees C

Moisture control section: Dry for less than 30 consecutive days from June through
October

Thickness of material with andic soil properties: 90 to 120 centimeters
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A horizon

Hue—7.5YR or 10YR

Value—2 to 3 moist, 3 or 4 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—medial loam, medial fine sandy loam, or medial sandy loam

Rock fragment content—10 to 85 percent total, with 10 to 35 percent fine to coarse
gravel, 5 to 25 percent cobbles, and 5 to 50 percent stones

Clay content—3 to 10 percent

Volcanic glass content—30 to 60 percent

Reaction—extremely acid to strongly acid

Thickness—50 to 120 centimeters

Bw horizon

Hue—7.5YR or 10YR

Value—?2 to 4 moist, 4 to 5 dry

Chroma—2 to 6 moist or dry

Fine-earth texture—medial fine sandy loam, medial sandy loam, or loamy sand

Rock fragment content—40 to 85 percent total, with 10 to 35 percent fine to coarse
gravel, 10 to 40 percent cobbles, and 5 to 50 percent stones

Clay content—1 to 8 percent

Volcanic glass content—5 to 50 percent

Reaction—very strongly acid or moderately acid

Thickness—0 to 70 centimeters

2C horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 4 to 6 moist

Chroma—3 or 4 moist or dry

Fine-earth texture—loamy sand, loamy coarse sand, or sand

Rock fragment content—50 to 90 percent total, with 20 to 40 percent fine to coarse
gravel, 15 to 40 percent cobbles, and 10 to 30 percent stones

Clay content—0 to 4 percent

Volcanic glass content—O0 to 10 percent

Reaction—strongly acid to slightly acid

Tepeh Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Volcanic ash over glacial drift

Slope range: 15 to 100 percent

Elevation: 265 to 2,165 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 3 to 7 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Loamy-skeletal, isotic Andic Dystrocryepts
Typical Pedon

Tepeh ashy sandy loam (fig. 43) in an area of Spickard-Tepeh-Maggib complex,
15 to 100 percent slopes, on a valley wall about 12 kilometers north of the town of
Stehekin, below McAlester Pass; North Cascades National Park Complex, Chelan
County, Washington; 15 meters west and 700 meters north of the southeast corner of
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Figure 43.—Typical profile of a Tepeh soil. Numerals on tape
indicate centimeters.

section 25, T. 34 N., R. 17 E.; McAlester Mountain, Washington, U.S. Geological
Survey quadrangle; latitude 48 degrees, 25 minutes, 3 seconds north and
longitude 120 degrees, 39 minutes, 58 seconds west; UTM 672670 meters E.,
5365340 meters N., zone 10; NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed twigs, needles, and leaves; abrupt
smooth boundary.

Oe—2 to 5 centimeters; dark brown (7.5YR 3/2) moderately decomposed twigs and
needles, brown (7.5YR 5/2) dry; many very fine and fine and few medium and
coarse roots; common medium interstitial pores; very strongly acid (pH 4.5); abrupt
smooth boundary.

E—D5 to 8 centimeters; very dark grayish brown (10YR 3/2) ashy sandy loam, grayish
brown (10YR 5/2) dry; weak medium granular structure; soft, very friable,
nonsticky and nonplastic; many very fine and fine, common medium, and few
coarse roots at top of horizon; common fine interstitial pores; 5 percent gravel and
5 percent cobbles; very strongly acid (pH 4.5); abrupt wavy boundary.

Bw1—8 to 30 centimeters; dark yellowish brown (10YR 4/4) gravelly ashy sandy
loam, light yellowish brown (10YR 6/4) dry; moderate medium subangular blocky
structure; slightly hard, very friable, nonsticky and nonplastic; common very fine
and medium and few coarse and very coarse roots; common fine and medium
irregular pores; 10 percent fine gravel, 15 percent medium and coarse gravel, and
5 percent cobbles; very strongly acid (pH 4.8); clear wavy boundary.
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2Bw2—30 to 70 centimeters; dark yellowish brown (10YR 3/4) very gravelly sandy
loam, brown (10YR 4/3) dry; moderate medium subangular blocky structure;
slightly hard, very friable, nonsticky and nonplastic; few very fine and medium
roots; common fine and medium irregular pores; 10 percent fine gravel, 25 percent
medium and coarse gravel, 10 percent cobbles, and 5 percent stones; strongly
acid (pH 5.1); clear wavy boundary.

2Bw3—70 to 92 centimeters; dark yellowish brown (10YR 3/4) very gravelly sandy
loam, brown (10YR 4/3) dry; single grain; loose, nonsticky and nonplastic; few very
fine and fine roots; common medium and coarse interstitial pores; 10 percent fine
gravel, 25 percent medium and coarse gravel, 15 percent cobbles, and 5 percent
stones; strongly acid (pH 5.2); abrupt wavy boundary.

2BC—92 to 152 centimeters; olive brown (2.5Y 4/3) extremely cobbly loamy sand,
light yellowish brown (2.5Y 6/3) dry; single grain; loose, nonsticky and nonplastic;
few fine roots; many coarse interstitial pores; 15 percent fine gravel, 30 percent
medium and coarse gravel, 20 percent cobbles, and 10 percent stones;
moderately acid (pH 5.8).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry less than 30 consecutive days

Clay content: 0 to 10 percent

Rock fragment content: 35 to 75 percent total, with 15 to 65 percent fine to coarse
gravel, 10 to 30 percent cobbles, and 0 to 30 percent stones

Thickness of volcanic ash mantle (ashy textural modifier): 18 to 35 centimeters

A horizon (where present instead of E or Bw horizon)
Hue—7.5YR or 10YR

Value—2 to 3 moist

Chroma—1 to 3 moist

Texture—ashy sandy loam or ashy fine sandy loam
Reaction—very strongly acid or strongly acid
Thickness—2 to 20 centimeters

E horizon

Hue—10YR or 7.5YR

Value—3 or 4 moist, 4 to 5 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam
Rock fragment content—O0 to 15 percent fine to coarse gravel
Volcanic glass content—35 to 80 percent
Reaction—extremely acid or very strongly acid

Thickness—0 to 5 centimeters (absent in some pedons)

Bw horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—15 to 55 percent total, with 15 to 55 percent gravel, 0 to 15
percent cobbles, and 0 to 10 percent stones

Volcanic glass content—15 to 70 percent

Reaction—very strongly acid or strongly acid

Thickness—15 to 35 centimeters

2Bw horizon
Hue—10YR or 2.5Y
Value—3 to 5 moist, 4 to 6 dry
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Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy fine sand

Rock fragment content—35 to 75 percent total, with 25 to 55 percent gravel, 10 to 25
percent cobbles, and 0 to 25 percent stones

Volcanic glass content—b5 to 15 percent

Reaction—moderately acid or strongly acid

Combined thickness—30 to 80 centimeters

2BC horizon

Hue—2.5Y or 10YR

Value—4 to 5 moist, 5 or 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—loamy sand, coarse sandy loam, sandy loam, or loamy fine sand

Rock fragment content—35 to 75 percent total, with 25 to 55 percent gravel, 10 to 25
percent cobbles, and 0 to 25 percent stones

Volcanic glass content—0 to 5 percent

Reaction—moderately acid or strongly acid

Depth to restrictive feature—more than 150 centimeters

Terror Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Moderately well drained

Capatcity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Flood plains, valley walls of mountain slopes, and terraces
Parent material: Mixed volcanic ash over glacial drift and colluvium
Slope range: 0 to 35 percent

Elevation: 265 to 2,310 meters

Mean annual precipitation: 1,400 to 2,500 millimeters

Mean annual air temperature: 2 to 7 degrees C

Frost-free period: 30 to 60 days

Taxonomic class: Ashy over loamy, amorphic over isotic Andic Dystrocryepts
Typical Pedon

Terror ashy sandy loam (fig. 44) in an area of Chilliwack-Perfect-Terror complex,
15 to 65 percent slopes, on a valley wall about 12 kilometers northwest of the
town of Stehekin; North Cascades National Park Complex, Chelan County,
Washington; 725 meters west and 710 meters north of the southeast corner of
section 33, T. 34 N., R. 17 E.; McAlester Mountain, Washington, U.S. Geological
Survey quadrangle; latitude 48 degrees, 24 minutes, 10 seconds north and
longitude 120 degrees, 44 minutes, 31 seconds west; UTM 667126 meters E.,
5363556 meters N., zone 10; NAD 83.

Oe—0 to 5 centimeters; moderately decomposed plant material; common very fine
and fine and many medium roots; abrupt wavy boundary.

Oa—5 to 8 centimeters; highly decomposed plant material; common very fine and fine
and many medium roots; abrupt wavy boundary.

A1—8 to 17 centimeters; very dark brown (10YR 2/2) ashy sandy loam, dark grayish
brown (10YR 4/2) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine and medium roots; very strongly acid
(pH 5.0); clear wavy boundary.

A2—17 to 28 centimeters; black (10YR 2/1) ashy fine sandy loam, dark gray (10YR
4/1) dry; moderate medium subangular blocky structure; slightly hard, friable,
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Figure 44.—Typical profile of a Terror soil. Numerals on tape
indicate centimeters.

nonsticky and nonplastic; few very fine and medium roots; very strongly acid (pH
5.0); abrupt wavy boundary.

Bw1—28 to 36 centimeters; dark brown (10YR 3/3) ashy sandy loam, brown (10YR
5/3) dry; moderate medium subangular blocky structure; slightly hard, friable,
nonsticky and slightly plastic; few very fine and fine roots; very strongly acid (pH
5.0); abrupt wavy boundary.

2Bw2—36 to 52 centimeters; very dark grayish brown (10YR 3/2) cobbly sandy loam,
grayish brown (10YR 5/2) dry; moderate medium subangular blocky structure;
slightly hard, friable, slightly sticky and slightly plastic; few very fine and fine roots;
10 percent gravel and 10 percent cobbles; very strongly acid (pH 5.0); abrupt wavy
boundary.

2Cg1—52 to 60 centimeters; light olive brown (2.5Y 5/3) gravelly coarse sandy loam,
pale yellow (2.5Y 7/3) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine roots; 30 percent dark brown (7.5YR 3/3)
masses of oxidized iron; 5 percent fine gravel, 20 percent medium and coarse
gravel, and 5 percent cobbles; very strongly acid (pH 5.0); clear wavy boundary.

2Cg2—60 to 80 centimeters; light yellowish brown (2.5Y 6/4) gravelly coarse sandy
loam, pale yellow (2.5Y 8/4) dry; weak fine subangular blocky structure; soft, very
friable, nonsticky and nonplastic; 15 percent brown (7.5YR 4/4) masses of oxidized
iron; 5 percent fine gravel, 20 percent medium and coarse gravel, and 5 percent
cobbles; very strongly acid (pH 5.0); clear wavy boundary.
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2Cg3—380 to 150 centimeters; light yellowish brown (2.5Y 6/4) very gravelly coarse
sandy loam, pale yellow (2.5Y 8/4) dry; weak fine subangular blocky structure;
soft, very friable, nonsticky and nonplastic; 15 percent brown (7.5YR 4/4) masses
of oxidized iron; 10 percent fine gravel, 20 percent medium and coarse gravel, and
5 percent cobbles; very strongly acid (pH 5.0).

Range in Characteristics

Mean annual soil temperature: 3 to 8 degrees C

Moisture control section: Dry less than 30 consecutive days

Particle-size control section: Contrasting

Clay content: 0 to 10 percent throughout

Rock fragment content (ashy part): 0 to 30 percent total, with 0 to 25 percent gravel
and 0 to 15 percent cobbles

Rock fragment content (loamy part): 0 to 35 percent total, with 0 to 35 percent gravel,
0 to 20 percent cobbles, and 0 to 10 percent stones

Thickness of volcanic ash mantle (ashy textural modifier): 18 to 35 centimeters

A1 horizon

Hue—10YR or 7.5YR

Value—?2 to 4 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Volcanic glass content—35 to 80 percent

Reaction—very strongly acid or strongly acid

Thickness—5 to 20 centimeters

A2 horizon

Hue—10YR or 7.5YR

Value—?2 to 4 moist, 4 to 6 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy sandy loam, or ashy loam

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Volcanic glass content—35 to 80 percent

Reaction—very strongly acid or strongly acid

Thickness—0 to 15 centimeters (absent in some pedons)

Bw1 horizon

Hue—10YR, 7.5YR, or 2.5Y

Value—2.5 to 5 moist, 4 to 7 dry

Chroma—1 to 4 moist or dry

Fine-earth texture—ashy sandy loam, ashy loam, or ashy fine sandy loam

Rock fragment content—O0 to 30 percent total, with 0 to 30 percent fine to coarse
gravel and 0 to 10 percent cobbles

Volcanic glass content—35 to 80 percent

Reaction—very strongly acid or strongly acid

Thickness—10 to 30 centimeters

2Bw2 horizon

Hue—10YR, 7.5YR, or 2.5Y

Value—3 to 5 moist, 5to 7 dry

Chroma—2 to 6 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy sand

Rock fragment content—5 to 30 percent total, with 0 to 30 percent gravel, 0 to 15
percent cobbles, and 0 to 5 percent stones
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Reaction—very strongly acid or strongly acid
Thickness—15 to 25 centimeters (may be absent in some pedons)

2Cg horizon

Hue—2.5Y or 10YR

Value—3 to 6 moist, 5 to 8 dry

Chroma—2 to 6 moist or dry

Fine-earth texture—coarse sandy loam, sandy loam, loamy sand, or loamy coarse
sand

Rock fragment content—5 to 35 percent total, with 5 to 30 percent fine to coarse
gravel, 5 to 15 percent cobbles, and 0 to 5 percent stones

Reaction—very strongly acid to moderately acid

Combined thickness—15 to 100 centimeters

Thorton Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Debris aprons on mountain slopes
Parent material: Volcanic ash over glacial drift

Slope range: 15 to 100 percent

Elevation: 110 to 1,970 meters

Mean annual precipitation: 1,500 to 2,300 millimeters
Mean annual air temperature: 5 to 8 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Ashy over loamy-skeletal, amorphic over isotic, frigid Typic
Udivitrands

Typical Pedon

Thorton ashy sandy loam (fig. 45) in an area of Thorton-Ragged-Ledeir complex,
15 to 65 percent slopes, on a debris apron; North Cascades National Park Complex,
Whatcom County, Washington; section 19, T. 38 N., R. 14 E.; Pumpkin Mountain,
Washington, U.S. Geological Survey quadrangle; latitude 48 degrees, 46 minutes,
15 seconds north and longitude 121 degrees, 1 minute, 59 seconds west;

UTM 644516 meters E., 5403848 meters N., zone 10; NAD 83.

Oi—O0 to 4 centimeters; slightly decomposed plant material; abrupt wavy boundary.

Oe—4 to 8 centimeters; moderately decomposed plant material; few very fine roots;
abrupt wavy boundary.

E—8 to 12 centimeters; brown (10YR 4/3) ashy sandy loam, brown (10YR 5/3) dry;
weak fine subangular blocky structure; soft, very friable, nonsticky and
nonplastic; few very fine to coarse roots; very strongly acid (pH 5.0); clear
irregular boundary.

