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Soils representative of several landscape units in the H. J.

Andrews Experimental Forest, Western Cascade Range, were sam-

pled, analyzed, and tentatively classified. Genetic inferences were

drawn relating soils to landscape position and other factors of soil

formation. Descriptive information and nutrient capital data were

provided to support ecosystem modelling efforts by the Coniferous

Forest Biome study group of the U. S./International Biological Pro-

gram (IBP).

To meet the "nutrient capital" requirements of IBP, and to

gain insight particularly into the effects of coarse fragments on soil

genesis, a volumetric approach was used. Soil organic matter,

total N, extractable P, exchangeable cations, free Fe oxides, and

cation exchange capacity were expressed in terms of weight or equiva-

lents per unit volume of "whole soil," defined as organic and



mineral fine earth components plus pore space plus coarse frag-

ments. The various entities, in grams or equivalents per liter of

whole soil, were observed as to their variation with depth. Addi-

tional calculations showed levels of the various entities per surface

meter 3 of whole soil.

Soil temperature data from several sites within the Andrews

Forest showed the mesic-frigid soil temperature regime boundary

to fall at about the 600 m (2, 000 ft) elevation on south slopes and at

about the 450 m (1, 500 ft) elevation on north slopes. The frigid-

cryic boundary apparently was above the 1, 500 m (4,900 ft) elevation

in the Andrews Forest.

A sequence of three fluvial and two colluvial soils ranging in

elevation from 440 to 460 m was studied in conjunction with concur-

rent IBP investigations into the geomorphic history of the area The

soil on a floodplain adjacent to Lookout Creek, in the sandy-skeletal,

mixed, mesic family of Fluventic Hapludolls, was between 500 and

7, 000 yrs in age. The adjacent stream terrace soil, in the loamy-

skeletal, mixed, mesic family of Fluventic Dystrochrepts, was

> 7, 000 yrs old as evidenced Mazama pumice erposi tE-; on or near

the surface of the terrace. Volumetric analysis suggested that the

floodplain soil had a mollic epipedon largely by virtue of its high

content of coarse fragments. The coarse fragments caused a concen-

tration of soil organic matter and recycled cations into a smaller



volume of fine earth as compared with the terrace soil, which was

lower in coarse fragments. An alluvial-colluvial fan emanated from

an adjacent slope and lapped onto the terrace. The soil in this fan

was a member of the Fluventic Eutrochrepts, loamy-skeletal, mixed,

mesic. It was high in base status and moderately high in clay content,

apparently because the southeast-facing source area for parent mater-

ial here had experienced only shallow weathering and minimal leach-

ing.

Across Lookout Creek from these landscape units was a rem-

nant of a high colluvial terrace emanating from a northwest-facing

watershed. At the crest of this fan remnant the soil was a member

of the loamy-skeletal, mixed, mesic family of Fluventic Dystro-

chrepts with a distinct layer of Mazama pumice at the 75 to 85 cm

depth. This terrace is cut by the watershed stream, which has

deposited a comparatively well sorted fan. Soils are in the coarse-

loamy, mixed, mesic family of Fluventic Dystrochrepts,

Eight landscape units in longitudinal and transverse cross-

sections of upper McRae Creek valley, ranging in elevation from

800 to 1, 200 m, were chosen to study upland soil genesis. Proceed-

ing up the valley, stage of profile development appeared to decrease,

indicating a series of depositional events. Soils varied from Eutric

Glossoboralfs, fine, mixed on the lowermost surface to Fluventic

Dystrochrepts, fine-loamy, mixed, frigid on the next higher surface,



to Fluventic Dystrochrepts, loamy-skeletal, mixed, frigid on the

next higher surface, to Typic Haplumbrepts, loamy-skeletal, mixed,

frigid on the backslope at the valley headwall. The two lowermost

soils contrasted markedly with the two uppermost soils, being lower

in content of organic matter and N, and higher in base status and clay

content. The upper two soils, typical of upper valley bottom and

sideslope soils in the region, were extremely low in exchangeable

bases and base saturation as measured at pH 7. Compared with the

two lower soils, however, these upper soils had relatively high soil:

water pH values and relatively small drops in pH from soil:water

to soil :KCI measurement. This may be an indication that the upper

soils were higher in amorphous content. Greater pH-dependent-CEC

would have caused the upper soils to exhibit unrealistically high

CEO s--and thus low base saturations--when measured at pH 7.

