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The morphology, genesis, and classification of soils

forming in multiple tephra deposits of recent age from

Mt. St. Helens volcano in southwestern Washington Cas-

cade Mountains was studied.

Soils which occupied well drained and poorly drained

positions on the landscape were characterized according

to their morphology and the results of analyses of part-

icle size, clay mineralogy, cation exchange capacity,

exchangeable bases, organic carbon, total nitrogen,

extractable iron and aluminum oxides, exchangeable acidity,

pH, and bulk density.

The results reveal that there are greater differences

within the profiles than between soils themselves. The

main difference was that the organic carbon contents were

higher in the poorly drained soils than in the well drained

ones, Cation exchange capacity tended to follow the pat-

tern of organic matter content.



Particle size results showed the dominance of

sand size particles in these horizons. An interesting

bimodal distribution of the sand size fractions is present

in all soils examined. In soils dominated by amorphous

gels the results obtained for the percent clay separation

is of questionable value due to incomplete dispersion.

Electron micrographs showed a higher degree of

weathering in the buried A horizons of both paleosols.

The x-ray diffraction patterns however do not reveal

any significant difference between the clay mineralogy

of each horizon. All horizons were dominated by amor-

phous constituents.

The vegetation at each site is a better indicator

of the internal moisture relations of these soils than

are morphological properties. The well drained sites

consisted of depauperate understories of Vaccinium mem-

branceum and Xerophyllum tenax. The poorly drained soils

typically had a much richer understory which consisted

of species such as Vaccinium bValitolium, Menziesia

ferruginea, Streptopus roseus, and Tiarella unifoliata

to name a few.

The classification of these soils was difficult due

to inherited characteristics, buried soils, and the in-

completeness of the soil classification system used in

the United States on volcanic soils



The dry sites were classified as-ashy over ashy-

skeletal, mixed Andeptic Cryorthents. The wet sites

were tentatively classified as ashy over ashy-skeletal,

mixed Andaqueptic Cryaquents. :Secondary classifications

were also presented where these soils may have better

fit the Inceptisol rather than the Entisol soil order.

Deficiencies in Soil Taxonomy (Soil Survey Staff,

1975) occur in classifying these soils and brief dis-

cussion is included where these deficiencies occur.
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MORPHOLOGY, GENESIS AND CLASSIFICATION OF SOILS FORMING IN

RECENT AGE TEPHRA DEPOSITS FROM MT. ST. HELENS VOLCANO

INTRODUCTION

With continuing demand for forest products and near

depletion of lower elevation growing stock, the higher

elevation subalpine forests of the Pacific Northwest are

being utilized at an increasing rate.

Traditional lower elevation management techniques

are being implemented in a region where little is known

about the environmental, biological, physical, and

chemical factors which are important for proper management.

Knowledge of the soil resource in these regions is

one such factor that is a requirement for proper manage-

ment. Presently management of these soils is based on

gross physical characteristics obtained from low intensity

surveys.

Genesis and morphology studies are one way in which

our knowledge and understanding of the systems with which

we work can be expanded.

There are two general ways in which these studies

can be conducted. One method is by detailed examination

of a soil profile or profiles. Inferences are then drawn

from morphological, chemical, and physical data to develop

schemes of soil genesis.

A second method involves the isolation of a particular

soil-forming factor (Jenny, 1941) of one soil and comparing

to a similar soil. With all factors constant but one,
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differences which exist between soils can be interpreted

as being the result of the soil-forming factor in question.

Problems arise with both of these methods however.

Often the initial properties of the parent materials and

the time interval for formation are unknown. This makes

the first method valuable only when the climate (or cli-

mates), age of geomorphic surface, and initial properties

of the parent materials are known. Also it is seldom

possible to find soils in which all soil-forming variables

except one are constant. Microsite influences which may

not be obvious may play an important role at one site and

not another, even when all the "state factors" are constant.

The study area of this project should allow the in-

corporation of the above mentioned methods in order to

conduct a detailed study on soil genesis and morphology.

Areas which fulfill this requirement are those covered

by large areas of volcanic ash. The ages of these depos-

its are usually well documented. Also parent material

properties are uniform over wide areas of the local land-

scape and thus the soils forming in these materials have

the same initial conditions, Based upon these requirements

the following objectives were developed:

(1) To locate and describe soils forming in the same

volcanic tephra deposit.
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(2) To characterize the chemical, physical and min-

eralogical properties of these soils.

(3) To sample a variety of microsite conditions

(poorly drained to well drained).

To facilitate the location of sample sites some gen-

eral guidelines had to be met:

(1) The soil must contain at least one tephra set

that had been characterized in previous studies.

(2) The same sequence of deposits occur at all sample

sites.

(3) The soils occur on a topographic position which

minimizes disturbance. by erosion, additions, and windthrow.

Location

The study area is located in the Mt. Adams Ranger

District of the Gifford Pinchot National Forest in the

southwestern Cascade Mountains of Washington. The central

portion of the study area is approximately 22 aerial kilo-

meters northwest of Trout Lake, Washington in Klickitat

County and about 22 kilometers southwest of the summit of

Mt. Adams. The range in elevation within the study area

is 1000 meters to 1330 meters.
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Geology

The Mt. Adams plateau region is composed chiefly of

andesite and basalt flows of Pliocene and Pleistocene

age covered by other various volcanic forms such as cinder

cones, shield volcanoes, and pyroclastic airfall deposits

(tephra) (.Peck et al., 1964),

From field observations it is evident that most if

not all of the study area has been glaciated. The liter-

ature on this subject however is scarce. Most work has

been done on the areas to the north around Mt. Rainier,

the major river valleys adjacent to Mt. St. Helens and in

the Puget Sound Lowland.

The Puget lobe reached its maximum extent during the

Fraser Glaciation approximately 15,000 to 13,500 years

ago (Crandell, 1965). During this time alpine glaciers

in the Cascades had greatly decreased in size or disap-

peared. After this time however, during the Sumas Stade

of the Fraser Glaciation, the cirque glaciers of the al-

pine regions were reborn (10,000 years ago). It is pro-

bably during this time that the study area had had its

last cover of ice.

Since this time Mt. St. Helens has had a significant

influence upon this region (most evidence of activity

prior to this has been removed by glacial activity).
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There have been six major eruptive sequences of Mt.

St. Helens in the past 12,000 'years (Mullineaux, 1964).

Associated with these numerous tephra deposits have been

intermittent pyroclastic flow- events from the flanks of

Mt. St. Helens (Crandell and Mullineaux, 1973; Hyde, 1975).

These volcanic events were the source of all the parent

materials with the study area. These materials provide a

valuable rooting media over a much larger area of the forest.

Climate

The climate of this region is typical of the high

elevation subalpine areas of the Cascade Mountains.

Winters are cold and harsh and summers are mild with lit-

tle precipitation.

The study area lies somewhat in the rain shadow of

Mt. St. Helens and the Sawtooth Mountain area. However, pre-

cipjAation still ranches from 1780 to 2290 mm. Much

of this comes as snowfall. An average of approximately

3.3 meters of snow occurs at 1330 meters elevation in the

Cultus Creek area 8 kilometers south of the study area.

Average annual air temperatures are approximately 5

to 6'° C. January averages are about -4° C and average

July temperatures are approximately 16° C.
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Vegetation

The area of study occurs within the Abies amabilis

(Pacific silver fir) Zone of the Cascade Mountains. This

Zone is between the lower elevation temperate Tsuga hetero-

phylla (Western hemlock) Zone and the subalpine Tsuga

mertensiana (Mountain hemlock) Zone (Franklin and Dyrness,

1973).

Abies amabilis is the climax tree species within this

region. On well drained sites Pseudotsuga menziesii,

Tsuga heterophylla and Abies procera are common tree species

associated with Abies amabilis. Associated understory

vegetation on these drier sites are typically Vaccinium

membranaceum, and Xerophyllum tenax. On poorly drained

sites the associated tree species are Tsuga heterophylla,

Picea engelmannii, Thuja plicata, and Tsuga mertensiana.

Understory vegetation associated with these wetter sites

include Menziesia ferruginea, Vaccinium ovalifolium,

Tiarella unifoliata, Valeriana sitchensis, and Erythronium

montanum.

Soils

Little work has been done on the soils within this

study area. Franklin (1966) has made the most ex-

tensive description of soils within this region how-

ever soil genesis was not emphasized.
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Soils of the study area are best considered manage-

ment group G and H soils according to the Gifford Pinchot

National Forest Soil Resource Inventory (Snyder and Meyer,

1971). These are deep soils of interbedded pumice and ash

over gravelly loams and clay loams on gentle topography.

This study is the first detailed examination into the

chemical, physical and mineralogical properties of these

soils and will be discussed in detail in the remainder of

this paper.
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LITERATURE REVIEW

Problems inherent in the study of soil genesis and

morphology are the knowledge and control of the variables

which influence soil development. Climate, organisms,

topography, parent material, time (Jenny, 1941) and space

(1-101e, 1961) are the "state factors" which have been wide-

ly accepted as the variables which control the rate and

degree of soil formation.

In the Mt. St. Helens pyroclastic region of the south-

western Cascade Mountains of Washington much is known about

many of these factors, however our knowledge of these

variables have not been integrated into a detailed study

on soil genesis.

Most of our knowledge within the Abies amabilis zone

(Franklin and Dyrness, 1973) of the Cascades has come from

vegetation studies and characterization and correlation of

volcanic tephras.

Franklin (1966) and Franklin and Dyrness (1973) have

studied the Pacific silver fir forests within the area

between Mt. St. Helens and Mt. Adams. They found that most

of the variation in vegetation composition within this

region was associated with moisture regimes.

Other vegetation studies in the Abies amabilis zone have

provided information on plant distribution and composition, the

duration of snowpack (Sigafoos, 1969; Long, 1976), plant
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moisture stress or moisture gradients (Long, 1976; Moir

et al., 1976) and temperature gradients (Moir et al., 1976).

The characterization, correlation and distributions of

pyroclastic deposits from cascade mountain volcanos has

been studied extensively. These studies are of great im-

portance to the investigation of soil morphology and genesis.

In order to fully understand the genesis and properties

of a soil, it is important to have a thorough knowledge

of the mineralogical and chronological properties of the

materials from which the soil is forming.

Most of the tephra characterization in the Pacific

Northwest has been conducted in the Mazama pumice region

of central and eastern Oregon (Williams, 1942; Powers and

Wilcox, 1964; Borchardt, 1970), within Mt. Rainier National

Park (Mullineaux, 1974) and areas covered by ash falls

from Mt. St. Helens (Crandell et al., 1962; Mullineaux,

1964; Mullineaux et al., 1972, 1975). The pyroclastic

materials from Mt. St. Helens are of particular interest

in this study because they make up the parent materials

within the study area.

The eruptive history of Mt. St. Helens has been

thoroughly studied and described (Verhoogen, 1937; Hopson,

1971). The mountain is a recent composite, andesitic

volcano over an older dacite center. The present visible

cone has been formed within the last 1000 years (Mullineaux

and Crandell, 1960; Hobson, 1971).
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For the past 35,000 years Mt. St. Helens has been

an active and often violent source of pyroclastic debris

(Mullineaux et al., 1972).

Most of these deposits have been grouped into sets.

Each set has a unique characteristic suite of Fe-Mg pheno-

crysts (Mullineaux, 1964; Mullineaux et al., 1972). Color,

particle size and stratigraphic position are also common

methods of grouping these pyroclastic deposits.

Mt. St. Helens tephras have been traced into north-

eastern Oregon (Norgren et al., 1970, 1971; Borchardt et al.,

1973), northern Idaho (Okazaki et al., 1972) and western

Canada (Westgate et al., 1970).

Because of the unique characteristics and widespread

distribution of these tephras, they have become useful

stratigraphic markers in western North America (Wilcox,

1965; Fryxell 1965, 1972).

The most common tephra sets from Mt. St. Helens are

described in table 1.

Lahars and other pyroclastic flow deposits associated

with Mt. St. Helens have also been studied (Crandell and

Mullineaux, 1973; Hyde, 1975). These flow events often had

ash clouds associated with them and may have contributed

to the tephra deposits in areas adjacent to the mountain

and therefore be important sources of parent materials

(Norgren et al., 1971; Crandell and Mullineaux, 1973;

Hyde, 1975).



TABLE 1. AGE, PHENOCRYST CONTENT AND DISTRIBUTION OF MT. ST. HELENS TEPHRA SETS

Set Approximate age Predominant Fe-Mg minerals Distribution

T 150 Hypersthene, hornblende, augite NE

1150-450 Hypersthene, hornblende NE to S

B 2500-1600 Olivine, augite, hypersthene

P 3000-2500 Hypersthene, hornblende NE to E

4000-3000 Cummingtonite, hornblende NE to SE

<12,000, >8000 Hypersthene, hornblende NE to SE

<18,000, >12,000 Cummingtonite, hornblende NE to E

Unnamed 37,600-18,000 Cummingtonite, hornblende, biotite E to S

(Mullineaux et al., 1972; Mullineaux et al. 1975)
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Much is known about the parent materials, vegetation,

and chronology of this subalpine region, however detailed

soil studies are few.

