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A study was conducted to evaluate the properties of soils in

the fog belt area of the Oregon Coast Range. Soils in the study

were chosen to include only those belonging to Andepts or to andic

subgroups. Samples were collected from eleven sites that were

formed mostly from colluvial deposits of basaltic rocks, sedimentary

rocks, and alluvium derived from volcanic and sedimentary rocks.

The soils studied were characterized chemically and physically, and

the mineralogy of the very fine sand and clay size fractions was

determined. The eleven soils were classified on the assumption that

Andisol is added in the Soil Taxonomy as the 11th order.

Based on the low degree of profile differentiation shown by

profile morphology, it was concluded that all of the soils, studied

are in an early stage of development. The soil structure is mostly

granular in the surface and fine subangular blocky in the subsoil.

Field texture and laboratory analyses indicate low percentage clay

compared to silt throughout the profiles, Surface layers are mostly

dark colored.



All the soils have low bulk density, high water holding capac-

ity at high suction (15 bar), high CEC, high organic carbon, high pH

in NaF, high variable charge, and high phosphorus retention - all of

which indicate a high proportion of amorphous materials in the clay

fraction.

Based on the mineralogy of the very fine sand fraction and

field site observations, it was concluded that basaltic and volcani-

clastic rocks were the major sources of the parent materials that

have weathered to produce a dominance of amorphous materials in the

soils studied.

Chloritic intergrade dominates the crystalline clay size com-

ponents of all the soils with minor amounts of smectite, mica, gibb-

site, chlorite, halloysite, and kaolinite.

It was concluded that three out of the eleven soils studied,

have chemical characteristics of spodic horizons based on the amount

of extractable Fe and Al measured. These soils were classified as

Troporthods.

Eight of the eleven soils were provisionally classified as

Andisols. Seven of the eight Andisois were placed in the subgroup

Typic Haplotropands and one under the subgroup Typic Haploborand.
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Soils of the Oregon Coastal Fog Belt
in Relation to the Proposed "Andisol" Order

INTRODUCTION

Andepts, according to Soil Taxonomy (SCS, 1975), are soils

that generally developed from volcanic ash. They are, however,

associated also with other pyroclastic rocks, sedimentary rocks,

and basic extrusive rocks (SCS, 1975). Soils are classified as

Andepts when their fine earth bulk density is less than 0.85 g/cc

(at 1/3 bar water retention) in the epipedon and/or cambic horizon,

and their exchange complex is dominated by amorphous materials.

Other Andepts include those soils where 60 percent or more of the

soil (by weight) is vitric volcanic ash, cinders, or other pyroclas-

tic materials.

Before the adoption of Soil Taxonomy, names such as Humic

Allophane soils, Kuroboku, Trumao, Andosols, etc., were used to

refer to Andepts (Mohr et al., 1972) .

Andisol is a new term that is being proposed, initially by

Dr. Guy D. Smith, to replace Andepts in the Soil Taxonomy (SCS, 1975)

and to establish them as the eleventh order at the highest category

of the classification system.

Soils with andic properties are extensive in countries within

the "Pacific Ring", the West Indies, Central and South America, and

other countries with recent volcanic activity. Their association

with volcanism is not incidental; rather, Andosol formation is dic-

tated by volcanic parent materials. There is a general belief that
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Andosols form mainly in volcanic debris which remains unconsolidated

after it has been deposited (Mohr et al., 1972).

Researchers all over the world have confirmed the unique fea-

tures of Andosols. Physical and chemical analyses show that Andosols

have low bulk density, high water retention, exceptionally high or-

ganic matter content, high pH in NaF, weak cation retention, high

phosphate absorbing capacity, and high variable charge. Furthermore,

all of the above properties are associated with allophane, the domi-

nant clay constituent in the Andosols.

Soils with these characteristics are currently classified as

Andepts (SCS, 1975). There is, however, growing skepticism that the

criteria used to define the Andepts are adequate to incorporate all

the soils in the world that have andic characteristics.

Whether or not the classification of the Andepts will remain

as it is now depends on the outcome of the effort initiated by Dr.

Guy D. Smith. In his letter to all soil scientists who work on the

Andepts, Dr. Smith argues that the criteria used for the Andepts in

the Soil Taxonomy inadvertently exclude some soils whose behaviour

is quite similar to the Andepts (Smith, 1978). He cited the follow-

ing defects in the classification of the Andepts: (1) many soils with

andic characteristics have a surface horizon of 15 to 25 cm thickness

that does not react to NaF as is required by the definition of domi-

nation by amorphous materials; (2) base saturation by NH40Ac has been

used as a differentia with a limit of 50 percent, the same limit used

for mineral soils that have crystalline clays; (3) thixotropy has

been used as a differentia, but the decision that a given horizon is

or not thixotropic is very subjective and cannot be made uniformly;
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(4) the soil moisture regime has not been used as a differentia for

subclass, within Andepts as it has for all other soils; (5) the dark-

ness of the epipedon is weighted heavily in subgroup definition, but

in warm intertropical areas there seems to be little or no relation

between color and carbon content, degree of weathering or any other

property; (6) for most mineral soils a fragmental particle-size class

is provided, but not for Andepts; and (7) inadequate emphasis was

given to the unique moisture retention properties of the Andepts.

In his proposal to establish Andisols as the 11th order in the

Soil Taxonomy, Dr. Smith (1978) advocates the use of water retention

of undried fine earth at 15-bar pressure of 40 percent or more, and

a ratio of 15-bar water percentage (undried) to milliequivalents of

exchangeable bases of 1.5 or less, as an additional tests for domi-

nation of amophous materials in the exchange complex. Soils which

do not react adequately to NaP, in other words, do not have suffi-

cient amorphous materials in the surface horizons, can still be

classified as Andisols provided they have sufficient amorphous mate-

rials between a depth of 25 cm and 1 m or a duripan, a placic hori-

zon, or a lithic or paralithic contact that is deeper than 35 cm but

shallower than 1 m. The present criteria used in the classification

of Andepts are still part of the proposed criteria for the Andisols.

The task of carrying out the proposed addition of Andisols as

the 11th order in the Soil Taxonomy is now in the hands of the Inter-

national Committee on the Classification of Andisols or ICOMAND

(Leamy, 1979).

The following is the unrevised version of the definition of

Andisols proposed by Dr. Guy D. Smith (Smith, 1978),
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Andisols are mineral soils that do not have aridic mois-
ture regime or an argillic, natric, spodic, or oxic horizon,
but have one or more of a histic, mollic, or umbric epipedon,
or cambic horizon, a placic horizon, or a duripan; or, the
upper 18 cm, after mixing, have a color value, moist, of 3 or
less and have three percent or more organic carbon in the fine
earth; and, in addition, have one or more of the following
combinations of characteristics:

1. Have, to a depth of 35 cm or more, or to a lithic or
paralithic contact that is shallower than 35 cm but
deeper than 18 cm, a bulk density of the fine earth frac-
tion of less than 0.85 g/cc (at 1/3 bar water retention
of undried samples) and the exchange complex is dominated
by amorphous materials.

2. Have, in the major part of the soil between a depth of
25 cm and 1 m or a duripan, a placic horizon, or a lithic
or paralithic contact that is deeper than 35 cm but shal-
lower than 1 m, a bulk density of the fine earth fraction
of less than 0.85 g/cc (at 1/3 bar water retention of
undried samples) and the exchange complex is dominated
by amorphous materials.

3. Have 60% or more, by weight, of noncalcareous vitric
volcanic ash, pumice or pumice-like fragments, cinders,
lapilli, or other vitric volcaniclastic materials either
to a depth of 35 cm or more, or in the major part of the
soil between 25 cm and 1 m or a lithic or paralithic
contact that is shallower than 1 m, and the pH in the
major part of these horizons of 1 g of fine earth in 50
ml of 1 N NaF is 9.2 or more after 2 minutes.

4, Have a weighted average (by thickness of subhorizons) in
the major part of the soil between a depth of 25 cm and
1 m or a duripan or lithic or paralithic contact shal-
lower than 1 m, a water retention of undried fine earth
at 15 bars pressure of 40% or more; and either a ratio
of 15 bar water percentage (undried) to the meq of ex-
changeable bases of 1.5 or less, or the pH of 1 g of
fine earth in 50 ml of 1 N NaF is 9.4 or more after two
minutes, or both.

Oregon is an area in the United States of America (USA) where

the Andepts and some andic subgroups are extensive. If the Andisol

is established as the 11th order in the Soil Taxonomy, reclassifica-

tion of the Andepts and andic subgroups will follow. Additional

data are needed regarding the properties of soils in Oregon that are
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candidates for reclassification as Andisols. The proposed criteria

for the Andisols need to be evaluated for application to these soils.

The long term goal of this work is the classification of such soils

in Oregon with similar soils worldwide to permit an easy transfer

of technology.

This study was therefore undertaken to get needed information

about an important group of soils in Oregon with andic characteris-

tics in order to evaluate their classification as Andisols. Specif-

ically, the soils included in this study occur in the coastal fog

belt of the Coast Range Mountains.

The specific objectives of this study are:

1. To characterize the properties of the soils currently

classified as Andepts in the fog belt area of the Oregon

Coast Range, incorporating the parameters suggested by the

ICOMAND;

2. To determine the nature of the clay materials that dominate

the exchange complex in the soils;

3. To determine the mineralogy of the very fine sand fraction

as an indication of parent material; and

4. To reclassify the soils using the criteria recommended by

the ICOMAND for the Andisols.
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REVIEW OF LITERATURE

Nature of the Andepts

Andosols, Kuroboku, Humic Allophane soils, and Andepts are

some of the names that have been used to indicate soils that have

an exchange complex dominated by amorphous materials and/or that

have vitric pyroclastic materials as the dominant component of the

soil mass (SCS, 1975).

In this study, the terms Andosols and Andepts were used inter-

changeably depending on whichever is used in the literature. Coun-

tries which have not yet adopted the Soil Taxonomy still use the

term Andosol instead of Andepts. Regarding the Andisol, since it is

still a proposal, the term will be used only when referring to the

proposed 11th order.

A typical Andosol has a distinct, relatively thick, black

(10YR 2/1) to very dark gray brown (10YR 3/2) surface horizon rich

in organic matter, overlying a brown (7.5YR 4/4) to dark yellowish

brown (10YR 4/3) subsoil. Parent material is reached between 0.5

and 1.0 m depth. They are medium to light textured, have crumb

structure in the surface layers, low bulk density, high silt to clay

ratio, and are porous and very friable (Dudal and Soepraptohardjo,

1960). Because of the high percentage of allophane in their exchange

complex, Andosols have high water holding capacity, some smear when

rubbed, and they dehydrate irreversively upon drying (Maeda et al.,

1977).

In Indonesia, the clay fraction of the Andosols have a silica/
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sesquioxide ratio ranging from 0.7 to 1.2, base exchange capacity

from 20 to 30 me/100 g, base saturation from 20 to 40 percent, pH

from 5.0 to 6.5, clay content ranging from 10 to 40 percent, silt

content from 30 to 75 percent, with no marked differentiation in the

solum (Tan, 1964).

Franklin (1970) observed that Dystrandepts and andic inter-

grades of Haplumbrepts in western Oregon have amorphous materials

that ranged from 18 to 64 percent. He found also that chloritic

intergrade (aluminous chlorite), is the predominant crystalline

clay mineral in most of these soils. All the soils that he used in

his study were strongly to very strongly acid (pH 5.3-3.8), low base

saturation (<10 percent), organic matter content ranging from 14 to

more than 30 percent, and low bulk density (about 0.6-0.8 g/cc) which

he attributes to large amount of organic matter.

Dudal (1964) cited that Andosols in Japan which the Japanese

called Kuroboku, are black, both Munsell value and chrome are equal

to 2 or less, and with organic matter content ranging from 15 to 20%.

Pedogenesis of the Andepts

Parent materials. Volcanic ash is the most extensive pyro-

clastic material associated with the development of the Andepts in

Japan and in New Zealand (Ohmasa, 1964; Birrel, 1964). Ash materials

are eruptive materials thrown up into the air and sedimented on the

surface of the earth (Ohmasa, 1964). Depending on the composition

of the magma, volcanic ash deposits may be basic, acidic, or inter-

mediate in composition. Most of the recent volcanic eruptions in
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Japan have produced andesitic volcanic ash mixed with some basaltic

fragments (Ohmasa, 1964). Pleistocene-age eruptions in Indonesia

produced a large amount of andesitic-dacitic to andesitic-basaltic

fragments (Tan and van Shuylenborgh, 1959). The Islands of Hawaii

have andesitic ash on eastern Oahu, on most of Molokai and Maui

(Sherman and Swindale, 1964). Phreatic ash as well as basic and

ultra basic ashes were also found in the southern part of the island

of Hawaii.

Other pyroclastic materials such as scoria, lapilli, volcanic

bombs, and broken pieces of volcanic bombs usually accompany the

release of ash during volcanic eruptions. Their extent of distribu-

tion, however, is limited because of their larger sizes compared with

the ash. They generally accumulate at the foot of the volcano.

According to Wright (1964) basaltic ash beds are too high in

iron and too low in aluminum to produce sufficient allophane to

impart andic characteristics to the soil mass. He said that less

allophane may be produced from acidic ash which is low in aluminum,

compared with that produced from ash with intermediate composition,

but can be significant enough to impart chemical and physical prop-

erties common to Andosols.

Wright (1964) observes that Andosols do not form from consol-

idated tuffs because the consolidation slows down penetration of

weathering and leaching and the soil environment becomes unsuited

to the formation of allophane in a relatively stable state.

Wada and Harward (1974) cite studies indicating that allophane

is also produced in materials other than volcanic ash. Eswaran and

de Coninck (1971) extensively reviewed basalt weathering in different
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parts of the world and noted that allophane is generally the first

clay mineral that is synthesized. Franklin (1970) observed amorphous

materials from soils that developed from basaltic rocks, sedimentary

rocks, and alluvium derived from sedimentary rock and from volcanic

rocks.

Mohr et al. (1972) report that the weathering of volcanic ash

begins with leaching of soluble components (H4SiO4, Ca, Mg, Na, K,

etc.). Because of the enormous surface area of volcanic ash, weath-

ering proceeds very rapidly. Generally, sesquioxides accumulate

residually. Mohr at al. (1972) think that isoelectric precipitation

is the mechanism of allophane formation. When the positively charged

amorphous alumino-hydroxy compound reacts with the electronegative

silica colloids, allophane precipitates. The composition of allo-

phane given was Si07A1003.2H20 to 2Si02A1203.3H20.

Aside from allophane, amorphous hydrous oxides of Al and Fe

are also produced during weathering of volcanic ash (Birrel and

Fieldes, 1968). Several other compounds have been identified in the

clay fraction of Andosols, namely, imogolite, palagonite, and

titanium oxide. Allophane, however, is considered the most important

product in the weathering of volcanic ash, as far as Andosol forma-

tion is concerned. The progressive development of Andosols culmi-

nates in disappearance of allophane, imogolite, and allophane-like

constituents from the soil as they are transformed to crystalline

clay 'minerals (Wada and Aomine, 1974).

Kirkman (1978) reported that allophane clays produce from

different ashes have wide range of composition, hence, their trans-

formation produces different types of crystalline clay minerals.
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For rhyolitic ash, the weathering sequence is glass and feldspar--+

allophane---}halloysite + minor silica. In andesitic tephras the

probable weathering sequence is glass and feldspar--+allophane--+

gibbsite. However, when the leaching of bases progresses in the

absence of silicic acid under strong acid media, the aluminum in

allophane may shift from four to six coordination states and the

gibbsite structure may separate from allophane (Egawa, 1964). More-

over, when the allophane loses aluminum and gibbsite, isolated silica

tetrahedra may react with the gibbsite structure to form hydrated

halloysite. Egawa (1964) adds that hydrated halloysite may also be

formed by resilification with silicic acid supplied by percolation

from the upper horizons. Kirkman (1978) contends that imogolite may

have precipitated from solution, and is unlikely a direct alteration

product of either glass or allophane.

Climate. According to Wright (1964), Andosols in South America

occur over a wide range of climatic conditions from the cold sub-

alpine regions to the humid equatorial tropics - yet the gross mor-

phology of the soil profiles remains rather uniform.

