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P R E F A C E

This soil survey is intended to serve several groups of readers.  It
will help those interested in farming and gardening to select suitable
locations and to plan the kind of management that will protect their
soils and provide good yields. It will assist community planners and
engineers in selecting sites for buildings, roads, and other structures.
It is also intended to provide detailed information about this part of
Alaska to soil scientists and others interested in soils.

In making this survey soil scientists examined and described soils in
every part of the Area and, on aerial photographs, prepared a map
showing the distribution of the soils.  Boundaries of soils are outlined
and a distinctive symbol identifies each different kind of soil.

Persons interested in farming or gardening on a particular tract of
land should first locate that tract on the soil map, and then identify
the soils in that place.  They will find descriptions of these soils in
the section headed “ Soils” , and a discussion of the suitability of the
soils for crops and good management practices in the section, “ Use and
Management of the Soils” .

Engineers and others concerned with construction will find general
information on the physical characteristics of the soils in the section,
“ Engineering Applications” .  Classification of the soils is discussed
briefly in a section intended primarily for soil scientists.

Field work for this survey was completed in 1966, and all statements
in the report refer to conditions at that time.  The soil survey is
part of the technical assistance furnished by the Soil Conservation
Service to the Alaska Soil Conservation District.  Additional help in
planning can be obtained from the staff of the Soil Conservation
Service in Palmer.

* * * * * * *
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SOILS OF THE BETHEL AREA, ALASKA

The Bethel Soil Survey Area includes about 18 square miles in the

vicinity of Bethel located on the Kuskokwim River about 60 miles above

its mouth on the Bering Sea.  The Area is bounded on the east by the

meandering Kuskokwim River.  The northern boundary coincides with the north

line of Township 8 North and the southern boundary with the section line

4 miles to the south.  Its western boundary coincides with the west line

of Range 71 West. Elevations range from about 17 feet at river level

to slightly more than 100 feet on low hills of the tundra.  Included in

the Area are portions of the Kuskokwim River floodplain and of the upland

behind Bethel.  The floodplain is nearly level, but near the main channel

it is much dissected by sloughs, overflow channels, and channel scars.

Farther from the river, marshes, and lakes commonly occur.  Seasonal

flooding covers all but the highest points in the bottoms.  Low-growing

alder and willows are the dominant vegetation.  The floodplain consist

of deep alluvial deposits of stratified silts and fine sands. The principal

soils are the well drained Susitna soils on the natural levees, and the

poorly drained Tupuknuk soils developed in silty materials in slack

water areas.

An escarpment ranging from 10 to 50 feet in height separates the

upland tundra from the floodplains.  The tundra is underlain by stratified

silty and sandy deposits chiefly of alluvial origin.  A thin mantle of

silty loess covers the uplands in most places.  A few stabilized sand

dunes occur, mostly near the top of the escarpment bordering the flood-

plain.  Occasional blowouts occur where the vegetative mat has been

broken.  Soils are commonly perennially frozen at shallow depths and the



permafrost is as much as 450 feet thick in places (2). Many large and

small thaw lakes and beds of formerly existing lakes occur.  In some places

surface drainage is slow because of the complex drainage system through

drained thaw lakes and tidal action along the low course of streams

tributary to the Kuskokwim River.  The most extensive soils of the tundra

are those of the Kuskokwim Series.  These are poorly drained silty soils

with shallow permafrost tables. The sandy Kwethluk soils occupy low knolls,

and the Napaishak and Tupuknuk soils occupy the floors of drained thaw

lakes.

The vegetation of the tundra is dominated by sedges, sphagnum moss,

Labrador tea, dwarf birch, and other low-growing tundra shrubs and forbs.

On decomposition, these form a thick insulating, peaty mat on the soil

surface.  Sites with better drainage, usually on sandy knolls or slopes,

support lichens, shrubs, and forbs with fewer mosses and sedges.  Thick

stands of bluejoint grass occur on the beds of drained thaw lakes.

CLIMATE

The Area has a cold maritime climate with short cool summers and

long cold winters. All seasons are characterized by high humidity, frequent

fogs, considerable cloudiness, and many periods of light rain or, in winter,

snow showers. Middle and late summer is typically the wettest season.

On average, the temperature reaches 70oF or more only 8 days each year,

and falls to 0oF or below.  The record high temperature is 90oF, and the

record low is –52 oF. The prevailing winds are from the north-no rtheast,

but southerly winds are common during middle and late summer. Mean monthly

precipitation, temperature, and inches of snowfall are given in Table 1.
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Table 1.  Mean monthly temperatures, precipitation, and inches of snowfall, Bethel Area, Alaska

   (18 Year Record through 1960)

