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HO’LU 10 #Se THE SOIL SURVEY REPORT

ARMERS who have worked with their
soils for a long time know about the
soil differences on their farms, perhaps
also on the farms of their immediate
neighbors. What they do not know, un-
less soil surveys have been made, is how
nearly their soils are like those on ex-
periment stations or on other farms,
either in their Stafe or other States,
where farmers have gained experience
with new or different farming practices
or farm enterprises. They do not know
whether higher yields obtained by farm-
ers in other parts of their county and
State are from soils like theirs or from
soils so different that they could not hope
to get yields as high, even if they fol-
lowed the same practices. One way for
farmers to avoid some of the risk and
uncertainty involved in trying new pro-
duction methods and mew varieties of
plants is to learn what kind of soils they
have so they can compare them with the
goils on which new developments have
proved successful.

SOILS OF A PARTICULAR FARM

The soil map accompanies the report.
To find what soils are on any farm or
other land, it is necessary first to locate
this land on the map. This is easily done
by finding the township in which the
farm is located and by using landmarks
such as roads, streams, villages, dwell-
ings, and other features to locate the
boundaries,

Bach kind of soil mapped within the
farm or tract is marked on the map with
a symbol. For example, all the areas
marked W¢ are Wilkeson loam, rolling.
The color in which the oil area is shown
on the map will be the same as the color
inﬂthe legend for the particular type of
soil.

If you want information on the Wilke-
son soil, turn to the section in this pub-
lication on Soil Types and Phases and
find Wilkeson loam, rolling. Under this
heading you will find a statement of
what the characteristics of this soil are,
what the soil is' mainly used for, and
some of the uses to which it is suited.

Suppose, for example, you wish fo
know how productive Wilkeson loam,
rolling, is? You will find it listed in the
left-hand column of table 4. Opposite
the name you can read the yields for the
different crops grown on the soil. This
table also gives estimated yields for all
the other soils mapped in the county.

If you want to know what uses and
management practices are recommended
for Wilkeson loam, rolling, read what ig
said about this soil in the section on Soil
Types and Phases. Refer also to the gec-
tion on Use, Management, and Produe-
tivity of Soils.

SOILS OF THE COUNTY AS A WHOLE

A general idea of the soils of the
county is given in the section on Soil Se-
ries and their Relations, which tells about
the principal kinds of soils, where they
are found, and how they are related to
one another. After reading this section,
study the soil map and notice how the
different kinds of soils tend to be ar-
ranged in different parts of the county.
These patterns are likely to be assocl-
ated with well-recognized differences in
type of farming, land use, and land-use
problems.

A newcomer to the county, especially
if he considers purchasing a farm, will
want to know about the climate; the
types and sizes of farms; the principal
farm products and how they are mar-
keted ; the kinds and conditions of farm
tenure, including tenancy; availability
of roads, railroads, electric services; the
industries of the county; and cities, vil-
lages, and population characteristics.
Information about all these will be found
in the section on General Nature of the
Area.

Those interested in how the soils of
the county were formed and how they
are related to the great soil groups of
the world should read the section on
Morphology and Genesis of Soils.

This publication on the goil survey of
Pierce County, Washington, is a coop-
erative contribution from the—

SOIL CONSERVATION SERVICE

the

WASHINGTON AGRICULTURAL EXPERIMENT STATION
;nd the
WASHINGTON STATE PLANNING COUNCIL
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LIKE many of the other counties of western Washington, Pierce

County 1s still to a large extent a land of forest, although, except
in the mountainous regions, most of the virgin timber has been cut.
The best soils are along the larger rivers where the production of many
specialized crops, as peas, berries, truck-crop seeds, and bulbs, is
profitable. Dairying is the most important agricultural industry, and
more farm land is used for grazing than for all other uses combined.
Small grains, except oats, are not extensively grown. The upland
farms are small and generally owned by families who earn part of
their living elsewhere. Other industries in the county include saw-
mills, lumber-processing plants, furniture factories, flour and feed
mills, and a smelter. Tacoma, the largest city, is an important sea-
port and railroad center. To provide a basis for the best agricultural
uses of the land, a cooperative soil survey was made by the United
States Department of Agriculture, the Washington Agricultural Ex-
periment Stations, and the Washington State Planning Council. Field
work was completed in 1939, Unless otherwise stated, all information
in the report refers to conditions in the county at the time of the survey.

GENERAL NATURE OF THE AREA

LOCATION AND EXTENT

Pierce County, in the west-central part of Washin%ton, is a large
irregular area that extends from the summit of the Cascade Moun-
tains northwest to Puget Sound. Several small islands and Long-
branch and Gig Harbor Peninsulas are separated from the rest of the
county by the Sound (fig. 1). According to the United States Census,
the total land area is approximately 1,072,640 acres. Approximately

SPOKANE .

% State Agriculture) Experiment Station

F1gurk 1.—Location of Pierce County in Washington.
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702,569 acres were included in the survey. The rest makes up the
National Forest area and Mount Rainier National Park, in the moun-
tainous region in the southeastern part of the county, and the Federal
Penitentiary Reservation on MecNeil Island in Puget Sound a few
miles from Steilacoom. All the area surveyed lies within the Puget
Sound Basin, a %"reat valley between the Olympic and Cascade Moun-
tain Ranges. The county seat is Tacoma, the second largest city of
the State. It is 25 miles south of Seattle and 285 miles west of
Spokane.

The soils to the north of the county are described in the soil survey
of King County (Z7)® and those on the southeast by that of Lewis
County (6). These areas together with Thurston County on the west
were the subject of a much earlier, less detailed reconnaissance soil
survey made in the eastern part of the Puget Sound Basin (9).

PHYSIOGRAPHY, RELIEF, AND DRAINAGE

There are five main physiographic divisions in the county: (1)
Glacial moraines and terraces; (2) Glacial valleys; (3) Glacial out-
wash plains; (4) Old plateaus and mountain foot slopes; and (5)
Mountainous regions.

The Glacial moraine and terrace division, which covers most of the
western half of the county, including all of the isiands and the two

eninsulas, is composed of material laid down by the ice of the Puget
gound glaciation. The topography in this area is undulating to roll-
ing. Slopes vary from less than 5 to 75 percent, but most slopes, ex-
cept where the land breaks into the larger valleys or into Puget Sound,
are fairly gentle. These breaks in most places are relatively precip-
itous—some as much as several hundred feet within a short distance.
Several large gullies in the southeastern part of the city of Tacoma
extend back from the Puyallup Valley for a distance of 1 or 2 miles
into the more level country, but as a rule the drainageways, although
well established, are not deeply incised. All drainage in this part of
the county is into Puget Sound through the Puyallup and Nisqually
Rivers and small creeks that empty directly into the Sound. There
are many poorly drained depressions and lakes in the area. FEleva-
tions 2 in this division range from a few feet above sea level to 200 feet
near Steilacoom, 700 feet at Kapowsin, and 1,250 feet at Carbonado.

The Glacial valleys division, which covers about 75 square miles, in-
cludes the wide glacial troughs occupied by the Puyallup, Stuck, Car-
bon, White, and Nisqually Rivers and South Prairie and Ohop
Creeks. Although modified by alluvium deposited by these streams,
the valleys were not formed by stream action.

The Glacial outwash plains division in this county occupies the
southwestern part of the mainland. It extends from Steilacoom on
the north to McKenna on the south, and from a point near Kirby
School on the east to the Nisqually River and the Sound on the west.
The area totals about 170 square miles. This division is generally
fairly level, but has sharply rising hills and mounds of morainic ma-
terial. Elevations of the outwash material range from 200 feet at the
top of the bluffs overlooking the Sound to about 450 at the eastern

1 Ttalic numbers in parentheses refer to Literature Cited, p. 88.
2 A1l elevations used in this report were taken from topographic maps of the
U. 8. Geological Survey.
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boundary, but morainic hills rise 100 to 250 feet above these levels.
Many long low escarpments have been carved by the swiftly flowing
waters that transported this material from the melting glaciers. The
drainage system is very incomplete, owing to the extreme porosity of
the outwash gravels and the resulting lack of runoff. Many lakes and
poorly drained depressions are fed %‘y the shallow ground waters of
the region.

. The Old plateaus and mountain foot slopes division covers apprex-
imately 110 square miles. From Eatonville north to Kapowsin it is
separated from the glacial moraines and terraces by the glacial valley
containing Ohop Lake and Lake Kapowsin. From Kapowsin to Car-
bonado and on to the White River the boundary is approximately a
straight line. This physiographic division consists of an undulating
to rolling belt of benches and low hills (pl. 1, 4) rising from 1,200 to
1,500 feet along its western boundary to 2,000 to 2,500 where it meets
the mountains to the east. The drainage pattern is well established,
but except along the western boundary where the streams drop several
hundred feet in 1 or 2 miles to the valley below, the stream channels
are not deep. There are very few lakes and few poorly drained areas.
All the area is underlain by andesitic and basaltic rocks.

The fifth physiographic division, the Mountainous regions, is that
part of the é)ascade Mountains included in the county. In general the
mountains range in height from 2,500 to 6,000 feet, although Mount
Rainier, the third highest peak in continental United States, is 14,408
feet. Some of the mountains are rocky and barren, but the majority
have a good soil cover and a thick stand of fine timber.

The general slope of the county is from east to west and is fairly
gentle except for the abrupt rise from the glacial moraine to the old
plateau region. Elevations of towns vary. Tacoma is approximately
at sea level; Puyallup, 49 feet; Sumner, 74 feet; Orting, 192 feet;
Buckley, 723 feet; South Prairie, 430 feet; McKenna, approximately
300 feet; Kapowsin, 629 feet; Eatonville, 300 feet; La Grande, 944
feet; Alder, 1,147 feet; Elbe, 1,211 feet; National, 1,574 feet; Ohop,
1,500 feet; Carbonado, 1,146 feet; and Paradise Inn in Mount Rainier
National Park (outsi(ie of area surveyed), 5,550 feet.

CLIMATE

The summers are generally cool and dry and the winters moist and
comparatively mild. The prevailing westerly winds from the ocean
and the nearness of Puget Sound cause the characteristic marine
climate of the region. The county is protected from the cold winters
and hot summers of the continental climate of eastern Washington by
the Cascade Range on the east.

The normal monthly, seasonal, and annual temperature and pre-
cipitation, as compiled from records of the United States Weather
Bureau Station near Puyallup, are shown in table 1.

Topography causes marked variations in rainfall and temperature.
There is a progressive increase in average precipitation from 38.27
inches near Puyallup, where the elevation is 50 feet, to 76.91 inches
at Longmire in Mount Rainier National Park (outside of area sur-
veyed), where the elevation is 2,761 feet; and a decrease in average
annual temperature from 50.8° at Puyallup to 44.6° at Longmire.
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Tarrg 1.—Normal monthly, seasonal, and annual temperaiure and
precipitation near Puyallup, Pierce County, Wash.

[ELEVATION, 50 FEET]

Temperature ! Precipitation 2
Month Abso- .AleO- fTot:lal.l fToi:%.l A
lute ute or the | for the |Average
Average maxi- | mini- Average driest | wettest |[snowfall
mum | mum year year
°F. °F, °F. Inches | Inches | Inches | Inches
December_ ___._ 40. 1 63 —1 6. 40 5.41 19. 74 0.7
January.__.___. 38.6 66 —2 5. 49 4,73 7.00 3.1
February._..__.___ 41. 9 69 -3 4. 00 3. 84 4. 56 2.9
Winter___.___ 40. 2 69 —3 15. 89 13.98 | 31.30 6.7
March_._.__.___ 45. 1 81 21 3. 94 2. 86 6. 98 gs)
%/Ipril ___________ 49. 8 90 24 2. 74 2. 03 1. 31 3)
BY e 54. 4 89 30 2.21 1. 28 4. 64 0
Spring. . _____ 49. 8 920 21 8. 89 6. 17 12. 93 0
June_._.___.___ 59. 6 97 34 1. 61 1. 15 1. 41 0
July - . 63. 6 99 38 .79 .46 .97 0
August___._____ 63. 0 95 36 . 83 .38 1 81 0
Summer______ 62. 1 99 34 3. 23 1. 99 4.19 0
September._____ 58. 1 920 28 1. 84 .25 4, 29 0
October...__._._ 51. 7 78 23 3. 50 1. 48 3.11 0
November._____ 44, 1 70 18 4. 92 . 98 3.25 1.1
Fall . .. _. 51. 3 90 18 10. 26 2.71 10. 65 1.1
Year_______ 50. 8 99 —3 38.27 | 424.85 | 5 59.07 78

1 Average temperature based on 40-year record, 1913 to 1952; highest and
lowest temperature from 18-year record, 1913 to 1930.
2 Average precipitation based on 40-year record, 1913 to 1952; wettest and
drge%t on 39-year record, 1914 to 1952; snowfall on 18-year record, 1913 to 1930.
Tace.
4¢In 1952.
5In 1933.

Seventy-three percent of the yearly average precipitation occurs
during the 6 months beginning October 1 and ending March 31.
There is no definite time for the beginning or ending of the rainy or
dry seasons; the transitions from one to the other are gradual and
variable. The driest months are usually July and August, and the
wettest are November, December, and January. The lack of rain
during summer months limits plant growth and yields materially,
especially on soils with low water-holding capacity; but total crop
failures from this cause are few. Supplementary irrigation is used
to some extent, particularly on truck erops and pasture on the recent
alluvial soils.
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Relatively high humidity and frequent foggy mornings during win-
ter are characteristic of the county. The average relative humidity
varies from season to season, reaching complete saturation at times
during winter months when the average at 8 a. m. is around 92 per-
cent. During the summer months the relative humidity reaches a
low average of 51 percent in July. For these months it is usually
about 87 percent in the morning but drops to about 54 percent by
evening.

The%limate for the most part is moderate. The driest year (1952),
recorded near Puyallup, was 13.42 inches below the average, and the
wettest year (1933) was 20.8 inches above. Such extreme variation,
however, is unusual. Most of the rain falls gently but steadily for a
day or more at a time, and thunderstorms are uncommon. Hail is un-
known, and the wind velocity seldom rises as high as 85 or 40 miles
an hour. The average velocity for Tacoma is 7.9 miles an hour. The
prevailing winds are from the southwest in winter months, and from
the northwest in summer months. The average length of the frost-
free season is 176 days at Puyallup—from April 23, the average date
of the latest frost, to October 17, the average date of the earliest frost.
Frost has been recorded as late as May 29 and as early as September
18, but such extremes are rare. Snow seldom falls at the lower alti-
tudes and lasts only a few days, but deep snow covers the mountains
at elevations of more than 2,000 feet during the winter months. The
temperature seldom rises above 85° in summer, and in winter long
periods of freezing weather are uncommon.

VEGETATION

Except for the Spanaway Prairie and few other small areas, Pierce
County was covered by a dense coniferous forest. Douglas-fir was
the dominant forest type and Western hemlock an important asso-
ciate. Western red cedar grew in the wetter places, silver fir at the
higher altitudes, red alder in poorly drained places, and black cotton-
woods along the sandy stream bottoms. Coniferous saw-timber types
occupy 319,000 acres, or approximately 87 percent of the total forest
land. The volume of the county’s 1414 billion board feet (log scale)
merchantable saw-timber in 1939 was principally of Douglas-fir,
‘Western hemlock, and Pacific silver fir (4).

Much of the virgin timber has been cut except in the mountainous
regions. Cut-over land that has been protected from fire now sup-
ports a good growth of young trees, but large areas not so protected
are devoid of forest growth or have very little reproduction. Douglas-
fir is the predominant species on 91 percent of the area of second-
growth coniferous types (pl. 1, B). Broad-leaved types consist prin-
cipally of black cottonwood and red alder. Other common trees and
shrubs are cascara, buckthorn, vine maple, Oregon maple, dogwood,
willow, blackberry, evergreen blackberry, salmonberry, salal, Oregon
Era e, rhododendron, yew, madrona, elderberry, devilsclub, and wild

lueberries (Vacciniwm ovatum), commonly called huckleberry.
Moss and lichens cover the forest floor, and bracken grows profusely in
all open places at the lower altitudes.

The soils on Spanaway Prairie near Steilacoom are very gravelly
and very Eorous. Under natural conditions trees probably never be-
came established, or possibly the virgin timber was destroyed by fire
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and second-growth trees were unable to compete with grass and ferns
on the droughty soil. The vegetation now consists of small grass
and forbs such as these: Silver hairgrass, lupines, cosmos, blue and
yellow violets, prairie buttercups, shooting star, and some of the
smaller bluegrasses and mosses. Since these plants make their growth
before the dry summer months, they are able to maintain themselves.
The mosses grow on the poorest and driest places where other vege-
tation is scarce. Scattered oaks grow at the edge of the prairie or in
clumps upon it, but they are being slowly replaced by Douglas-fir
trees that are rapidly reforesting the prairie. These trees were un-
able to establish themselves under natural conditions, but the weak-
ening of the herbaceous cover by overgrazing and attempted cultiva-
tion have given them a foothold.?

WILDLIFE AND RECREATION

Deer, bear, and cougar are found in the more inaccessible parts of
Pierce County, and pheasant, grouse, and quail are common game birds
in the uplands. The many beautiful places, among which Mount
Rainier and Puget Sound are outstanding; the nearly ideal summer
climate in the mountains; and the good fishing attract thousands of
visitors each year.

ORGANIZATION AND POPULATION

Pierce County was organized in 1852 as a part of the Oregon Terri-
tory (§). At that time the boundaries of the county were the Nisqually
River on the south and the Puyallup River on the north. In 1901, fol-
lowing requests by the city of Tacoma, the northern boundary was ex-
tended to include all the Tacoma harbor area.

The earliest settlement was on the Nisqually River delta where the
Hudson’s Bay Company built a fort and trading post in 1833. Steila-
coom, the first town, was laid out in 1853, although a store and a house
had been built there in 1850, and the first farms were on the surround-
ing prairie. Gradually farms were started in the Puyallup Valley,
and in 1861 a post oflice was established between the present sites of
Puyallup and Sumner. Tacoma was laid out in 1868, Puyallup was
organized in 1874, and Sumner in 1875. Other towns sprang up along
the railroads, which were built in the latter part of the 1880’s and in
the 1890’s,

The settlers came largely from Midwestern and Eastern States.
They were chiefly native-born Americans, many being of Scandi-
navian ancestry. A number of Chinese and Japanese were brought in
for labor by the early settlers, and their descendants are still in the
county. The total population of the county in 1950 was 275,876.

INDUSTRIES

The county supports many industries. Tacoma, which has a popu-
lation of 143,673, is an important seaport and industrial center. Its
industries include sawmills, lumber-processing plants, furniture fac-
tories, flour and feed mills, and a smelter. Puyall%p, Sumner, Buckley,

®For a more comprehensive discussion of the flora of this region, the reader
is referred to Reconnaissance Soil Survey of the Eastern Part of the Puget
Sound Basin, Washington (9).
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Orting, Eatonville, Gig Harbor, Dupont, and Steilacoom are im-
portant trading and shipping points for their vicinities. Other trad-
ing points are Ashford, Klbe, National, and La Grande, in the southern

art, and Kapowsin, McKenna, Roy, Carbonado, Wilkeson, South

rairie, Home, Vaughn, Elgin, Lakebay, Longbranch, Rosedale, and
Fife, in the central and northern parts. A number of towns have saw-
mills, notably National, Eatonville, and Buckley. Logging is an im-
portant industry and is carried on by large- and small-scale operators,
although not much virgin timber is left except in the National forest
area. Some coal is mined and sandstone quarried in the vicinity of
Carbonado and Wilkeson.

TRANSPORTATION

Tacoma is located on four transcontinental railroads and most of
the towns in the county are served by these lines or their branches.
Hard-surfaced roads lead to all parts of the county, and there is a
system of connecting gravel roads. Frequent ferry service is avail-
able between the mainland and the islands and peninsula. More than
60 steamship lines connecting the United States and foreign countries
use Tacoma as a port.

SCHOOLS, CHURCHES, AND HOME IMPROVEMENTS

Free transportation, mainly by buses, is provided for school chil-
dren. Most of the schools are consolidated. Churches are located in
many of the rural sections as well as in the towns. Most farms have
well-kept houses with electricity and good water. The degree of im-
provement, however, depends upon the quality of the land, the char-
acter of the settlement, and the type of farming. Farms in areas
suited to dairy farming, as those near Buckley, have very good im-
provements and well-kept fences. Those in areas best adapted to small
truck farming have some very fine houses, but many small, poorly kept
buildings. In areas that have been recently cleared of timber and are
farmed part time, the farms have, as a rule, poorer buildings than
those in other parts of the county and very few fences. Farmers in
these areas usually build their own house and barns during their spare
time and many are continually remodeling or repairing their build-
ings. Some of the older settlements, especially in the prairie region
near Orting and on South Prairie, have large rambling farmhouses
that have been kept in fairly good condition.

AGRICULTURE

As early as 1843 the Puget Sound Agricultural Company, a sub-
sidiary of the Hudson’s Bay Company, grazed large numbers of cattle
and sheep on the tall grass of the prairies near Steilacoom. These
cattle and the grain grown by the farmers who came to the county
in the 1850’s were sent by ship to Alaska to be traded to the Russians
for furs. The prairies were farmed first, because they could be plowed
and seeded at once. Very little other land was cleared for farming
until after it had been logged.

In 1920, the improved land in 3,159 farms totaled 41,958 acres;
in 1930, 4,696 farms had 52,204 acres of improved land ; in 1940, 5,622
farms had 59,427 acres; and in 1950, 4,303 farms had 52,839 acres.

303480—55——2
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There has been a change from general to more specialized crops. The
new land under cultivation has been used to grow increasingly large
acreages of hay and berries.

CROPS

The acreage of the principal crops in specified years from 1919 to
1949 is given 1n table 2.

Tasre 2.—Acreage of the principal crops and the number of fruit
trees and grapevines in Pierce County, Wash., in stated years

Crop 1919 1929 1939 1949
Corn: Acres Acres Acres Acres
Forgrain_ e 190 2
For forage_ - - o 93 145 251 32
Forsilage .o oo 710 186 320 203
Wheat_ oo oo oo 423 303 263 227
Oab8 - o oo e 1, 847 950 | 1,245 968
Barley e o 82 62 16 61
RY€ o oo 196 8 18 36
All hay o eean 13,026 | 15,938 | 20,460 | 15,277
Timothy and clover alone or mixed__._| b, 626 4, 491 5, 584 5, 934
Sweetelover. - oo 521 747 206 O]
AMfalfa oo 18 159 266 313
Wild hay . e 004 | 1,339 | 1,437 2, 444
All other cultivated grasses_ . ___..._.._ 1,455 | 2,693 | 4,458 3, 621
Grains cut green_.._ . ___________.___ 4,213 | 6,131 | 8,041 2, 965
Legumes cut for hay. . ... 199 378 468 ®
HoOPS o e oo oo e O] 472 395 204
Potatoes - ooo oo 2, 048 893 326 65
All other vegetables. .. _._ 989 1, 856 2, 968 2, 359
Strawberries. _ _ o~ 308 516 297 154
Raspberries and loganberries . __ .. _..__ 960 | 2,531 1,915 | 21,779
Blackberriés and dewberries_._ - _-._____ 594 1, 386 1, 156 715
Number | Number | Number | Number
Apple oo trees..|109, 404 | 63,979 | 39,220 | 19,343
Peach oo oo do__.. 764 | 1,010 | 3,794 | 12,904
Pear el do_.__| 18,065 | 10,886 | 9,302 4,033
Plum and prune_________._____ do__..| 14,345 | 12,203 | 8, 386 6, 157
Cherry - -« e do__..| 17,703 | 50,233 | 46, 821 16, 579
Apricobtoca oo do___. 6 1 65 127
Allnube oo do..__ 76 127 | 2, 561 4,070
Grapevines o e ccmo o meecmeac—aae 3,213 | 16,806 | 15,985 4, 742

1 Not reported.
2 Also includes boysenberries and youngberries.

Hay, grain, and tree fruits, except sour cherries, are grown for local -
consumption. Much of the hay grown in the county consists of oats,
or oat-annual legume mixtures cut green. Some grain and hay are
imported in order to satisfy local demands. Sources of cash income,
other than dairy and poultry products, are raspberries, blackberries,
loganberries, strawberries, sour cherries, peas, vegetables, hops, bulbs,
and rhubarb. The raspberries, blackberries, and loganberries are
either shipped fresh to middlewestern and eastern cities or canned at
Puyallup or Sumner. Sour cherries are canned at Puyallup or Sum-
ner. Most vegetables are consumed locally or in Seattle and Tacoma,
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but pod peas, lettuce, and celery are shipped to other markets. Peas
for canning and freezing at the local canneries are grown on increas-
mgllz %arge acreages. Rhubarb grown in greenhouses has a ready
market.

On the Longbranch Peninsula and on the islands of the county,
blueberries, commonly referred to as huckleberries, are an important
crop. These berries grow wild on the poorest land and are harvested in
late fall. Some are used locally but most of them are canned in Seattle
and Tacoma and shipped to eastern markets.

Plowing for most crops is done in spring. Much of the plowing is
done by persons hired for the purpose. Most operations are carried on
with one- or two-horse implements or by hand labor, although tractors
are used by some farmers having enough land to male them profitable.

Farm labor, necessary chiefly for picking berries and hops, is ade-
quately supplied locally or from nearby cities. Women and girls are
most in demand for berry picking, and transient labor is discouraged.
Many of the people employed are of Japanese ancestry.

FERTILIZERS

In addition to commercial fertilizer, manure is used whenever avail-
able. The application of fertilizer is commonly dependent on the kind
of crop rather than soil needs and conditions, although not entirely so.
Some crops respond to small applications of boron. In the future
phosphorus will probably be used more extensively than it has been in

the past.
LIVESTOCK

Dairying is the most important agricultural industry, and many of
the finest dairy herds in Washington are in the county. Cattle and
calves of all ages numbered 23,966 in 1950. Most of the cattle raised
are dairy breeds, dominantly Holsteins, although a number of beef
cattle, namely Herefords, are produced near Eatonville. A total of
59,911,288 pounds of whole milk were sold during 1949. Counties sur-
passing this production were Whatcom, King, Snohomish, Yakima,
Clark, and Skagit. Butterfat production per cow is among the highest
in the State.

More land is used for pasture and hay crops than for all other crops
combined. Many fields used by dairy herds are in permanent pasture
of a high carrying capacity. Because dairying cannot compete with
truck crops and berries on the highly productive soils of the bottom
lands in Puyallup Valley, many good dairy farmers are gradually be-
ing forced to move from this area to less desirable soils of the uplands.
Dairying is apparently very successful on the Buckley and Enumclaw
soils near Buckley. gome areas of these soils are cut-over land that
could be developed for dairy farming.

Poultry is exceedingly important; the eggs sold were 4,104,380
dozen in 1950. The county ranks third in the State both in quantity
and value of the poultry produced. Poultry farms are located on
many different soil types. Flocks that are allowed to range do better
on productive well drained or moderately well drained soils that
produce an abundance of grass than on very sandy or excessively
drained soil where grass production is poor. The county has many
well bred chickens and numerous modern hatcheries.
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Comparatively few sheep and hogs are raised. A total of 1,071 sheep
and 5,509 swine of all ages were in the county in 1950. Horses and
colts of all ages in 1950 numbered 1,699,

SIZE OF FARMS AND FARM TENURE

During the 30 years from 1920 to 1950 the number of farms in the
county increased from 3,159 to 4,303, but the average size of each
farm increased from 87.6 acres to 38.6 acres. Only a few farms are
large. The improved land in 1950 averaged about 12 acres per farm.
This extremely low average of improved land is due to the large num-
bers of 2- or 3-acre farms operated by families who depend for the
major part of their income on factories, sawmills, or logging camps.
Layoffs in the lumber industries, however, have in many instances
forced these families to depend on their farms for a living. The
small size of these farms and the fact that they are generally so close
together that expansion in many cases could be accomplished only by
reducing the number of units has created a grave economic problem
on the poorer soils, particularly in the area immediately southeast
of Tacoma. On the better soils, as the medium-textured well drained
soils of the bottom land, a few acres in truck crops or berries will
support a family.

Most of the farms are operated by their owners. Of the 4,303
farms, 8,751 were operated by full owners in 1950, and only about 226
by tenants. Part owners operated 308, and hired managers 18. Most
farms rent for cash.

SOIL SURVEY METHODS AND DEFINITIONS

Soil surveying consists of the examination, classification, and map-
ping of soils in the field. The soil scientist walks over the area at
intervals not more than one-quarter mile apart and bores into the soil
with an auger or digs holes with a spade. Each such boring or hole
shows the soil to consist of several (fistinctly different layers, called
horizons, which collectively are known as the soil profile. Fach of
these layers is studied carefully for the things about it that affect
plant growth.

The color of each layer is noted. The darkness of the surface layer
is usually related to its organic-matter content; streaks and spots of
gray, yellow, and brown in lower layers generally indicate poor drain-
age and poor aeration. Other details studied by the soil surveyor are:
Texture, structure, consistence, acidity, the depth to bedrock or to
compact layers, the quantity of gravel or rocks that may interfere with
cultivation, the steepness and kind of slope, the quantity of soil lost
by erosion, and other external features of the soil.

Texture, or the content of sand, silt, and clay in each layer, is de-
termined by the feel and is checked by mechanical analysis in the
laboratory. Texture determines to a considerable extent the quantity
of moisture the soil will hold available to plants, whether plant nutri-
ents or fertilizers will be held by the soil in forms available to plants
or will be leached out, and the difficulty or ease of cultivating the soil.
Structure, or the way the soil granulates and the amount of pores or
open spaces between particles, indicates how easily plant roots can
penetrate the soil and how readily water can enter it. Consistence,
or the tendency of the soil to crumble or to stick together, determines
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the degree of difficulty that will be encountered in keeping the soil
open and porous under cultivation. The kind of rock material from
which the soil has been developed, or its parent material, affects the

uantity and kind of plant nutrients the soil may have naturally.
Simple chemical tests show how acid the soil may be.*

On the basis of all these characteristics, soil areas that are much alike
in the kind, thickness, and arrangement of their layers are mapped
as one soil type. Some soil types are separated into two or more phases.
For example, if a soil type has slopes that range from 6 to 25 percent,
the type may be mapped in two phases, a rolling phase (6 to 15 per-
cent slo es?(, and a hilly phase (15 to 25 percent slopes). A soil type
will be broken into phases primarily because of differences in the soil
other than those of kind, thickness, and arrangement of layers. The
slope of a soil, the frequency of outcropping%)edrock, the extent of
its erosion, or the artificial drainage used on the soil are examples of
characteristics that might cause a soil type to be divided into phases.

Two or more soil types may have similar profiles, that is, the soil
layers may be nearly the same, except that tﬁe texture, especially of
the surface layer, may differ. As long as the other characteristics of
the layers are similar, these soils are considered to belong in the same
soil series. A soil series therefore consists of all the soil types,
whether the number be only one or several, that are, except for tex-
ture—particularly the texture of the surface layer—about the same in
kind, thickness, and arrangement of layers.

The name of a place near where a soil series was first found is chosen
as the name of the series. Thus, Kapowsin is the name of an imper-
fectly drained soil of the uplands. Three types of the Kapowsin se-
ries are found—Kapowsin gravelly loam, Kapowsin gravelly sandy
loam, and Kapowsin gmvel%r clay loam. These differ in the texture
of the surface soil, as their names show. Kapowsin gravelly loam and
Kapowsin gravelly sandy loam are divided into two phases each, be-
cause some of their area is undulating and some is moderately steep;
and Kapowsin gravelly clay loam is also divided into two phases—
undulating and hilly.