Regarding profile development, Martini (1976) observed that

volcanic ash materials produce a more complex and strong profile

horizonation in a much shorter time under high rainfall and high

temperature and on a well drained site. He further stated that the

major lines of evidence of development are color hue change from

grayish brown to reddish brown; texture change from sandy to clayey;

and structural evolution from weak, very fine subangular blocky and

fine granular typical of Andosols to moderate medium subangular

blocky typical of Latosols. Futhermore, consistence changed from
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friable to firm and ped surfaces changed from organic cutans in Ando-

sols to clay skins in Latosols, Horizon boundaries evolve from

abrupt and wavy in the less developed profile to gradual and smooth

in the more developed soils. In the Central Cordillera, Cortez and

Franzmier (1972) reported that in addition to faster horizonation,

contents of amorphous materials, kaolinite, halloysite accumulate

faster as temperature increases.

Andosols that have developed under different climatic condi-

tions also show some minor morphological differences due to the sen-

sitivity of allophane to drying, Under permanently moist conditions,

Andosols have an almost gelatinous, turgid fabric owing to the large

volume of water distending the clay particles (Wright, 1964). Also,

under short but regular periods of dryness, Andosols develop tempo-

rary but prominent shrinkage cracks. These cracks are narrow at the

soil surface but open into wide cavities below the surface. Under

prolonged periods of dryness, Andosols have an open fabric with a

very high proportion of "pseudosand" (clay particles aggregated to

form compound particles of silt or fine sand size that are very dif-

ficult to disperse).

According to Besoain (1964), transformation of allophane to

crystalline clay may be hastened by seasonal drying of soil. He

observed in Chile that Andosols subjected to an intense dry summer

condition form gibbsitic aggregates in the topsoil. Also, kaolin

may appear with allophane in subsoils subject to reducing conditions

due to the seasonal rise in water tables low in bases. Montmorillo-

nite may appear in the subsoils seasonally influenced by ground

water of very high base saturation.
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Tan and van Schuylenborgh (1959) compared volcanic ash derived

soils under the continuously wet and the monsoon climate. They

reported that Podzols are more common under continuously wet condi-

tions whereas Latosols are more common under the alternate wet-dry

monsoon climate. At higher temperatures, mineralization of organic

matter within and at the soil surface is more important than humi-

fication. The role of organic acids in soil formation is of minor

importance because the organic acids are mineralized too rapidly.

Topography. Because of the aerial deposition of volcanic ash,

Andosols may be located on any topographic position. However, soil

forming processes can take place to the fullest extent only when

ejecta are deposited on the flat or gentle slopes where they scarce-

ly suffer from the erosion caused by the heavy rains (Ohmasa, 1964).

Sanchez (1976) indicated that in Southeast Asia, as weathering

progresses Andepts are limited to higher elevations grading towards

Ultisols with decreasing elevation. Above 700 m, Andepts dominate

because the high, constant rainfall and the low uniform temperature

favor organic matter accumulation and impede the crystallization of

allophane. At lower elevations, there is less rainfall and the tem-

peratures are isothermic. Soils contain less organic matter, and

the color of the topsoil changes from black to brown or red. Also,

crystallization of allophane is more extensive. Similarly, in Hawaii,

Tamura et al. (1953) observed a gradual gradation of Andepts to

Humults on the windward side (udic moisture regime) whereas on the

leeward side (ustic to aridic moisture regime), Andepts grade toward

Ultisols and Oxisols, within a shorter distance.

In Indonesia, Tan and van Schuylenborgh (1959) observed that
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at elevation above 1 000 m podzolization is the predominant soil

forming process, whereas below 1 000 m, laterization becomes dominant.

This then determines the kinds of soils that may be associated with

the Andosols in areas where elevation varies considerably.

Vegetation. Andosols normally occur under forest vegetation,

but also are found under grassland (Wright, 1964). In Japan, volcan-

ic ash soils rich in humus and black in color predominate in grass-

land (Ohmasa,1964).

Frei (1978) reported that on the Semien mountain of Ethiopia

and on Mount Kenya in east Africa, Cryandepts are associated with

Tussock grass at elevations between 2 500 and 4 000 m above sea level,

and with dwarf forest at elevations of 3 000 to 3 800 m. In the tall

forest above 2 500 and below 3 000 m, there are Dystrandepts with an

isomesic soil temperature regime of more than 8°C.

Time. Dudal and Soepraptohardjo (1960) cite that Andosols in

Indonesia may be found at sea level on relatively recent ash deposits.

With age, they seem to develop into Brown Latosols which, in turn,

develop into Reddish Brown and Dark Red Latosols.

In studying volcanic ash soils in Costa Rica and other Central

American countries, Martini (1976) reported various stages in volcan-

ic ash soil development. Early stages of genesis are characterized

by the formation of shallow AC profiles. The main changes to this

point are leaching of bases and some silica; formation of secondary

amorphous materials, accumulation of organic matter; and development

of a weak, fine subangular blocky structure exibiting incipient

granulation. The next stage of genesis is to form an A(B)C horizon

sequence followed by formation of a deep ABC profile. During these
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stages, amorphous materials are progressively transformed into 2:1

and 1:1 lattice clays and finally into sesquioxide, resulting in

the liberation of organic matter from the organoamorphous complex.

Subsequent pedogenesis leads to formation of Latosols, where the B

horizon gains thickness due to degradation of lower A subhorizons.
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EXPERIMENTAL MATERIALS

Soil Profile Samples

Soil samples were collected from representative pedons of

eleven soil series located within a narrow strip in the Oregon Coast

Range called the fog belt area (Figure 1). The fog belt ranges in

width from 8 to 16 kilometers, extending further inland along major

rivers. It coincides with the occurrence of Sitka spruce in vege-

tation (Franklin, 1979). The sample sites were located with the help

of field soil scientists who are presently mapping in the Coast Range.

The series were selected according to their present classification.

They are classified in the Suborder Andepts or as andic Intergrades

of Umbrepts (SCS, 1975). All the soils have developed in a cool,

humid climate with an average summer temperature of about 14°C and

winter temperature of about 7°C except Murnen which was sampled at a

higher elevation with cooler temperatures. Rainfall ranges from

1 500 to 2 000 amt.

The soil series names, genetic horizons, depths, taxonomic

classification, field identification of apparent parent material,

main present vegetation, and county, are given in Table 1. Morpho-

logical descriptions of all the sampling sites are given in Appendix

I.

Soil Sample Handling and Preparation

Soil samples were collected during the summers of 1980 and
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Figure 1. Approximate location of the sampling sites.

1 Lukarilla
2 Soapstone
3 Klootchie
4 Murnen
5 Quillayute
6 Winema
7 Salander
8 Neskowin
9 Lint

10 Siuslaw
11 Templeton



Table 1. Field characteristics of the eleven soils sampled.

Soil and
Horizon

Depth
Sampled

Taxonomic
Classification Parent Material

Main Present
Vegetation

County
Location

CM

Klootchie
Al 0-8 Basaltic colluvium Spruce Clatsop County
A2 8-30
Bw 30-64
BC 64-109

Lint
Al 0-25 Medial, isomesic Alluvium Spruce Douglas County
A2 25-48 Typic Dystrandepts
Bwl 48-99
Bw2 99-132
BC 132-157

Lukarilla
Al 0-13 Sedimentary rock Spruce, grass Clatsop County
A2 13-30 colluvium
Bw2 30-97
BC 97-147

Neskowin
Al 0-15 Medial, isomesic Basalt residium Spruce Lane County
A2 15-30 Typic Dystrandepts
Bw2 30-53



Table 1. continued

Soil and
Horizon

Depth
Sampled

Taxonomic
Classification Parent Material

Main Present
Vegetation

County
Location

CM

Murnen
Al 0-8 Medial, frigid Basaltic colluvium Noble Fir, W. Clatsop County
A2 8-20 Andic Haplumbrepts Red Cedar,
BA 20-30 Spruce
Bwl 30-71
Bw2 71-112

Quillayute
A 0-25 Medial, mesic Alluvium Grass Tillamook County
AB 25-53 Typic Dystrandepts
Bw 53-75

Salander
Al 0-8 Medial, isomesic Basalt colluvium Spruce Lincoln County
A2 8-23 Typic Dystrandepts
A3 23-33
BA 33-51
Bwl 51-66
Bw2 66-94
BC 94-102

Siuslaw
Al 0-15 Sandstone collu- Spruce Douglas County
A2 15-30 vium
BA 30-53
Bwl 53-74
Bw2 74-104



Table 1. continued

Soil and
Horizon

Depth
Sampled

Taxonomic
Classification Parent Material

Main Present
Vegetation

County
Location

CM

Soapstone
Al 0-13 Basalt colluvium Spruce Clatsop County
A2 13-30
Bwl 30-56
Bw2 56-84
BC 84-109

Templeton
Al 0-15 Medial, mesic Sedimentary rock Spruce Douglas County
A2 15-43 Andic Haplumbrepts colluvium
BA 43-71
Bwl 71-102
Bw2 102-135
2Bw3 135-147

Winema
Al 0-10 Medial, mesic Sedimentary rock Grass Tillamook County
A2 10-28 Typic Dystrandepts colluvium
A3 28-61
Bwl 61-102
BC 102-117
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1981. Each profile was divided according to genetic horizons and

described. Samples were taken from each horizon in amounts suffi-

cient to include undisturbed clods. To minimize drying, the soil

samples were placed in plastic bags and tightly closed. This was

done to prevent dehydration of any amorphous materials present in

the soil.

Since the soil samples were not processed immediately after

sampling, they were stored inside a cooler with a constant tempera-

ture of 40°F (4.4°C). When all the samples were collected, the

soils were sieved to separate the materials greater than 2 mm. This

was accomplished by rubbing the coarser materials not passing

through the screen by hand until little of the finer soil material

remained in the gravel-sized fraction. The less than 2 mm fractions

were replaced in the plastic bags and stored in the cooler until

they were analyzed. The greater than 2 mm fractions were saved for

weighing.

Sample Area Geologic Formations

Three soil series, Klootchie, Soapstone, and Murnen, were

sampled in Clatsop County of N. W. Oregon in an area mapped as

Columbia River basalt (USGS, 1961). The U.S Geological Survey

(USGS) described the formation as a dark-gray to black aphanitic

to very fine grained thick basalt flow (USGS, 1961). In the field,

these three soil series were observed as having formed on the

colluvial deposits of this formation.
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The Lukarilla series was sampled in Clatsop County in an area

mapped as the Astoria formation. This formation is composed of

alternate layers of sandstone and shale, with the upper sandstone

layer interfingering with basalt (USGS, 1961). Like the previous

soil series, Lukarilla develops generally from the colluvial deposits

derived from the Astoria formation.

Neskowin and Salander were sampled in Lincoln and Lane County

of N.W. Oregon, respectively, in an area mapped by the USGS (1961)

as Goble volcanic series and volcanic rocks of Nestucca and Toledo

formations. These formations were described as dark gray to black

porphyritic basalt flow, pyroclastic rocks, and related intrusive

rocks (USGS, 1961)

The Siuslaw and Lint soil series were both sampled in Douglas

County of S.W. Oregon in an area mapped as Tyee and Burfee formations.

The USGS (1961) described these formations as rhythmically bedded

feldspathic and micaceous massive-bedded sandstone and subordinate

siltstone with fragmental plant material and a few diagnostic

fossils.

Winema was sampled in Tillamook County in an area mapped as the

Nestucca formation and part of Tillamook volcanic series (USGS, 1961).

These formations were described as a dark gray, amygdaloidal por-

phyritic basalt and andesitic material in pillow lava, breccia, and

tuff (USGS, 1961).

The Quillayute soil series was sampled in Tillamook County in

an area mapped and described by the USGS (1961), as unconsolidated

gravel, silt, clay, and pyroclastic debris.
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EXPERIMENTAL PROCEDURE

Routine Soil Property Characterization

Chemical methods. Dilute acid-fluoride extractable phosphorus,

ammonium acetate extractable cations, oxidizable carbon (C), total

nitrogen (N), cation exchange capacity (CEC), and exchangeable hydro-

gen were determined with the procedures reported by Berg and Gardner

(1978). These analyses were carried out on the less than 2 mm air-

dried soil samples in the Oregon State University Soil Testing Lab-

oratory.

Soil pH was determined in 1:2 soil-water, 1:2 soil-1 N KCl,

and 1:50 soil-1 N NaF suspension with Corning Model 7 pH Meter. The

pH in NaF after two minutes was used as a test for domination of

amorphous materials (Smith, 1978).

In order to estimate variable charge, CEC in BaCl2 at pH 8.2

(SCS, 1967) and KCl extractable Al (McLean, 1965) were determined.

The procedures used to determine exchangeable hydrogen (acidity),

extractable cations, and water retention at 15-bar are mentioned

in another parts of this section. They are also needed to compute

variable charge..

Extractable iron, aluminum, and silicon of the less than 2 mm

field moist soil samples were analyzed using different extractants.

For iron and aluminum three extractants were used: dithionite ci-

trate bicarbonate (SCS, 1967), acidified ammonium oxalate (McKeague

and Day, 1966), and pyrophosphate (Bascomb, 1968). Iron was deter-
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mined in the extracts colorimetrically with potassium thiocyanate

(SCS, 1967). Determination of aluminum in the extracts was done

using Aluminon colorimetry I hot color development (SCS, 1967).

Silicon was analyzed in the extract of acid oxalate using the molyb-

date blue method (Kilmer, 1965).

During the extraction process, it was observed that a substan-

tial amount of organic matter was dissolved by the extractants as

evidenced by the very dark brown color of most of the extracts. In

order to avoid interference from the organic matter with the color

development during the analysis of Fe, Al, and Si, aliquots from the

extracts were freed of dissolved organic matter by digestion pro-

cedure. The acids used in the digestion were nitric acid and per-

chloric acid. In the case of silicon determination, precipitates

of silica that formed during digestion were dissolved by adding 3 to

5 drops of hydrofluoric acid after transfering the digested extracts

from Erlenmeyer flasks into polyethelene containers. This transfer

minimized contamination that would result from the reaction of hydro-

fluoric acid with glass containers. After adding the hydrofluoric

acid, the extracts were placed in a water bath and then heated to

evaporate excess hydrofluoric acid.

Absorbance of all solutions, after color development, was

read on the Bausch and Lomb Spectronic 20.

Physical methods. The bulk density of all the samples was

measured using Saran-coated clods (SCS, 1967). Undisturbed clods

were coated in the laboratory with the Saran compound (F220) 1
.

1The DOW Chemical Company, Midland Division Midland, Michigan.
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One side of the coated clods was cut with a sharp knife. Then,

the clods were placed in a ceramic plate with the cut surface in con-

tact with the plate. The clods were then saturated with distilled

water overnight. The following day, the ceramic plate with the

water saturated clods, was placed in a pressure cooker and was allow-

ed to equilibrate at 1/3 bar (ca. 3 days). After equilibration, the

clods were carefully removed from the plate and were dipped in the

Saran compound until water proof. The volume of the coated clods

was then measured by water displacement. After taking the volume,

the clods were dried in an oven at 110°C and then weighed.

Particle-size analysis. The particle-size distribution of the

less than 2 mm fraction of field moist soil samples was determined

using the Pipette Method (Day, 1965). Ten grams of soil samples were

agitated by air jetting for 3 minutes at 25 psi in 250 ml of slightly

acid (pH 4.5) distilled water. This method of dispersion has been

found effective in soils with poorly crystalline materials and mini-

mizes destruction of clay structure, especially imogolite (Dingus,

1973; Hickman, 1981). No attempt was made to remove organic matter

prior to dispersion in order to avoid morphological changes of the

clay fraction (Dingus, 1973). These steps were necessary because

further analyses of the dispersed clay materials were done. The

sand fraction, which was separated from silt and clay through sieving,

was treated with H
2
0
2
to remove organic matter.

Sand Identification

Heavy mineral separation. Heavy mineral separation of the very
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fine sand (50 -100 elm) fraction was done using bromoform, which has a

specific gravity of 2.9. A gram of dried, very fine sand was first

placed in a separatory funnel which was two-thirds full of bromoform.

With a slow wrist circular action, the suspension of sand and bromo-

form was shaken for about 10 seconds. The heavy minerals were then

allowed to settle to the bottom of the funnel. As soon as complete

separation of light and heavy minerals was attained (ca. 1 hour),

the heavy minerals were recovered first by carefully opening the

bottom of the funnel and allowing the suspension of the heavy mine-

rals and bromoform to drip into a recieving funnel. The funnel was

again closed after all the heavy minerals had passed through. The

recieving funnel was fitted with a No. 50 Whatman filter paper with

a beaker at the bottom to recover for reuse the bromoform that passed

through the filter paper. The light minerals were then recovered

by allowing all the remaining suspension in the separatory funnel to

drip into another recieving funnel. The filter papers that contained

the minerals were then washed several times with acetone and allowed

to dry at 65°C. The dried light and heavy minerals of the very fine

sand fraction were then stored in manila envelopes preparatory to

slide preparation.