 J    F      M  A   M     J      J      A    S     O       N   D   Annual

Temperatures, oF    Mean

Mean Max. 12.2 15.5 19.6 32.6 48.9 60.1 62.3 58.4 51.3 37.0 24.0 10.6 36.1

Mean Min. –2.1   -0.2  1.2 15.7 32.3 43.5 47.7 46.4 38.3 25.4 11.0 -2.9 21.4

 Mean  4.4  8.0 10.4 24.2 40.6 51.8 55.0 52.4 44.8 31.2 17.5 4.0 28.7

Precipitation, inches of moisture     Sum

1.12 1.27 1.25  .59 1.06 1.27 2.17 4.53 2.66 1.55 1.02 1.08 19.57

Snowfall, inches

10.5 10.5 11.2  4.6 1.1 Tr  0  0  .4  3.4  7.6 10.2  59.5

-
 
3
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INDUSTRY AND COMMERCE

Bethel was originally the site of an Eskimo village called

Mumtrekhlogamute, and later, a trading post for the Alaska Commercial

Company (3).  Bethel mission was established at the site in 1885 by the

Moravian Church.  The town soon became a supply and transportation center

for the native village and mining camps in south western Alaska, and

remains the most important supply center for the region.  Bethel is the

head of navigation for ocean-going vessels.  Supplies are transferred

to barges for up-river points.  There is open navigation on the river

from June to October.

Bethel had a population of 1258 in 1960.  Facilities include tele-

graph and telephone, schools, medical services, churches, and stores.

Scheduled air service is available to Anchorage and to other villages in

the region.

HOW SOILS ARE NAMED, MAPPED, AND CLASSIFIED

Soils are made up of a series of nearly horizontal layers, or horizons.

A soil profile is the sequence of these horizons from the surface down to the

underlying material which has not been altered by weathering or by  plant

roots.  Soils that have profiles almost alike make up a soil series.  All

soils of one series have major horizons that are similar in important

characteristics.  These include (1) color; (2) texture, or relative

proportions of gravel, sand, silt, and clay; (3) structure, or arrangement of

soil particles into aggregates or clusters; (4) consistence, or degree  of

compaction and plasticity; (5) aeration and drainage conditions; (6)

reaction, or degree of acidity or basicity; (7) thickness; and (8)
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arrangement in the profile.  Each soil series is named for a town or other

geographic feature near where it was first observed.

Soil series are further subdivided on the basis of external features

that are important in the use and management of the soil.  These sub-

divisions are called phases.  Where two soils occur in such intimate asso-

ciation that they cannot be delineated separately on a map, they are mapped

as soil complexes.

Areas that have little plant cover, or that are frequently inundated

by tides are called miscellaneous land types rather than soils.

Mapping units on the soil map of the Bethel Area are soil series, a

complex of two soil series, slope phases of some series, and land types.

Because it is not possible, even on a detailed map, to show very small areas

of a soil, most mapping units contain patches of soil of some other kind that

were too small to delineate separately.

SOILS

Six soil series 1/ and one land type are recognized in the Bethel

Area. The location and distribution of the soils are shown on the soil    map

attached to the back of this report.  Their acreages and proportionate extent

are given in Table 2.

Fresh Water Marsh

Fresh water marsh consists of areas with the water table always at

or near the surface and that are periodically flooded with fresh water

during the spring thaw or in periods of prolonged rainfall.  Extensive

areas, as much as several hundred acres in size, occur on the alluvial

1/  Except for the Susitna series, all the soil series in the Bethel Area
are tentative and are subject to review and possible correlation with other series.
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Table 2. Acreage and proportionate extent of soils of Bethel Area,
Alaska.

    Approx.   Proportionate
 Map     Field      Area Extent
Symbol   Symbol Soil or Land Type     (acres)   (%)

Fm 252 Fresh water marsh 2,027 19.4
KuA 249A Kuskokwim silt loam, 0 to 3% 3,728 35.6

  slopes
KuB 249B Kuskokwim silt loam, 3 to 7%    42   .4

  slopes
KkA   249-250A Kuskokwim-Kwethluk Complex,    29   .3

  0 to 3% slopes
KkB   249-250B Kuskokwim-Kwethluk Complex, 1,358 13.0

  3 to 7% slopes
KkC   249-250C Kuskokwim-Kwethluk Complex,   428  4.1

  7 to 12% slopes
KKD   249-250D Kuskokwim-Kwethluk Complex   127  1.2

  12 to 20% slopes
Na 253A Napaishak loamy fine sand   216  2.1
Su  76A Susitna fine sandy loam 1,240 11.9
Tk 251A Tuluksak loamy very fine sand   428  4.1
Tu 254A Tupuknuk silt loam   821          7.9     

Total Land Area  10,445 100.0
Water Areas  1,020
Total Map Area 11,465
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plains bordering the Kuskokwim River.  A large area contains Hanger Lake,

and bodies of water ranging in size from potholes to large lakes are

common in all areas.  Small areas of fresh water marsh occur in the beds

of some drained thaw lakes.

Most areas support a rank growth of water-tolerant plants.  The

principal plants are marsh cinquefoil, sedges, horsetail, sphagnum

moss, and in places, willows.  The chief uses are for wildlife and

recreation.

This land type is assigned to Capability subclass VIIIw.