Bw1—12 to 30 centimeters; brown (7.5YR 4/4) gravelly ashy sandy loam, brown
(7.5YR 5/4) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine and fine and few medium and coarse
roots; 10 percent fine gravel, 10 percent medium and coarse gravel, and 5 percent
mixed cobbles; strongly acid (pH 5.5); clear irregular boundary.

Bw2—30 to 46 centimeters; dark yellowish brown (10YR 4/4) gravelly ashy sandy
loam, yellowish brown (10YR 5/4) dry; weak medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; few very fine to coarse roots;

15 percent fine gravel, 10 percent medium and coarse gravel, and 5 percent
cobbles; strongly acid (pH 5.5); clear irregular boundary.
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Figure 45.—Typical profile of a Thorton soil. Numerals on tape
indicate centimeters.

2BC1—46 to 60 centimeters; olive brown (2.5Y 4/4) very gravelly sandy loam, light
olive brown (2.5Y 5/4) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and fine roots; 15 percent fine gravel,
25 percent medium and coarse gravel, and 10 percent cobbles; moderately acid
(pH 6.0); clear irregular boundary.

2BC2—60 to 150 centimeters; olive brown (2.5Y 4/3) very gravelly sandy loam, light
olive brown (2.5Y 5/3) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and fine roots; 10 percent fine gravel,
20 percent medium and coarse gravel, and 10 percent cobbles; moderately acid
(pH 6.0).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C
Moisture control section: Dry for less than 45 consecutive days from June through
October
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Thickness of volcanic ash mantle: 38 to 75 centimeters
Particle-size control section: Contrasting

A horizon (where present)

Hue—7.5YR or 10YR

Value—2 or 3 moist

Chroma—1 or 2 moist

Texture—sandy loam or coarse sandy loam
Reaction—very strongly acid or strongly acid
Thickness—0 to 12 centimeters

E horizon

Hue—10YR or 7.5YR

Value—3 or 4 moist, 5 or 6 dry

Chroma—2 or 3 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragment content—O0 to 35 percent total, with 0 to 20 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Clay content—1 to 6 percent

Volcanic glass content—15 to 50 percent

Reaction—extremely acid to strongly acid

Thickness—0 to 7 centimeters

Bw horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy fine sandy loam, ashy sandy loam, or ashy coarse sandy
loam

Rock fragment content—10 to 35 percent total, with 10 to 30 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 10 percent stones

Clay content—2 to 10 percent

Volcanic glass content—20 to 50 percent

Reaction—strongly acid or moderately acid

Thickness—34 to 95 centimeters

2BC horizon

Hue—2.5Y or 5Y

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—sandy loam, loamy sand, or coarse sand

Rock fragment content—35 to 80 percent total, with 20 to 50 percent fine to coarse
gravel, 5 to 30 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Volcanic glass content—O0 to 15 percent

Reaction—strongly acid to slightly acid

Torment Series

Depth class: Very deep (more than 150 centimeters)

Drainage class: Moderately well drained

Capatcity to transmit water (Ksat): High or very high

Landscape: Mountains

Landform: Terraces and flood plains

Parent material: Minor amount of volcanic ash mixed with alluvium and glacial drift
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Slope range: 0 to 10 percent

Elevation: 215 to 1,400 meters

Mean annual precipitation: 600 to 1,650 millimeters
Mean annual air temperature: 6 to 8 degrees C
Frost-free period: 70 to 100 days

Taxonomic class: Sandy-skeletal, isotic, frigid Oxyaquic Xerofluvents
Typical Pedon

Torment loamy sand (fig. 46) in an area of Sandalee-Kettling-Torment complex,
0 to 15 percent slopes, on a flood plain about 13 kilometers northwest of the town of
Stehekin; North Cascades National Park Complex, Chelan County, Washington;
650 meters west and 420 meters south of the northeast corner of section 12,
T. 33 N., R. 16 E.; McGregor Mountain, Washington, U.S. Geological Survey
quadrangle; latitude 48 degrees, 22 minutes, 37 seconds north and longitude

Figure 46.—Typical profile of a Torment soil. Numerals on tape
indicate centimeters.
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120 degrees, 48 minutes, 23 seconds west; UTM 662415 meters E.,
5360540 meters N., zone 10; NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed leaves, needles, and twigs; common fine
interstitial pores; abrupt smooth boundary.

C1—2 to 15 centimeters; dark grayish brown (2.5Y 4/2) loamy sand, light brownish
gray (2.5Y 6/2) dry; single grain; loose, nonsticky and nonplastic; many very fine to
coarse roots; common fine and few medium irregular pores; strongly acid (pH 5.5);
abrupt smooth boundary.

Oa—15 to 25 centimeters; dark brown (7.5YR 3/3) highly decomposed plant material,
brown (7.5YR 5/3) dry; many very fine to coarse roots; few fine irregular pores;
strongly acid (pH 5.4); abrupt smooth boundary.

C2—25 to 35 centimeters; dark olive brown (2.5Y 3/3) gravelly coarse sand, light olive
brown (2.5Y 5/3) dry; single grain; loose, nonsticky and nonplastic; common very
fine and medium and few coarse roots; common fine and medium irregular pores;
5 percent fine gravel and 15 percent medium and coarse gravel; strongly acid (pH
5.2); clear smooth boundary.

C3—35 to 70 centimeters; olive brown (2.5Y 4/4) very gravelly coarse sand, light
yellowish brown (2.5Y 6/4) dry; single grain; loose, nonsticky and nonplastic; few
very fine to coarse roots; many medium interstitial pores; 5 percent fine gravel,

20 percent medium and coarse gravel, and 10 percent cobbles; strongly acid (pH
5.5); clear wavy boundary.

C4—70 to 152 centimeters; dark grayish brown (2.5Y 4/2) very gravelly loamy sand,
light brownish gray (2.5Y 6/2) dry; single grain; loose, nonsticky and nonplastic;
few very fine and fine roots; many medium interstitial pores; 5 percent medium
faint irregular yellowish brown (10YR 5/4) masses of oxidized iron with diffuse
boundaries throughout; 5 percent fine gravel, 20 percent medium and coarse
gravel, and 15 percent cobbles; slightly acid (pH 6.1).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry 60 to 90 consecutive days

Clay content: 0 to 5 percent

Rock fragment content: 5 to 30 percent total, with 5 to 30 percent fine to coarse
gravel, 0 to 25 percent cobbles, and 0 to 5 percent stones (at least one horizon in
particle-size control section has 35 percent rock fragments or more)

C1 horizon

Hue—2.5Y or variegated

Value—3 or 4 moist, 4 to 5 dry

Chroma—2 to 3 moist or dry

Texture—loamy sand

Clay content—0 to 5 percent

Rock fragment content—O0 to 10 percent total, with 0 to 10 percent fine to coarse
gravel and 0 to 5 percent cobbles

Thickness—5 to 15 centimeters

C2 horizon

Hue—2.5Y or 10YR

Value—3 or 4 moist, 4 to 6 dry

Chroma—2 to 3 moist or dry

Fine-earth texture—coarse sand, loamy coarse sand, sand, or loamy sand

Clay content—0 to 5 percent

Rock fragment content—5 to 30 percent total, with 5 to 30 percent fine to coarse
gravel and 0 to 15 percent cobbles

Thickness—10 to 30 centimeters
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C3 horizon

Hue—2.5Y or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—2 to 4 moist or dry

Fine-earth texture—coarse sand, loamy coarse sand, loamy sand, or sand

Clay content—0 to 5 percent

Rock fragment content—35 to 55 percent total, with 15 to 35 percent fine to coarse
gravel, 10 to 25 percent cobbles, and 0 to 5 percent stones (horizon with this
coarse fragments content may be absent)

Thickness—0 to 40 centimeters

C4 horizon

Hue—2.5Y or variegated

Value—3 or 4 moist, 4 to 6 dry

Chroma—2 to 3 moist or dry

Fine-earth texture—loamy sand, loamy fine sand, or loamy coarse sand

Clay content—0 to 5 percent

Rock fragment content—5 to 30 percent total, with 5 to 30 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Treen Series

Depth class: Shallow to lithic bedrock
Drainage class: Well drained

Capacity to transmit water (Ksat): High
Landscape: Mountains

Landform: Valley walls of mountain slopes
Parent material: Volcanic ash and colluvium
Slope range: 25 to 100 percent

Elevation: 365 to 2,350 meters

Mean annual precipitation: 1,500 to 3,500 millimeters
Mean annual air temperature: 0 to 7 degrees C
Frost-free period: 30 to 90 days

Taxonomic class: Medial, amorphic Lithic Haplocryands
Typical Pedon

Treen medial loam (fig. 47) in an area of Stetattle-Doubtful-Arriva complex, 15 to
100 percent slopes, on a valley wall within Easy Creek Watershed; North Cascades
National Park Complex, Whatcom, County, Washington; section 12, T. 39 N., R. 10 E;
Copper Mountain, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 52 minutes, 58 seconds north and longitude 120 degrees, 26 minutes,

13 seconds west; UTM 614599 meters E., 5415590 meters N., zone 10; NAD 83.

A1—-0 to 10 centimeters; black (10YR 2/1) medial loam, dark gray (10YR 4/1) dry;
weak medium subangular blocky structure; soft, very friable, nonsticky and
nonplastic; common very fine and fine roots and many medium roots throughout;
clear smooth boundary.

A2—10 to 30 centimeters; black (10YR 2/1) medial sandy loam, dark gray (10YR 4/1)
dry; moderate medium subangular blocky structure; soft, very friable, nonsticky
and nonplastic; few very fine and fine roots throughout; clear smooth boundary.

Bw—30 to 40 centimeters; dark brown (10YR 3/3) cobbly medial sandy loam, brown
(10YR 5/3) dry; moderate fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few very fine and fine roots; 5 percent gravel and
10 percent cobbles; abrupt irregular boundary.

R—40 to 65 centimeters; unweathered bedrock.
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Figure 47.—Typical profile of a Treen soil. Numerals on tape
indicate inches.

Range in Characteristics

Mean annual soil temperature: 1 to 8 degrees C

Moisture control section: Dry for less than 30 consecutive days following the summer
solstice

Depth to a lithic contact: 25 to 50 centimeters from the mineral soil surface

A horizon

Hue—10YR or 7.5YR

Value—2 or 3 moist, 4 or 5 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—medial sandy loam, medial fine sandy loam, or medial loam

Rock fragment content—O0 to 30 percent total, with 0 to 15 percent fine to coarse
gravel, 0 to 10 percent cobbles, and 0 to 5 percent stones

Clay content—2 to 10 percent

Thickness—20 to 40 centimeters

Reaction—slightly acid to strongly acid

Bw horizon

Hue—10YR, 7.5YR, or 2.5Y

Value—3 to 6 moist, 4 to 7 dry

Chroma—2 to 6 moist or dry

Fine-earth texture—medial sandy loam or medial fine sandy loam
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Rock fragment content—O0 to 40 percent total, with 0 to 25 percent fine to coarse
gravel, 0 to 15 percent cobbles, and 0 to 5 percent stones

Clay content—2 to 10 percent

Thickness—5 to 30 centimeters

Reaction—slightly acid to strongly acid

Tricouni Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capatcity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Debris cones on mountain slopes

Parent material: Volcanic ash mixed with alluvium
Slope range: 0 to 100 percent

Elevation: 110 to 1,970 meters

Mean annual precipitation: 1,500 to 2,540 millimeters
Mean annual air temperature: 6 to 10 degrees C
Frost-free period: 60 to 90 days

Taxonomic class: Loamy-skeletal, isotic, frigid Andic Dystrudepts
Typical Pedon

Tricouni ashy sandy loam (fig. 48) in an area of Tricouni-Ragged-Easy complex,
5 to 50 percent slopes, on a valley wall along Sourdough Mountain Trail; North
Cascades National Park Complex, Whatcom County, Washington; 120 meters west
and 360 meters south of the northeast corner of section 25, T. 38 N., R. 13 E,
Pumpkin Mountain, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 45 minutes, 14 seconds north and longitude 121 degrees, 2 minutes,
34 seconds west; UTM 643856 meters E., 5401936 meters N., zone 10; NAD 83.

Oi—0 to 3 centimeters; slightly decomposed plant material from twigs, needles, and
forbs; abrupt wavy boundary.

Oe—3 to 9 centimeters; moderately decomposed plant material; few fine and medium
roots; abrupt irregular boundary.

E—9 to 10 centimeters; dark grayish brown (10YR 4/2) ashy sandy loam, grayish
brown (10YR 5/2) dry; weak fine subangular blocky structure; soft, very friable,
nonsticky and nonplastic; few fine and medium roots; many very fine interstitial
pores; 5 percent fine gravel; strongly acid (pH 5.4); abrupt irregular boundary.

Bw1—10 to 28 centimeters; brown (10YR 4/3) gravelly ashy sandy loam, brown (10YR
5/3) dry; weak medium subangular blocky structure; soft, very friable, nonsticky
and nonplastic; few very fine and fine and common medium and coarse roots;
many very fine interstitial pores; 10 percent fine gravel, 10 percent medium and
coarse gravel, and 10 percent cobbles; strongly acid (pH 5.5); gradual wavy
boundary.

2Bw2—28 to 60 centimeters; dark yellowish brown (10YR 4/4) very gravelly sandy
loam, yellowish brown (10YR 5/4) dry; weak medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; common very fine, fine, and medium
and few coarse and very coarse roots; many very fine interstitial pores; 15 percent
fine gravel, 10 percent medium and coarse gravel, and 10 percent cobbles;
moderately acid (pH 5.6); abrupt wavy boundary.

2BC—60 to 104 centimeters; light olive brown (2.5Y 5/3) very gravelly sandy loam,
light yellowish brown (2.5Y 6/3) dry; weak medium subangular blocky structure;
soft, very friable, nonsticky and nonplastic; few very fine to coarse roots;
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Figure 48.—Typical profile of a Tricouni soil. Numerals on tape
indicate centimeters.

10 percent fine gravel, 15 percent medium and coarse gravel, and 15 percent
cobbles; moderately acid (pH 5.8); gradual wavy boundary.

2C—104 to 152 centimeters; olive brown (2.5Y 4/4) very gravelly loamy sand, light
yellowish brown (2.5Y 6/4) dry; single grain; loose, nonsticky and nonplastic; few
very fine, fine, and medium roots; 10 percent fine gravel, 40 percent medium and
coarse gravel, and 5 percent cobbles; moderately acid (pH 5.9).

Range in Characteristics

Mean annual soil temperature: 6 to 8 degrees C

Moisture control section: Dry for 30 to 45 consecutive days following the summer
solstice

Reaction: Moderately acid or strongly acid throughout

Clay content: 2 to 10 percent throughout

Thickness of volcanic ash mantle: 18 to 35 centimeters

E horizon (where present)
This horizon typically does not meet the albic criteria.