Slide preparation. Since it is impossible to count all the

grains in a sample, a subsample was taken, following the quartering

procedure suggested by Brewer (1964). The sample was placed in a

conical pile on a flat glossy surface and cut into four quarters

with a sharp straightedge. Opposite quarters were rejected and the



26

other two combined and split again. This was repeated until the de-

sired size of sample was obtained which was ca. 0.2 g per cm
2

.

After placing the subsample on a clean petrographic slide the

grains were spread evenly and were covered with a cover glass. To

fix the grains on the slide, Permount
2
was added drop by drop on the

edge of the cover slide and allowed to spread within the entire area

of the cover slide. The completed slide was then allowed to dry.

Grain counts, The area count technique was used in counting

the grains with a petrographic microscope (Brewer, 1964). It in-

volves counting the number of grains of the various mineral species

on the whole microscopic field.. Every grain counts as one irrespec-

tive of size.

Clay Characterization

15 -bar water retention. Water retention measurements were

made with a pressure membrane apparatus. The samples, all of which

were passed through a 2 mm sieve, were placed inside a rubber ring

ca. 3.8 cm inside diameter and 1 cm high. The samples of air-dried

soil and duplicate samples of field moist soils were then saturated

with distilled water overnight. The following day, the apparatus

was tightly closed and allowed to equilibrate at the applied suction

of 15 bar. After equilibration (ca. 48 hours), the samples were

transferred to drying cans and weighed. The weighed cans with the

soil samples were then placed in an oven to dry overnight, cooled,

Fisher Scientific Company, Pittsburgh, Pennsylvania.
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and weighed again.

X-ray diffraction. Approximately 40 grams of less than 2 mm

field moist soil samples were placed in a dispersing cup, suspended

in dilute Na
2
CO

3
with a rubber policeman in place of the cutting

blade. The suspension was then poured onto a 53 pm sieve to separate

the sand fraction from the clay and silt fractions. The remaining

suspension of the clay and the silt fractions was centrifuged at

300 rpm for 6 minutes to allow the silt fraction to settle complete-

ly (Taskey and Harward, 1978), The supernatant liquid containing the

clay fraction was transferred to 250 ml centrifuge bottles and centri-

fuged at 5 000 rpm for 15-20 minutes to recover the clay.

Samples of the clay suspension were then saturated three times

with Mg or K by adding .1 N MgCl2 or KC1 solution and then washed

three times with distilled water.

Slides for x-ray diffraction (XRD) were prepared using the

paste method (Theisen and Harward, 1962) and the patterns were iden-

tified using the criteria given by Chichester (1967) and Taskey and

Harward (1978). The instrument used to obtain the XRD pattern of

the samples was a Phillips Norelco X-Ray Diffractometer. The Cu Ka

radiation was used with the generator operating at 35 Kv and 25 ma,

The detector was a scintillation tube fitted with a focusing mono-

chromator.

Differential thermal analysis (DTA). Differential thermal

analysis was performed on selected Mg-saturated samples which had

been equilibrated over saturated Mg(NO3)2.6H20 (ca. 54% relative

humidity). The analysis was made with a Du Pont 900 Differential

Thermal Analyzer. Patterns were run from room temperature to ca.
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1 050°C at a heating rate of 20°C per minute, The samples were run

in microcups with an alundum reference material and platinum-plati-

num/rubidium thermocouples. A nitrogen atmosphere was employed to

reduce exothermic reaction due to organic matter.

Infrared absorption spectroscopy. Infrared absorption spectra

of the less than 2 um clay were determined on selected samples from

clay suspensions saved during particle size analysis. Approximately

2 mg of the clay materials from each sample was dried in the oven at

110 °C. One milligram of the sample was mixed with ca. 400 mg of KBr

on a small mortar and pestle. The mixture was then formed into a

pellet by means of a die (an assembly of a Tam and an anvil used to

make KBr pellets) and a hydraulic press. The infrared absorption

spectra of the samples were obtained with a Perkin-Elmer 457 Grating

Infrared Spectrophotometer. The spectra were run from 4 000 cm
1

to

400 cm
-1

using a normal slit at medium scanning mode.

Transmission electron microscopy. Transmission electron micro-

graphs of the less than 2 pm clay were obtained for selected samples

from the clay suspensions saved during particle size analysis. Be-

cause of the low clay content of most of the samples, no dilution

was necessary and no pretreatment was done. Suspensions of clay

were drop-mounted and allowed to dry on 300 mesh copper grids coated

with Formvar. The grids were examined on a Phillips EM 300, oper-

ating at 40-100 Kv, Select area electron diffraction (SAD) at 100

KV was used in an attempt to identify the clay mineral imaged by

the transmission electron microscope (TEM). Mounting of the clay

suspensions and actual operation of the instrument were performed

by laboratory personnel from the OSU Botany Department Electron
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Micwscope Laboratory.
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RESULTS AND DISCUSSIONS

Soil Morphology

Except for the Neskowin profile which is underlain by basaltic

rock below 53 cm, the sola of all the soils used in this study are

deeps ranging from 102 to 147 cm (Table 2), The Quillayute samples

represent the upper horizons only of the series, hence, it appears

shallow. A typical solum of the Quillayute soil series has an aver-

age depth of 152 cm (SCS, 1964). The minimum depth requirement of

Andisols is 18 cm if there is lithic contact as in the case of Nesko-

win and 35 cm if without lithic contact. Thus, representative sam-

ples of the eleven soil series studied have adequate depth for an

Andisol.

In the field, the distinguishing feature of the soils studied

is their dark surface horizons. All the eleven soils have a moist

color value of 3 or less (Table 2). Generally, the depth of the dark

surface horizons ranges from 30 cm as in Klootchie to 102 cm as in

Salander. The moist color of the subsurface horizons of the eleven

soils varies from dark yellowish brown (7.5YR 3.2) to yellowish

brown (10YR 5/6).

Most of the soils had silt loam surface texture, two were loams,

and one was silty clay loam. Clay increases slightly in the subsoil

horizons. The structure of the surface horizons is mostly granular

and strongly expressed. In the subsoil, structure grades from fine

to medium subangular blocky and is weakly expressed. Coarse subangu-



Table 2. Morphological description of the eleven soil profiles in abbreviated form
3

.

Soil and Moist Color
Horizon Depth Hue Value/Chroma Texture Structure Consistence Boundary

cm
Klootchie
Al 0-8 5YR 3/2 sil 2mfgr fr gs

A2 8-30 5YR 3/3 sil 2mgr fr cw

Bw 30-64 5YR 4/4 sil 2msbk fr cw

BC 64-109 5YR 4/4 gl lmsbk fr cw

Lint
Al 0-25 10YR 2/2 sil lvffgr vfr cs

A2 25-48 7.5YR 3/2 sil 2vffsbk fr cw
Bwl 48-99 10YR 5/4 si 2mcsbk fi cs

Bw2 99-132 10YR 4/4 si 2mcsbk fi cs
BC 132-157 10YR 4/4 sil lmcsbk fi -

Lukarilla
Al 0-13 10YR 3/2 sil 2fgr fr cw
A2 13-30 10YR 3/3 sil 2cgr fr cw
Bw2 30-97 10YR 4/4 sicl 2msbk fr gs
BC 97-147 10YR 4/4 sicl lfsbk fr gw

Neskowin
Al 0-15 10YR 3/2 sicl 3vfgr fr cs
A2 15-30 10YR 3/2 sicl 3vfsbk fr cs
Bw2 30-53 10YR 2/2 sicl lfgr fr cs



Table 2. continued

Soil and
Horizon Depth

Color
Texture Structure Consistence BoundaryHue Value/Chroma

cm

Murnen
Al 0-8 5YR 3/2 1 2fvfgr fr cs
A2 8-20 5YR 3/3 1 lfsbk fr cs
BA 20-30 5YR 3/3 grl 2fsbk fr cw
Bwl 30-71 5YR 3/4 grl 2fgr fr gw
Bw2 71-112 5YR 4/4 grl 2fvfsbk fr

Quillayute
A 0-25 10YR 2/1 sil 2fsbk fr cs
AB 25-53 10YR 2/1 sil 2fsbk fr cs
Bw 53-76 10YR 3/2 sil 2fsbk fr cs

Salander
Al 0-8 5YR 3/2 sll 2mgr fr as
A2 8-23 5YR 3/2 sil 2mgr fr as
A3 23-33 5YR 3/3 sil lmsbk fr cs
BA 33-51 5YR 3/3 sil lmsbk fr cs
Bwl 51-66 5YR 3/3 sil 2vfsbk fr cs
Bw2 66-94 5YR 3/2 sil 2fsbk fr cs
BC 94-102 5YR 3/2 sil lmsbk fr cs

Siuslaw
Al 0-15 10YR 2/2 1 2vffgr fr cs
A2 15-30 10YR 3/2 1 2fmsbk fr cs
BA 30-53 10YR 3/3 1 lfmsbk fr cw
Bwl 53-74 10YR 3/3 1 lmcsbk fr cw
Bw2 74-104 10YR 4/3 el_ lcsbk fi cs



Table 2. continued

Soil and
Horizon Depth Hue Value/Chroma Texture Structure Consistence Boundary

CM

Soapstone
Al 0-13 5YR 3/2 sil 2msbk fr cw
A2 13-30 7.5YR 3/2 sil 2msbk fr gw
Bwl 30-56 10YR 3/4 sil 2msbk fr gw
Bw2 56-84 10YR 4/4 sil lmsbk fr gw
BC 84-109 10YR 3/4 sil lmfsbk fr gw

Templeton
Al 0-15 10YR 2/2 sil 2fmgr vfr cs
A2 15-43 5YR 3/2 sil 2fmgr fr gs
BA 43-71 7.5YR 3/4 sil lmfsbk fr cs
Bwl 71-102 7.5YR 4/4 sil lmcsbk fr gs
Bw2 102-135 7.5YR 4/4 sil lmcsbk fr gs
2Bw3 135-147 7.5YR 4/4 sil lmcsbk fr gs

Winema
Al 0-10 10YR 2/1 sil 3fgr fr cw
A2 10-28 10YR 2/1 sil 3fgr fr cw
A3 28-61 10YR 2/1 sil 2fsbk fr cw
Bwl 61-102 10YR 3/3 sil 3vfsbk fi cw
BC 102-117 10YR 4/4 sil 3fsbk fi gs

3 Symbols used are the same as given in Soil Survey Manual (SCS, 1951) p. 139-140 and in-
dicated below for quick reference.

Structure: gr-granular; p1- platy; sbk-subangular blocky. 1-weak; 2-moderate;
3-strong. Consistence: fr-friable; fi-firm. Boundary:c-clear; g-gradual; d-diffuse
s-smooth; w-wavy.
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lar blocky structure, which is more common in Latosols than in Ando-

sols (Martini, 1976), was observed in the subsurface horizons of

Lint and Siuslaw.

Both the surfaces and the subsoils have predominantly friable

consistence when moist. Some of the surface horizons and even the

subsurface horizons were quite smeary. Although this property is

subjective, it can be suggestive of amorphous materials.

The horizon boundaries between the surfaces and the subsoils

are generally clear and smooth. However, it is often difficult to

distinguish the different horizons in the subsoil because of the

gradual and wavy boundary between some of them.

Physical Properties

Particle size analysis. All the soils except the Neskowin

showed little increase in clay content below the surface horizon

(Table 3). The increase in the clay contents in the subsoils does

not generally meet the criteria for an argillic horizon as defined

in the Soil Taxonomy (SCS,1975), and the required morphological

evidence of clay translocation is lacking. Several of the profiles

show decreases to very low measured clay contents in lower horizons.

the field determined texture of these soils does not indicate such

low clay contents suggesting complete dispersion may not have oc-

curred.

The silt fraction is very high in all horizons. The sand frac-

tion generally increases with depth. In the case of Salander it was

observed that the distribution of the sand fraction is very irregular.



Table 3. Physical properties of the eleven soil profiles.

Soil and
Horizon

Particle size B.D.
(1/3bar)

15 bar water

A

Relative moisture
decreaseSand Silt Clay Fresh Air dried

Klootchie

pct g/cc pct pct pct

Al 24.4 49.7 26.0 0.76 59.1 36.0 23.1 39
A2 25.4 46.4 28.3 0.89 55.3 32.1 23.2 42
Bw 23.3 47.3 29.4 0.80 55.3 33.0 22.3 40
BC 33.2 65.1 1.7 0.96 46.3 28.6 17.7 38

Lint
Al 16.3 66.1 17.6 0.42 39.5 30.6 8.9 23
A2 17.0 57.9 25.1 0.69 43.3 26.2 17.1 39
Bwl 11.4 86.2 2.4 0.98 35.0 23.8 11.2 32
Bw2 16.3 81.9 1.8 1.09 30.5 21.7 8.8 29
BC 25.8 72.0 2.3 1.18 28.1 21.5 6.6 23

Lukarilla
Al 2.2 76.7 21.1 0.91 34.6 24.8 9.8 28
A2 8.2 70.2 21.6 0.89 37.8 24.7 13.1 35
Bw2 4.5 95.2 0.2 1.31 29.2 19.2 10.0 34
BC 1.7 98.1 0.2 1.12 29.7 22.3 7.4 25

Neskowin
Al 6.5 67.1 5.1 0.50 36.9 28.6 8.3 22
A2 4.7 71.0 1.0 0.56 37.5 26.6 10.9 29
Bw2 1.1 71.6 6.5 0.71 47.6 28.7 18.9 40



Table 3. continued

Soil and
Horizon

Particle size B.D.

(1/3bar)
15 bar water

A
Relative moisture
decreaseSand Silt Clay Fresh Air dried

Murnen

pct ace pct pct pct

Al 13.3 69.8 16.9 0.26 97.9 55.4 42.5 43
A2 18.3 60.9 20.8 0.34 96.0 49.2 46.8 49
BA 30.2 53.1 16.7 0.55 87.2 46.9 40.3 46
Bwl 17.5 59.6 23.0 0.54 92.4 54.4 38.0 41
Bw2 14.8 84.3 0.9 0.49

Quillayute
A 7.8 81.0 11.2 0.76 48.4 40.4 8.0 17

AB
Bw

4.6
9.2

78.2
67.4

17.2
23.4

0.69
0.55 45,.50

33.5
29.6

20.9
20.7

38

41

Salander
Al 2.6 87.4 12.7 - 98.7 74.3 24.4 25

A2 2.1 79.2 18.8 0.52 96.3 51.0 45.3 47

A3 11.9 73.2 14.9 0.47 73.3 43.2 30.1 41

BA 11.1 72.8 16.1 0.59 66.6 37.0 29.6 44

Bwl 11.2 80.3 8.5 0.50 67.1 33.7 33.4 50

Bw2 14.8 72.5 12.7 0.59 63.2 34.4 28.8 46

BC 18.1 70.1 11.9 0.70 68.7 37.1 31.6 46

Sills law

Al 41.5 49.0 9.2 0.59 36.8 26.5 10.3 28

A2 34.4 62.3 3.3 0.78 40.0 21.0 19.0 48

BA 43.6 53.1 3.9 1.16 27.2 17.2 10.0 37

Bwl 44.7 51.2 4.1 1.02 26.6 16.1 10.5 39

Bw2 29.8 18.2 11.6 39



Table 3. continued

Soil and
Horizon

Particle size B.D.
(1/3bar)

15 bar water
A

Relative moisture
decreaseSand Silt Clay Fresh Air dried

Soapstone

pct ace pct pct pct

Al 4.8 74.2 21.0 0.32 120.9 49.8 70.6 59
A2 7.8 72.6 19.6 0.60 95.1 33.6 61.5 65
Bwl 16.2 75.9 7.9 0.51 74.4 26.0 48.4 65
Bw2 15.0 84.0 0.1 0.64 62.9 23.4 39.5 63
BC 27.3 72.5 0.2 1.02 39.1 20.1 19.0 49

Templeton
Al 33.1 53.4 13.4 0.59 42.2 24.8 17.4 41
A2 34.2 46.6 12.2 0.80 35.0 20.9 14.1 40
BA 31.1 53.1 15.8 0.94 31.5 24.4 7.1 23
Bwl 25.2 74.3 0.5 0.90 31.3 22.7 8.6 27
Bw2 23.3 76.5 0.2 1.05 31.6 21.1 10.5 39
2Bw3 30.9 68.9 0.2 0.97 31.0 20.5 10.5 39

Winema
AI 10.8 72.8 16.4 1.11 41.7 32.3 9.4 23
A2 14.9 63.3 21.8 0.79 40.1 30.5 9.6 24
A3 11.4 71.5 17.2 0.78 39.0 27.9 11.1 28
Bw2 15.4 61.8 22.8 0.77 39.9 26.0 13.9 35
BC 20.2 79.6 0.1 - - -
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This may suggest lithologic discontinuity.