Kuskokwim Series

The Kuskokwim series consists of poorly drained silty soils with

thick peaty surface mats and perennially frozen substrata.  A typical

profile consists of a peaty mat about 12 inches thick over dark gray

silt loam mottled with dark brown in the upper few inches and frozen at

depths of less than one foot. Free water is perched over the permafrost;

typically the soil is saturated to the surface. Nearly level areas

commonly have standing surface water.  The soil is strongly acid

throughout.  The Kuskokwim series constitute the principal soils of the

tundra.  In many places they are closely associated with the well to

moderately well drained sandy Kwethluk soils which occur on low hills

and on convex slopes bordering thaw lakes.  Slopes range from 0 to 7

percent but are dominantly nearly level with slope gradients of less

than 3 percent. These nearly level areas commonly contain a few short

narrow slopes of 4 or 5 percent which were too small to show on the maps.

Other areas too small to delineate separately consist of marshy spots,

and small areas of Napaishak soils.  In addition to the Kuskokwim
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mapping units, a Kuskokwim-Kwethluk Association was mapped. It is

described under that heading.

The vegetation consists of a thick growth of sedges, sphagnum moss,

dwarf birch, low-growing willows, and other low shrubs.  Tussock-forming

sedges and sphagnum moss are dominant on very poorly drained, nearly level

areas.

Representative profile of Kuskokwim silt loam, SW¼ NE¼, Sec. 8, T8N,
R71W, SM.  (This profile was described in a cut bank; the permafrost
table typically is less than 12 inches deep, and was so a few feet behind
the cut bank).

011 11-7” Brown (7.5YR 4/4) coarse fibrous moss and sedge peat;
abrupt wavy boundary.

012  7-0” Dark brown (7.5YR 3/2) coarse sedge peat, with diagonal
black streaks of burned peat; abrupt wavy boundary.

C1g  0-5” Dark gray (5Y 4/1) silt loam with patches and dis-
continuous streaks of very dark brown (10YR 2/2) and
black (5YR 2/1); moderate thin platy structure; friable;
many roots; near the base of the horizon are a few
pockets of dark yellowish brown (10YR 4/4) sandy loam
with weak thin platy structure; very strongly acid;
abrupt wavy boundary.

C2g   5-13” Dark gray (5Y 4/1) silt loam with common medium distinct
mottles of brown (7.5YR 4/4) and a few discontinuous
thin lenses of fine sand; moderate thin platy structure;
loose; very strongly acid; abrupt irregular boundary.

IIC4  25-48” Mixed gray (5Y 5/1) and brown (10YR 4/3) fine sand;
single-grain, but tendency towards very weak very thin
platiness in place; loose; no roots below 36”; a few
lenses of dark gray (N 4/ ) very fine sand; very
strongly acid; gradual boundary.

IIC5  48-60” Dark gray (N 4/ ) fine sand with common large distinct
mottles of brown (10YR 4/3); single-grain but tendency
towards very weak thin platy structure in places; loose.

Thickness of the peaty mat ranges from 6 to 18 inches.  The seasonal

thaw depth is related to the thickness of the insulating mat.  In places

a thin layer of very fine sandy loam, probably volcanic ash, occurs near
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the bottom of the peaty mat.  More abundant and larger mottles occur in

profiles that seasonally thaw to depths of 18 inches or deeper.

Two slope phases of Kuskokwim soils were mapped:

Kuskokwim silt loam, 0 to 3% slopes
Kuskokwim silt loam, 3 to 7% slopes

Both mapping units are assigned to capability unit VIIw.

Kuskokwim-Kwethluk Complex

This mapping unit consists of two distinctly different soils that

are so intermixed that it was not feasible to map them separately.  Both

soils are described in detail elsewhere in this section.  The Kuskokwim-

Kwethluk complex occurs on the upland tundra.  It is most extensive south

of the Airport Road.  The Kwethluk soils occur in small areas, generally

of three to ten acres.  Only a few areas are larger.  They are on low

knolls, on convex slopes bordering drainageways, and in areas adjacent to

drained thaw lakes.  The Kuskokwim soils occupy the nearly level areas

between the short slopes or knolls of the Kwethluk soils.

Several characteristics help to distinguish the Kwethluk and

Kuskokwim soils in the field.  In addition to differences in position and

slope, these include vegetation, drainage, and texture.  The Kuskokwim

soils have a thick surface mat and a large proportion of sedges and

sphagnum moss; the Kwethluk soils have a thin mat with polytrichum moss

and low-growing shrubs and forbs.  The water table is normally near the

surface in the Kuskokwim soils, but is several feet deep in the Kwethluk

soils by mid-summer.  The Kuskokwim soils are generally silty in the upper

part, and the Kwethluk soils are sandy throughout.

Kuskokwim soils make up about 60 percent of the Association,
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Kwethluk soils about 30 percent, and inclusions of other soils about

10 percent

Four slope phases of the Association were mapped

Kuskokwim-Kwethluk Complex, 0 to 3% slopes
Kuskokwim-Kwethluk Complex, 3 to 7% slopes
Kuskokwim-Kwethluk Complex, 7 to 12% slopes
Kuskokwim-Kwethluk Complex, 12 to 20% slopes

All mapping units are assigned to capability unit VIIw. However,

the Kwethluk soils are among the better suited soils in the area for

gardens. If they had been mapped separately and assigned to a capability

subclass, the soils on 0 to 3% slopes, 3 to 7% slopes, and 7 to 12%

slopes would have been in capability subclass IIIe and those on 12 to

20% slopes would have been in subclass IVe.