‘When very small areas of two or more kinds of soil are so intricately
associated that they cannot be shown separately on a map at the scale
used, they are mapped together, and the areas of the mixture are called
a soll complex. Buckley-Enumclaw loams is a complex of Buckley
loam and Enumeclaw loam.

Bare rocky mountainsides, riverwash, or other similar areas that
have little true soil are not &esignated by series and type names but
are given descriptive names such as Rough mountainous land, Rough
stony land, and Riverwash.

4 Indicator solutions are used to determine the reaction of the soil. Lime is
detected by application of dilute hydrochloric acid. The total content of readily
soluble salts is determined by the use of the electrolytic bridge. The acidity or
alkalinity of the soil is expressed mathematically as the pH value. A pH value
of 7 indicates precise neutrality; higher values, alkalinity; and lower values,
acidity. Terms that refer to reaction that are commonly used in this report
are as follows:

pH value pH value
Extremely acid———_—______ Below 4.5 | Neutral 6.6-7.3
Very strongly acid—-————_. 4.5-5.0 | Mildly alkaline 7.48.0
Strongly acid— 5.1-5.5 | Strongly alkaline .. . ___ 8.1-9.0
Medium acid 5.6-6. 0| Very strongly alkaline__ 9.1 and higher

Slightly acid 6.1-8.5
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SOILS

The soils of Pierce County are typical of the soils of many of the
other counties of western Washington. They range from slightly
to strongly acid in the surface soil but generally become less acid
with depth. The color ranges from light grayish brown to nearly
black and is brown or yellowish brown in many areas. The color
is affected to a marked degree by the drainage and kind of natural
vegetation. The more poorly drained areas have the darkest color.
Most of the well-drained soils are brown, but the surface soil of a
few is light grayish brown, and that of prairie areas is nearly black.
The relative stability of the aggregates in the surface soil when
in water, the good permeability, and the rapid growth of vegetation
help keep erosion at a minimum,

The productivity of the soils varies widely. The deep medium-
textured soils on the recent alluvial deposits are the most productive,
and the excessively drained soils of the terraces and uplands the
least. Most of the organic soils are also very productive. The soils
respond to fertilizer and good farming practices, and on many of
the better ones irrigation is beneficial and profitable. Drainage
would improve some areas, but many others are more productive be-
cause imperfect drainage conditions permit the retention of moisture.

SOIL SERIES AND THEIR RELATIONS

The soils can be divided into six major classes as follows: Mineral
soils of the uplands; mineral soils of depressions in the terraces and
uplands; mineral soils of the terraces; mineral soils of the bottom
lands; organic soils; and miscellaneous land types. Within these
groups the soils vary in kind of parent materials and drainage.

MINERAL SOILS OF THE UPLANDS

The mineral soils of the uplands belong to the following series:
The excessively drained Everett; the well-drained Barneston, Cath-
cart, Indianola, Kitsap, and Stossel; the moderately drained Alder-
wood, Sinclair, and Wilkeson; and the imperfectly drained Bow and
Kapowsin. These soils occupy a larger area than all the other soils,
excluding the miscellaneous land types, combined. They were orig-
inally covered with a dense forest, and many areas are still in virgin
or second- or third-growth timber. All these soils are slightly to
medium acid, most have a brown or yellowish-brown surface soil
and a yellowish-brown subsoil, and a few have a light grayish-brown
surface soil and subsoil. Most of their surface soils contain firm or
hard concretions called shot. The productivity depends on the tex-
ture of the profile, the drainage, and the composition of the parent
material.

Both the Everett and Barneston soils are derived from gravelly
glacial drift. The Barneston soils occur at higher elevations than
the Everett, receive more precipitation, and as a rule produce
slightly better timber. The soils of neither series are very good for
farm crops, because of their gravelly subsoil and substratum. Both
series have sandy surface soils, mostly gravelly sandy loam and grav-
elly loamy sand, but some areas of Kverett stony loamy sand are
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mapped. The sandy loam is better for timber production than the
loamy sand, on which second-growth timber grows very slowly.
Timber production does not seem to be greatly influenced by the range
in relief (6 to 25 percent) on these two soils.

The Catheart soil is derived from a mixture of glacial drift and
san%stone and shale. It occupies only a small area that is mainly in
timber.

The Indianola soils, most of which are rolling or steep, are derived
from sandy glacial materials. Several areas are in cultivated crops.
Alfalfa is commonly planted on cleared areas that have favorable
relief. Boron deficiency is evident in most fields, but it can be con-
trolle(d )by the application of about 30 or 40 pounds of borax to the
acre (2).

The Kitsap soils, providing they have favorable relief, are prob-
ably the best soils of the uplands for most farm crops. These soils
are derived from silty lake-laid sediments and appear to retain mois-
ture much better than most of the other soils of the uplands. Most
farmers find the Kitsap soils strong and productive, but in need of
fertilizer for best production.

The Stossel soils are derived from bouldery till and an admixture
of highly colored shale; they are easily identified by their bright varia-
ble colors. They occupy but a few acres and are used only for timber.

The extensive Alderwood soils, which occur in many counties of
western Washington, are derived from sandy clay till and are often
closely associated with the much more droughty Xverett soils. They
are more productive both for cultivated crops and for timber than
the Everett soils. They are underlain at depths of 18 inches to 3 feet
by a cemented gravelly sandy clay hardpanlike layer. This layer, al-
though restricting root penetration in places, retains moisture during
the dry summer period and contributes to productivity. The most
favorable sites for farm crops on the Alderwood series are stone-free
areas having smooth or gently undulating relief and heavy sandy
loam or loam surface soil.

Soils of the Sinclair series have a light-colored surface soil that is
exceedingly high in shot and a hardpanlike layer not quite so consoli-
dated as that in the Alderwood series; in other respects the two series
are similar. On comparable relief the Sinclair soils are not so pro-
ductive for general farm crops as the Alderwood and are mainly used
for timber.

The extensive Wilkeson soils in the eastern part of the county have
a hilly relief with usually rounded hills. They are derived from a
mixture of loesslike material, probably pumice, and basaltic frag-
ments that probably were affected by Cascade glaciers. These soils
have very good structure, are deep and permeable, and should be pro-
ductive, but they are mostly in timber, Some of the cut-over areas
are used for grazing beef cattle and sheep. The few cultivated areas
are not productive, probably because of lack of available nitrogen
and other plant nutrients.

The imperfectly drained Bow soils are derived from nearly gravel-
free tight clay till and occur in only a few areas near the bay. They
resemble the Kitsap soils but have a considerably heavier textured
subsoil and substratum and some stone and gravel. They are used
chiefly for hay and pasture.
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The soils of the Kapowsin series are the best of those derived from
glacial till. They differ from the closely associated Alderwood soils
in having a slightly heavier textured and more mottled subsoil. The
subsoil is underlain by a sandy clay till hardpan that is as hard as
that in the Alderwood series. Most of the Kapowsin soils occupy
nearly level to gently sloping relief that is favorable for crops, and a
fairly large percentage of them is cultivated. The yields are not high,
but farmers are able to make a living by producing some grain and
hay for their dairy herds.

MINERAL SOILS OF DEPRESSIONS IN THE TERRACES AND UPLANDS

The mineral soils of the depressions in terraces belong to the Buck-
ley, Enumeclaw, and Orting series. Although these soils occur on ter-
races or terracelike positions, their parent materials consist of
relatively compact and cemented glacial till. Buckley soils have dark-

ay or black surface soils and gray subsoils, which are streaked with

ull brown in the lower part. Surface runoff and internal drainage
are slow. The imperfectly drained Enumeclaw soils occur in associa-
tion with Buckley soils, but they are at slightly higher elevations and
therefore somewhat better drained in the surface layers. Orting soils
have dark brownish-gray surface soils and brown mottled subsoils, are
imperfectly drained, and are associated with more recent alluvial soils.

The mineral soils of the depressions in the uplands are in the Belling-
ham, Kopiah, McKenna, Norma, and Tisch series. All are imperfectly
or poorly drained and require some form of artificial drainage before
they can be used successfully for cultivated crops. They may be satu-
rated several months each %ear by runoff from adjacent areas. As a
consequence they produce a higher percentage of grass than soils on the
better drained adjacent slopes, are generally darker and heavier tex-
tured, and have a deeper surface soil. Most areas are highly prized for
pasture, and many cut-over areas are used for pasturing dairy herds.
These soils are important because they provide good pasture and hay
crops on farms having mainly the drier soils of the uplands that are
unsuited to hay crops and late summer pasture.

The lightest colored soils of the depressions are those of the Kopiah
series. Owing in part to their very dense, heavy-textured subsoil, they
are the least favorable soils of the group for grass production.

The Norma, McKenna, and Bellingham soils are all closely related
in drainage, position, and occurrence. All of them occupy depressions,
ranging in size from 1 to 60 acres; all are dark and granular and have
a high organic-matter content. They are used mostly for pasture, but
some areas of the Bellingham series are used for grain and potatoes.
The Norma soil has a sandy mantle over till or lake sediments and a
sandy-textured subsoil. The McKenna soils have a gravelly mantle
over till and have gravel or stone, or both, throughout the profile. The
Bellingham soils, generally gravel free, have a silty mantle over till or
lake sediments and a heavy-textured subsoil and substratum.

The Tisch soil is very similar to the Bellingham but has a layer or
layers of diatomaceous earth, generally within 30 inches of the sur-
face. In places where the diatomaceous layer is exposed, the soil is
used for oats and appears to be fairly well adapted to that crop. Most
of the Tisch soil is cultivated to grain.



Soil Survey of Pierce County, Washington PLATE 1

A, Landscape showing old plateaus and mountain foot slopes; Mount Rainier in
background ; Wilkeson loam, rolling, in foreground.

B, Second-growth conifers on Everett gravelly sandy loam, rolling; Enumclaw
fine sandy loam in foreground.

(¢, Potatoes and oats in basinlike area of Bellingham silt loam; Kapowsin
gravelly sandy loam, undulating, on ridge.



Soil Survey of Pierce County, Washington PLATE 2

A, Uprooted tree shows depth of root system and mat of roots above the hardpan
on Alderwood gravelly sandy loam, rolling.

B, Roadside ditch bank.in Dupont muck. The narrow white layer is diatoma-
ceous material.

C. Lettuce on Carbondale muck in the Stuck River valley.
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MINERAL SOILS OF THE TERRACES

The mineral soils of the terraces are the excessively drained Fitch,
Lynden, Nisqually, Spanaway, and Skykomish soils, the well-drained
Greenwater and National, and the poorly drained Edmonds. Most of
them have a level or nearly level relief favorable for cultivation, but
some areas of the Spanaway and Fitch soils have 3- or 4-foot mounds
that are somewhat difficult to make level.

The Liynden, Nisqually, and Edmonds soils have similar texture and
are derived from similar parent materials, but they are very different
from one another in other respects. The Lynden soil developed under
forest vegetation and has a brown friable granular surface soil under-
lain by a yellowish-brown subsoil that gragefs into very sandy material.
The Nisqually soils, which developed under grass and fern vegetation,
have a very dark-gray or nearly black sootlike surface soil that grades
into a_brown subsoil, which in turn grades into very coarse textured
materials, The Edmonds soil developed under water-loving vegeta-
tion and has a grayish-brown surface soil over mottled rusty-brown
and gray subsoil that grades into wet coarse-textured materials.

The Spanaway soils, which are similar in many respects to the Nis-
qually soils, have likewise been developed under a grass, fern, and moss
vegetation and have a dark surface soil. They differ from the nearly
gravel-free Nisqually soils in that they are very gravelly throughout.

The Fitch soils are as gravelly as the Spanaway, but they are not so
dark and occupy a transition zone where the forests are encroaching
on the prairies.

The Skykomish soils, which are exceedingly gravelly and cobbly, oc-
cur on river terraces. They have brown surface soi{s and light-yel-
lowish subsoils that grade into grayish-yellow cobbly gravel materials
at a{) fairly shallow depth. Most all areas are used exclusively for
timber.

The very gravelly Greenwater soil occurs in areas of high precipita-
tion and cold climate and is used mostly for timber. The soil in most
areas contains pumice. The associated National soils also contain

umice. They are derived from medium-textured material and there-
%ore have a much higher water-holding capacity and are more pro-
ductive than the Greenwater soil.

MINERAL SOILS OF THE BOTTOM LANDS

The mineral soils of the bottom lands include the excessively to well-
drained Newberg series, the excessively drained Pilchuck series, the
well-drained Chehalis and Puyallup series, the imperfectly drained
Sultan, and the poorly drained Wapato and Puget series. These near-
ly level soils, totaling about 15 square miles, occur on the alluvial bot-
toms of the larger streams, mostly in the valleys of the Puyallup and
Stuck Rivers. They were subject to overflow until extensive systems
of levees were built and the channels of the Puyallup and Stuck Rivers
were straightened.

The most important agricultural soils in the county are in this
group, although some of the poorest are also included. The texture
range is from clays too heavy for good agricultural use to gravelly
sangs too droughty for any use. Raspberries, blackberries, strawber-
ries, canning and freezing peas, hops, flower bulbs, vegetables, rhu-
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barb, and hay and 1Il)a,s’cure crops are all grown and give excellent
elds. In general, hay and pasture crops, blackberries, and peas do
est on the silt loam soils, although they do nearly as well on the loams.
Faspberries, hops, bulbs, and rhubarb do well on loams and sandy
oams.

Farms are small on these soils; and except for the very heavy and
some of the very sandy and gravelly soils, nearly all of the land is
under cultivation. Applications of manure and phosphate fertilizer
(13) are needed to give the best yields, but ammonium-phosphate and
complete fertilizers are used with success. Generally fertilizers are
applied and tillage practiced according to the immediate needs of the
crops rather than to the particular needs of the soil.

The Chehalis and Newberg soils occupy only a small acreage in the
county and can be readily distinguished from the Sultan, Puyallup,
and Pilchuck by their browner color. The Chehalis and Sultan are
underlain by medium-textured materials, whereas the Newberg,
Ifulyallup, and Pilchuck soils are underlain by coarse-textured mate-
rials.

The Puget soils are similar to the Sultan soils except that they are
heavier and less permeable. Most areas of the Puget soils in the count;
occur near Tacoma in low positions where they are affected by a hi%
water table that fluctuates somewhat with the tide and consequently
would be difficult to lower.

ORGANIC SOILS

The organic soils are widely distributed throughout the county in
depressions, old glacial lake basins, low back bottoms, stream valleys
and areas adjacent to lakes and along small streams. They are derive
from the remains of plants in various stages of decomposition but fre-
quently in a high state of preservation where conditions have inhibited
decay. Plant succession during the accumulation was important in
determining the character of the profile. The composition of the soil
and the depth and degree of decomposition of organic materials are
necessary considerations in determining their suitability for different
uses.

Peat is an organic soil in which the remains of the plants may be
identified as partly decomposed fibrous and matted materials. Rifle
peat (from woody materia'i), Mukilteo peat (from sedges), Greenwood
peat (from mosses), and Tanwax peat (from microscopic plants and
fine colloidal sediments) are peat soils in this area.

Mouck consists of well-decomposed, finely divided organic plant re-
mains usually mixed with cons1derai)le mineral material. The fibers
of the organic materials are not readily recognizable, but the muck
materials are identified by the vegetative cover or by their association
with identified peats. Carbondale muck (from woody material);
Semiahmoo muck (from sedges) ; Dupont muck (from woody mate-
rial, sedges, and diatomaceous earth) ; and Tacoma muck %from salt-
water sedges) occur in this area. Snohomish soils consist of a mineral
surface soil layer of recent alluvial origin overlying organic layers of
peaty and mucky materials. They are poorly drained and are associ-
ated with areas of organic soils.
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MISCELLANEOUS LAND TYPES

The miscellaneous land types are Rough mountainous land, Rough
broken land, Rough stony land, Riverwash, Tidal marsh, Made land,
and Coastal beach. The Rougil mountainous land is of the greatest
extent and is valued for its timber production.

SOIL TYPES AND PHASES

In the following pages the soil types, phases, complexes, and mis-
cellaneous land types are listed in the alp{;abetical order of the series.
The soil types are described in the order of their extensiveness or im-
portance 1n the series. The soils are described in their relation to
agriculture, location, and profile characteristics. The approximate
acreage and the proportionate extent of the soils mapped in the county
are shown in table 3.

TasLe 3.—Approximate acreage and proportionate ewtent of the soils
of Pierce County, Wash.

Soil Acres Percent

Alderwood gravelly loam, rolling______________._________ 1, 812 0.3
Alderwood gravelly sandy loam:

Hilly e 7,162 1.0

Rolling oo e 32, 456 4.6
Barneston gravelly loamy sand:

Hilly o e 750 .1

ROIINE . o e 11, 157 1.6
Barneston gravelly sandy loam:

Hily o o oo 11, 887 1.7

Roling e 2, 304 .3
Barneston-Wilkeson complex__ . e 2, 628 .4
Bellingham silt loam 1, 993 .3
Bellingham silty clay loam._. o ____ 866 .1

Shallow surface 80il_ .o 621 .1
Bow clay loam:

ROIDE - e o o o oo e 1, 855 .3

ST o PR U USSR U 83 O]
Buckley-Enumeclaw loams___ . 1,494 .2
Buekley loam _ e 4, 036 .8

Hardpan__ e 92 ®
Carbondale muek.___ o 483 .1

Shallow (over Rifle peat) . 470 .1
Catheart loam, hilly . _____ - 129 8
Chehalis silt Joam . eeoo 348 1
Coastal beach. - 195 ®
Dupont muek. - - 1,735 .
Edmonds fine sandy loam..____ _____ . 270 ®
Enumelaw fine sandy loam.._.__ .- 355 .1
Enumeclaw gravelly sandy loam________________._ . . _ 1,184 .2
Enumelaw loam_ ... 54 O]
Everett gravelly loamy sand:

Hilly o o 7,081 1.0

ROWING - e o e oo S, 35,117 5.0
Everett gravelly sandy loam:

ALY e e e e e 7,201 1.0
Nearly level. 2,119 .3
Rolling._____._______ _ 44, 397 6.3

Everett stony loamy sand_____________ .. __. . . 9, 305 1.3

See footnotes at end of table.
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TasLe 8.—Approwimate acreage and proportionate ewtent of the soils

of Pierce County, Wash.—Continued

Soil Acres Percent
Fitch gravelly sandy loam:
My 2, 938 .4
Undulsbing ..o 6, 242 .9
Gravel pits_ 103 o
Greenwater loamy sand.______ . _____ 4, 790 .7
Greenwood peat._ .. ___ 122 ™
Indianola loamy sand:
Gently rolling_ _. __ ________ . 9, 463 1.4
Moderately steep_ _ . .o 1, 416 .2
Indianola sandy loam, gently rolling____ .. _._______ 1, 244 .2
Kapowsin gravelly clay loam:
Hilly e 258 )
Undulating.______ 2, 232 .3
Kapowsin gravelly loam:
Moderately steep_ - . . 488 .1
Undulating._ . __ . ___ 24, 995 3.6
Kapowsin gravelly sandy loam:
Moderately steep_ .. 1, 890 .3
Undulating— - e 26, 322 3.8
Kitsap-Indianola complex. . _______ . ______ 258 ®
Kitsap loam, undulating_ . ______ 1, 185 .2
Kitsap silt loam:
SO - o o o e 315 ®
Undulating_ .. el 1, 608 .2
Kopiah loam___.______ . 176 m
Kopiah silty elay loam.________ 310 ®
Lynden loamy sand_ . . 970 .1
Made land_ . e 2, 097 .3
MecKenna gravelly loam, nearlylevel .. _______._______ 3, 081 4
McKenna loam:
Nearly level . . 438 .1
SloPING . - e 203 ®
Mukilteo peat__ .. 1, 248 .2
Shallow .. . e 53 ®
National pumicy loam______ .. 417 .1
National pumicy sandy loam. ... ____._______ 2, 814 .4
Newberg fine sandy loam . _________ . ______.__ 475 .1
Newberg loam . . 146 )]
Newberg loamy sand __ . _______ 139 1)
Nisqually loamy sand ... SR 3, 377 .5
Nisqually sand .. 85 (1)
Norma fine sandy loam_____________ . 1,963 .3
Orting gravelly sandy loam__.______._____ .. _____.___ 258 O]
Orting loam_ . 2, 864
Orting sandy loam________ . 137 O]
Orting stony sandy loam_ ... ____ . _______ 157 ®
Pilchuek fine sand _ _ __ _ __ i 5, 426 .8
Pilchuck fine sandy loam. .. . _______._ 410 .1
Pilchuek gravelly sand . - _ ___ .. 1,176 .2
Pilchuck loamy fine sand _ . __ . ___________ 449 .1
Puget elay . o 173 ®
Puget silt loam______ . 375 .1
Puget silty elay loam___ . 152 O]
Puyallup fine sandy loam___ . ______ 7, 874 1.1
Puyallup loam_ _ _ _______ . 1, 867 .3
Puyallup loamy fine sand__ L. __ .. 3, 614 .b
Puyallup sandy loam, shallow (over Buckley loam)_______ 83 O]
Puyallup silt loam _______ .. 506 .1
Puyallup silty clay loam__________ ... 78 ®

See footnote at end of table.
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TaBLE 8.—Approvimate acreage and proportionate extent of the soils
of Pierce County, Wash.—Continued

Soil Acres Percent
Rifle peat - oo oo 809 .1
Shallow _ e 196 ®
Riverwash _ e 3, 180 .5
Rough broken land. . . _____ 69, 101 9.8
Rough mountainous land . _______ . _____________ 132, 729 18. 9
Rough stony land _ _ . o 10, 726 1.5
Semiahmoo muek._ . __________ . . ____ 1, 169 .2
Shallow_ . _ _ _ e 1,191 .2
Shallow (over Mukilteo peat) . - .o __________ 2,177 .3
Shallow (over Tanwax peat) - - oo 970 .1
Sinelair gravelly fine sandy loam
Hilly o e 1, 887 .3
Roliing_____ - T I 16, 521 2.4
Sinclair gravelly loam:
Hilly o o e e 444 .1
Rolling._ _ e 6,471 .9
Skykomish stony sandy loam___ . _ . _______.____ 438 .1
Snohomish fine sandy loam _ _ _ .. ________ 97 ®
Snohomish loamy fine sand _ - . __________ 116 @
Snohomish silt loam______ . ___ 687 .1
Spanaway gravelly sandy loam:
Deep, nearly level 12, 051 1.7
Gently undulating 68, 121 9.7
Moderately steep.- - - - o oo ool 889 .1
Stossel stony loam, hilly . __ . 1, 094 .2
Sultan fine sandy loam_ __ .. 972 .1
Sultan loam ___ __ e 1, 572 .2
Sultan silt loam - - - e 2, 601 .4
Tacoma MUCK__ _ oo e 1, 747 .2
Tanwax Peat__ . . oo e 684 .1
Tidal marsh______ o 417 .1
Tiseh silt loam - - - e 1,279 .2
Wapato clay loam . . __ ..o o _________ 257 O]
Wilkeson loam:
Y e 10, 710 1.5
Rolling. . e 27, 539 3.9
Wilkeson silt loam, rolling_____ . ____________________. 2, 628 .4
Total e 702, 569 100. 0

1 Less than 0.1 percent.

Alderwood gravelly sandy loam, rolling (6 to 15 percent slopes)
(Ac).—This phase is important in the uplands in the northwestern
art of the county. It occupies rolling relief in association with
Sverett gravelly sandy loam and other upland soils. The soil was
developed on glacial drift materials derived from granite, basalt,
diabase, sandstone, shale, conglomerate, and quartzite. Surface run-
off is slow, but internal drainage is medium. Most uncleared areas,
which are in second- or third-growth timber, produce Douglas-fir
and alder and an undergrowth of vine maple, vines, and shrubs.
Under virgin conditions a fairly thick layer of forest litter and leaf
mold covers the soil. The yellowish-brown or brown gravelly sandy
loam surface soil becomes less brown and more yellow with depth and
passes sharply at an average depth of 28 to 82 inches into dull-gray,
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gravelly, indurated, unassorted till or hardpan that is many feet
thick. The upper 15 or 20 inches contain many small brown or rust-
brown concretions, accretions, or shot, which range from the size of
medium sand grains to one-fourth inch in diameter (14). Very few
shot occur below about 20 inches. Absence of shot pellets, paler color,
and decreasing quantities of organic matter with depth are charac-
teristic of the soil profile.

The entire profile above the cemented substratum is friable but has
enough consistency to stand when in a cut bank. The glacial boulders
scattered on the surface and throughout the profile seldom interfere
with tillage. Surface runoff is slow, and the compact underlying till
slows down internal drainage and causes a temporary perched water
table. The excess water causes little injury in most places because
it occurs during the rainy season when most plants are dormant.
The hardpan holds moisture within reach of the growing plants dur-
ing the summer months. The indurated till, or hardpan, is not a true
soil hardpan, but the term is descriptive because the material is nearly
as hard as rock. Roots do not penetrate this part of the profile but
spread out along its surface, forming a distinet mat (pl. 2, 4)

The usual minor variations occur in texture and color of the soil,
and the depth to the hardpan ranges from 16 to as much as 48 inches
in extreme instances. Areas associated with the Buckley and Enum-
claw soils have a more weakly cemented hardpan than other areas in
the county.

Use and management—This is one of the better upland agricul-
tural soils. It is naturally suited to most staple crops grown in the
county, especially hay, pasture, fruits, and the earlier maturing
berries. Most farms on this soil are small, and hay and pasture are
the chief crops. On nearly all farms some fruit is grown for home
use. On the peninsula in the extreme northwestern part of the
county, the climatic conditions make this soil especially favorable for
loganberries but market conditions have prevented the planting of
large acreages.

Barnyard manure is the most common amendment used, although
some commercial fertilizer is applied for fruit and berries. Cover
crops are being used more frequently with berries.

Alderwood gravelly sandy loam, hilly (15 to 25 percent slopes)
(AB).—The small scattered areas of this phase are closely associated
with the other Alderwood soils. Very little of it is cleared of trees,
brush, and stumps and cultivated, but some grapes and berries are
%rown on southern and western slopes and limited acreages are used

or pasture. This phase is considered more valuable for timber than
for crops. Soil developed on areas having slopes of more than 25 per-
cent is classified as Rough broken land.

Alderwood gravelly loam, rolling (6 to 15 percent slopes) (Aa).—
This inextensive phase is closely assoctated with Alderwood gravelly
gandy loam, rolling. The relief is more nearly level than that of the
associated soil, and the texture heavier. Both runoff and internal
drainage are therefore somewhat slower. Areas are seldom level
enough or fine-textured enough, however, to cause a drainage problem.
The first few inches of the surface soil are browner and the profile is
less gravelly than in Alderwood gravelly sandy loam, rolling. The
quantity of shot and the depth to the hardpan are similar in both soils.
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The slope range is from 6 to 15 percent, but slopes from 4 to 6 per-
cent are included.

The larger areas occur south and west of the Edgemont school, but
scattered areas are southeast of Tacoma and near Wollochet and
Arletta. Near the Edgemont school the soil contains more fine ma-
terial and is less brown than usual, being similar to the associated
Kapowsin soils. Where associated with the Buckley and Enumclaw
soils, Alderwood gravelly loam, rolling, has a less cemented hardpan
and more clay in the substratum than in other areas, but production of
trees and agricultural crops is about the same.

Use and management.—The heavier texture of this phase, and the
consequent higher water- and plant-nutrient supplying capacity make
it a more desirable agricultural soil than Alderwood gravelly sandy
loam, rolling. Most areas are under cultivation., Crops are the same
as on Alderwood gravelly sandy loam, rolling, but yields are generally
a little higher under the same conditions, and the percentage of the
soil in berries and fruit, especially strawberries and blackberries, is
probably larger.

The same methods of fertilizer application are followed as on Alder-
wood gravelly sandy loam, rolling. Manure is the most frequentl
used amendment, the available supply governing the quantity applied.

Barneston gravelly sandy loam, rolling (6 to 15 percent slopes)
(Bp).—This gravelly, droughty soil, which usually is relatively stony,
occurs chiefly north and east of Kapowsin, generally on rolling or
strongly rolling topography. Like the soils of the Everett series, it
developed on loose, permeable, gravelly drift but generally at some-
what higher elevations and under higher precipitation and more dense
coniferous forests. The gravel in Barneston gravelly sandy loam is
more highly weathered than that in the Everett soils and is coated with
fine materials and stained with iron. All areas have rapid internal
drainage.

In virgin forested areas the soil is covered to a depth of approxi-
mately an inch by undecomposed forest litter of coniferous needles,
twigs, and woody fragments. The litter is directly underlain in
places by a thin, powdery gray siliceous leached layer that is about
one-fourth inch thick in the moist and shaded areas where it reaches
its best development. Under these layers is grayish-brown gravelly
sandy loam that contains some shot pellets and has a coating of fine
soil material on the surface of the gravel. At about 12 inches the coat-
ing on the gravel is still present, but shot pellets are absent and the
soil material is yellowish brown and more gravelly and sandy. At
about 24 inches the gravel is yellowish gray. Roots penetrate the soil
profile readily but do not extend much below 24 inches in any great
number because of the coarseness of the material.

Use and management—No appreciable areas of this phase are
cultivated at present and none is likely to be in the near future. Most
areas are covered by second-growth forests or brush. The phase ap-
pears to be more productive for second-growth forests than Everett
soils that have comparable texture and the same slope. Fine stands of
young hemlock and fir grow on areas protected from fires. A typical
virgin stand had about 25 trees to the acre, some of which were about
4 feet in diameter and 120 feet high.
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Barneston gravelly sandy loam, hilly (15 to 25 percent slopes)
(Bo).—This phase consists of a series of hilly ridges, but some areas
associated with the rolling phase have short steep slopes. In most
places the soil does not differ from the rolling phase except in its
steeper relief and more rapid surface drainage. On the steeper slopes
the texture, depth, color, and structure of the various layers are not
uniform. This phase occurs mainly in the eastern part of the area
surveyed. It has no agricultural possibilities but is as good a soil as
the rolling phase for forest.

Barneston gravelly loamy sand, rolling (6 to 15 percent slopes)
(Bs).—This phase occurs on the same kind of relief as the associated
Barneston gravelly sandy loam, rolling, but is of smaller extent and
more stony, gravelly, and droughty.

On undisturbed surface soil, a 1-inch layer of undecomposed forest
litter overlies a thin, powdery, ashy gray, leached layer a fraction of
an inch thick. Beneatﬁ these layers there is a yellowish-brown gravelly
loamy sand or gravelly sand that continues to a_depth of 20 or 30
inches. The soil is more loose and sandy than Barneston gravelly
sandy loam. The gravel in this horizon 1s slightly coated with fine
materials and is usually very coarse, and rounded stones are numerous.
The material is so loose and coarse-textured that roots do not penetrate
very deep. Below this layer the material is very loose and porous yel-
lowish-gray or grayish-yellow gravelly sand or stony gravelly sand
that extends to a depth of many feet.

Use and management.—Some areas of this soil support a good stand
of conifers, but most have been cut over and give evidence of their
droughtiness by the sparseness of their cover. It is not uncommon to
find 50 Douglas-fir trees to the acre that are about 12 inches in diam-
eter for approximately 100 years of growth and about 24 inches in
diameter for approximately 200 years’ growth. This soil can support
a fair growth of timber if protected from fire. Generally the soil is
not cul%iva,ted but is used for pasture in farm units along with soils
better adapted to cultivation.