Bulk density. Except for the first horizon in Winema, bulk

densities of all the surface horizons were less than 1 g/cc (Table 3).

Six out of the eleven soils, namely, Klootchie, Neskowin, Murnen,

Quillayute, Salander, and Winema, have bulk densities of less than

1 g/cc in their entire profile. Futhermore, except for Lukarilla

and Siuslaw, the rest of the soils meet the bulk density requirement

for Andisols which is less than 0.85 g/cc to a depth of 35 cm or

more. For soils with a lithic contact like Neskowin the minimum

depth required is 18 cm. In the case of Winema, although it has a

bulk density of 1.11 g /cc in the AI horizon, it still meets the

requirement of Andisols since all of its horizons below Al have bulk

density of less than 0.85 g/cc. The generally low bulk density of

soils used in this study, especially the surfaces, is attributable

to the high amount of organic matter as indicated by their dark color

and the amount of organic carbon (Table 4). It is also true, however,

that soils with high amounts of amorphous materials in their exchange

complex often have low bulk density (Wada, 1977).

Water retention at 15 bar. Water retention values at 15 bar

suction are relatively high (Table 3). For fresh or undried samples,

except for Lint, Lukarilla, Neskowin, and Siuslaw, all the rest of

soils have water retention values of more than 40 percent, the pro-

posed minimum requirement for calcareous Andisols (Smith, 1978).

Since calcareous soils generally have high pH, it is obvious that

the use of the pH in NaF as an indirect measure of amorphous materials

in the exchange complex of calcareous soils is meaningless. Thus,

Dr. Smith advocates the use of water retention at 15 bar suction to
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indirectly- easure amorphous materials in calcareous soils in place

of the pH in NaF. None of the soils used in this study are calca-

reous as indicated by their pH in water.

There is a general tendency for all the soils to retain less

water at 15 bar suction after air drying. The difference in water

retention at 15 bar between the moist and the air-dried samples

ranged from 25 to 65 percent in the surface horizons and from 28 to

59 percent in the subsurface horizons. The observed difference may

be due to the collapse of microvoids when the soil dries up. Maeda

and Warkentin (1975), observed that when allophane is high in the

soil matrix, there are usually more microvoids that can hold water

at high suction.. These microvoids will collapse when soil dries up

and consequently reduces the amount of water held at higher suction.

The data then would suggest that allophane may be high in the samples

(Table 3), of both the surfaces and the subsoils.

Chemical Properties

pH. All soils included in this study are acidic. The pH in

one part soil to two parts water ranges from 4.5 as in Lint to 5.6 as

in Quillayute. The pH in KC1 is also low and ranges from 3,7 to 4.7.

Very little difference in pH was observed between the surfaces and

the subsoils (Table 4). Generally, pH is higher in the subsoils than

in the surfaces. Quillayute has higher pH in the Al horizon compared

to its succeeding horizons (AB and Bw). The area where the sample

for Quillayute was obtained is apparently being used for pasture, and

it is possible that lime may have been added in the area, Sanchez



Table 4. Chemical properties of the eleven soil profiles.

Soil and pH Extractable cations Exch. NHAOAc Base Organic Total Bray P re- BaC12
Horizon (H

2
0) (KC1) (NaF) Ca Mg Na K Acidity CEC sat. carbon N C/N P tention CEC

14100 g pet ppm pct me /100 g

Klootchie
Al 5.1 4.1 9.7 4.1 5.1 0.6 0.6 38.7 53.9 19.2 10.8 0.4 26.3 <1 99 42.6
A2 5.4 4.2 10.4 3.2 4.2 0.5 0.4 31.0 45.6 18.3 6.1 0.3 21.8 1 100 39.1Bw 5.4 4.2 10.7 2.5 4.2 0.5 0.4 32.5 45.3 16.7 5.1 0.3 20.4 1 100 36.1BC 5.2 4.0 10.5 0.8 3.2 0.4 0.3 39.0 42.8 10.9 1.5 0.1 16.7 <1 100 27.7

Lint
Al 4.5 4.1 10.1 0.3 0.3 0.1 0.2 42.8 38.8 2.4 10.2 0.6 18.2 <1 96 33.9A2 5.0 4.5 11.3 0.2 0.1 0.1 0.2 30.7 28.0 2.0 4.1 0.2 18.6 <1 100 21.8Bwl 4.8 4.3 10.5 0.2 0.2 0.1 0.2 21.3 19.3 3.1 4.2 0.1 60.0 <1 97 9.8Bw2 5.2 4.1 9.5 0.4 0.3 0.1 0.1 18.6 17.3 5.1 0.4 0,1 13.3 <1 91 5.4
BC 4.7 4.0 9.4 0.3 0.2 0.1 0.4 18.3 19.5 5.2 0.2 0.1 6.7 <1 84 8.9

Lukarilla
Al 5.2 4.0 9.6 1.1 0.7 0.2 0.4 32.8 35.9 6.7 7.5 0.3 30.0 3 96 38.3
A2 5.5 4.3 10.8 0.9 0.5 0.2 0.2 28.7 30.2 6.0 4.4 0.2 20.0 1 99 25.9Bw2 5.4 4.0 9.4 2.2 2.8 0.1 0.2 18.3 20.4 26.3 0.3 0.1 7.5 <I 82 18.2
BC 5.6 3.9 9.1 - - - - - - - - - - - 16.9

Neskowin
Al 5.4 4.4 11.3 0.7 1.1 0.8 0.5 32.5 43.2 7.1 12.1 0.4 28.1 <1 99 39.3
A2 5.4 4.4 11.4 0.6 0.9 0.8 0.4 34.6 38.3 6.9 10.4 0.5 23.1 <1 99 24.1
11w2 5.5 4.7 11.5 0.6 1.6 1.2 0.4 34.3 39.2 9.4 7.5 0.3 26.8 < 1 100 27.7



Table 4. continued

Soil and
Horizon

pH
(KCl) (NaF)

Extractable cations Exch. NH OAc Base
C

4Acidity U. sat.

Organic
carbon

Total
N

Bray
C/N P

P re- BaCi
2

tention CEC(H
2
0) Ca Mg Na

Murnen

me/100 g pet ppm pct me/100 g

Al 5.4 4.2 10.5 1.4 1.2 0.6 0.4 46.1 67.2 5.5 24.9 0.7 37.2 <1 100 45.5
A2 5.6 4.5 11.5 1.1 0.8 0.4 0.3 43.7 76.3 3.5 16.0 0.5 32.7 <1 100 31.8
BA 5.7 4.7 11.5 1.0 0.6 0.3 0.3 42.3 74.0 3.1 11.4 0.4 28.5 <1 100 34.6
Bwl 5.9 4.7 11.5 1.0 0.5 0.3 0.4 37.2 62.7 3.4 9.1 0.4 24.6 <1 100 34.6
Bw2 5.8 4.7 11.5 0.9 0.3 0.3 0.3 41.4 57.7 3.1 7.5 0.3 22.1 <1 100 34.6

Quillayute
A 5.6 4.5 10.7 7.3 3.1 0.7 0.6 43.4 52.4 23.2 15.5 0.8 18.5 9 98 50.3
AB 5.2 4.2 11.4 2.0 0.8 0.3 0.3 39.9 47.7 7.2 13.3 0.5 25.1 <1 99 39.6
Bw 5.2 4.4 11.5 0.9 0.5 0.2 0.2 37.2 43.0 4.2 7.4 0.4 20.0 <1 99 34.3

Salander
Al 4.8 4.0 9.8 3.8 4.3 0.9 1.4 - 74.8 13.9 21.3 1.5 14.5 1 99 50.0
A2 5.7 4.5 11.5 3.1 5.0 0.9 1.4 43.0 67.4 15.4 13.8 0.9 15.3 <1 99 43.7
A3 5.5 4.8 11.6 1.9 3.3 0.7 1.2 45.5 55.6 12.7 11.3 0.7 16.6 <1 99 41.4
BA 5.7 4.6 11.6 1.5 2.2 0.6 1.2 42.8 49.9 11.0 8.4 0.5 18.7 <1 99 29.4
Bwl 5.7 4.6 11.5 1.2 1.5 0.6 1.0 42.0 47.7 8.8 7.3 0.5 14.9 <1 99 26.8
Bw2 5.5 4.5 11.5 1.3 1.7 0.6 0.9 40.5 46.9 9.5 8.1 0.5 17.2 <1 99 39.7
BC 5.4 4.5 11.5 1.1 1.3 0.6 0.8 41.7 47.8 7.9 8.3 0.6 14.1 <1 99 -

Siuslaw
Al 5.4 4.4 11.3 1.7 0.8 0.3 0.5 34.9 34.6 9.4 7.8 0.4 19.0 1 99 29.4
A2 5.4 4.6 11.4 0.5 0.4 0.2 0.5 26.6 24.1 6.6 3,2 0.2 13.3 <1 99 18.2
Bwl 5.4 4.2 10.8 0.5 1.1 0.3 0.4 20.1 17.1 13.5 0.9 0.1 12.9 < 1 95 16.2
11w2 5.4 4.1 10.3 1.3 1.5 0.4 0.3 19.8 18.3 19.1 0.8 0.1 11.4 <1 92 9.8

5.5 4.1 10.2 2.1 1.6 0.6 0.2 19.5 18.9 4.5 0.7 0.1 11.7 <1 91 13.2



Table 4. continued

Soil and pll Extractable cation; Exch. NO OAc Base Organic Total Bray P re- BaC12
Horizon (H

2
0) (KC1) (Nail Ca Mg Na K Acidity CEC sat carbon N C/N 1' tention CEC

-me/100 g pet ppm pct me/100 g

Soapstone
Al 4.5 4.0 8.7 0.6 1.2 0.3 0.5 47.3 75.0 3.5 20.4 0.9 22.2 <1 98 36.8
A2 5.0 4.5 11.2 0.2 0.4 0.2 0.2 37.3 47.8 1.8 9.6 0.4 22.9 <1 99 35.3
liwt 5.3 4.4 11.1 0.1 0.2 0.1 0.1 33.4 44.5 1.1 5.2 0.3 19.3 <1 99 30.9
Bw2 5.5 4.6 11.0 0.1 0.2 0.1 0.1 33.7 38.9 1.3 2.5 0.2 13.9 <1 99 26.9
BC 5.6 4.4 10.9 0.1 0.2 0.2 0.1 29.8 25.8 2.3 1.2 0.1 10.0 1 98 9.8

Templeton
Al 4.9 4.2 10.7 0.8 0.6 0.1 0.3 37.2 37.6 4.9 8.1 0.4 20.8 <1 98 25.5
A2 5.6 4.4 11.1 0.7 0.6 0.1 0.3 26.0 26.5 6.4 2.1 0.2 13.1 2 97 23.5
BA 5.8 4.3 10.3 1.1 1.4 0.1 0.2 21.9 19.0 14.9 1.4 0.1 14.0 1 94 15.5
Bwl 5.5 4.2 10.2 0.5 0.9 0.2 0.1 22.8 16.5 10.0 0.9 0.1 12.9 <1 94 10.9
Bw2 5.5 4.2 10.3 0.5 0.8 0.2 0.1 22.2 16.9 9.2 0.8 0.1 10.0 <1 95 12.8
2Bw3 5.5 4.2 10.3 0.4 0.7 0.2 0.2 22.2 16.7 8.5 1.0 0.6 1.7 <1 95 -

Winema
Al 4.9 4.1 9.7 3.4 2.5 0.1 1.1 43.7 47.5 15.0 10.6 0.6 17.7 1 96 34.3
A2 5.1 4.2 10.2 2.6 1.8 0.1 1.0 42.0 42.5 12.9 9.0 0.5 18.0 1 97 44.3
A3 5.2 4.2 10.6 0.9 1.1 0.1 0.7 43.4 37.9 7.4 7.3 0.4 19.7 <1 98 30.2
Bwl 5.1 4.2 11.0 0.2 0.6 0.1 0.4 42.0 35.5 3.7 5.3 0.3 18.3 <1 98 30.2
BC 5.2 4.2 - - - - - - - - - - 33.0
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(1976) cited the use of pH in water and in KC1 to determine allophane

in soils. He observed that in Hydrandepts ApH (difference between

pH in KC1 and pH in water) is positive and he said that it is due to

a high amount of allophane as against layer silicates where ApH is

always negative. He added though that this is not always the case

for the other Andepts. All the soils in this study have higher pH

in water than in KC1. It appears then that the test will not help

in interpreting the nature of clay minerals in the soils studied.

The ,values of the pH in NaF are generally high both in the

surfaces and the subsoils (Table 4), Except for the Al layer of the

Soapstone profile, all the soils have a pH in NaF of more than 9.4,

the minimum requirement for Andisols. The pH in NaF is an indirect

measure of amorphous materials in soil. The data would indicate that

all of the soils collected in the Coast Range are high in amorphous

materials. According to Fieldes and Perrott (1966), when NaF is

added to a soil that is high in allophane, NaF reacts with hydraxy-

aluminum and induces the release of hydroxyl ions thereby raising

the pH to phenolphthalein color development (pH 8 -10). However,

similar testing can raise the pH of a spodic horizons high in reactive

Al(OH)x to as high as 10.3 (Brydon and Day, 1970). This means that

the test cannot separate Spodosols from Andisols.

Base saturation. The base saturation of most of the samples

is very low (Table 4). The lowest value is 1.1 percent obtained

from the Bw2 layer of Soapstone, and the highest is 23.2 percent

obtained from the Al layer of Quillayute. The relatively high base

saturation in the Al horizon of Quillayute may be due to addition of

fertilizer and lime since the area where Quillayute samples were
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taken is a pasture lot. The generally low base saturation of all

soils reflects extensive leaching of bases which may be brought

about by the high rainfall in the area as well as the highly porous

nature of these soils.

Cation exchange cApacity. All soils have relatively high CEC,

and the CEC increases by about 1 to 2 me per 100 g of soils for every

1 percent increase in organic carbon (Table 4).

Exchangeable cations. Calcium and magnesium dominate the

NH,OAc extractable bases in all the soils studied. Extractable Na

is generally low despite the proximity of most of the profiles to

the ocean. Potassium was very low in all the samples. As stated

earlier, the high rainfall in the Coast Range may cause extensive

leaching of bases, especially potassium, since the absorbing inten-

sity of humus and allophane for potassium is weaker than that of

crystalline clays (Kobo, 1964).

Organic carbon. The organic carbon content of all the soils

was generally very high in the surface horizons. The organic carbon

of the surface horizons ranged from 2.1 percent for the A2 horizon

of Templeton to as high as 24.9 percent in the Al horizon of Murnen.

In the subsoils, the organic carbon ranged from 0.2 percent to 11.4

percent. The amount of organic carbon in all soils consistently

decreased with depth. The high level of organic carbon in all the

soils is probably due to moist conditions and cool temperatures in

the area High amounts of allophane may also slow down decomposition

of organic matter. Allophane and organic radicals form complexes

that are resistant to mineralization (Sanchez, 1976).

Total nitrogen. The total N for the soils was quite variable,
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depending on organic matter contents Total N in the surface horizons

ranged from 0.16 percent in the A2 horizon of Templeton to as high

as 1.47 percent in the Al horizon of Salander. In the subsoils,

total N ranged from 0.03 to 0.49 percent. All soils showed a de-

creasing amount of total N with depth, the same trend observed with

organic carbon. It is probable that total N in the soils in this

study is tied up with the organic carbon.

Carbon/nitrogen ratio. The carbon/nitrogen ratio of the soils

is generally high, especially in surface horizons. The values ranged

from 7..7 to 37. Generally the C/N ratio is 18 or higher in surface

horizons and decreases with depth.

Phosphorus. The extractable phosphorus for all the soils in

this study was almost negligible (Table 4). The highest value is 9

ppm and it was obtained from the Al layer of Quillayute. As noted

earlier, the area where Quillayute samples were collected is a

pasture lot and addition of fertilizer is therefore very likely.

All the other soils have 1 ppm or less in both the surface and the

subsoil horizons. Phosphate retention data show that all the soils

absorbed almost 100 percent of the phosphorus added. It is one indi-

cation that allophane may be high in all the soils studied, since

allophane is known for its high phosphorus fixing capacity (Birrel,

1964). High phosphorus retention is attributed also to other amor-

phous materials in soils, especially aluminum hydroxide (Rajan et

al., 1974; Hsu, 1977). In the criteria for Andisols, an exchange

complex is considered high in amorphous materials if it shows phos-

phate retention of more than 90 percent. Thus, all of the eleven

soils used in this study have an exchange complex dominated by amor-
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phous materials since they all retained more than 90 percent of the

phosphorus added.