Most of the work on volcanic soil characterization in

the continental United States has been in the Mazama pumice

region of central and eastern Oregon. The chemical (Young-

berg and Dyrness, 1964; Chichester, 1967; Harward and Young-

berg, 1969), physical (Youngberg and Dyrness, 1964; Cochran

et al., 1967), and mineralogical (Chichester, 1967; Chi-

chester et al., 1969; Dingus, 1973) properties of the soils

forming in Mazama pumice are well documented.

The environmental, biotic, and chronological factors

important in central and eastern Oregon however, differ

greatly from the high elevation subalpine forests of the

cascades. This makes comparison of the two regions of

limited value.

The first examination of soils in the southwestern

Cascades of Washington was conducted by Franklin (1966).

He noted during his study of the vegetation of this region

that all of the soils at his sample sites had formed from

more than a single parent material. The soil forming pro-

cesses within his study area were believed to be those

associated with podzolization. He observed the accumulation

of strongly acid mor and moder-type humus types, the translo-

cation of humus and sesquioxides of iron and aluminum and
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the subsequent deposition of these materials to form B2ir

and B2hir horizons. These soils were also found to be

acid with low base saturation and fertility.

Williams and Dyrness (1967) have also examined soils

within the Pacific silver fir zone in the Mt. St. Helens

Mt. Adams region. Their study concentrated on forest

floor organic layers under different forest types. The

types found in the Mt. Adams area are the same as those found

by Franklin (1966). The Abies amabilis zone had sub-

stantially higher accumulations of organic material

(40-150,000 lbs./A) then the other forest types examined

(Williams and Dyrness, 1967).

Hobson (1976) has developed a classification system

for the soils of Mt. Rainier National Park approximately 70

kilometers tothe north of the study area. Emphasis was

not placed upon chemical and physical analyses however

and is of limited usefulness for developing schemes of

soil genesis.

Detailed studies on the properties and genesis of

soils forming from cascade volcanics has excluded the region

between Mt. St. Helens and Mt. Adams.

Smith et al. (1968) has investigated soils in north-

eastern Washington which are forming in ash originating

from Mt. St. Helens. Genesis and morphology was also

studied on some alpine soils in British Columbia (Sneddon
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et al., 1972a, 1972b). Physical weathering due to frost

action was found to be of significance in the development

of soils in this colder region of Canada. The development

of spodic horizons was found in the Canadian study as well

as in the soils in the study by Smith et al. (1968).

The most recent and extensive studies on soil genesis

in the Cascades of Washington have been conducted in the

Findley Lake watershed in the Snoqualmie National Forest

(Singer and Ugolini, 1974; Singer et al., 1978).

Detailed lysimeter measurements enabled the authors

to quantify the movement of elements involved in horizon

differentiation. In order of mobility, they found Si >Al>

Fe>Mn (Singer et al., 1978). This study, like the others

of high elevation regions, indicated that spodic horizon

development was the major soil forming process, Chemical

analyses excluded these soils from the Spodosol order

according to Soil Taxonomy (Soil Survey Staff, 1975).

Results from clay mineralogy analysis revealed a

dominance of amorphous materials along with feldspars and

quartz from horizons developing from pyroclastic material.

Chlorite, vermiculite and interstratified vermiculite-

chlorite-smectite were found forming from fractured andesite

of lower horizons (Singer et al., 1978).

Evidence from this study indicates that greater than

6000 years is required for the formation of Spodosols.
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Singer and Ugolini (1974) studied two well drained

subalpine soils also in the Findley lake watershed area.

The effects of two different vegetation types were examined

in detail. The soil under a meadow vegetative type was classi-

fied as a Cryorthent. The soil under forest vegetation

met all the requirements for a Spodosol except pyrophosphate

Fe + Al/clay. This soil was then classified as a Cryandept.

Soils of the Mt. Rainier area were examined by Moir

et al. (1976) and were also found to have weak to moderate

spodic horizon development. Disturbance by fire, glaciers,

avalanches, lahars and windthrow were found to have influenced

soil genesis in this region.

Most of the studies on subalpine soil and/or volcanic

soil morphology, genesis and classification have been con-

ducted outside the United States. Because most of the

articles dealing with this subject are written in foreign

languages, mention of these studies will be limited.

A genetic soil classification system was developed in

New Zealand to reflect the local soil forming factors on pre-

dominantly young geologic materials (Metson and Lee, 1977).

Neall(1977) and Packard (1957) have examined soil genesis

and weathering in that country.

Alvarado and Buol (1975) and Martini (1976) have

examined ash soils in Costa Rica. The factors controlling

the genesis of these soils were time of deposition or age of
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deposit, elevation, and composition of the parent ash.

The early stages of genesis in these soils included: (1)

leaching of bases and some silica (2) formation of second-

ary amorphous materials and (3) high organic matter ac-

cumulations (Martini, 1976).
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MATERIALS AND METHODS

Field Methods

After a general reconnaissance of the Abies amabilis

zone within the Gifford Pinchot National Forest the

study area between Indian Heaven roadless area and Mt.

Adams was selected. This region is approximately 32 aerial

kilometers east to southeast from the present cone of Mt.

St. Helens. The distance is such that several pyroclastic

layers are present within a given soil profile. Also the

gentle nature of the topography in this glaciated plateau

region enhances the preservation of these tephras.

In the study area five distinct pyroclastic layers

make up the horizon sequence found in these soils. Many

of the soils in this area have several thin discontinuous

additional ash layers but they are not of significance. Several

of the tephra sets present in these soils have been corre-

lated with eruptions from Mt. St. Helens.

A particular sample site was chosen to represent the

thickness and properties of the soil horizons in a given

area. Numerous pits of the same horizon sequence were

sampled to represent the aerial extent of the soil types

in question.

Figure land table 2 present the relative positions

and location, drainage class, and elevations respectively

of the nine soil sample sites.
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TABLE 2. LOCATION, DRAINAGE CLASS AND ELEVATION OF STUDY AREA SAMPLE SITES

Sample site Location, section, T. and R. Drainage class Elevation

ld SE/ NE1, sec. 28, T.8N.,R.8E. well to excessively 1000

2d SE/ SE1, sec. 34, T.8N.,R.8E. well to excessively 1150

2w NEI NW/, sec. 2, T.7N.,R.8E. somewhat poorly 1280

3d SE/ SW1, sec. 36, T.8N.,R.8E. well 1330

3w SW/ NW*, sec. 1, T.7N.,R.8E. somewhat poorly to poorly 1315

4d NEI NW/, sec. 20, T.7N.,R.9E. well 1130

4w SE/ SW/, sec. 17, T.7N.,R.9E. poorly to very poorly 1130

5d SW/ SW/, sec. 13, T.8N.,R.9E. well 1300

5w NW1 NW-1, sec. 24, T.8N.,R.9E. poorly to very poorly 1265

(M)
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Detailed profile descriptions using the methods of

the Soil Survey Manual (Soil Survey Staff, 1962) were

made in pits approximately 2m X im X im in size at each

sample site. Coarse fragment content was estimated as a

percent by volume by careful examination of the profile

face.

Bulk density samples from each of the six horizons

were collected by the core method after the profile des-

cription was complete.

Bulk soil samples were then collected from each hor-

izon and sealed in double lined plastic bags. These were

then placed in wax lined paper sacks and care was taken

not to allow the samples to air dry. The samples were

taken at a depth interval of 4 to 10 cm from the upper

boundary of each horizon. In horizons thinner than 10 cm

care was taken to sample the entire horizon.

Vegetation information was also taken at each site.

At sites 2d, 2w, 3w, 4d, and 5d visual percentage esti-

mates of all plant species present were made. Also dom-

inant tree ages were determined by increment boring..

Site index, basal area, and growth basal areas were also

determined at these five sites,

Only a list of the plant species present and identif-

ication of plant communitywere made on the remaining four

sites.
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The profile descriptions are presented in Appendix 1.

LABORATORY METHODS

Sample Preparation

The soil samples were not allowed to air dry because

of the possible effects of drying on the properties of

amorphous materials which are present in volcanic ash

deposits (Soil Conservation Service, 1967). The samples

were screened to remove coarse fragments (>2 mm) prior

to laboratory analysis. On extremely moist and wet sam-

ples it was necessary to force the soil material through

the screen to obtain sufficient quantities for the desired

analyses. Samples were not crushed prior to screening

because of the delicate nature of these vesicular pyro-

clastic materials and the increase in exposed surface area

which would result (Youngberg and Dyrness, 1964). This

increase in surface area would not be representative of

the soil in situ.

All chemical, physical and mineralogical analyses were

performed by the author.

Physical and Mineralogical Methods

Particle size analysis was determined by a modifica-

tion of the pipette methods of Kilmer and Alexander (1949)
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and Chu and Davidson (1953). A 10 g sample treated for

the removal of organic matter was dispersed overnight in

10 ml of 5% Na-pyrophosphate. The sample was then air-

jetted at 30 PSI for 3 minutes. The sand separate was

fractionated by dry sieving.

Clay mineralogy determinations were performed using

X-ray diffraction. The morphology of the clay size sep-

arate was also examined by electron microscopy on selected

samples. The clay size fraction was obtained for both

of the above analyses by using cold, dilute (1 g/18 1)

Na2CO 3 solution as a dispersant (Taskey, 1976).

Bulk density was determined for each horizon using

the core method. The clod method of bulk density deter-

mination was not feasible because of the friable nature

of these sandy pyroclastic deposits.

Chemical Methods

Chemical analyses were performed following the

methods used in the Oregon State University Soil Testing

Laboratory (Berg and Gardner, 1978) and the Soil Conser-

vation Service (Soil Conservation Service, 1967).

Cation exchange capacity measurements were deter-

mined by the pH 7 ammonium acetate procedure (Schollen-

berger and Simon, 1945).

Exchangeable bases of calcium, magnesium, potassium
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and sodium were determined on a Perkin Elmer Atomic

Absorption Spectrophotometer from an ammonium acetate, pH

7 extract (Peech et al., 1947).

The micro-kjeldahl method of Bremner (1965) was used

for the total nitrogen determination.

Organic carbon analyses were performed according to

the Walkley-Black titration method (Walkley and Black,

1934). This procedure was modified slightly in that 0-

phenanthroline was used instead of diphenylamine as the

indicator.

Exchangeable hydrogen was determined using the tri-

ethanol amine method of Roberts et al. (1971).

Iron and aluminum oxides were extracted by the method

of Mehra and Jackson (1960) and determined on a Perkin

Elmer Atomic Absorption Spectrophotometer.

A 1:1 soil to water ratio was used for the pH deter-

mination and measured on a Corning Model 7 pH meter with

glass electrodes.
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RESULTS AND DISCUSSION

Physical Properties

The profile descriptions for the soils studied are

presented in Appendix 1. The sites were numbered one

through five to represent the relative distance from Mt.

St. Helens. The subscripts d and w represent the inter-

nal moisture relations of the site; d being well drained

(referred to as a dry site) and w, poorly drained (wet

site). Therefore site ld is the closest well drained

site to Mt. St. Helens and 5w the farthest poorly drained

site.

The central concept or "typic profile" for the hor-

izon sequence studied is shown in Figure 2. This pro-

file shows the six major horizons characterized in this

study. However, not all soils examined contained this

full complement of horizons. Sites 3d and 3w contained

a thin discontinuous TIC which could be included in a

profile description but could not be sampled as it was

at the remaining sites. This same tephra layer was ab-

sent from site 5d. This deposit may have been eroded

away or mixed in with the underlying material.

The first problem one encounters in dealing with

these multiple tephra soils is their description. It

becomes extremely difficult in deciding whether morpho-

logical properties are inherited or pedogenic. Also
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Figure 2. Multiple tephra typic profile from Gifford
Pinchot National Forest.
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the identification and nomenclature of soil horizons in

these young, stratified deposits is a tedious task and

will remain an area of conflict among soil scientists.

In some of these multiple tephra soils it is not

uncommon to be able to separate out a dozen or more

distinct horizons or layers. I feel that this is: (1)

much too detailed for a first time examination of soils

in an area and (2) impractical from the standpoint of

costs required to chemically and physically characterize

this large number of horizons. The author felt it was of

much more value to restrict the number of horizons

sampled and increase the number of sample sites.

When this project was first developed the six hor-

izons represented what was believed to be five different

depositional events. The origin, characteristics, and

properties of these horizons will be discussed.

Profile Morphology and Origin

It should be noted that the association of the hor-

izons in these soils to known eruptions of Mt. St. Helens

is based upon gross field characteristics, stratigraphic

position, and personal communication with Chris Mack (1979)

who at the time of this study was characterizing the ash

layers in the vicinity of the study area.

The age of the parent materials and the time avail-

able for horizon formation is presented in table 3.