Barneston gravelly loamy sand, hilly (15 to 25 percent slopes)
Ba).—This phase, which is associated with the rolling phase of
arneston gravelly loamy sand, occurs mostly in the eastern part of
the area surveyed. In many places it occupies areas between the roll-
ing phase and Rough broken land.
Tﬁis soil is too rough and droughty to give satisfactory yields of
agricultural crops, but it produces fair yields of timber.

Barneston-Wilkeson complex (6 to 25 percent slopes) (Be).—In-
termingled areas of Barneston gravelly sandy loam and Wilkeson loam
were mapped in this complex. Tracts occur on the higher terraces and
on the mountain foot slopes in the north-central part of the county,

enerally in association with both Wilkeson and Barneston soils. Roll-
ing and hilly phases of Barneston gravelly sandy loam constitute the
major ﬁart of the complex, and rolling and hilly phases of Wilkeson
loam the minor part. The Barneston soils have rapid internal drain-
age, whereas that of the Wilkeson soils is medium. Surface runoff for
the entire complex is medium. The profile of the Barneston members
of the complex is like that of Barneston gravelly sandy loam, rolling;
the profile of the Wilkeson members, like that of the Wilkeson loam.
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Use and management—None of the Barneston-Wilkeson complex
has been cleared. Most areas are cut-over land that supports young
conifers and alder in most places but only wild blackberry and fire-
weed where vegetation has suffered a succession of bad burns. Its
high elevation and the large amount of associated uncleared land will
undoubtedly keep the complex from being put to any agricultural use
in the immediate future. The size of the fir, hemlock, and cedar
stumps indicate that the land will produce excellent timber if pro-
tected from fire.

Bellingham silty clay loam (0 to 3 percent slopes) (Ba).—QOc-
curring in all parts of the county except the extreme eastern part, this
soil is extensively developed in the nearly flat upland depressions. It
is usually limited to small areas, many of wkich are in long narrow
stringers adjacent to small intermittent streams or at the heads of
springs and seeps.

The surface soil to a depth of 8 to 10 inches is nearly black, friable,
granular silty clay loam containing a high percentage of organic mat-
ter. This layer is underlain by about 10 inches of firm gray clay or
silty clay mottled with yellow and brown that gradually grades into
a mottled gray and rusty-brown compact silty clay many feet thick.
Because the soil is very slowly pervious to water and was developed in
depressions, it is poorly to very poorly drained and may be covered by
water during the wet season.

Use _and management—Much of Bellingham silty clay loam is
cleared of brush and used for pasture and hay. Where an area is large
enough to be used for a farming unit, the soil is generally drained and
cultivated for hay crops. Most areas are too small, however, to be cul-
tivated as separate units and are usually pastured with surrounding
cut-over areas. Pastures on this soil do not suffer from drought as do
the well-drained associated upland soils during some seasons, and they
have a high carrying capacity.

Bellingham silty clay loam, shallow surface soil (0 to 3 percent
slopes) (Bm).—This phase occupies low depressional areas adjacent
to tidal flats or tidal marshland in association with Bellingham silty
clay loam and Bellingham silt loam. Three areas of about 600 acres
are on Anderson Island, and a small area is on Fox Island. The soil
was developed on very plastic clay materials. It differs from the typi-
cal Bellingham soils in having a very shallow surface soil of high
organic-matter content and a subsoil that is more plastic and compact.

The dark-gray to black highly organic silty clay loam surface soil
is 2 to 5 inches thick. This layer grades into a gray plastic compact
clay that is highly mottled with yellow and rust-brown stains. A
slightly mottled gray plastic clay occurs at 20 or 24 inches and con-
tinues to a depth of several feet.

Use and management.—This soil is not suited to cultivation because
it has poor drainage and plastic clay subsoil. A few acres are used for
pasture but remain wet too long in spring to be used for cultivated
crops. Late in summer the fields dry, and the soil has a hard massive
structure that makes it exceedingly difficult to work with machinery.

Bellingham silt loam (0 to 3 percent slopes) (Br).—This soil oc-
curs in small rounded depressions or along narrow stringers at the
heads of natural drains or adjacent to seeped areas. It is very simi-

303480—55——4
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lar to Bellingham silty clay loam, but it is more extensive. Because
it dries sooner in spring under comparable conditions and is easier
fo work, it is used more widely for cultivated crops than the silty clay
oam.

The soil has a friable very dark grayish-brown to dark-gray granu-
lar slightly acid silt loam surface about 6 or 8 inches thick. This
layer is underlain by a moderately compact gray clay or silty clay that
is considerably mottled with yellow and brown. This sugsoil layer
grades into or rests on a neutral semicemented gray or bluish-gray clay
t1ll many feet thick.

Use and management—Cultivated crops require artificial drainage
but hay and pasture require little or none. Kach 2 acres of cleared
land support about one cow for 7 months of the year. Some of the
well-managed fields of this soil produce 3 tons of clover hay, 40 bush-
els of oats, or about 200 or 300 bushels of potatoes an acre (pl. 1, €).
Usually after one or two crops of oats are grown, the land is put in
hay or pasture for a few years and then returned to oats. Not many
farmers grow potatoes on this soil.

Bow clay loam, rolling (6 to 15 percent slopes) (Bx).—The up-
land or glacial-terrace positions occupied by this phase are mostly on
the islands, peninsulas, and near the Sound, but a few areas are near
Frederickson. This soil has developed on smooth and rounded hills
on positions similar to those of Kitsap silt loam, undulating, but has
somewhat steeper slopes. It is not so well drained as Kitsap silt loam,
undulating, and has a much more compact subsoil through which are
scattered some gravel, cobbles, and stones. It is imperfectly drained.
Virgin vegetation consists of good growth of Douglas-fir, cedar, and
hemlock.

The surface soil consists of & or 10 inches of brownish-gray clay
loam containing a few scattered pieces of gravel and many small shot
pellets. In undisturbed virgin areas this layer is covered with. a sur-
face mat of partly decomposed forest needles, leaves, and small woody
fragments. The surface soil grades into a compact gray silty or sandy
clay mottled with rust brown and containing scattered gravel. At ap-
proximately 20 inches this material grades into a more compact gray
silty or sandy clay that is not cemented and contains some embedded
gravel. Thislayer is many feet thick.

Use and management.—This phase is used mostly for hay, pasture,
and forest. The subsoil is too heavy and compact for successtul pro-
duction of cultivated crops, and the heavy-textured surface soil is more
difficult to prepare for crops than the somewhat similar surface soil
of Kitsap silt loam. It is not so desirable for crops as Kitsap silt
loam, undulating, and is less intensively cultivated.

Bow clay loam, steep (15 to 30 percent slopes) (Br).—The ma-
jority of the slopes of this phase are about 25 percent and are too steep
for cultivation. Most of them are smooth, but some are rough and
gullied. Areas are generally small and lie adjacent to the rolling
phase. A few small tracts have been cleared for pasture but this
phase is largely in timber, the use to which it is best suited.

Buckley loam (0 to 3 percent slopes) (Bn).—This soil, which
occurs on a large nearly level area near Buckley, is characterized by
well-kept substantial farm homes. Although the farms are not large,
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most of them are wholly under cultivation to hay and grain for dairy
herds, hops and peas for cash crops, and gardens and orchards for
home use. The soil is derived from semicemented Osceola till that
occurs at shallow depths. This material restricts internal drainage
but makes conditions very favorable for producing grass.

The surface soil is a dark-gray or nearly black granular permeable
loam about 12 inches thick that is friable, very high in organic matter,
and easily penetrated by roots, air, and water. It changes abruptly
to a gray gritty loam or clay loam mottled with yellow and brown
iron stains that indicate a saturated condition several months during
the year. This subsoil layer is underlain by mottled gray, gravelly,
slightly cemented heavy loam or light clay loam till containing nu-
merous angular rocks, many of which are basalt or andesite. This
soil type has developed under imperfect drainage on a relief that
ranges from level to depressional.

se and management~—Buckley loam is a valuable agricultural soil
but it needs to be artificially drained for best results. It is productive
where adequately drained but it cannot be worked so early in sprin
as better grained soils. Hay and forage crops, canning peas, an
hops are the principal crops, and produce good yields when fertilized.
In good years hops yield 1,000 to 1,500 pounds. Canning peas do well,
but yields are not so high as on other soils. Manure is used, when
available, and nitrogen-phosphorus or complete fertilizers are applied
to peas and hops.

Buckley loam, hardpan (0 to 8 percent slopes) (Bo).—This phase
occupies only about 65 acres, and is very similar to Buckley loam except
that it is underlain at a depth of 4 to 14 inches by a cemented iron
hardpan 1 to 5 inches thick. The hardpan was formed by seepage
waters high in iron that apparently percolated through the Everett
and associated soils and penetrated areas of Buckley loam, where
the iron was deposited. In places this hardpan material has been
exposed on the surface by plowing. One area is associated with
Buckley loam and extends to a narrow valley, where it is adjacent
to Everett gravelly sandy loam. Insome respects this phase is similar
to the Edmonds soil.

Use and management.—Most of the acreage of Buckley loam, hard-
pan, is used for hay and pasture, but the yields and carrying capacity
are less than on Buckley II())am.

Buckley-Enumclaw loams (0 to 8 percent slopes) (Bm).—This
complex consists of Buckley loam and Enumeclaw Ioam so mixed that
they could not be shown separately on a map at the scale used. It
occupies slightly higher positions than the associated Buckley loam
and consequently developed under slightly better drainage conditions
and has somewhat more distinct profile layers. On the other hand
it generally occupies slightly lower positions than the associated
Enumeclaw loam and is not so well drained. Otherwise the profiles
of the soils in this complex are similar to those of Buckley loam and
Enumclaw loam.

Use and management.—Crops as well as fertilizer and tillage prac-
tices are the same as for Buckley loam, but yields are better because
of the slightly better drainage condition and the resulting greater
available moisture supply during the dry summer months. Most
areas of this soil are under cultivation.
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Carbondale muck (0 to 3 percent slopes) (Ca).—This soil, which
is the most important muck soil in the county, occurs as relatively ex-
tensive areas in the river flood plains and in small depressions in the
uplands. It was derived from well-decomposed woody material con-
taining some decomposed sedges. In a virgin condition it was densely
timbered and very wet; now most areas are cleared, drained, and used
for agriculture.

The surface soil to a depth of about 10 inches is moderately acid,
granular, very dark-brown to black woody muck that may contain a
small quantity of silty or fine sandy mineral material. From about
10 inches down to 22 inches it consists of a moderately acid dark-
brown woody muck containing embedded woody fragments and some
sedge remains. Below 22 inches the material is largely a brown sedge
peat with some embedded wood fragments. The raw sedge peat
continues to variable depths but at an average of 60 inches it changes
to dark sedimentary or colloidal peat. Mineral material may occur at
depths of less than 60 inches. The average depth of the organic
deposit to mineral material, although variable, is usually about 6 feet.

Use and management.—In the valleys of the Stuck and Puyallup
Rivers this soil is used primarily for leafy truck crops, such as fettuce
(pl. 2, O), cabbage, celery, and cauliflower. Other cultivated areas
are used for pasture and hay crops, particularly oat hay.

Carbondale muck, shallow (over Rifle peat) (0 to 8 percent
slopes) (Cs).—Areas of Carbondale muck that were underlain at a
depth of about 18 inches by woody peat were mapped as a shallow
phase. This phase does not differ very much from Carbondale muck,
but it is less valuable for some crops. In general the agricultural value
of the mucks depends upon their location in respect to air, drainage
and frost and somewhat upon the degree of acidity. Areas of the
shallow phase that are associated with the recent alluvial soils on the
river flood plains are more desirable than those associated with some
of the upland soils. The material underlying the muck on the river
flood plains generally is more easily penetrated by roots than that
underlying the muck in the basins of the terraces and uplands.

Cathcart loam, hilly (10 to 25 percent slopes) (Cc).—This hilly
shallow soil has developed in place from gray shale and sandstone
mixed with glacial materials. The surface drainage is medium to
rapid, but internal drainage is slow because of the clay subsoil and
underlying rock.

The first 2 or 3 inches of the surface soil is a mixture of partly
decomposed organic forest litter and mineral soil. Under this layer
are 4 or 5 inches of friable light-brown granular loam followed to a
depth of about 18 inches by less friable light-brown loam. The gray-
ish-brown or yellowish-brown heavy clay loam that underlies this to a
depth of about 26 inches has a distinct nut structure and heavy col-
loidal coatings on the soil aggregates. From 26 to 84 inches there is
a yellowish-brown clay that has distinct vertical cleavage; colloidal
clay coats the surfaces of embedded fragments of parent rocks. Below
this layer is soft shale or shaly sandstone mottled with rust red, brown,
and yellow.

Use and management.—The small area of this phase in this county
occurs about 1 mile northeast of Longbranch. It has been cut over
and now supports a growth of fir, cedar, alder, madrona, Oregon
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grape, and bracken fern. Where the Cathcart soil is extensive and
occupies smooth relief, it is used successfully for general farm crops.

Chehalis silt loam (0 to 3 percent slopes) (Cp).—This brown soil,
which occurs only along South Prairie Creek and in the valley of
Ohop Lake, is fairly high in organic matter and nitrogen. It occupies

ositions that may overflow during very high water unless protected
Ey levees but it is well drained. Originally it was densely covered
with timber but now most all areas are cleared, cultivated, and very
productive.

The surface soil is brown granular slightly acid silt loam that be-
comes compact during hot summer months. 1In places, especially west
of Eatonville, it is yellower than typical and distinctly mottled with
gray and reddish brown. In this respect these areas are more typical
of the Nehalem series (not mapped in the county) than the Chehalis
soil. Under the surface layer is a yellowish-brown friable micaceous
heavy silt loam subsoil that does not change much with depth. The
subsoill is less acid than the surface soil and in places may have some
gravel.

Use and management—Chehalis silt loam is used mostly for hay
and pasture in connection with dairy farms. Nearly all of it is under
cultivation and produces good to high yields when properly farmed.

Coastal beach (0 to 3 percent slopes) (Ce).—The assortment of
sand, gravel, and cobblestones forming beaches and bars along the
shore of Puget Sound makes up this land type. The beaches lie only
a few feet above the normal level of the tide and are from a few feet
to several yards wide. Some areas of beach sand are too small to be
shown on the soil map.

Dupont muck (0 to 3 percent slopes) (Da).—Small areas of this
soil occur throughout the southwestern corner of the county, usually in
small bowllike depressions having poorly defined outlets. Some areas,
however, occur in depressions now having good outlets.

The profile is very uniform—exceptionally so for an organic soil.
The surface soil consists of about 10 inches of very dark-brown to
black muck containing a relatively high percentage of mineral mat-
ter and is underlain by 2 or 3 inches of yellowish-brown ashlike finely
divided siliceous or diatomaceous materials having distinct upper and
lower limits (pl. 2, B). Beneath this layer there is a brown sedi-
mentary peat that generally extends to a depth of several feet, but a
Tew areas have mineral material within 18 inches of the surface.

Use and management.~—In its natural state, Dupont muck supports a
dense growth of spirea; however, most of the soil has been cleared,
ditched, and drained and planted in hay, pasture, hops, and peas for
canning and freezing. It is a productive soil and results are good
with all of these crops.

Edmonds fine sandy loam (0 to 3 percent slopes) (Ea).—This soil
oceurs in small scattered depressions in old stream valleys in the west-
ern half of the county. It Eeveloped on old glacial outwash or water-
laid materials derived from a wide range of rocks, under conditions
of retarded drainage or of seepage from adjacent higher slopes. This
soil has a high water table, is acid, and has developed under water-
loving vegetation. Most areas are nearly level or very gently un-
dulating.
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The surface soil is permeable softly granular dark-brown fine sandy
loam about 6 inches thick. It contains some shot pellets and with
depth becomes lighter brown and mixed with lighter brown sandy
loam. At about 15 inches the material is a yellowish-brown sandy
loam that extends for about 6 inches. Below this layer are 4 to 6
inches of grayish or yellowish-brown cemented sand stained with yel-
low alnd red and underlain by yellowish-brown sand or sand and
gravel.

Use and management.—Edmonds fine sandy loam is used chiefly for
hay and pasture crops. Because of moisture retained by the slow in-
ternal drainage, crops on this soil do not suffer from drought as they
do on the better drained soils. Nearly all areas are in agricultural
crops.

Enumelaw fine sandy loam (0 to 3 percent slopes) (Es).—This
soil was developed in association with Buckley loam and Buckley-
Enumeclaw loams on similar glacial till materials. It occupies gently
undulating areas that have somewhat better drainage than Buckley
loam and it is browner and lower in organic matter. It occurs only
in the general vicinity of Buckley.

The 12- or 16-inch surface soil is brown or grayish-brown granular
fine sandy loam. It contains some angular gravel and a few small
stones but is soft and easily penetrated by roots. In virgin areas it is
covered by a thin mat of forest litter, but below this layer the organic-
matter content is lower than in the Buckley soils. The surface soil
is underlain to depths of 24 or 30 inches by a yellowish-brown friable
gravelly loam mottled to some extent by iron stains. This soil type
was developed on mottled gray gravelly slightly cemented heavy loam
or clay loam till. Pits in the vicinity of Buckley show that the depth
of this till exceeds 40 feet.

. Use and management.—This soil has a wider crop adaptation than
either Buckley loam or Buckley-Enumeclaw loams, but only a small
part of it is under cultivation. Hay and pasture are the most impor-
tant crops and Eroduce fair yields when properly fertilized and tilled.
Berries, vegetables, and fruit trees do slightly better on this soil than
on Buckley loam. Much of this type is cut-over and is covered by a
dense growth of young alder and some spruce. Cedar occupies many
virgin areas.

Enumclaw loam (0 to 8 percent slopes) (Ep).—This soil occupies
a small area adjacent to Fenriel Creek south of Lake Tapps in asso-
ciation with Buckley loam and Enumclaw gravelly sandy loam. The
relief is nearly level and the drainage is moderately good. The friable
dark grayish-brown slightly acid loam surface soil is 8 or 10 inches
thick. This layer is underlain by a gray, mottled with rusty-brown
and dark gray, loam or silt loam subsoil that rests abruptly at a depth
of about 20 or 80 inches on semicemented Osceola till or stratified
sandy and gravelly sediments many feet thick. Most areas of Enum-
claw loam are in forest and brush, but if cleared and properly man-
aged they should be productive for many crops or for pasture.

Enumclaw gravelly sandy loam (0 to 3 percent slopes) (Eo).—
This soil differs from Enumclaw fine sandy loam in being more sandy
and gravelly throughout the profile, but the two soils have the same
color, thickness, and sequence of horizons. Relief and drainage con-
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ditions are also similar. The few cleared areas of this soil are for the
most part in permanent pasture or are sown to hay crops. Yields are
lower and droughty conditions more prevalent than on Enumclaw
fine sandy loam. Some areas of Buckley gravelly loam along Kelly
Creek, as well as areas of Tromp gravelly sandy loam, were too small
to map separately and are therefore included with this soil.

Everett gravelly sandy loam, rolling (6 to 15 percent slopes)
(Ex).—This is one of the most extensive soils in the county. It de-
veloped on rolling topography in association with upland soils other
than those of the Wilkeson series. It is on loose gravelly poorly
assorted glacial drift materials somewhat stratified in places and
derived from a wide range of rocks. Although the area where this
soil occurs has mild rainy winters with occasional snows, the summers
are dry for long periods. The soil is most commonly associated with
members of the Alderwood series, but it is distinguished from them by
loose uncemented substrata. It 1s somewhat excessively drained and
droughty because of the loose structure and gravelly nature of the
profile. This phase developed under a forest of Douglas-fir and alder.

The surface layer to a depth of 114 or 2 inches is a grayish-brown
mixture of partly decomposed organic matter and mineral material.
Below this E)ayer the soil to a depth of approximately 20 inches is

ellowish-brown gravelly sandy }ioam having little structure and

acking sufficient consistency to stand in any but a very fresh cut.
Below 20 inches the material is brownish-yellow loose gravelly loamy
sand that grades at 24 or 30 inches into a grayish-yellow or yellowish-
gray gravelly sand or fine gravel that is poorly assorted and very loose
and porous. A few small areas are underlain at a depth of 30 inches
or more by a semicemented hardpan. The hardpan is present particu-
larly on small areas associated with soils of the Alderwood series.
The depth of this phase is variable, and the surface soil ranges from a
few inches to fairly deep.

Use and management.—The few cultivated areas of this phase are
small and are generally adjacent to better soils or plots used for grow-
ing vegetables and fruits for home use. Fair yields of such crops are
obtained only with intensive management practices. Several poultry
farms are on this soil. Most of the area is covered with stumps and
brush or with second-growth timber.

Everett gravelly sandy loam, nearly level (2 to 6 percent slopes)
(Exm).—This phase is composed of nearly level areas of Everett grav-
elly sandy loam that are associated in widely scattered parts of the
county with the rolling phase. The nearly level phase is smoother, has
a slightly higher water-holding capacity, and usually shows more
stratification in the underlying material than the rolling phase. Very
little of it is cultivated. Cultural practices are the same as on Everett
lgragelly sandy loam, rolling. Most of the land is forested or is stump
and.

Everett gravelly sandy loam, hilly 315 to 25 percent slopes)
(Ec).—This phase is generally broken and cut by ravines, but some
areas have smooth steep slopes. The texture, color, and thickness of
the various layers are variable, but these variations have little signifi-
cance because the soil has no agricultural use except possibly for
pasture. Most areas are covered with stumps and brush or with
second-growth timber.
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Everett gravelly loamy sand, rolling (6 to 15 percent slopes)
(Er).—This phase has a more gravelly and sandy texture and a more
porous profile than Everett gravelly sandy loam, rolling. It was de-
veloped on gently to strongly rolling relief, but in many places adja-
cent areas are steep.

The surface of the virgin soil is covered by a 1- or 2-inch layer of
dark-gray undecomposed organic matter. Below this layer to a depth
of 20 or 80 inches is yellowish-brown gravelly loamy sand that con-
tains a few scattered shot pellets. This layer is underlain by a very
porous yellowish-gray or grayish-yellow gravelly sand. The material
1s generally unassorted but may be somewhat stratified. Small boul-
ders occur throughout the profile and underlying material.

In some areas, especially where bordering areas of Indianola soils,
this phase is less gravelly and more sandy than usual and may be un-
derlain by almost pure sand. Small areas heavier or lighter in texture
than Everett gravelly loamy sand were included with this phase
because they were not large enough to map separately.

Use and management—The lower percentage of fine material and
the porous nature of the profile make this phase more droughty and
less suited to agriculture than Everett gravelly sandy loam, rolling. A
few small areas are in garden vegetables, but even with heavy applica-
tions of fertilizer yields are low. Some cleared areas are used for poul-
try raising. Most uncleared areas are covered with brush and stumps
and those that have been protected from fire produce a fair growth of
young conifers.

Everett gravelly loamy sand, hilly (15 to 25 percent slopes)
(Ee).—This phase, which occupies hilly or broken slopes, is similar in
color, texture, and thickness of the various layers to the rolling phase
but it has more variations in the profile. Vegetation on the two soils is
similar. 'This phase has practically no agricultural value.

Everett stony loamy sand (6 to 25 percent slopes) (Er).—This
type is similar to Everett gravelly loamy sand, rolling, but contains a
greater percentage of coarse gravel and small boulders, Itisassociated
with Everett gravelly loamy sand, rolling, and Everett gravelly sandy
loam, rolling, in most parts of the county, but commonly occurs along
old glacial channels in association with the Spanaway soils. This soil
is unsuitable for crops or pasture.

Fitch gravelly sandy loam, undulating (3 to 8 percent slopes)
(FB).—This phase was developed in association with Spanaway grav-
elly sandy loam, gently undulating, in the southwestern part of the
county under grass vegetation. The loose and porous nature of the
soil, in addition to the undulating relief, makes the drainage of Fitch
gravelly sandy loam, undulating, somewhat excessive. The profile is
intermediate between the brown heavily forested Everett soils and the
dark grayish-brown Spanaway soils of the prairies.

Under virgin conditions the soil is covered by a thin layer of partly
decomposed organic matter consisting of mosses and forest litter. The
surface soil to a depth of about 6 inches is dark-brown gravelly sandy
loam, intermediate in color between the Everett soils and the Span-
away soils, but more closely resembling the Spanaway. Under this
dark-brown surface soil to a depth of 18 to 22 inches is a lighter brown
gravelly sandy loam that is underlain by loose yellowish-brown grav-
elly sand or gravel.
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Use and management.—Very few areas of this phase are under cul-
tivation, and the total cultivated acreage is small. Most areas are now
either producing young fir or oak trees or have been cut over and are
covereg with brush and stumps. The soil produces fair stands of
Douglas-fir, which replaces Oregon oak in some areas.

Fitch gravelly sandy loam, hilly (15 to 25 percent slopes) (Fa).—
Areas of Fitch gravelly sandy loam having a slope of more than 15
percent are mapped as a hilly phase. The profile of this soil is the
same as that of the undulating phase but the thickness of the horizons
varies more. The soil occupies only a few small areas, which are cov-
ered with stumps and brush or by young trees.

Greenwater loamy sand (2 to 6 percent slopes) (GB).—Appar-
ently derived from glacial outwash brought down from the flanks of
Mount Rainier, this soil occupies low terraces along the upper reaches
of the Nisqually and White Rivers. In the Nisqually valley it occurs
between areas of National pumicy sandy loam and the river. A few
rounded boulders and gravel indicate former glacial action. The soil
is somewhat excessively drained except where the water table is near
the surface. Surface runoff is very slow, and internal drainage is
rapid. Summers are cool and winters are cold and wet in this region.

he surface soil is a brown loose sand or loamy sand that contains
some small fragments of pumicelike basaltic and andesitic materials.
The subsoil is a yellowish-brown loamy sand containing many small
irregular fragments of pumice and rock. In many places this layer is
slightly cemented, probably by iron and silica. It is underlain by a
gray coarse sand ofp similar mineralogical character.

Use and management.—Most areas of this soil are heavily forested ;
none are cleared and cultivated. The trees consist of Douglas fir,
Western white pine, hemlock, and cedar, under which is an under-
growth of Oregon grape and salal. The cut-over areas should be pro-
tected from fire and allowed to reforest.

Greenwood peat (0 to 3 percent slopes) (Gc¢).—Derived from
sphagnum moss, this type occurs throughout the western part of the
county in small basinlike depressions that have sluggish outlets. It
is seldom associated with other kinds of peat. The water table is
very high. The peat is waterlogged most of the year, and sometimes
covered with water to a depth of several inches.

The surface layer of the peat to a depth of about 12 inches is yel-
lowish-brown, raw, fibrous, and strongly acid material consisting
chiefly of undecomposed sphagnum moss. Below this layer is brown
or grayish-brown fine fibrous raw peat developed from mosses or
sedges, chiefly mosses. The material has undergone some chemical
changes and 1s strongly acid, but it retains its original physical char-
acter. The peat isusually several feet thick.

Use and management—Greenwood peat is not used for general agri-
culture but it has some potential value as a soil amendment. BE;;t
areas are covered with Labrador-tea, but some have growths of white
pine, hardhack, cranberry, and other shrubs. Most of the commercial
cranberry crops in the State are grown on this peat.

Indianola loamy sand, gently rolling (6 to 12 percent slopes)
(Ia).—This well-drained soil derived from sandy glacial drift is
widely distributed throughout the eastern two-thirds of the county,

303480—55——5
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where it is generally associated with the Everett and Alderwood soils.
Most of the soil is in small narrow strips or belts near streams or
drainageways, but some large areas occur in conjunction with the
Everett soils. The relief is smooth to gently rolling, the largest areas
being the smoothest. Although this soil is very sandy throughout,
the water-holding capacity is greater than that of the Everett soils.

The surface soil to a depth of 8 inches is dark-brown or brown
loamy sand containing a few small iron-cemented concretions or pel-
lets. This layer may be overlain by 1 or 2 inches of dark-brown un-
decomposed forest litter in undisturbed virgin areas. The surface
soil is underlain by yellow or yellowish-brown loamy fine sand to
approximately 20 inches. Under this layer is light-colored yellowish-
gray or grayish-yellow fine sand or loamy fine sand that may be
slightly compact. It is sometimes irregularly stratified at a depth
of 8 or 4 feet. Generally the soil is free from gravel except where
it merges into the Everett or Alderwood soils, On the Lakebay
Peninsula southeast of Vaughn, however, the soil has a little gravel
throughout the profile.

Use and management—Yields of most farm crops on this phase
are poor. The soil produces fair crops of hay, however, if the season
is favorable. Alfalfa has been planted on this soil with some success
by a few farmers, although it is affected by a boron deficiency in the
soil (2). Most areas are logged over or support a stand of second-
growth fir and hemlock.

Indianola loamy sand, moderately steep (12 to 25 percent slopes)
(Is).—This phase has for the most part short moderately steep slopes
that border areas of the gently rolling phase. The profile charac-
teristics are the same for both phases except for variations in the
depth of the different horizons. Most areas of this goil are covered
by stumps and brush or by second-growth evergreens, but small areas
have been cleared and are in pasture.

Indianola sandy loam, gently rolling (6 to 12 percent slopes)
(Ic) —This phase, which occurs in small areas throughout the west-
ern part of the county, has a profile similar to that of Indianola loamy
sand, gently rolling, but is slightly finer textured, deeper, less
droughty, and somewhat more productive.

The surface soil to depths of 7 to 9 inches is brown sandy loam con-
taining a few small shot pellets. Under this layer to a depth of 13
to 24 inches is yellowish-brown or brownish-yellow fine sandy loam.
The underlying material is a mixture of brownish-yellow, yellow, or
gray loamy sand or fine sand that is sometimes stratified to a depth
of 8 or 4 feet.

Use and management.—This phase is better suited to agriculture
than Indianola loamy sand, gently rolling, and almost all areas are
cleared and in crops. Most areas are used for hay and pasture, but
small fruits and vegetables are grown on a small scale. Yields are
fair to good in normal years.

Kapowsin gravelly loam, undulating (2 to 8 percent slopes)
(Xp) —This phase is one of the good agricultural soils of the county.
It is more retentive of water and probably has a higher natural fer-
tility than many of the other soils, especially the well-drained soils of
the uplands. It occurs throughout the central third of the county.
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The surface layer at a virgin site consists of dark-brown forest lit-
ter to a depth of 2 or 3 inches. This material is underlain by light
grayish brown gravelly loam containing many shot pellets similar to
those in the Alderwood soils. The gravelly loam becomes pale yel-
lowish-gray or gray with depth and grades at about 12 or 16 inches
into a yellowish-gray mottled sandy clay loam or clay loam. Beneath
this at depths of 24 to 30 inches is dull-gray gravelly indurated un-
assorted glacial till many feet thick. The till resembles that under-
lying the Alderwood soils but is generally not so strongly cemented.

The whole profile has a lighter gray appearance when dry than that
of the Alderwood soils, a higher percentage of shot pellets in the sur-
face soil, and a finer textured and more compact subsoil. The undulat-
ing relief and the underlying impervious till make internal drainage
slow and runoff very slow. Artificial drainage systems must be in-
stalled in places to get the highest yields of farm crops. Kxcess sur-
face water can be removed in most places, however, if the channels
of the many natural drainageways that traverse areas of this soil are
deepened.

Minor variations in color, depth to hardpan, and content of stone
and gravel occur throughout this phase. Areas mapped in the general
vicinity of Summit, Harvard School, and Midland differ from other
areas in being usually more nearly level and in having less gravel in
the profile and a more silty horizon directly over a slightly softer,
more silty hardpan.