Extractable iron, altminum, and silicon. Generally, the DCB

extraction dissolved more Al and Fe than either the acidified ammo-

nium oxalate or the pyrophosphate extraction (Table 5). The amount

of Al extracted by DCB ranged from 0.04 percent to 1.22 percent.

The amount of DCB extractable Fe, on the other hand, ranged from

0.75 to 2.44 percent. The acidified oxalate extracted more Al and

Fe than pyrophosphate. For the acid oxalate extraction, Al ranged

from 0.30 to 1.25 percent while Fe ranged from 0.18 to 1.35 percent.

In the pyrophophate extraction, Al ranged from less than 0.01 to

0.90 percent while Fe ranged from less than 0.01 to 1.36 percent.

Supposedly, the DCB extraction dissolves both crystalline and

amophous Fe and Al while pyrophosphate dissolves only the organically

bound amorphous Fe and Al (McKeague, 1967). On the other hand, acid

oxalate dissolves organically bound as well as inorganic amorphous

Fe and Al (Bascomb, 1968).

The ratio of oxalate to DCB extractable Fe, called active Fe

ratio (,McKeague and Day, 1966), generally decreases with depth.

Siuslaw is the only soil profile where the active Fe ratio is higher

in the subsoil than in the surface horizon. This suggests that in

Siuslaw, there is more amorphous Fe in the subsoil than in the sur-

face layer. This trend is commonly observed in soils with spodic

horizons (McKeague and Day, 1966). The ratio of pyrophosphate to

DCB extractable Fe Al (active Fe + Al ratio) shows almost the same

general trend, i.e., more amorphous Fe and Al has accumulated in the

surface layer than the subsoil, with the exception of Siuslaw (.Table



Table 5. Elements removed by various extractants, calculated on the 110°C oven-dry basis.

Soil and Acid Oxalate extract. Pyrophosphate DUB extract.
4

KC1 extract. Active Actives
Horizon Al Si Fe Al Fe Al Fe Al Fe Fe + Al

pct me /100 g

Klootchie
Al 0.65 0.05 0.95 0.40 0.75 0.96 1.56 0.01 0.61 0.46
A2 0.73 0.01 0.93 0.40 1.00 0.98 1.72 0.01 0.54 0.52
Bw 0.75 0.01 0.90 0.03 0.63 1.03 2.44 0.01 0.37 0.19
BC 0.73 0.03 1.05 0.01 0.26 0.76 2.44 0.01 0.43 0.08

Lint
Al 0.55 0.01 0.43 0.03 0.51 0.73 0.75 <0.01 0.57 0.34
A2 0.93 0.03 0.38 0.02 0.77 0.96 0.75 <0.01 0.51 0.46
Bwl 0.53 0.04 0.39 0.10 0.26 0.74 0.78 <0.01 0.50 0.24
Bw2 0.33 0.02 0.36 0.10 1.36 0.61 1.09 0.01 0.33 0.86
BC 0.28 0.01 0.18 0.45 0.43 0.04 0.75 0.01 0.24 1.11

Lukarilla
Al 0.65 0.07 0.60 0.15 0.15 0.63 1.25 0.01 0.48 0.16
A2 0.85 0.01 0.58 0.10 0.65 0.89 1.09 <0.01 0.53 0.38
Bw2 0.30 0.05 0.45 0.10 0.63 0.38 1.41 0.01 0.32 0.41
BC 0.28 0.01 0.38 0.60 1.00 0.38 1.56 0.01 0.24 0.82

Neskowin
Al 1.18 0.02 0.38 0.20 0.01 1.22 2.03 <0.01 0.19 0.06
A2 1.18 0.02 0.39 0.85 0.13 0.96 2.19 <0.01 0.18 0.31
Bw2 1.23 0.02 0.20 0.30 0.01 1.07 1.88 <0.01 0.11 0.11



Table 5. continued

Soil and
Horizon

Acid Oxalate extract. Firophosnhate DCB extract. KC1 extract. Active
4

Actives
Al Fe Fe + AlAl Si Fe Al Fe Al Fe

Murnen

pet me/100 g

Al 0.85 - 0.33 0.60 1.16 0.94 2.44 <0.01 0.14 0.52
A2 1.10 0.08 0.35 0.30 0.43 1.60 2.19 <0.01 0.16 0.19
BA 1.08 0.05 0.15 1.00 0.56 1.53 2.44 <0.01 0.06 0.39
Bwl 1.15 0.01 0.08 0.45 1.62 1.33 2.44 < 0.01 0.03 0.55
Bw2 1.18 0.15 0.13 0.30 0.60 1.10 2.03 <0.01 0.06 0.29

Quillayute
A 1.63 0.06 0.78 0.45 0.88 1.13 0.94 < 0.01 0.83 0.64
AB 1.05 0.06 0.81 0.80 0.63 1.13 0.94 < 0.01 0.86 0.69
Bw 1.08 0.05 0.75 0.10 0.01 1.19 1.25 < 0.01 0.60 0.45

Salander
Al 1.00 0.09 0.61 0.10 0.01 0.86 0.31 <0.01 1.97 0.09
A2 1.18 0.02 0.31 0.85 0.38 1.37 1.56 <0.01 0.20 0.42
A3 1.25 0.01 0.22 0.65 0.63 1.21 1.09 <0.01 0.20 0.56
BA 1.28 0.01 0.10 0.01 0.13 1.32 1.25 <0.01 0.08 0.05
Bwl 1.33 0.08 0.16 0.05 0.50 1.13 1.25 <0.01 0.13 0.23
Bw2 1.25 0.06 0.23 0.05 1.03 1.09 0.21 <0.01 0.21 0.05
BC 1.25 0.07 0.20 0.05 0.13 1.03 1.09 <0.01 0.18 0.08

Siuslaw
Al 1.03 0.50 0.10 0.26 1.10 0.63 <0.01 0.79 0.21
A2 0.93 0.03 0.39 0.16 0.26 0.84 0.47 <0.01 0.83 0.32
BA 0.55 0.01 0.39 0.55 0.43 0.49 0.16 <0.01 2.44 1.51
Bwl 0.43 0.03 0.50 0.03 0.09 0.47 0.47 <0.01 1.06 0.13
Bw2 0.43 0.01 0.63 0.01 0.09 0.43 0.63 0.01 1.00 0.09



Table 5. continued

Soil and Acid Oxalate extract. Pyrophosphate DCB extract. KCl extract. Active; Active
5

Horizon Al Si Fe Al Fe Al Fe Al Fe Fe + Ai

pct me/100 g

Soapstone
Al 0.06 0.10 1.23 0.65 0.88 0.58 1.09 0.01 1.13 0.92
A2 0.78 0.12 1.23 0.30 1.06 0.71 1.41 <0.01 0.87 0.64
Bwl 0.85 0.11 1.13 0.04 0.13 0.98 1.56 <0.01 0.72 0.07
Bw2 0.85 0.02 0.96 0.01 0.63 0.93 1.72 <0.01 0.56 0.24
BC 0.78 0.03 0.90 0.01 0.38 0.73 1.41 <0.01 0.64 0.18

Templeton
Al 0.63 - 0.40 0.31 0.34 0.84 0.94 <0.01 0.43 0.37
A2 0.80 0.02 0.40 0.60 0.51 0.84 0.94 <0.01 0.43 0.62
BA 0.45 0.02 0.43 0.50 0.34 0.60 1.09 <0.01 0.39 0.50
Bwl 0.43 0.01 0.50 0.35 0.26 0.64 1.25 <0.01 0.40 0.32
Bw2 0.45 0.01 0.40 0.25 0.26 0.62 1.25 <0.01 0.32 0.27
2Bw3 0.53 0.01. 0.33 0.30 0.34 0.58 1.31 <0.01 0.25 0.34

Winema
Al 0.63 0.09 0.63 0.80 0.87 0.76 1.09 0.01 0.58 0.90
A2 0.70 0.01 0.65 0.90 1.00 0.76 1.25 <0.01 0.52 0.84
A3 0.75 0.05 0.68 0.20 0.87 0.86 1.41 <0.01 0.48 0.47
Bwl 0.68 0.01 0.66 0.75 0.38 0.59 1.41 0.01 0.47 0.57
BC 0.73 0.03 0.86 0.65 0.38 0.64 1.25 0.01 0.69 0.54

4
Ratio of acid oxalate to DCB (Dithionite-citrate-Bicarbonate) extractable Fe.

5
Ratio of pyrophosphate to DCB extractable Fe + Al.
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5). Lint, Neskowin, and Lukarilla show a slight increase of active

Fe + Al in the subsoil. It seems that the amorphous forms of Al have

accumulated faster than Fe in the subsoil for these three soils.

Salander shows quite an irregular pattern with regard to amorphous

Fe and Al accumulation. It is possible that intermittent deposition

of translocated materials is still taking place in Salander. However,

the irregular pattern is not reflected in the organic carbon distri-

bution.

Bascomb (1968) and McKeague (1967) have shown that poorly

defined spodic horizons may be identified from the value of active

Fe and Al ratio (ratio of pyrophosphate to DCB extractable Fe + Al),

Among the eleven soils studied, Lint, Lukarilla, and Siuslaw are

found to have a spodic horizons based on their computed active Fe +

Al ratios which are greater than 0.5 (SCS, 1975).

Silicon, which was measured on the acid oxalate extract, was

generally very low compared to either Fe or Al. The value of silicon

ranged from less than 0.01 to 0.12 percent.

Variable charge. Soil which is high in amorphous materials is

supposed to be high in variable charge (Smith, 1978). In the orig-

inal proposal for the addition of Andisol in the Soil Taxonomy (SCS,

1975), variable charge is computed by dividing the exchangeable

acidity less the KC1 extractable Al, by the CEC measured with BaC19

at pH 8.2. This minimum limit for Andisols using the equation is 0.7.

Leamy (1979) reported that the above equation does not exclude Oxi-

sols based on the early trials made by the ICOMAND members, so they

would like to try another equation. In the second equation which

is suggested by Dr. Eswaran (Leamy, 1979), the variable charge is
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computed by dividing the CEC measured withBaC12 at pH 8.2 less the

bases plus the KC1 extractable Al, by the product of moisture reten-

tion at 15 bar multiplied by the factor of 2.5, For this second

equation, minimum limit for Andisol is set at 50..

The values obtained using the first equation show that the

variable charge of most of the soil profiles generally increases

with depth, and all samples have values greater than 0.7 (Table 6).

Results using the second equation indicate that the variable charge

increases with depth in some of the profiles only (Quillayute, Salan-

der, Soapstone, and Winema). Also, the values obtained by the second

equation were predominantly below 50, the proposed minimum level for

Andisols. The minimum level assigned for the second equation appears

to be too high if it is true that the soils used in this study are

high in amorphous materials as indicated by the pH in NaF and phos-

phate retention. Use of the second equation as a criterion for the

Andisols does not appear appropriate, based on the results for the

soils in this study (Table 6).

Mineralogy of the Very Fine Sand Fraction

The data regarding the mineralogy of the very fine sand frac-

tion are based on examination of the grain counts. This phase of the

study was done primarily to determine if volcanic glass is present in

the soil profiles of the soils studied..

Light fraction mineralogy. Fresh looking fragments of volcanic

glass were observed in the profiles of Lint, Murnen, Siuslaw, and

Templeton. The glass appears isotropic, angular, sometimes shows



Table 6. Variable charge of the eleven soil profiles.

Soil and
Horizon

Variable charge6

I II

Klootchie
Al 0.91 36
A2 0.79 38
Bw 0.90 35
BC 1.41 32

Lint
Al 1.26 43
A2 1.41 32
Bwl 2.17 15
Bw2 3.40 8

BC 2.06 14

Lukarilla
Al 0.86 58
A2 1.11 39
Bw2 1.00 27
BC 1.00 27

Neskowin
Al 0.83 51
A2 1.44 32
Bw2 1.24 33

Murnen
Al 1.01 30
A2 1.37 24
BA 1.22 28
Bwl 1.08 24
Bw2 1.20 24

Quillayute
A 0.86 38
AB 1.01 43
Bw 1.08 44

Salander
Al 21
A2 0.99 26
A3 1.10 32
BA 1.46 38
Bwl 1.57 27
Bw2 1.02 41
BC

52
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Table 6. continued

Soil and
Horizon

Variable charge
6

I II

Siuslaw
Al 1.19 39
A2 1.46 32
BA 1.24 32
Bwl 2.02 16
Bw2 1.48 19

Soapstone
Al 1.28 27
A2 1.06 41
Bwl 1.08 47
Bw2 1.25 45
BC 3.04 18

Templeton
AI 1.46 38
A2 1.11 42
BA 1.41 21
Bwl 2.09 16
Bw2 1.73 21
2Bw3

Winema
Al 1.27 34
A2 0.95 51
A3 1.44 39
Bwl 1.39 44
BC

6
Equations used in the computation of variable charge.

Exch. Acidity - Al
I Variable charge =

CEC

CEC - (Bases + Al)
II Variable charge = X 100

2.5 X 15 bar water
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conchoidal fracture, and has a refractive index of 1,50. Tt is pos-

sible that glass observed from the profiles of these soils comes from

Mt. St, Helen. Incidentally, samples for these soil series were

collected after Mt. St. Helen erupted last April, 1980, Volcanic

glass in the surface horizons of Murnen averages 12,7 percent, and

in one subsoil horizon it is 31.4 percent (Table 7). Light minerals

in-most of the soils are dominated by altered rock particles which

were optically unidentifiable. The altered rock particle count ranged

from 13 to 90 percent of the total weight of the 'very fine sand frac-

tion. Most of these altered rock particles have microcrystalline

fragments attached with them. Franklin (1970) has made an extensive

analysis of the mineralogy of the sand fraction in some soils from the

Oregon Coast Range and identified the altered rock particles as mostly

aphanitic volcanic fragments.

Quartz and feldspar are the other two major components of the

light mineral fraction observed in the samples. Generally, quartz is

about 3 to 5 times the amount of feldspar. However, in the case of

Lukarilla and Salander, more feldspar was identified than quartz.

Based on the refractive index and extinction angle measurements, the

types of feldspars observed were mostly labradorite, andesine, oligo-

clase, albite, and microcline. Mica and plant opal were not always

seen in the grain mounts. When they appear, separately or together,

they usually were very minor components.

Heavy fraction mineralogy. The proportion of the heavy mineral

fraction in the very fine sand separates varied from 1 percent to 50

percent (Table 7). The most common heavy minerals observed in the

samples were magnetite, pyroxene (augite and hypersthene), amphibole



Table 7. Mineralogical composition of the very fine sand fraction.