TABLE 3. AGE OF PARENT MATERIAL AND TIME OF HORIZON FORMATION

Parent material Estimated time
of deposition
(years B.P.)

Horizon Subaerial Subsurface Total time
time time of formation

Years

Mt. St. Helens J-ash 10,000+2000 V Alb 6700 3300 10,000

Mt. St. Helens Ye-ash 3300 IV C2b 700 2600 3,300

Pyroclastic flow ash 2600 III Alb/III Clb 2150 450 2,600

Mt. St. Helens We-ash 450 II C 270 180 450

Ash (source unknown) 180 Al 180 0 180
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The times are approximate averages for the documented

intervals of these eruptions and are not meant to rep-

resent the exact ages of these parent materials.

The Al horizon at all sites is forming in a dark

gray to very dark gray ash of unknown origin. Strati-

graphically it can be inferred that this horizon is less

than 450 years but the exact age cannot be determined.

Because this layer lies directly below the humus layer

it can be assumed to be: (1) associated with the most

recent eruption of Mt. St. Helens (2) a small local

eruption or (3) from some distant source. Because this

horizon contains small white pumice gravels and very

coarse sand and thins out in a southerly direction it

seems unlikely that this deposit is from a distant source

such as Mt. Hood. Because the position and morphology

of this ash correspond well with the ash described by

Okazaki et al. (1972) I have assumed it to be associated

with the 1800 AD eruption of Mt. St. Helens which has

been designated set T by Mullineaux (1964). The main

lobe of this eruption was in a northeasterly direction

so this may represent the southern fringe of this event.

This would explain the thin nature of the deposit, its

predominance of fine sand grains and still the presence

of white pumice fragments characteristic of set T. It

must be remembered that these dates are not based upon
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carbon dating and tephra set designation not verified by

characteristic Fe and Mg phenocryst identification.

When first viewed in the field this horizon re-

sembles an A2 horizon. When this layer is dry the rubbed

color ranges from gray (10YR 5/1) to dark gray (10YR

4/1). Upon wetting however, the color ranges from very

dark gray (10YR 3/1) to black (10YR 2/1). Because these

dark colors are both inherited and from high organic

matter content this horizon has been designated an Al.

These surface layers range in thickness from approx-

imately 11 cm to 2 cm and the thickness tends to decrease

with distance from Mt. St. Helens. The single grained to

very fine granular structure and the very friable con-

sistence of this layer is indicative of its young age

and volcanic origin.

The II C horizon of sites 1 through 4 and III C2 of

site 5w are formed totally in Mt. St. Helens We tephra.

This deposit is absent from site 5d but may represent

some of the pumice shot in the II Al2 horizon at this site.

The We tephra is the easterly extension of the W set of

Mt. St. Helens (Mullineaux eta1,1975).The estimated age of

this deposit is 450 years. Characteristically this de-

posit is white to light gray in color, however, it is

often darker than this in the study area. The reason

for this is probably due to the thin nature of the hori-

zon. It would be easy for this horizon to be influenced
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by the darker overlying ash or the surface of the under-

lying horizon. Also there are much more fines in this

layer than is present closer to Mt. St. Helens where

this deposit was originally deScribed. The darker colors

may also be the result of organic matter coatings on part-

icle surfaces.

There is a general trend for this horizon to thin as

distance from Mt. St. Helens increases. The greater

than expected thickness at site 5w and its absence from

site 5d probably reflects erosion from the gentle upland

and deposition in the adjacent low areas resulting in

the overthickening of this horizOn at site 5w. This

horizon exists mostly as a broken or discontinuous deposit

when more than about 33.5 aerial kilometers from Mt. St.

Helens. It is apparent that even on relatively gentle slopes

only 270 years (relative time of exposure) is required for

significant erosion to take place.

Because of the extremely young age of this horizon and

lack of evidence of: (1) illuvial concentration of silicate

clay, iron, aluminum, or humus; (2) coatings of these ma-

terials; or (3) alteration of the material from its orig-

inal condition, it was not considered a B horizon.

This same horizon was not considered an A2 because

there was no evidence of a loss in clay, iron or aluminum,

even though these losses may have occurred. The possible

loss of these materials from this horizon will be discussed
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in the following paragraph on the morphology of the under-

lying horizon.

The origin and morphology of the next oldest layer is

much more complex. This deposit has not been studied by

previous authors therefore its origin as determined in

this paper is based only upon speculation.

Stratigraphically it can be inferred that this depos-

it is between 450 and 3300 years, however an exact age

cannot be determined.

One distinctive characteristic of this deposit is

the mottled red and gray colors. The colors are equally

expressed in both the well and poorly drained soils which

leads to the belief that this is an inherited character-

istic rather than a process of pedogenesis. This mottled

nature is not present in the pyroclastic deposits presented

in table 1.

Other interesting characteristics are the sandy nature

of this deposit and its greater thickness. The absence

of coarse fragments such as pumice lapilli or blocks and

its greater thickness yet limited aerial extent is not

typical of a pyroclastic airfall deposit.

Norgren et al. (1971)were the first to describe a

similar ash -like deposit in this region. They described

whatwas termed a crystal lithic ash in the Lone Butte

Meadow area southeast of this study area. The color,
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particle size distribution, and stratigraphic position

are all similar to the deposit described in this paper.

The deposit at that location however was much thinner

than that found within this study area. These authors

attributed this deposit to the pyroclastic flow events

associated with the Toutle River Mt. St. Helens area

approximately 2000 years B.P.

The morphology of this layer is also similar to the

deposits associated with hot pyroclastic flow events

described by Crandell and Mullineaux (1973) and Hyde

(1975). These "ash cloud deposits" (Crandell and Mulli-

neaux, 1973) are bedded or nonbedded deposits of lithic

ash with scattered pumice fragments. The deposits were

probably deposited as hot masses (greater than 300° C

and possibly more than 500°C) (Hyde, 1975). This would

explain the reddish-gray color common to these deposits.

The pyroclastic flow events described by Hyde (1975)

are older than 12,000 years. Though the properties of

this ash cloud deposit are similar to the one studied

here, the older age would rule out the possibility of

this event being the source of the material in question.

Crandell and Mullineaux's (1973) study of the Pine

Creek area,however, described an event which backfilled

the Lewis River Valley 4 km. This deposit consisted of

angular rock fragments in a gray sand matrix, and occurred

approximately 2600 years ago.
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By referring to figure 1 it can be seen that the

sample sites in this study are along the southern fringe

of the Lewis River Valley. It is possible that the event

which led to this backfill deposit from Pine Creek up

the Lewis River may have had clouds of hot ash associated

with it. This hot turbulent mass of ash spilled up over

the valley wall and settled onto the gentle area between

Mt. St. Helens and Mt. Adams. This origin is more feas-

ible than that speculated by Norgren et al. (1971) because

the event associated with the Toutle River flows were

on the northeasterly side of Mt. St. Helens.

Though this dating and sourcing is speculative it

gives a reasonable estimate for the total age of this

deposit. It we accept an age of 2600 years then this

deposit was exposed at the surface approximately 2150 years.

During this time an AC horizon sequence formed. At

a few locations there is possible evidence of iron trans-

location however. These possible Bir horizons are ex-

tremely thin and because no horizon met the requirements

for a spodic horizon (Soil Survey Staff, 1975) it was not

feasible to separate out these few thin horizons. As

mentioned previously, it is extremely difficult to assume

properties to be inherited or genetic, and this raises

many questions on how one decides to name and describe

horizons in these types of soils.
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The A horizon of this buried soil ranges in thick-

ness from 6 cm at site 4w to 23 cm at site 5w. The mot-

tled nature of the original material is masked somewhat

by mixing and the additions of organic matter. The some-

what greater thickness at site 5w is probably a result of

overthickening due to erosion from adjacent uplands.

Colors of this horizon are typically pale brown, brown

and yellowish brown.

The A horizon of the dry sites seems to be thin

and not as easily described as the wet sites. This is

probably due to the greater additions of organic matter

to the surface of the wet sites and its subsequent in-

corporation into the surface soil. Site 4d which presently

has an extremely depauperate understory has almost no dark-

ening of the A horizon (some may call this whole horizon

a C). This may reflect that the vegetation at this site

has been sparse for at least the last 2600 years.

At sites id, 2w, 3d and 3w evidence of possible

iron translocation is present. The thin horizons associ-

ated with this movement of iron and possibly aluminum occurs

a few centimeters from the top of this deposit. If this

is a pedogenic process it is unlikely that the overlying

II C is the source. If the II C horizon were the zone of el-

luviation, the iron would have been expected to be deposited

at the surface of the underlying horizon or deposit.



35

However, this is not the case. Because this iron enrich-

ment occurs a couple of centimeters into this underlying

deposit, the surface of this ash-cloud deposit must have been

the zone of elluviation. At sites 2w and 3w it may have

been possible to separate out a thin III A2-III B2ir se-

quence but due to the thin nature and difficulty in com-

parison of this deposit with other sites, where this horizon

sequence was not present, this horizon was described as an

Al.

The underlying horizon or the III Clb and the IV Cib

of site 5w is also formed in this same ash-cloud deposit

of 2600 years. At the onset of this project this horizon

was believed to be a separate distinct deposit. After fur-

thur study in the area however, it was decided that this is

the lower portion of the same ash-cloud deposit discussed

previously.

The mottle characteristics of this horizon is much more

evident. At site 4w and 5w however the mixing of charcoal

and other organic debris tends to reduce the distinctive-

ness of the mottles.

Thicknesses of this horizon ranges from 22 cm at site

ld and 2w to 9 cm at site 5w. Though the relative depths

of the A and C horizons may vary with distance from Mt. St.

Helens the overall thickness of this deposit is relatively

uniform. Sites 4d and 4w have the thinnest deposit and



36

by again referring to Figure 1 it can be seen that these two

two sites are 4.5 to 6.5 kilometers south of the remaining plots.

This too is a good indication that the source of this

layer was from the direction of the Lewis River Valley.

An interesting characteristic of both the A and C

horizons of this deposit are the structural peds. At

most sites and in both horizons there appear to be sub-

angular peds floating in a massive matrix. These struc-

tural units appear to be randomly located within the

deposit and show no distinct planes of weakness within

the ped itself. The consistence of the peds themselves

is moderately firm, however the matrix in which they are

located is friable to very friable. Plants roots do not

seem to utilize the interiors of these structural units

in much the same way as they ignore soil peds which have

been compacted.

This author believes that these structural units are

inherited in much the same way as the mottles. If this

deposit was hot, possibly 500° C, when emplaced it is

possible that some of this ash material was slightly

"welded" together during deposition. The colors and part-

icle size distribution of the individual peds is similar to

the massive matrix. The actual origin of this structure

is difficult to determine, however, it is the author's

belief that these units are inherited rather than a process
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of pedogenesis, even though this deposit is 2600 years

old.

Below this ash-cloud deposit is the thickest and

coarsest tephra bed found in the horizon sequence studied.

The Ye layer is the bed that extends in an east to south-

east direction from Mt. St. Helens (Mullineaux et al.,

1975).

The Y tephra characteristically consists mostly of

pumice lapilli and blocks (approximately 80%) which are

stained yellowish brown.

These iron stains are prominent in both wet and

dry sites which substantiate the belief that this staining

is an inherited characteristic.

At site 3w the upper 10 cm of this deposit is much

more intensively stained (5YR 4/6) than the remaining 15 cm

(10YR 5/6). This may be due either to iron illuviation

from the overlying deposit or represent the level of a pro-

longed seasonal water table. The iron being reduced in the

lower half of the deposit.

As with the other pyroclastic deposits this horizon

also decreases in thickness away from Mt. St. Helens. As

distance increases, the wetter sites have slightly thicker

deposits than their associated dry sites. This is probably

due to: (1) better preservation of the deposit and /or

(2) being accumulation sites for material eroded away from
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adjacent slopes. The greater thickness at site 5w then

at 4w is probably a result of the later.

The thickness of this deposit throughout the study

area reflects the violent nature of this eruption and the

large quantity of debris that was ejected.

This deposit is approximately 3300 years old which

means that it was exposed at the soil surface for only

about 700 years before being covered by the ash-cloud

deposit. During this time little alteration from the

parent condition has occurred. This tephra has been called

the IV C2b at sites 1 through 4 and III C2b at site 5d and

V C2b at location 5w.

The lowest horizon is believed to have formed in

mixed andesite bedrock or till and Mt. St. Helens tephra

J. The coarse fragments from this lowest horizon are mixed

pumice fragments and andesite gravels, stones and cobbles.

The reddish-brown colors are indicative of the colors

of the J tephra described by Mullineaux et al. (1975).

Along with this, a paleosol forming in set J has been

identified a few miles to the southwest of this area

(Mack, 1979),

In contact with this horizon at most sites has been

an overlying thin reddish-gray mottled band of up to 7 cm

thick. The characteristics of this layer is identical

to that of the ash-cloud deposit described earlier. If
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this too is an ash-cloud deposit it may be associated with

the 12,000 year B.P. event along Swift Creek (Hyde, 1975).