A topoclimosequence of soils on north, east (saddle), and

south-facing landscape units with a single parent rock lithology was

studied in the transverse valley transect. All three soils were

placed tentatively in the Andic Dystrochrepts. The north-facing

soil was in a medial - skeletal, frigid family, was the deepest to bed-

rock ( > 1 1/2 m), aria had the freshest coarse fragments of the three

soils. The saddle and south-facing soils were in medial-skeletal,

frigid and medial, frigid families, respectively. They were shallow

( <1 m) to saprolite bedrock, with well weathered coarse fragments



in the regolith, demonstrating shallower, but apparently more intense

weathering on the more exposed sites. These more exposed soils

were darker in color than the north-facing soil. Soil organic matter

levels were not strikingly different among the three soils. Soil N

levels were significantly higher in the south-facing soil than in the

east and north-facing soils. Levels of exchangeable bases, while

low, were not as low in these three soils as in the upper valley bottom

and backslope soils. Saprolite horizons had higher base saturations

than overlying horizons.
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GENESIS OF SOME SOILS IN THE CENTRAL
WESTERN CASCADES OF OREGON

INTRODUCTION

Objectives

This study is part of the Ecosystem Analysis Studies of the

Coniferous Forest Biome, a segment of the U. S. /International Bio-

logical Program (IBP). A long -range goal of IBP is to develop a

computer model of the northwestern coniferous forest ecosystem,

so that behavior of the system under natural and man-caused stresses

can be predicted and assessed.

Work for IBP in soil genesis and classification by the Depart-

ment of Soil Science, Oregon State University has been primarily in

support of the erosion and the nutrient cycling submodels of the

overall ecosystem model. Accordingly, the following research

goals have been developed:

(1) observe and interpret genetic relationships in some soil-

landscape sequences in the H. J. Andrews Experimental

Forest, which is the Oregon IBP study site.

(2) provide a range of descriptive information and state variable

data on the soils of the H. J. Andrews Forest.

(3) pending correlation, classify the soils of some landscape posi-

tions which are typical for the central Western Cascades.
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The Study Area

Location

The H. J. Andrews Experimental Forest (Berntsen and

Rothacher, 1959) is located in the Willamette National Forest, near

Blue River, Oregon, about 75 km east-northeast of Eugene. It con-
.

sists of the entire 15, 000 ac (6, 100 ha) drainage of Lookout Creek

(Figure 1) in the Western Cascade Range, and ranges in elevation

from 410 m at the mouth of Lookout Creek near the southwest corner

of the forest to 1, 630 m on Carpenter Mountain at the northeast corner

of the forest.

Geology

The Western Cascade Range forms most of the western slope

of the Oregon Cascades (Peck et al., 1964). It is maturely dissected,

in contrast to the High Cascade Range, which forms the crest and

eastern slope of the Cascades and is characterized by gentle construc-

tional volcanic slopes. The H. J. Andrews Forest occupies terrain

underlain chiefly by volcanic rocks ranging from early or middle

Oligocene to Pliocene and Quaternary. The Little Butte Volcanic

Series, underlying the lower, westernmost portions of the forest,

consists of early or middle Oligocene and early Miocene dacitic

and andesitic tuff and less abundant flows and breccia of olivine



Figure 1. Map of H. J. Andrews Forest showing locations of Landscape Sequences and sampling sites.
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basalt, basaltic andesite, and pyroxene andesite, dacitic and rhyo-

dactic flows and domes, and rhyodacitic tuff. The most abundant

rock type in this folded, faulted, and altered series is massive

pumice lapilli vitric tuff. Pyroclastic rocks make up about three-

quarters of the Little Butte Volcanic Series.

Capping the Little Butte Volcanic Series in the central, mid-

elevation portions of the Andrews Forest is the middle and late

Miocene Sardine Formation. The Sardine Formation consists chiefly

of flows, with less significant tuff breccia, lapilli-tuff, and tuff.