Light mineral fraction count - % Heavy mineral fraction count -
Soil and Feld- Altered Volcanic Plant Magnet- Hema- Pyrox- Amphi-
Horizon spar Quartz rocks glass Mica opal ite tite ene bole Garnet Zircon

Klootchie
Al 1.0 29.7 68.3 - - 0.6 0.2 0.1 0.1 <0.1 <0.1A2- - - - - - - - - - - -
Bw 3.0 21.8 76.3 - - 0.1 0.8 <0.1 0.1 - -
BC - 12.9 83.2 - 3.0 - 0.2 0.6 <0.1 0.2 -

Lint
Al 5.8 65.3 24.0 - - 1.0 0.7 0.1 1.0 2.2 -
A2 2.0 51.5 44.6 1.0 - 0.2 0.1 0.7 -
Bwl 8.8 56.8 32.3 - 0.2 - 0.8 0.2 0.6 0.2
Bw2 3.9 77.4 16.7 - - 0.6 - 0.6 0.8 -

Lukarilla
Al 35.9 32.0 24.3 4.9 0.9 0.5 0.7 0.8 - 0.7
A2 47.5 13.6 35.9 - - - 0.4 0.3 1.2 1.0 - 0.4
Bw2 48.5 30.1 18.4 - - 0.4 0.2 0.5 1.3 - 0.1
BC 32.0 4.0 14.0 - - 10.5 4.5 7.0 28.0 -

Neskowin
Al 3.1 8.1 50.8 - 22.0 - 4.6 7.2 4.2
A2 3.9 14.3 36.9 - - 25.2 7.5 5.0 3.2 2.3
Bw2 3.4 6.0 76.7 - 1.7 7.6 - 4.1 0.7 -



Table 7. continued

Soil and
Horizon

Light mineral fraction count - % Heavy mineral fraction count - %
Feld-
spar

Altered Volcanic
Quartz rocks glass

Plant
Mica opal

Magnet- Hema-
ite tite

Pyrox- Amphi-
ene bole Garnet Zircon

Mutnen
Al 7.8 13.7 50.0 14.7 - - 3.8 7.1 0.9
A2 5.9 18.6 62.7 10.8 - 0.7 0.7 0.5
BA 3.0 6.9 89.1 - 0.2 0.3 0.3 0.2
Bwl 12.7 22.5 31.4 31.4 - - 0.6 0.2 1.1 0.2
Bw2 12.7 5.9 67.6 6.9 4.9 - 0.5 0.1 1.0 0.4

Quillayute
A 2.9 90.3 58.0 - - - 2.3 1.6 1.2 -
AB 1.9 23.5 68.6 - - - 2.0 - 3.0 1.0
Bw 2.8 28.2 63.0 - 2.0 2.0 1.9 -

Salander
Al 22.0 1.5 26.5 - - - 12.5 5.0 28.0 4.5
A2 13.0 8.5 28.5 - - - 9.5 3.0 25.0 12.5 -
A3 7.6 14.3 73.2 - - - 1.3 0.3 0.9 2.1 - -
BA 17.1 5.7 72.2 - - 1.9 - 0.2 3.0 - 0.1
Bwl 30.7 6.7 58.6 - - 1.6 0.1 1.2 0.8 -
Bw2 41.2 2.9 53.9 - - 0.9 - 0.8 0.3
BC 34.2 3.8 57.0 - - 2.7 2.3 -

Siuslaw
Al 5.9 46.1 46.1 - - - 0.4 0.5 1.2
A2 4.8 59.9 30.4 - - 0.3 0.2 1.3 3.3
BA 18.4 18.4 60.1 - - - 0.2 - 1.2 1.6
Bwl 17.3 33.6 45.1 0.1 0.1 - 1.2 0.1 0.4 2.1
Bw2 6.7 37.1 51.3 - - - 1.1 - 0.9 3.1



Table 7. continued

Light mineral fraction count % Heavy mineral fraction count - %
Soil and Feld- Altered Volcanic Plant Magnet- Hema- Pyrox- Amphi-
Horizon spar Quartz rocks glass Mica opal ite tite ene bole Garnet Zircon

Soapstone
Al 1.9 58.0 35.2 1.8 0.6 2.4 0.3
A2 1.0 51.9 44.2 1.0 - 0.7 0.3 0.8 0.1
Bwl - 39.8 57.3 - - - 1.1 0.3 0.9 0.7
Bw2 2.0 31.4 64.7 - - 1.0 0.2 0.6 0.3
BC 2.0 31.4 64.7 - - 1.0 0.5 0.3 0.2

Templeton
Al 11.8 61.7 24.5 - - 0.4 - 0.4 1.1
A2 2.9 33.2 46.3 5.9 2.0 2.9 - 0.5 1.3
BA 17.6 39.4 45.1 2.9 2.9 0.4 <0.1 0.6 0.9 0.1
Bwl 11.9 43.6 43.6 - - - 0.2 0.4 0.4
Bw2 8.7 5.8 70.8 0.5 0.5 1.8 0.1
2Bw3 1.0 50.5 47.5 - - - 0.1 0.2 0.6 <0.1

Winema
Al 1.5 39.8 33.8 - - - 14.3 3.8 3.3 3.8
A2 2.1 21.7 46.2 - - 9.6 7.8 3.6 8.1
A3 1.0 79.5 16.5 - 2.0 0.5 0.8
Bwl 4.9 43.1 50.0 - - - 1.4 0.2 0.1 0.3
BC 8.9 49.5 40.6 - - - 0.5 0.3 0.1 0.1
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(mostly hornblende), and hematite. Zircon and garnet were 'minor

components of the heavy minerals. There was no consistent trend

observed in the distribution of heavy minerals in the soil profiles

except for zircon. Whenever zircon was found, its amount usually

decreased with depth. It appears that volcanic ash has had little

if any influence on the development of the soils in this study.

Despite the fact that volcanic ash content is low in the soils, it

is obvious that the properties of the soils studied are very similar

to those of the Andosols or Kuroboku - soils developed from volcanic

ash.

Mineralogy of the Clay-Sized Fraction

Studies under this heading include identification of clay size

components by x-ray diffraction, differential thermal analysis, trans-

mission electron microscopy, and infrared absorption analysis. The

clay-size components of the eleven soils included in this study were

identified primarily by x -.ray diffraction analysis; other methods

were used to corroborate the x -ray diffraction.

Klootchie. The XRD patterns (.Figure 2) of Klootchie suggest

the presence of smectite, chloritic intergrade, and either, or both

kaolinite and halloysite. Smectite was identified in the Al horizon

and is suggested by the expansion of the 14.78 peak to about 17R

with glycerol solvation. Chloritic intergrade, which is prominent

in the A2 horizon and in the subsoils, is associated with the 14R

to 15R peak that is invariant to cation saturation and to glycerol

solvation. Furthermore, this 14R to 15R peak can be induced to
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Figure 2. X-ray diffraction patterns of Klootchie clay samples.



Mg + 54% R.H.

Mg + Glycerol

Mg + Ethylene
Glycol

K + 105°C +
54% R.H.

K + 105°C +
dry air

K + 300°C +
dry air.

K + 550°C +
dry air

5X

Bw

I

7R 10X 14X 17 R

I\.0)

A -J
16 12

Figure 2. continued

8

5X

BC

7R

1.1

10X 14X 17X

LIII
16 12 8 4

o
2

16 .2



61

collapse to 1OR when heated for 2 hours at 550°C. The presence of

a kaolin mineral, which is associated with the broad peak, is

purely speculative. Kaolinite or halloysite mineral may not be

recognized in the presence of chlorite due to overlap of chlorite

d and kaolinite d diffraction lines.(002) (001)

The" DTA pattern of the Al layer of Klootchie supports the pre-

sence of smectite (Figure 3). Smectite is suggested by the endother-

mic peaks at 145°C and 535°C, and the exothermic peak at 861°C.

The IR spectrum of the Al horizon of Klootchie likewise sup-

ports the presence of smectite. Smectite is associated with the

peaks at 3625, 1630, and 915 cm
I

(Figure 4). The peak at 540 cm-1

suggests that halloysite may be present in the sample,

The TEM micrographs of Klootchie show tubular forms of halloy-

site, thin and irregularly shaped plates of smectite, fibrous-mate-

rial which could be imogolite, gel like material, and some clusters

of silica body (Plate 1).

Lint. The XRD patterns of Lint show peaks associated with

chloritic intergrade, kaolin, mica, and gibbsite (Figure 5). Chlor,-

itic intergrade is associated with the 14R peak in the Al, Bw2, and

BC horizons; and the 15R peak in A2 and Bwl horizons. Both the 14R

and the 15R peaks collapsed to about lOR peak when the slide was

heated for 2 hours at 550 °C. Mica is associated with the la peak

in Bwl, Bw2, and BC horizons. It was observed that this ad peak was

not affected by any of the treatments used. Gibbsite is associated

with the 4.8k peak in all horizons observed, especially in the sub-

soil horizons where the peak is relatively prominent. It is specu-

lated that the broad peak at about in both Al and A2 horizons is
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305 °C

145°C

Figure 3. DTA pattern of Klootchie Mg-saturated clay sample.
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Plate 1: Electron micrographs of Klootchie clay samples.
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due to poorly crystalline kaolin mineral. The prominent 7R peak

in the subsoil horizons is speculated to be due to kaolinite or

halloysite, or even chlorite.

The DTA patterns of Lint support the presence of gibbsite in

Al and A2 horizons (Figure 6). Cibbsite is associated with the endo-

thermic peak at 329°C. The endothermic peaks at 143°C and 533°

and the exothermic peak at 93 0°C are associated with smectite. It

is also possible that those peaks were due to the presence of the

hydroxy-Al interlayered smectite (chloritic intergrade).

The infrared absorption spectrum of the Bw2 horizon also sug-

gests the possible presence of hydraxy interlayered smectite. The

spectrum shows peaks at 3700 and 3620 cm
1

(Figure 7), which accord-

ing to Barnhisel (1977) is due to OH-stretching observed in hydroxy-

Al interlayered montmorillonite. The peak at 540 cm
-1

suggests that

halloysite or kaolinite is present in the sample.

The micrographs of the Al and A2 horizons of Lint show tubular

bodies which could be halloysite (Plate 2). These tubular bodies

appear 'mixed or bridged together with gel-like materials. There

are also tiny dots appearing in clusters in the micrographs and they

probably are silica bodies.

Lukarilla. The XRD patterns of Lukarilla indicate the presence

of chloritic intergrade (hydroxy-Al interlayered smectite or >vermi-

culite), mica, gibbsite, and probably kaolinite or halloysite or

may be chlorite. The chloritic intergrade is associated with the

strong 14R peak in both the surfaces and subsoils of Lukarilla

(Figure 8). Mica is associated with the aoR peak in the Bw2 and BC

horizons, which was not altered by any of the treatments used. Gibb,-
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Figure 6. DTA patterns of Lint Mg-saturated clay
samples.
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Plate 2. Electon micrographs of Lint clay samples.
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site is suggested by the 4,8R peak in the Al and Bw2 horizons of

Lukarilla. It was speculated also that kaolinite and/or halloysite

or even chlorite is present in both the surface and subsoil of Luka-

rilla because of the 7R peak that was observed,

The DTA patterns of Lukarilla support the presence of gibbsite

by the appearance of the endothermic peak at 337°C in the Bw2 hori-

zon (Figure 9), The endothermic peaks at 143°C and 539°C, and the

exothermic peak at 930°C are associated with smectite, or probably

the bydroxy-Al interlayered smectite which is also observed in the

diffractogram, The endothermic peak at 539°C may also be used as

evidence for the presence of kaolin in Lukarilla,

The PR spectrum of the Al horizon of Lukarilla (Figure _10)

supports the presence of hydroxy-Al interlayered smectite (chloritic

intergrade), This is based on the peaks at 3700 and 3620 cm which

are associated with the OH-stretching in the hydroxy -Al interlayered

smectite (Barnhisel, 1977).

The micrograph of Lukarilla shows clusters of silica bodies,

a few thin plates of probably smectite, and gel -like materials

(Plate 3).

Murnen. The MD patterns of 'Murnen do not show any discern-

ahle peaks that may be associated with any of the common clay miner-

als (Figure 11). Only a very minor 14R peak in the Al horizon of

Murnen might be indicative of chloritic intergrade. This means that

the clay-sized fraction of Murnen is mostly x-ray amorphous from the

surface down through the subsoil,

The peaks shown on the DTA curve of Murnen also indicate amar-

phous materials (Figure 12). The endothermic peak at 148°C probably
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317°C

143°C

Figure 9. DTA patterns of Lukarilla Mg-saturated clay
samples.
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Plate 3. Electron micrograph of Lukarilla clay sample.
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305°C

Figure 12. DTA patterns of Murnen Mg-saturated clay samples.
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represents the dehydration of amorphous constituents of the soil

material, while the exothermic peak at 326°C may be associated with

the recrystallization of amorphous ferric oxide gel to hematite

(Mackenzie, 1957),

There are also few prominent peaks in the IR spectra of Murnen

that-may be associated with common clay minerals (Figure 13). The

broad peaks at 3440, 1630, and 1030 cm
-1

were associated with imogo-

lite and allophane (Wada, 1977).

The micrographs of Murnen show imogolite and gel-like materials

(Plate 4). There are also some tubular forms which could be halloy-

site.

Neskowin, The x -ray diffraction patterns of Neskowin show only

one weak peak (Figure 14). The peak is equivalent to the d(OQ1)

spacing at 14,78 and is associated with chloritic intergrade.

The DTA pattern of Neskowin shows peaks associated with smec-

tite (Figure 15), as indicated by the two low temperature endotherms

and the exotherm at 864°C. Earlier this set of peaks is also inter-

preted as a hydroxy-Al interlayered form of smectite..

The IR spectrum of Neskowin shows peaks that are mostly asso-

ciated with amorphous materials such as the peaks- at 3440, 1630, and

11040 cm (Figure 16). The peak at 1090 cm is the only one asso-

ciated with smectite.

The micrographs of Neskowin show a much clearer expression of

the fibrous materials which are identified as imogolite (Dingus,

1973). There are few clusters of silica bodies, a few tubular

halloysite, and some gel-like materials (Plate 5).

Quillayute. The XRD patterns of Quillayute indicate that
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Plate 4. Electron micrographs of Murnen clay samples.
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300°C

Figure 15 DTA pattern of Neskowin Mg-saturated clay sample.
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Figure 16. Infrared absorption spectrum of Neskowin clay sample.
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Plate 5. Electron micrographs of Neskowin clay samples.
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probably chloritic intergrade is present in the samples. The dif-

fractogram of the BA horizon also shows a 7R peak which could either

be kaolin or chlorite (Figure 17).

The DTA of the BA horizon of Quillayute shows an endothermic

peak at 135°C and an exothermic peak at 870°C (Figure 18). Earlier

these peaks were associated with smectite or hydroxy interlayered

form of smectite.

The IR spectra of Quillayute show peaks associated with amor-

phous materials (Figure 19). Allophane and imogolite are inferred

from peaks at 3440, 1630, and 1030 cm 1. The IR peaks at 3700 and

3625 cm
1

support the presence of chloritic intergrade which is also

interpreted in the diffractograms of Quillayute.

The micrographs of Quillayute show some fibrous materials

earlier identified as imogolite, bridging thin plates of probably

smectite (Plate 6).

Salander. The XED patterns of Salander clay samples do not

show any prominent peak to suggest presence of crystalline materials

(Figure 20),

The DTA curve of the Al horizon of Salander shows an endother-

mic peak at 130°C and an exothermic peak at 317°C (Figure 211. The

exothermic peak suggests recrystallization of amorphous ferric oxide

gel (Mackenzie, 1957) while the low temperature endotherm is probably

due to the dehydration of amorphous materials.

The IR absorption peaks at 3440, 1630, and 1030 cm
-1

are asso-

ciated with allophane and imogolite (Figure 22).

The micrographs of Salander show imogolite which appears a

fibrous material, silica bodies, and the tubular form of halloysite

(Plate 7).
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Plate 6. Electron micrograph of Quillayute clay sample.
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Figure 21. DTA pattern of Salander Mg-saturated clay
sample.
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Plate 7. Electron micrographs of Salander clay samples.
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Siuslaw, The XRD patterns of Siuslaw indicate the presence of

chloritic intergrade, mica, and either kaolinite or chlorite (Figure

23). Chloritic intergrade is associated with the 15R peak in the

surfaces and subsoils of Siuslaw. Intensity of the 15R peak increas-

es with depth which suggests that crystallization of chloritic inter-

grade may be favored by the condition in the subsoils. Mica is asso-

ciated with the 1OR peak in the Bwl horizon which is not altered by

the treatments used. The 7R peak which appears in the BA, Bwl, and

Bw2 horizons is speculated to be due to either kaolinite or chlorite.

The thermograph of the.Al horizon of Siuslaw shows only two

peaks, namely, an endothermic peak at 148°C and an exothermic peak

at 317°C (Figure 24), These peaks indicate that amorphous material

is dominant in the surface layer. In the BA horizon, two other peaks

are observed, the endothermic peak at 524°C and the exothermic peak

at 908°C. These peaks indicate presence of smectite but may also be

due to the hydroxy interlayered form of smectite since it is the one

that appears in the diffractograms. The large exothermic peak at

298°C in the BA horizon is associated with the recrystallization of

amorphous ferric oxide gel to hematite (Mackenzie, 1957). In the Al

horizon the same process is associated with the exothermic peak at

317 °C.

There are three major IR absorption peaks in the Al layer of

Siuslaw, at 3440, 1630, and 1040 cm
-1

(Figure 25). The same set of

peaks was associated with the spectra of imogolite and allophane

(Wada, 1977).

The micrographs of Siuslaw support the presence of imogolite

in the surface horizon (Al) and the BA horizon. Gel-like materials
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Figure 24. DTA patterns of Siuslaw Mg-saturated clay
samples.
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dominate the features on the micrographs (Plate 8), Tubular forms

of halloysite and clusters of silica bodies also appear on the

micrographs.

Soapstone. The XRD patterns of Soapstone clay samples indicate

the presence of poorly crystallized smectite in the Al horizon and

chloritic intergrade in the subjacent horizons with the addition of

either kaolinite or chlorite in the BC horizon. Smectite is associ-

ated with the 14.78 peak that expands to about 17R after solvation

with glycerol and ethylene glycol (Figure 26). Chloritic intergrade

is associated with the 14A peak that resists solvation and only

collapses to about la with heat treatment. Kaolin or chlorite is

associated with the 7R peak that is destroyed by heating the sample

for 2 hours at 550°C,

The DTA curves of Soapstone indicate the presence of smectite

with the appearance of the small endothermic peak at 521°C and the

small exothermic peak at 832°C (Figure 27). The large endothermic

peak at 152°C and the exothermic peak at 290°C suggest the predomi-

nance of amorphous materials in the clay-sized fraction of Soapstone.