If this is true the underlying deposit is older than the

time interval for tephra-set J and may actually overlie

set-S (Mullineaux et al., 1975).

This ash-cloud material may be associated with some

younger event however such as the eruptions around set-Y

time.

It is extremely difficult to place a time on this

deposit however 10,000 2000 years has been chosen as

a minimum time period for this deposit. This would have

allowed approximately 6700 years available for soil for-

mation.

The morphology of this layer reflects its older age.

Weak to moderate subangular blocky structure, darker

colors, and a high degree of weathering of the pumice

fragments are the key morphological properties of this

deposit.

At some locations it is possible to describe an ABC

horizon sequence but for this study only the A horizon

was sampled and described. This layer has been called

the VI Alb at all sites except 5d where it was described

as a V Alb.

In summary, the morphology and origin of these horizons

and soils are extremely complex. Morphologically, the
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horizonation processes have resulted in a series of

buried horizons and buried soils, yet because of the

short time interval between ask showers many deposits

are left relatively unaltered.



41

Particle Size Distribution

The particle size data for the soils studied are

presented in table 4. Sand is the dominant size frac-

tion in these soils. The percent total sand is greater

than 50 percent in 48 out of the 51 horizons sampled.

The sand ranges from 32 to 90 percent. Silt is the next

dominant particle size and has its greatest percentages

in the buried soil forming in the ash-cloud deposit and

in the oldest paleosol at the base of the profile. The

percent clay is low in all soils and never exceeds 17

percent. The amount of clay ranges from less than one to

about 17 percent.

One would expect the data to reveal a particle size

gradient away from Mt. St. Helens. Indeed this does

exist however, it is not as obvious as would be expected.

It is only evident when comparing the extremes or sites

1 and 5. There is no consistent pattern with the remain-

ing sites. This is probably due to their close proximity

to each other. At these closest sites to Mt. St. Helens

the horizons are typically dominated by coarser particle

sizes than are the more distant sites. With distance,

there is a decrease in percent sand and an increase in

percent silt and clay.

A unique characteristic of these soils is the pres-

ence of a biomodal distribution of the sand size fraction.



TABLE 4. PARTICLE SIZE DISTRIBUTION OF MT. ST. HELENS TEPHRA SOILS

Site Horizon Depth(cm) Percent
Textural

classVery
coarse
sand

(2-1 mm)

Coarse
sand

(1-.5 mm)

Medium
sand

(.5 -.25 mm)

Fine
sand

(.25 -.1 mm)

Very fine
sand

(.1-.05 mm)

Total
sand

(2-.05 nun)

Total
silt

(.05-.002 nwi)

Total
clay

(<.002 m0)

Silt +
clay

(<.05 nun)

ld Al 0-9 7.3 14.2 6.0 24.4 18.1 72.0 24.8 3.2 28.0 SE

II C 9-14 26.1 49.7 5.2 6.4 2.2 90.2 7.8 2.0 9.8 S

III Alb 14-29 8.6 15.0 8.6 19.0 13.2 64.3 29.6 6.1 35.7 SL

III Clb 29-51 12.0 19.7 7.8 19.4 14.2 73.0 22.4 4.6 27.0 SL

IV C2b 51-89 52.8 22.3 3.7 5.5 2.4 86.9 8.6 4.5 13.1 LS

VI Alb 91-110 3.6 7.7 5.4 14.5 9.7 41.6 45.5 12.9 58.4 1.

2d Al 0-7.5 4.3 1(1.6 5.3 26.9 21.9 69.0 26.2 4.8 31.0 SL

II C 7.5-15 20.5 42.8 6.3 11.9 3.6 85.8 12.0 2.2 14.2 LS

III Alb 15-33 5.9 10.1 7.2 18.9 13.6 60.8 30.8 8.4 39.2 SL

III Clb 33-53 5.6 12.2 8.1 20.3 16.2 62.4 33.1 4.5 37.6 SL

IV C2b 53-74 37.9 26.8 5.1 7.4 4.0 81.4 12.2 6.4 18.6 LS

VI Alb 77-114 3.4 9.6 7.0 18.1 12.2 50.3 38.7 11.0 49.7 I

2w Al 0-11.5 7.2 20.5 7.4 22.8 14.6 72.8 21.6 5.6 27.2 SL

II C 11.5-15 11.0 27.2 8.1 20.4 9.5 77.3 20.5 2.2 22.7 LS

III Alb 15-24 4.9 13.2 7.1 21.2 16.2 62.6 30.1 7.3 37.4 SL

III Clb 24-46 3.6 9.7 7.4 19.7 15.7 56.0 37.6 6.4 44.0 SL

IV C2b 46-68 39.6 31.8 4.7 5.9 2.9 85.6 13.1 3.3 16.4 LS

VI Alb 76-104 1.7 3.8 4.0 12.9 9.6 31.9 52.9 15.2 68.1 SiL

3d Al 0-4.5 5.8 14.0 6.3 23.4 17.9 67.8 25.9 6.3 32.2 SL

II C 4.5-9 --- --- --- --- ___ --- --- 7-- --

III Alb 9-19 5.7 16.1 7.0 20.8 16.6 66.5 28.2 5.3 33.5 SL

III Clb 19-33 7.9 15.5 8.1 20.0 14.6 66.5 27.9 5.6 33.5 SL

IV C2b 33-62 41.4 29.3 5.7 7.2 3.4 87.3 9.9 2.8 12.7 LS

VI Alb 66-91 3.0 12.3 9.3 19.9 13.6 58.0 30.2 11.8 42.0 SL

3w Al 0-9 5.2 20.1 6.0 29.7 13.3 73.3 21.7 5.0 26.7 SL

IIC 9-15 --- --- ___ --- ___ --

1I1 Alb 15-30 4.8 15.1 12.9 22.4 10.0 65.4 25.4 9.2 34.6 SL

III Clb 35-50 6.0 1(1.9 6.7 19.3 14.7 57.5 33.6 8.9 42.5 SL

IV C2b 50-85 38.8 33.0 3.1 5.8 3.2 85.4 11.4 3.2 14.6 LS

VI Alb 87-113 4.7 10.4 6.7 17.2 11.6 50.6 40.4 9.0 49.4 L



TABLE 4 CONTINUED. PARTICLE SIZE DISTRIBUTION OF MT. ST. HELENS TEPHRA SOILS

Site Horizon Depth (cm) Percent
Textural

class
Very
coarse
sand

(2-1 mm)

Coarse
sand

0 -.5110

Medium
sand

(.5-.25 nil)

Fine
sand

(.25-.1 mm)

Very fine
sand

(. 1 -.05 mm)

Total
sand

(2-.05n)n0

Total
silt

(.05 -.002 nv)

Total
clay.

( <.002 an)

Silt +
clay

(<.05 mm)

4d Al 0-2.5 1.5 6.0 4.2 26.3 27.2 65.4 29.9 4.7 34.6 SL

II C 2.5-5 10.3 34.8 8.6 14.2 9.7 78.0 18.3 3.7 22.0 LS

III Alb 5-14 12.0 15.5 7.2 20.7 14.3 70.1 24.5 5.4 29.9 SI.

III Clb 14-28 8.4 13.6 6.2 22.6 14.3 65.2 30.0 4.8 34.8 SL

IV C2b 28 - -43 37.3 32.1 5.0 6.5 3.3 84.4 11.8 3.8 15.6 LS

VI Alb 45-102 4.0 10.8 7.8 18.2 13.8 54.0 35.5 10.5 46.0 Si

4w Al 0-4 1.2 8.9 4.9 28.4 25.8 70.9 24.3 5.4 29.7 SL

II C 4-8 17.1 51.3 7.4 8.0 3.0 86.9 12.4 0.7 13.1 S

III Alb 8-14 10.0 13.9 7.3 19.4 16.1 67.1 28.4 4.5 32.9 SL

III Clb 14-24 10.0 13.7 7.5 22.4 11.8 65.4 27.5 7.1 34.6 SL

IV C2b 24-46 44.8 20.9 3.7 6.8 4.5 80.8 14.7 4.5 19.2 LS

VI Alb 46-76 4.7 7.8 6.0 13.7 9.9 42.3 40.8 16.9 57.7 L

sd All 0-2 7.0 26.0 9.0 18.9 17.6 79.3 20.0 0.7 20.7 LS

--- --- --- --- --- ___ ___ ---

TT Al2b 2-13 7.4 25.0 6.6 17.5 16.6 71.6 22.3 6.1 28.4 SL

11 Cll+ 13-29 12.1 19.4 7.6 18.0 10.9 68.3 24.9 6.7 31.6 SL

III C2b 29-40 19.3 27.6 7.8 12.9 8.6 76.4 19.5 4.1 23.6 LS

V Al 43-89 4.0 9.4 8.6 22.7 13.8 58.4 34.5 7.1 41.6 SL

5w Al 0-3 3.6 18.4 7.5 15.3 14.5 61.3 32.4 6.3 38.7 SL

III C2 25-30 13.0 49.0 9.7 7.5 4.5 84.1 12.0 3.9 15.9 LS

IV Alb 30-53 8.1 12.9 5.6 14.7 12.5 54.1 34.7 11.2 45.9 SI.

IV CIb 53-61 3.6 11.2 6.2 19.4 15.3 55.8 34.9 9.3 44.2 SL

V C2b 61-86 23.2 26.3 5.7 9.3 6.4 71.2 20.1 8.7 28.8 SL

VI Al 86-122 9.3 10.7 7.7 17.2 10.5 55.5 33.4 11.1 44.5 SL
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Typically one would expect a normal distribution with

varying degrees of skewness. These soils however, are

all deficient in the medium sand size class. Mixing

with adjacent horizons may be one method of obtaining

this bimodal distribution,however because of the common

abrupt horizon boundaries it appears that little mixing

has occurred. Another explanation is that each tephra-

set is commonly made up of more than one eruptive epi-

sode (Mullineaux et al., 1975). The more violent erup-

tions may have deposited coarser size materials where-

as quiet eruptions yielded finer grained particles.

Sampling across this stratification may result in two

dominant particle size classes. Little particle size

data on multiple tephra soils has been published and

it may appear that this bimodal distribution is a char-

acteristic of volcanic airfall deposits or is unqiue

to eruptions associated with Mt. St. Helens.

One of the problems associated with making mechan-

ical analyses on soils forming in volcanic materials isinob-

taining complete dispersion of the soil sample (Youngberg

and Dyrness, 1964). A 5 percent Na-pryrophosphate solu-

tion (a common standard procedure) was used in this

study. Aside from the problems encountered when trying

to disperse material which exists as coatings within

the internal pores of these vesicular materials is the



45

problem of obtaining the proper electrolyte concentration.

It was observed that a 5 percent sodium solution resulted

in some flocculation rather than dispersion of the clay

particles. The dry sites appeared more sensitive to a

proper ion concentration then did the wet sites. In all

cases however, it is believed that a 5 percent solution

is much too concentrated in order to obtain the amount

of dispersion desired. The explanation for this difference

between wet and dry sites is unknown. Dingus (1973), in

his clay mineralogy studies, found that dilute acid washes

resulted in the greatest amount of dispersion and there-

fore clay recovery.

Because of inadequate dispersion the values for

percent clay represent what is believed to be the mini-

mum amounts in these soils. Because of this, the percent

silt + clay is included in table 4 as a more realistic

value of the nonsand component.

Clay Mineralogy

X-ray diffraction patterns for representative hori-

zons are presented in Appendix 2. All horizon of the

soils studied are dominanted by amorphous materials.

This is represented by the lack of well defined peaks in

the diffraction patterns. The patterns presented in

Appendix 2 represent the most common patterns encountered

even though other samples may have shown more definative
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crystalline materials but inconsistent and in too small

amounts to characterize.

Most of the clay mineralogy studies on volcanic

soils has been conducted in the Mazama pumice region

(Chichester, 1967; Chichester et al., 1969; Dingus,

1973; Rai and Lindsay, 1975). Other clay mineralogy

work in western North America has been conducted by

Sneddon et al. (1972b), Mullineaux (1974), Singer and

Ugolini (1974) and Singer et al. (1978). All of these

authors have found a dominance of amorphous materials

in horizons associated with volcanic ash deposits.

The horizons in this study are forming solely from

pyroclastic airfall deposits and are also dominanted

by amorphous constituents. Difficulty arises however in

trying to quantify the amounts of amorphous constituents

(De Villers, 1971),

Many schemes of clay mineral formation have been

developed. Aomine and Wada (1962) found a weathering

sequence of volcanic glass .± allophane hydrated hallo-

ysite. This is in agreement with Kanno's (1962) work

on well drained soils in which he found volcanic glass

allophane halloysite kaolinite. The scheme on poorly

drained sites was volcanic glass .-> allophane smectite.