Hue—10YR or 7.5YR

Value—4 or 5 moist, 5 or 6 dry

Chroma—2 or 3 moist or dry

Fine-earth texture—ashy sandy loam

Rock fragment content—o0 to 10 percent fine gravel
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Volcanic glass content—15 to 50 percent
Thickness—0 to 2 centimeters

Bw1 horizon

Hue—10YR, 7.5YR, or 2.5Y

Value—3 or 4 moist, 4 or 5 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam

Rock fragment content—5 to 60 percent total, with 0 to 15 percent fine gravel, 5 to 35
percent medium and coarse gravel, and 0 to 15 percent cobbles

Volcanic glass content—20 to 50 percent

Thickness—18 to 35 centimeters

2Bw2 horizon

Hue—10YR, 7.5YR, or 2.5Y

Value—3 or 4 moist, 4 or 5 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—sandy loam or coarse sandy loam

Rock fragment content—5 to 60 percent total, with 0 to 20 percent fine gravel, 5 to 40
percent medium and coarse gravel, 0 to 20 percent cobbles, and 0 to 5 percent
stones

Volcanic glass content—0 to 5 percent

Thickness—30 to 50 centimeters

2BC horizon

Hue—2.5Y or 10YR

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or loamy sand

Rock fragment content—20 to 60 percent total, with 10 to 20 percent fine gravel, 15 to
50 percent medium and coarse gravel, 5 to 20 percent cobbles, and 0 to 5 percent
stones

Volcanic glass content—0 to 5 percent

Thickness—40 to 60 centimeters

2C horizon

Hue—2.5Y, 10YR, or variegated

Value—3 to 5 moist, 4 to 6 dry

Chroma—3 to 6 moist or dry

Fine-earth texture—loamy sand, coarse sandy loam, or sandy loam

Rock fragment content—20 to 60 percent total, with 10 to 20 percent fine gravel, 15 to
50 percent gravel, 5 to 20 percent cobbles, and 0 to 5 percent stones

Triumph Series

Depth class: Deep to paralithic bedrock

Drainage class: Well drained

Capacity to transmit water (Ksat): High

Landscape: Mountains

Landform: Valley walls of mountain slopes

Parent material: Minor amount of volcanic ash mixed with colluvium and residuum
Slope range: 15 to 100 percent

Elevation: 325 to 2,350 meters

Mean annual precipitation: 1,800 to 3,300 millimeters
Mean annual air temperature: 2 to 6 degrees C
Frost-free period: 30 to 60 days
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Taxonomic class: Loamy-skeletal, isotic Vitrandic Humicryepts

Typical Pedon

Triumph gravelly ashy sandy loam (fig. 49) in an area of Doubtful-Triumph-Perfect
complex, 35 to 100 percent slopes, on a valley wall on the Mineral Creek side of
Easy Ridge; North Cascades National Park Complex, Whatcom County, Washington;
638 meters west and 141 meters north of southeast corner of section 18, T. 39 N.,

R. 11 E.; Mount Blum, Washington, U.S. Geological Survey quadrangle; latitude
48 degrees, 51 minutes, 40 seconds north and longitude 121 degrees, 25 minutes,
19 seconds west; UTM 615752 meters E., 5413201 meters N., zone 10; NAD 83.

A1—0 to 15 centimeters; very dark brown (7.5YR 2.5/2) gravelly ashy sandy loam,
brown (7.5YR 5/2) dry; weak medium subangular blocky structure; soft, very
friable, nonsticky and nonplastic; many fine and common very fine and medium
roots throughout; 10 percent fine gravel, 10 percent medium and coarse gravel,
and 5 percent cobbles; strongly acid (pH 5.2); abrupt wavy boundary.

A2—15 to 50 centimeters; black (7.5YR 2.5/1) very cobbly ashy sandy loam, gray
(7.5YR 5/1) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common very fine and fine and few medium roots
throughout; 10 percent fine gravel, 20 percent medium and coarse gravel, and
25 percent cobbles; moderately acid (pH 5.6); clear wavy boundary.

~

Figure 49.—Typical profile of a Triumph soil. Numerals on tape
indicate centimeters.
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A3—50 to 120 centimeters; black (7.5YR 2.5/1) extremely cobbly ashy sandy loam,
gray (7.5YR 5/1) dry; weak medium subangular blocky structure; soft, very friable,
nonsticky and nonplastic; common fine and medium roots throughout; 5 percent
fine gravel, 15 percent medium and coarse gravel, and 60 percent cobbles;
moderately acid (pH 5.8); diffuse wavy boundary.

Cr—120 to 152 centimeters; weathered granite or metasedimentary rock.

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry for less than 30 consecutive days from June through
October

Depth to a paralithic contact with weathered bedrock: 100 to 150 centimeters

Thickness of vitrandic feature: 40 to 75 centimeters

Thickness of umbric epipedon: 60 to 120 centimeters

Particle-size control section (25 to 100 centimeters): Averages 35 to 85 percent Rock
fragment content (weighted average)

A horizon

Hue—7.5YR or 10YR

Value—2 to 3 moist, 3 to 5 dry

Chroma—1 to 3 moist or dry

Fine-earth texture—ashy fine sandy loam or ashy sandy loam

Rock fragment content—15 to 85 percent total (typically increases with depth), with
10 to 50 percent fine to coarse gravel, 5 to 60 percent cobbles, and 0 to 5 percent
stones

Clay content—3 to 10 percent

Volcanic glass content—O0 to 15 percent

Reaction—extremely acid to strongly acid

Bw horizon (where present)

Hue—7.5YR or 10YR

Value—2 to 4 moist

Chroma—3 to 5 moist

Texture—fine sandy loam, sandy loam, or loamy sand
Reaction—strongly acid or moderately acid
Thickness—as much as 40 centimeters

Yawning Series

Depth class: Very deep (more than 150 centimeters)
Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high
Landscape: Mountains

Landform: Mountain slopes and terraces

Parent material: Thin volcanic ash over glacial drift and colluvium
Slope range: 0 to 35 percent

Elevation: 415 to 2,110 meters

Mean annual precipitation: 1,450 to 2,200 millimeters
Mean annual air temperature: 3 to 7 degrees C
Frost-free period: 30 to 60 days

Taxonomic class: Loamy-skeletal, isotic Typic Haplocryods
Typical Pedon

Yawning ashy sandy loam (fig. 50) in an area of Kimtah-Bacon-Yawning
complex, 0 to 35 percent slopes, on a valley wall along Easy Ridge, about
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27 kilometers northwest of the town of Newhalem; North Cascades National Park
Complex, Whatcom County, Washington; 785 meters west and 675 meters north
of the southwest corner of section 12, T. 39 N., R. 10 E.; Copper Mountain,
Washington, U.S. Geological Survey quadrangle; latitude 48 degrees, 52 minutes,
53 seconds north and longitude 121 degrees, 26 minutes, 38 seconds west;

UTM 614090 meters E., 5415030 meters N., zone 10; NAD 83.

Oi—O0 to 2 centimeters; slightly decomposed plant material; few very fine and fine
roots; abrupt smooth boundary.

Oa—2 to 8 centimeters; highly decomposed plant material; common very fine to
coarse roots; common fine irregular pores; extremely acid (pH 4.0); abrupt wavy
boundary.

E—8 to 14 centimeters; grayish brown (10YR 5/2) ashy sandy loam, light gray (10YR
7/2) dry; weak fine subangular blocky structure; loose, very friable, nonsticky and
nonplastic; common very fine and fine roots and few medium roots; common fine
irregular pores; 5 percent fine gravel; extremely acid (pH 4.1); abrupt irregular
boundary.

Figure 50.—Typical profile of a Yawning soil. Numerals on tape
indicate centimeters.
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Bs—14 to 32 centimeters; dark reddish brown (5YR 3/4) very gravelly ashy sandy
loam, reddish brown (5YR 5/4) dry; weak fine subangular blocky structure; loose,
very friable, nonsticky and nonplastic; common very fine to coarse roots; common
fine and medium irregular pores; 10 percent fine gravel and 30 percent medium
and coarse gravel; strongly acid (pH 5.3); clear irregular boundary.

2BC—32 to 50 centimeters; dark yellowish brown (10YR 4/4) extremely cobbly sandy
loam, light yellowish brown (10YR 6/4) dry; weak fine subangular blocky structure;
loose, very friable, nonsticky and nonplastic; few very fine and fine roots and
common medium and coarse roots; common medium interstitial pores; 10 percent
fine gravel, 30 percent medium and coarse gravel, and 40 percent cobbles;
strongly acid (pH 5.5); gradual irregular boundary.

2C1—50 to 100 centimeters; dark yellowish brown (10YR 4/6) extremely cobbly
sandy loam, brownish yellow (10YR 6/6) dry; single grain; loose, nonsticky and
nonplastic; few very fine to coarse roots; many coarse interstitial pores; 10 percent
fine gravel, 25 percent medium and coarse gravel, 30 percent cobbles, and
20 percent stones; strongly acid (pH 5.5); gradual irregular boundary.

2C2—100 to 150 centimeters; dark yellowish brown (10YR 4/6) extremely cobbly
sandy loam, brownish yellow (10YR 6/6) dry; single grain; loose, nonsticky and
nonplastic; few fine and medium roots; many coarse interstitial pores; 10 percent
fine gravel, 25 percent medium and coarse gravel, 30 percent cobbles, and
20 percent stones; strongly acid (pH 5.5).

Range in Characteristics

Mean annual soil temperature: 4 to 8 degrees C

Moisture control section: Dry less than 30 consecutive days
Thickness of volcanic ash mantle: Less than 25 centimeters
Particle size control section:

Clay content—2 to 13 percent

Rock fragment content—35 to 85 percent

Total thickness of all the organic horizons ranges from 3 to 15 centimeters. An Oe
horizon is in some pedons, and it ranges from 3 to 13 centimeters thick.

E horizon

Hue—10YR or 7.5YR

Value—3 to 5 moist, 5to 7 dry

Chroma—1 or 2 moist or dry

Fine-earth texture—ashy sandy loam or ashy fine sandy loam
Rock fragment content—O0 to 15 percent fine to coarse gravel
Clay content—1 to 8 percent

Volcanic glass content—5 to 50 percent

Reaction—extremely acid or very strongly acid

Thickness—4 to 13 centimeters

Bs horizon

Hue—5YR, 7.5YR, or 10YR

Value—2 to 4 moist, 4 to 5 dry

Chroma—2 or 4 moist, 2 to 6 dry

Fine-earth texture—ashy sandy loam, ashy fine sandy loam, or ashy loam

Rock fragment content—20 to 55 percent total, with 15 to 50 percent fine to coarse
gravel, 5 to 20 percent cobbles, and 0 to 5 percent stones

Clay content—2 to 13 percent

Volcanic glass content—25 to 60 percent

Reaction—very strongly acid or strongly acid

Thickness—11 to 20 centimeters
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2BC horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 5to 7 dry

Chroma—3 or 6 moist or dry

Fine-earth texture—sandy loam or coarse sandy loam

Rock fragment content—35 to 80 percent total, with 10 to 45 percent fine to coarse
gravel, 5 to 40 percent cobbles, and 0 to 10 percent stones

Clay content—2 to 4 percent

Reaction—strongly acid or moderately acid

Thickness—18 to 44 centimeters

2C horizon

Hue—10YR or 2.5Y

Value—3 to 5 moist, 5to 7 dry

Chroma—4 to 6 moist or dry

Fine-earth texture—sandy loam, coarse sandy loam, or coarse sand

Rock fragment content—35 to 85 percent total, with 15 to 55 percent fine to coarse
gravel, 0 to 30 percent cobbles, and 0 to 10 percent stones

Clay content—0 to 6 percent

Reaction—strongly acid to slightly acid
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General Soil Map Units

The general soil map in this publication shows broad areas that have a distinctive
pattern of soils, relief, drainage, and vegetative cover. Each map unit on the general
soil map is a unique natural landscape. Typically, it consists of one or more major soils
or miscellaneous areas and some minor soils or miscellaneous areas. It is named for
the major soils or miscellaneous areas. The components of one map unit can occur in
another but in a different pattern (figs. 51, 52, and 53).

The general soil map can be used to compare the nature of large areas for their
general interpretive and scientific value. Areas of suitable soils can be identified on the
map. Likewise, areas where the soils are not suitable can be identified.

Because of its small scale, the map is not suitable for planning, managing, or
selecting a site for a road or building or other structure. The soils in any one
map unit differ from place to place in slope, depth, drainage, and other
characteristics that affect interpretative ratings, soil properties, and ecological
classification.

The general soil map unit delineations for this survey area were created by
aggregating detailed soil map unit delineations. Aggregation decisions were based
primarily on landscape and soil climatic zones. In general, the lower landscape
positions that consist dominantly of landforms such as debris cones, debris aprons,
and terraces were separated out from the upper landscape positions such as
valley walls, cirques, bedrock benches, and ridges. The soil climate zones in
the area generally are split west and east of the Cascade Crest. At the lower
elevations west of the crest is the frigid/udic soil climate zone with cool, wet
winters and cool, dry summers. At the higher elevations is the cryic/udic sail
climate zone with cold, wet winters and cool summers. This zone crosses over the
crest, which receives the highest amount of precipitation in the survey area. Moving
east from the crest, the amount of precipitation received declines steadily. At the
lower elevations east of the crest is the frigid/xeric soil climate zone that has cooler
and drier winters than does the western part and warm, dry summers. The sail
series named in the general soil map units refer to the most abundant soil types in
the delineations based on the detailed soil map unit delineations and the respective
component percentages.
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Figure 51.—Index for general soil map unit block diagrams for the North Cascades National Park
Complex (see figures 52 and 53).
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Figure 52.—General soil map unit delineations and numbers draped over 2006 National Agriculture Image Program photograph, generated in ESRI® ArcScene™ 9.2, looking
over State Route 20 and Diablo Lake (map unit 1) to Colonial and Neve Glaciers (map unit 2). The delineations establish broad landscape segments based on soil
climate and geomorphology. Map unit 4 represents frigid/udic valley floor areas, and map unit 7 represents frigid/udic upland slopes areas. Map units 6 (valley floors),
9 (intermediate upland slopes), and 10 (high upland slopes) represent the transitional areas to the cryic/udic soil climate regime. Map unit 8 represents the frigid/xeric
areas in isolated pockets along the State Route 20 corridor, where the southerly aspect results in a drier soil climate regime.
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Figure 53.—General soil map unit delineations and numbers draped over 2006 National Agriculture Image Program photograph, generated in ESRI® ArcScene™ 9.2, looking
over the Stehekin Valley up the Rainbow Creek drainage to the north. The delineations establish broad landscape segments based on soil climate and geomorphology,
transitioning from the frigid/xeric soil climate zone to the cryic/udic soil climate zone. Map unit 5 represents the frigid/xeric valley floor areas, and map unit 8
represents the upland slopes areas. At the higher elevations are map units 6, (valley floors), 9 (intermediate upland slopes), and 10 (high upland slopes) that are in the
cryic/udic soil climate regime. Map unit 3 is dominantly Rock outcrop.
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Areas Dominated by Miscellaneous Land Types and
Shallow Soils

Number of map units: 3
Percentage of survey area: About 26 percent

1. Water

Description of areas: Mostly small bodies of water at all elevations throughout the
survey area. The largest bodies are Ross Lake in the northeast corner and Lake
Chelan in the southeast corner.