Litho logy includes hypersthene andesite with less abundant basaltic

andesite, augite andesite, aphyric silicic andesite, and sparse dacite

and olivine basalt.

Capping the Sardine Formation on the eastern ridges of the

forest are Pliocene and Quaternary volcanic rocks of the High Cas-

cade Range. These consist of faultedbut not folded--flows and less

abundant pyrociastic rocks of basaltic andesite and olivine basalt,

less abundant pyroxene andesite, and sparse dacite.

Baldwin (1964) suggested that the High Cascades, where most

of the volcanic rocks of the High Cascades occur, are on the down-

dropped side of a north-trending fault. Thayer (1936) recognized that

the Cascade fault, which presumably is similar to that suggested by

Baldwin, probably determined the eastern limit of the Western

Cascades, having formed a 2, 000-ft (610-m) scarp prior to burial
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by the High Cascade lavas.

In the Western Cascades a dendritic drainage pattern is typical

(Peck et al., 1964). Narrow stream valleys at elevations of 500 to

2, 000 ft (150 to 610 m) are separated by long acute ridges with crests

at elevations of 3, 000 to 5, 000 ft (910 to 1, 520 m). Slopes of 10 to

20° (18 to 36 percent) are common. The upper parts of most major

stream valleys were glaciated, and cirques are common on peaks

above 3, 000 ft (910 m) in the northern part of the Oregon Western

Cascades, and above 5, 000 ft (1, 520 m) in the southern part.

Swanson and James (1974) described the glacial and alluvial

history of the lower Lookout Creek and Blue River area in and near

the Andrews Forest. Prior to 35, 500 radiocarbon yrs b. p. ice

from a glacier occupying the main McKenzie Valley moved through

the present Blue River reservoir saddle dam area and up the Blue

River drainage to points as high as the mouth of Lookout Creek, in

at least three advances. Swanson and James did not rule out the

sometime existence of one or more glaciers with origins in the

upper reaches of the Lookout Creek drainage. They found no evi-

dence, however, that any such glacier or glaciers extended to the

lower portions of the Andrews Forest during the Late Quaternary.

Climate

The climate of the H. J. Andrews Forest and vicinity is
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typically maritime, with mild, wet winters and dry, cool summers.

Near the mouth of Lookout Creek, mean annual temperature over a

period of about ten yrs was 49. 1° F (9.5°C), with a January mean

of 35° (1. 7°C) and a July mean of 69. 2° (20.6°C) (Rothacher,

Dyrness, and Fredriksen, 1967). Temperature extremes ranged

from about 0 °F (-18°C) to over 100° (38° C).

Annual precipitation varies from about 89 in (2, 300 mm) per

yr near the lower reaches of Lookout Creek to as much as 140 in

(3, 600 mm) per yr along the highest ridges (Berntsen and Rothacher,

1959). Rain is the dominant form of precipitation at lower elevations,

but considerable snowpack develops on the higher slopes.

Vegetation

Forest communities of the central Western Cascades of Oregon

were described in detail by Dyrness, Franklin, and Moir (1974).

Their system of stand ordination placed forest communities along

environmental gradients, within two major vegetation zones.

The Tsuga heterophylla zone is in areas of relatively high tem-

perature and low elevation. Dominant trees in this zone are Pseudo-

tsuga menziesii, Tsuga heterophylla, and Thuja. plicata. Major

understory vegetation includes Acer circinatum, Gaultheria shallon

Rhododendron macrophyllum, Polystichum munitum, Oxalis oregana,

and Berberis nervosa. Less abundant understory species include
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Holodiscus discolor and Castanopsis chrysophylla. Forest communi-

ties in this zone range from the hot, dry Pseudotsuga menziesii/

Holodiscus discolor Association to the moist, somewhat cooler Tsuga

heterophylla/Polystichum muniturn-Oxalis oregana Association.

The Abies amabilis zone occupies cold, high elevation sites.