Work by Rai and Lindsay (1975) support the schemes devel-

oped by Kanno.
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- The x-ray patterns of the Al horizons revealed very

little crystalline material however the electron micro-

graphs (Appendix 3) revealed a much more complex suite

of minerals than expected. The micrographs showed this

horizon to contain more crystalline components than any

other horizon. The material could not be characterized

from the x-ray patterns however. This horizon also

contained an abundance of diatoms.

The II C horizon forming from Mt. St. Helens W

tephra contained nocrystalline peaks on the diffraction

patterns. This was also true of the paleosol formed in

the ash-cloud deposit. The electron micrographs from

these horizons however showed some crystalline material

but a dominance of devitrified glass and amorphous gels

surrounding sporadic crystalline minerals. The possible

initial formation of imogolite was found in the Alb of

the ash-cloud paleosol and is presented in Appendix 3

The IV C2b horizon (Mt. St. Helens Y tephra) con-

tained the most distinct x-ray peaks. It appears that

this horizon has some chlorite-chloritic integrade

material. The peaks are not consistent and degrade at

high temperature treatments however, so the mineral can

not be fully characterized. Solvation treatments resulted

in minor expansion of the crystal lattice however. Amor-

phous materials still dominate the clay size fraction of

this horizon.
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The oldest and most weathered horizon is also dom-

inated by amorphous gels and devitrified glass however,

some possible fine strands of imogolite have formed

in this horizon also.

Using the weathering schemes developed by the prev-

iously mentioned authors these soils still are at the

beginning stages of clay formation. In both A horizons

of the paleosols slight imogolite formation may be

taking place. Apparently only about 2800 years is re-

quired for the early stages of development for this clay.

There appeared to be no difference in the weathering

rates between the wet and dry sites probably due to their

recent age. It is believed that the crystalline clay min-

erals present are those inherited from the parent ash.

Chemical Properties

The results of the chemical analyses are presented

in table 5.

These soils are extremely acid at the surface and

the pH increases with depth. The pH ranges from 4.3

in the Al of site 2d to 6.5 in the V Alb of site 5d.

The low pH at the surface is probably a reflection of

the acid litter characteristic of coniferous forests.

The increased pH with depth could be a reflection of:

(1) bases being leached from the surface, (2) the natural



TABLE S. CHEMICAL PROPERTIES OF MT. ST. HELENS TEPHRA SOILS

Soil Horizon Depth (cm) p11

(1:1)

Bulk
density C/N

meq/100 g
BS

o Fe + AI fixt

II+
Total
Off

Org. Total Ca2+ Mg2+ K+ CFC Fed Ald clay

Id Al 0-9 4.4 --- 6.28 3.65 .09 41 .33 .46 .22 14.0 7.3 .026 .046 .023 14.1

II C 9-14 5.7 .76 .29 .17 .01 17 .07 .07 .01 5.8 2.6 .022 .079 .050 15.8

III Alb 14-29 6.1 .93 1.03 .60 .02 30 .13 .09 .03 8.6 2.9 .115 .24 .058 20.0

Iff Clb 29-51 6.0 .80 .21 .12 .01 12 .02 .02 .01 8.2 1.0 .069 .11 .039 23.5

IV C2b 51-89 6.0 .77 .13 .08 .004 20 .04 .02 .03 7.6 1.2 .066 .12 .041 26.2

VI Alb 91-110 6.3 .82 1.17 .68 .04 17 3.15 2.15 .30 15.8 35.5 .322 .47 .061 21.6

2d Al 0-7.5 4.3 --- 7.32 4.25 .11 39 .45 .62 .20 11.3 11.2 .032 .046 .016 14.1

If C 7.5-15 5.2 .66 1.06 .62 .02 31 .06 .05 .01 8.0 1.5 .030 .113 .065 15.8

III Alb 15-33 5.7 .91 2.92 1.69 .02 84 .10 .09 .03 11.1 2.0 .192 .60 .094 20.0

III Clb 33-53 5.8 .98 1.64 .95 .03 32 .12 .05 .01 6.9 2.6 .099 .12 .049 23.5

IV C2b 53-74 5.7 .84 1.30 .75 .02 65 .06 .02 .02 9.0 1.1 .071 .21 .044 26.2

VI Alb 77-114 6.3 .57 2.55 1.48 .08 32 .13 .87 .08 15.9 6.9 .316 .62 .085 21.6

2w Al 0-11.5 5.1 .74 4.59 2.66 .12 22 .30 .41 .19 11.3 8.0 .026 .041 .012 4.4

II C 11.5-15 5.0 --- 1.58 .92 .04 21 .04 .04 .02 8.1 1.2 .076 .204 .127 22.7

III Alb 15-24 S.S .79 3.21 1.86 .07 27 .06 .05 .08 16.7 1.1 .179 .75 .127 35.1

III Clb 24-46 5.7 .80 2.29 1.33 .05 25 .08 .04 .02 8.5 1.6 .080 .36 .069 27.0

IV C2b 46-68 5.7 .81 .95 .55 .03 20 .07 .03 .02 7.6 1.6 .112 .35 .14 25.1

VI Alb 76-104 6.0 .75 3.90 2.16 .11 20 .09 .07 .06 16.5 1.3 .385 .86 .082 16.2

3d Al 0-4.5 4.7 --- 4.15 2.41 .07 35 .54 .29 .28 10.6 10.5 .026 .038 .01 8.3

IIC 4.5-9 .69 --- -- ___ ___ --- --- --- --- -
III Alb 9-19 5.4 .80 1.80 1.05 .04 27 .16 .04 .03 8.0 2.9 .117 .36 .09 9.6

III Clb 19-33 5.9 .92 .93 .54 .03 16 .03 .02 .02 4.3 1.6 .102 .14 .04 12.9

IV C2b 33-62 5.9 .76 .40 .23 .01 19 .05 .02 .01 5.5 1.5 .060 .18 .086 20.8

VI Alb 66-91 6.4 .62 1.59 .92 .05 18 .02 .03 .04 15.6 .6 .402 .71 .094 23.9

3w Al 0-9 5.2 3.82 2.22 .10 22 .30 .25 .18 11.5 6.3 .037 .05 .017 17.7

IIC 9-15 --- --- --- -_- __- -- --- --- --- --- --- --- --- ---

III Alb 15-30 5.5 .76 3.05 1.77 .06 28 .15 .06 .04 20.5 1.2 .130 .64 .084 25.4

III Clb 35-50 5.7 .88 1.98 1.15 .04 27 .04 .03 .02 3.4 2.6 .048 .20 .028 20.8

IV C2b 50-85 5.9 .87 .11 .06 .02 3 .08 .05 .02 10.0 1.5 .082 .21 .091 12.0

VI Alb 87-113 6.0 .68 3.95 2.29 .12 19 .08 .03 .04 16.0 .9 .175 .79 .107 22.4



TABLE 5 CONTINUED. CHEMICAL PROPERTIES OF MT. ST. HELENS TEPHRA SOILS

Soil Horizon Depth (cm) p11

(1:1)

Bulk
density C/N

meg/100 g
BS Fed Ald

Fe+M Ext

I11-

lotal

OM
Org. 'Dotal Car+ Mg24 K+ CF0, clay

4d Al 0-2.5 5.0 2.88 1.67 .05 33 .26 .21 .13 4.5 13.6 .071 .046 .025 11.6

II C 2.5-5 5.8 .74 2.17 1.26 .02 55 .08 .05 .18 5.1 6.1 .082 .187 .073 21.6

111 Alb 5-14 5.8 .92 1.79 1.1514 .03 37 .14 .06 .03 8.5 2.7 .074 .41 .090 26.6

III Clb 14-28 5.6 .81 .80 .46 .02 19 .07 .03 .02 7.2 1.7 .071 .14 .044 22.7

IV C2b 28-43 5.6 .67 .66 .38 .02 18 .09 .03 .01 8.8 1.5 .071 .20 .071 29.3

VI Alb 45-102 6.4 .63 1.59 .92 .06 16 .09 .07 .05 18.8 1.1 .391 .58 .092 14.6

4w Al 0-4 4.8 --- 7.32 4.25 .21 21 2.6 1.24 .20 27.0 15.0 .035 .095 .024 5.2

II C 4-8 5.2 .54 .53 .31 .03 11 .19 .09 .01 5.6 5.2 .017 .046 .09 14.1

III Alb 8-14 5.2 .57 2.17 1.26 .06 21 .35 .17 .04 10.0 5.6 .119 .17 .064 25.8

III Clb 14-24 5.3 .97 1.31 .76 .04 18 .49 .04 .05 22.5 2.6 .093 .28 .052 26.2

IV C2b 24-46 5.4 .77 1.51 .88 .04 22 .35 .20 .06 5.6 7.6 .056 .23 .06 28.1

Vi Alb 46-76 5.8 .55 3.73 2.16 .13 17 .83 .18 .06 14.6 7.3 .353 .80 .068 26.2

5d All 0-2 4.7 1.53 .89 .04 23 .40 .18 .10 7.4 9.2 .030 .041 .101 4.6

___ --- --- --- --- -- --- --- --- --- --- --- --- ---

II Al2b 2-13 5.4 .87 1.22 .71 .03 22 .21 .05 .04 7.7 3.9 .095 .32 .068 32.0

II Clb 13-29 5.7 .77 1.11 .65 .02 27 .08 .05 .02 6.2 2.4 .086 .11 .029 35.8

111 C2b 29-40 0.0 .67 .69 .40 .01 31 .08 .04 .02 6.8 2.0 .082 .15 .056 28.1

V Alb 43-89 6.5 .72 1.60 .93 .15 17 .17 .48 .09 15.4 4.8 .307 .46 .108 15.2

Sw Al 0-3 5.5 --- 12.33 7.16 .45 16 .47 4.19 .47 36.7 14.0 .052 .117 .027 26.2

III C2 25-30 5.5 .66 .93 .54 .03 17 .37 .15 .02 11.6 4.7 .033 .071 .027 20.4

IV Alb 30-53 5.6 .80 3.34 1.94 .06 32 .38 .1)8 .03 26.4 1.9 .121 '.28 .036 31.2

IV Clb 53-61 5.9 .86 .64 .37 .03 13 .30 .29 .06 10.6 6.1 .095 .125 .024 7.3

V C2b 61-86 5.9 .89 1.31 .76 .04 18 .50 .25 .05 18,5 4.2 .099 .22 .037 31.6

VI Alb 86-122 6.2 .60 2.81 1.63 .11 15 1.82 .50 .09 11.7 20.7 .266 .49 .068 20.4
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higher buffering capacities of soils with dominantly

amorphous mineral constituents and (3) the stabilizing

effect of poorly drained conditions.

The organic carbon contents show a distinct trend

with the morphology of these soils. The highest organic

matter contents are at the present soil surface. The

ranges in organic carbon is from about 7 to .7 percent.

The organic matter tends to decrease with depth except

at the buried Al horizons where there is a sharp increase.

This increase except at site 3w and 5d never exceeds

the amounts at the present soil surface. These increases

confirm the description of buried A horizons discussed

earlier in this paper. Though the percent organic car-

bon is relatively high throughout the profile the actual

amounts are low because of the low bulk densities.

The total nitrogen in these soils follow the same

trend as the organic carbon contents. These values, al-

though they are low, are highest in the surface and at

the A horizons of the buried soils. It appears that

the nitrogen build up in these soils is associated with

organic matter accumulation. These low nitrogen contents

result in high carbon/nitrogen ratios. The C/N ratios

range from 84 in the III Alb of site 2d to 3 in the IV

C2b at site 3w. The mean values for the carbon/nitrogen

ratios of each horizon tends to decrease with depth
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except for the III Al, This increase is mainly due to

the contribution of site 2d where the C/N ratio was 84.

This high value may be due to eXperimental error or

representative of that horizOn. If this value is ex-

cluded when determining the means, the decrease in the

ratio with depth is more uniform. The relatively high

values for the C/N ratio may be explained in part by

the dominance of amorphous minerals. These constituents

are known to form a relatively resistant clay mineral-

organo complex.

Standard methods of analysis were used for determining

cation exchange capacity and exchangeable bases, however,

the most precise method for these determinations on soils

dominanted by amorphous materials have not been determined.

Birrell and Gradwell (1956) and Wada and Harada (1969)

found that the CEC values obtained depended upon: (1)

the concentration of the leaching solution, (2) the sat-

urating cation used and (3) the volume of the wash solution.

Temperature was also found to affect the CEC results (Wada

and Harada, 1971). Cation exchange measurements made during

the summer tended to be higher than those made during the

winter on soils of andic character,

The CEC tends to increase with organic matter con-

tent and percent clay. The maximum CEC values are
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reached with both a high percent clay and high percent

organic matter within the same horizon. The CEC is

typically highest at the soil surface and the A horizon

of each of the buried soils. This distribution follows

the same trend as the percent organic carbon distribution.