Use and management—The superior water-holding capacity and
fertility of this phase make it especially adaptable for all important
crops of the county. The principal crops are%ay, pasture, tree fruits,
raspberries, and blackberries. Oats are grown in the areas southwest
of Kapowsin, and some sour cherries on slopes adjacent to the valley
of the Puyallup River. Peas for canning and freezing do fairl well
on this soil. The Kapowsin soils grow the same crops as the Alder-
wood soils and sell for about the same price.

The organic soils that have developed along the drainageways trav-
ersing the Kapowsin soils have affected the agriculture to some extent,
especially in the area near Kapowsin, where they are utilized with the
upland soils in dairy farming.

Fertilizer needs on this phase are about the same as on Alderwood
soils used for the same crops. Manure or a nitrogen or nitrogen-phos-
phorus fertilizer is most commonly used.

Kapowsin gravelly loam, moderately steep (15 to 25 percent
slopes) (Ko).—Most areas of this phase are closely associated with
the undulating phase and have short steep slopes within rolling areas.
The soil has much the same characteristics as those of the undulating
phase but it varies more in texture and color. Surface drainage is
medium, owing to the steep slopes, but seepage from soils above gen-
erally keep this phase from being droughty. Small cleared areas are
used for pasture and for berries and fruits, especially cherries. Most
areas are either timbered or cut-over land and are better suited to
forestry than to agriculture.

Kapowsin gravelly sandy loam, undulating (2 to 8 percent slopes)
(Kr).—This phase differs from the associated Kapowsin gravelly
loam, undulating, primarily in having a sandier surtface soil. Other
differences are the coarse texture of the subsoil, the greater quantity
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of gravel throughout the profile, and the slightly more rolling topo-
graphy. Except for having fewer shot pellets, the profile, including
the heavy layer above the hardpan and the hardpan itself, is similar to
profiles of the finer textured soils of the series.

The surface drainage is very slow, but the impervious underlying
till impedes internal drainage. There is little need for artificial drain-
age, however, as the impervious till and the heavy layer directly above
it help to hold moisture within reach of the plant roots during the
growing season.

This phase has minor variations in color, texture, and depth to
hardpan, especially where associated with Alderwood gravelly sandy
loam, rolling.

Use and management.—This phase is used for hay and pasture crops
and for fruit and berries grown for home use. Fertilizer and tillage
practices on this phase are essentially the same as on Kapowsin

avelly loam, undulating; Alderwood gravelly loam, rolling; and
%ﬁderwood gravelly sandy loam, rolling; and yields are similar in
moist years. The greater water-holding capacity of this soil, however,
favors better yields in dry years than on Alderwood gravelly sandy
loam, rolling. The soil is valued slightly lower than Kapowsin
gravelly loam, undulating, under comparable conditions.

.Kapowsin gravelly sandy loam, moderately steep (15 to 25 per-
cent slopes) (KE).—This phase has short steep slopes. The slopes are
generally adjacent to areas of the undulating phase and have the same
general characteristics, although they are steeper and therefore have
greater variations in texture and color. Most of this phase is covered
with second-growth timber or is cutover land, but a few areas are
cleared and used for pasture. The use of the soil for crops would
proba;t))ly be prohibited by the high cost of clearing, but it is well suited
to timber.

Kapowsin gravelly clay loam, undulating (2 to 8 percent slopes)
(Ke) —The color and sequence of horizons of this phase are the same
and the depth to hardpan varies within the same limits as those of
Kapowsin gravelly loam, undulating, but internal drainage is more
restricted. Slopes in most places are less than 6 percent. Areas of
this phase are small and are generally adjacent to Kapowsin gravelly
loam, undulating ; hence cropping, fertilizing, and tillage practices are
the same. Crop yields and land prices are also similar to those of
Kapowsin gravelly loam, undulating.

n Longbranch and Gig Harbor Peninsulas, this phase has a
lighter colored surface soil and a higher content of shot than elsewhere.

Kapowsin gravelly clay loam, hilly (15 to 25 percent slopes)
(Ka).—The small areas of this phase are generally adjacent to areas
of the undulating phase, but differ from them in having steeper slopes.
Surface drainage 1s medium, but the soil is kept moist by seepage water
from the slopes above. The hilly slope of this soil makes it more suit-
a}ole f(()ir timber than for agriculture, and at present no areas have been
cleared.

Kitsap silt loam, undulating 52 to 10 percent slopes) (Kr).—This
moderately well drained soil developed under a dense coniferous vege-
tation in humid cool climate from fine-textured, stratified materials,
probably of glacial-lake or marine origin, that were derived from a
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variety of rocks. The small areas of this phase are scattered through-
out the county in association with Everett and Alderwood soils on
high benches or round-topped hills, along the coastline, and in small
narrow bands along drainageways. The upper part of the soil profile
is leached and acid, but the parent materials are neutral, alkaline, and
in places mildly calcareous.

In virgin sites this phase is covered by about 1 inch of dark-brown
organic matter. Immediately beneath the organic mat and down-
ward to a depth of 4 or 6 inches is a grayish-yellowish-brown silt loam
having a few shot pellets and granular structure. This layer grades
into pale yellowish-brown silt loam that has faint red and gray mot-
tlings .amdly a weakly developed blocky structure. At 10 or 12 inches,
this soil grades into brownish-yellow heavy silt loam having strong
rust-brown and gray mottling and a blocky structure. The material
becomes grayer with depth, and at 18 or 22 inches it grades into a light
grayish-yellow silty clay layer mottled with rust brown and gray. It
is underlain at an average of 26 inches by the parent material. The
compact gray silty clay parent material has thin interbedded layers
of silt ang very fine sand and is light gray when dry. Because it re-
stricts rapid downward movement of water, this compact layer is in
part responsible for the high water-holding capacity of this soil.

Use and monagement—This phase is one of the best agricultural
soils of the uplands, It is almost all under cultivation and is mainly
used for hay and pasture crops. Timothy, grown with clover and
oats, is the chief crop. Fruits, vegetables, and other common crops
are also grown. Barnyard manure is the most important amendment
used. The soil areas are small, generally not large enough to make
up an entire farm, and must be used with other soils.

Kitsap silt loam, steep (15 to 80 percent slopes) (Kx).—The steep
slopes along drainageways and between different terrace levels that
are occupied by this inextensive phase are generally smooth, but some
are uneven and gullied. The surface texture may range from loam to
clay loam. Most of the phase is in forest and is generally too steep for
agriculture, but some small areas have been cleared and used for
pasture.

Kitsap loam, undulating (2 to 10 percent slopes) (Km).—This
phase occurs in small widely scattered areas on high benches and
along drainageways. Like the more extensive Kitsap silt loam, un-
dulating, it was developed over fine lake-laid or marine sediments
and is free from coarse sands, gravel, and stone. The medium texture
of the surface soil and subsoil prevents rapid downward movement
of water and increases the water-holding capacity. Both internal and
surface drainage are slow.

Under virgin conditions the soil is covered with 1 or 114 inches of
dark organic forest litter. Beneath the surface mat, the next 4 or 5
inches is brown loam, grading into yellowish-brown loam. This hori-
zon, which contains some shot pellets, grades at about 15 inches into a
brownish-yellow silt loam strongly mottled with rust brown and gray.
At an average of 32 inches, this horizon is underlain by a compact
laminated gray silty clay having thin interbedded layers of silt and
very fine sand.
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Use and management—This phase has a high agricultural value,
and a good part of it is under cultivation. It 1s used mainly for hay
and pasture crops, but fruits and vegetables are also grown.

Kitsap-Indianola complex (6 to 15 percent slopes) (Xa).—This
complex consists of very closely associated areas of Kitsap loam and
Indianola fine sandy loam. Kyitsap loam, undulating, makes up the
largest part of the complex. Indianola fine sandy loam, undulating,
the less extensive member, is somewhat better drained than the Kitsap
soil and has a profile similar to that described for Indianola sandy
loam, gently rolling. It differs from this soil, however, in having
undulating topography and a fine sandy loam surface texture that
probably resulted from the mixing of finer materials from the in-
timately associated Kitsap soil. This complex is very limited in
%xtent; the main body mapped is near Elgin northwest of Henderson

ay.

ZS7’se and management.—Kitsap-Indianola complex is used chiefly
for hay and pasture. Most areas are under cultivation. Pasture is
generally fair.

Kopiah silty clay loam (0 to 3 percent slopes) (Kx).—This soil
occurs only in small scattered areas in poorly drained depressions and
is associated with the Wilkeson soils. Its very heavy compact subsoil
was developed from the same fine-textured materials as that of the
Wilkeson soil but under poor drainage conditions. This soil differs
from Bellingham silty clay loam in having a more compact subsoil
and a browner surface soil.

Kopiah silty clay loam includes relatively wide variations but it
generally has a dark grayish-brown granular silty clay loam surface
soil. The surface soil, which is about 6 inches thick, is underlain by
variegated yellow and gray compact clay highly mottled with iron
stains. This material grades into lighter clay and silty clay mottled
with yellow and rust brown.

Use and management—Kopiah silty clay loam has little agricul-
tural value at }{)resent but appears to be suitable for timber. %Irearly
all areas have been cut over and support no timber of any present
value. Some areas are used for pasture. One small area north of
Alder that has a browner surface soil and a lighter colored and finer
flextured subsoil than is typical produces good yields of pasture and

ay.

Kopiah loam (0 to 3 percent slopes) (Kmr).—This soil, which is
similar to Kopiah silty clay loam, occupies relatively level depres-
sional areas along the Mashel River near Eatonville. The surface
soil, 5 to 7 inches deep, is light grayish-brown loam that is low in or-
ganic matter and mottled slightly with yellow and red iron stains. It
is underlain by about 7 inches of compact light-gray sandy clay that
is more distinctly mottled with yellow and red. gEelow 15 inches and
extending to greater depths the material is compact, mottled gray and
yellow clay loam or sandy clay. The soil is low in fertility, %ras poor
structure, and generally remains wet late in the growing season. It
produces very poor grain and is used chiefly for pasture.

Lynden loamy sand (2 to 6 percent slopes) (La).—This somewhat
excessively drained soil derived from sandy glacial outwash was de-
veloped under a dense stand of conifers in a wet cool climate having a
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long growing season. Individual soil areas are small and occur
chiefly in the western half of the county as benches along streams or
drainageways.

To a depth of 4 or 5 inches the soil is dark-brown loamy sand that
has a fairly high percentage of organic matter but is low 1n available
nitrogen. The underlying layer, extending to a depth of 12 to 14
inches, is brown loamy sand containing some shot pellets. Below
about 14 inches, the soil is yellowish-brown sand that contains a very
few shot pellets and gradually grades at about 24 inches into loose,
light yellowish-brown sand. At about 40 inches, the loose sand is
underlain by firm gray sand mottled slightly with yellow and brown.
The profile is generally free from gravel or stone. Internal drainage
is very rapid in the upper soil layers, but underdrainage is not so rapid
because of the compaction of the substratum. Although the permea-
bility is very rapid, the water-holding capacity is better than that of
Indianola loamy sand and much better than that of Everett gravelly
loamy sand.

Use and management.~—All areas of Liynden loamy sand have been
cut over but only a few have been cleared and cultivated. The small
areas that have been cleared are farmed with other soils. Yields of
hay crops are fair, although they vary with seasonal conditions.

Made land (0 to 25 percent slopes) (Ma).—This land type is com-
posed of artificial fill. Most areas are in cities and towns, mainly in
Tacoma, where marshy land has been filled in with material dredged
from the harbor for use for industrial sites and harbor facilities.

McKenna gravelly loam, nearly level (0 to 3 percent slopes)
(Mp) —This phase consists of gravelly or stony areas that occupy
basinlike glaciated positions. Most areas are associated with soils of
the uplands, but a few are associated with the Spanaway and other
glacial outwash soils. The phase is closely associated with Belling-
ham silty clay loam in many places and is somewhat similar to it in
color, drainage, and position. It contains gravel and in places stone,
whereas Bellingham silty clay loam is nearly free of gravel and stone
to a depth of several feet.

The texture of this soil, which varies considerably in different areas,
may range from gravelly sandy loam to gravelly clay loam. Some
areas may be fairly stony, but most of them have an 8- or 10-inch sur-
face layer of nearly black granular gravelly loam that is high in or-
ganic matter. This layer is underlain by 4 or 5 inches of mottled
dark-gray and yellow gravelly clay loam that grades into mottled
gray and rusty-brown gravelly and stony sandy clay till. The till
is nearly impervious to water. It is poorly drained and some areas are
under water several months each year.

Use and management.—Most areas of this phase are used for pasture
or remain in timber. Pastures on cleared or cutover land have a mod-
erately high carrying capacity and produce considerable feed during
the drier part of the year when those on well-drained soil produce
very little. It would be difficult to plow most areas of this soil,
owing to the high gravel content. The few areas associated with the
Spanaway soils do not have such compact material below the surface
soil or produce so much grass during dry years as the other areas.
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McKenna loam, nearly level (0 to 8 percent slopes) (Mc).—This
phase occupies depressions in the uplands and in places may occur at
the heads of small streams. It does not have so much gravel in the
surface soil as McKenna gravelly loam, nearly level. In position
drainage, and vegetation 1t is very similar to the Bellingham an
Norma soils.

As mapped the phase has a relatively wide range of surface-soil
texture. In places it is silt loam; in other places, clay loam; and in
others, fine sandy loam. Most areas, however, have a friable granu-
lar nearly black loam surface soil about 10 inches thick. This mate-
rial grades into slightly more compact gravelly loam or gravelly clay
loam that at a_depth of about 20 inches grades into gravelly, stony,
gray and rust-brown mottled sandy clay till. This fine-textured till
causes very slow internal drainage, which in turn accounts for the
good growth of grass and the dense vegetation with its numerous
roots. Dead and decaying plant remains are the source of the dark
color and high organic-matter content of the surface soil.

Use and management.—Regardless of the texture, all areas of this
phase have similar use, management, and carrying capacity. Nearly
all areas are used for pasture, for which they are well suited.

McKenna loam, sleping (6 to 15 percent slopes) (Mp).—Although
this phase occurs on 6 to 15 percent slopes, it has many characteristics
of a poorly drained soil. Its development has been influenced greatly
by small springs or seeps. Because the soil more nearly resembles the
McKenna than any other series, it has been classified as McKenna
loam, sloping. In some respects it resembles a shallow phase of sedge
muck, but it has too much mineral soil in the surface foot to be classi-
fied with the mucks. The surface soil, which is about 12 inches thick,
is very dark brownish gray and somewhat mucky. This layer grades
into a moderately compact mineral soil that rests on gravelly cemented
tﬂ'll similar to that underlying the associated Alderwood and similar
soils,

Use and management—This phase occupies less than 100 acres and
is used mostly for home gardens, pasture, and timber. Without arti-
ficial drainage this soil would be nearly saturated many months of the
vear.

Mukilteo peat (0 to 3 percent slopes) (Mgr).—This soil consists of
decomposed organic matter mainly from sedges and associated plants
and some WOO(%y materials. It occupies low flat stream bottoms and
old glacial lake depressions. The original vegetation on this peat was
sedges in most places and small patches of tules where the water table
was especially high. Unless artificially drained, the soil is wet all the
year and is covered with water during very wet seasons.

The surface 4 or 6 inches of Mukilteo peat is usually composed of
dark-brown mucky partly decomposed sedges and tules. Beneath this
layer is brown or grayish-brown raw fibrous sedge material. The
original forms of stems, leaves, and roots are more readily identified
than in the layer above. At 2 or 38 feet the material becomes yellowish-
brown; and at varying depths below 4 feet, it is a mixture of finely
fibrous and sedimentary peat.

Use and management.—Mukilteo peat is probably not so good for
most agricultural crops as Rifle peat. If adequately drained and man-
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aged correctly, however, it produces good crops, especially hay and
pasture. ’

Mukilteo peat, shallow (0 to 8 percent slopes) (Mr).—Areas of
Mukilteo peat that have less than 24 inches of sedge peat above the
mineral soil comprise this phase. Most areas of the soil are not so pro-
ductive as Mukilteo peat but they give much better yields than many
other soils. Farmers use this soil for hay crops and pasture and have
some areas in minor truck crops.

National pumicy loam (2 to 6 percent slopes) (Na).—This soil
was develoged on glacial outwash stream terraces having their source
mainly in basaltic, andesitic, and pumice materials. It was formed
under heavy coniferous forest, high rainfall, and considerable snow.
Relief is gently sloping, and the soil is well drained. It is associated
with the éreenwater soll on the old terraces along the Nisqually River
in the vicinity of National.

The surface soil is light grayish brown, open, permeable loam con-
taining some small irregular pumice fragments. It is covered with a
mat of partly decomposed coniferous neegi[gs, fibers, rootlets, and twigs
in undisturbed virgin areas. The subsoil is pale yellowish-brown
gravelly loam containing a high percentage of small soft rounded
pumice fragments. This is underlain by a gray or grayish-brown clay
loam, stratified with sandy materials, embedded with small gravel, and
mottled with iron stains. Some of National pumicy loam is used for
{llay 1or k;jasture but most areas are in young second-growth fir and

emloc

National pumicy sandy loam (2 to 6 percent slopes) (NB).—The
low positions occupied by this soil in association with National pumicy
ioam are near the stream courses of the Nisqually River east of Alder.
Parts of it are subject to overflow during high water.

The surface layer, which is about 6 or 8 inches thick, consists of a
loose friable weakly granular brown acid pumicy sandy loam. Small
rounded pumice fragments are scattered throughout the layer. The
material %elow this layer is looser, lighter colored, and sandier and
contains layers of pumice as well as scattered pumice fragments. It is
generally stratified with layers of sand and gravel, and in places with
grayish-brown loam or light clay loams.

se and management—National pumicy sandy loam has a low
water-holding capacity and is more droughty than National pumicy
loam. It cannot be used successfully for crops but is satisfactory for
forest and should be used for this purpose. Most areas support stands
of young fir and hemlock.

Newberg fine sandy loam (0 to 3 percent slopes) (Nc¢).—This soil
was derived from material washed from the Wilkeson soils and occu-
pies less than 500 acres in the valley of the Ohop Creek near South
Prairie and Wilkeson Creeks. The relief is nearly level and is char-
acterized by a few swells and swales. The soil is considerably browner
than the Puyallup soils and not so easily tilled.

The surface soil consists of brown softly granular slightly acid fine
sandy loam about 12 inches thick. This layer grades into a lighter
brown friable subsoil that in turn grades into brown, gray, and yellow
loose friable permeable sand. In some areas, especially in the southern

803480—55—8
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part of the valley along Ohop Creek, the subsoil is slightly mottled
with rusty brown and yellow stains.

Use and management.—Most of Newberg fine sandy loam occupies
areas affected by relatively early fall and late spring frosts and is used
mainly for pasture, grain, and some alfalfa. I"arms having consider-
able areas of this soil are apparently prosperous. Most of them are
dairy farms with larger acreages than is common on the Alluvial soils
along the Stuck and Puyallup Rivers.

Newberg loam (0 to 3 percent slopes) (Np).—Only about 160 acres
are occupied by this soil.  Areas occur adjacent to South Prairie and
Wilkeson Creeks in the eastern part of the county. The soil is much
browner and is derived from different materials than Puyallup loam
and will probably require slightly different fertilizers for the highest
yields. Newberg loam has a finer textured surface soil and slightly
finer textured subsoil than Newberg fine sandy loam, but the lower
subsoil is looge friable sand in both types. The ploweé layer of New-
berg loam is firmer and becomes harder and more compact durinidry
months in summer than that of the fine sandy loam, but both soils are
used for the same crops—mainly grain, pasture, and flay.

Newberg loamy sand (0 to 3 percent slopes) (NE).—Practically
all of this soil occurs along South Prairie Creek. It occupies only a
small acreage but is more extensive than in the counties to the south.
The soil is very sandy, but it warms up earlier in spring than the adja-
cent fine-textured soils and is therefore better for some of the early
crops. In most respects, except for surface soil texture, the soil 1s
very similar to Newberg fine sandy loam, although in places it is more
yellowish brown.

Nisqually loamy sand (2 to 6 percent slopes) (Nr).—The sandy
counterpart of the associated Spanaway soils, this soil has developed
under a grass veﬁetation on sandy glacial outwash materials. The re-
lief is level to hummocky or very gently undulating. The soil is
somewhat excessively drained and has very rapid internal drainage
and very slow runoff,

In virgin conditions the soil has a 2-inch surface layer of well-
decomposed organic matter mixed with fibrous grass roots and sand.
This material is underlain to a depth of 10 to 20 inches by slightlﬂ
compact very dark dull brown or nearly black loamy sand, very hi
in finely divided sooty organic matter. Below this layer is very dark-
brown loamy sand underlain by brown or dark-brown sand at a depth
of 18 to 26 inches. The color of the sand becomes lighter with depth
and finally grades into a gray salt-and-pepper color at approximately
36 inches.

Use and management—Nisqually loamy sand is more fertile and
less droughty than Spanaway gravelly sandy loam, and most areas
of it were under cultivation at one time. Much of the total acreage,
however, is now a part of the Fort Lewis military reservation. In a
large area in the vicinity of Roy, flower bulbs are being grown along
wi ain and hay crops. The bulbs are smaller than those grown
near Sumner and Orting on more fertile soils, and they require heavy
applications of fertilizer to insure a good crop. Manure is used exten-
sively, although commereial fertilizers are also used. Some other small
areas are in hay and pasture crops. If the land were irrigated, truck
crops and strawberries might be profitable under good management.
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Nisqually sand (2 to 6 percent slopes) (Na).—This soil occupies
level or very gentle relief and is sandier, more droughty, and less fer-
tile than Nisqually loamy sand. The surface layer to a depth of 2
inches is a mixture of well-decomposed organic matter and black sand.
It is underlain by very dark brown to black compact fine sand high
in organic matter. At about 14 inches the soil is a dark-brown fine
sand, and below about 28 inches it is brownish-gray or gray sand.
Nearly all of the small areas of the soil are part of military reserva-
tions and are not now cultivated. The present vegetation consists of
grasses, small forbs, mosses, and some fir and oak trees.

Norma fine sandy loam (0 to 8 percent slopes) (Nu).—In relief,
color, position, drainage, and vegetation, this soil is similar to the
Bellingham and McKenna soils. It occurs in poorly drained depres-
sions throughout the uplands. The subsoil is sandier than the surface
soil and is generally nearly gravel free to a depth of 8 or 4 feet. In-
ternal drainage is slow, and surface runoff is very slow.

The friable, permeable, granular fine sandy loam surface soil, which
is about 6 inches thick, ranges from dark grayish brown to nearly
black. Its grades into slightly mottled gray, grayish-brown, and
yellow permeable fine sandy loam about 10 inches thick. This ma-
terial grades into loose friable coarse mottled sandy loam or loamy
fine sand that may be 114 to 2 feet thick. Below this depth the soil
generally grades into gravelly sandy clay till that has a tendency to
restrict water penetration. The soil above the glacial till is saturated
several months of the year. The excess water, however, is apparently
favorable for grass roots. The soil produces good pasture and, on
areas that have been cleared and farmed, good hay crops.

Some areas of the soil are relatively sandy to considerable depths,
but the subsoil and substratum are wet or moist late in summer, prob-
ably from seepage water from the adjacent hills.

se and management.—Nearly all areas of Norma fine sandy loam
are too small to be farmed separately and are used with the adjacent
soils. The soil is highly prized by dairy farmers for pasture and some
sreas produce hay and grain, mostly oats. It is not so productive as
Bellingham silt loam.

Orting loam (0 to 8 percent slopes) (Os).—The position, develop-
ment, and parent materials of this mFerfectly drained soil are similar
in many respects to those of Buckley loam. The soil mantle above the
glacial till, %owever, is deeper in Orting loam, the drainage slightly
better, and the surface soil lighter colored. The benches along streams
where this soil was developed are, in general, level, but the relief is
sufficiently undulating to provide adequate surface drainage. Inter-
nal drainage is slow because of the semicemented character of the
underlying glacial till that occurs at about 28 or 30 inches. Surface
runoff is very slow. ]

The soil is associated with more recent alluvial soils of nearly simi-
lar elevations, but the mixture of fine and coarse material indicates
that it has been developed on glacial rather than on alluvial materials.
The largest areas are between the Carbon and Puyallup Rivers in
the vicinity of Orting. Other areas occur along Lacamas and South
Prairie Creeks.

The surface soil to a depth of 8 to 12 inches is dark grayish brown
gritty but sticky loam that grades into a slightly compact brownish-
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gray gravelly loam showing traces of rust-brown and dark-brown
mottling. At depths of 18 to 22 inches this slightly compact layer

ades into a moderately compact brownish-gray gravelly loam that
18 strongly mottled with rust brown and rust red and becomes gray
when dry. With increasing depth this material is grayer and more
cemented. Varying quantities of angular gravel and some scattered
smaf% boulders, mainly basaltic in character, occur throughout the
profile.

Use and management.—Almost all of Orting loam is under cultiva-
tion, and most of the farms on this soil are fairly large and have sub-
stantial improvements. Qats, hay, berries, fruit, hops, bulbs, and peas
are the chief crops. About 114 acres of pasture are required to pasture
a cow during the grazing season. Hops yield 1,000 to 1,500 pounds.
Narcissus, iris, tulip, and daffodil bulbs do well on this soil. Yields of
green canning peas are satisfactory, although not so high as on some
other soils having higher water-holding capacity. Large applications
of fertilizer are required for high yields. Barnyard and stagle manure
or manure with phosphate supplement apparently give the best results,
but nitrogen and phosphorus or complete fertilizers are used where
manure is not available.

Orting sandy loam (0 to 3 percent slopes) (Oc).—This soil occurs
only in the part of the county bounded by Buckley on the east, South
Prairie Creek and the Carbon River valley on the south, and the val-
leys of the Puyallup and Stuck Rivers on the west. It occupies narrow
valleylike positions between areas of Alderwood, Everett, or other
upland soils. The soil is generally nearly level or gently sloping. In-
ternal drainage is slow, and surface drainage is very slow.

The upper 2 or 8 inches is a dark grayish-brown mixture of partly
decomposed organic matter and mineral material underlain by 10 or
12 inches of dark grayish-brown sandy loam having a friable crumb
structure and containing many small shot. This layer grades into a
grayish-brown gritty sandy loam, mottled with yellow and rust-red
and brown stains and containing some shot. Below this is a compact
gray loamy sand or sandy loam mottled strongly with yellow, rust red,
and brown. This material is not so compact as comparable material
under other types of the Orting series. In places it is underlain by
friable sand and gravel.

Use and management.—Only a small part of Orting sandy loam is
under cultivation. The cultivated areas are used for hay and pasture.
The cutover uncultivated areas support a good growth of young fir.
Bracken is the most extensive ground cover.

Orting gravelly sandy loam (0 to 3 percent slopes) (Oa).—This
inextensive soil has a more sandy and gravelly profile than Orting
loam but is otherwise similar. The largest area is north of Electron
and northwest of Orting between the Puyallup and Carbon Rivers.

The surface soil to a depth of 12 to 16 inches is dark grayish-brown
gravelly sandy loam. Underlying the surface layer to a depth of 32
inches is a brownish-gray gravelly sandy loam, mottled with rust
brown and rust red. The material below this layer is brownish-gray
gravelly sandy loam. The profile contains sharp angular gravel and
some small boulders.

Use and management.—Orting gravelly sandy loam is suited to the
same crops as Orting loam, but yields are lower owing to the consid-
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erably lower water-holding capacity of the soil. Yield differences,

however, are much more apparent in dry than in wet years. Fertilizer

Fractices are similar to those used on Orting loam, and the value of
arm land is much the same.

Orting stony sandy loam (0 to 3 percent slopes%( Op).—The only
area of this inextensive soil occurs on a nearly level benchlike or valley
position northwest of Electron. The soil 1s very similar to Orting
gravelly sandy loam except that it has numerous stones up to a foot in
diameter scattered on the surface and throughout the profile. It is
used only for timber production.

Pilchuck loamy fine sand (0 to 3 percent slopes) (Pp).—Occurring
on alluvial bottom lands adjacent to stream channels, this inextensive
soil is subject to frequent overflow unless protected by levees. It is
derived from 2 mixture of materials, chiefly glacial material having a
high percentage of basalt.

This phase has a brownish-gray loose friable acid loamy fine sand
surface soil about 6 or 8 inches thick that grades into gray and olive-
gray loose permeable fine sand subsoil. This material becomes coarser
and may grade into gravel at 8 or 4 feet. The soil absorbs water very
quickly, but it has a very low water-holding capacity. In places the
sli%htly mottled subsoil indicates an intermittent high water table.

se and management.—Most of Pilchuck loamy fine sand is used for
pasture or hay, but a small acreage is used for raspberries. Pasture
grass produces fair yields during the rainy season in wet years, but the
ass dries quickly when the dry season starts. Raspberry yields are
ow compared with those on the other recent alluvial soils.

Pilchuck fine sandy loam (0 to 3 percent slopes) (Pg).—This soil
occurs in a few small areas along the Puyallup and Nisqually Rivers
and is subject to overflow. It has slightly more body than Pilchuck
loamy fine sand and is a slightlﬁ better soil. The surface soil to a
depth of 8 or 10 inches is brownish-gray fine sandy loam underlain by
gray loamy fine sand or sand. It has a higher fertility and greater
water-holding capacity than the other Pilchuck soils, but it is not so

ood as Puyallup fine sandy loam. Most of the areas are cutover and
%ave a good stand of young conifers and shrubs. A few areas are in
pasture.

Pilchuck fine sand (0 to 3 percent slopes) (Pa).—This soil con-
sists of sandy alluvial material recently deposited along most of the
larger streams of the county. Much of 1t is subject to overflow during
high water, but at other times it is extremely droughty. The surface
6 or 8 inches is brownish-gray fine sand overlying gray sand or loamy
sand. Most areas are in pasture grass or support a growth of willows
and brush, but some are in raspberries. The very low fertility and
water-holding capacity make it one of the poorest agricultural soils
in the county. Yields are low, and during the drier summer months
the growth of pasture grass is very sparse.

Pilchuck gravelly sand (0 to 8 percent slopes) (Pc).—Consisting
of areas of gravelly sandy material, this soil occurs along the larger
streams that overflow frequently. It is more droughty than Pilchuck
fine sand and is unsuitable for agricultural use. Some areas support
willows, alder, and other trees, but others are nearly devoid of vege-
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tation. The soil is just slightly better than Riverwash. Grass dries
early in summer, and even in some of the better areas 15 or 20 acres
are necessary to provide pasture for one cow for 4 months.

Puget silt loam (0 to 3 percent slopes) (Pr).—The fairly recently
deposited slightly modiﬁe(f alluvial materials that make up this soil
are dominantly of medium or fine textute. They accumulated under
ponded or stagnated draina%e conditions near Commencement Bay
in the valley along the Puyallup River. The soil, which has a small
total area, occurs on flat or slightly depressional areas and has a flue-
tuating high water table. It is very poorly drained and has a finer
textured subsoil than Sultan silt loam, but both soils originally sup-
ported dense forest growth.

The surface soil to a depth of 8 or 12 inches is gray or brownish-
gray silt loam. Below the surface for many feet, the soil is gray silt
Ioam mottled with yellow and brown and generally stratified with
finer textured layers.

Use and management—The number of agricultural crops that can
be produced on Puget silt loam are restricted owing to the%igh water
table and very poor drainage, which are very difficult to control
because the soil is so near sea level. Most areas now produce only fair
permanent pasture and hay crops, but if adequately drained this soil
could produce many crops.