Kwethluk Series

The Kwethluk series consists of well to excessively drained, very

strongly acid soils formed in stratified sandy deposits.  A typical

profile has a thin mat of organic materials and dark brown to brown

sandy surface horizons, changing to olive gray to olive with depth.  A

few thin strata on silt loam may occur in the soil profile.  Permafrost

is commonly at depths greater than 40 inches.  The soil is generally

saturated immediately above the permafrost table.

The vegetation consists of hypnum and polytrichum mosses, lichens,

and other low-growing tundra plants.

Representative profile of Kwethluk loamy fine sand, SE¼ SE¼, Sec.

18, T8N, R71W, SM.

01  1-0” Dark reddish brown (5YR 2/2) organic materials in various
stages of decay; silt loam; admixturer; charcoal
fragments; many roots; abrupt smooth boundary.
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A1  1-7” Dark brown (7.5YR 3/2) loamy fine sand; very weak very
fine granular structure; very friable; common roots;
clear smooth boundary.

AC  7-15” Brown (10yr 4/3) fine sand; massive in place but tendency
towards very weak very thin platy structure; loose; few
roots, abrupt smooth boundary.

C1 15-18” Dark grayish brown (2.5Y 4/2); fine sand; massive; loose;
few roots; abrupt smooth boundary.

C2 18-19” Olive gray (5Y 5/2) silt loam; weak very thin platy
structure; friable; few roots; abrupt smooth boundary.

C3 19-20” Very dark grayish brown (2.5Y 3/2) fine sand; single
grain; loose; no roots; abrupt smooth boundary.

C4 20-32” Olive (5Y 4/3) fine sand; single grain; loose; no roots;
abrupt smooth boundary.

C5 32-48” Olive gray (5Y 4/2) fine sand; single grain; loose; no
roots; water table at 40 inches.

The depth to permafrost may be as little as 20 inches in profiles with

an insulating surface mat that is 3 or 4 inches thick.  In places a

splotched reddish brown B horizon has developed.  The surface soil may

be silty to a depth of 10 or 15 inches.

The Kwethluk soils are not shown as individual units on the map in

the back of this report.  They were mapped only as part of the Kuskokwim-

Kwethluk Association, which is described in detail under the heading.

Most of the Kwethluk soils are suitable for garden vegetables, but areas

are generally too small for large fields.  See the description of the

Kuskokwim-Kwethluk Association for comments on the capability classification

of these soils.

Napaishak Series

The Napaishak series consists of poorly drained stratified sandy and

silty soils in the beds of drained thaw lakes and in the drainageways
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connecting them.  They have dark brown upper layers containing many reddish

to olive mottles, and an olive substratum which is perennially frozen below

depths of about 24 inches.  The soils are strongly acid.  Slopes are nearly

level, with the slope gradients dominantly less than one-half percent.

Many areas are periodically flooded by intermittent lakes during spring

thaw and snow melt.  Small shallow lakes and potholes are common in many

areas.  The water table is commonly near the surface.  The Napaishak and

Tuluksak soils are closely associated in places and the boundary may be

gradual.  The Tuluksak soils occupy the borders of drained thaw lakes and

higher spots within areas of Napaishak soils.

The vegetation is typically a thick growth of bluejoint grass, sedges,

horsetail, and shrubby willows.

Representative profile of Napaishak loamy fine sand, SE¼ NW¼, Sec. 17,

T8N, R71W, SM.

011  2-1” Undecomposed straw, some hypnum moss, and living roots;
abrupt smooth boundary.

012  1-0” Dark brown (7.5YR 4/4) slightly decomposed sedge peat;
many roots; abrupt smooth boundary.

C1 0-1½” Brown (10YR 4/3) silt loam; weak very fine granular
structure; very friable; many roots; abrupt smooth
boundary.

C2g 1½-12” Dark brown (10YR 3/3) loamy fine sand with common large
faint mottles of olive brown (2.5Y 4/4); very weak very
thin platy structure; very friable; roots common; clear
wavy boundary.

C3g 12-18” Dark brown (10YR 3/3) loamy fine sand with common medium
faint mottles of very dark grayish brown (10YR 3/2); weak
very thin platy structure; very friable; few roots;
abrupt smooth boundary.

C4gf 18-23” Olive gray very fine sandy loam with thin lenses of silt
loam; massive; nonsticky; nonplastic; few dead roots;
frozen July 21, 1966.
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In some areas the surface soil is silt loam to a depth of 9 or 10

inches.  Silty lenses may occur throughout the profile.  Many large

prominent reddish and yellowish mottles occur in some profiles.  Where

the surface organic mat is several inches in thickness, the permafrost

table may be as shallow as 8 inches.  Included in the mapping unit are

small areas of the Kwethluk, Tuluksak, and Tupuknuk soils.

The soils are assigned to capability subclass VIIw.