The amorphous constituents of Soapstone are associated with

the IR absorption peaks at 3440, 1630, and 1040 cm-1 (Figure 28).

The peaks at 1090 and 1630 cm 1 support the presence of amectite.

Fibrous masses of imogolite dominate the micrographs of Soap-

stone (Plate 9). A few tubular forms of halloysite are observed

in the micrographs,

Templeton. The XRD patterns of Templeton indicate the presence

of chloritic intergrade, gibbsite and either chlorite and/or kaolin-

ite (Figure 29), Chloritic intergrade is associated with the 15R
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Plate 8. Electron micrographs of Siuslaw clay samples.



Mg + 54% R.H.

Mg + Glycerol

Mg + Ethylene
Glycol

K + 105°C +
54% RH.

K + 105°C +
dry air

K + 300°C +
dry air

K + 550°C +
dry air

Al

5X

I II
10X 14X 17X

A2 Bw1

I II I 1

15X 7X 10X X 1,R14X 17X 5X 7 10)
II

14 17X

....1..^.^

11111111
16 12 8 4

1-1 III!
8 4 16 12

o2

Figure 26. X-ray diffraction patterns of Soapstone clay samples.

4



Mg + 54%11.:11.

Mg + Glycerol

Mg + Ethylene
Glycol

K + 105°C +
54% R.H.

K + 105°C +
dry air

K + 300°C +
dry air

K + 550°C +
dry air

Bw2

I 1

5g 7R lOg 14g 17X

L

16

Figure,26. continued

I I I

12 8 4

°2

BC

I I I

5g 7R 10g 14R 17g

t
16 12 8 4



106

323°C

Figure 27. DTA patterns of Soapstone Mg-saturated clay samples.
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Plate 9. Electron micrographs of Soapstone clay samples.
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peak in Al, BA, Bwl, Bw2, and 2Bw3; and the 14g peak in the A2 hori-

zons. Gibbsite is associated with the 4.8k peak in the surface and

subsoil horizons. The 7R peak is probably due to kaolinite and/or

chlorite or even to halloysite.

The DTA curves of Templeton indicate the presence of smectite

and amorphous materials (Figure 30). Smectite is associated with

the endothermic peak at 531°C and the exothermic peak at 921°C, as

well as the endothermic peak at 143°C. The presence of amorphous

materials is inferred from the endothermic peak at 143°C and the

exothermic peak at 296°C. The presence of gibbsite is supported by

the endothermic peak at 331°C.

The IR spectrum of Templeton shows several peaks associated

with amorphous materials, namely peaks at 3450, 1630, and 1035 cm
-1

(Figure 31). The peaks at 3700, 3620, and 915 am-1 are associated

with smectite or the hydroxy-Al interlayered form of smectite (chlo-

ritic intergrade) which appears in the diffractogram of Templeton

(Figure 29).

The fibrous structure in the micrographs of Templeton was

identified as imogolite (Plate 10). Other features in the micro-

graphs are the tubular form of halloysite and clusters of silica

bodies.

Winema. The diffractograms of Winema indicate the presence of

chloritic intergrade, and probably kaolin (Figure 32). Chloritic

intergrade is associated with the la in the Al horizon and the

14.78 peak in the A2, AB, Bw, and BC horizons. The 7R peak is

probably associated with kaolin but is not very prominent which

suggests that it is poorly crystalline,
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Plate 10 Electron micrographs of Templeton clay samples.
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The DTA curves of Winema show an endothermic peak at 521°C

and an exothermic peak at 900°C (Figure 33). These peaks are asso-

ciated with smectite. There is also an endothermic peak at 128°C

and an exothermic peak at 292°C which are indicative of amorphous

materials.

The IR spectra of Winema show peaks (3700 and 3625 cm 1) asso-

ciated with chloritic intergrade (Figure 34). The peaks at 3450,

1630, and 1040 cm
-1

are associated with amorphous materials.

The micrographs of Winema show the tubular form of halloysite

(Plate 11). There are also some clusters of silica bodies as well

as amorphous gel-like materials. Thin plates probably of smectite

are also observed on the micrographs.

Provisional Classification of the Soils

The system of classification used in this study is the New

U.S. Comprehensive Soil Classification System commonly referred to

as Soil Taxonomy (SCS, 1975). The system is used with the proposed

addition of "Andisol" as the 11th order. The key to the suborders,

great groups, and families of Andisols was taken from the ICOMAND

Circular Letter no. 3 (Leamy, 1980). All terms and definitions used

in this study are those of the Soil Taxonomy (SCS, 1975). Tempera-

ture regimes of the soils are based on placement of the soil series

by local soil scientists making soil surveys in the coastal zone,

Order. Eight of the eleven soils in this studymeet criteria

of Andisols in that they are mineral soils that do not have an aridic

moisture regime or an a'rgillic, natric, spodic, or oxic horizon
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Figure 33. DTA patterns of Winema Mg-saturated clay
samples.
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Platell. Electron micrographs of Winema clay samples.
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(&mith, 1938). All eight of these soils have an umbric epipedon to

a depth of 35 cm or more, bulk density of less than 0.85 g/cc (at

1/3 bar water retention of undried samples). Their exchange com-

plexes are dominated by amorphous materials as indicated by their

high pH in NaF (>9.4), high phosphate retention (>90%), high variable

charge (>0.7), and results from clay-size fraction analyses. Three

of the soils, Lint, Lukarilla, and Siuslaw have spodic horizon char-

acteristics as indicated by their high active Fe + Al ratio (>0.5).

The eight soils that are considered as Andisols are Klootchie, Nesko,-

win, 'Murnen, Quillayute, Salander, Soapstone, Templeton, and Winema.

Lint, Lukarilla, and Siuslaw are the three soils considered to have

chemical attributes of Spodosols. Provisionally, these three soils

are classified under order Spodosols in the absence of clear morpho-

logical evidence of a spodic horizon, specifically color. The sub

surface horizon which was identified as a spodic horizon may actually

be a cambic horizon, thus alternatively they can be classified as

Inceptisols.

Suborder. Seven of the eight Andisols can be placed in the

Suborder Tropand because they have neither a histic epipedon or any

mottles throughout the solum, and they all have isomesic temperature

regimes. Murnen, on the other hand, was placed under the Suborder

Borand because of its frigid temperature regime.

The three Spodosols, namely Lint, Lukarilla, and Siuslaw

profiles were placed under the Suborder Orthod because their free

Fe (DCB extractable) to carbon ratios fall in between 6 and 0.2

(KS, 1935).

Great group. The four great groups under the Suborder Tropand
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are Placotropands, Hydrotropands, "fitritropands, and Haplotropands.

The Placotropand great group is not appropriate because of the ab-

sence of a placic horizon in all of the seven Tropands. Neither

Hydrotropand nor Vitritropand great groups can be used, because

Hydrotropands require that the weighted average 15-bar water reten-

tion of undried soil material must be greater than, or equal to, 100

percent for all horizons between 25 and 100 cm, while Yitritropands

require water retention of less than 30 percent within the same

depths. The recorded values for the seven Tropands fall in between

those two values, hence they are classified within the great group

of Haplotropands. The other Andisol, the ?lumen pedon was classified

within the great group of Haploborands because it has a chroma of

less than 2 throughout most of the profile, it has no placic horizon

or duripan, and its water retention at 15 bar is more than 15 percent.

Lint, Lukarilla, and Siuslaw pedons, which was classified as

Orthods, can all be placed under the great group Troporthod because

of their isomesic temperature regimes.

Subgroup. The seven Haplotropands can be placed in the Typic

subgroup because they: (1) do not have mottles within 1 m of the

surface; (2) do not have a placic horizon within 1 111 of the surface;

and (3) have a weighted average 15-bar water retention of air dry

material greater than 12 percent for all horizons between 25 cm and

1 m (or between 25 cm and a lithic or paralithic contact that is

shallower than 1 m). Ylurnen is a Typic Haploborand for the same

reasons.

The three Troporthods were not placed in any subgroup because

no subgroups have been defined under the great group.Troporthod
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(SCS, 1975).

Family. All eleven soils in this study are medial. 'Medial

soils have the following characteristics: (1) less than 35 percent

of the whole soil is greater than 2 mm; (2) water 'retention at 15-

bar is 12 percent or more on previously air dried samples; (3) water

retention at 15 bar of undried samples is between 30 and 100 percent;

and (4) the exchange complex is dominated by amorphous materials

(Smith, 1978). The eleven soils in this study meet all of the above

requirements.

The summary of the provisional classification of the eleven

soils studied is presented on Table 8.



Table 8. Provisional cThssification of the eleven soils used in the study.

Soil Series Family Subgroup Great Group Order

Klootchie medial Typic Haplotropand Haplotropand Andisol

Lint medial Troporthod Spodosol

Lukarilla medial Troporthod Spodosol

Murnen medial Typic Haploborand Haploborand Andisol

Neskowin medial Typic Haplotropand Haplotropand Andisol

Quillayute medial Typic Haplotropand Haplotropand Andisol

Salander medial Typic Haplotropand Haplotropand Andisol

Siuslaw medial Troporthod Spodosol

Soapstone medial Typic Haplotropand Haplotropand Andisol

Templeton medial Typic Haplotropand Haplotropand Andisol

Winema medial Typic Haplotropand Haplotropand Andisol
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SUMMARY AND CONCLUSIONS

Eleven soil series that are classified as Andepts or belonging

to andic subgroup of Haplumbrepts were described and sampled in the

fog belt area of the Oregon Coast Range. They were characterized

chemically and physically and the mineralogy of the very fine sand

fraction and the clay fractions was determined. Using the Andisol

criteria established by the ICOMAND, the eleven soils were classified

on the basis of the proposed addition of Andisols to the Soil Taxo-

nomy as the eleventh order.

Morphological features of all the soils in this study indicate

an early stage of development. The soils have mostly granular struc-

ture in the surface and fine subangular blocky structure in the sub-

soil. Soil colors are generally dark in the surface and gradually

become lighter in the subsoil. Both surface and the subsoil textures

are mostly silt loam.

Particle size analysis of the less than 2 um fraction of the

soils shows that the percentage of clay in the surface layers ranges

from 0.1 to 29.4 percent. Silt dominates the less than 2 mm fraction

and ranges from 46.0 to 87.0 percent in the surfaces and from 47.0

to 98.0 percent in the subsoils. Incomplete dispersion may have

been a factor in producing measured clay values lower than expected

from field estimates.

Other notable physical properties of the soils in this study

is their low bulk density and their high water retention at 15 bar.

Measured bulk densities were generally less than 1 g/cc in both the
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surface and the subsoil; Also, most of the soil horizons retain

more water at 15 bar when kept moist than when they are allowed to

air dry.

Generally, the soils studied have low base saturation, which

is also reflected by their low pH. Cation exchange capacities of

these soils were very high. Cation exchange capacity ranges from

24 to 76 me/100g in the surface layers and ranges from 17 to 62

me/100g in the subsoil horizons.

The pH in NaF results showed that all of the soils in this

study exceeded the minimum requirement of this criterion for Andisols.

Analysis showed that the total phosphorus contents of all these soils

were almost negligible (<1 ppm) and they absorbed practically 100

percent of the added phosphorus.

The amount of organic carbon in the soils studied is very high.

On the other hand the total nitrogen is low in comparison with carbon

content. Thus, the computed C/N ratios were generally high.

The computed variable charge for all the soils in this study

exceeded the minimum requirement of 0.71 for Andisols set by the

ICOMAND (Leamy, 1979). The alternative computed values of variable

charge derived by the method which was suggested by Dr. Eswaran

(. Leamy, 1979) show that the soils studied would fall below the mini-

mum requirement for Andisols (>50). This alternative criterion

does not seem appropriate for identifying Andisols in the study

area.

The mineralogy of the very fine sand fraction of the eleven

soils negates the possibility of the volcanic ash as significant

parent material of these soils. 'Volcanic glass was identified only
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in four of the soils, and only a minor constituent, The major compo-

nents of the very fine sand fraction of these soils include aphanitic

volcanic rock fragments, quartz, feldspar, pyroxene, amphibole, mag-

netite, and hematite. Other 'minor components of the sand fraction

in addition to volcanic glass, were mica, plant opal, garnet, and

zircon.

The mineralogy of the clay-sized fractions of the soils in this

study indicates that the dominant crystalline clay mineral in the

samples is chloritic intergrade (hydroxy-Al interlayered smectite).

Other crystalline clay components identified in one or more of the

soils studied were smectite, mica, gibbsite, chlorite, halloysite,

and probably kaolinite. In general, however, the eleven soils con-

tain substantial amounts of amorphous materials, enough to meet all

of the criteria set by the ICOMA1D proposal.

Basaltic rock, or sediments with a large component of volcani-

clastic origin, are the predominant sources of parent materials from

which the soils have formed. The soils are all well-drained, but

are continuously moist, or nearly so, from their location in the

coastal fog belt. The results of this study indicate that, under

these conditions, allophane and imogolite, together with chloritic

intergrade, are the dominant clay minerals weathered from ,volcanic

rocks in an early stage of soil formation.

Eight out of the eleven soils in this study fit into the Andi-

sol order while three have chemical characteristics of the Spodosol

order. Seven of the eight Andisols were placed under the Subgroup

Typic Haplotropand and one under the Subgroup Typic Haploborand.

The three Spodosols were placed under the Great Group T'roporthod.
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APPENDIX I

Profile Description of Sample Sites

Klootchie

Location; N. of Lewis and. Clark Road above Horse World SW' 1/4 of
SW 1/4 Sec. 11, T6N, RlOW - Clatsop County

Description

0--5 to 0 centimeters; needles, twigs, roots, and moss.

A1-0 to 8 centimeters: dark reddish brown (5YR 3/2) silt loam,
reddish brown (5YR 4/3) dry; moderate medium and moderate
fine granular structure; slightly hard, friable, slightly
sticky and slightly plastic, slightly smeary; many veryfine
roots; less than 5% pebbles; very strongly acid (pH 4.6);
gradual smooth boundary.

A2--8 to 30 centimeters; dark reddish brown (5YR 3/3) silt loam,
reddish brown (5YR 5/3) dry; moderate medium granular
structure; slightly hard, friable, slightly sticky and
slightly plastic, slightly smeary; many very fine roots;
5 to 10% pebbles; very strongly acid (pH 4.8); clear
wavy boundary.

Bw--30 to 64 centimeters; reddish brown (5YR 4/4) silt loam,
reddish brown (5YR 5/4) dry; moderate medium subangular
blocky and moderate fine subangular blocky structure;
slightly hard, friable, slightly sticky and slightly
plastic; common fine roots; 10 to 15% pebbles; very strongly
acid (pH 4.8); clear wavy boundary.

BC--64 to 109 centimeters; reddish brown (5YR 4/4) gravelly loam,
reddish brown (5YR 5/4) dry, weak medium subangular blocky
structure; slightly hard, 20% pebbles and 10% cobbles;
very strongly acid (pH 4.6); clear wavy boundary.
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Lint

Location: 1075 feet east and 180 feet south of the NW corner
of section 13, T21S, R12W - Douglas County.

Description

01 - -5 to 0 centimeters; organic duff layer of decomposing spruce
needles, leaves, twigs and roots.

Al--0 to 25 centimeters; very dark brown (10YR 2/2) silt loam,
dark grayish brown (10YR 4/2) dry; weak very fine and
fine granular structure; soft, very friable, slightly
sticky and nonplastic; very fine and medium roots; many
irregular pores; 57 rounded pebbles; very strongly acid
(pH 5.0); clear smooth boundary.

A2--25 to 48 centimeters; dark brown (7.5YR 3/2) silt loam, brown
(7.5YR 5/3) dry; moderate very fine and fine subangular
blocky parting to fine and medium structure; soft, friable,
slightly sticky and slightly plastic; common fine and
medium roots; many irregular pores; very strongly acid
(pH 4.8); clear wavy boundary.

Bw1--48 to 99 centimeters; dark brown (10YR 5/4) dry; moderate
medium and coarse subangular blocky structure; hard, firm,
sticky and plastic; few fine and medium roots; common very
fine, fine and medium irregular and tubular pores; common
thin silt coatings on faces of peds and lining pores; very
strongly acid (pH 4.6); clear smooth boundary.