Puget silty clay loam (0 to 8 percent slopes) (Pe).—Only a few
small scattered areas of this soil are mapped. It occurs chiefly in the
valley of the Puyallup River, where it generally occupies very poorly
drained, usually uncultivated depressions.

The surface soil to a depth of 6 or 8 inches is grayish-brown silty
clay loam that becomes gray on drying. The subsoil is gray clay or
silty clay highly mottled with iron stains, Because it is generally in
low-lying positions, it is very difficult to drain artificially.

Use and management.—Puget silty clay loam will produce hay and
pasture crops when properly drained. Since the areas are too small to
occupy entire fields, they are included with more valuable surround-
ing soils for which high prices may be paid.

Puget clay (0 to 8 percent slopes) (PEe).—This soil consists of re-
cent fine-textured alluvium that occurs on nearly level or depressional
areas near tidelands. One area occurs near Ord Bay on Anderson
Island and others are near the tidelands of Commencement Bay near
Tacoma. The total acreage is small.

To a depth of 6 to 10 inches or more, the soil is gray slightly lami-
nated clay highly mottled with iron stains. Itisunderlain by a lighter
gray laminated clay or clay loam that is mottled and streaked with
yellow and brown and has thin layers of silty or fine sandy materials in
places.

Use and management.—QOwing to the low wet positions, fine texture,
and dense massive plastic character, no attempt is made to grow any-
thing on this soil but permanent hay and pasture crops. Yields are
only fair. Some small depressional areas are marshy and support a
growth of cattails, sedges, and willows. The slightly better drained
areas are grass-covered or have a scattering of trees and shrubs char-
acteristic of the stream bottoms.
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Puyallup loam (0 to 3 percent slopes) (Px).—This is one of the
most extensive and productive alluvial soils of the county. It occurs
in association with the Sultan, Puget, and Pilchuck soils and with
other members of the Puyallup series in all the larger stream valleys,
especially in the valleys of the Puyallup and Stuck Rivers. The soil
occupies stream-bottom positions, generally below the Sultan soils
but above the Pilchuck. Under natural conditions it is better drained
than the Sultan loam and has a greater water-holding capacity than
the Pilchuck soils.

The surface soil to a depth of 8 or 10 inches is grayish-brown loam.
Beneath this layer is gray and grayish-brown fine sandy loam slightly
mottled with yellow and brown. This fine sandy loam becomes sandier
with depth and in some places is underlain by gray loamy sand.

Use and management.—Because of the sandy texture of its subsoil,
Puyallup loam is slightly more droughty than Sultan loam and not
quite so productive. The same crops are grown and the same quanti-
ties and proportions of fertilizer are applied as on Sultan loam, but
yields are generally slightly lower, particularly in dry years. The soil
1s considered desirable for agriculture. The yields of most of the com-
mon and special crops grown in the county—truck crops, cherries, ap-
ples, berries, oats, hay and pasture—are fair to good. The pasture on
1 acre of land is sufficient for a cow for 6 or 7 months. This soil is
easily worked and does not bake in summer.

Puyallup fine sandy loam (0 to 3 percent slopes) (Pm).—This soil,
which occurs mainly in the valleys of the Puyallup and Stuck Rivers,
differs from Puyallup loam in having a slightly sandier surface soil
and usually a sandier subsoil. It is also more extensive and slightly
more droughty. ’

The surface soil to a depth of about 10 inches is grayish-brown per-
meable fine sandy loam or sandy loam. This layer is underlain by
gray mottled loamy fine sand that grades into fine sand, usually at
a depth of less than 214 feet.

se and management.—Puyallup fine sandy loam is suitable for the
same croES (pl. 8, 4) as Puyallup loam, but because of the more sandy
texture the yields are slightly lower in average years and considerably
lower in especially dry years. Areas are usually not large and con-
sequently are farmed with one or more of the associated alluvial soils.
Quantities and kinds of fertilizers should be about the same as on
Puyallup loam. Prices paid for this soil are about the same as for the
other good soils of the Puyallup and Stuck River valleys.

Puyallup silt loam (0 to 3 percent slopes) (Px).—This soil, which
differs from Sultan silt loam in having a fine sandy loam or loamy fine
saxllld subsoil, occupies small areas in the Puyallup and Stuck River
valleys.

The surface soil to a depth of about 12 inches is grayish-brown fria-
ble granular silt loam. This material is underlain by fine sandy loam,
loamy fine sand, or fine sand that may have some rusty-brown mottling
caused by a fluctuating water table. Many areas of this soil are subir-
rigated, but many others need supplementary irrigation in order to
give the best yields during dry periods in summer.

Use and management.—Puyallup silt loam is nearly as good a soil
as Sultan silt loam and exhibits only a slight tendency to droughti-
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ness. Like Sultan silt loam, it produces excellent pasture. It is used
largely for pasture, although it is well adapted to other crops. Yields
are about the same on the two soils wherever fertilizer applications and
tillage practices are the same.

Puyallup silty clay loam (0 to 3 percent slopes) (Po).—All of the
very small acreage of this soil occurs near Commencement Bay in the
valley of the Puyallup River adjacent to areas of tidal peat. It is
gray or brownish-gray silty clay loam to a depth of 12 or 14 inches
where it is underlain by iron-stained gray sand. The sand in the under-
lying layer makes the soil droughty despite the fine texture of the sur-
f}::ce layer. The soil is not especially fertile. The two areas mapped
are being used with fair success for pasture grass.

Puyallup loamy fine sand (0 to 8 percent slopes) (Pv).—This soil
occurs along the larger streams and is adjacent to areas of Pilchuck
loamy fine sand. It differs from the latter in having a slightly browner
surface soil, slightly more fertility, and less droughtiness. The gray-
ish-brown loamy fine sand surface soil is about 8 or 10 inches thick and
is underlain by gray slightly mottled loamy fine sand. The soil is
droughty and yields are generally low except in especially wet years.
Farmers, however, attempt to grow all the common crops. Fertilizer
applications are similar to those on other valley soils, but except in ex-
tremf(laly wet years, results are not good. Some areas are subject to
overflow.

Puyallup sandy loam, shallow (over Buckley loam) (2 to 6 per-
cent slopes) (Pa).—This soil occupies about 40 acres in one tract about
a mile east of Buckley. It consists of alluvial material recently de-
posited by the White River on an area of Buckley loam. The deposi-
tion is made up chiefly of material similar to the %’uyallup soils, but it
also contains some material very similar to the Greenwater. Owing to
the underlying soil, internal drainage is considerably slower than is
normal in either the Greenwater or the Puyallup soils. The relief
ranges from level to undulating but it has some sags and ridges.

The soil consists of a brownish-gray friable permeable sandy loam
that contains some pumice and rests abruptly upon the nearly black
surface soil of the buried Buckley loam. The depth to what was
formerly the surface soil of the Buckley loam is about 30 or 36 inches,
and the thickness of the black Buckley soil ranges from 12 to 40 inches.
This phase varies considerably from place to place in texture, color,
and pumice content. In some places it is somewhat stratified, whereas
in others it is uniform to the old buried surface soil.

Use and management—This phase is adapted to a wider range of
crops, including garden vegetables, berries, fruit trees, and root and
tuber crops, than Buckley loam, but grain hay and pasture grass do
better on the latter. Nearly all of the soil is cultivated.

Rifle peat (0 to 3 percent slopes) (Ra).—The material composing
this soil is somewhat disintegrated dark-brown woody peat having a
more or less granular structure to depths of 18 to 24 inches. The soil
occurs in association with Mukilteo peat in some areas and with the
Snohomish soils in the valley of the Stuck River. The water table
fluctuates greatly. The peat is flooded during the rainy season but is
only moist during the dry months in summer in most years. This con-
dition accounts for the partial decomposition of the surface materials.



Soil Survey of Pierce County, Washington PLATE 3

A, Raspberries on Puyallup fine sandy loam in the Puyallup River valley.
B, Dairy cows grazing on Tacoma muck near Tacoma.
O, Cut-over and burnt-over area of Wilkeson loam, rolling.
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The immediate surface is nearly black, but the material becomes
browner with depth and includes pieces of embedded rotted wood. The
surface layer is underlain by matted brown raw remains of sedge in
which the original forms of stems, leaves, and roots are easily identi-
fied. Inmost areas the peat isseveral feet thick.

Use and management.—Rifle peat supports a mixed growth of de-
ciduous trees, brush, and cedar, hemlock, and some Douglas-fir, but
many areas have been cleared and drained and are now being culti-
vated. Vegetables are grown to some extent, especially in small areas
in the valley of the Stuck River. Other areas scattered throughout the
western half of the county are used for hay and pasture with excellent
results. Under cultivation and proper drainage, the peat decomposes
and becomes more mucky. In a few areas it has been too well drained
and its value has been impaired.

Rifle peat, shallow (0 to 3 percent slopes) (RB).—Areas of Rifle
peat that had less than 2 feet of organic material over mineral soil
were mapped as the shallow phase. The soil occurs in a few widely
separated areas of 5 to 20 acres each, generally in association with Rifle
peat, in basins in the uplands. The underlying mineral soil is gener-
ally fine-textured and may have some embedded stones. This phase is
used chiefly for forests and pasture. Where drained and cultivated, it
is fairly productive but less so than Rifle peat.

Riverwash (0 to 3 percent slopes) (Rc).—This miscellaneous land
type consists of areas of sand and gravel in the beds of the larger
streams. It is overflowed during high water but is exposed most of the
year. A few willows grow on this material, but in most places it sup-
ports no vegetation and has no agricultural value.

Rough broken land (25 to 60 percent slopes) (Rp).—Areas of steep
or broken relief along drainageways, on escarpments or bluffs, and in
small hilly areas make up this miscellaneous land type. The soil
material varies greatly because of the topography and the mixed
nature of the parent rocks, but most of it is similar to the various
upland soils. Lack of uniformity in development prevented the sepa-
ration of the different soils on the map. 1lilost of this land type is
cutover and is covered with second-growth timber, but some areas
have been cleared and are being used as pasture. None is cultivated.
The land type is best suited to forests and should not be cleared fur-
ther for agricultural use.

Rough mountainous land (25 to 60 percent slopes) (Re).—Large
areas of undifferentiated soils in the eastern part o? the county, which
because of steep and broken topography, stoniness, or high altitude
are dominantly nonagricultural, were mapped in this miscellaneous
land type. Some tracts that could be cultivated but are inaccessible
at present may be included. Large areas are covered by soil material
similar to that from which the Wilkeson soils have developed, and
smaller ones by soils resembling the Barneston and other upland soils.
Some areas have little or no soil cover.

Use and management—Most of the virgin timber in the county is
on this land type. Many square miles have been burned or closely
cutover; subsequently they have grown up in little more than fireweed
and blackberries. Some sheep are grazed, but this practice should be
discouraged in most places because excellent timber can be grown.



50 SOIL SURVEY SERIES 1939, NO. 27

Sheep tend not only to prevent the establishment of new timber stands
on the barren areas but to injure young growth already established.
Well-managed cutover land supports a good growth of young fir
and hemloc%.

Rough stony land (25 to 60 percent slopes) (Rr).—Most of this
miscellaneous land type is on areas of steep broken relief. Much
of the surface is covered with bare rock outcrops and the rest has
only a few inches of soil cover. All areas having timber of any value
have been cut over. This miscellaneous land type has no agricultural
value and should have a carefully managed program of reforestation.

Semiahmoo muck (0 to 3 percent slopes) (Sa).—This muck soil
is derived from sedges that are so well decomposed that the original
fibers are no longer recognizable. It may have some intermixture
of mineral material, but organic matter with a distinct granular
structure predominates. It is very poorly drained and may be cov-
ered with water during the wet season, but upon being ditched and
drained it becomes an excellent soil. It is more extensive than Car-
bondale muck and occurs in widely scattered areas in the uplands
and stream valleys. Although it may be associated with any of the
mucks or peats, it frequently occupies entire isolated depressions.
The native vegetation is principally cattails, coarse grass, and spiraea.

The surface soil of Semiahmoo muck to a depth of 6 or 8 inches is
& very dark-brown granular sedge muck containing sedge roots from
the present vegetation. Between 8 and 16 inches there is a brown to
dark-brown sedge muck with some embedded flattened sedge frag-
ments or layers of sedge peat. This layer is underlain by a raw
fibrous sedge peat that merges into sedimentary or colloidal peat,
generally at an average depth of 50 inches but in places at 5 or 6 feet.
A mineral substratum occurs at an average depth of 6 feet, but it may
occur at only 2 feet.

Use and management.—Most areas of Semiahmoo muck are drained
and farmed. The major crops, especially in the stream valleys, are
leafy truck crops. Other crops are blackberries, celery, and lettuce.
Areas in the uplands are used mainly for pasture and hay. The
yields are slightly less than on Carbondale muck, but management
practices are very similar for both. Heavy applications of complete
fertilizer are used when the soil is cropped intensively. When prop-
erly managed, it is one of the most productive soils in the county.

Semiahmoo muck, shallow (0 to 3 percent slopes) (S).—Areas of
Semiahmoo muck underlain at a depth of 2 feet or less by mineral
soil were classified as the shallow phase. Many areas are small and are
associated with soils of the uplands; others may contain 50 to 100
acres and occupy back-bottom positions in the river flood plains. The
upper part of this soil is very similar to Semiahmoo muck but the
lower part grades into mineral soil. In the river flood plains the un-
derlying mineral soil is stratified and mottled and ranges from sands
to clays. In the upland basins, the underlying mineral soils are
generally gravelly, stony, and medium-textured, but some areas may
be semicemented and mottled. Where associated with Semiahmoo
muck, this phase generally occupies the outer ridges; it is used for the
same crops but yields slightly less.
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Semiahmoo muck, shallow (over Mukilteo peat) (0 to 3 percent
slopes) (Sc).—More than 2 square miles of Semiahmoo muck that has
raw sedge peat below a depth of about 2 feet were classified in this

hase. Most areas range from 200 to 500 acres and many occur in

ack-bottom positions in the river flood plains, where they are asso-
ciated with the Sultan and Puyallup soils as well as with other mucks
and peats. Generally, where the soil is associated with the recent
alluvial soil on the river bottoms, it is not so acid as in the small basins
in the uplands. This phase, especially in those areas in alluvial bot-
toms that have a long growing season, is highly prized for truck and
seed crops. Some areas are used for pasture, for which they are well
adapted.

Semiahmoo muck, shallow (over Tanwax peat) (0 to 3 percent
slopes) (Sp).—Areas of Semiahmoo muck that grade into a sedimen-
tary peat at about 2 feet are mapped as this phase. Tracts range
from 10 to 125 acres and occur mainly in the alluvial flood plains in
back-bottom positions associated with deep Semiahmoo muck and
Puyallup soils. When adequately drained and fertilized, this phase
is used successfully for the production of truck crops. It is not so
productive as Semiahmoo muck.

Sinclair gravelly loam, rolling (6 to 15 percent slopes) (Sm).—
This moderately well drained upland soil was developed under dense
coniferous forests in a humid cool climate on glacial till materials
that had their source in a variety of rocks, including granite, basalt,
diabase, sandstone, shale, and conglomerate. It has a much grayer
surface soil and more shot than the associated Alderwood soils, and
in places it is not so well drained in the upper 2 feet of the profile.
The gray color of this soil is most pronounced when the soil 1s dry.
The largest areas of the phase are east of McKenna. Other areas are
small and scattered.

The soil occurs on rolling relief. Surface drainage is slow and in-
ternal drainage is medium. The underlying cemented substratum
stops downward percolation, but sufficient lateral drainage occurs to
prevent the development of a perched water table over the hardpan
except in very rainy seasons. An important variation of this phase
occurs in the northwestern part of the county, where the soil is de-
veloped on more nearly level areas having slower internal drainage.
In these areas many more shot pellets are in the surface horizons, and
the mottling is more pronounced than in more typical areas.

Under virgin conditions the surface is covered with a fairly thick
layer of forest litter and leaf mold. Under the litter the upper 12 to
18 inches is light brownish-gray gravelly loam containing many
rounded shot pellets. This layer grades into gray or pale yellowish-
brown gravelly loam that is faintly mottled with yellow andy gray and
contains a few shot in the upper part. The gravelly loam 1s under-
lain at depths ranging from 20 to 86 inches by a grayish-brown, grav-
elly, indurated, unassorted glacial till resembling that underlying the
Alderwood soils but slightly softer and in some places mottled in the
upper part.

se and management.—A small acreage of this phase is cleared and
cultivated. The rest is cutover land covered in some instances with a
heavy second growth of timber. Pasture and hay are the important
crops, and yields are about the same as on Alderwood gravelly loam,
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rolling, under comparable tillage and fertilizer practices. Limited
acreages of oats and wheat are grown and yields are moderate. Some
fruit and vegetables are produced for home use.

Sinelair gravelly loam, hilly (15 to 25 percent slopes) (Sa).—This
phase occurs most frequently along small streams or drainageways
and between different levels of Sinclair gravelly loam, rolling. Areas
are small and have short moderately steep slopes. The few small areas
that have been cleared are used for pasture. Moderately steep slopes
and medium runoff make this soil unsuitable for agriculture. Most
area;)s remain as cutover land or support a stand of second-growth
timber.

Sinelair gravelly fine sandy loam, rolling (6 to 15 percent slopes)
(Sr).—This phase differs from Sinclair gravelly loam, rolling, chiefly
in having a coarser texture, a lower water-holding capacity, and a
lack of mottling in the profile. The largest acreages of this phase occur
east of McKenna in association with Sinclair gravelly loam, and in
the western part of the county, but there are small scattered areas in
other parts,

The surface of the soil under virgin conditions is covered by a layer
of forest litter and leaf mold 1 or 2 inches thick. Under the litter, the
soil is a light brownish-gray to grayish-brown gravelly fine sandy loam
that becomes more grayish or pale yellowish brown at 8 or 12 inches
and grades abruptly into grayish-brown gravelly, indurated, unas-
sorted till at depths of 24 or 36 inches. There are many shot pellets
between 4 and 8 inches. Like Sinclair gravelly loam, rolling, this
phase has rolling relief and slow surface drainage, but the coarser tex-
ture of the profile permits more rapid downward and lateral drainage
and reduces the water-holding capacity of the soil.

Use and management—Only a small acreage of this phase is cleared
and cultivated. Hay and pasture are the most extensive crops, but
loganberries are an important cash crop, especially on areas in the
western part of the county. Very little commercial fertilizer is used ;
but since most farms raise either cows or chickens, considerable manure
is applied to the soil. The price of this land is about the same as Alder-
wood gravelly sandy loam, rolling. The uncleared areas are predom-
inantly cutover land with some second-growth timber.

Sinclair gravelly fine sandy loam, hilly (15 to 25 percent slopes)
(Se). —This phase consists of small areas that generally have short
moderately steep slopes. It is adjacent to or within areas of the roll-
ing phase. The moderately steep slope and medium runoff of this

hase make it poorly suited to agriculture. The few small areas that
Eave been cleared are used for pasture or for loganberries. The best
use of this soil is for forest.

Skykomish stony sandy loam (2 to 6 percent slopes) (Sk).—This
soil occupies gently sloping terraces and occurs in only a few small
areas. It has more stones on the surface and through the profile than
any other soil in the county and consequently tillage is nearly im-
possible.

The 2- or 8-inch brown stony sandy loam surface layer is low in
organic matter and contains large quantities of stone and gravel. This
layer is abruptly underlain b{l a yellowish-brown loose very gravell
loamy sand that becomes lighter colored and coarser textured Witﬂ
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depth. Internal drainage is very rapid and runoff is very slow. The
soll is very droughty.

All of gkykomisl}; stony sandy loam has been cut over and now sup-
ports a fair growth of young fir and hemlock and an understory of
moss, ferns, salal, and other plants.

Snohemish silt loam (0 to 8 percent slopes) (Sx).—This mucky
mineral soil, which grades into muck or peat, or both, at a depth of
about 20 inches, occurs in relatively large areas in the valley of the
Stuck River and in smaller areas in the valley of the Puyallup. Itis
poorly drained ; runoff and internal drainage are very slow.

The surface soil to about 11 inches is brownish-ﬁray friable perme-
able silt loam high in organic matter and generally slightly mottled
with yellow and brown. This layer gradually grades into slightly
finer textured, more mottled material that rests at 18 or 26 inches on
peat or muck. The organic layers, which may extend to many feet, are
‘about neutral or slightly acid. The water table may be at 5 or 6 feet
during July and August.

Use and management.—The use of Snohomish silt loam depends
upon the degree of artificial drainage. Areas that have had little
drainage are used chiefly for hay and pasture, but those that are ade-
quately drained are used intensively for seed production, truck crops,
and berries. Tillage practices, fertilizers, and crop yields are similar
to those on Sultan silt loam.

The soil is nearly level and slightly to medium acid. It can be easily
worked into a good seedbed. Because the underlying organic layers
have an exceedingly high water-holding capacity, crops do not suffer
for lack of moisture during the drier parts of the growing season.
Generally, where the soil is associated with the Puyallup and Sultan
soils in the river valleys, it is less acid and more productive than in the
small depressions in the uplands or on terraces.

One area about midway between Lake Kapowsin and Ohop Lake
bas a slightly finer textured surface soil than areas in the valleys of
the Stuck and Puyallup Rivers and is used for pasture of high carry-
ing capacity. The frost hazard would probably be greater on this
area than on the areas near Sumner.

Snohomish fine sandy loam (0 to 3 percent slopes) (Sxr).—This soil
occurs chiefly in areas of 40 acres or less in the valley of the Stuck
River. The surface soil to a depth of about 11 inches is grayish-brown
fine sandy loam underlain by gray or brownish-gray fine sandy loam
or silt loam. At 14 to 24 inches the soil is underlain by peat or muck.
Some small areas that have a sandy loam surface soil texture were
included with this soil. When this soil is adequately drained, the
same crops are grown as on Snohomish silt loam, but under the same
conditions the latter will give slightly better yields.

Snohomish leamy fine sand (0 to 3 percent slopes) (Sm).—This
soil consists of a 10- or 12-inch layer of grayish-brown or brownish-
gray loamy fine sand recently deposited on peat or muck. Although
the surface soil is loose and sandy, the organic soil very near the sur-
face keeps it from being as droughty as Pilchuck loamy fine sand, which
it resembles except for the organic substratum. When adequately
drained, Snohomish loamy fine sand is utilized with adjacent areas
of peat and muck soils for growing vegetables, but it is of less value
for this purpose.
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Spanaway gravelly sandy loam, gently undulating (1 to 6 per-
cent slopes) (SP% ~This extensive phase was developed on gravelly
and sandy glacial outwash plains south of Tacoma between Loveland
and McKenna and Puget Sound. It occupies smooth, ridged, and
hummocky relief having low rounded mounds and shallow interven-
ing basinlike depressions. The soil is somewhat excessively drained;
runoff is very slow and internal drainage very rapid. Vegetation
consists of grass, ferns, and moss and a few open stands of oak that in
time are replaced by Douglas-fir and hemlock.

This phase has a very dark-brown to nearly black (moist) granular
sooty acid gravelly or cobbly sandy loam surface soil. The surface
soil is underlain at 12 to 24 inches by grayish-brown poorly assorted
cobbles and gravel that extend to a depth of several feet. Variations
in the number of cobbles and gravel occur from place to place but are
of little significance in the use of the land.

Use and management—The first farms in the county were located
on this phase because it was in grass and did not require clearing. This
soil is gravelly, droughty, and poorly suited to farm crops, although
some areas are being used for hay or for small fruits and vegetables.
Most areas are use(% for pasture, and about 15 acres are required to
graze a cow for 5 months.

Much of this soil was farmed before World War I or until the Gov-
ernment purchased a large area for a military reservation at Fort
Lewis. Many city workers from nearby Tacoma have homes on small
acreages of this soil, especially near Spanaway, Steilacoom, and Ameri-
can Lake. They generally have a garden and some poultry to supple-
ment, their income. Yields are poor and returns are very low in con-
tr?,lst with those from the Puyallup, Sultan, and other recent alluvial
soils.

Because grading is not necessary, roads are not difficult to build on
this soil, and the very rapid internal drainage makes them passable
during the rainy season.

Spanaway gravelly sandy loam, deep, nearly level (1 to 8 percent
siopes) (So).—This phase, which consists of areas of Spanaway grav-
elly sandy loam in which the dark-colored soil material is deeper
than 24 inches, was developed on nearly level areas or in slight de-
pressions. Individual areas are generally not large. Because of their
deeper profile, the soils have a greater water-holding capacity and
are slightly more productive than the gently undulating phase. They
are also less stony and gravelly than the gently undulating phase but
have enough gravel to be droughty.

The soil to a depth of 12 or 14 inches is very dark-brown or black
(moist) gravelly sandy loam underlain by brown gravelly sandy loam.
This in turn is underlain by grayish-brown or grayish-yellow poorly
assorted cobbles or gravel at depths of 28 to 36 inches.

Use and management.—Some areas of this soil are being used for
pasture or for vegetables, small fruits, and hay crops. The yields are
larger than on Spanaway gravelly sandy loam, gently undulating, but
peither phase is fertile and yields are not high. %lore areas of the deep

hase than of the gently undulating phase are being farmed because
farmers have a tendency to seek out the better spots for cultivation.

Spanaway gravelly sandy loam, moderately steep (15 to 25 per-
cent slope) (Sr).—This phase generally occurs on a series of low
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ridges, but some areas are on steeply sloping isolated hills. The profile
is the same as that of the gently undulating phase, but it is more
droughty because of the greater surface runoff. The soil is not farmed
and most of it is covered with grass, small forbs, and moss and sup-
ports a stand of young fir or hemlock trees.

Stossel stony loam, hilly (15 to 80 percent slopes) (Ss).—This
hilly phase occurs on short slopes bordering the mountains and foot-
hills in the upper White River area. Individual areas are small, scat-
tered, and of only minor importance. The soil was developed from
glacial till deposits laid over I})ﬁghly colored shale. The till is densely
massed with stone and boulders, which occur on the surface and are
embedded throughout the soil profile.

This soil is generally variable and nondescript, the character and
depth of the horizons differing considerably within a short distance.
It has a dark-brown organic layer ranging from 1 to 3 inches thick,
composed largely of needles, leaves, small twigs, and moss in varying
de%rees of decomposition. In places a thin ashy-gray layer is de-
veloped just beneath the organic layer, but it is of sporadic occurrence.
In many places the organic layer directly overlies a brownish-gray

anular Joam containing some shotlike pellets. This material is em-

edded with numerous stones and angular boulders, which protrude
from the surface. From depths of 7 to 18 inches the soil is yellowish-
brown stony sandy loam that contains some shot pellets and orange
and yellow mottling. Beginning at about 18 inches the material be-
comes more grayish and at about 24 inches it consists of stony gravelly
clay loam that is yellowish brown and has yellow and rusty-brown in-
clusions. Below 48 or 72 inches lies highly colored and variegated
bolulder clay, which in turn overlies inter%edded shale of varying
colors.

Use and management.—The only areas of Stossel stony loam, hilly,
in the county are unfavorable for crops because of their inaccessibility,
gxcessive stoniness, and strong slopes. The soil is best adapted to

orest.

Sultan silt loam (0 to 8 percent slopes) (Sv).—This is one of the
most extensive and productive Alluvial soils in the county. It occurs
in the larger nearly level stream valleys, especially the valley of the
Puyallup River. It was derived from medium-textured sediments
washed from glaciated areas and consists of mixed materials in which
glacial flour predominates. The original vegetation consisted of a
dense stand of conifers, but nearly all areas are now cleared and culti-

vated.
The 10- or 11-inch surface soil is friable and softly granular and

works readily into a good seedbed. In a cultivated field it is brownish
gray when dry and grayish brown when wet. The surface soil grad-
ually grades into stratified layers of permeable fine sandy loam, silt
loam, or silty clay loam, which is mottled with iron stains. These lay-
ers continue many feet. The water table may be 6 or 8 feet from the
surface during summer.

Use and management.—Much Sultan silt loam is used for erops and
is especially valuable for pasture. It is also used successfully in small
acreages for blackberries, raspberries, strawberries, and canning and
freezing peas.
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Fertilizers are generally used on the fruit, berry, and truck crops.
Barnyard manure and a phosphate fertilizer give the best results, but
a complete fertilizer or nitrogen-phosphate fertilizer is generally used
when manure is not available. The price of this land is very higﬁ, and
the farms are small.

Sultan loam (0 to 3 percent slopes) (Su).—This soil differs from
Sultan silt loam chiefly in having a lighter texture and more open and
better internal drainage. It occurs in all the larger valleys and is of
considerable extent. Individual areas are not so large as those of Sul-
tan silt loam, but they are scattered and intermixed with areas of other
soils of the Sultan series and soils of the Puyallup and Pilchuck series.

The surface soil to a depth of 10 or 12 inches is grayish-brown
permeable granular loam. The subsoil is gray or brownish-gray loam
mottled with yellow and brown. The subsoil 1s somewhat variable and
in some places includes stratified layers of coarser or finer textured
materials.

Use and management.—Sultan loam is variable for the production
of raspberries, and much of it is planted to this crop. Other crops
grown are hops, blackberries, canning and freezing peas and other
vegetables, and narcissus, iris, and tulip bulbs. Barnyard manure with
?hosphate or a complete fertilizer is used for all crops. Thisland sells

or high prices and the farms are small, many of them being only 10 or
15 acres.

Sultan fine sandy Icam (0 to 8 percent slopes) (St).—This soil is
more sandy and less drought-resistant than Sultan loam. It occurs
chiefly in the valleys of the Puyallup and Stuck Rivers in small scat-
tered areas in association with other members of the Sultan series and
the Puyallup and Pilchuck soils. The total acreage, however, is con-
siderable.

The surface soil to 9 or 10 inches is grayish-brown fine sandy loam ;
it is underlain by gray silt loam or very fine sandy loam mottled with
yellow and brown.

Use and management.—The same crops are grown on this soil as on
Sultan loam, but pasture crops do not do so well on it because of its
tendency to become droughty in midsummer. Blackberries and peas
also yield better on the finer textured soils. Other crops yield only
slightly less than on Sultan loam. Fertilizers and tillage practices are
the same as on the other Sultan soils, and land prices are about the
same.

Tacoma muck (0-3 percent slopes) (Ta).—This soil occurs at the
mouths of the Puyallup and Nisqually Rivers in low flat coastal areas
adjacent to tidal marsh and tideland. It developed from partly de-
composed salt-tolerant grass, sedges, and other plants mixed with fine
tidafsediments. The areas have numerous tidal inlets and some sand-
bars and are covered with salt water at extremely high tide. The sur-
face soil is a mixture of muck, peat, and silty mineral soil, which is
grayish brown and mottled with yellow, red, and brown. The surface
material ranges from 2 to 20 inches thick and is usually underlain by
a layer of raw coarse fibrous peat or muck, 10 or 20 inches thick. This
layer grades into stratified bluish-gray colloidal clay or finely fibrous
sedgy material and sandy layers. It is impossible to drain Tacoma
mu(%z without constructing dikes; consequently most of it is being used
in its natural state for what pasture it will provide (pl. 3, B).
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Tanwax peat (0 to 3 percent slopes) (Tc).—This soil was developed
chiefly in the southwestern quarter of the county from microscopic
plants and fine colloidal sediments accumulated in glacial-lake and
ponded-water depressions under conditions of Vezg‘ poorly developed
drainage and a cool climate. It is distinguished from the associated
Rifle peat by its fine spongy character and the absence of woody or
other fibrous materials other than those formed by rootlets of water-
loving shrubs and plants. During fall, winter, and spring months,
water covers most areas to a depth of several inches or 1 or 2 feet.