Percentage of survey area: About 2.5 percent

Elevation: 130 to 2,185 meters

Detailed soil map unit aggregated in delineations: 9999

2. Rock outcrop-Glaciers-Harlequin

Steep valley walls, ridges, cirques, and arétes throughout the survey area, generally at
higher elevations above the annual snow accumulation zone

Percentage of survey area: About 21 percent
Elevation: 1,500 to 2,800 meters
Detailed soil map unit aggregated in delineations: 9998

Rock outcrop
Description of areas: Bedrock exposed at surface that supports very sparse or no
vegetation

Glaciers
Description of areas: Masses of ice mixed with rock debris

Harlequin soils

Depth: Shallow

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Sandy loam

Slope range: 25 to 100 percent

3. Rock outcrop-Despair-Rubble land

Steep valley walls, ridges, cirques, and arétes throughout the survey area, generally at
lower elevations below the annual snow accumulation zone

Percentage of survey area: About 2.5 percent
Elevation: 1,000 to 2,200 meters

Minor component: Harlequin soils

Detailed soil map unit aggregated in delineations: 9997

Rock outcrop
Description of areas: Bedrock exposed at surface that supports very sparse or no
vegetation

Despair soils

Depth: Shallow

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High
Texture of surface layer: Ashy sandy loam
Slope range: 35 to 100 percent
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Rubble land
Description of areas: Cobbles, stones, and boulders at the base of slopes

Soils of Glaciated Valleys

Number of map units: 3
Percentage of survey area: About 15 percent

4. Ragged-Thorton-Tricouni (Frigid/Udic Soil Climate
Regime)

Gently sloping to moderately sloping flood plains, terraces, debris aprons, debris
cones, and depressions at lower elevations west of the Cascade Crest

Percentage of survey area: About 5 percent

Elevation: 105 to 1,535 meters

Parent material: Volcanic ash mixed with alluvium and volcanic ash over glacial drift
Dominant overstory: Western hemlock, Douglas-fir, and western redcedar

Minor components: Deerlick, Easy, Ledeir, and Roland soils

Detailed soil map units aggregated in delineations: 6000, 6009, 6010, 6014, and 6015

Ragged soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Gravelly ashy loamy sand
Slope range: 5 to 65 percent

Thorton soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Ashy sandy loam

Slope range: 15 to 65 percent

Tricouni soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Ashy sandy loam

Slope range: 5 to 65 percent

5. Farway-Lyall-Mesahchie (Frigid/Xeric Soil Climate
Regime)

Gently sloping to moderately sloping flood plains, terraces, debris aprons, debris
cones, and depressions at lower elevations east of the Cascade Crest

Percentage of survey area: About 1 percent

Elevation: 335 to 1,400 meters

Parent material: Volcanic ash over alluvium, colluvium, and glacial drift
Dominant overstory: Douglas-fir and ponderosa pine

Minor components: Inspiration, Kettling, Sandalee, and Torment soils
Detailed soil map units aggregated in delineations: 6500, 6502, and 6505
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Farway soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High
Texture of surface layer: Ashy fine sandy loam
Slope range: 5 to 65 percent

Lyall soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Gravelly ashy coarse sandy loam
Slope range: 5 to 65 percent

Mesahchie soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Gravelly ashy fine sandy loam
Slope range: 15 to 65 percent

6. Stetattle-Chilliwack-Perfect (Cryic Soil Temperature
Regime)

Gently sloping to moderately sloping valley bottoms, terraces, debris aprons, debris
cones, and depressions at higher elevations throughout the survey area

Percentage of survey area: About 9 percent

Elevation: 325 to 2,160 meters

Parent material: Volcanic ash over alluvium and colluvium

Dominant overstory: Sitka alder, Pacific silver fir, and mountain hemlock

Minor components: Bacon, Forbidden, Kimtah, and Triumph soils

Detailed soil map units aggregated in delineations: 8000, 8006, 8007, 8009, 8010,
8011, 8014, 8500, and 8501

Stetattle soils, deciduous

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Very stony medial fine sandy loam
Slope range: 5 to 65 percent

Chilliwack soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Medial sandy loam

Slope range: 15 to 65 percent

Perfect soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Ashy sandy loam

Slope range: 5 to 65 percent
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Soils of Glaciated Mountain Slopes

Number of map units: 3
Percentage of survey area: About 30 percent

7. Rock outcrop-Tricouni-Cosho (Frigid/Udic Soil
Climate Regime)

Moderately sloping to steep debris aprons, valley walls, and bedrock benches at lower
elevations west of the Cascade Crest

Percentage of survey area: About 7 percent

Elevation: 110 to 1,800 meters

Parent material: Volcanic ash over glacial drift and alluvium over bedrock
Dominant overstory: Western hemlock, Douglas-fir, and western redcedar
Minor components: Damnation, Deerlick, Ragged, and Thorton soils
Detailed soil map units aggregated in delineations: 7003 and 7015

Rock outcrop
Description of areas: Bedrock exposed at surface that supports very sparse or no
vegetation

Tricouni soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Ashy sandy loam

Slope range: 35 to 100 percent

Cosho soils

Depth: Moderately deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Gravelly ashy sandy loam
Slope range: 15 to 65 percent

8. Despair-Goode-Farway (Frigid/Xeric Soil Climate
Regime)

Moderately sloping to very steep debris aprons, valley walls, and bedrock benches at
lower elevations east of the Cascade Crest

Percentage of survey area: About 5 percent

Elevation: 270 to 2,060 meters

Parent material: Volcanic ash over colluvium and glacial drift over bedrock

Dominant overstory: Douglas-fir and ponderosa pine

Minor components: Inspiration, Lyall, and Mesahchie soils, Rock outcrop, and
Sawtooth soils

Detailed soil map units aggregated in delineations: 7500, 7501, and 7502

Despair soils

Depth: Shallow

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High
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Texture of surface layer: Ashy sandy loam
Slope range: 35 to 100 percent

Goode soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Gravelly ashy fine sandy loam
Slope range: 35 to 100 percent

Farway soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High
Texture of surface layer: Ashy fine sandy loam
Slope range: 35 to 100 percent

9. Spickard-Mox-Perfect (Cryic Soil Temperature
Regime)

Moderately sloping to very steep debris aprons, valley walls, and bedrock benches at
higher elevations throughout the survey area

Percentage of survey area: About 18 percent

Elevation: 265 to 2,210 meters

Parent material: Volcanic ash over glacial drift

Dominant overstory: Pacific silver fir, mountain hemlock, and subalpine fir

Minor components: Doubtful, Kimtah, and Maggib soils, Rock outcrop, and Tepeh
soils

Detailed soil map units aggregated in delineations: 9001, 9008, 9012, and 9501

Spickard soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Ashy sandy loam

Slope range: 35 to 100 percent

Mox soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Ashy sandy loam

Slope range: 35 to 100 percent

Perfect soils

Depth: Very deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Ashy sandy loam

Slope range: 35 to 100 percent
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Soils of Mountain Ridges and Avalanche Paths

Number of map units: 1
Percentage of survey area: About 29 percent

10. Doubtful-Treen-Triumph (Subalpine and Alpine Soils)

Percentage of survey area: About 29 percent

Elevation: 385 to 2,355 meters

Parent material: Volcanic ash over glacial drift, colluvium, and residuum over bedrock
Dominant overstory: Mountain hemlock, subalpine fir, and Sitka alder

Minor components: Arriva and Perfect soils, Rock outcrop, and Stetattle soils
Detailed soil map units aggregated in delineations: 9003, 9010, and 9016

Doubtful soils

Depth: Moderately deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High or very high
Texture of surface layer: Gravelly ashy sandy loam
Slope range: 35 to 100 percent

Treen soils

Depth: Shallow

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High
Texture of surface layer: Medial loam

Slope range: 25 to 100 percent

Triumph soils

Depth: Deep

Drainage class: Well drained

Saturated hydraulic conductivity (Ksat): High
Texture of surface layer: Gravelly ashy sandy loam
Slope range: 25 to 100 percent
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Detailed Soil Map Units

The map units delineated on the detailed soil maps in this survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions in this section,
along with the maps, can be used to determine the suitability and potential of a unit for
specific uses. They also can be used to plan the management needed for those uses.

A map unit delineation on a soil map represents an area dominated by one
or more major kinds of soil or miscellaneous areas. A map unit is identified and
named according to the taxonomic classification of the dominant soils. Within a
taxonomic class there are precisely defined limits for the properties of the soils.

On the landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some observed
properties may extend beyond the limits defined for a taxonomic class. Areas of soils
of a single taxonomic class rarely, if ever, can be mapped without including areas of
other taxonomic classes. Consequently, every map unit is made up of the soils or
miscellaneous areas for which it is named and some minor components that belong to
taxonomic classes other than those of the major soils.

Minor soil components that have properties similar to those of the dominant
soil or soils in the map unit do not affect use and management. They are called
noncontrasting, or similar, components. They typically are not mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified by
a special symbol on the maps. The contrasting components are mentioned in the map
unit descriptions. A few areas of minor components may not have been observed, and
consequently they are not mentioned in the descriptions, especially where the pattern
was so complex that it was impractical to make enough observations to identify all the
soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate pure
taxonomic classes but rather to separate the landscape into landforms or landform
segments that have similar use and management requirements. The delineation
of such segments on the map provides sufficient information for the development
of resource plans. If intensive use of small areas is planned, however, onsite
investigation is needed to define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives the principal hazards
and limitations to be considered in planning for specific uses.

Soils that have profiles that are almost alike make up a soil series. All the soils
of a series have major horizons that are similar in composition, thickness, and
arrangement. The soils of a given series can differ in texture of the surface layer,
slope, stoniness, salinity, degree of erosion, and other characteristics that affect their
use. On the basis of such differences, a soil series is divided into soil phases. Most of
the areas shown on the detailed soil maps could be considered phases of soil series
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because of the natural variability of the properties of soils across landscapes. The
name of a soil phase commonly indicates a feature that affects use or management.
For example, Chilliwack soil, warm, is a phase of the Chilliwack series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Roland-Skymo-Deerlick complex, 0 to 25 percent slopes, is an example.

This survey includes miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Riverwash is an example.

Each detailed soil map unit is assigned to a major land resource area (MLRA)
(USDA Agriculture Handbook 296). The MLRA assigned to each detailed soil map
unit is given in this section. Some map units, such as Rock outcrop, Water, and other
miscellaneous areas, may not be assigned to a single MLRA because the unit can
occur in any MLRA.

Table 5 gives the acreage, hectarage, and proportionate extent of each map unit.
Table 6 cross-references the detailed soil map unit symbols used in this survey to the
National soil map unit symbols. Table 7 gives the percent composition and percent
slope, including the low, representative (RV), and high values, for the major and minor
components in each map unit in the area. Other tables give properties of the soils and
the limitations, capabilities, and potentials for many uses. The Glossary defines many
of the terms used in describing the soils or miscellaneous areas.
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Descriptive Detailed Soil Map Unit Legend

The detailed soil map units for this survey area were initially drafted based on
the soil climate regimes and the mountain bottoms and mountain slopes landform
positions (figs. 54, 55, 56, 57, 58, and 59). The following is a descriptive detailed soil
map unit legend based on this map unit scheme.

Frigid/udic mountain bottoms
6000—Manlywham-Nohokomeen-Roland complex, 0 to 5 percent slopes
6009—Ragged-Tricouni-Cosho complex, 15 to 65 percent slopes
6010—Roland-Skymo-Deerlick complex, 0 to 25 percent slopes
6014—Thorton-Ragged-Ledeir complex, 15 to 65 percent slopes
6015—Tricouni-Ragged-Easy complex, 5 to 50 percent slopes

Frigid/xeric mountain bottoms

6500—Sandalee-Kettling-Torment complex, 0 to 15 percent slopes
6502—Mesahchie-Inspiration-Lyall complex, 15 to 65 percent slopes
6505—Farway-Lyall-Inspiration complex, 5 to 65 percent slopes

Cryic/udic mountain bottoms

8000—Beaverpass-Purple-Bacon complex, 0 to 15 percent slopes
8006—Stetattle-Forbidden-Triumph complex, 15 to 65 percent slopes
8007—Kimtah-Bacon-Yawning complex, 0 to 35 percent slopes
8009—Chilliwack-Perfect-Terror complex, 15 to 65 percent slopes
8010—Perfect-Spickard-Stetattle complex, 15 to 65 percent slopes
8011—Chilliwack-Forbidden-Stetattle complex, 15 to 65 percent slopes
8014—Chilliwack-Tepeh-Kimtah complex, 15 to 65 percent slopes

Cryic/xeric mountain bottoms
8500—Primus-Noca-Stehekin complex, 15 to 65 percent slopes
8501—Stehekin-Primus complex, 15 to 65 percent slopes

Frigid/udic mountain slopes
7003—Damnation-Ragged-Rock outcrop complex, 35 to 100 percent slopes
7015—Thorton-Ragged-Damnation complex, 35 to 100 percent slopes

Frigid/xeric mountain slopes

7500—Inspiration-Mesahchie-Sawtooth complex, 35 to 100 percent slopes
7501—Despair-Goode-Rock outcrop complex, 35 to 100 percent slopes
7502—Farway-Sawtooth-Despair complex, 35 to 100 percent slopes

Cryic/udic mountain slopes

9001—Noca-Perfect complex, 35 to 100 percent slopes
9003—Stetattle-Doubtful-Arriva complex, 15 to 100 percent slopes
9008—Mox-Doubtful-Perfect complex, 35 to 100 percent slopes
9010—Doubtful-Treen-Rock outcrop complex, 35 to 100 percent slopes
9012—Spickard-Tepeh-Maggib complex, 15 to 100 percent slopes
9016—Doubtful-Triumph-Perfect complex, 35 to 100 percent slopes

Cryic/xeric mountain slopes
9501—Stehekin-Primus-Stetattle complex, 35 to 100 percent slopes

Dominantly miscellaneous land types

9997—Rock outcrop-Despair complex, 35 to 100 percent slopes
9998—Rock outcrop-Glaciers-Harlequin complex, 25 to 100 percent slopes
9999—Water
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Figure 54.—Index for detailed soil map unit block diagrams for the North Cascades National Park
Complex (see figures 55 through 59).
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Figure 55.—Detailed soil map unit delineations and numbers draped over a photograph from Desolation Peak, looking west into the Little Beaver (right) and Arctic Creek
(left) drainages. Ross Lake is in the middle foreground. The lower elevation frigid/udic map units (numbers in the 6000s and 7000s) transition to the higher elevation
cryic/udic map units (numbers in the 8000s and 9000s) that are on protected northerly aspects.
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Figure 56.—Detailed soil map unit delineations and numbers draped over a photograph looking south down the Grizzly Creek drainage toward McGregor Mountain.
The cryic/xeric map units (8500, 8501, and 9501) transition into the cryic/udic map units at the higher elevations. The valley floor map units (numbers in the 8000s)
transition to the higher upland map units (numbers in the 9000s), with map units 9997 and 9998 typically at the highest elevations in the watershed.
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Figure 57.—Detailed soil map unit delineations and numbers draped over a photograph from the 2006 National Agriculture Image Program generated in ESRI® ArcScene™
9.2, looking up the Stehekin Valley from above Lake Chelan. Frigid/xeric map units are throughout this area. Areas that are dominantly Rock outcrop (map unit 9997)
are evident as the bright tone. A mosaic of densely forested segments (map units 7500 and 7502) and sparsely forested segments with extensive areas of shallow soils
and Rock outcrop (map unit 7501) are on the steep hillsides surrounding the valley.
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Figure 58.— Detailed soil map unit delineations and numbers draped over a photograph from the 2006 National Agriculture Image Program generated in ESRI® ArcScene™
9.2, from above Thunder Creek looking south to the upper reaches of Thunder Creek (upper left) and Skagit Queen Creek (upper center). In this area, frigid/udic map
units (6014, 6015, 7003, and 7015) transition through the low west cryic/udic unit (map unit 9012) to the high cryic/udic units (map units 8009, 9008, 9010, and 9016).
Along the major drainageways are visible cryic/udic map units (numbers in the 8000s) on low slope valley floor that transition to the map units in the higher slope
upland positions (numbers in the 9000s). Map units 9010, 9016, 9997, and 9998 typically are at the highest reaches of the watershed.
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Figure 59.—Detailed soil map unit delineations and numbers draped over an oblique aerial photograph looking southwest to the survey area boundary above Trapper Lake,
in the Stehekin River watershed. This high cryic/udic area consists dominantly of steep slopes and a mosaic of coniferous forests, areas that support deciduous cover,
and Rock outcrop. Cryic/udic map units (numbers in the 8000s) on the low valley floors to units on the higher upland positions (numbers in the 9000s). Map unit 9998
is dominant on the skyline in the photograph. This unit is throughout the survey area, at the highest elevations where glaciers and seasonal snowfields are abundant.
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Detailed Soil Map Unit Descriptions