Susitna Series

The Susitna series consists of moderately well to well drained,

medium textured, acid soils on the alluvial plains bordering the Kusko-

kwim River.  A typical profile has a thin layer of decomposing plant

litter over very dark gray stratified silty and sandy alluvial sediments

with a few brown and yellow mottles and with lenses of organic matter.

The sand content increases below depths of 30 inches.  Slopes are nearly

level; the dominant gradients are less than one-half percent, but long

narrow areas on natural levees and between swales may have slope gradients

of three percent.  Susitna soils typically occur in large tracts which

are in places dissected by stream channels, abandoned channels, and

oxbows.

The vegetation is alder and willow forest.  The ground cover consists

of horsetail, bluejoint grass, and associated plants.

Representative profile of Susitna fine sandy loam, SW¼ NE¼, Sec. 21,
T8N, R71W, SM.

01 ½-0” Undecomposed plant litter; abrupt smooth boundary.

C1 0-7½” Very dark grayish brown (2.5Y 3/2) fine sandy loam with a
few thin discontinuous strata of silt loam; massive; very
friable; roots common; discontinuous layer of partially
decomposed organic matter at base of horizon; strongly
acid; clear smooth boundary.
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C2 7½-29” Dark gray (5Y 4/1) silt loam with thin strata, ½ to 2”
thick, of fine sand; few fine and medium distinct mottles
of brown (10YR 4/3), and a few strata less than ½”thick of
very dark brown decomposed organic matter with a silty
admixture; weak very thin platy structure; very friable;
roots common in upper part; very strongly acid; clear
smooth boundary.

C3 29-37” Olive gray (5Y 4/2) loamy fine sand with thin strata of
dark gray (5Y 5/1) silt loam; massive; loose; very strongly
acid.

Susitna fine sandy loam is assigned to capability subclass IIIc.

Tuluksak Series

The Tuluksak series consists of moderately well to somewhat poorly

drained strongly acid soils occupying the higher portions of beds of drained

thaw lakes, areas bordering lakes, and narrow discontinuous bands on slopes

bordering drainageways.  A typical profile consists of a thin mat of living

moss, a very thin grayish upper horizon, and a reddish to dark brown horizon

which grades at depths of about 8 inches to a mottled stratified substratum.

Permafrost occurs at about 20 inches.  Free water is commonly perched above

it. All except the highest areas on knolls and slopes are periodically

flooded.  Slopes are dominantly less than three percent.

The vegetation consists of low-growing plants characteristic of the

tundra.  Common plants included mosses, lichens, dwarf birch, Labrador tea,

willows, and sedges.

Representative profile of Tuluksak fine sandy loam, SE¼ SE¼, S ec. 18,
T8N, R71W, SM.

01 1-0” Mat of living polytricnum moss.

A2 0-2” Grayish brown (10YR 5/2) silt loam; massive; friable; few
roots; clear wavy boundary.

B2 2-4” Mixed dark reddish brown (2.5YR 2/4) and very dusky red
(2.5YR 2/2) loamy very fine sand; weak very fine granular
structure; friable; few roots; abrupt irregular boundary.
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B3 4-8” Dark brown (7.5YR 3/2) fine sand, very weak very thin
platy structure; friable; clear wavy boundary.

C1 8-20” Mixed very dark grayish brown (10YR 3/2), dark brown
(7.5YR 4/4), and olive gray (5Y 5/2) stratified fine
sand and silt loam with many medium distinct mottles
of dark yellowish brown (10YHR 4/4); massive, with
tendency towards platiness; very friable; no roots;
contains many smooth walled vesicles; frozen with clear
ice lenses at 20 inches.

The surface organic mat may be as much as 4 inches thick; depth to

permafrost is related to the thickness of the mat.  The B horizon ranges

from 3 to 10 inches in thickness and may have splotched colors throughout.

The texture of the soil is commonly stratified fine sand and silt loam,

but in places is fine sand throughout.

Tuluksak fine sandy loam is assigned to capability subclass IVw.

Tupuknuk Series

The Tupuknuk series consists of poorly drained silty soils on the

floodplains of the Kuskokwim River and secondary streams.  A typical

profile has a thin mat of decomposing plant litter over mottled gray silt

loam containing many thin strata of buried peat in the upper part.  A few

sandy lenses may occur.  The soils are strongly acid.  The watertable is

always near the surface.  Permafrost typically occurs at depths of 30 to

40 inches.  Free surface water stands on low areas much of the time, and

small ponds are common in all areas.  The Tupuknuk soils on the Kuskokwim

floodplain are periodically flooded, mostly in spring following the

snowmelt and thaw.

Areas of these soils are as large as several hundred acres.  There

are many spots of Fresh water marsh and unnamed sandy soils that were too

small to show on the maps. In some places the boundary is gradual between

Fresh water marsh and the Tupuknuk soils.  Tupuknuk soils dominantly have
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slope gradients of less than one-half percent; however, areas on the flood-

plains of tributary streams range up to three percent.

The vegetation is a thick, low forest of alder and willows with a ground

cover of horsetail, dwarf birch, and other low-growing shrubs.

Representative profile of Tupuknuk silt loam, SE¼ SE¼, Sec. 2, T8N,
R71W, SM.