The soil is composed of 1 or 2 feet of dark-brown very finely fibrous
peat developed mainly from fine colloidal sediments underlain by rich-
brown sedimentary peat. The peat usually supports a dense growth of
spiraea, the fine roots of which give the surface material a finely fibrous
character. The body of the peat is made up of the remains of micro-
scopic and other aquatic plants so small that their individual outline is
not recognizable. A few mosses and sedges grow on this peat.

Use and management.—Some areas of Tanwax peat have been
ditched and drained and are being used for hay and pasture. The soil

roduces fair yields but it is not so good as either Mukilteo peat or
ifle peat. Most areas are within the boundaries of the Fort Lewis
military reservation and remain in their natural state.

Tidal marsh (0 to 1 percent slopes) (Tp).—This land type occurs
on low-lying wet saline marshy coastal areas traversed by winding
tidal sloughs and covered by saline waters during high tide.” The most
extensive areas are at the mouth of the Puyallup River near Tacoma.
In some places the soil material is chiefly mineral, but in others it is
modified by decomposed organic matter that ranges from a few inches
to several feet thick. Where the drainage is slightly better, Tidal
marsh grades into Tacoma muck. Tidal marsh supports a growth of
salt-tolerant grass and plants and is of no agricultural value.

Tisch silt loam (0 to 3 percent slopes) (Te).—The level poorly
drained areas occupied by this soil in depressions or along small streams
are similar to those occupied by the Bellingham and McKenna soils.
Tisch silt loam is associated with the better drained Kapowsin and
Alderwood and the somewhat excessively drained Everett series. A
layer of diatomaceous material ranging from a few inches to 2 feet
thick within the upper 8 feet of the soil profile is characteristic.

To a depth of about 10 inches the soil is silt loam, dark grayish brown
in moist field conditions and light brownish gray when dry. Below
this layer to variable depths ranging from a few inches to several feet
is a layer of light gray or brownish gray diatomaceous earth, under-
lain by greenish gray or bluish gray fine sand.

Use and management—Most areas of Tisch silt loam have been
cleared and drained by the use of open ditches and are being used for a
variety of crops. On much of it hay crops give good yields. Several
tracts near Roy are being used with success for hops and flower bulbs.
The yields are not so higﬁ as on Sultan silt loam or Puyallup silt loam,
however, and the bulbs grown are smaller.

Wapato clay loam (0 to 3 percent slopes) (Wa).—This poorly
drained recent Alluvial soil was derived from fine-textured mixed sed-
iments, mostly from material washed from the Wilkeson soils. Along
the alluvial flood plains or small valleys it is associated with the
medium-textured Chehalis silt loam and the coarse-textured Newberg
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fine sandy loam. In most places the Newberg soils are adjacent to the
streams, have a swell-and-swale relief, and are subject to frequent
overflow; the Chehalis soil occupies slightly higher elevations, has a
level relief, and is rarely overflowed. Wapato clay loam occupies
back-bottom positions on the basin part of the valleys and may be
flooded part of the year. Most of the total area occurs along the lower
part of ghop Creek west of Eatonville.

The surface soil is a grayish-brown to brownish-gray granular clay
loam, in places mottled to the surface with yellowish brown. This lay-
er, about 9 inches thick, grades into a slightly acid silty clay loam sub-
soil, noticeably mottled with gray and rusty brown. The lower sub-
soil, below a depth of 24 or 30 inches, is much lighter colored and is
considerably finer textured and more compact than the upper subsoil.

Use and management.—Because of the low-lying position and the
fine-textured subsoil, surface and internal drainage are very slow and
artificial drainage is necessary for the production of cultivated crops.
Most areas are used for pasture or hay.

Wilkeson loam, rolling (6 to 15 percent slopes) (Wc).—This phase
is not only one of the most extensive soils of the county but one of the
best soils 1n the uplands for timber production. It was developed un-
der a heavy coniferous forest cover in a climate characterized by heavy
rainfall, cool relatively dry summers, and mild wet winters. The par-
ent material is a mixture of silty materials, pumice, and andesitic frag-
ments of questionable origin., The soil occurs in the eastern part of the
county and extends northward as far as Carbonado and westward as
far as Ohop and Eatonville. It continues into the mountains to the
east, where it was mapped with Rough mountainous land because of
the excessively steep topography.

In virgin and undisturbed forested areas, the upper 1 or 2 inches are
a dark grayish-brown mixture of some mineral soil with organic mat-
ter or with undecomposed needles and forest litter. Underneath this
cover is brown loam having a granular structure and containing
many soft round shot pellets. This loam grades at about 8 inches into
yellowish-brown silt loam that has a well-defined nut structure, is more
compact than the layer above, and contains some shot. The penetra-
tion of roots and air is good but not so good as in the layer above. At
about 20 inches the material becomes a lighter yellowish-brown clay
loam with a blocky structure. Root distri%ution at this depth is poor
and there are very few shot. The clay loam is about 10 or 12 inches
thick and is underlain by variegated gray silty clay loam mottled with
gray, yellow, and rust-brown stainings. Over the surface and
throughout the various layers of the soil are scattered fragments of
basic igneous rock that are heavily coated with fine soil materials.

The natural drainage of the soil is moderately good, and internal
drainage is medium,

Use and management.—Only a very small acreage of this phase is
under cultivation at present. The yieﬂis of hay, chiefly oats cut green
or alsike clover and timothy, are fairly good. A considerable acreage
is used for pasturing beef cattle and sheep. No attempt has been made
to clear this pasture land of stumps, but the brush is cut and %rass mix-
tures, mainly orchard grass with some clover, timothy, and bluegrass,
are sown between the stumps. Such pasture has a good carrying capac-
ity even in the drier seasons.
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By far the greater part of this phase has been cut over (pl. 8, 0)
and supports young fir, hemlock, and some shrubs or has been burned
over and now produces little vegetation but fireweed and blackberries.
Some virgin timber, chiefly hemlock, remains in the eastern areas ad-
jacent to Mount Rainier National Park.

Wilkeson loam, hilly (15 to 80 percent slopes) (W=s).—This soil
is widely distributed in association with the more extensive rolling
phase. It usually occupies hilly topography along drainageways an
the more irregular relief in the uplan(ﬂ,reas between the rolling phase
and Rough mountainous land or Rough stony land. The surface soil
is usually thinner than on the rolling phase, and stones and rock out-
crops are more common. Internal drainage and runoff are medium.
The subsoil is less mottled than the subsoil of the rolling phase.

Wilkeson silt loam, rolling (6 to 15 percent slopes) (Wp).—This
phase occurs in the eastern part of the county on rolling uplands in
association with the much more extensive Wilkeson loam, rolling.
Both surface drainage and internal drainage are medium.

In undisturbed areas this phase is covered to a depth of 1 or 2
inches by a partly decomposed organic forest litter consisting of moss,
needles, and woody fragments mixed with a little mineral soil. Im-
mediately under this litter is granular brown silt' loam containing
many soft rounded soil aggregates and penetrated by a well-distrib-
uted root system. This layer is underlain at 10 or 12 inches by pale

‘ellowish brown clay loam having a granular structure and contain-
ing few, if any, shot. Roots penetrate this clay loam and are well
distributed through it, but few occur in the succeeding layers. At
about 24 to 30 inches is a light grayish-yellow silty clay loam mottled
with yellow and brown stains. At about 40 inches the material be-
comes variegated gray silty clay loam mottled with gray, yellow, and
brown.

Use and management.—Most of the virgin timber on this phase has
been cut, but only a very small acreage is cultivated. Young fir, hem-
lock, and small shrubs cover a part of this soil. Fire has burned
over large areas, and now the vegetation consists of fireweed, wild
blackberries, ferns, and some grass.

USE, MANAGEMENT, AND PRODUCTIVITY OF SOILS

USE SUITABILITY GRADES

The soils of the county differ widely in physical characteristics
and consequently in their use suitability and management needs.
Such differences are caused by a number of soil features, such as tex-
ture, consistence, quantity and character of organic matter, chemical
characteristics (including reaction), moisture conditions, profile
depth, stoniness, and slope or lay of the land. These features affect
the use and management of the soil through their influence on pro-
ductivity, workability, and conservability.

Productivity, as used here, refers to the ability of the soil to pro-
duce crops under prevailing farming practices. The soil may be pro-
ductive of a crop but not be well suited to it because of poor work-
ability or conservability, or both. Workability refers to ease of till-
age, harvesting, and other field operations. It is affected by such soil



60 SOIL SURVEY SERIES 1939, NO. 27

characteristics as texture, structire, consistence, moisture conditions,
organic matter, stoniness, and slope or lay of the land. Conserva-
bility refers to the ease of maintaining the produetivity and work-
ability of the soil when it is cultivated. .

The soils are placed in 10 grades in descending order of their de-
sirability for the present agriculture. The best soils for crops are
those that can be conserved with minimum effort and are very pro-
ductive, easily worked, and retentive of moisture. The First-grade
soils are better than the Second-grade ; likewise, the soils of each suc-
ceeding class are further from the ideal than those of the preceding
class; that is, they are generally less productive, less easily worked, and
more difficult to conserve. The grade and land classification of crop-
land are for the sites that are adequately drained naturally or arti-
fically, and properly cleared.

FIRST-GRADE SOILS

First-grade soils constitute excellent cropland under the manage-
ment commonly practiced. They differ in degree of profile develop-
ment, character of parent material, color, structure, and other re-
spects, but they are relatively similar in general physical suitability
for agricultural use. All are fairly well supplied Wifi lant nutrients
and organic matter as compared with other soils of tll)le county, but
even the most fertile soil is responsive to amendments when planted to
some crops. Good tilth is easily maintained, and the range in mois-
ture conditions for tillage is comparatively wide. The physical prop-
erties favor movement of air and moisture, and roots penetrate all
parts of the subsoil freely. The range in moisture conditions for
tillage is narrowed, however, and air and moisture movement is re-
stricted to some extent in the imperfectly drained soils of this grade.
None of the soils are characterized by any particularly adverse soil
condition. They are almost free from stones, their relief is favor-
able to soil conservation and tillage, and none are severely eroded or
highly erodible.

These soils have medium to relatively high natural productivity,
and their fertility and soil material are relatively easily conserved.
They are well suited to most of the exacting crops and intensive crop-
ping practices under prevailing systems of management.

First-grade soils include the best of the recent Alluvial soils along
the river flood plains or bottoms and the best of the organic soils.
They are as follows:

Carbondale muck Semiahmoo muck
Carbondale muck, shallow (over Rifle Semiahmoo muck, shallow

peat) Semiahmoo muck, shallow (over
Chehalis silt loam Mukilteo peat)
Dupont muck Semiahmoo muck, shallow (over
Newberg fine sandy loam Tanwax peat)
Newberg loam Snohomish fine sandy loam
Puyallup fine sandy loam Snohomish silt loam
Puyallup loam Snohomish loamy fine sand
Puyallup loamy fine sand Sultan fine sandy loam
Puyallup silt loam Sultan loam
Rifle peat Sultan silt loam

SECOND-GRADE SOILS

Second-grade soils are good to very good cropland under present
farming practices. They have a greater diversity in physical char-
acteristics than the First-grade soils. They are relatively similar to
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each other in physical suitability for agricultural use but they may
differ in productivity, workability, and conservability within a lim-
ited range. FEach is moderately deficient in one or more of these.

In general the Second-grade soils are at least moderately produc-
tive of most crops grown in the county, and their physical proper-
ties are moderately favorable to tillage, the maintenanes of good tilth,
and movement and retention of moisture. None of these soils occupy
very strong relief and none are extremely stony or severely eroded.
Internal drainage is slow to very slow in many of them. The de-
ficiency of each of these soils in one or more desirable characteristics
is not great enough to make the soil poorly suited to agricultural use.

The Second-grade soils, which include some of the peats, the best
soils of the upland depressions, and the best upland soil, are:
Bellingham silt loam Mukilteo peat, shallow
Bellingham silty clay loam National pumicy loam
Kitsap loam, undulating Rifle peat, shallow

Kitsap silt loam, undulating Tanwax peat
Mukilteo peat Tisch silt loam

THIRD-GRADE SOILS

Each of the Third-grade soils is characterized by one or more
shortcomings in its workability, productivity, and conservability that
make it less desirable than a Second-grade soil for the production of
the common cultivated crops under prevailing farming practices. One
or more of the following undesirable features are prominent: (1)
Slow internal drainage, (2) shallow depth of soil profile, or (8) fine
texture. These shortcomings are not sufficiently great to make the
soil definitely unsuited physically to cultivated crops.

Third-grade soils are fairly good cropland under prevailing farm-
ing practices, but their best use is for pasture for dairy herds. Some
of the most successful farms in the county are on these soils. Their
desirability for farming is lowered mainly by the limited number and
kinds of crops that can be produced. The Third-grade soils are:
Bow clay loam, rolling Orting loam
Buckley-Enumeclaw loams Orting sandy loam
Buckley loam Puyallup sandy loam, shallow (over
Buckley loam, hardpan Buckley loam)

Enumclaw fine sandy loam Puyallup silty clay loam
Enumclaw loam Wapato clay loam
Newberg loamy sand

FOURTH-GRADE SOILS

Fourth-grade soils are fair cropland under prevailing farming prac-

tices. Many farms located on these soils are being successfully

farmed, but the crop yields are not high and crop production requires

much work. Pasture and grain are the two principal crops. The
Fourth-grade soils are:

Bellingham silty clay loam, shallow
surface soil

Edmonds fine sandy loam

Enumclaw gravelly sandy loam

Kapowsin gravelly clay loam, hilly

Kapowsin gravelly clay loam, undu-
lating

Kapowsin gravelly loam, undulating

Kapowsin gravelly sandy loam, undu-
lating

Kitsap-Indianola complex

Kopiah loam

Kopiah silty clay loam
Lynden loamy sand
McKenna gravelly loam, nearly level
McKenna loam, nearly level
McKenna loam, sloping
Norma fine sandy loam
Orting gravelly sandy loam
Pilchuck fine sandy loam
Puget clay

Puget silt loam

Puget silty clay loam
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FIFTH-GRADE SOILS

Fifth-grade soils are poor cropland and do not produce enough to
provide a satisfactory income for farmers using them. Most of the
soils in this grade are low in fertility and, with the exception of the
Nisqually, most of them produce only timber. This grade includes:

Alderwood gravelly loam, rolling
Catheart loam, hilly

Indianola icamy sand, gently rolling
Indianola sandy loam, gently rolling
Nisqually loamy sand

Nisqually sand

Sinclair gravelly fine sandy loam,
rolling

Sinclair gravelly loam, rolling

Wilkeson loam, rolling

‘Wilkeson silt loam, rolling

SIXTH-GRADE SOILS

Sixth-grade soils are very poor cropland and are used mostly for
grazing. Timber production is low on most of these soils. The low
productivity is due to droughtiness, low fertility, or a high water table
that cannot feasibly be lowered. The soils of the class are:

Alderwood gravelly sandy loam, roll-
ing

Pilchuck loamy fine sand

Spanaway gravelly sandy loam, deep,
nearly level

Spanaway gravelly sandy loam, gently
undulating

Spanaway gravelly sandy loam, mod-
erately steep

Tacoma muck

SEVENTH-GRADE SOILS

Owing to their droughtiness, Seventh-grade soils are dominantly
best suited to forest. If the soils were cleared, their nearly level relief
would not be so difficult to farm as the steep relief of the Eighth-grade
soils, The Seventh-grade soils are:

Greenwater loamy sand
Greenwood peat
National pumicy sandy loam

Pilchuck fine sand
Pilchuck gravelly sand

EIGHTH-GRADE SOILS

Because of their relief, Eighth-grade soils are best suited to forest.
If they were cleared and cultivated, they would produce fair yields
but production would be very costly and difficult to maintain. The

Eighth-grade soils are:

Barneston-Wilkeson complex

Bow clay loam, steep

Indianola loamy sand, moderately
steep

Kapowsin gravelly loam, moderately
steep

Kapowsin gravelly sandy loam, mod-
erately steep

Kitsap silt loam, steep

NINTH-GRADE SOILS

Ninth-grade soils are dominantly used for forestry because of their
relief, low fertility, or droughtiness. If these soils were cleared and
cultivated, the yield would be lower than on the Eighth-grade soils.

The Ninth-grade soils are:

Alderwood gravelly sandy loam, hilly

Barneston gravelly loamy sand, hilly

Barneston gravelly loamy sand,
rolling

Barneston gravelly sandy loam, hilly

Barneston gravelly sandy loam, rol-
ling

Bverett gravelly loamy sand, hilly

Everett gravelly loamy sand, rolling

Bverett gravelly sandy loam, hilly

Rverett gravelly sandy loam, nearly
level

Bverett gravelly sandy loam, rolling

Hverett stony loamy sand

Fitch gravelly sandy loam, hilly

Fitch gravelly sandy loam, undulating

Orting stony sandy loam

Sinclair gravelly fine sandy loam,
hilly

Sinclair gravelly loam, hilly

Skykomish stony sandy loam

Stossel stony loam, hilly

Wilkeson loam, hilly
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TENTH-GRADE SOQILS

Tenth-%rade soils are nonagricultural but may produce timber.
They include the miscellaneous land types. The Tenth-grade soils
are:

Coastal beach Rough mountainous land
Made land Rough stony land
Riverwash Tidal marsh
Rough broken land

LAND USE*®

The most widespread land use in the county is for forest. Saw
timber volume is in excess of 14,000,000,000 board feet, log scale.
Large acreages are in second growth timber. Only 165,932 acres, or
15.5 percent of the total land area of the county, was in farms in 1950.

Inasmuch as dajrying is the most important agricultural enterprise,
more land is used for grazing than for all other crops combined. Dairy-
ing is carried on in practically all parts of the county, but most of
the grazing land is on soils of the uplands. On these soils and soils
such as the Orting and Buckley loams, a common practice is to plow
and reseed pastures at 3- or 4-year intervals. Pastures on the Alluvial
soils produce high yields of forage, and many are plowed only at long
intervals, since Weﬁ-lfertilized pastures once well established produce
heavily for years. Renovation, which includes clipping and reseeding
followed by harrowing of the turf, is a general practice. On the
Alluvial soils adjacent to Tacoma, Puyallup, and Sumner the com-
petition for land by the growers of vegetall))ies fruits, and nursery
stock has resulted in such high land rentals that da.irymen cannot com-
pete and are forced to look somewhere else for pasture.

Farming that combines dairying and the production of such cash
crops as peas and sweet, corn for processing is increasing in importance
on Buckley loam and other good soils at some distance from large

opulation centers. If the crop is cannery peas, pasture grasses and
‘Fegumes are seeded with it, the peas being used as a nurse crop. Most
of the land on dairy farms is used for pasture, and much of the hay
used on these farms is imported from other areas.

Poultry raising is the second most important agricultural enterprise
in the county. Farms specializing in poultry are Iocated without much
reﬁard to soils, since nearly all the feed necessary is imported from
other areas.

Pierce County is one of the leading counties in the United States
in the production of raspberries and blackberries. In 1949, over
10,425,314 pounds of raspberries, 5,671,901 pounds of blackberries and
dewberries, and 506,247 pounds of strawberries were produced. Rasp-
berry production is confined for the most part to the sandy loams,
fine sandy loams, loams, and silt loams of the Puyallup and Sultan
series, both of which are Alluvial soils. A small acreage is on the bet-
ter drained areas of the Alderwood and Kapowsin soils. Although
much of the acreage in blackberries is on the muck soils, particularly
around and within the city limits of Puyallup, plantings of consider-
able extent are on mineral soils not adapted to raspberries.

"This section was prepared by Karl Baur, associate soil scientist, State Col-
lege of Washington, Western Washington Agricultural Experiment Station,
Puyallup, Wash.



64 SOIL SURVEY SERIES 1939, NO. 27

Strawberries have been very successfully grown on some of the
upland soils of the area, mainly because the crop is harvested before
the dry season in summer. They are a good crop for farmers having
soils of the Alderwood and Kapowsin series and other upland soils
of similar profile characteristics. The acreage of this crop and the
ﬁields produced are relatively low, however, because of the suscepti-

ility to plant diseases of varieties now in use. All indications point
to an increase in acreage when disease-resistant varieties are available.
The mineral soils of the river bottom are also, for the most part, well
adapted to the production of strawberries.

Tree fruits are grown for home use and for sale on a limited scale
on nearly all of the soils of the county but principally on the prairie
soils of the Spanaway and Nisqually series; on the hilly, very rapidly
drained soils such as the Everett, Barneston, and other soils of similar
profile characteristics; and on the peat and muck soils. The tree fruits
grown commercially are chiefly sour and sweet cherries, peaches, and
apples. Thereare a few small }k))lantings of filberts.

ommercial crops of vegetables are grown principally on the muck,
silt loam, loam, and sandy loam soils in the Puyallup and White River
Valleys where yields are excellent and of high quality. Supplemental
irrigation by sprinkler systems is in use on many of the farms and is
growing in popularity.

Horticultural specialty crops are increasing in importance. One-
third of the daffodil bulbs and large quantities of iris, tulip, and other
bulbs Froduced in the United States are grown here. The list of such
specialty crops as ornamental shrubs, herbs, cuttings, and flowers is
long. Most of these crops are grown on the sandy loams, fine sandy
loams, loams, and muck soils of the river valleys. Fine-textured soils
are avoided, and only a very small acreage of the soils of the uplands
ig used for this purpose.

Fertilizer recommendations for most soils and crops may be obtained
from publications of the State College of Washinﬂ%ton Agricultural
Experiment Station, which are available in the office of the county
agricultural agent.

MANAGEMENT

More land is used for grazing in Pierce County than for all other
crops combined. Small cereal grains are of minor importance except
for oats. The raising of truck and berry and fruit crops is extensive

(12). Intensive farming methods are used for these crops, and the
soils are heavily fertilized. As the information available on fertilizing
and managing various crops on specific soil types is limited, the dis-

cussion that follows is more or less general.

The Alluvial soils of the stream bottoms, where intensive farming
is practiced, should be given amendments of complete fertilizers.
Heavy applications of barnyard manure reinforced with nitrogen,
phosphoric acid, and potash are recommended. Systematic crop rota-
tion is impractical in areas where this intensive type of farming is
followed, particularly where tree fruits and other specialized crops are
grown. Where specialized crops are not grown, however, crop rotations
are essential if maximum productivity is to be maintained.

The characteristically low content of available nitrogen in the soils,
especially in the light-colored soils of the uplands, must be raised be-



PIERCE COUNTY, WASHINGTON 65

fore these lands can be successfully farmed. Available nitrogen can
be best supplied and maintained when intertilled small grains and
grass or legume crops are grown in the rotation. All available barn-
yard manure, as well as green-manure crops, should be used to sup-
plement the rotation. The small cash returns from grain crops do
not warrant the use of commercial fertilizers for small grain crops
following legumes, especially when the legume is fertilized with su-
perphosphate. Nitrogen and phosphate may be necessary for small-
grain hay crops when they do not follow a legume. Potash and lime
applications seem to be beneficial in some cases, but more experimental
data is necessary before any definite conclusions can be reached. The
addition of lime has been found beneficial to crops grown on the
Nisqually soils. There is a marked difference in the response of dif-
ferent crops to fertilizers on the same soil and in the response of the
same crops on different soils (76). The farmer must select his ferti-
lizer carefully and use those kinds best suited to his needs and soil-
crop combination.

In a crop rotation, such intertilled crops as tuber and root crops
and corn may be used. For the next crop following an intertilled crop
in the rotation, wheat, oats, rye or others in the small-grain group
may be selected. Provided there is an abundance of moisture avail-
able, a grain erop may also be used as a nurse crop for the grass or
legume crop that is to follow for the third step in the rotation. Red
and alsike clovers, peas, alfalfa, and beans are some of the legume
crops from which selection may be made. As a practical rule, a le-
gume crop should be used in a rotation at least every fourth year, or
preferably 1 year in a 3-year rotation.

The most common green-manure crops are the vetches mixed with
cereals (7). Fall-seeded crops are the most satisfactory. Rosen rye
and hairy vetch is a recommended mixture for this region, since oats
and wheat suffer more from winter injury. Fall seeding is usually
done between September 15 and October 15. Spring-seeded green-
manure crops most commonly used are wheat or oats with field peas.
On_well-drained soils, seeding should be done late in February or
early in March. The recommended time to plow under a green-
manure crop is when a maximum yield of good quality and active
organic matter is attained. For leguminous crops this stage of
maturity is reached when the blossoms appear, and for nonlegumi-
nous grain crops at the time the heads are beginning to come out of
the sheaths.

The well-drained fertile lowlands make the best pastures. Of the
alluvial soils, Sultan soils are preferred, and many of the dairy farms
have pastures on these soils and on the finer textured types of the
Puyallup soils. The Kapowsin, Sinclair, and Alderwood soils of the
uplands make fair pastures. The Kapowsin is preferred because of
its high water-holding capacity. Because of their porous and coarse
character, the droughtﬂ soils, such as those of the Iiverett and Barn-
eston series, do not show an appreciable increase in yields when
fertilized.

In preparing the land for pasture, two or three cultivated crops
should be grown to eliminate weeds before seeding the pasture. Early
spring seeding is recommended. On cultivated lands, it should be
done in March or April; on partly cleared unplowed lands, February
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seedings are safest. Except on droughty soils a nurse crop, prefer-
ably a legume, such as peas, can be used. From 20 to 24 pounds of
grass seed should be sown to the acre, the quantity depending on the
soil type. Recommended forage species (8) for stream bottoms and
upland depressions are as follows: Alta fescue, Italian ryegrass, Eng-
lish ryegrass, orchardgrass, Kentucky bluegrass, and red, white,
alsike, and subterranean clovers. When nurse crops are used, one-
half to two-thirds of the ordinary quantity of seed grain is sown with
the forage mixture.

On land not suited to other crops because it remains wet during
a large part of the winter and spring, reed canarygrass is recom-
mended. A mixture of meadow foxtail and big trefoil (Lotus ulig-
inosus) has also proved satisfactory for wet lands. Approximately
10 pounds of seed to the acre will produce a good stand and a pas-
ture of high carrying capacity. Pastures should be regularly ferti-
lized if they are to produce the highest yields, because grass is a heavy
user of nitrogen. A practical application is six to eight loads of
manure reinforced with 300 to 400 pounds of superphosphate an acre.

‘When grasses and legumes are used for hay crops rather than for
pastures, a mixture of alsike clover and alta fescue or Italian ryegrass
should be used (7z). Red clover at the rate of 12 pounds an acre may
be substituted for alsike clover but is not so well adapted to imperfectly
drained soils as alsike. Timothy may be used in place of Italian rye-
grass, although it is not so desirable a hay for dairy cows. A grain-
legume mixture of gray winter oats and hairy or common vetch is a
popular hay-crop mixture. Spring oats planted with field peas is also
recommended.

Heavy fertilization is essential for the maximum production of truck
crops. The growing of several crops each season puts a heavy drain
on }l))lantvnutrients, which therefore must be replenished by the addition
of barnyard manure and commercial fertilizers. Truck crops and
small fruit produce good results from large applications of manure,
but usually small quantities supplemented with commercial fertilizers
are preferable.

Root crops and tubers such as beets, mangels, and potatoes respond
best to complete fertilizers; but under less intensive farming, 6 to 8
tons of manure supplemented by 200 to 300 pounds of superphosphate
an acre will give satisfactory yields when it 1s used with a regular crop
rotation. nder intensive farm methods, however, in aﬁ—(liition to
manure, it may be necessary to apply the following, or its equivalent,
an acre; 100 to 125 pounds of sulfate of ammonia, 300 to 400 pounds
of superphosphate, and 80 to 120 pounds of muriate of potash.

On soils that grow the leafy vegetables—cabbage, asparagus, celery
and rhubarb—12 to 15 tons of manure and 600 to 800 pounds of super-
phosphate should be applied. On muck and peat soils, one-half of the
quantity of manure plus 120 to 160 pounds of P,O; and 35 to 50 pounds
of K,O is usually sugicient. ‘When manure is not used, 60 to 70 pounds
of nitrogen, 120 to 150 pounds of P,O;, and 35 to 50 pounds of K,O
should be used on the mineral and organic soils. On mineral soils let-
tuce requires 75 pounds of nitrogen, 70 pounds of P,0O; and 125

ounds of K,0. Where lettuce is grown on muck and peat soils, the ad-
gition of 50 pounds of nitrogen, 180 pounds of P05, and 150 pounds of
KO an acre should give the desired results.
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Table beets, carrots, and sweet corn respond well to 12 to 15 tons of
manure reinforced with 600 to 750 pounds of superphosphate an acre.
When manure is not used, the recommended application is 4 to 50
%ounds of nitrogen, 125 to 160 pounds of P,0s, and 60 to 75 pounds of

20 an acre. Garden peas and beans may be fertilized with 30 pounds
of nitrogen, 125 pounds of P,O;, and 100 pounds of K,0.

Strawberries, an important cash crop, usually receive about 15 to 20
tons of manure; but when manure is reinforced with 400 to 600 pounds
of superphosphate, 6 to 8 tons of manure is sufficient for the best yields.
‘When no manure is used, 30 to 60 pounds of nitrogen, 50 to 100 pounds
of P,0;, and 30 to 60 pounds of K,O are applied. Strawberries should
be fertilized after the crop is harvested or in the fall.

Raspberries and blackberries, the two main cash crops in the valley
of the Puyallup River, are most economically fertilized with 8 to 12
tons of well-rotted manure and 400 to 600 pounds of superphosphate an
acre. Without the manure, 20 to 85 pounds of nitrogen, 90 to 150
pounds of P,0;, and 50 to 75 pounds of K,O are usually satisfactory.

In fertilizing orchards, a cover crop, such as vetch or rye, is com-
monly plowed under as green manure. Fall-seeded hairy vetch and
Rosen rye are the best for this region. Nitrogen and occasionally phos-
phate and potash are applied, depending on the inherent fertility of
the soil. Preliminary studies with the placement of fertilizer near
the seed of the cover crop have indicated that a more efficient use of
fertilizers can be made. Studies of the placement method of ferti-
lization are now being made with special equipment (15).

The truck crop varieties adapted to the soils of Pierce County in-
clude the following : Peas—Alaska, Surprise, and Perfection ; peas for
freezing, the Tall Alderman and Thomas Laxton; caulifiower—snow-
ball; brussels sprouts—Half Dwarf Improved; asparagus—Mary-
Washington ; celery—Golden Self-Blanching; rhubarb—Victoria and
Linnaeus ; beans—Stringless Green Pod, Oregon Lima, and Kentucky
Wonder; lettuce (head)—New York, and (leaf)—Black-Seeded
Simpson; spinach—Improved Thick Leaved; tomatoes—Scarlet
Dawn, Bonny Best, and John Baer; sweet corn—Golden Bantam, Sen-
eca “60,” Golden Gem, and Seneca Golden; carrots—Imperator, Nan-
tes, Chantenay, and Danvers Half Long; turnips—Purple Top White
Globe, and Purple Top Milan; table beets—Early Wonder, Eclipse,
Crosby Egyptian, and Detroit Dark Red; potatoes—Netted Gem, .
Irish Cobbler, and Early Rose.