6000—Manlywham-Nohokomeen-Roland complex,
0 to 5 percent slopes

Map Unit Setting

General landscape: Valleys (fig. 60)

Elevation: 125 to 695 meters

Mean annual precipitation: 1,245 to 2,311 millimeters
Mean annual air temperature: 6 to 10 degrees C
Frost-free period: 60 to 90 days

Map Unit Composition

Manlywham and similar soils: 60 percent
Nohokomeen and similar soils: 15 percent
Roland and similar soils: 15 percent
Dissimilar minor components: 10 percent

Manlywham Soil

Setting
Landform: Depressions, flood plains
Landform position (two-dimensional): Toeslopes

Figure 60.—View from above Junction Camp looking down to the meandering flood plain of Thunder
Creek, showing an area of Manlywham-Nohokomeen-Roland complex, 0 to 5 percent slopes.
The dominant ecological sites include forested areas (FO03XN920WA) and wetland areas
(ROO3XN613WA).
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Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects
Parent material: Alluvium

Properties and qualities

Slope: 0 to 2 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Poorly drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: Frequent (see Water Features table)

Seasonal high water table (minimum depth): At the soil surface to a depth of 10
centimeters (see Water Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7.4 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 3w

Vegetation

Ecological site identification number: RO03XN613WA

Ecological site name: Low Mountain Unforested Wetlands

Common vegetation: Salmonberry, redosier dogwood, red alder, American
skunkcabbage, false lily of the valley

Typical profile

A1—-0 to 6 centimeters; mucky fine sandy loam

A2—6 to 24 centimeters; sandy loam

Cg1—24 to 60 centimeters; gravelly sandy loam

Cg2—60 to 104 centimeters; cobbly loamy coarse sand
Cg3—104 to 150 centimeters; very cobbly loamy coarse sand

Nohokomeen Soil

Setting

Landform: Fan terraces, debris aprons, terraces

Landform position (two-dimensional): Footslopes, toeslopes
Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash and alluvium over glacial drift

Properties and qualities

Slope: 0 to 5 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Somewhat poorly drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 30 to 50 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 19.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 4w
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Vegetation

Ecological site identification number: FOO3XN920WA

Ecological site scientific name: Populus balsamifera ssp. trichocarpa-Alnus rubra/Acer
circinatum-Rubus spectabilis/Asarum caudatum-Athyrium filix-femina

Ecological site common name: Frigid Riparian Forest

Common trees: Black cottonwood, Douglas-fir, grand fir, red alder, western hemlock,
western redcedar

Common understory vegetation: Vine maple, salmonberry, devilsclub, prickly currant,
red elderberry, common ladyfern, Canadian wildginger, western brackenfern,
queencup bead lily, starry false lily of the valley, western swordfern

Typical profile

Oi—O0 to 3 centimeters; slightly decomposed plant material
Oe—3 to 7 centimeters; moderately decomposed plant material
Bw—7 to 30 centimeters; ashy sandy loam

Bg1—30 to 73 centimeters; ashy sandy loam

Bg2—73 to 108 centimeters; very fine sandy loam

2BC—108 to 152 centimeters; very gravelly loamy sand

Roland Soil

Setting

Landform: Fan terraces, debris aprons, terraces

Landform position (two-dimensional): Footslopes, toeslopes
Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash and alluvium over glacial drift

Properties and qualities

Slope: 0 to 5 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Somewhat poorly drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 20 to 45 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 15.6 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 4w

Vegetation

Ecological site identification number: FOO3XN920WA

Ecological site scientific name: Populus balsamifera ssp. trichocarpa-
Alnus rubra/Acer circinatum-Rubus spectabilis/Asarum caudatum-
Athyrium filix-femina

Ecological site common name: Frigid Riparian Forest

Common trees: Black cottonwood, Douglas-fir, grand fir, red alder, western hemlock,
western redcedar

Common understory vegetation: Vine maple, salmonberry, devilsclub, prickly
currant, red elderberry, common ladyfern, Canadian wildginger, western
brackenfern, queencup bead lily, starry false lily of the valley, western
swordfern
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Typical profile

Oe—0 to 3 centimeters; moderately decomposed plant material
A—3 to 17 centimeters; fine sandy loam

Bg1—17 to 42 centimeters; fine sandy loam

Bg2—42 to 78 centimeters; very fine sandy loam

Bg3—78 to 137 centimeters; loamy sand

Bg4—137 to 152 centimeters; sand

Dissimilar Minor Components

Riverwash
Percentage of map unit: 5 percent
Landform: Flood plains, terraces

Skymo soils
Percentage of map unit: 5 percent
Landform: Debris cones, terraces

6009—Ragged-Tricouni-Cosho complex, 15 to 65 percent
slopes

Map Unit Setting

General landscape: Mountains

Elevation: 120 to 1,420 meters

Mean annual precipitation: 1,143 to 2,565 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 60 to 90 days

Map Unit Composition

Ragged, deciduous, and similar soils: 50 percent
Tricouni, deciduous, and similar soils: 30 percent
Cosho and similar soils: 15 percent

Dissimilar minor component: 5 percent

Ragged Soil, Deciduous

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with alluvium

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline
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Sodicity (maximum): Not sodic
Available water capacity (entire profile): Very low (about 7.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN922WA

Ecological site scientific name: Acer circinatum/Ribes lacustre-Vaccinium parvifolium/
Polystichum munitum-Pteridium aquilinum

Ecological site common name: Frigid/Udic Active Natural Disturbance

Common trees: Vine maple

Common understory vegetation: Prickly currant, red huckleberry, Cascade
Oregongrape, pachistima, western swordfern, western brackenfern, queencup
bead lily

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 5 centimeters; moderately decomposed plant material
Bw1—5 to 20 centimeters; gravelly ashy loamy sand

Bw2—20 to 34 centimeters; ashy sandy loam

2C—34 to 150 centimeters; extremely cobbly sand

Tricouni Soil, Deciduous

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with alluvium

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties
table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 13.6 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN922WA

Ecological site scientific name: Acer circinatum/Ribes lacustre-Vaccinium
parvifolium/Polystichum munitum-Pteridium aquilinum

Ecological site common name: Frigid/Udic Active Natural Disturbance

Common trees: Vine maple

Common understory vegetation: Prickly currant, red huckleberry, Cascade
Oregongrape, pachistima, western swordfern, western brackenfern, queencup
bead lily
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Typical profile

Oi—O0 to 3 centimeters; slightly decomposed plant material
Oe—3 to 9 centimeters; moderately decomposed plant material
E—9 to 10 centimeters; ashy sandy loam

Bw1—10 to 28 centimeters; gravelly ashy sandy loam
2Bw2—28 to 60 centimeters; very gravelly sandy loam
2BC—60 to 104 centimeters; gravelly sandy loam

2C—104 to 152 centimeters; very gravelly loamy sand

Cosho Soil

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 50 percent with cobbles
Depth to restrictive feature: 50 to 100 centimeters to lithic bedrock

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 13.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—0 to 6 centimeters; slightly decomposed plant material
Oe—=6 to 14 centimeters; moderately decomposed plant material
E—14 to 15 centimeters; gravelly ashy sandy loam

Bw—15 to 53 centimeters; gravelly ashy sandy loam

2BC—53 to 75 centimeters; very gravelly loamy sand

2C—75 to 90 centimeters; very gravelly loamy sand

2R—90 to 152 centimeters; unweathered bedrock

Dissimilar Minor Component

Nohokomeen soils
Percentage of map unit: 5 percent
Landform: Debris cones, terraces
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6010—Roland-Skymo-Deerlick complex, 0 to 25 percent
slopes
Map Unit Setting

General landscape: Valleys

Elevation: 105 to 865 meters

Mean annual precipitation: 1,143 to 2,565 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 60 to 90 days

Map Unit Composition

Roland and similar soils: 40 percent
Skymo and similar soils: 25 percent
Deerlick and similar soils: 20 percent
Dissimilar minor components: 15 percent

Roland Soil

Setting

Landform: Fan terraces, debris aprons, terraces

Landform position (two-dimensional): Footslopes, toeslopes
Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash and alluvium over glacial drift

Properties and qualities

Slope: 0 to 25 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Somewhat poorly drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 20 to 45 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 15.6 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 4e

Vegetation

Ecological site identification number: FOO3XN920WA

Ecological site scientific name: Populus balsamifera ssp. trichocarpa-Alnus rubra/Acer
circinatum-Rubus spectabilis’/Asarum caudatum-Athyrium filix-femina

Ecological site common name: Frigid Riparian Forest

Common trees: Black cottonwood, Douglas-fir, grand fir, red alder, western hemlock,
western redcedar

Common understory vegetation: Vine maple, salmonberry, devilsclub, prickly currant,
red elderberry, common ladyfern, Canadian wildginger, western brackenfern,
queencup bead lily, starry false lily of the valley, western swordfern

Typical profile
Oe—0 to 3 centimeters; moderately decomposed plant material

A—3 to 17 centimeters; fine sandy loam
Bg1—17 to 42 centimeters; fine sandy loam
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Bg2—42 to 78 centimeters; very fine sandy loam
Bg3—78 to 137 centimeters; loamy sand
Bg4—137 to 152 centimeters; sand

Skymo Soil

Setting

Landform: Debris cones, terraces

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with alluvium

Properties and qualities

Slope: 0 to 25 percent

Percentage of surface area covered with rock fragments: 0 to 15 percent with stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Moderately well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 60 to 100 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 7.9 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 4e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile
Oi—O0 to 2 centimeters; slightly decomposed plant material
C—2 to 10 centimeters; coarse sand
Ab—10 to 16 centimeters; loamy sand
'—16 to 34 centimeters; sand
A'b—34 to 40 centimeters; sandy loam
Bwb1—40 to 45 centimeters; loamy sand
Bwb2—45 to 66 centimeters; loamy sand
Bwb3—66 to 90 centimeters; loamy sand
C"—90 to 152 centimeters; gravelly sand

Deerlick Soil

Setting
Landform: Alluvial fans, terraces, flood plains
Landform position (two-dimensional): Backslopes, footslopes, toeslopes
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Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects
Parent material: Volcanic ash and alluvium over alluvium and glacial drift

Properties and qualities

Slope: 0 to 15 percent

Percentage of surface area covered with rock fragments: 0 to 50 percent with
cobbles

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Moderately well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties
table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 50 to 80 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 15.1 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 4s

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 3 centimeters; slightly decomposed plant material

Oe—3 to 10 centimeters; moderately decomposed plant material
A—10 to 14 centimeters; ashy silt loam

Bw—14 to 22 centimeters; ashy sandy loam

C1—22 to 30 centimeters; stratified gravelly ashy coarse sand
C2—30 to 50 centimeters; stratified very gravelly ashy coarse sand
2Bg—50 to 64 centimeters; very fine sandy loam

2Cg—64 to 80 centimeters; very fine sand

3C—80 to 152 centimeters; extremely cobbly sand

Dissimilar Minor Components

Manlywham soils
Percentage of map unit: 5 percent
Landform: Depressions, flood plains

Ragged soils
Percentage of map unit: 5 percent
Landform: Debris cones

Riverwash
Percentage of map unit: 5 percent
Landform: Flood plains, terraces
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6014—Thorton-Ragged-Ledeir complex, 15 to 65 percent
slopes
Map Unit Setting

General landscape: Mountains

Elevation: 110 to 1,535 meters

Mean annual precipitation: 889 to 2,565 millimeters
Mean annual air temperature: 4 to 10 degrees C
Frost-free period: 60 to 90 days

Map Unit Composition

Thorton and similar soils: 40 percent
Ragged and similar soils: 25 percent
Ledeir and similar soils: 15 percent
Dissimilar minor components: 20 percent

Thorton Soil

Setting

Landform: Debris aprons

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 16 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile
Oi—O0 to 4 centimeters; slightly decomposed plant material
Oe—4 to 8 centimeters; moderately decomposed plant material
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E—8 to 12 centimeters; ashy sandy loam

Bw1—12 to 30 centimeters; gravelly ashy sandy loam
Bw2—30 to 46 centimeters; gravelly ashy sandy loam
2BC1—46 to 60 centimeters; very gravelly sandy loam
2BC2—60 to 150 centimeters; very gravelly sandy loam

Ragged Soil

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with alluvium

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties
table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 5 centimeters; moderately decomposed plant material
Bw1—5 to 20 centimeters; gravelly ashy loamy sand

Bw2—20 to 34 centimeters; ashy sandy loam

2C—34 to 150 centimeters; extremely cobbly sand

Ledeir Soil

Setting

Landform: Debris aprons, valley walls, terraces

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
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Aspect (range): All aspects
Parent material: Volcanic ash over alluvium

Properties and qualities

Slope: 15 to 35 percent

Percentage of surface area covered with rock fragments: 0 to 10 percent with
cobbles

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties
table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 20.1 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 12 centimeters; moderately decomposed plant material
E—12 to 20 centimeters; ashy sandy loam

Bs1—20 to 50 centimeters; ashy sandy loam

Bs2—50 to 82 centimeters; ashy fine sandy loam

2C—82 to 152 centimeters; very gravelly loamy sand

Dissimilar Minor Components

Cosho soils
Percentage of map unit: 5 percent
Landform: Debris cones, debris aprons, valley walls

Deerlick soils
Percentage of map unit: 5 percent
Landform: Alluvial fans, terraces, flood plains

Rock outcrop
Percentage of map unit: 5 percent
Landform: Valley walls

Tricouni soils, deciduous
Percentage of map unit: 5 percent
Landform: Debris cones, debris aprons, valley walls

165



Soil Survey of North Cascades National Park Complex, Washington

6015—Tricouni-Ragged-Easy complex, 5 to 50 percent
slopes
Map Unit Setting

General landscape: Mountains

Elevation: 105 to 1,490 meters

Mean annual precipitation: 991 to 2,464 millimeters
Mean annual air temperature: 4 to 10 degrees C
Frost-free period: 60 to 90 days

Map Unit Composition

Tricouni and similar soils: 50 percent
Ragged and similar soils: 25 percent
Easy and similar soils: 15 percent
Dissimilar minor components: 10 percent

Tricouni Soil

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with alluvium

Properties and qualities

Slope: 5 to 50 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 13.6 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 6e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile
Oi—O0 to 3 centimeters; slightly decomposed plant material
Oe—3 to 9 centimeters; moderately decomposed plant material
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E—9 to 10 centimeters; ashy sandy loam

Bw1—10 to 28 centimeters; gravelly ashy sandy loam
2Bw2—28 to 60 centimeters; very gravelly sandy loam
2BC—60 to 104 centimeters; gravelly sandy loam
2C—104 to 152 centimeters; very gravelly loamy sand

Ragged Soil

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with alluvium

Properties and qualities

Slope: 5 to 50 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with stones
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 6e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 5 centimeters; moderately decomposed plant material
Bw1—5 to 20 centimeters; gravelly ashy loamy sand

Bw2—20 to 34 centimeters; ashy sandy loam

2C—34 to 150 centimeters; extremely cobbly sand

Easy Soil

Setting

Landform: Debris cones, valley walls (fig. 61)

Landform position (two-dimensional): Backslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Mixed volcanic ash over glacial drift
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Figure 61.—Typical area of Easy ashy sandy loam under a canopy of western hemlock and western
redcedar in an area of Tricouni-Ragged-Easy complex, 5 to 50 percent slopes, near Ross Lake.
The forestland ecological site is FOO3XN921WA.