01 4-0” Dark reddish brown (5YR 2/2) mat of partially decomposed
organic matter with silty admixture; many roots; abrupt
smooth boundary.

C1g 0-10” Olive gray (5Y 4/2) silt loam, with common medium distinct
mottles of brown (10YR 4/3); weak thin platy structure;
very friable; roots common; many thin lenses of sedge
peat; clear smooth boundary.

C2g 10-14” Dark gray (N 4/ ) silt loam with common medium distinct
mottles of dark reddish brown (5YR 3/4); weak thin platy
structure; very friable; few roots; clear smooth boundary.

C3g 14-34” Dark gray (5Y 4/1) silt loam with common large distinct
mottles of brown (10YR 4/3); weak very thin platy structure
very friable; no roots; frozen with clear ice lenses at
30 inches; gradual boundary.

C4fg 34-40” Dark gray (5Y 4/1) silt loam with common medium distinct
reddish brown (5YR 4/4) mottles; frozen; no roots.

Thin strata of fine sand and peaty strata may occur throughout the

profile.  Depth to permafrost table ranges from 12 to 40 inches.

Tupuknuk silt loam is assigned to capability subclass VIIw.

USE AND MANAGEMENT OF THE SOILS

Cool humid summers and low soil temperatures limit the choice of crops

in the Bethel Area.  Potatoes, other cool season vegetables, and grasses

are best suited.  Small grains probably will not mature in most years.

Soils in most of the Area are not well suited for farming or gardening.

Cropping is recommended on only two soils, Susitna fine sandy loam and

Kwethluk loamy fine sand.  The Susitna soils, on natural levees bordering
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the river are the best soils for crops, but they frequently flood in the

spring.  The Kwethluk soils, on knolls and slopes of the tundra, occur

commonly in very small patches and are therefore suitable only for small

gardens.  A third soil, Tuluksak silt loam, is generally quite wet and is

only marginally suitable for crops.

The other soils of the Area are mostly too wet and cold for cropping.

Drainage for this purpose is not considered to be feasible at reasonable

cost.  The tundra vegetation on these soils, which are dominant in the

area surrounding Bethel, is suitable as reindeer range.

Capability Classification

The capability grouping is a system of classification designed to

show the relative suitability of soils for crops, grazing, forestry, and

wildlife. It is a practical grouping based on the needs and limitations

of the soils, the risks of damage to them, and their response to manage-

ment.  In this report soils have been grouped on two levels, the capa-

bility class and the subclass.

The capability class is identified by a Roman numeral.  All the soils

in one class have limitations and management problems of about the same

degree, but of different kinds.  There are eight of these general classes

in the system.  In classes I, II, III, and IV are soils that are suitable

for annual or periodic cultivation of annual or short lived crops.  Class

I soils are those that have the widest range of use and the least risk

of damage.  Class II and III have increasingly narrow ranges of use.

Class IV soils can be cultivated only under very careful management.

In classes V, VI, and VII are soils that normally should not be

cultivated for annual or short lived crops but that can be used for pasture,
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for woodland, or for plants that support or shelter wildlife.  Soils in

class VIII have no agricultural value, but may be useful for watershed

protection or for wildlife.

The subclass designation is based on the dominant kind of limitation.

The letter symbol "e" means that the main limiting factor is risk of erosion

if the plant cover is not maintained.  The symbol "w" means that excess

water retards plant growth or interferes with cultivation.  The symbol "s"

means that the soils are shallow, droughty, or low in nutrients.  The

symbol "c" means that choice of crops is limited by climatic factors.

Primarily because of low summer temperatures and the resulting limited

range of use of the soils, classes I and II are not recognized in the

Bethel Area.

In the section below, each subclass is described briefly, the soils

in each are listed, and some suggestions on use, management, and conserva-

tion are made.  Specific recommendations are not given for kinds and amounts

of fertilizer, crop varieties, or seeding rates, because these recommendations

change as new information is obtained and new crop varieties are developed.

Soil samples from individual fields may be mailed to the Cooperative Exten-

sion Service, University of Alaska, College, Alaska, for laboratory tests and

specific fertilizer recommendations.

Subclass IIIc – Nearly level, well drained to moderately well drained soils.

Susitna fine sandy loam

These are the most suitable soils in the Area for farming and gardening.

They are medium textured and have a fairly high water holding capacity.

They are strongly acid and need fertilizer and, if available, lime for
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successful crop production.  Tilth and infiltration rates of water can

be maintained by regular additions of organic matter.  Seasonal flooding

and a high water table commonly occur during the spring thaw.  However,

these soils are ordinarily dry enough to work by planting time.  They

are well suited to vegetables and other climatically adapted crops.

If the Kwethluk soils had been delineated separately, soils on

slopes ranging up to 12 percent would have been included in this capability

subclass.  These soils are sandy and are also strongly acid and low in

plant nutrients.  They are susceptible to wind erosion on exposed knolls

and slopes.

Subclass IVw. – Moderately well to somewhat poorly drained soils in areas
bordering lake beds and drainageways.

Tuluksak silt loam

These medium textured soils are perennially frozen at depths of

about 20 inches, with water perched above the permafrost.  In low-lying

areas the water table may rise to the surface during prolonged rains.