The CEC values range from 3 meq/100 g to about 37

meq/100 g. These moderate values for the cation exchange

capacity may be misleading however. The exchangeable

bases and thus the base saturation are extremely low in

these soils. The base saturation does reach 35 percent

in the VI Alb of site ld. Values are typically below

ten percent and more often only 1 or 2 percent however.

The highest percent base saturation usually occurs in

the surface of these soils with a range of 6 to 15 percent.

This is probably a reflection of the release of calcium

and magnesium from decaying plant litter.

The data shows calcium to be the most dominant exchange-

able basic cation. In some cases magnesium tends to have

the highest value and still in others, potassium is the

dominant base. The highest amounts of bases coincide

with the trend of percent base saturation.

The dithonite extractable iron and aluminum rep-

resents the removal of amorphous, organic, and the crystal-

line formsof Fe- and Al- oxides. This extraction should

then have resulted in the greatest removal of iron and
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aluminum. Even with this extraction the horizons

where possible Bir development had occurred did not meet

the requirements of a spodic horizon. This is based on

the value of Fed + Ald/% clay. It must be remembered

that gross horizons were sampled and a more detailed sample

.interval may have resulted in increased oxide extraction.

The value of using percent clay in diagnostic horizon

criteria seems of limited value in dealing with ando

soils because of the problems of dispersion as discussed

earlier.

The data shows that the soils expected to be forming

illuvial iron horizons do in fact contain greater amounts

of extractable iron and aluminum. These processes have

not proceeded far enough however for them to be considered

B horizons in most cases.

Soil Classification

Classification of these soils is based upon the soil

morphologies and chemical and mineralogical analyses.

Deficiencies occur however in the fact that the analyses

of 15-bar water content and pH dependent cation exchange

were not determined. When this information is required

in the classification of these soils judgements had to

be made.

Though all of the soils studied were of the same

age and parent materials, their classification is much
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more complex. In using Soil Taxonomy (Soil Survey Staff, 1975)

obvious deficiencies occur in dealing with soils of multiple

pyroclastic layers. Where these deficiencies occur

will be included in the following discussion.

All of the soils have been considered Entisols.

These soils have been classified as such and where there

is possible iron translocation these soils have also

been classified as Inceptisols. None of these soils

met the requirements for Spodosols.

All dry site soils were classified as ashy over

ashy-skeletal mixed Andeptic Cryorthents. These soils

are considered integrades to Cryandepts. Difficulty

arises however in that these soils better fit the require-

ments of Fluvents except for the fact that these materials

were not deposited by water. Orthents on the other hand

are required to have one of the following: greater than

25% slopes, a regular decrease in organic carbon content

with depth, a mean annual soil temperature of 00 C or

lower, or a lithic or paralithic contact within 25 cm

of the soil surface. None of these requirements fit the

soils studied. These soils fall somewhere between the

Fluvents and the Orthents. It is necessary that the

requirements for the Orthents be expanded to include these

soils or a new suborder be developed.

At sites ld and 2d where possible iron translocation

has taken place these soils were classified as Entic
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Cryandepts. This is assuming the mottles present in the

ash-cloud palesol are inherited rather than associated

with wetness. Here information on 15-bar water content

is required. If this value is greater than 20 percent

between 25 and 100 cm these soils would be ashy over ashy

skeltal, mixed Dystric Cryandepts. If this value is be-

low 20 percent these soils would be considered ashy over

ashy-skeletal, mixed Entic Cryandepts.

It must be mentioned that no family differentiae is

established to include these soils. Both ashy and

ash-skeletal are classes used to describe particle size

however strongly contrasting classes do not include ashy

over ash-skeletal. This is also a deficiency in the class-

ification and should be revised.

The wet sites were classified in a similar manner

as the dry sites. All were classified as Entisols

and sites 2w and 3w were also classified as Inceptisols.

All of the wet sites appeared to be periodically

saturated with water and sites 4w and 5w are seasonally

saturated at a depth of 50 cm. The only mottles present

however, are the ones inherited as discussed earlier. If

these mottles are used in the classification these soils

would be considered ashy over ashy-skeletal, mixed

Andaqueptic Cryaquents. If these mottles are not con-

sidered associated with poor drainage then based upon
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the morphology of these soils they would be classified

as ashy over ashy-skeletal mixed, Andeptic Cryorthents.

Sites 2w and 3w if considered Inceptisols due to

evidence of iron translocation were classified as Cryaquepts.

At the subgroup level however, there is no single set

of requirements that meet the properties of these soils.

Because of the mottling these soils could be considered

ashy over ashy-skeletal, mixed Aeric Cryaquepts. Also

these soils have a pyroclastic layer greater than 18 cm

thick with bulk densities less than .95 g/cc so they

would be considered ash over ashy-skeletal Andic Crya-

quepts. It appears that a new subgroup should also be

established for soils with both aeric and andic properties.
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SUMMARY AND CONCLUSION

Soils forming in two internal drainage environments

on recent age multiple tephra deposits were studied in the

subalpine forests of the southwestern Cascade Mountains

in Washington.

Soil morphologies, physical, chemical and mineral-

ogical properties were studied and these soils classified

in order to expand the knowledge of soil forming factors

in a sparsely studied region.

These soils are forming under a cool moist environ-

ment typical of the higher elevation Abies amabilis climax

zone.

The vegetation is indicative of the internal moisture

relations of these soils. Abies amabilis, Pseudotsuga

menziesii, and Tsuga heterophylla are the most common

species present at each site. The well drained sites

are dominated by depauperate understories of Vaccinium

membranceum and Xerophyllum tenax while the poorly drained

sites typically have a much richer understory of Vaccinium

ovaliforlium, Menziesia ferruginea, Streptopus roseus,

and Tiarella unifoliata.

There appeared to be no consistent differences bet-

ween the chemical, physical, and mineralogical properties

of the wet and dry sites. Organic carbon contents however

tree
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appeared to be slightly higher throughout the profile

in the poorly drained soils than in the well drained.

This is probably due to the greater turnover of plant

biomass and its slower decomposition due to anaerobic

conditions.

Very little difference existed in the morphologies

of these soils. The poorly drained soils had a

higher concentration of roots and organic debris in the

surface horizons than did the well drained sites.

X-ray diffraction and electron microscopy revealed

that no difference between sites existed in the clay

mineralogy and rates of weathering respectively.

Classification of these soils is difficult because

of inherited characteristics and the inhibiting effect

of repeated ash falls on horizonation. Because of

their limited distribution and originally their limited

usefulness these soil types received little attention in Soil

Taxonomy (Soil Survey Staff, 1975). All soils were classified as

Entisols and some secondarily as inceptisols however

none of the nine soils fully met the requirements for a

specific soil at the subgroup level. It is obvious that

the soil classification system used in the United States

must be expanded or revised in order to deal with soils

with such unique characteristics.
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SITE ld GPNF

Site id is located 17 meters west of Forest Service

Road N844 in the SE* NE* sec. 28, T.8N., R.8E, of the

Gifford Pinchot National Forest. The site is approximately

29.6 aerial kilometers east to southeast of Mt. St.

Helens. It occurs on a slightly convex 5% slope at an

elevation of 1000meters. The site is well to excessively

drained and no evidence of human disturbance is present.

Vegetation at this location is dominanted by an over-

story of Tsuga heterophylla and an understory of Vaccinium

membranaceum and Xerophyllum tenax. Abies amabilis and

Preudotsuga menziesii occur as minor components with Tsuga

heterophylla. Other shrub and herb species present are

Vaccinium ovalifolium, Chimaphila umbellata, Cornus cana-

densis, Corallorhiza mertensiana and Pyrola asarifolia.

Tsuga heterophylla/Vaccinium membranaceum/Xerophyllum

tenax is the plant community at this location.

Horizon Depth (cm) Description

01 3.5-3.0 Freshly fallen litter

02 3.0-0 Very dark gray (10YR 3/1,moist)
to black (10YR2/1, moist) mor-
type humus.

Al 0 -9 Dark gray (10YR 4/1, dry) to
black (10YR 2/1, moist) fine
sandy loam; weak, fine, granu-
lar to single grained structure;
loose to friable, nonsticky,
nonplastic; abundant fine roots;



Horizon_ Depth (cm) Description

II C
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many fine interstitial pores;
extremely acid; abrupt smooth
boundary.

9-14 White (10YR 8/2, dry) and light
brownish gray (10YR 6/2, dry)
to brown (10YR 5/3, moist) sand;
single grained structure; loose,
nonsticky, nonplastic; plentiful
fine roots; many fine and medium
interstitial pores; medium acid;
abrupt smooth boundary, (Mt. St.
Helens W-tephra).

III Alb 14-29 Pale brown (10YR 6/3, dry) to
brown (10YR 4/3, moist) sandy
loam; weak, medium and fine
subangular blocky and single
grained structure; very friable,
slightly sticky, nonplastic;
plentiful medium roots; common
medium interstitial pores;
slightly acid; clear smooth
boundary.

III Clb 29-51 Very pale brown (10YR 7/3, dry)
and light yellowish brown (10YR
6/4, dry) to mottled grayish
brown (10YR 5/2, moist), brown
(10YR 4/3, moist) and yellowish
brown (10YR 5/4, moist) fine
sandy loam; weak to moderate,
medium subangular blocky in a
single grained matrix; very
friable and friable to loose,
nonsticky, nonplastic; plentiful
medium and few coarse roots;
common medium interstitial and
few, medium, tubular pores;
medium acid, abrupt smooth
boundary.

IV C2b 51-89 Light yellowish brown (10YR 6/4,
dry), very pale brown (10YR 7/4,
dry) and yellow (10YR 7/6, dry)
to light yellowish brown (10YR
6/4, moist) sand with brownish
yellow (10YR 6/6, moist) and



Horizon Depth (cm) Description

V C3b

VI Alb

VI B26
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yellowish brown (10YR 5/4, 10YR
5/6, moist)ironstained pumice
gravels; single grained struc-
ture; loose, nonsticky, nonplas-
tic; few large roots; many large
interstitial and common fine
vesicular pores; medium acid;
contains 70 to 80% gravel size
pumice; abrupt smooth boundary,
(Mt. St. Helens Ye-tephra).

89-91 Grayish yellow (10YR 5/2, moist),
sandy loam with dark gray (10YR
4/1, moist) and yellowish brown
(10YR 5/8, moist) mottles; mas-
sive structure; friable, non-
sticky, nonplastic; abrupt wavy
boundary.

91-110 Yellowish brown (10YR 5/4, dry)
to dark yellowish brown (10YR
4/4, moist) silty clay loam;
moderate fine to weak medium
subangular blocky structure;
friable, slightly sticky, slight-
ly plastic;,few large roots; 15%
pumice gravels and 10% andesitic
stones; slightly acid; clear
smooth boundary.

110-140 Yellowish brown (10YR 5/4, moist)
silty clay loam; moderate, med-
ium and fine subangular blocky
structure; friable, slightly
sticky, slightly plastic; 30%
andesitic stones.
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SITE 2d GPNF

Site 2d is located33 meters west of Forest Service

Road N819 in the SE1 SEi sec. 34, T.8N., R.8E. of the

Gifford Pinchot National Forest. The site is approximately

32 aerial kilometers east to southeast of Mt. St. Helens.

It occurs on a slightly covex, 2% slope at an elevation

of 1150meters. The site is well to excessively drained

and no evidence of human disturbance is present.

Vegetation at this location is dominated by an

overstory of Tsuga heterophylla and an understory of Vac-

cinium membranaceum and Xerophyllum tenax. Pseudotsuga

menziesii is also common in the canopy and Abies amabilis

is a minor component. Other shrub and herb species pre-

sent include Berberis nervosa, Gaultheria ovatifolia,

Chimaphila umbellata, Linnaea borealis, Cornus canadensis,

Corallorhiza mertensiana and Clintonia uniflora.

Tsuga heterophylla/Vaccinium membranaceum/Xerophyllum

tenax is the plant community at site 2d.

Horizon Depth (cm)

01 2.5-1.5

02 1.5-0

Al

Description

Freshly fallen litter.

Very dark gray (10YR 3/1, moist)
mor-type humus.

0-7.5 Dark gray (10YR 4/1, dry) to
black (10YR 2/1, moist) fine
sandy loam; single grained
structure; loose to friable, non-
sticky, nonplastic; abundant



Horizon Depth (cm) Description

II C 7.5-15
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fine and plentiful medium roots;
extremely acid; abrupt smooth
boundary.

Pale brown (10YR 6/3, dry) and
light yellowish brown (1OYR 6/4,
dry) to dark grayish brown (10YR
4/2, moist) sand; single grained
structure; loose, nonsticky, non-
plastic; few fine roots; many
medium interstitial pores; strong-
ly acid; abrupt smooth boundary,
(Mt. St. Helens W-tephra).

III Alb 15-33 Yellowish brown (1OYR 5/4, dry)
to dark yellowish brown (10YR
4/4, moist) sandy loam; weak,
fine, subangular blocky and single
grained structure; friable, non-
sticky, nonplastic; plentiful
medium and few large roots; few
fine and medium tubular pores;
medium acid; clear smooth boundary.