The most common variety of strawberries is the Marshall, which is
a heavy yielder and requires a rich soil and intensive culture. Other
varieties as the Ettersburg and Corvallis are grown to a lesser extent.
The Corvallis is adapted to the fine-textured soils. The Cuthbert and
Washington are the two important varieties of raspberries. The
Washington, the result of hybridizing the Cuthbert and Lloyd George,
has been recently put on the market. As the Cuthbert is susceptible
to winterkilling, the Washington was developed to take its place and
has proved to be very successful. Another new hybrid is the Tahoma,
classed among the sour varieties of red raspberries. Tahoma plants
are resistant to winterkilling, but will probably be subject to diseases
and insects attacking red raspberries in western Washington.

The blackberry varieties are Texas, Evergreen, and Brainerd. The
Evergreen also grows wild and a large supply of berries comes from
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this native plant. It quickly spreads to uncultivated fields and is a
common weed along roads and fence lines.

Grape varieties commonly grown are the Concord, Campbell Early,
Delaware, Niagara, and Agawam.

The Montmorency variety of the sour cherries is most extensively
grown. Sweet cherries are largely Royal Ann, Bing, and Lambert.
Pear varieties most commonly grown are the Bartlett, Anjou, and
Winter Nelis. Esopus, Spitzenburg, and Golden Delicious are apple
varieties.

The control of plant insects, pests, and diseases is an essential in
attaining maximum high-quality production. The more serious pests
attacking small fruits are the redberry mite, western rafsipberry fruit
worm, strawberry root weevil, and the yellow currant fly. The flea
beetle is one of the more injurious insect pests of the potatoes and
tomatoes. The most common diseases of peas are downy mildew, pow-
dery mildew, and cladosporium spot. Pea weevil, pea moth, and pea
aphids are common pests. The most serious fungus diseases of straw-
berry plants are gray mold rot and the various leaf spots. The State
College of Washington Agricultural Experiment Station may be con-
sulted for insect and disease-control measures.

PRODUCTIVITY

The natural factors influencing the productivity of land are mainly
climate, soil, drainage, and relief or lay of the land. The physical
characteristics of the soils, especially those affecting moisture storage,
are important. Erodibility, Eowever, is not a serious problem in this
area. The type of management, including the use of amendments, has
considerable effect on what the soils will produce. Crop yields over a
long period furnish the best available summation of the factors contri-
buting to productivity, and they are used whenever available as the
basis for determining productivity estimates. Some range in the pro-
ductivity of nearly all the soilsisto be expected.

Estimates of the expectable yields of the more important crops on
each of the soils of the county are given in table 4. The soil types and
phases are listed alphabetically.

MORPHOLOGY AND GENESIS OF SOILS

Soil is the product of the forces of weathering and soil development
acting on the parent material deposited or accumulated by geologic
agencies. The characteristics of the soil at any given point depend
on (1) the physical and mineralogical composition of the parent ma-
terial; (2) the climate under which that material has accumulated
and has existed since accumulation; (8) the plant and animal life
in and on the soil; (4) the relief or lay of the land ; and (5) the length
of time the forces of development have acted on the soil material.
The influence of climate on soil and plants depends not only on tem-
perature, rainfall, and humidity but also on the physical character-
istics of the soil or soil material and on the relief, which, in turn,
strongly influences drainage, aeration, runoff, erosion, and exposure
to sun and wind.



TasLE 4.—Bstimated average acre yields that may be ewpected over a period of years from the principal crops on soils of Pierce County,

Wash., under average management practices without supplemental irrigation?

Corn Oatl Mixed | Alfalfa | Pas- Pota- |Canning| Straw- | Rasp- | Black- | Suitability
Soil sllage | OBts | Wheat | Barley | ;0% hay hay ture 3 toes peas | berries | berries | berrles | for forest
Tons Bu. Bu. Bu. Tons Tons Tons Tons . Tons Tons Tons Tons
ﬁgerwoog gravegy lOB,l(Iil, liolling ........ *) 35 20 30 2.2 2.0 2.6 3.b 125 [O) 2.0 2.4 2.2 | Good.
erwood gravelly sandy loam: ’
Hill E‘? ® ® ® ®) ® ® ) ® (5; (”) ®) ® Do.
4. 30 16 25 2.0 2.0 2. 3.0 110 ¢ 2.0 2. 2.0 Do.
é“) () Q] ® ® (“; ® ("; () g’) g‘) ?’) 5‘; Falr,
9 O] * O} ® [© O] ¢ O] £) 4) 49 ¢ Do.
B slglals gl alal8BI818188 2%
Bameston-WiIkeson complex. ¢ %) b 5 Y ) s (¢ 4 5 Y s 5) Very géod
Bellingham silt loam_.._______ 10.0 85 4; ® 35 3.0 ¢ 3.0 (43 4.0 175 1.3 4) 4 3.0 air.
Bellingham silty clay lodm._.. 10.0 80 4; 35 2.8 3.0 E‘) 4.0 * 1.3 4 4 3.0 Do.
B Sh]allolw surface soil.__.___....______ ® ® s ® ® ® 5) ® ® ® U 5) ® Do.
ow clay loam:
Rolling_ .. 8.0 70 30 35 2.8 3. 3.5 3.5 250 1.3 2.0 2.0 2.3 Do.
[S17) P —, 400G ® ® ® O] & O] © ® ® ® 5) 8 Do,
Buckley-Enumclaw loams.._ _ 7.0 80 35 35 2.8 2.6 3.0 3.6 200 1.8 2.5 4; 4 Do.
Buckley loam.___.__..______. - 8.5 80 35 35 2.8 2.5 3.0 4.0 180 2.0 2.5 4 3.0 Do.
Hardpan____ RO ® ?) ® ) 2.0 1O} 3.0 ® ® Q) ¢ ® Do.
Oarbondale muck - 10.0 4) 40 3.2 3.5 4 5.0 300 * 4 4 5.0 | Poor.
Shallow (over Rifle peat). - 10.0 20 35 3.0 3.5 4 5.0 300 1. 4 4 4.5 Do.
Catheart loam, hilly._______ - ® ® ® ® ®) ®) U ® ® ® 2 ¢ ® ood.
Chehalig silt loam. ... - 10.0 35 40 3.0 3.4 4.5 4.5 200 1. 2.5 2.5 3. Excellent
Coastal beach_____________ - (ﬂg ® 5) ) ®) ®) 5; ® ® ® 5 5 ® Poor,
Dupont muek______.__.__ “ 70 4; 30 2.5 2.8 4 3.0 190 1.4 4) 4; 2.3 Do.
Edmonds fine sandy loam. . _ 6.0 75 4 30 3.2 3.0 4) 4,0 230 1.2 O] 4 3.0 | Good.
Enumeclaw fine sandy loam. 6.5 65 35 35 3.0 3.0 3.5 4.0 180 1.2 2.5 2.8 3.0 | Fair,
Enumeclaw gravelly sandy lo 5.0 50 25 25 2.0 2.0 2.6 3.0 165 1.0 2.0 2.5 2.5 Do.
Enumclaw loam._._______ - 8.5 80 35 35 3.0 3.0 3.5 4.0 250 2.0 2.6 2.5 3.2 Do.
Eve:rE(E;;ﬁ gravelly sandy lo 5 5 5 ® 5 5) e [O) 5 G ) 5 5 Do,
AT e— : g& @ % 0 g«ﬁ §4> E& L5 &% @ gg % %«i Good”
e oo 4 Q] 4 4) 4) 1) 4) L5 (¢ ) 4 4 4 Do.
Evetett gravelly loamy sand.
----------------------------- SIS B8l 81818 8181888
Evorett siony loamy sand. S S S O N o« S o O O I S [ B B> 3| pa.
Fitch gravelly sandy loam: 5 . . . . . . . . . . . . D
Ondiiating 71T @6 ] ‘ S8 8 %% B8R RR G Do:
Greenwater loamy sand... éﬂé gﬂ 5 ) 53 ﬂ; 25 Eﬁg 5 5) ﬂ§ 5; s Good,
Qreenwood peat. . _coocoaooaaoaos Q 8 ) o 8 g 6 8 8 8) 6 6 Y Poor.

See footnotes at end of table,
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TABLE 4.—Hstimated average acre yields that may be ewpected over a period of years from the principal crops on soils of Pierce County,

Wash., under average management practices without supplemental irrigation *—Continued

Corn Oat Mized | Alfalfa Pas- Pota- [Canning| Straw- | Rasp- | Black- | Suitability
Soil silage | Oets | Wheat | Barley | 1,0 bay hay | ture® | toes peas | berries | berrles | berrles | for forest
Indianol v Tons Bu. Bu. Bu. Tons Tons Tons Tons Bu. Tons Tons Tons Tons

anola sandy loam:

Gentlyrolling__ .. ... 4 30 4) 4 18 1.6 2.0 2.5 125 4 L5 L7 4 Poor.

Moderately steep___..__..___ . 5 (0] “g () O] ® ® ® ® s ® ® ) Do.
{1{:11;’119.110111:1 sa.ndyﬁoaglx. g?ntly rolling._ ... 4 35 4 4 2.0 2.0 2.5 3.0 160 4 1.8 2.0 4 Do.

MRy oo O oalol|lolololo|lolo|lol|lo|loa|olaoe Do.
x Und&lating.ﬁ_.i_. - 7.0 50 25 35 3.0 3.0 3.0 4.0 170 1.0 2.0 2.2 2.6 Do.
apowsin gravelly lo:

Moderately steep. ® ® ® ® ®) ® ® 3.0 ® ®) ® ® ®) Do.
x Undil'lllagi;i;lg 5 iy ey 6.0 40 25 30 2.8 2.8 3.5 2.7 150 1.0 2.0 2.0 2.5 Do.

2POWS: velly sandy loam;

%d:r%?{:fiet}g S0P - oo (623 5 @ 45 o 20 o 30 (5)2 5 (5)2 6 (2) 0 (5)2 B (5)140 (5)1 0 (5)1 8 (5)2 0 (5)2 3 38'
Kitsap-Indianols complex.............- 6.0 60 25 2 2.5 2.5 3.0 3.5 160 10 2.0 23] () Do.
%gap ](i)lai;l?' undulating 7.0 80 30 30 3.0 3.0 3.5 4.0 175 1.2 O] (O] 2.3 Do.

A o tolololololalaol| ol aol.e¢ n o Do.
K lijrlrld]ﬂhﬁnz 7.5 85 30 30 3.2 3.0 (73. 5 g g 175 1.2 4 4; 2.8 Faero.

opiah loam 3 :
Kopiah silty clay loam_..___..________._ 4 7 8 gg 7; 3.3 gg ’ ) 0] Do,
Lynden loamy sand 4 4 4 4 2.4 2.5 4 3.0 150 4 2.0 2.0 4 Do.
Made land._.._ e s 0 ) U () ® 5§ %) 8 ) ?g Eﬁg 5 Variable.
I\I&cllgenna izravelly loam, nearly level... 4 4 4 0 2.8 3.0 0 3.5 4 4 4 4 U Fair,

O NOATLY 10VOL. - eeemeememeecememe e 8 3.0 3.0 0 3.5 ) 4 0 0 8 Do.

Sloping, 7 3.0 3.0 4 3.5 4 4 4 4 Do.
Mukilteo peat 4 60 4 4 2.5 2.7 4 4.0 4 4 4 4 2.5 | Poor.

Shallow 4 60 4 4 2.8 2.6 4 3.5 4 4 4 8 2.5 Do.
II:IIagona.lI pgm%cy loa.[(zix ; ; 7 8 8 8 g y 0 8 Exc%lent.

ational pumicy sandy lo 0.
Nevior s sncs At BBl OB i B a8l B | o2 ) x| B
ewberg loam. X X . 5 3 . 3 3 3 0.
Newberg loamy send. . 5.0 45 20 20 1.7 2.0 4 2.8 @ 4 ® 54 4 Good.
ggg&%l; Lgm(]ily 225 1 O g; (7)35 10 15 (7)1. 2 a;.. 5 4 (7)1. 5 7100 ; L3 4 f’ Pomi.) o
n .
Norma fine sandy loam_.__.____________ 8.0 70 8 8 3.0 3.0 4 4.5 8 1.0 8 g 2.0 | Fair.
Orting gravelly sandy loam.____________ §.5 50 15 20 2.3 2.0 7 3.0 170 1.0 1.8 2.6 2.5 Do.
8$igg loal;lil..l- 6.5 60 20 25 %g gg 3.0 g g 180 1.2 1.9 2.5 2.5 :Bo.
gsandy loam.___________.____.._. . 3 . 0.
Orting stony sandy loam.. - s 5 5 s ?g 8 6§ 8 5 gz U 0 5 Do.
ggcﬂudﬁ ge sandy foama 1o : : ; 43 3 ¥ 5 . 4«Lo : . : ; : gmdli t
chue e sandy loam__ - X 3 xcellen
Pilchuck gravelly sand..... - ;é 4 4 4 O] ® 42 ® g*l gz 4 4 4 Fair,
Pilehuck loamy finesand.__.__._______ 2.3 2.5 4 2.8 4 4 4 4 4 Good

0
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Puget clay. 7 7 (0] (0] 4 4.0 4 4 4 4 Do.
Puget silt loam..._ 51 7 4 Y 3.5 3.5 4 4.5 4 ? 7 Do.
Puget silty clay loam [d 7 7 7 3.5 3.6 4 4.5 4 7 4 g Do.
Eosaop o s T TE TR I I O S {1 T I M
uyallup loam. ... . ¥ 3 3 . 3 3 3 3
r}’uyagup loargy ﬁ]ne Smahan i - 9.0 70 25 30 3.5 3.5 [Q 4.0 200 1.0 2.0 2.0 2.5 Do.
uyallup sandy loam, shallow (over
B L ool s B 81 5 & L5 oy L3y 28 281 20| deodim
A 3 3 3 . X 3 3 xcellent,
S e e > @ ; el o &b 5| o | o g o Do.
) @) w8 Cal sl s 9| &) ) el @ 8| i
allow - 3 3 3 3 0.
Riverwash . e () ) () t) [ B () B 5 5 ) ) &) Fair.
Rough broken land._.. N EB 8 5 8 (Bg 8 (¢ gﬁ 8 6; 5 5 8 Good.
Rough mountainousland.___._..____ .. .. s 5 & 5 5 5 ( 5 5 O 5 5 5 Do.
Rouel stony lend 88, 88 8] 88888888
semagon muce SRS B B B8 B B SE 8 8™
OW _ e o .5 1 3 3 0.
meommesn 8 BR ) BB OB B H B U 88| 8 B
1allow (over Tanwax peat)..__..... A . 0.
smcgﬁ?lgaveuy e 2 (5)30 @ 16 @ 9 (B)L 8 (u)z 4 (?3 0 (5)115 8 (6)1‘ 8 (6)2 0 (5)2. 1] Goo%o
LeTT1 1 S 5 3 .
Sinclair gravelly loam:
Hilly (9 0] O] ® O] ® 0] ® ® 5y ® ® ® Do.
Skykomish stony sandy loam & o o 0¥ o o o &° 3 Al ot o wan™
om; 5
Snohomish fine sandy loam. 9.0 85 30 35 3.4 3.3 (4 5.0 240 1.8 4 (O] 5.0 | Good.
Snohomish loamy fine sand 8.0 80 25 36 3.0 3.0 O 4.5 180 16 4 8 2.6 Do.
gnohom,sh st lcl)ia,m. s 10.0 ] 30 40 3.5 3.3 © 5.0 280 2.0 4 5.0 Do.
panawsay gravelly sandy
QGently undulating N 4 4 4 ( 4 4 4 L5 4 4 O] 4 4 Poor.
A —— AR IR AR AR B AR B UE AR B AR B
Stosse]ost(;r?yelgain 111)ﬁl—§._ B 0 %) ﬂg 5 5 Q 8 éﬁ s gﬂ L8 Good,
Sulan frency foam I T 1 I T I A T I s o
FeS:h 1 N 5 L 3 . 3 3 N 0.
%u]ta.n silt loix(m.. ........ (12. ] (1)90 40 (_')40 (7)4. b (7)4. b f’ ( 7;5 5 (7)250 72. 0 7?. 5 5.0 (7)5 0 P Do.
20O TONCK - - e ie o 00T,
iany mareh. - SN % o @ ofl 8 | &’ 8 (é §:3 2| | oo
marsh_ - oor,
Tisch silt loam 9.0 70 Q] 30 2.8 3.0 8 3.6 200 L6 2.0 4 2.5 | Fair,
Y‘gtﬁgato cllay loam.. o ool 9.0 80 35 35 3.2 3.3 4 4.2 Q] L5 Q] 1) ) Da.
eson loam:
i SL8TB18 | % % % U888 88
0] - A 3 3 .
Wilkeson silt loam, rolling_ ..o 4 v (" 2.7 2.6 3.0 3.5 ® 7 U Do.
1Yields under good management, which includes use of adapted varieties, properly 4 8oil not well suited to crop.
balanced fertilizers, and possibly supplemental irrigation, may be as much as 100 percent 8 Not suitable for agricultural use.
greater than those indicated. The greater relative increases due to good management 8 Not adapted for general agricultural use, but when properly managed it is adapted
will tend to be on the soils glving low yields under common or ordinary management, to eranberries and blusberries.
2 Usually an oat-annual legume mixture. 7 Not in general agricultural use,

3 Ajr-dry weight equivalent to that of hay.
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ENVIRONMENT AND GEOLOGY OF SOILS

Pierce County borders the southeastern part of Puget Sound, and
a large goporbion of the area surveyed lies within the physiographic
region known as the Puget Sound Basin. Since the foothﬁfs and
mountain slopes occur well within the Puget Sound Basin and rise
rapidly eastward to the crest of the Cascades, there is a wide range
of environmental conditions and parent material. This pronounced
ra..lige in relief has a marked influence on climate, vegetation, and
soils.

The parent materials, although differing considerably, are largely
glacial deposits of various kinds of rock. The soils of the county
have been formed by forces of environment, principally climate and
vegetation, acting on these glacial deposits. These forces have been
in part restricted or modified by retarded drainage and unfavorable
relief. The climate adjacent to the coast is maritime, but that in the
higher interior is modified continental. The precipitation range is
from about 30 inches adjacent to the coast to about 100 inches in the
Cascades. Except in a few areas under grass, the soils were developed
under a forest vegetation that was mainly coniferous and consisted
of Douglas-fir, hemlock, cedar, some spruce, pine, and a few deciduous
trees, principally alder and maple.

The brown, acid, permeable soils that have developed throughout
the timbered uplands and terraces are classified in the Brown Pod-
zolic soil group (Z). The dark soils that have developed on the flat
lower lying stream bottoms and upland depressions are considered
azonal or intrazonal.

Geological formations outcropping in Puget Sound Basin are of
Tertiary age. The Puget Sound region was one of constantly shifting
land and water areas and of frequent alternations of fresh and salt
water (3). In this region the Pliocene was primarily a time of
uplifting movement and subsequent erosion.

In the succeeding Pleistocene three epochs identified with glacial
encroachment occurred—the Admiralty (glacial), Puyallup (inter-
glacial), and Vashon (glacial).

Good ‘exposures of the Admiralty till are rare, but those positively
recognized are deeply weathered only in a few instances where stained
by percolating water. A fine exposure exists on Cole Point on
Anderson Island.

The Puyallup, or interglacial, epoch—a time of diastrophic move-
ment and erosion followed by a subsequent sinking—is thought to have
contributed the major glacial land features and drainageways.

The ice of the Vashon epoch advanced on Puget Sound from the
porth as did that of the Admiralty epoch. It extended at its maximum
as far as the Admiralty glaciation and in no known instance did the
Admiralty extend beyond it. In many places the Vashon deposits
have only thinly mantled the glacier-scoured Miocene and Eocene
sedimentary strata and the miocene extrusives (largely andesite but
containing basalt). This condition is found in the undifferentiated
soils of the mountains and mountain slopes. Several andesite and
basalt outcrops occur in the Vashon terminal moraine.

The Vashon glaciation largely determined the minor features of
relief and drainage because it leveled off old glacial deposits and rock
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outcrops. It filled up valleys and subsequently dammed streams to
form lakes or diverted the streams to new courses, as when the Puget
Sound Glacier blocked the lower drainage courses west and north
and the Puyallup River drained south via Ohop Channel. The out-
wash from the %ashon glaciation includes the comparatively level
area covered with coarse clean gravel in the southwestern part of the
county, as well as extensive areas to the south.

Although the Vashon glaciation contributed most of the drift from
which the soils are developed in the area, glaciers from the Cascade
range contributed some minor deposits. The largest of these deposits
were laid down by the Osceola Glacier or mud flow. The partially
cemented character of the Osceola drift and the presence of silts and
clays indicate that the area on which the drift occurs was at one time
submerged by marine or glacial lake waters that retarded normal soil
development and internal drainage on generally level relief. A small
area of the Osceola drift is in Pierce County south of the White River
and in the vicinity of Buckley but most of 1t is in the adjoining King
County on the north between the White and Greenwater Rivers.

Trregular lines of contact appear between the contemporaneous drift
sheets of the Puget Sound Vashon Glacier and Osceola Glacier. A
definite margin of contact usually exists between the area covered by
the Puget Sound glacier and the driftless area east and south of it.

The Puget Sound Glacier crowded up on the slopes east of Eaton-
ville and deposited glacial till at elevations as high as 1,200 feet. East
of this terminal moraine at the top of the steep rock slope there is little
evidence of glaciation and the origin of the parent material of the soil
is not definitely known. According to Bretz (3), the Rainier glacial
ice of Mount Rainier never altered the area more than to remove a
residual soil. This area may possibly be the result of an old glacia-
tion—older than the Admiralty or the Vashon. In some localities
numerous fragments of igneous rocks are found throughout the soil
profile. Outcrops, largely andesite and basalt, occur at higher eleva-
tions. They are so numerous in Rough mountainous land and Rough
stony land that soil developed from them is partly or wholly residual.

The Vashon drift is yellowish gray to bluish gray arenaceous ma-
terial filled with smooth rock fragments. It was derived chiefly from
granite, mica schist, and gneiss; but some sandstone, shale, argillite,
quartzite, and occasionally basalt and andesite are included. The
Osceola drift differs from the Vashon in containing more basic mate-
rials derived chiefly from andesite and basalt, and it is darker gray,
less acid, and contains a higher percentage of finer materials.

Miocene and Focene sedimentaries, principally sandstone, which
contribute residual material to the subsoil of the soils developed on
shallow drift materials, occur in a few limited areas.

CLASSIFICATION AND DESCRIPTION OF SOILS BY HIGHER
CATEGORIES

The orders and great soil groups represented by one or more soil
serieslin Pierce County are as follows: (1) zonal, (2) intrazonal, (3)
azonal.

Since not all of the soils in the county have been sufficiently studied
nor all of the soil groups adequately defined, it cannot be determined
definitely in which group a soil belongs. It is possible that in time
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some of the soils now listed under one group may be changed to an-
other or that new soil groups may be created. In thisreport,therefore,
classification of the soils into great soil groups is tentative. In addi-
tion, many of the soil groups are in complex patterns, and there are
transitional soils that have some characteristics of two or more groups.
The Barneston soils, for example, have some characteristics of both
the Brown Podzolic soils and the Podzols.

ZONAL SOILS

Soils of the zonal order are those having well-developed soil charac-
teristics that reflect the influence of the climatic and vegetative factors
of soil genesis. In the county the zonal soils are made up of the Brown
Podzolic, Podzol, and Prairie soils.

BROWN PODZOLIC SOILS

The Brown Podzolic soils include somewhat excessively to moder-
ately well drained medium to strongly acid soils having a thin organic
covering over a brown granular shotty layer that gradually becomes
lighter colored and less shotty with depth. Soils belonging to this
great soil group in the county are members of the Alderwood, Barnes-
ton, Cathcart, Enumclaw, Iiverett, Indianola, Kapowsin, Kitsap,
Lynden, Sinclair, Skykomish, and Wilkeson series. The soils reflect
chiefly the influence of climate and vegetation in their development.
Temperature, both winter and summer, and the quantity and distribu-
tion of precipitation have had a very marked influence on their devel-
opment.

PThe Brown Podzolic soil zone includes the Puget Sound Basin
where the mean annual precipitation ranges from 81 to 60 inches,
the average January temperature from about 33° to 38° F., and the
average July temperature from about 60° to 63°. Summers are rela-
tively dry, and spring, fall, and winter seasons are wet.

Within this area most of the soils, which were originally forest-
covered, have the following well-defined characteristics when devel-
oped from open permeable materials on smooth relief and under
adequate external and internal drainage.

Dark grayish-brown (10YR 3/2)¢ or very dark brown (10YR 2/2)
friable loose very strongly acid (pH 5.0) organic layer that is 2 or 3
inches thick and underlain abruptly by brown (10YR 5/3) coarse
granular or fine nuciform layer that is about 10 inches thick and con-
sists of water-stable aggregates that are dark brown (10YR 3/3) when
moist. There is a noticeable change in color between the dry and moist
soil. This layer, especially in the upper part, contains a large number
of brown iron shot pellets ranging in size from small peas to sand
grains. It hasa pH value of about 5.5 and does not expand or contract
greatly at the extremes of moisture. It is underlain by pale brown
(10YR 6/3) faintly granular material similar in texture and acidity
and 10 to 20 inches thick. The parent material is light yellowish brown
(10YR 6/4) or light gray (10YR 7/2), generally strongly acid (pH
5.1 to 5.5), and in many series semi-indurated or indurated. There is
little or no zone of clay accumulation in the profile, but iron, man-
ganese, and phosphorus have apparently accumulated in the shot.

¢ Provisional soil color names proposed by the 1946 committee on soil color;
color of dry soil unless otherwise stated. Symbols express Munsell notations.
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The shot pellets in the upland soils are apparently a normal develop-
ment in the profile. Wheeting (14) believes that these pellets form as
the result of the precipitation and dehydration of soluble iron and
aluminum compounds around a nucleus of sand grains or gravel or
other focal points during the dry summers, when a general downward
movement and a formation of a clear-cut B horizon are inhibited.

The shot soils are formed under forest vegetation and in places are
best developed when internal drainage is restricted. The shot par-
ticles are richer in sesquioxides and particularly in phosphorus than
the soils surrounding them. Because of the similarity in composition
of B horizons in normal podzolic soils and of shot in these normally
developed soils, the shot are considered parts of a diffused B horizon
scattered throughout the weathered portion of the profile.

The profile described is characteristic of all of the soils of the Brown
Podzolic group, but several of the series have qualities that would per-
mit them to be classified also as members of other soil groups. Some
areas of the Barneston and Wilkeson soils, which occur at elevations
exceeding 2,000 feet, have characteristics of the Podzols. Most all
areas of the Kitsap soils have a grayer surface soil and more mottled
subsoil than the other members of the Brown Podzolic soil group.
Some areas of the Lynden soil have characteristics of the Ground-
‘Water Podzol soils. 'The Sinclair soils are grayer and not so brown as
other series in this group, one reason being the high shot content of
the Sinclair soils, If the shot are pulverized. the soil mass is nearly
as brown as the Alderwood soils.

All the series in the Brown Podzolic group have some character-
istics in common. Each of the series, however, differs from the others
in some morphological characteristics that can be detected when the
soils are examined and mapped in the field. The Barneston, Everett,
Indianola, and Lynden soils are all developed from loose permeable
glacial materials. They differ less in morphological characteristics
than in the textural character of the drift and in the topographic posi-
tion and relief,

The Everett and Barneston soils were developed from similar
gravelly loose drift and are separated on the basis of differences in tex-
tural character and position. The Barneston soils are located in the
eastern part of the county where the annual rainfall is higher. Conse-

uently they have been more thoroughly leached and have developed
3eeper solums than the Everett soils, The stones and gravel are char-
acteristically coated with fine material. The Barneston profiles have
more shot and show more iron staining than those of the Everett soils.
The Everett soils occur on terraces or kames and eskers and on glacial
outwash terraces, whereas the Barneston soils have a pronounced relief
that includes areas that are more morainic and are characterized by
hummocks and kettleholes. Although a few areas of the Everett soils
are nearly level and show little evidence of being water-worked, the
drift is better assorted than that of the Barneston soils.

An examination of the more typical profile of the upland soils
shows that the soil-forming processes have not had sufficient time to
change the parent materials greatly. Developed under a coniferous
forest, the forest litter is high in bases compared with the mineral
soil below, and it decomposes slowly and mixes very little with the
mineral soil. The soil is brown and characteristically low in avail-
able nitrogen. The distinctly developed gray A, horizon, common to
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a Podzol, is absent or very thin except in a few places at higher ele-
vations that have a cool climate and higher rainfall. Although or-
ganic acids may form, they may not be sufficiently cffective in leach-
ing the surface soil because of the mild rainy season and especially
dry summers. The acidity of the organic matter is rarely much
below pH 5.0.

The following is a profile description of Everett gravelly sandy
loam, rolling, in a virgin area of the SE1,SKE1j sec. 22, T. 21 N.,
R. 3 E. on gently undulating relief under coniferous forest:

Ao 14 to O inches, very dark grayish-brown (10YR 3/2) partly decomposed
very strongly acid (pH 5.0) loose organic layer consisting of needles,
small twigs, moss, and roots; in lower part some very dark-gray
mineral matter.

Bz O to 12 inches, brown (10YR 5/3; 4/8, moist) very fine crumb to single
grain, strongly acid (pH 5.5), very friable gravelly sandy loam;
the aggregates durable even when in water for several minutes;
some rusty iron shot pellets that can be cut with a knife but cannot
be crushed between the fingers.

B 12 to 21 inches, pale-brown (10YR 6/3) very friable strongly acid
(pH 5.5) single-grained gravelly loamy sand having a few shot
concentrated in the upper part; the gravel slightly coated and
stained with manganese, colloidal clay, and silica.

B: 21 to 31 inches, light olive-gray (5Y 6/2) loose gravelly coarse sand;
(pH 5.5) ; single-grained structure, the gravel clean and free from
stains.

C 31 inches +, pale-yellow (BY 7/3) porous poorly assorted sands, gravel,
cobbles, and stone; (pH 5.5).

A profile of Barneston gravelly sandy loam, rolling, would be very
similar in color and composition to Everett gravelly sandy loam,
rolling, except that the B,, layer is slightly finer textured and the
gravel in the B, layer has thin coatings. In places a thin gray leached
A, layer occurs immediately below the A, layer.

Unlike the Everett and Barneston soils, the Indianola and Lynden
are derived from sandy glacial materials and are nearly gravel free.
The Indianola soils differ from the Lynden in occupying rolling up-
lands and having slightly more soil development. The Lynden soil
occurs on smooth glacial outwash terraces of stratified sands, and the
Indianola soils on kamelike deposits and eskers. Areas of the Liynden
soil that have a high water table have a profile similar to that of the
Edmonds series, which is a Ground-Water Podzol.

The Alderwood soils differ from the Everett series in having a
slightly finer textured subsoil and a gray semicemented or indurated
layer at 8 or 4 feet that may extend to a depth of 50 to 60 feet or more.
They may also be slightly more acid than the Everett soils. These
two soil series often occur side by side.

The Sinclair soils differ from the Alderwood soils in being grayer
and in having much more shot, which in places makes up 50 percent
or more of the material in the upper horizons. The shot occurs par-
ticularly in the finer textured types such as the loam and clay loam.
The relief of the Sinclair soils 1n most areas is rolling to hilly. In-
ternal drainage is slightly more restricted, and during the rainy sea-
son, the Sinclair soi%s remain wetter for longer periods than the
Alderwood.