Bw2--99 to 132 centimeters; dark yellowish brown (lOYR 4/4) heavy
siltly clay loam, yellowish brown (10YR 5/4) dry; moderate
medium and coarse subangular blocky structure, hard, firm,
sticky and plastic; few fine roots; common very fine and
fine discontinuous tubular pores; common thin silt coatings
on faces of peds and lining pores; very strongly acid (pH

4.6); clear smooth boundary.

BC--132 to 157 centimeters; dark yellowish brown (10YR 4/4) silty
clay loam, light yellowish brown (10YR 6/4) dry; weak
medium and coarse subangular blocky structure; hard, firm,
sticky and plastic; few fine roots; common very fine and
fine discontinuous tubular pores; very strongly acid (pH

4.6).
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Lukarilla

Location; Off of Spur Road to East of Twilight Road 350 feet N,
340 feet W, NE corner Sec. 29, T8N, R8W - Clatsop County.

Description

Oi--7 to 0 centimeters; needles, twigs, roots, moss,

A1-0 to 13 centimeters; very dark grayish brown (10YR 3/2)
silt loam, brown (10YR 5/3) dry; moderate fine granular
structure, slightly hard, friable, slightly sticky and
slightly plastic; many very fine roots; extremely acid
(pH 4.4); clear wavy boundary.

A2--13 to 30 centimeters; dark brown (10YR 3/3) silt loam,
brown(10YR 5/3) dry; moderate coarse granular to moderate
fine granular structure; slightly hard, friable, slightly
sticky and slightly plastic; many very fine roots; very
strong acid (pH 4.6); clear wavy boundary.

Bw2--30 to 97 centimeters; dark yellowish brown (10YR 4/4) silty
clay loam, light yellowish brown (10YR 6/4) dry;
moderate medium subangular blocky structure; slightly
hard, friable, sticky and plastic; common very fine
roots; very stronly acid (pH 4.8); gradual smooth
boundary.

BC--97 to 147 centimeters; dark yellowish brown (lari. 4/4) and

yellowish brown (10YR 5/6) silty clay loam, light yel-
lowish brown (10YR 6/4) and brownish yellow (10YR 6/6)
dry; weak fine subangular blocky structure; slightly hard,
friable, sticky and plastic; few very fine roots; very
strongly acid (pH 4.8); gradual wavy boundary.
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Neskowin

Location; NE 1/4 of SW 1/4 Sec. JO, T16S, R1214 Lane County

Description

Al--0 to 15 centimeters; 'very dark brown (10YR 2/2) silty clay
loam; strongly very fine and fine granular structure;
slightly hard, friable, sticky and plastic; many fine
pores; strongly acid (pH 5.4); clear smooth boundary.

A2--15 to 30 centimeters; very dark brown (10YR 2/2) silty clay
loam, very dark grayish brown (10YR 3/2) dry; strong
very fine subangular blocky structure breaking to strong
very fine granular structure; slightly hard, friable,
sticky and plastic; many fine roots; few medium pores,
but many fine and very fine pores; strongly acid
(pH 5.4); clear smooth boundary.

Bw2--30 to 53 centimeters; dark brown (7.5YR 3/2) silty clay loam;
moderate medium subangular blocky structure breaking to
moderate very fine subangular to angular blocky structure;
slighly hard, friable, sticky and plastic; few medium
pores; strongly acid (pH 5.5); abrupt irregular
boundary.

R--53+ centimeters; basic igneous rock.
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'Morn en

Location; NE 1/4 of SE 1/4 Sec, 10, T4N, R10V- Clatsop County

Description

0e--5 to 0 centimeters; decomposed roots, needles, leaves, woody
materials; 15 percent boulder.

Al--0 to 8 centimeters; dark reddish brown (5YR 3/2) loam; mode-
rate fine and very fine granular structure; slightly hard;
friable, slightly sticky and non-plastic, smeary; many
very fine roots; common very fine concretion; 5 percent
pebbles; very strongly acid (pH 4.8); clear smooth
boundary.

A2--8 to 20 centimeters; dark reddish brown (5YR 3/3) loam; weak
fine subangular blocky to moderate fine granular structure;
slightly hard, friable, slightly sticky and slightly
plastic, smeary; many fine roots; common very fine concre-
tion; 5 percent pebbles; very strong acid (ph 4.8); clear
smooth boundary.

BA--20 to 30 centimeters; dark reddish brown (5YR 3/3) gravelly
loam; moderate fine subangular block to moderate fine
granular structure; slightly hard; friable, slightly sticky
and slightly plastic, smeary; many very fine roots; common
very fine concretion; 20 percent pebbles; strongly acid
(pH 5.2); clear wavy boundary.

Bw1--30 to 71 centimeters; dark reddish brown (5YR 3/4) gravelly
loam; moderate fine and very fine subangular blocky
structure; slightly hard and slightly plastic; common very
fine roots; 15 percent pebbles; strongly acid (ph 5.2);
gradual wavy boundary.

Bw2--71 to 112 centimeters; reddish brown OM 4/4) gravelly loam;
moderate fine and very fine subangular structure; slightly
hard, friable, slightly sticky and slightly plastic; few
very fine roots; 15 percent pebbles; very strong acid
(pH 4.8); gradual wavy boundary.
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BC,-,112 to 145 centimeters; reddish brown (SYI? 4/4) gravelly loam;
moderate very fine subangular blocky structure; slightly
hard, friable, slightly sticky and slightly, plastic; 30 per-
cent pebbles; -very strongly acid (pH 4,8); gradual wavy
boundary,

CR--fractured basaltic breccia.
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Quillayute

Location: SW 1/4 of SW 1/4 Sec. 13, T1S, R1OW- Tillamook. County

Description

A-0 to 25 centimeters; black (10YR 2/1) silt loam, very dark
gray (10YR 3/1)'dry; moderate fine and very fine sub-
angular blocky structure breaking to strong very fine
granular structure; soft, friable, slightly sticky and
slightly plastic; many fine roots; medium acid (pH 5.6);
clear smooth boundary.

AB--25 to 53 centimeters; black
dark gray (10YR 3/1) dry;
blocky structure breaking
structure; soft, friable,
plastic; many fine roots;
smooth boundary.

(10YR 2/1) silt loam, vary
weak, very fine subangular
to moderate very fine granular
slightly sticky and slightly
strongly acid (pH 5.2); clear

Bw--53 to 76 centimeters; very dark grayish brown (10YR 3/2)
silt loam; moderate very fine subangular blocky structure
that breaks to weak fine granular structure; soft, friable,
slightly sticky and slightly plastic; common fine roots;
common fine pores; strongly acid (pH 5.2); gradual smooth
boundary.
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Salander

Location; SE 1/4 of SE 1/4 Sec. 29, T1S, R9W - Lincoln County

Description

01-10 to 0 centimeters; needles, twigs, roots, moss.

A1-0 to 8 centimeters; dark reddish brown (5YR 3/2) silt loam;
strong fine granular structure; soft, friable, slightly
sticky and slightly plastic, smeary; common very fine
roots, very strongly acid (pH 4.8); abrupt smooth boundary.

A2--8 to 23 centimeters; dark reddish brown (5YR 3/2) silt loam;
strong fine granular structure; soft, friable, slightly
sticky and slightly plastic; common fine roots; medium
acid (pH 5.7);abrupt smooth boundary.

A3--23 to 33 centimeters; dark reddish brown (5YR 3/3) silt loam;
moderate fine granular structure; soft, friable, slightly
sticky and slightly plastic; common fine roots; strongly
acid (pH 5.5); clear smooth boundary.

BA--33 to 51 centimeters; dark reddish brown (5YR 3/3) silt loam;
weak medium and coarse subangular blocky and moderate very
fine subangular blocky structure; soft, friable, slightly
sticky and slightly plastic: common very fine roots; many
fine pores; medium acid (pH 5.7); clear smooth boundary.

Bw1--51-66 centimeters; dark reddish brown (5YR 3/3) silt loam;
moderate medium granular structure; soft, friable, slightly
sticky and slightly plastic; many very fine roots; many very
fine pores; strongly acid (pH 5.7); clear smooth boundary.

Bw2--66 to 94 centimeters; dark reddish brown (5YR 3/4) silt loam;
weak medium subangular blocky structure; soft, friable,
slightly sticky and slightly plastic, few fine roots;
many fine pores; medium acid (pH 5.7); abrupt irregular
boundary.

BC--94 to 102 centimeters; dark reddish brown (5YR 3/2) silt loam;
moderate fine subangular blocky structure; soft, friable,
sightly sticky and slightly plastic; strongly acid (pH 5.4);
abrupt irregular boundary.
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Siuslaw

Location: NW 1/4 of SW 1/4 Sec. 722s, R12W -. Douglas County

DeStription

Oi--5 to 0 centimeters; duff layer of spruce needles, twigs,
stems, and leaves.

Al--0 to 15 centimeters; very dark brown (10YR 2/2) loam, dark
brown (10YR 4/3) dry; moderate very fine and fine granular
structure; soft, friable, slightly sticky and slightly
plastic; common fine and medium roots; many very fine and
fine irregular pores; 10 percent pebbles; strongly acid
(pH 5.2); clear smooth boundary.

A2--15 to 30 centimeters; very dark grayish brown (10YR 3/2)
loam, dark brown (10YR 4/3) dry; moderate fine and medium
subangular blocky parting to fine and medium granular
structure; soft, friable, slightly sticky and slightly
plastic; common fine and medium roots, many fine irregular
pores; 15 percent soft sandstone pebbles; very strongly
acid (pH 4.8); clear wavy boundary.

BA--30 to 53 centimeters; dark brown (10YR 3/3) loam, brown
(10YR 5/3) dry; weak fine medium subangular blocky struc-.
ture; soft, friable, slightly sticky and slightly plastic;
few fine roots; many tubular and continuous irregular
pores; 15 percent soft sandstone pebbles; very strongly
acid (pH 4.8); clear wavy boundary.

Bw1--53 to 74 centimeters; very dark brown (10YR 3/3) loam,
brown (10YR 5/3) dry; weak medium and coarse subangular
blocky structure; soft, friable, sticky and plastic; few
fine roots; many fine and very fine continuous tubular
and irregular pores; 15 percent soft sandstone pebbles;
very strongly acid (pH 4.8); clear wavy boundary.

Bw2--74 to 104 centimeters; dark brown (10YR 4/3) clay loam,
yellowish brown (10YR 5/4) dry; weak coarse subangular
blocky structure; slightly hard, firm, sticky and plastic;
few fine roots; many fine and very fine continuous tubular
and irregular pores; 10 percent soft sandstone pebbles;
very strongly acid (pH 4.6); clear smooth boundary.
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Soapstone

Location: SW 1/4 of NW1/4 Sec, 35, T6N, R1OW- Clatsop County

Description

to 0 centimeters; leaves, twigs, needles, moss, roots.

A1,0 to 13 centimeters; dark reddish brown (5YR 3/2) silt loam,
dark reddish gray (5YR 4/2) dry; moderate medium sub-
angular blocky and moderate medium to fine granular
structure; soft, friable, slightly sticky and slightly
plastic, smeary, extremely acid (pH 4.2); clear wavy
boundary.

A2--13 to 30 centimeters; dark brown (7.5YR 3/2) silt loam, dark
brown (7.5YR 4/2) dry; moderate medium subangular blocky
and moderate medium to fine granular structure; slightly
hard, friable, slightly sticky and slightly plastic,
smeary; very strongly acid (pH 4.6); gradual wavy
boundary.

Bw1--30 to 56 centimeters; dark yellowish brown (10YR 3/4) silt
loam, dark yellowish brown (10YR 4/4) dry; moderate medium
subangular blocky structure; slightly hard, friable,
slightly sticky and slightly plastic, smeary; 10 percent
gravel and cobbles; very strongly acid (pH 4.6); gradual
wavy boundary.

Bw2--56 to 84 centimeters; dark yellowish brown (10YR 4/4) silt
loam, yellowish brown (10YR 5/4) dry; moderate medium and
coarse subangular blocky structure; slightly hard, friable,
slightly sticky and slightly plastic; 15 percent pebbles;
very strongly acid (pH 5.0); gradual wavy boundary.

BC--84 to 109 centimeters; dark yellowish brown (10YR 3/4) silt
loam, pale brown (10YR 6/3)dry; weak medium and fine sub-
angular block structure; slightly hard, friable, slightly
sticky and slightly plastic; 25 percent pebbles; very
strongly acid (pH 4.6); abrupt wavy boundary.

2CR-,109+ centimeters; partially weathered siltstone.
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Templeton.

Location: 1,980 feet south and 1,760 feet east of the liVcorner
of section 30, T22S, R12W- Douglas County.

Description

Oi--7 to 5 centimeters; mndecomposed mat of leaves, twigs and
needles:

0e-,5 to 0 centimeters; organic materials in various stages of
decomposition mixed with wind-blown sands.

Al--0 to 15 centimeters; very dark brown (10YR 2/2) silt loam,
dark yellowish brown (10YR 4/3) dry; moderate fine and
medium granular structure; soft, very friable, slightly
sticky and non-plastic; many very fine and fine, and
common medium roots; common very fine and fine dis-
continuous interstitial and tubular pores; very strongly
acid (pH 4.9); clear smooth boundary.

A2--15 to 43 centimeters; dark reddish brown (5YR 3/2) silt loam,
dark brown (7.5YR 4/4) dry; moderate fine and medium
granular and very fine and fine subangular blocky structure;
slightly hard, friable, slightly sticky and slightly plastic;
common fine and medium roots; many very fine and fine
continuous interstitial and tubular pores; 5 percent fine
shot fragments; medium acid (pH 5.6); gradual smooth
boundary.

BA--43 to 71 centimeters; dark brown (7.5YR 3/4) silt loam, brown
(7.5YR 5/4) dry; moderate medium and coarse parting to fine
and medium subangular blocky structure; slightly hard,
friable, slightly sticky and slightly plastic; few fine and
medium roots; many very fine and fine continuous tubular
pores; 5 percent fine shot fragments; medium acid (pH 5.8);
clear smooth boundary.

Bw1--71 to 102 centimeters; dark brown (7.5YR 4/4) silt loam,
brown (7.5YR 5/4) dry; weak medium and coarse subangular
blocky structure; slightly hard, friable, slightly sticky
and slightly plastic; few roots; many very fine and fine
continuous tubular pores; few thin clay and silt coatings
on faces of peds and lining pores; strongly acid OH 5.5);
gradual smooth boundary.
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Rw2r- 102 to 135 centimeters; dark. brown (7.5YR 4/4) heavy silt
loam, brown &.5YR 5/4) dry; weak medium and coarse sub-,
angular blockystructure; slightly hard, friable, sticky
and slightly plastic; few-roots; any 'very fine and fine
continuous tubular pores; few thin clay and silt coatings
on faces of peds and lining pores; strongly acid (pH 5.5);

gradual smooth boundary.

2Bw3--135 to 147 centimeters; dark brown (7.5 YR 4/4) silty clay
loam, brown (7.5YR 5/4) dry; weak medium and coarse sub-
angular blocky structure; slightly hard, friable, sticky
and plastic; few roots; many very fine and fine continuous
tubular pores; common thin clay and silt coatings on faces
of peds and lining pores; strongly acid (pH 5.5); gradual
smooth boundary.



145

Winema

Location: SE .1/4 of SE 2/4 Sec. 27, T Sp R9W- Tillamook County.

Description

A1--0 to 10 centimeters; black (10YR 211) silt loam, very dark
gray, (10YR 3/1) dry; strong ,very fine and fine medium
granular struture; soft, friable, slightly sticky and
slightly plastic; many fine roots; very strongly acid
(pH 4.9); clear wavy boundary.

A2--10 to 28 centimeters; black (10YR 2/1) silt loam, very dark
gray (10YR 3/1) dry; moderate fine subangular blocky
structure; soft, friable, slightly sticky and slightly
plastic; many fine roots; strongly acid (pH 5.1); clear
wavy boundary.

A3--28 to 61 centimeters; black (10YR 2/1) silty loam; moderate
very fine and very fine subangular blocky structure;
slightly hard, firm, sticky, plastic; many roots; strongly
acid (pH 5.2); clear wavy boundary.

Bw1--61 to 102 centimeters; dark yellowish brown (10YR 4/4) silty
clayl moderate fine, subangular blocky structure; hard,
firm, sticky, plastic; some brown weathered fragments of
shale; strongly acid (pH 5.1); clear smooth boundary.

BC--102 to 117 centimeters; mottled yellowish brown (10YR 4/4)
and grayish brown (2.5YR 5/2) silty clay; very weak coarse
subangular blocky structure; many fragments of shale;
strongly acid (pH 5,2),