III Cib 33-53 Pale brown (10YR 6/3, dry) and
light yellowish brown (10YR 6/4,
dry) to mottled yellowish brown
(10YR 5/4, moist) and brownish
yellow (10YR 6/6, moist) sandy
loam; weak to moderate, fine sub-
angular blocky and single grained
structure; friable, nonsticky,
nonplastic; plentiful medium roots;
common medium tubular pores; med-
ium acid; abrupt smooth boundary.

IV C2b 53-74 Brownish yellow (10YR 6/6, dry)
and yellow (10YR 7/6, dry) to
light yellowish brown (10YR 6/4,
moist) and yellowish brown (10YR
5/4, mcist) sand with brownish
yellow (10YR 6/6, moist) and yel-
lowish brown (10YR 5/6, moist)
iron stained pumice gravels; single
grained structure; loose, nonsticky,
nonplastic; few fine roots; many
medium interstitial pores; medium
acid; 70% gravel size pumice;
abrupt smooth boundary.



Horizon Depth (cm) Description

V C3b

VI Alb
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74-77 Grayish yellow (10YR 5/2, moist)
sandy loam with dark gray (10YR
4/1, moist) and yellowish brown
(10YR 5/8, moist) mottles; mas-
sive structure; friable, non-
sticky, nonplastic; abrupt wavy
boundary.

77-114 Yellowish brown (10YR 5/6, dry)
to dark yellowish brown (10YR
4/4, moist) silty clay loam;
moderate medium and fine sub-
angular blocky structure; fri-
able, slightly sticky, slightly
plastic; common large roots; 10%
pumice gravels and 10% andesitic
stones.
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SITE 2w GPNF

Site 2w is located 50 meters east of Forest Service

Road N123 in NE* NW* sec. 2, T.7N., R.8E. of the Gifford

Pinchot National Forest. The site is approximately 32.8 aerial

kilometers east to southeast of Mt. St. Helens. It

occurs on a slightly convex, 3% slope at an elevation of

1280 meters. The site is somewhat poorly drained and no

evidence of human disturbance is present.

Vegetation at this location is dominated by Abies

amabilis in the overstory. Tsuga heterophylla, Tsuga

mertensiana, and Picea engelmannii are minor components

of the tree canopy. The understory is dominated by Vac-

cinium membranaceum and Erythronium montanum. Other

important shrub and herb species include Vaccinium oval-

ifolium,Sorbus sitchensis, Clintonia uniflora, Valeriana

sitchensis and Tiarella unifoliata.

Abies amabilis/Vaccinium membranaceum/Erythronium

montanum is the plant community of site 2w.

Horizon Depth (cm) Description

01 2-1.5 Freshly fallen litter

02 1.5-0 Very dark gray (10YR 3/1, moist)
mor-type humus.

Al 0-11.5 Dark gray (10YR 4/1, dry) to
block (10YR 2/1, moist) loamy
sand; weak fine granular to
single grained structure; loose
to friable, nonsticky, nonplastic;
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Horizon Depth (cm) Description

abundant fine roots; strongly
acid; clear smooth boundary.

II C 11.5-15

III Alb

III Clb

IV C2b

Brown (10YR 5/3, dry) to dark
gray (10YR 4/1, moist) loamy
sand; single grained structure;
loose, nonsticky, nonplastic;
few fine roots; many fine inter-
stitial pores; very strongly acid;
abrupt smooth boundary, (Mt. St.
Helens We-tephra).

15-24 Light yellowish brown (10YR 6/4,
dry) to yellowish brown (10YR
5/4, moist) sandy loam; weak
fine subangular blocky structure
in a single grained matrix; fri-
able, nonsticky, nonplastic; plent-
iful medium roots; common medium
interstitial pores; strongly acid;
clear smooth boundary.

24-46 Pale brown (10YR 6/3, dry) to
yellowish brown (10YR 5/4, moist)
sandy loam; weak fine subangular
blocky structure in a single
grained matrix; very friable to
friable, nonsticky, nonplastic;
plentiful medium roots; medium
acid; abrupt smooth boundary.

46-68 Light yellowish brown (10YR 6/4,

dry) and brownish yellow (10YR
6/6, dry) to light yellowish brown
(10YR 6/4, moist) sand with brown-
ish yellow (10YR 6/6, moist) and
yellowish brown (10YR 5/4, 10YR
5/6, moist) iron stained pumice
gravels; single grained structure;
firm, nonsticky, nonplastic; no
roots; many medium and large inter-
stitial pores; medium acid; abrupt
smooth boundary, (Mt. St. Helens
Ye-tephra).

V C3b 68-76 Grayish yellow (10YR 5/2, moist)
sandy loam with dark gray (10YR
4/1, moist) and yellowish brown
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Horizon Depth (cm) Description

(10YR 5/8, moist) mottles; mas-
sive structure; friable, non-
sticky, nonplas'tic, abrupt wavy
boundary.

VI Alb 76-104 Yellowish brown (10YR 5/4, dry)
to dark yellowish brown (10YR
3/4, moist) silty clay loam;
moderate medium and fine to weak
medium subangular blocky struc-
ture; friable, slightly sticky,
slightly plastic; few large roots;
5 to 10% pumice gravels; medium
acid.
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SITE 3d GPNF

Site 3d is located 17 meters north of Forest Service

Road 123 in the SEi SW sec. 36, T.8N.,. R.8E. of the Gif-

ford Pinchot National Forest. The site is approximately 34.4

aerial kilometers east to southeast of Mt. St. Helens.

It is within the Steamboat Mountain Research Natural

Area. Site 3d occurs on a slightly convex, 5% slope at

an elevation of 1330 meters. The site is well drained and

no evidence of human disturbance is present.

Vegetation at this location is dominated Abies amabilis

in the overstory with Pseudotsuga menziesii and Tsuga

heterophylla present as smaller components. The shrub

and herb layers are dominated by Vaccinium membranaceam

and Xerophyllum tenax respectively. The understory at

site 3d is extremely depauperate and contains only traces

of Cornus canadensis and Corallorhiza mertensiana.

Abies amabilis /Vaccinium membranaceum/Xerophyllum

tenax is the plant community at this location.

Horizon Depth (cm) Description

01 2-1.5 Freshly fallen litter.

02 1.5-0 Very dark gray (10YR 3/1, moist)
mor-type humus.

Al 0-4.5 Dark gray (10YR 4/1, dry) to
black (10YR 2/1, moist) sandy
loam; single grained structure;
friable, nonsticky, nonplastic;
abundant fine and plentiful med-
ium roots; very strongly acid;
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Horizon Depth (cm) Description

II C

abrupt irregular and abrupt
broken boundary.

4.5-9 Dark grayish brown (10YR 4/2,
moist) and pale brown (10YR
6/3, moist) sand; single grained
structure; loose, nonsticky,
nonplastic; few fine roots; many
fine and medium interstitial
pores; clear broken boundary,
(Mt. St. Helens We-tephra).

III Alb 9-19

III Cib 19-33

IV C2b 33-62

Brown (10YR 5/3, dry) and light
yellowish brown (10YR 6/4, dry)
to dark grayish brown (10YR 4/2,
moist) sandy loam; moderate, med-
ium and fine, subangular blocky
structure; friable, nonsticky
and nonplastic; plentiful fine
and medium roots; strongly acid;
clear wavy boundary.

Pale brown (10YR 6/3, dry) to
yellowish brown (10YR 5/4, moist)
sandy loam with light brownish
gray (10YR 6/2, moist) and yel-
lowish brown (10YR 5/6, moist)
mottles; moderate, medium and fine
subangular blocky structure; friab-
le nonsticky, nonplastic; plentiful
medium roots; common medium and
fine tubular and interstitial pores;
medium acid; abrupt smooth boundary.

Brownish yellow (10YR 6/6, dry)
and yellow (10YR 7/6, dry) to
yellowish brown (10YR 5/4, moist)
sand with brownish yellow (10YR
6/6, moist) and very pale brown
(10YR 7/3, moist) iron stained
pumice gravels; single grained
structure; loose, nonsticky, non-
plastic; few roots; many medium
and large interstitial and many
fine vesicular pores; medium acid;

70% gravel size pumice; abrupt
wavy boundary, (Mt. St. Helens
Ye-tephra).
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V C3b

VI Alb
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62-66 Brown (10YR 4/3, moist) fine
sandy loam with dark gray (10YR
4/1, moist) and yellowish brown
(10YR 5/8, moist) mottles; mas-
sive structure; friable, non-
sticky, nonpiastic; abrupt ir-
regular and abrupt wavy boundary.

66-91 Brown (7.5YR 5/4, dry) to dark
brown (10YR 4/4, moist) loam;
moderate medium and fine subangu-
lar blocky structure; friable,
slightly sticky, slightly plastic;
abundant large roots; many tubu-
lar pores; slightly acid; 10%
pumice gravels; gradual smooth
boundary.

VI B2b 91-127 Brown (7.5YR 5/4, dry) to dark
brown (10YR 4/4, moist) loam;
moderate medium and fine subangu-
lar blocky structure; firm, slightly
stickly, slightly plastic; few med-
ium roots; 30% andesitic stones.
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SITE 3w GPNF

Site 3w is located 100meters southwest of Forest

Service Road N819 in the SWI NW/ sec. 1, T.7N., R.8E. of

the Gifford Pinchot National Forest. The site is approimate-

ly 34.4 aerial kilometers east to southeast of Mt. St.

Helens. Site 3w occurs on aflat, 1% slope at an elevation of

1315 meters. The site is somewhat poorly to poorly drained

and no evidence of human disturbance is present.

Abies amabilis is the dominant tree species at this

site. Tsuga mertensiana occurs as a trace in this area

also. The shrub and herb layers include Menziesia fer-

fuginea, Vaccinium membranaceum, Vaccinium ovalifolium,

Erythronium montanum, Valeriana sitchensis, Streptopus

roseus, and Tiarella unifoliata.

Abies amabilis/Menziesia ferruginea- Vaccinium

ovalifolium/Valeriana sitchensis-Tiarella unifoliata is

the plant community at site 3w.

Horizon Depth (cm) Description

01 2.5-2.0 Freshly fallen litter.

02 2.0-0 Very dark gray (10YR 3/1, moist)
mor-type humus.

Al 0-9 Dark gray (10YR 4/1, dry) to
black (10YR 2/1, moist) sandy
loam; single grained structure;
friable, nonsticky, nonplastic;
abundant fine and plentiful med-
ium roots; very strongly acid;
abrupt smooth and broken boundary.



Horizon Depth (cm)

II C 9-15

III Alb 15-30

III Clb 35-50

IV C2b 50-85
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Description

Light brownish gray (10YR 6/2,
moist) sand; single grained
structure; loose, nonsticky,
nonplastic; few fine roots; many
medium and fine interstitial
pores; abrupt broken boundary
(Mt. St. Helens We-tephra).

Yellowish brown (10YR 5/4, dry)
to yellowish brown (10YR 5/5,
moist) fine sandy loam; weak,
medium and fine, subangular
blocky structure; friable, non-
sticky, nonplastic; few medium
and fine roots; strongly acid;
clear gradual boundary.

Very pale brown (10YR 7/3, dry)
to yellowish brown (10YR 5/5,
10YR 5/4, moist) sandy loam;
weak to moderate, medium and
fine subangular blocky structure;
friable, nonsticky, nonplastic;
few medium roots; medium acid;
abrupt smooth boundary.

Yellowish brown (10YR 5/6, dry)
and brownish yellow (10YR 6/6,
10YR 6/8, dry) to yellowish
brown (10YR 5/6, moist) sand
with brownish yellow (10YR 6/6,
moist) and yellowish red (5YR
5/6, moist) iron stained pumice
gravels; single grained struc-
ture; firm, nonsticky, nonplas-
tic; few roots; medium acid; 70%
pumice gravels; abrupt wavy
boundary, (Mt. St. Helens Ye-
tephra).

V C3b 85-87.5 Dark gray (10YR 4/1, moist) very
fine sandy loam; massive structure;
firm, nonsticky, slightly plastic;
abrupt wavy boundary.

VI Alb 87-113 Yellowish brown (10YR 5/4, dry)
to dark yellowish brown (10YR
3/4, moist) loam; massive to
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Horizon Depth (cm) Description

weak medium subangular blocky
structure; firm, slightly sticky,
slightly plastic; few roots;
few medium and fine tubular pores;
medium acid, 15% pumice gravels.
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SITE 4d GPNF

Site 4d is located 30 meters south of Forest Service

Road N88C in the NEi NWi sec. 20, T.7N.', R.9E. of the

Gifford Pinchot National Forest. The site is approximately

aerial kilometers east to southeast of Mt. St. Helens.

Site 4d occurs on a flat, 2% slope at an elevation of

1130meters. The site is well drained and no evidence of

human disturbance is present.