Properties and qualities

Slope: 5 to 35 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with stones
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 11.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 6e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern
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Typical profile

Oi—O0 to 3 centimeters; slightly decomposed plant material

Oe—3 to 6 centimeters; moderately decomposed plant material
E—6 to 12 centimeters; ashy sandy loam

Bs1—12 to 28 centimeters; gravelly ashy sandy loam

Bs2—28 to 41 centimeters; gravelly ashy sandy loam

2BC—41 to 66 centimeters; extremely gravelly sandy loam
2C—66 to 150 centimeters; extremely gravelly coarse sandy loam

Dissimilar Minor Components

Deerlick soils
Percentage of map unit: 5 percent
Landform: Alluvial fans, terraces, flood plains

Nohokomeen soils
Percentage of map unit: 5 percent
Landform: Fan terraces, terraces, debris aprons

6500—Sandalee-Kettling-Torment complex, 0 to 15
percent slopes

Map Unit Setting

General landscape: River valleys, mountains
Elevation: 335 to 980 meters

Mean annual precipitation: 635 to 1,448 millimeters
Mean annual air temperature: 5 to 10 degrees C
Frost-free period: 60 to 100 days

Map Unit Composition

Sandalee and similar soils: 40 percent
Kettling and similar soils: 25 percent
Torment and similar soils: 20 percent
Dissimilar minor components: 15 percent

Sandalee Soil

Setting

Landform: Terraces, flood plains

Landform position (two-dimensional): Toeslopes
Landform position (three-dimensional): Mountain bases
Aspect (range): All aspects

Parent material: Alluvium

Properties and qualities

Slope: 0 to 15 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Somewhat poorly drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 20 to 45 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 12.3 centimeters)
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Land capability classification
Land capability subclass (nonirrigated): 4w

Vegetation

Ecological site identification number: FOO3XN920WA

Ecological site scientific name: Populus balsamifera ssp. trichocarpa-Alnus rubra/Acer
circinatum-Rubus spectabilis’/Asarum caudatum-Athyrium filix-femina

Ecological site common name: Frigid Riparian Forest

Common trees: Black cottonwood, Douglas-fir, grand fir, red alder, western hemlock,
western redcedar

Common understory vegetation: Vine maple, salmonberry, devilsclub, prickly currant,
red elderberry, common ladyfern, Canadian wildginger, western brackenfern,
queencup bead lily, starry false lily of the valley, western swordfern

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
A—2 to 11 centimeters; sandy loam

Bw—11 to 40 centimeters; fine sandy loam

Bg1—40 to 56 centimeters; fine sandy loam

Bg2—56 to 80 centimeters; fine sandy loam

Cg—380 to 152 centimeters; loamy coarse sand

Kettling Soil

Setting

Landform: Debris aprons

Landform position (two-dimensional): Footslopes, toeslopes
Landform position (three-dimensional): Mountain bases
Aspect (range): All aspects

Parent material: Volcanic ash and alluvium over glacial drift

Properties and qualities

Slope: 0 to 15 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Moderately well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 50 to 80 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 17.1 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 3e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/Paxistima
myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder
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Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 5 centimeters; moderately decomposed plant material
A—>5 to 13 centimeters; sandy loam

Bw1—13 to 25 centimeters; loam

Bw2—25 to 60 centimeters; fine sandy loam

C1—60 to 90 centimeters; coarse sand

C2—90 to 152 centimeters; sandy loam

Torment Soil

Setting

Landform: Terraces

Landform position (two-dimensional): Toeslopes

Landform position (three-dimensional): Mountain bases

Aspect (range): All aspects

Parent material: Minor amount of volcanic ash mixed with alluvium and glacial drift

Properties and qualities

Slope: 0 to 10 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
cobbles

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Moderately well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 60 to 100 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 9.6 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 6s

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/
Paxistima myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia
linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
C1—2 to 15 centimeters; loamy sand

0Oa—15 to 25 centimeters; highly decomposed plant material
C2—25 to 35 centimeters; gravelly coarse sand

C3—35 to 70 centimeters; very gravelly coarse sand
C4—70 to 152 centimeters; very gravelly loamy sand

171



Soil Survey of North Cascades National Park Complex, Washington

Dissimilar Minor Components

Manlywham soils
Percentage of map unit: 10 percent
Landform: Depressions, flood plains

Riverwash
Percentage of map unit: 5 percent
Landform: Flood plains, terraces

6502—Mesahchie-Inspiration-Lyall complex, 15 to 65
percent slopes

Map Unit Setting

General landscape: Mountains

Elevation: 340 to 1,400 meters

Mean annual precipitation: 533 to 1,702 millimeters
Mean annual air temperature: 4 to 10 degrees C
Frost-free period: 70 to 100 days

Map Unit Composition

Mesahchie and similar soils: 50 percent
Inspiration and similar soils: 25 percent
Lyall and similar soils: 15 percent
Dissimilar minor components: 10 percent

Mesahchie Soil

Setting

Landform: Debris cones, valley walls

Landform position (two-dimensional): Backslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with glacial drift over glacial drift

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 10 percent with cobbles
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 12.4 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN928WA

Ecological site scientific name: Acer macrophyllum-Prunus emarginata/Corylus
cornuta var. californica-Acer circinatum/Maianthemum stellatum-Streptopus
amplexifolius
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Ecological site common name: Frigid/Xeric Active Natural Disturbance

Common trees: Bigleaf maple, bitter cherry, Douglas-fir, ponderosa pine

Common understory vegetation: Beaked hazelnut, vine maple, Sitka willow,
pachistima, serviceberry, thimbleberry, snowberry, starry false Solomon’s seal,
claspleaf twistedstalk, broadleaf starflower

Typical profile

Oe—0 to 2 centimeters; moderately decomposed plant material
A1—2 to 20 centimeters; gravelly ashy fine sandy loam
A2—20 to 44 centimeters; gravelly ashy sandy loam

A3—44 to 74 centimeters; very cobbly ashy sandy loam
2BC—74 to 96 centimeters; very gravelly sandy loam

2C—96 to 152 centimeters; very gravelly loamy sand

Inspiration Soil

Setting

Landform: Debris aprons

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 40 percent with
cobbles

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 15.9 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN928WA

Ecological site scientific name: Acer macrophyllum-Prunus emarginata/Corylus
cornuta var. californica-Acer circinatum/Maianthemum stellatum-Streptopus
amplexifolius

Ecological site common name: Frigid/Xeric Active Natural Disturbance

Common trees: Bigleaf maple, bitter cherry, Douglas-fir, ponderosa pine

Common understory vegetation: Beaked hazelnut, vine maple, Sitka willow,
pachistima, serviceberry, thimbleberry, snowberry, starry false Solomon’s seal,
claspleaf twistedstalk, broadleaf starflower

Typical profile

Oi—0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 9 centimeters; moderately decomposed plant material
0Oa—9 to 15 centimeters; highly decomposed plant material
A1—15 to 25 centimeters; very gravelly ashy sandy loam
A2—25 to 37 centimeters; extremely cobbly ashy sandy loam
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Bw—37 to 64 centimeters; very gravelly ashy sandy loam
2BC—64 to 150 centimeters; extremely gravelly sandy loam

Lyall Soil

Setting

Landform: Valley walls

Landform position (two-dimensional): Backslopes

Landform position (three-dimensional): Lower third of mountainflanks

Aspect (range): All aspects

Parent material: Minor amount of volcanic ash mixed with alluvium and glacial drift

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
cobbles

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 10.6 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/Paxistima
myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder

Typical profile

Oi—0 to 4 centimeters; slightly decomposed plant material

Oe—4 to 7 centimeters; moderately decomposed plant material
A—7 to 19 centimeters; gravelly ashy coarse sandy loam
Bw1—19 to 44 centimeters; very gravelly ashy coarse sandy loam
Bw2—44 to 75 centimeters; very gravelly loamy sand

Bw3—75 to 120 centimeters; very gravelly loamy sand

2C—120 to 150 centimeters; extremely gravelly loamy sand

Dissimilar Minor Components

Sandalee soils
Percentage of map unit: 5 percent
Landform: Terraces, flood plains, debris cones

Torment soils
Percentage of map unit: 5 percent
Landform: Terraces, flood plains, debris cones
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6505—Farway-Lyall-Inspiration complex, 5 to 65 percent
slopes
Map Unit Setting

General landscape: Mountains

Elevation: 335 to 1,045 meters

Mean annual precipitation: 483 to 1,702 millimeters
Mean annual air temperature: 6 to 10 degrees C
Frost-free period: 70 to 100 days

Map Unit Composition

Farway and similar soils: 50 percent
Lyall and similar soils: 30 percent
Inspiration and similar soils: 15 percent
Dissimilar minor component: 5 percent

Farway Soil

Setting

Landform: Debris aprons

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Mountain bases

Aspect (range): All aspects

Parent material: Volcanic ash over colluvium and reworked glacial drift

Properties and qualities

Slope: 5 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 10 percent with cobbles
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 20 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/Paxistima
myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder

Typical profile
Oe—0 to 3 centimeters; moderately decomposed plant material

Bw1—3 to 45 centimeters; ashy fine sandy loam
Bw2—45 to 78 centimeters; cobbly ashy sandy loam
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Bw3—78 to 90 centimeters; cobbly ashy sandy loam
2BC—90 to 152 centimeters; very gravelly sandy loam

Lyall Soil

Setting

Landform: Valley walls

Landform position (two-dimensional): Backslopes

Landform position (three-dimensional): Lower third of mountainflanks

Aspect (range): All aspects

Parent material: Minor amount of volcanic ash mixed with alluvium and glacial drift

Properties and qualities

Slope: 5 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
cobbles

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 10.6 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/
Paxistima myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-
Collomia linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa
pine, western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape,
birchleaf spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass,
narrow-leaved collomia, western rattlesnake plantain, pathfinder

Typical profile

Oi—O0 to 4 centimeters; slightly decomposed plant material

Oe—4 to 7 centimeters; moderately decomposed plant material
A—T7 to 19 centimeters; gravelly ashy coarse sandy loam
Bw1—19 to 44 centimeters; very gravelly ashy coarse sandy loam
Bw2—44 to 75 centimeters; very gravelly loamy sand

Bw3—75 to 120 centimeters; very gravelly loamy sand

2C—120 to 150 centimeters; extremely gravelly loamy sand

Inspiration Soil

Setting

Landform: Debris aprons

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift
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Properties and qualities

Slope: 5 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 40 percent with cobbles
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 15.9 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN928WA

Ecological site scientific name: Acer macrophyllum-Prunus emarginata/Corylus
cornuta var. californica-Acer circinatum/Maianthemum stellatum-Streptopus
amplexifolius

Ecological site common name: Frigid/Xeric Active Natural Disturbance

Common trees: Bigleaf maple, bitter cherry, Douglas-fir, ponderosa pine

Common understory vegetation: Beaked hazelnut, vine maple, Sitka willow,
pachistima, serviceberry, thimbleberry, snowberry, starry false Solomon’s seal,
claspleaf twistedstalk, broadleaf starflower

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 9 centimeters; moderately decomposed plant material
0Oa—9 to 15 centimeters; highly decomposed plant material
A1—15 to 25 centimeters; very gravelly ashy sandy loam
A2—25 to 37 centimeters; extremely cobbly ashy sandy loam
Bw—37 to 64 centimeters; very gravelly ashy sandy loam
2BC—64 to 150 centimeters; extremely gravelly sandy loam

Dissimilar Minor Component

Torment soils
Percentage of map unit: 5 percent
Landform: Terraces, flood plains, debris cones

7003—Damnation-Ragged-Rock outcrop complex, 35 to
100 percent slopes

Map Unit Setting

General landscape: Mountains

Elevation: 155 to 1,800 meters

Mean annual precipitation: 1,143 to 2,515 millimeters
Mean annual air temperature: 3 to 10 degrees C
Frost-free period: 60 to 90 days

Map Unit Composition

Damnation and similar soils: 50 percent
Ragged and similar soils: 25 percent
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Rock outcrop: 15 percent
Dissimilar minor components: 10 percent

Damnation Soil

Setting

Landform: Bedrock benches, valley walls

Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 65 percent with cobbles
Depth to restrictive feature: 25 to 50 centimeters to lithic bedrock
Drainage class: Well drained

Capacity to transmit water (Ksat): High (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters
Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 8.9 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 4 centimeters; slightly decomposed plant material
Oa—4 to 6 centimeters; highly decomposed plant material
Bw1—6 to 14 centimeters; cobbly ashy sandy loam
Bw2—14 to 31 centimeters; cobbly ashy sandy loam
Bw3—31 to 45 centimeters; cobbly ashy sandy loam
R—45 to 152 centimeters; unweathered bedrock

Ragged Soil

Setting

Landform: Valley walls, debris aprons

Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with alluvium

Properties and qualities
Slope: 35 to 100 percent
Percentage of surface area covered with rock fragments: 0 to 30 percent with stones
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Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties
table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 5 centimeters; moderately decomposed plant material
Bw1—5 to 20 centimeters; gravelly ashy loamy sand

Bw2—20 to 34 centimeters; ashy sandy loam

2C—34 to 150 centimeters; extremely cobbly sand

Rock Outcrop

Landform: Bedrock benches, valley walls
Slope: 35 to 100 percent
Land capability subclass (nonirrigated): 8

Dissimilar Minor Components

Rubble land
Percentage of map unit: 5 percent
Landform: Valley walls

Tricouni soils, deciduous
Percentage of map unit: 5 percent
Landform: Debris cones, valley walls

7015—Thorton-Ragged-Damnation complex, 35 to 100
percent slopes

Map Unit Setting

General landscape: Mountains (fig. 62)

Elevation: 110 to 1,685 meters

Mean annual precipitation: 1,016 to 2,515 millimeters
Mean annual air temperature: 3 to 10 degrees C
Frost-free period: 60 to 90 days
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Figure 62.—View looking across Ross Lake from McMillan Camp to the outlet of Big Beaver Creek
at right and Sourdough Mountain in distant background left of the prominent peak. The soil
climate regimes transition from frigid/udic (center) and frigid/xeric (far right) at lake level to low
cryic/udic midway up the mountain slope to high cryic/udic on the upper third of the mountain.