Dominant trees are Abies amabilis, Abies procera, Pseudotsuga

menziesii, and Tsuga mertensiana. Understory vegetation includes

Vaccinium alaskaense, Cornus canadensis, Xerophyllum tenax,

Vaccinium membranaceum, Rhododendron macrophyllum, Achlys

triphylla, Clintonia uniflora and Tiarella unifoliata. Forest com-

munities in this zone range from the cold, dry Abies amabilis-Tsuga

mertensiana /Xerophyllum tenax Association to the more moist, some-

what warmer Abies amabilis/Vaccinium alaskaense/Cornus canadensis

Association to the cold, still more moist Abies amabilis/Tiarella

unifoliata Association.

A transitional zone occupies intermediate elevations of moderate

temperature and moisture conditions. Major tree species are Tsuga

heterophylla, Abies amabilis, and Pseudotsuga menziesii. Understory

vegetation includes Rhododendron macrophyllum, Linnaea borealis,

Berberis nervosa, and Whipplea modesta.
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Soils

Soils studies in the H. J. Andrews Forest have been related

primarily to hydrologic and stability considerations. Rothacher et al.

(1967) described morphologic and hydrologic characteristics of three

small experimental watersheds at the lower end of the forest. Their

soils include Regosols, Reddish-Brown and Yellowish-Brown Later-

itics, and a Lithosol (Soil Classification Committee, 1949). While

morphologically shallow soils predominate on these watersheds, they

are often located on deep deposits of unconsolidated soil and rock

material, and can be considered deep from the hydrologic standpoint.

Soil textures range from medium to fine, and infiltration rates are

generally high, seldom allowing overland flow of water. Dyrness

(1969) investigated the hydrology of these same watersheds and con-

cluded that the stone content of the soil, which ranges from 5 to 76

percent by volume over the three watersheds, is the single most

significant factor causing variation in soil moisture storage capacity.

Dyrness (1967) described and categorized mass soil movements

which occurred in the Andrews Forest in the winter of 1964-65, mostly

during a single storm event in December 1964. A disproportionately

large number of failures occurred in areas with pyroclastic tuff/

breccia substrata. Moreover, areas of "greenish" tuff/breccia had

disproportionately large numbers of failures relative to areas of
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"reddish" tuff/breccia. This relationship held to a somewhat lesser

extent when considering soil series apart from substrata, apparently

because of a poor relationship between soil and substrata due to trans-

port of soil parent materials. The bulk of soil failures occurred at

low elevations in the forest, due possibly to the fact that pyroclastic

rocks tend to predominate more at lower elevations. Steepness of

slope and frequency of slides were positively correlated, only about

a sixth of the events occurring on slopes less than 45 percent in gradi-

ent. Mass movements were almost nonexistent on slopes with a south

or southwest aspect, which have shallower soils and less deeply

weathered rocks than other aspects.

Paeth (19 70) and Paeth et al. (19 71) studied soils developed

from pyroclastic rocks in the H. J. Andrews Forest to determine

genetic and stability relationships. The failure-prone soils developed

from "greenish" tuff/breccia are members of the fine, montmorillon-

itic, mesic families of Ultic Hapludalfs and Typic Haplurnbrepts

(Soil Survey Staff, 1970). The relatively stable soil, developed from

"reddish" tuff/breccia, is a member of the clayey, mixed, mesic

family of Humic Hapludults.

Paeth found the soils developed from greenish rocks to be higher

in smectite clays than the soil derived from reddish rocks, and he

concluded that this is a major cause of the lower stability of the

former. Amorphous content of soil clays ranges from 42 to 60
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percent, but no relationship between this and stability is apparent.

The reddish, more stable soil is relatively high in free iron oxide,

suggesting that iron, acting as a cementing agent, may be a factor

in the resistance of these soils to shear failure. No consistent rela-

tionship between landscape stability and base saturation, exchangeable

cations, or ratios of cations was observed.

The silt and sand fractions of these soils contained pseudo-

morphs of clays after plagioclase, ferromagnesian minerals, and

glass. The clay in these pseudomorphs apparently contributes to

cation exchange and moisture retention even though the pseudomorphs

function mechanically as primary soil particles. The fact that the

soil developed from reddish rocks contained greater proportions

of these relatively nondispersable pseudomorphs was seen by Paeth

to contribute to the resistance of this soil to shear failure.