Abies amabilis and Tsuga heterophylla are the

dominant tree species at this site along with a minor

component of Tsuga mertensiana. Vaccinium membranaceum,

Chimaphila umbellata, Xerophyllum tenax, Clintonia

uniflora, Linnaea borealis, and Cornus canadensis are the

main shrub and herb species.

Abies amabilis-Tsuga heterophylla/Vacciuium mem-

branaceum/Xerophyllum tenax is the plant community at site

4d.

Horizon Depth (cm) Description

01 2.5-2.0 Freshly fallen litter.

02 2.0-0 Very dark gray (10YR 3/1, moist)
mor-type humus.

Al 0-2.5 Gray (10YR 5/1, dry) to black
(10YR 2/1, moist) fine sandy
loam; single grained structure;
friable, nonsticky, nonplastic;
abundant fine roots; very strong-
ly acid; abrupt wavy boundary.

39.2



Horizon Depth (cm) Description

II C
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2.5-5 Light yellowish brown (10YR
6/4, dry) to brown (10YR 4/3,
moist) sand; single grained
structure; loose, nonsticky,
nonplastic; plentiful medium
roots; many medium interstitial
pores, medium acid; abrupt wavy
boundary, (Mt. St. Helens We-
tephra).

III Alb 5-14

III Clb 14-28

IV C2b 28-43

Pale brown (10YR 6/3, dry) to
brown (10YR 4/3, moist) sandy
loam; weak fine subangular
blocky structure in a single
grained matrix; friable, non-
sticky, nonplastic; plentiful
medium roots; medium acid; clear
smooth boundary.

Pale brown (10YR 6/3, dry) and
light gray (10YR 7/2, dry) to
yellowish brown (10YR 5/4, moist)
sandy loam with light brownish
gray (10YR 6/2, moist) and yel-
lowish brown (10YR 5/6, moist)
mottles; moderate to weak, medi-
um subangular blocky structure;
friable, nonsticky, nonplastic;
few medium roots; medium acid;
abrupt smooth boundary.

Brownish yellow (10YR 6/6, dry)
and light yellowish brown (10YR
6/4, dry) to yellowish brown
(10YR 5/4, moist) sand with light
yellowish brown (10YR 6/4, moist),
brownish yellow (10YR 6/6, moist)
and yellowish brown (10YR 5/6,
moist) iron stained pumice grav-
els; single grained structure;
loose, nonsticky, nonplastic;
few medium roots; many medium
interstitial and common fine ves-
icular pores; medium acid; 70%
pumice gravels; abrupt smooth bound-
ary, (Mt. St. Helens Ye-tephra).



Horizon Depth (cm) Description

V Cb

VI Alb
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43-45 Grayish brown (10YR 5/2, moist)
sandy loam with dark gray (10YR
4/1, moist).and yellowish brown
(10YR 5/8, moist) mottles; mas-
sive structure; friable, non-
sticky, nonplastic; abrupt wavy
boundary.

45-102 Brownish yellow (10YR 6/6, dry)
to dark yellowish brown (10YR
4/4, moist) loam; moderate, med-
ium subangular blocky structure;
friable, slightly sticky, slight-
ly plastic; few large roots;
slightly acid; 10% pumice gravels
and 40% andesitic stones.
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SITE 4w GPNF

Site 4w is located30 meters north of Forest Service

Road N88C in SEi STNi sec. 17, T.7N., R.9E. of the Gifford

Pinchot National Forest. The site is approximately 39 kilo

meters east to southeast of Mt. St. Helens. Site 4w occurs

in a slightly concave position on a flat, 0% slope at an

elevation of 1130meters. The site is poorly to very poorly

drained and no evidence of human disturbance is present.

Present vegetation consists mostly of Abies amabilis,

Picea engelmannii, Thuja plicata, Vaccinium ovalifolium,

Menziesia ferruginea, Acer circinatum, Tiarella unifoliata,

Valeriana sitchensis, and Trautveteia Carolinensis.

Because this site is located along the fringe of a

marsh or swamp type area it was decided not to be feasible

to designate a plant community for this location.

Horizon Depth (cm) Description

01 3-2 Freshly fallen litter.

02 2-0 Black (10YR 2/1, moist) humus.

Al

II C

0-4 Dark gray (10YR 4/1, dry) to
black (10YR 2/1, moist) fine
sandy loam; single grained to
fine granular structure; very
friable, nonsticky, nonplastic;
abundant fine and medium and
plentiful large roots; very
strongly acid; clear wavy bound-
ary.

4-8 Light brownish gray (10YR 6/2,
dry) to grayish brown (10YR 5/2,
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Horizon Depth (cm) Description

moist) and pale brown (10YR
6/3, moist) sand; single grained
structure; loose, nonsticky, non-
plastic; few fine and medium roots;
many medium interstitial pores;
strongly acid; abrupt broken
boundary (Mt. St. Helens We-
tephra).

III Alb 8-14 Brown (10YR 5/3, dry) to dark
brown (10YR 3/3, moist) loam;
weak fine subangular blocky struc-
ture; friable, nonsticky, non-
plastic; plentiful medium roots;
few medium tubular pores; strong-
ly acid; clear irregular bound-
ary, Charcoal mixed in this
horizon.

III Clb 14-24 Light yellowish brown (10YR 6/4,
dry) to yellowish brown (10YR
5/5, moist) sandy loam with
light brownish gray (10YR 6/2,
moist) and yellowish brown (10YR
5/8, moist) mottles; weak, fine,
subangular blocky structure; fri-
able, nonsticky, nonplastic; few
medium and coarse roots; plent-
iful medium tubular pores; strong-
ly acid; abrupt irregular boundary.

IV C2b

V Alb

24-46 Brownish yellow (10YR 6/6, dry)
and light yellowish brown (10YR
6/4, dry) to yellowish brown
(10YR 5/4, moist) sand with
brownish yellow (10YR 6/6, moist)
and yellowish brown (10YR 5/8,
moist) iron stained pumice grav-
els; single grained structure; firm,
nonsticky, nonplastic; plentiful
large pores; strongly acid 70%
pumice gravels; abrupt wavy bound-
ary, (Mt. St. Helens Ye-tephra).

46-76 Brown (7.5YR 5/4, dry) to dark
brown (7.5YR 4/4, moist) silty
clay loam; moderate medium sub-

angular blocky structure; firm,
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Horizon Depth (cm) Description

nonsticky, nonplastic; few roots;
few fine pores; medium acid; 15%
pumice gravels.



88

SITE 5d GPNF

Site 5d is located 30 meters east of Forest Service

Road N84 in the SWi SIAli sec. 13, T.8N., R.9E. of the

Gifford Pinchot National Forest. The site is approximately 43

aerial kilometers east of Mt. St. Helens. Site 5d oc-

curs on slightly concave, 7% slope at an elevation of 1300

meters. The soil is well drained and no evidence of human

disturbance is present.

Present vegetation consists mostly of Pseudotsuga

menziesii, Abies amabilis, Abies procera, Tsuga hetero-

phylla, Pinus monticola, Vaccinium membranaceum, Vaccinium

parvifolium, Chimaphila umbellata, Clintonia uniflora,

Cornus canadensis, AchiVs triphylla, and Pyrola secunda.

Pseudotsuga menziesii /Vaccinium membranaceum/Clintonia

uniflora is the plant community at this location.

Horizon Depth (_cm) Description

01 1-0 Freshly fallen litter.

All 0-2 Gray (10YR 5/1, dry) to very
dark gray (10YR 3/1, moist)
loamy sand; single grained struc-
ture; loose, nonsticky, nonplas-
tic; many fine and plentiful med-
ium roots; very strongly acid,
abrupt smooth boundary.

2-13 Grayish brown (10YR 5/2, dry)
to dark grayish brown (10YR 4/2,
moist) loamy sand; weak moderate
subangular blocky structure; fri-
able, nonsticky, nonpiastic; plent-
iful medium and few coarse roots;

II Al2



Horizon Depth (_CM) Description

II Cl

III C2

IV C3

V Al
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feW medium tubular pores; strong-
ly acid; 20% pumice shots; clear
irregular boundary.

13-29 Pale brown (10YR 6/3, dry) to
yellowish brown (10YR 5/4, moist)
loamy sand with yellowish brown
(10YR 5/6, moist) mottles; weak
moderate subangular blocky struc-
ture; friable, nonsticky, non-
plastic; few medium and coarse
roots; common medium tubular pores;
medium acid; 10% pumice shots;
gradual wavy boundary.

29-40 Light yellowish brown (10YR 6/4,
dry) and brownish yellow (10YR
6/6, dry) to yellowish brown
(10YR 5/4, 10YR 5/6, moist) sand;
single grained structure; loose,
nonsticky, nonplastic; plentiful
coarse roots; few medium and large
tubular pores; medium acid; 20%
iron stained pumice shot; abrupt
wavy boundary, (Mt. St. Helens
Ye-tephra).

40-43 Grayish brown (10YR 5/2, moist)
sandy loam; massive structure;
friable, nonsticky, nonplastic
abrupt wavy boundary.

43-89 Yellowish brown (10YR 5/4, dry)
to brown (10YR 4/3, moist) loam;
moderate, medium subangular
blocky structure; friable, slight-
ly sticky, slightly plastic; plent-
iful medium and large roots; many
medium and fine pores; slightly
acid; 40% andesitic stones.
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SITE 5w GPNF

Site 5w is located100 meters west of Forest Service

Road N84 in the NW* NW* sec. 24, T.8N., R.9E. of the

Gifford Pinchot National Forest. The site is approximately

43 aerial kilometers east of Mt. St. Helens. Site 5w

occurs on a slightly concave, 1% slope at an elevation

of 1265meters. The soil is poorly to very poorly drained

and no evidence of human disturbance is present.

Present vegetation consists of Abies amabilis, Picea

engelmannii, Tsuga heterophylla, Vaccinium ovalifolium,

Tiarella unifoliata, Valeriana sitchensis, Smilicina

stellata, Arnica latifolia, and Streptopus Roseus.

As with site 4w, the position of site 5w is such that

a definite plant community could not be determined.

Horizon Depth (cm)

01 3-2

02 2-0

Al

II Cl

Description

Freshly fallen litter.

Black (10YR 2/1, moist) mor-
type humus.

0-3 Gray (I0YR 5/1, dry) to very
dark gray (10YR 3/1, moist)
sandy loam; single grain to
very fine granular structure;
very friable, nonsticky, non-
plastic; many fine and very fine
and plentiful medium and coarse
roots; strongly acid; clear wavy
boundary.

3-25 Dark grayish brown (10YR 4/2,
moist) sandy loam; massive struc-
ture; friable, nonsticky, non-



Horizon Depth (cm) Description

III C2

IV Alb

IV Clb

V C2b

VI Al
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plastic; few fine and medium
roots; abrupt irregular boundary.

25-30 Light yellowish brown (10YR 6/4,
dry) to yellowish brown (10YR
5/4, moist) sand; single grained
structure; loose, nonsticky, non-
plastic; few roots; strongly acid;
abrupt irregular boundary, (Mt.
St. Helens, We-tephra).

30-53 Grayish brown (10YR 5/2, dry) to
very dark grayish brown (10YR
3/2, moist) loam; weak fine sub-
angular blocky structure; friable,
slightly sticky, slightly plastic;
few fine and medium roots; medium
acid; gradual irregular boundary.

53-61 Pale brown (10YR 6/3, dry) to
brown (10YR 5/3, moist) loam;
weak moderate subangular blocky
structure in a massive structure-
less matrix; friable, slightly
sticky, slightly plastic; few
roots; medium acid; gradual broken
boundary.

61-86 Light yellowish brown (10YR 6/4,
dry) and very pale brown (10YR
7/4, dry) to yellowish brown (10
YR 5/6, moist) sand; single grained
structure; friable to firm, non-
sticky, nonplastic; few roots;
common medium tubular pores;
medium acid; 60% pumice gravels;
gradual wavy boundary. (Ye tephra)

86-122 Yellowish brown (10YR 5/4, dry)
to dark brown (10YR 3/3, moist)
silty clay loam; moderate and
weak, medium subangular blocky
structure; friable, slightly
sticky, slightly plastic; few
roots; slightly acid; 15% mixed
pumice and andesitic gravels.



91a

APPENDIX II



Appendix II Figure 1. Site 3w Horizon Al
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Appendix II Figure 2. Site 2w Horizon II C
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Appendix II Figure 3. Site 5d Horizon II Al2b
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Appendix II Figure 4. Site 5w Horizon IV Clb
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Appendix II Figure 5. Site 3d Horizon IV C2b
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Appendix II Figure 6. Site 4w Horizon VI Alb
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APPENDIX III
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Figure la. Amorphous gel of the Al, site 4w.

1 )4M

Figure lb. Fine imogolite strands of III Alb,
site 4d.
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Figure 2a. Amorphous gel of the IV C2b site
3w.

Figure 2b. Imogolite-like gel with possible
Allophane of the VI Alb site 3w.