Map Unit Composition

Thorton and similar soils: 40 percent
Ragged and similar soils: 25 percent
Damnation and similar soils: 15 percent
Dissimilar minor components: 20 percent

Thorton Soil

Setting

Landform: Valley walls, debris aprons

Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters
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Salinity (maximum): Not saline
Sodicity (maximum): Not sodic
Available water capacity (entire profile): Moderate (about 16 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 4 centimeters; slightly decomposed plant material
Oe—4 to 8 centimeters; moderately decomposed plant material
E—8 to 12 centimeters; ashy sandy loam

Bw1—12 to 30 centimeters; gravelly ashy sandy loam
Bw2—30 to 46 centimeters; gravelly ashy sandy loam
2BC1—46 to 60 centimeters; very gravelly sandy loam
2BC2—60 to 150 centimeters; very gravelly sandy loam

Ragged Soil

Setting

Landform: Valley walls, debris aprons

Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with alluvium

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous
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Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 5 centimeters; moderately decomposed plant material
Bw1—5 to 20 centimeters; gravelly ashy loamy sand

Bw2—20 to 34 centimeters; ashy sandy loam

2C—34 to 150 centimeters; extremely cobbly sand

Damnation Soil

Setting

Landform: Bedrock benches, valley walls

Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 65 percent with
cobbles

Depth to restrictive feature: 25 to 50 centimeters to lithic bedrock

Drainage class: Well drained

Capacity to transmit water (Ksat): High (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 8.9 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN921WA

Ecological site scientific name: Tsuga heterophylla-Thuja plicata/Acer circinatum-
Vaccinium parvifolium/Linnaea borealis-Polystichum munitum

Ecological site common name: Frigid/Udic Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, paper birch, western hemlock,
western redcedar

Common understory vegetation: Vine maple, red huckleberry, Cascade Oregongrape,
prince’s pine, salal, twinflower, western swordfern, western rattlesnake plantain,
broadleaf starflower, western brackenfern

Typical profile

Oi—O0 to 4 centimeters; slightly decomposed plant material
Oa—4 to 6 centimeters; highly decomposed plant material
Bw1—6 to 14 centimeters; cobbly ashy sandy loam
Bw2—14 to 31 centimeters; cobbly ashy sandy loam
Bw3—31 to 45 centimeters; cobbly ashy sandy loam
R—45 to 152 centimeters; unweathered bedrock
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Dissimilar Minor Components

Cosho soils
Percentage of map unit: 5 percent
Landform: Bedrock benches, valley walls

Deerlick soils
Percentage of map unit: 5 percent
Landform: Debris aprons, debris cones

Rock outcrop
Percentage of map unit: 5 percent
Landform: Bedrock benches, valley walls

Tricouni soils, deciduous
Percentage of map unit: 5 percent
Landform: Debris aprons, debris cones

7500—Inspiration-Mesahchie-Sawtooth complex, 35 to
100 percent slopes

Map Unit Setting

General landscape: Mountains

Elevation: 350 to 1,795 meters

Mean annual precipitation: 584 to 1,702 millimeters
Mean annual air temperature: 2 to 8 degrees C
Frost-free period: 60 to 100 days

Map Unit Composition

Inspiration and similar soils: 50 percent
Mesahchie and similar soils: 25 percent
Sawtooth and similar soils: 15 percent
Dissimilar minor components: 10 percent

Inspiration Soil

Setting

Landform: Valley walls, debris aprons

Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 40 percent with cobbles
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 15.9 centimeters)
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Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN928WA

Ecological site scientific name: Acer macrophyllum-Prunus emarginata/Corylus
cornuta var. californica-Acer circinatum/Maianthemum stellatum-Streptopus
amplexifolius

Ecological site common name: Frigid/Xeric Active Natural Disturbance

Common trees: Bigleaf maple, bitter cherry, Douglas-fir, ponderosa pine

Common understory vegetation: Beaked hazelnut, vine maple, Sitka willow,
pachistima, serviceberry, thimbleberry, snowberry, starry false Solomon’s seal,
claspleaf twistedstalk, broadleaf starflower

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 9 centimeters; moderately decomposed plant material
0Oa—9 to 15 centimeters; highly decomposed plant material
A1—15 to 25 centimeters; very gravelly ashy sandy loam
A2—25 to 37 centimeters; extremely cobbly ashy sandy loam
Bw—37 to 64 centimeters; very gravelly ashy sandy loam
2BC—64 to 150 centimeters; extremely gravelly sandy loam

Mesahchie Soil

Setting

Landform: Valley walls, debris aprons

Landform position (two-dimensional): Backslopes

Landform position (three-dimensional): Mountainflanks

Aspect (range): All aspects

Parent material: Volcanic ash mixed with glacial drift over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 10 percent with cobbles
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 12.4 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN928WA

Ecological site scientific name: Acer macrophyllum-Prunus emarginata/Corylus
cornuta var. californica-Acer circinatum/Maianthemum stellatum-Streptopus
amplexifolius

Ecological site common name: Frigid/Xeric Active Natural Disturbance

Common trees: Bigleaf maple, bitter cherry, Douglas-fir, ponderosa pine

Common understory vegetation: Beaked hazelnut, vine maple, Sitka willow,
pachistima, serviceberry, thimbleberry, snowberry, starry false Solomon’s seal,
claspleaf twistedstalk, broadleaf starflower
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Typical profile

Oe—0 to 2 centimeters; moderately decomposed plant material
A1—2 to 20 centimeters; gravelly ashy fine sandy loam
A2—20 to 44 centimeters; gravelly ashy sandy loam

A3—44 to 74 centimeters; very cobbly ashy sandy loam
2BC—74 to 96 centimeters; very gravelly sandy loam

2C—96 to 152 centimeters; very gravelly loamy sand

Sawtooth Soil

Setting

Landform: Valley walls, bedrock benches, debris aprons
Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 50 percent with cobbles
Depth to restrictive feature: 50 to 100 centimeters to lithic bedrock

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7.3 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/
Paxistima myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia
linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder

Typical profile

Oi—O0 to 3 centimeters; slightly decomposed plant material
A—3 to 15 centimeters; gravelly ashy sandy loam
Bw1—15 to 35 centimeters; gravelly ashy sandy loam
2Bw2—35 to 45 centimeters; gravelly sandy loam
2BC—45 to 60 centimeters; very cobbly loamy sand
R—60 to 152 centimeters; unweathered bedrock

Dissimilar Minor Components

Lyall soils
Percentage of map unit: 5 percent
Landform: Valley walls
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Rock outcrop
Percentage of map unit: 5 percent
Landform: Valley walls, bedrock benches

7501—Despair-Goode-Rock outcrop complex, 35 to 100
percent slopes

Map Unit Setting

General landscape: Mountains

Elevation: 270 to 2,060 meters

Mean annual precipitation: 483 to 2,159 millimeters
Mean annual air temperature: 2 to 9 degrees C
Frost-free period: 60 to 100 days

Map Unit Composition

Despair and similar soils: 40 percent
Goode and similar soils: 30 percent
Rock outcrop: 15 percent

Dissimilar minor components: 15 percent

Despair Soil

Setting

Landform: Bedrock benches, valley walls (fig. 63)
Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 50 percent with cobbles
Depth to restrictive feature: 25 to 50 centimeters to lithic bedrock
Drainage class: Well drained

Capacity to transmit water (Ksat): High (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters
Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 8.4 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/Paxistima
myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder
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Figure 63.—Typical area of Despair ashy sandy loam under a canopy of Douglas-fir in an area of
Despair-Goode-Rock outcrop complex, 35 to 100 percent slopes. The forestland ecological site
is FOO3XN927WA.

Typical profile

Oa—-0 to 4 centimeters; highly decomposed plant material
A—4 to 21 centimeters; ashy sandy loam

Bw—21 to 41 centimeters; gravelly ashy sandy loam
R—41 to 152 centimeters; unweathered bedrock

Goode Soil

Setting

Landform: Valley walls, debris aprons

Landform position (two-dimensional): Backslopes

Landform position (three-dimensional): Mountainflanks

Aspect (range): All aspects

Parent material: Volcanic ash mixed with colluvium and glacial drift over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
cobbles and 0 to 50 percent with stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters
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Salinity (maximum): Not saline
Sodicity (maximum): Not sodic
Available water capacity (entire profile): Low (about 10.8 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/
Paxistima myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia
linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa
pine, western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape,
birchleaf spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass,
narrow-leaved collomia, western rattlesnake plantain, pathfinder

Typical profile

Oi—O0 to 2 centimeters; gravelly slightly decomposed plant material
A—2 to 23 centimeters; gravelly ashy fine sandy loam

Bw1—23 to 66 centimeters; very gravelly ashy sandy loam
2Bw2—66 to 91 centimeters; very gravelly coarse sandy loam
2BC—91 to 152 centimeters; extremely gravelly coarse sand

Rock Outcrop

Landform: Bedrock benches, valley walls
Slope: 35 to 100 percent
Land capability subclass (nonirrigated): 8

Dissimilar Minor Components

Lyall soils
Percentage of map unit: 10 percent
Landform: Valley walls

Mesahchie soils
Percentage of map unit: 5 percent
Landform: Valley walls

7502—Farway-Sawtooth-Despair complex, 35 to 100
percent slopes

Map Unit Setting

General landscape: Mountains

Elevation: 335 to 1,900 meters

Mean annual precipitation: 483 to 2,210 millimeters
Mean annual air temperature: 2 to 9 degrees C
Frost-free period: 60 to 100 days

Map Unit Composition

Farway and similar soils: 50 percent
Sawtooth and similar soils: 25 percent
Despair and similar soils: 15 percent
Dissimilar minor components: 10 percent
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Farway Soil

Setting

Landform: Debris aprons, valley walls

Landform position (two-dimensional): Backslopes

Landform position (three-dimensional): Mountainflanks

Aspect (range): All aspects

Parent material: Volcanic ash over colluvium and reworked glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 10 percent with cobbles
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 20 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/Paxistima
myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder

Typical profile

Oe—0 to 3 centimeters; moderately decomposed plant material
Bw1—3 to 45 centimeters; ashy fine sandy loam

Bw2—45 to 78 centimeters; cobbly ashy sandy loam

Bw3—78 to 90 centimeters; cobbly ashy sandy loam

2BC—90 to 152 centimeters; very gravelly sandy loam

Sawtooth Soil

Setting

Landform: Bedrock benches, valley walls

Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 50 percent with cobbles
Depth to restrictive feature: 50 to 100 centimeters to lithic bedrock

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
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Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters
Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7.3 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/Paxistima
myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia linearis

Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder

Typical profile

Oi—O0 to 3 centimeters; slightly decomposed plant material
A—3 to 15 centimeters; gravelly ashy sandy loam
Bw1—15 to 35 centimeters; gravelly ashy sandy loam
2Bw2—35 to 45 centimeters; gravelly sandy loam
2BC—45 to 60 centimeters; very cobbly loamy sand
R—60 to 152 centimeters; unweathered bedrock

Despair Soil

Setting

Landform: Bedrock benches, valley walls

Landform position (two-dimensional): Backslopes
Landform position (three-dimensional): Mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 35 to 100 percent

Percentage of surface area covered with rock fragments: 0 to 50 percent with cobbles
Depth to restrictive feature: 25 to 50 centimeters to lithic bedrock
Drainage class: Well drained

Capacity to transmit water (Ksat): High (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters
Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 8.4 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN927WA

Ecological site scientific name: Pseudotsuga menziesii-Pinus ponderosa/Paxistima
myrsinites-Amelanchier alnifolia/Calamagrostis rubescens-Collomia linearis
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Ecological site common name: Frigid/Xeric Coniferous

Common trees: Bigleaf maple, Douglas-fir, grand fir, lodgepole pine, ponderosa pine,
western white pine

Common understory vegetation: Pachistima, serviceberry, tall Oregongrape, birchleaf
spirea, baldhip rose, kinnikinnick, snowbrush ceanothus, pinegrass, narrow-leaved
collomia, western rattlesnake plantain, pathfinder

Typical profile

Oa—-0 to 4 centimeters; highly decomposed plant material
A—4 to 21 centimeters; ashy sandy loam

Bw—21 to 41 centimeters; gravelly ashy sandy loam
R—41 to 152 centimeters; unweathered bedrock

Dissimilar Minor Components

Lyall soils
Percentage of map unit: 5 percent
Landform: Valley walls

Rock outcrop
Percentage of map unit: 5 percent
Landform: Bedrock benches, valley walls

8000—Beaverpass-Purple-Bacon complex, 0 to 15
percent slopes

Map Unit Setting

General landscape: Mountain valleys

Elevation: 545 to 1,745 meters

Mean annual precipitation: 1,397 to 2,616 millimeters
Mean annual air temperature: 2 to 7 degrees C
Frost-free period: 30 to 60 days

Map Unit Composition

Beaverpass and similar soils: 40 percent
Purple and similar soils: 30 percent
Bacon and similar soils: 15 percent
Dissimilar minor components: 15 percent

Beaverpass Soil

Setting

Landform: Depressions, flood plains, terraces

Landform position (two-dimensional): Toeslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Highly decomposed plant material

Properties and qualities

Slope: 0 to 5 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Very poorly drained

Capacity to transmit water (Ksat): Moderately high to very high (see Physical
Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: Frequent (see Water Features table)
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Seasonal high water table (minimum depth): At the soil surface (see Water Features
table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very high (about 47.3 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 6s

Vegetation

Ecological site identification number: RO03XN603WA

Ecological site name: High Mountain Unforested Wetlands

Common vegetation: Barclay’s willow, bluejoint reedgrass, water sedge, white marsh
marigold, black alpine sedge

Typical profile

0Oe1—0 to 18 centimeters; moderately decomposed plant material
0Oe2—18 to 56 centimeters; woody mucky peat

Oa—56 to 91 centimeters; herbaceous muck

Cg1—91 to 107 centimeters; coarse sand

Cg2—107 to 152 centimeters; fine sandy loam

Purple Soil

Setting

Landform: Depressions, flood plains, terraces

Landform position (two-dimensional): Toeslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Highly decomposed plant material over alluvium

Properties and qualities

Slope: 0 to 15 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Very poorly drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: Frequent (see Water Features table)

Seasonal high water table (minimum depth): At the soil surface (see Water Features
table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 22.1 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7s

Vegetation

Ecological site identification number: RO0O3XN603WA

Ecological site name: High Mountain Unforested Wetlands

Common vegetation: Barclay’s willow, bluejoint reedgrass, water sedge, white marsh
marigold, black alpine sedge

Typical profile

0Oa—~0 to 25 centimeters; highly decomposed plant material
A1—25 to 45 centimeters; mucky loam