Soil and rock colors provide a field guide for prediction of clay

mineralogy and relative landscape stability in areas of these pyro-

clastic rocks (Paeth et al., 19 71). The more unstable soils, devel-

oped from greenish tuff/breccia and containing much smectite and no

kaolin, have 2. 5Y and 10YR color hues. Relatively stable soils,

developed from reddish tuff/breccia and possessing kaolin, chlorite,

and chloritic intergrades, and little smectite, have mostly 7. 5YR

hues.

Soils developed from pyroclastic rocks occupy significant
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portions of the landscape in the H. J. Andrews Forest, particularly

in the lower elevations which are underlain by Little Butte Volcanic

rocks. However, there is no published work which treats the genesis

and distribution patterns of soils in this region which have developed

from the parent materials and rock lithologies occurring at higher

elevations.

Early in this project, under the guidance of Drs. E. G. Knox

and R. B. Parsons, the author investigated the soils underlying each

of IBP' s nineteen 30 by 30 m forest community reference stand plots

in the H. J. Andrews Forest, near Cone Creek behind the McKenzie

River High School, and at Wildcat Mountain Research Natural Area,

eight km north of the Andrews Forest. 1 Field reconnaissance,

soil sampling, and laboratory analyses were used to characterize

soils and soil distribution patterns. Soils of the reference stands

typically key out as Typic Dystrochrepts (Soil Survey Staff, 1970),

with occasional occurrences of Lithic Dystrochrepts and, at higher

elevations, Andic Dystrochrepts, Dystrandepts, Haplumbrepts, and

Cryandepts. Beneath stable surfaces at moderately low and low

elevations, Hapludalfs and Glossoboralfs are found.

1 Brown, R. B. and R. B. Parsons. 1973. Soils of the refer-
ence stands--Oregon IBP. Unpublished. U. S. /International Biolog-
ical Program. Coniferous Forest Biome Internal Report No. 128.
76 p.
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Textural classes are typically loamy-skeletal or medial-

skeletal, the principal exceptions being fine-silty and fine-loamy

soils on low-elevation stable surfaces, developed from pyroclastic

rocks. Soil temperature regimes ranged from mesic to frigid to

cryic. Estimates as to the locations of mesic-frigid and frigid-cryic

boundary lines within the H. J. Andrews Forest are described in the

Soil Classification section of the MATERIALS AND METHODS chapter

of this thesis.

Slope gradients in the forest generally fall between 20 and 60

percent, but exceed 60, and in some cases 80 percent on backs lopes.

Slopes may be less than 20 percent on some ridgetops, toeslopes, or

alluvial surfaces. Minor expanses of alluvial terraces and flood

plains occur adjacent to Lookout Creek, especially at lower eleva-

tions. Soil parent materials are principally colluvium and alluvium-

colluviurn. (Balster and Parsons, 1968b; Parsons and Balster, 1966),

with minor occurrences of alluvium. The region has received at

least one airfall input of volcanic ash.

Hawk (1973) reported soil and vegetation characteristics on

flood plains, terraces, and glacial outwash plains adjacent to the

mid-reaches of the McKenzie River near the H. J. Andrews Forest.

Low and high floodplains, defined as being low enough to be sub-

merged by flooding each year for at least two weeks, have weakly

developed soils which are classified as Fluvents (Soil Survey Staff,
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1967).

On the low flood plain, horizons usually are distinguished based

solely on textural changes down through the profile (Hawk, 1973). The

fine earth fraction has more than 90 percent sand, the clay content

generally exceeding the silt content, due apparently to adherance of

clay to sand particles, which retards clay movement by water within

the profile. On the high floodplain, the more recent deposits show a

higher clay content as compared with older materials beneath, due

apparently to the tendency for flood water to flow more slowly as

the surface becomes relatively higher through deposition and/or

stream downcutting. Also, the increase in established vegetation

with time helps to slow water movement. Textures are somewhat

less sandy than those on lower floodplains. These soils are classi-

fied as Fluvents.

Soils on low, medium, and high terraces, which receive less

than two weeks' submergence by flooding per year, are Typic Haplum-

brepts and Andic Haplumbrepts, skeletal or fragmental, in some

cases possessing an upper layer free of coarse fragments (Hawk,

1973). The high terrace soils receive additional moisture from

adjacent slopes, and often have mottled lower B and C horizons.