The areas that are best suited for crops occupy small knolls and the

outer rims of drained thaw lakes.  The lower areas are more subject to

periodic flooding and a seasonally high water table.  For successful

crop production fertilizer is needed on these acid soils.  The erosion

hazard is slight except along drainageways, where it is moderate because

of possible streambank cutting.

Subclass VIIw – Somewhat poorly to poorly drained soils with high
permafrost tables.

Kuskokwim silt loam, 0 to 3 percent slopes
Kuskokwim silt loam, 3 to 7 percent slopes
Kuskokwim-Kwethluk Association, 0 to 3 percent slopes
Kuskokwim-Kwethluk Association, 3 to 7 percent slopes
Kuskokwim-Kwethluk Association, 7 to 12 percent slopes
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Kuskokwim-Kwethluk Association, 12 to 20 percent slopes
Napaishak loamy fine sand
Tupuknuk silt loam

Ground water perched above permafrost keeps these soils permanently

wet.  Some areas of the Kuskokwim and almost all the Napaishak soils occupy

depressions which receive runoff from adjacent areas. Even on areas with

better surface drainage it is doubtful if these soils could be economically

drained.  If the insulating surface mat is removed, the surface will subside

as a result of deeper thaw and the resulting depression would receive seep-

age from adjacent areas.  The low-growing tundra vegetation produces only

poor forage for cattle and sheep, but is suitable as reindeer range.

See the discussion of capability subclass IIIc for comments on the

Kwethluk soils.

Subclass VIIIw – Perennially flooded areas

Fresh water marsh

The water table is always above the surface in these areas.  Small

lakes and potholes are common.  Sedges, horsetails, willows, marsh

cinquefoil, and other aquatic plants provide plant cover.  These soils

are best used for wildlife and recreation.

ENGINEERING APPLICATIONS

This information in this section, together with the soil map and the

descriptions of soils given above, can be used in a general way to deter-

mine soil conditions of significance in engineering.  It is important to

recognize that this will not eliminate the need for detailed investigations

at the site of any proposed construction.

Many engineers classify soil materials in accordance with the system
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approved by the American Association of State Highway Officials (1).  In

this system, soil materials are classified in seven principal groups.

The groups range from A-1, consisting of gravelly soils of high bearing

capacity, to A-7, consisting of clay soils having low strength when wet.

Other engineers prefer to use the Unified Soil Classification

System (6).  In this system, soil materials are identified as coarse

grained (8 classes), fine grained (6 classes), or highly organic.

Both classification systems are explained in the PCA Soil Primer (4).

Estimated Physical Properties of the Soils

Table 3 gives estimates of some of the physical properties significant

in engineering and the probable classification of each soil in the area

according to the AASHO and the Unified systems.

Specific characteristics of soils that may affect engineering practices

and estimates of the suitability of soils for various uses are given in

Table 4.

The upland tundra of the Bethel Area is generally mantled with

loessial silt, but there are many exposures of the stratified sandy and

silty alluvial sediments of the Yukon-Kuskokwim delta, and of dune sand.

The silty material is highly susceptible to frost action, and the perma-

frost table is commonly near the mineral surface.  The soil above the

permafrost is always saturated.  Removal of the insulating surface peaty

mat from these soils causes thawing in the upper part of the permafrost.

This is commonly followed by subsidence of the overlying soil.  Roads

and structures on such soils may settle unevenly unless special construction

measures are used.  Permafrost has been found to a depth of 450 feet at

Bethel (2).
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Table 3.  Soils of the Bethel Area, Alaska and their Estimated Physical and Chemical Properties

        Classification         

Depth from Available
surface   water
(typical capacity

 Map Soil profile)    USDA Permeability (in./in. Reaction Shrink-Swell
Symbol Name (inches) Texture 1/ Unified AASHO (in./hour) of soil)    pH   potential

(KuA,KuB, Kuskokwim     0-12        sil                ML            A-4         0.8-2.5        .18-.23      4.5-5.0            Low      
KkA,KkB, 12+ (permafrost)
KkC,KkD)

stratified A-2 or
(KkA,KkB, Kwethluk     0-19        lfs,fs,sil         SM            A-3         4.0-8.0        .04-.06      4.0-4.5            Low      
KkC,KkD) 19-40 fs SP  A-3 5.0-10.0    .04    --      --

stratified A-2 or
(NaA) Napaishak     0-18        sil,lfs,fsl        SM            A-4         4.0-8.0        .08-.10      4.0-4.5            Low      

18+ (permafrost) -  --   --    --    --      --
stratified

(SuA) Susitna     0-29        fsl,sil,fs         ML or SM      A-4         0.9-3.0        .13-.18      5.1-5.5            Low      
29-37+ stratified SM A-2 or 4.0-8.0 .06-.10 5.1-5.5      Low

lfs,sil  A-4
stratified A-2 or

(TkA,TkB) Tuluksak     9-20        lfs,fs,sil         SM            A-4           --              --           --              --       
20+ (permafrost) --  --   --    --    --      --

(TuA) Tupuknuk     0-34        sil                ML            A-4         0.8-2.5        .18-.23      5.1-5.5            Low      
34+ (permafrost) --  --   --    --    --      --

1/  Explanation:  fs  – fine sand lfs – loamy fine sand
fsl – fine sandy loam sil – silt loam
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Table 4.  Interpretation of Engineering Properties of soil in the Bethel Area, Alaska.