A2—45 to 58 centimeters; mucky loam

Cg1—58 to 96 centimeters; sandy loam

Cg2—96 to 150 centimeters; loamy sand
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Bacon Soil

Setting

Landform: Depressions, flood plains, terraces

Landform position (two-dimensional): Toeslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Alluvium

Properties and qualities

Slope: 0 to 15 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Very poorly drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: Frequent (see Water Features table)

Seasonal high water table (minimum depth): At the soil surface to a depth of 10
centimeters (see Water Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 8.1 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 6s

Vegetation

Ecological site identification number: RO03XN603WA

Ecological site name: High Mountain Unforested Wetlands

Common vegetation: Barclay’s willow, bluejoint reedgrass, water sedge, white marsh
marigold, black alpine sedge

Typical profile

Oe—0 to 2 centimeters; moderately decomposed plant material
Bg1—2 to 20 centimeters; fine sandy loam

Bg2—20 to 38 centimeters; very fine sandy loam

Cg1—38 to 43 centimeters; coarse sand

Cg2—43 to 80 centimeters; very fine sandy loam

Cg3—80 to 150 centimeters; gravelly sand

Dissimilar Minor Components

Riverwash
Percentage of map unit: 10 percent
Landform: Flood plains, terraces

Terror soils
Percentage of map unit: 5 percent
Landform: Flood plains, terraces

8006—Stetattle-Forbidden-Triumph complex, 15 to 65
percent slopes

Map Unit Setting

General landscape: Mountains
Elevation: 325 to 2,000 meters
Mean annual precipitation: 1,245 to 2,921 millimeters
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Mean annual air temperature: 1 to 7 degrees C
Frost-free period: 30 to 60 days

Map Unit Composition

Stetattle, deciduous, and similar soils: 60 percent
Forbidden and similar soils: 15 percent

Triumph and similar soils: 15 percent

Dissimilar minor components: 10 percent

Stetattle Soil, Deciduous

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash mixed with glacial drift

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 50 percent with
boulders

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN926WA (fig. 64)

Ecological site scientific name: Alnus viridis ssp. sinuata/Sambucus racemosa var.
racemosa/Veratrum viride-Athyrium filix-femina

Ecological site common name: Cryic/Udic Active Natural Disturbance

Common trees: Sitka alder, subalpine fir

Common understory vegetation: Red elderberry, salmonberry, Sitka mountain-ash,
prickly currant, false hellebore, common ladyfern, fireweed, Sitka valerian

Typical profile

A1—0 to 12 centimeters; very stony medial fine sandy loam
A2—12 to 30 centimeters; extremely stony medial fine sandy loam
A3—30 to 55 centimeters; extremely stony medial sandy loam
Bw—55 to 100 centimeters; extremely stony medial sandy loam
2C—100 to 152 centimeters; cobbles

Forbidden Soil

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks

Aspect (range): All aspects

Parent material: Volcanic ash mixed with reworked glacial drift over glacial drift
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Figure 64.—Autumn colors vividly displayed in an area of Stetattle very stony medial fine sandy loam
in Stetattle-Forbidden-Triumph complex, 15 to 65 percent slopes. The ecological sites transition
from the area dominated by deciduous cover (FO03XN926WA) to the adjacent low cryic/udic
coniferous overstory (FO03XN924WA) and upslope to the high cryic/udic coniferous overstory
(FOO3XN925WA).

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 10 percent with
cobbles

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 11.6 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN924WA

Ecological site scientific name: Abies amabilis-Tsuga heterophylla/Vaccinium
membranaceum-Menziesia ferruginea/Gymnocarpium dryopteris-Clintonia
uniflora

Ecological site common name: Low Cryic/Udic West Coniferous

Common trees: Pacific silver fir, western hemlock, Douglas-fir, western redcedar
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Common understory vegetation: Black huckleberry, rusty menziesia, devilsclub,
strawberryleaf raspberry, western oakfern, queencup bead lily, fringecup,
common ladyfern, starry false lily of the valley

Typical profile

Oi—O0 to 4 centimeters; slightly decomposed plant material
Oe—4 to 14 centimeters; moderately decomposed plant material
E—14 to 16 centimeters; ashy gravelly sandy loam

Bw—16 to 46 centimeters; very gravelly ashy sandy loam
2BC1—46 to 68 centimeters; extremely gravelly loamy sand
2BC2—68 to 90 centimeters; extremely gravelly loamy sand
2C—90 to 150 centimeters; extremely gravelly coarse sand

Triumph Soil

Setting

Landform: Debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks

Aspect (range): All aspects

Parent material: Minor amount of volcanic ash mixed with colluvium and residuum

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 20 to 65 percent with
stones

Depth to restrictive feature: 100 to 150 centimeters to paralithic bedrock

Drainage class: Well drained

Capacity to transmit water (Ksat): High (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Very low (about 7.5 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: RO03XN512WA

Ecological site name: Subalpine Parkland - Active Natural Soil Disturbance Complex

Common vegetation: Cascade huckleberry, western pearly everlasting, Sitka
mountain-ash, Sitka valerian, salmonberry, Barclay’s willow, black huckleberry,
broadleaf lupine

Typical profile

A1—0 to 15 centimeters; gravelly ashy sandy loam

A2—15 to 50 centimeters; very cobbly ashy sandy loam
A3—50 to 120 centimeters; extremely cobbly ashy sandy loam
Cr—120 to 152 centimeters; weathered bedrock

Dissimilar Minor Components

Bacon soils
Percentage of map unit: 5 percent
Landform: Terraces, flood plains, depressions
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Riverwash
Percentage of map unit: 5 percent
Landform: Terraces, flood plains

8007—Kimtah-Bacon-Yawning complex, 0 to 35 percent
slopes

Map Unit Setting

General landscape: Mountains, valleys

Elevation: 510 to 2,110 meters

Mean annual precipitation: 1,194 to 2,921 millimeters
Mean annual air temperature: 1 to 7 degrees C
Frost-free period: 30 to 60 days

Map Unit Composition

Kimtah and similar soils: 40 percent
Bacon and similar soils: 30 percent
Yawning and similar soils: 15 percent
Dissimilar minor components: 15 percent

Kimtah Soil

Setting

Landform: Valley walls

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Mixed volcanic ash over colluvium and glacial drift

Properties and qualities

Slope: 0 to 35 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Moderately well drained

Capacity to transmit water (Ksat): Moderately high or high (see Physical Properties
table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): About 40 to 70 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 15.8 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7s

Vegetation

Ecological site identification number: FOO3XN924WA

Ecological site scientific name: Abies amabilis-Tsuga heterophylla/Vaccinium
membranaceum-Menziesia ferruginea/Gymnocarpium dryopteris-Clintonia
uniflora

Ecological site common name: Low Cryic/Udic West Coniferous

Common trees: Pacific silver fir, western hemlock, Douglas-fir, western redcedar
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Common understory vegetation: Black huckleberry, rusty menziesia, devilsclub,
strawberryleaf raspberry, western oakfern, queencup bead lily, fringecup, common
ladyfern, starry false lily of the valley

Typical profile

Oi—O0 to 2 centimeters; slightly decomposed plant material
Oe—2 to 7 centimeters; moderately decomposed plant material
E—7 to 12 centimeters; ashy fine sandy loam

Bs1—12 to 33 centimeters; ashy sandy loam

Bs2—33 to 51 centimeters; ashy sandy loam

2Bg—>51 to 90 centimeters; gravelly sandy loam

2Cg—90 to 150 centimeters; gravelly sandy loam

Bacon Soil

Setting

Landform: Terraces, flood plains, depressions (fig. 65)

Landform position (two-dimensional): Toeslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Alluvium

Properties and qualities

Slope: 0 to 15 percent

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Very poorly drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: Frequent (see Water Features table)

Seasonal high water table (minimum depth): At the soil surface to a depth of 10
centimeters (see Water Features table)

Figure 65.—Typical area of Bacon fine sandy loam in an area of Kimtah-Bacon-Yawning complex,
0 to 35 percent slopes, at Pelton Basin. The rangeland ecological site is ROO3XN603WA.
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Salinity (maximum): Not saline
Sodicity (maximum): Not sodic
Available water capacity (entire profile): Low (about 8.1 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 6s

Vegetation

Ecological site identification number: RO0O3XN603WA

Ecological site name: High Mountain Unforested Wetlands

Common vegetation: Barclay’s willow, bluejoint reedgrass, water sedge, white marsh
marigold, black alpine sedge

Typical profile

Oe—0 to 2 centimeters; moderately decomposed plant material
Bg1—2 to 20 centimeters; fine sandy loam

Bg2—20 to 38 centimeters; very fine sandy loam

Cg1—38 to 43 centimeters; coarse sand

Cg2—43 to 80 centimeters; very fine sandy loam

Cg3—80 to 150 centimeters; gravelly sand

Yawning Soil

Setting

Landform: Mountain slopes, terraces

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Thin volcanic ash over glacial drift and colluvium

Properties and qualities

Slope: 5 to 35 percent

Percentage of surface area covered with rock fragments: 0 to 10 percent with cobbles
Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)
Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 9.1 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7s

Vegetation

Ecological site identification number: FOO3XN924WA

Ecological site scientific name: Abies amabilis-Tsuga heterophylla/Vaccinium
membranaceum-Menziesia ferruginea/Gymnocarpium dryopteris-Clintonia uniflora

Ecological site common name: Low Cryic/Udic West Coniferous

Common trees: Pacific silver fir, western hemlock, Douglas-fir, western redcedar

Common understory vegetation: Black huckleberry, rusty menziesia, devilsclub,
strawberryleaf raspberry, western oakfern, queencup bead lily, fringecup, common
ladyfern, starry false lily of the valley

Typical profile
Oi—0 to 2 centimeters; slightly decomposed plant material
Oa—2 to 8 centimeters; highly decomposed plant material
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E—8 to 14 centimeters; ashy sandy loam

Bs—14 to 32 centimeters; very gravelly ashy sandy loam
2BC—32 to 50 centimeters; extremely cobbly sandy loam
2C1—50 to 100 centimeters; extremely cobbly sandy loam
2C2—100 to 150 centimeters; extremely cobbly sandy loam

Dissimilar Minor Components

Purple soils
Percentage of map unit: 10 percent
Landform: Flood plains, depressions

Riverwash
Percentage of map unit: 5 percent
Landform: Flood plains, depressions

8009—Chilliwack-Perfect-Terror complex, 15 to 65
percent slopes
Map Unit Setting

General landscape: Mountains

Elevation: 490 to 1,645 meters

Mean annual precipitation: 1,194 to 2,515 millimeters
Mean annual air temperature: 2 to 8 degrees C
Frost-free period: 30 to 60 days

Map Unit Composition

Chilliwack, warm, and similar soils: 40 percent
Perfect and similar soils: 30 percent

Terror and similar soils: 15 percent

Dissimilar minor components: 15 percent

Chilliwack Soil, Warm

Setting

Landform: Debris aprons, debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Volcanic ash over glacial drift

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 8.7 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 6s
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Vegetation

Ecological site identification number: FOO3XN924WA

Ecological site scientific name: Abies amabilis-Tsuga heterophylla/Vaccinium
membranaceum-Menziesia ferruginea/Gymnocarpium dryopteris-Clintonia
uniflora

Ecological site common name: Low Cryic/Udic West Coniferous

Common trees: Pacific silver fir, western hemlock, Douglas-fir, western redcedar

Common understory vegetation: Black huckleberry, rusty menziesia, devilsclub,
strawberryleaf raspberry, western oakfern, queencup bead lily, fringecup,
common ladyfern, starry false lily of the valley

Typical profile

Oe—0 to 3 centimeters; slightly decomposed plant material
E—3 to 13 centimeters; medial sandy loam

Bs1—13 to 34 centimeters; gravelly medial sandy loam
Bs2—34 to 46 centimeters; gravelly medial sandy loam
2BC—46 to 70 centimeters; extremely gravelly loamy sand
2C—70 to 150 centimeters; extremely gravelly loamy sand

Perfect Soil

Setting

Landform: Debris aprons, debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks

Aspect (range): All aspects

Parent material: Minor amount of volcanic ash mixed with colluvium and reworked
glacial drift

Properties and qualities

Slope: 15 to 65 percent

Percentage of surface area covered with rock fragments: 0 to 30 percent with
stones

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties
table)

Flooding frequency: None

Ponding frequency: None

Seasonal high water table (minimum depth): More than 200 centimeters

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Low (about 10.4 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7e

Vegetation

Ecological site identification number: FOO3XN924WA

Ecological site scientific name: Abies amabilis-Tsuga heterophylla/Vaccinium
membranaceum-Menziesia ferruginea/Gymnocarpium dryopteris-Clintonia
uniflora

Ecological site common name: Low Cryic/Udic West Coniferous

Common trees: Pacific silver fir, western hemlock, Douglas-fir, western redcedar

Common understory vegetation: Black huckleberry, rusty menziesia, devilsclub,
strawberryleaf raspberry, western oakfern, queencup bead lily, fringecup,
common ladyfern, starry false lily of the valley
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Typical profile

Oi—O0 to 3 centimeters; slightly decomposed plant material

Oe—3 to 4 centimeters; moderately decomposed plant material
Bw—4 to 7 centimeters; ashy sandy loam

Oe—7 to 11 centimeters; moderately decomposed plant material
Eb—11 to 13 centimeters; ashy sandy loam

Bwb—13 to 39 centimeters; gravelly ashy sandy loam

2BCb1—39 to 73 centimeters; extremely cobbly loamy sand
2BCbh2—73 to 752 centimeters; extremely gravelly loamy coarse sand

Terror Soil

Setting

Landform: Debris aprons, debris cones

Landform position (two-dimensional): Footslopes

Landform position (three-dimensional): Lower third of mountainflanks
Aspect (range): All aspects

Parent material: Mixed volcanic ash over glacial drift and colluvium

Properties and qualities

Slope: 15 to 35 percent

Percentage of surface area covered with rock fragments: 0 to 10 percent with
cobbles

Depth to restrictive feature: None within a depth of 150 centimeters

Drainage class: Moderately well drained

Capacity to transmit water (Ksat): High or very high (see Physical Properties table)

Flooding frequency: Occasional (see Water Features table)

Ponding frequency: None

Seasonal high water table (minimum depth): About 50 to 80 centimeters (see Water
Features table)

Salinity (maximum): Not saline

Sodicity (maximum): Not sodic

Available water capacity (entire profile): Moderate (about 15.8 centimeters)

Land capability classification
Land capability subclass (nonirrigated): 7s

Vegetation

Ecological site identification number: FOO3XN924WA

Ecological site scientific name: Abies amabilis-Tsuga heterophylla/Vaccinium
membranaceum-Menziesia ferruginea/Gymnocarpium dryopteris-Clintonia uniflora

Ecological site common name: Low Cryic/Udic West Coniferous

Common trees: Pacific silver fir, western hemlock, Douglas-fir, western redcedar

Common understory vegetation: Black huckleberry, rusty menziesia, devilsclub,
strawberryleaf raspberry, western oakfern, queencup bead lily, fringecup, common
ladyfern, starry false lily of the valley

Typical profile

Oe—0 to 5 centimeters; moderately decomposed plant material
Oa—>5