The mechanical analyses, organic-matter content, and pH value of
Sinclair gravelly fine sandy loam, rolling, are given in table 5.
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TasLe 5.—Mechanical analyses,® organic-matter content, and pH value
of Sinclair gravelly fine sandy loam, rolling

Depth tn mches | Fite, | Comrso Modlym) Flne \Verytnel gy | cuy | O pm
Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
Oto14 ______ 5.1 7.3 7.3]19.1|16.3 | 37. 7 7.2 2.7 5. 6
14 to 28 _____ 55| 10.1 9.4 (17.7 | 151 | 36.2 6.0 1.3 5.3
28 . 2.6 87 9.4 )21.8|16.8 | 341 6. 6 .0 5.6

1 Analyses by the Division of Soil Management and Irrigation. Sample col-
lected in sec. 21 or 22, T, 18 N., R. 4 E
2 Organic matter determined i)y H,0,.

The Skykomish soil differs from the Everett soils in having devel-
oped from loose very permeable gravelly and stony stream-terrace
materials rather than from gravelly glacial materials. The color,
acidity, and texture are very similar in the profiles of the two series.
The Skykomish soil occupies only a few areas in the county and is not
so typical as the Skykomish soils of Snohomish County.

The soil of Cathcart series has developed from shallow Vashon
drift over an old consolidated sandstone and shale formation. The
profile is typical of the Brown Podzolic soils.

Kitsap soils have developed from laminated silts and clays of gla-
cial lake or marine deposits. They occugy gently sloping or level
upland terraces that have occasional steep breaks. The surface drain-
age is moderately good but internal drainage is more restricted than
in the other soils o% the Brown Podzolic group. The restricted drain-
age has caused darker gray surface soils that are less brown than in
the typical profile of this soil group and that are distinctly mottled.
The subsoils range from a mottled rusty yellowish brown and gray
to a mottled brownish gray and yellowish brown. The surface soil in
many places has nearly as much shot as that of the Sinclair soils.
Restricted internal drainage has apparently retarded soil develop-
ment, and the Kitsap soils have relatively shallow profiles in which
oxidation has been limited.

Soils of the Wilkeson series have a typical Brown Podzolic profile.
They have developed on the slopes and foothills of the Coast%ﬁange
in the eastern part of the county. The surface soil of Wilkeson silt
loam, rolling, consists of a brown (10YR 5/3) granular friable silt
loam that is composed of water-stable aggregates. Some shot occur
in this layer, which is about 10 inches thick. The pH may range
from 4.8 to 5.5. The subsoil is a pale-brown (10YR 6/3) granular clay
loam. When moist this layer is dark brown (10YR 4/3) and slightly
plastic. The substratum is yellowish brown (10YR 5/4) when moist
and consists of a mottled moderately plastic silt loam or silty clay
loam that continues to a depth of many feet.

The mechanical analyses, organic-matter content, and pH value of
a sample of Wilkeson silt loam, rolling, are given in table 6.



78 SOIL SURVEY SERIES 1939, NO. 27

TasLe 6.—Mechanical analyses,t organic-matter content, and pH value
of Wilkeson silt loam, rolling ?

Depth in inches Fine | Coarse [Medium| Fine Ve;glgne it Clay Organic pH

gravel | sand sand sand matter 3

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
O0tol10______._ 1.3 3.5 3.6 11.8 | 19.4 | 51. 4 9.0 10. 8 5 3
10 to 28 _____ .9 2.9 483|141 18.8 | 49.6 9.4 2.0 5.5
28 to 40______ .3 2.0 3.3 9.7 16.0 | 59.8 89 .7 5.6
404 ____. .6 5.0 2.9 6.5 9.9 583 16.8 .3 55

1 Analyses by the Division of Soil Management and Irrigation.
2 Sample collected in see. 35, T. 18 N,, R, 5 E.
8 Organic matter determined by H;0,.

At high elevations there are rock outcrops of basalt and andesite.
Some areas at lower elevations are quite commonly very stony, whereas
others are free or nearly free of stones. In limited areas in the high
mountains the soils tend to have a thin gray A, horizon immediately
below the organic mat.

The Kapowsin soils are derived from glacial till and usually occupy
smooth relief. They are associated with many small areas of the
Humic Gley soils and the Bog soils. Areas of Kapowsin gravelly
loam, undulating, tend to be hummocky and have small swampy spots
only a few yards in diameter, but this condition is not so common in
Kapowsin gravelly sandy loam, undulating. The drainage as a whole,
however, is moderately good. The Kapowsin soils differ from the
Alderwood soils in having a zone of illuviation above the cemented
substratum. This zone is apparently the result of an accumulation of
silts and clay caused by continuous leaching.

The following is a description of Kapowsin gravelly loam, undulat-
ing, collected from a virgin area on a slope of about 6 percent and
under coniferous vegetation:

A, 1% to O inches, dark-brown to black organic layer, partly decomposed
and consisting of small twigs, bark, cones, needles, leaves, and roots
mixed with black mineral matter at the point of contact with the
highly organic mineral soil below.

A, 0to 4 inches, very dark gray highly organic gravelly loam having a large
number of roots and a few shot in the lower part of the horizon.

B, 4 to 16 inches, yellowish-brown gravelly loam ; numerous shot up to 3%
inch in diameter ; gravel stained and coated with fine material.

Bx 16 to 23 inches, grayish-brown compact gravelly loam, gritty and
highly mottled with yellow and rusty-brown stains; very few or no
shot ; sticky when wet.

B, 23 to 26 inches, brownish-gray loam variegated with rusty brown
and gray ; very compact and sticky when wet.

C 26inches 4-, gray sandy loam cemented till.

The mechanical analyses, organic-matter content, and pH value of
a sample of Kapowsin gravelly loam, undulating, are given in table 7.
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Tasre 7.—Mechanical analyses,! organic-matter content, and pH value
of Kapowsin gravelly loam, undulating

Depth in inches Fine Coarse Msﬁi(lilm Fine V(:glgne silt Clay Organic pH

gravel sand sand matter 2

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
Otod____.____| 32 7.0 751180153390 10.0 | 11.9 5.5
4to016____.__ 3.4 6.7 80|17.0 | 13.7 | 41.0 | 10. 2 2.2 5.8
16 to 23 ___ 3.7 7.0 81151 |12.0| 44. 4 9.7 .8 5.5
23 to 26 _____ 5.2 87 0.4(119.1| 154 | 36.2 6.0 .1 5.6
26+ - 3.5 6.9 81|19.0| 15.8 | 37. 2 95 .0 6. 8

1 Analyses by the Division of Soil Management and Irrigation.
2 Organic matter determined by H,0,.

The Enumclaw soils have developed from compact Osceola drift
and have somewhat restricted drainage because of the nearly level
relief and slowly permeable parent materials. As a consequence of
the restricted drainage, the surface soil is dark and the subsoil mot-
tled. Nearly impervious layers may occur at a relatively shallow
depth, frequently not deeper than 18 to 20 inches.

The mechanical analyses, organic-matter content, and pH value of
Enumclaw fine sandy loam are given in table 8.

Tarre 8.—Mechanical analyses,' organic-matier content, and pH valve
of Enumclaw fine sandy loam *

Tine | Coarse |Medium| Fine |Veryfine Silt Clay Organic pH

Depth in inches gravel sand sand sand sand matter3
Percent | Percent | Perce Percent | Percent | Percent | Percent | Percent

72122 9.0 187|147 | 27.4| 10.8 2.7 5.0

81141 9.8 185|146 | 27.3 76| 2.5 5.2

13.7 1 13.2 9.8 (182135 | 22.2 9.4 .1 5.5

1 Analyses by the Division of Soil Management and Irrigation.
2 Sample collected in see. 5, T. 19 N,, R. 6 E.
8 Organic matter determined by H,0,.

PODZOLS

The Podzols in the county are zonal soils having a thin mat of
partly decayed leaves over a very thin dark grayish-brown humic
mineral soil and a pale-gray A, horizon over a brown or yellowish-
brown B horizon. Characteristically, these soils lie in a transition
belt between the less acid granular Brown Podzolic soils and the more
strongly developed Podzols of the higher mountains to the east where
there 1s considerable snow in winter.

These imperfectly developed Podzols have the unique profile char-
acteristics typical of this region of cool climate and dry summers.
Owing largely to irregular relief, the morphology of the Podzols
ranges from that of an incipient or inperfectly developed gray A,
horizon to a very well-developed thick gray A,. The ortstein layer
is weakly developed in many of the well-drained sites.
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Most of the soils of this zone occur at elevations exceeding 1,500
or 2,000 feet. The mean annual precipitation probably ranges from
60 to 100 inches or more. The mean annual temperature is usually less
than 48° F., but the average January temperature is less than 33°.
The ground is frozen more often and to a greater depth than at lower
elevations. Although the Podzols are well represented in the large
areas of undifferentiated soils included in Rough mountainous land,
the only soil series of this group in the county are the Greenwater,
National, and Stossel.

The soil of the Greenwater series is derived from sandy stream-
terrace materials in areas where winters are cold and wet and sum-
mers cool and somewhat foggy. It has developed under a dense stand
of conifers and some understory of shrubs. It is characterized by
a thin organic mat that covers a gray leached A, horizon 1, to 3
inches thick, which is underlain by brown friable, single-grained,
loamy sand material that becomes coarser and lighter colored with
depth. Pumice fragments may occur throughout the profile. The
pH value ranges from about 5 or 5.5 in the surface to 6.5 or 6.8 at 30
inches. In places this soil may have a semicemented layer at about
30 inches. These areas are probably influenced by a high water table.

The National soils are somewhat similar to the Greenwater soil but
are derived from somewhat finer textured sediments and have been
influenced more by pumice. In virgin areas these soils also have a
thin A, horizon that is destroyed under cultivation.

The mechanical analyses, organic-matter content, pH value, and
pumice content of National pumicy loam are given in table 9.

TaBLe 9.—Mechanical analyses' organic-matter content, pH value,
and pumice content of National pumicy loam ?

Greater
i Fi Vi

Deptin | Fine | Comrse |Motym) Flng [Verpine sue | cuay | S pm |, 00
pumice

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent Percent

Oto5.__.| 86| 11.8 5.2 110.9]10.2|30.7 | 22.6 | 19.8 5.0 25
5to14.__| 9.2 | 14.6 4.1 8.9 86 |(30.0|24.6 4.7 151 25
14t034..| 21.8 | 17.2 3.0 7.1 81/129.3|13.5 3.7 153 48
344 2.2 4.8 6.0 14.3 ] 12.3 | 36.6 | 23.8 1.51(5.3 16

1 Analyses by the Division of Soil Management and Irrigation.
2 Sample collected in sec. 28, T. 15 N, R. 6 E
3 Organic matter determined by H,0,.

The Stossel soil has the characteristic gray A, horizon below a thin
organic mat. The gray layer grades into the varicolored materials
that are common to the Stossel soil. This soil is under a dense forest
cover at a high elevation where fog, snow, and cold winters occur,

PRAIRIE SOILS

The Prairie soils in the county occur in the somewhat excessively
drained grass- and fern-covered areas. These areas havea dark gray-
ish brown to black (moist) soft granular sootylike shot-free deep sur-
face soil over brown loose to slightly hard subsoil that becomes paler
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with increasing depth. The soils have a pH of about 5.5 to 6 and do
not have a zone of clay accumulation. The outstanding difference be-
tween the soils of this group and the soils of the Brown Podzolic group
is in the color, shot content, and feel of the upper 20 or 30 inches of
the profile. The color is typical of soils having a grass or fern vege-
tation.

Either these areas were never forested or the forest was destroyed
by fire and replaced by grass. Trees could not become established on
these soils until recently, when the grass was destroyed by over-
grazing or by cultivation. At present, forests are encroaching
on these prairies, and almost cover the soils of the Fitch series.

According to Nikiforoff (10) this group of soils is also referred to
as “black-brown” soils and may be a transitional link between the true
Chernozems and the most weakly podzolized meadow soils of the
forested belt. In spite of their very dark, not infrequently black, color
when moist, these soils do not belong to the Chernozems and are classed
as an independent group of Prairie soils. One of the differences be-
tween the %rairie soils and the Chernozems is the lack in the Prairie
soils of a horizon of carbonate accumulation.

In this group are the Spanaway, Nisqually, and Fitch soil series.
Of the three, the Spanaway is by far the most extensive ; the Nisqually
and Fitch occupy only a few small scattered areas.

The Spanaway soils are developed on the comparatively level glacial
outwash of the %ashon glacier. This outwash is exceedingly porous
with very little, if any, interstitial fine-textured material. The growth
of moss on the surface is a striking characteristic of the Spanaway
soils. The dark surface is seldom shallower than 12 inches, and in
slight depressions it may be more than 24.

The following description of Spanaway gravelly sandy loam, gently
undulating, in the corner, SE1/, sec. 4, T. 18 N, R. 8 E., is repre-
sentative of Prairie soilsin this area:

As O to 1 inch, very dark-brown (10YR 2/2) sooty gravelly sandy loam;
organic matter is well decomposed and consists largely of grass
roots and moss.

A 1 to 14 inches, very dark grayish brown (10YR 3/2; 2/1, moist)
gravelly sandy loam, high in organic-matter content; very friable
and sooty; structure very fragile and indefinite; strongly acid.

B 14 to 18 inches, grayish-brown (10YR 5/2; 4/2, moist) very friable gravel-
1y sandy loam ; less acid than above horizon.

O 18 inches -, porous poorly assorted light grayish-brown or light yellowish-
gray gravelly sand and gravel; numerous stones up to 6 inches in
diameter. In places the gravel is cemented by silica.

Unlike the Spanaway soils the Nisqually soils are free from gravel
and stones. They generally occupy old channel courses within areas of
the Spanaway soils. Hog-wallow mounds, which are very character-
istic of the Spanaway soils, rarely occur in the Nisqually soils.

The Fitch soils occupy higher positions and are now forested. Like
the Spanaway soils, they are exceedingly gravelly and stony, but the
surface color is dark grayish brown rather than very dark grayish
brown. They are intermediate in color between the Spanaway and
Everett series but resemble the Spanaway more closely. They occupy
nearly level to gently rolling positions, but within the true outwash
plain abrupt kamelike morainic hills are usually occupied by Fitch
soils. The dark grayish-brown surface soil is underlain by a porous
gravelly subsoil. The series is believed to have been developed under
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the influence of grass and fern vegetation, but the area was invaded by
forest many years ago, and the soil developed a lighter color.

The mechanical analyses, pH, and organic-matter content of a sam-
ple of Fitch gravelly sandy loam, undulating, are shown in table 10.

TasLe 10.—Mechanical analyses;! organic-matter content, and pH
value of Fitch gravelly sandy loam, undulating *

Depth in inches Fine | Coarse |Medium| Fine V%gy;lgne il

Organic
gravel | sand | sand | sand PH

Cloy | maiters

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent

O0to6_.____._ 18.9 (194 | 142 | 17.7| 85157 | 56| 53 6. 4
6tol2..__.__ 19.3 | 21.7 [ 16.4| 185 | 7.1]12.4| 46| 2.9 6.2
12t026__._.-_ 177214 16.2 | 19.7 | 7.8|13.2) 40| 2.1 6.0
264 18.3 12431201214 67| 7.0| 2.2 .6 5.7

1 Analyses by the Division of Soil Management and Irrigation.
2 Sample collected in sec. 36, T. 18 N, R. 2 E
3 Organic matter determined by H;0,.

INTRAZONAL SOILS

Intrazonal soils include any of the great groups of soils with more
or less well-developed soil characteristics that reflect the dominating
influence of some local factor of relief, parent material, or age over the
normal effect of the climate and vegetation.

The intrazonal soils have developed largely under conditions of ex-
cessive moisture in depressions or low—%yin land throughout the
county. Most of them are hydromorphic. Unlike the brown soils
formed under coniferons forest or the nearly black soils formed under
grass and fern vegetation, these soils have developed under a dense
growth of deciduous trees, brush, grass, and water-tolerant vegetation
that has contributed large quantities of organic residues of high base
content to the soil. Characteristically, the soils have dark surface
soils and rusty brown, gray, and orange mottling throughout the pro-
file. The dark color is caused mainly by the kind of vegetation. The
mottling is caused by reduction resulting from the poor drainage.

The intrazonal soils of the county are classified 1n the following
great soil groups: (1) Humic Gley, (2) Ground-Water Podzols, (3)
Planosols, (4) Bog, and (5) Half Bog.

HUMIC GLEY SOILS

The Humic Gley soils have developed in depressions and positions
adjacent to seeped areas where the saturation is high in winter and
spring and often throughout summer. The soils have formed from
materials laid down as glacial till and glacial and postglacial outwash,
and from basaltic material formed in place. Conditions of excessive
moisture have prevented the formation of zonal profile characteris-
tics and the soils have a hydromorphic character. The surface horizon
of high organic accumulation is a distinct feature of the profile of
these dark soils. The surface soils are relatively thick and dark gray-
ish brown, very dark grayish brown, or dark gray, and the subsoils are
iron-stained or mottled with orange, rusty brown, yellow, green or
blue. These colors result from changes in moisture conditions that
promote excessive reduction and oxidation and hydration and dehy-
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dration. The substrata range from clayey and gravelly till to glacial
or 'Fost%lacial outwash.

he Humic Gley soils in the county belong to the Bellingham, Buck-
ley, McKenna, Norma, Orting, and Tisch series. All of these soils
have a somewhat similar hydromorphic character but may differ in
origin and character of the parent material.

McKenna loam, nearly level, may be considered representative of
the Humic Gley great so1l group in the county. Following is a profile
description of this soil as observed in an excavation du%in a long,
narrow depression in SE14SW1/ sec. 13, T. 17 N., R. 2 E., under a
grass and tree vegetation :

A: 0 to 9 inches, very dark-gray or very dark grayish-brown (10YR 3/1 or
8/2) very strongly acid (pH 5.0) granular loam that is black (10YR
2/1) and friable when moist and very slightly sticky when wet;
mottled with specks of orange and rusty brown material; water-
stable aggregates about 3 mm. in diameter; very high organic-mat-
ter content. According to mechanical analyses (table 11), the soil
containg 46.9 percent clay, but its high organic-matter content,
causes it to feel and act like a loam ; therefore it is classified as a
loam.

Bz 9 to 1314 inches, dark-gray or dark grayish-brown (10YR 4/1 or 4/2)
softly granular medium acid loam; friable and very dark gray or
very dark grayish brown (10YR 3/1 or 3/2) when moist; fairly
stable in water but slakes much sooner than layer Ae.

CG 1314 to 36 4+, gray (10YR 6/1) gravelly fine sandy loam gley layer that
is not nearly so mottled as layer As and ig dark-gray (10YR 4/1)
when moist; slakes readily in water; no definite structure; many
feet thick ; more bluish with depth ; stony in places.

The mechanical analyses, organic-matter content, and pH value of
the McKenna loam, nearly level, are given in table 11.

TaBLe 11.—Mechanical analyses' organic-matter content, and pH
value of McKenna loam, nearly level ?

Fine | Coarse |Medium| Fine |[Very fine Organic
Depthininches | oo00) | sand | sand | sand | send St Olay | maiters| PH

cent | Percent | Percent | Percent | Percent | Percent

J
3
g
8
g

Percent
1.6

0to9 ... . 25| 22| 80| 86(30.3)]46.9]21.4 5.0
9to 13%__._._ 7.9 7.6 59| 147|144 |27.9121.61| 2.7 5.6
13% to 36+---| 82| 92| 7.3 |17.1(16.2|28.0]140]| 16 5.6

1 Analyses by the Divigion of Soil Managlgment and Irrigation.
2 Sample collected in SEXSWY, sec. 13, T. 17 N, R. 2 E.
8 Organic matter determined by Hj0,.

The Bellingham and Norma soils have profiles very similar to those
of the McKenna soils. The Norma soils, however, have sandy to me-
dium-textured subsoils in contrast to the gravelly stony subsoils of
the McKenna series. The subsoils of the Bellingham series are fine-
textured and are more stratified than those of either the Norma or
McKenna soils. Most of the Bellingham soils are stone free and have
a very low gravel content.

The Tisch soil differs from the Bellingham soils in having a 2- to
20-inch layer of diatomaceous earth that occurs in the upper 8 feet of
the profile. In a few places the diatomaceous earth is said to be 20
feet thick. The percentage of silica in this material ranges from 90
to 95 percent. The mechanical analyses, organic-matter content, and
pH value of a sample of Tisch silt loam are given in table 12.
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TaBue 12.—Mechanical analyses organic-matter content, and pH
value of Tisch silt loam?

Fine | Coarse |Medium| Fine |Veryfine Organic
Depth ininches | oove) | sand | sand | sand | sand Silt Olay |maiters| PH

Percent | Percent | Percent | Percent | Percent | Percent | Percend | Percent
Oto 7% oo 0.2 0.6 0.9 4.9 5.3 | 41.7 | 46.4 | 18.3 4.7
7% to 10______ .0 .2 .5 3.7 7.2 | 47.5 | 40.9 9.4 4, 8
10to 48.__.__ .2 .6 .4 2.2 4,2172.9119.5 4.0 5.3
48 to 60-..__-_ .1 1.2 6.5|43.5129.9] 16.0 2.8 .3 4. 4

1 Analyses by the Division of Soil Management and Irrigation,
2 Sample collected in sec. 3, T. 17 N,, R. 4 E.
3 Organic matter determined by H,O,.

In the mechanical analysis of this soil, the first two layers appear
o have enough clay to be very heavy textured. They are, however,
smooth silt loams. The material analyzed as clay (less than 2 microns
in size) is very high in clay and has considerable diatomaceous earth,
which does not have all the properties of clay even when of clay size.
It is likely that these diatomaceous particles have slower settling ve-
locities because of their shape.

The Buckley soils have developed from Osceola drift and owe their
imperfect drainage to the level relief and slowly permeable parent
material. Invirgin areasthey are covered with grass vegetation. The
dark surface soils of the Buckley series change abruptly to mottled
gray and yellowish-brown medium-textured subsoils that are gritty
and gravelly and have angular fragments largely of partly decomposed
basalt and andesite. Nearly impervious layers occur at a shallow
depth, frequently not deeper than 18 or 20 inches.

The mechanical analyses, organic-matter content, and pH value of
Buckley loam are given in table 13 as follows:

Tapre 13.—Mechanical analyses, orgamic-matter content, and pH
value of Buckley loam ?

Fine | Coarse |Medium| Fine |Veryfine Organic
Depth in inches | o ve) | sand | send | send | sand Sily Clay | maiters| PH

Percent
4.8

]
i
8

Percent | Percent | Percent | Percent | Percent | Percent
6.5 14.9

Oto11_______ X 9.0 . 13.7 |1 35.3 | 156.8 | 13. 6 4.8
11t0 13______ 59| 9.8 83170 (143 (3.0 13.7| 47 4.8
184+ . 7.3 111..2| 80156 | 13.3 | 28.5( 16.1 .8 4.8

1 Analyses by the Division of Soil Management and Irrigation.
2 Sample collected in sec. 5, T. 19 N., R. 6 E.
3 Organic matter determined by H,0,.

The imperfectly drained Orting soils are similar to the Buckley
soils and have probably been influenced by Osceola till or material
washed from it. They differ from the Buckley soils in having browner
surface soil and a slightly less compact subsoil and in being deeper to
the slightly impervious basaltic and andesitic material, which usually
occurs at a depth of 28 or 30 inches.

The mechanical analyses, organic-matter content, and pH value of
Orting loam are given in table 14.
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Tasre 14—Mechanical analyses} organic-matter content, and pH
value of Orting loam

Fine | Coarse
gravel sand

Medium| Fine

Very fine
sand sand

Depth in inches sand

Organie pH

St matter 2

Clay

Percent | Percent Peéceébt Percent | Percent | Percent | Percent | Perc

Oto9___.-___ 11.2 | 13.9 . 18.7 113.6 | 22.5 | 10.9 | 4.0 5.2
9to 14__.____ 1.3 1 13.9110.1119.4 | 13.9 | 21.8 | 9.6 .8 5.7
14+ . 1.6 (145 | 10.2 | 189 | 13.6 | 22.6 | 8.6 .5 5.9

1 Analyses by the Division of Soil Management and Irrigation.
2 Organic matter determined by H;0,.

GROUND-WATER PODZOLS

The only Ground-Water Podzol in the county belongs to the Ed-
monds series. The characteristics of this soil approach those of the
Ground-Water Podzols but the process of podzolization has not yet
reached the stage of producing the true Ground-Water Podzols. The
water table is high, and the excessive moisture has had a strong in-
fluence in determining the character of the profile. The soil is closely
related to the Custer soils, which occur in a number of other counties
in the State of Washington.

The Edmonds soil has developed from sandy glacial outwash ma-
terial. It generally has a luxuriant vegetation that includes grass and
sedges. The soil has a dark-grayish-brown highly organic granular
surface soil that distinctly overlies the ortstein layer. A podzolized
A, horizon has not yet developed. In some places the ortstein layer
is very well developed and hardened, but in others it is less well de-
veloped and fragmental pieces are widely dispersed throughout the
loose mottled sandy layers below.

PLANOSOLS

The Bow and Kopiah series are classified as Planosols. The Bow is
not so typical of the Planosols group as the soils in Skagit County,
which occupy more extensive areas. The soils in Skagit County have
a well deve})oped claypan subsoil and a gray leached layer %4 to 1 inch
thick above the claypan. In Pierce County the Bow soils have a thin
acid organic mat that rests on the brownish granular friable surface
soil 8 to 10 inches thick. This layer grades into a stony acid light
grayish brown flourlike layer, is about 6 inches thick, and is underlain
by compact thick massive clay that has a thin coating of dark-colored
material on the natural structure blocks. This clay layer is grayish
brown and very plastic in the upper part and grades into bluish-gray
material that has a few cobbles, boulders, and gravel. These soils
have some characteristics of the Humic Gley soils.

The Kopiah series is poorly drained and has a light-colored mottled
profile throughout. The A, horizon is inconspicuously developed.

BOG SOILS

The Bog soils are an intrazonal group of soils with a mucky or
peaty surface soil underlain by peat developed under swamp or marsh
types of vegetation mostly in a humid or subhumid climate. Eight
soil series of this group have been recognized and mapped in the
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county: The Carbondale, Dupont, Greenwood, Mukilteo, Rifle
Semiahmoo, Takoma, and Tanwax. They are important soils and
occupy many square miles.

These organic soils are derived from organic remains of plants in
various stages of decomposition. The kind of plants and the stage of
decomposition are important factors in identification and classifica-
tion of the soils. The Bog soils are formed in low basins or shallow
depressions where standing water or seepy conditions result from a
continuous high water table. Generally they have formed from re-
mains of plants in the following stages of ascending succession: (1
Aguatic vegetation in open water forming the sedimentary peat; (2
sedges and reeds in open marshes accumulating sedge peat; and
§3) brush, shrubs, trees, and water-tolerant vegetation in swamps and

orest forming woody peat. The latter stages may be followed by
sphagnum, lignum, and other mosses after the bases become exhausted
and the acid condition can no longer be tolerated by the other plants.

Peats are organic soils in which partly decomposed fibers and
matted materials can be observed. In the county there are woody,
sedge, moss, and sedimentary peats. Woody peat is classified as Rifle
peat, sedge peat as Mukilteo peat, and moss peat (a highly acid well-
]éreserved sphagnum peatmoss sold commercially but not farmed) as

reenwood peat. The small areas of sedimentary peat mapped are
classified as Tanwax peat.

Mucks consist of well-decomposed finely divided organic remains,
usually mixed with more or less mineral soil. The fibers of the or-
ganic material are not readily recognizable. The mucks mapped in
the county include woody muck, classified as Carbondale muck ; sedge
muck, classified as Semiahmoo muck; Tacoma muck, develope& from
salt-tolerant vegetation; and Dupont muck, characterized by a layer
of diatomaceous material resting on woody or sedge peat.

HALF BOG SOILS

The only soil that has been classified as a Half Bog in the county
is in the Snohomish series. This soil consists of dark highly organic
mineral material underlaid by mucks and peats in various stages of

decomposition.
AZONAL SOILS

The azonal soils of the county, which include only the Alluvial
soils, have developed from transported and relatively recently de-
posited material. They are characterized by a weak or undeveloped
profile. All the Alluvial soils have been placed in this group, although
some have characteristics of the intrazonal soils. The soils derived
from recent alluvium occur on stream bottoms and deltas in the gen-
eral vicinity of active streams where sediments have been trans-
ported and deposited by recurring floods. Where conditions are rela-
tively stable, much accumulated organic matter has become mixed
with the soil and made the color dark; but under unstable conditions
and frequent overflows, the soils are gray and more or less iron-
mottled. The gray color and mottling are the result of a high water
table, which prevents oxidation.

On the basis of drainage the Alluvial soils can be classified into two
groups: (1) Somewhat excessively to moderately well drained, and
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((12) poorl%and very poorly drained. The first group includes the
hehalis, Newberg, Pilchuck, Puyallup, and Sultan; and the second
group, the Puget and Wapato.

The Pilchuck, Puyallup, and Sultan soils are derived from glacial
flour and basaltic materials and are somewhat similar in color. The
colors range from grayish brown to pale brown. The subsoils are
mottled in varying degrees—the Sultan soils the most, and the Pil-
chuck the least. any areas of the Pilchuck and Puyallup soils,
however, have little or no mottling. The Pilchuck soils occupy posi-
tions most likely to be overflowed and have the coarsest textured sub-
soils. The Sultan soils occupy slightly depressional or back-bottom
positions and have the finest textured profile. The Puyallup soils,
Intermediate between these two soils, have a medium-textured profile.
The surface soil in all these soils is strongly to medium acid, and
the subsoil and lower subsoil slightly to strongly acid.

The mechanical analyses, organic-matter content, and pH value of
Sultan silt loam are given in table 15.

TaBLe 15.—Mechanical analyses,' organic-matter content, and pH
vadue of Sultan silt loam *

Fine | Coarse |Medium; Fine |Veryfine Organic
Depth in inches gravel | sand sand sand sand Silt Clay pH

Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
Cto 10%______ 0.0 0.1 0.3 0.9 2.0 77.3 | 19. 4 2.9 5.6
10% to 15_____ 0 .2 L7111.27132.0]34.6(21.3 1.4 5.6
15to 19 ___. 0 .1 .4 117.6147.9 | 29.6 4.4 .3 5.7
19 to 40-.____ 2 .5 .4 1.8 9.8 77.9 9.4 4 6.0
40+ oo ___ 0 2 .1]123.0|48.8|24.7 3.2 0 6.0

1 Analyses by the Division of Soil Management and Irrigation
2 Sample collected in see. 17, T. 20 N,, R. 4 E.
8 Organic matter determined by H;0;.

The organic matter decreases rapidly with depth, ranging from
about 2.9 percent for the 0- to 1014-inch layer of }éultan silt loam to
0.3 percent for the 15- to 19-inch layer. As a general rule the lighter
the surface soil texture, the lower the organic-matter content; and
the finer the texture, the higher the organic-matter content.

The fertility of the azonal soils is much higher than that of the
zonal soils. The available nitrogen is also proba?bly higher than in the
zonal soils.

The Newberg and Chehalis series are derived more from sandstone
and shale than from basaltic materials and are browner than the other
soils of the group. In texture and position the Newburg soils are
sil:.tiilar to the Pilchuck soils, and the Chehalis soil to the Puyallup
soils.

The Puget and Wapato soils are poorly and very poorly drained
and are subject to continuous flooding during winter. They have a
gley layer somewhat similar to that of the Humic Gley soils. Like
the Wapato and Chehalis, the Puget and Sultan soils are derived from
similar parent materials. These soils occupy back-bottom positions
on the recent alluvial flood plains and the low-lying areas of the flood
plains and deltas. They have fine-textured profiles and are mottled
from the surface to a depth exceeding 8 or 10 feet.
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