       Suitability as Source of                                     Soil Features Affecting Engineering Practices                  
   Soil Series
       and Highway Agricultural
     Symbols      Topsoil       Sand Road Fill Frost Action Location Drainage Remarks

Fresh Water Marsh Not suited Not suited Not suited very high Occurs in drained
thaw lakes and
slack water areas
of Kuskokwim
floodplain

Kuskokwim Poor; usually wet; Not suited Not suited very high Permafrost near Permafrost Principal soil
(KuA, KuB, KkA, high permafrost surface the tundra flats
KkB, KkC, KkD) table

Kwethluk Fair, permafrost Good, may have Good to fair very slight Permafrost table not needed Slope and low
(KkA, KkB, KkC, table at 40” silty admixture sandy materials; at 40” hills on the
KkD) sandy textured in upper 20” permafrost at tundra

40”

Napaishak Poor; high Poor; high water Poor; high slight to moderate High watertable; Low wet areas Occurs on beds of
(NaA) water table; table water table intermittent lakes drained thaw lakes

permafrost perched on
above 40” permafrost

Susitna Good Depth to sandy; Poor; above medium Seasonal flooding; Subject to Well to moderately
(SuA) substratum, usually40”; sandy slow runoff stream overflow drained soils on

more than 40” below Kuskokwim River
Floodplain

Tuluksak Poor to fair; Fair to poor; Fair above 20” Slight Permafrost table Perched water High areas in
(TkA, TkB) sandy textured; seasonally high permafrost below; above 30”with table on perma- drained thaw

permafrost watertable; perma- watertable above perched water- frost lakes
above 30” frost above 30” permafrost table above

Tupuknuk Poor; watertable not suited not suited; very high High watertable Low wet areas; Low wet areas
(TuA) near surface silty; high seasonal flooding high watertable on Kuskokwim

watertable perched over     River floodplains
permafrost



Some of the stratified sandy and silty soils in the Kuskokwim flood-

plain are not underlain by permafrost.  Farther from the channel, perennially

frozen silty soils are more common.  Almost all areas of the floodplain

are seasonally flooded.

There are no deposits of gravel in the area.  Sandy materials are common

and are exposed at the surface in places where erosion has removed  the

surface mat of organic materials or the loessial mantle.

CLASSIFICATION OF THE SOILS

The soil is a natural, three-dimensional body occurring on the surface

of the earth. It contains living matter and supports or is capable of

supporting plants.  Its characteristics at any one place result from the

combined influence of climate, living matter, parent materials, relief,

and time, plus the effect of the cultural environment and man’s use of

the soil.

The tundra plains bordering the Kuskokwim floodplain are underlain

by deep deposits of fluvial stratified sand and silt.  Gray silty loess

generally mantles the surface, but there are many places where the under-

lying sandy and silty sediments are exposed.  These areas are ty pically

on knolls, slopes, and escarpments, or where the vegetative mat has been

broken and soils are exposed to the prevailing winds.  The silty soils are

commonly frozen near the base of the peaty surface mat and, as a result,

soil development has been slow.  Mottles have formed in the active zone

above the permafrost table and a thin dark A1 horizon has developed in

some pedons.  Under the existing climatic conditions, it is likely that

further development will take place very slowly.

In the dominantly sandy soils the permafrost table is commonly 20 to

- 25 -



40 inches below the surface.  Because of the porous material the ground

water moves laterally and the upper part of these soils dries out in summer.

On knolls and slopes with good surface drainage the soils have developed

fairly thick dark A horizons.  In the higher portions of the beds of drained

thaw lakes the water table fluctuates because of periodical flooding and

ponding.  Soils in these areas have thin leached A2 horizons over spodic

horizons with mixed brown and reddish colors.

The soils of the Kuskokwim floodplain are formed in fairly recent

alluvium. Distinct horizons are not generally developed but mottles and gley

colors are common.

The classification o the soils of the Area according to the system

adopted for use in the United States in 1964 is given in Table 5.  Defini-

tions and descriptions of the classes in each category are given by the Soil

Survey Staff (5).
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Table 5.  Soil Series of the Bethel Area Arranged According to the Comprehensive Soil

Classification Scheme of the United States Department of Agriculture (5).

Order Suborder Great Group and Subgroup Family Series

Entisols Cryosamments Pergelic Cryosamments        sandy, mixed
               Kwethluk      

Typic Cryofluvents coarse-loamy, mixed, acid Susitna

Inceptisols Cryaquepts Histic Pergelic Cryaquepts   coarse-silty, mixed, acid
               Kuskokwim     

Pergelic Cryaquepts loamy mixed, acid
Napaishiak

Tupuknuk

Spodosols Cryaquods Pergelic Cryaquods loamy, mixed
Tuluksak
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