Glacial outwash plains occur at least 20 feet above the summer level

of the McKenzie River. Soils in these areas are Typic Haplumbrepts

or, where colluvium is mixed with outwash, Typic Dystrochrepts.
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Soil reaction tends to become higher away from the river,

ranging from strongly to extremely acid in soils of low flood plains

to medium to slightly acid on terraces (Hawk, 1973). Forest floor

types fall into four types identified in Oregon and Washington by

Williams and Dyrness (1967): felty mor, fine mull, thin duff mull,

and thick duff mull (Hoover and Lunt, 1952).

Approach

The author set out in early 19 73 to relate soil distribution

patterns to landform sequences in the H. J. Andrews Forest. The

object was to examine soil morphology, soil chemical and physical

properties, and soil genesis as they relate to landscape position.

Soil-landscape sequences were chosen which held potential for

"classical" soil genesis investigations, and were representative of

typical landscape positions in the central Western Cascades, spe-

cifically:

(1) a series of partially dated fluvial and colluvial surfaces adja-

cent to the lower end of Lookout Creek.

(2) a roughly longitudinal transect of the upper reaches of McRae

Creek, a tributary of Lookout Creek.

(3) a roughly transverse transect of the upper McRae Creek

drainage and the ridge between McRae and upper Lookout

Creeks, extending into upper Lookout Creek valley.
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Generally, sequences with soils obviously developed from the

pyroclastic rocks, in low-elevation colluvial positions were avoided,

because these have already been investigated in detail by Paeth. Soil-

landscape sequences were selected with the assistance of Dr. F. J.

Swanson and Mr. M. E. James, Geology Department, University of

Oregon, who are conducting concurrent IBP investigations in bedrock

geology, geomorphology, and rock weathering in the H. J. Andrews

Forest.
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LITERATURE REVIEW

Introduction

Soil genesis can be thought of as occurring in two steps, the

first being accumulation of parent material and the second being the

differentiation of horizons (Simonson, 1959). Processes of differen-

tiation would include additions, removals, transfers and/or transfor-

mations of mineral or organic soil constituents. These processes

are considered as functions of the classical "five factors of soil

formation": climate, organisms, relief of the landscape, the nature

of the parent material, and time. Hole (1961) suggested a sixth factor

of soil formation--space--which helps to determine biologic and

hydrologic characteristics of a soil. He further recognized the pos-

sibility that horizon differentiation may be inhibited or disturbed by

"propedisotropic" factors, such as colluvial activity as a function of

gravity, the occurrence of tree blowdown, or the retardation of water

movement by restricting layers in the soil.

Historically, investigations in soil genesis have attempted to

isolate particular factors of soil formation for detailed study (Jenny,

1941, 1958). Investigators have tried to find groups of soils within

each of which all soil forming factors but one were constant. Within

each group, any differences from soil to soil could be studied as a

function of the single soil forming factor which does vary from site
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to site. An example of such a group is the chronosequence--a group

of soils differing in formation only with respect to the time factor.

Other such sequences are the toposequence, the climosequence, the

biosequence, and the lithosequence, within which soil formation can

be studied with respect to relief, climate, organisms, and parent

materials, respectively.

It is recognized, however, that in nature relatively few such

monosequences actually exist. In many cases, soil genesis must be

studied with regard to variation in two or more factors of soil forma-

tion at once. Crocker (1952) suggested moreover that most soils are

the result of more than one combination of soil forming factors. That

is, soils are not only the result of the current climate, relief, parent

materials, and organisms, but also of different combinations which

may have existed in the past.

Irrespective of complexity, the objective is to answer the ques-

tion "What happened?" in soil formation (Blume and Schlichting,

1965). An answer to this provides a working hypothesis for further

experiments into the question "How did it happen?" The overall goal

is to better understand (1) the soil as a natural body, (2) variations

in soil across the land, and (3) the possible future behavior of the

soil, particularly under the influence of man's activities.
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Soil-Landscape Relationships

According to Leopold, Wolman, and Miller (1964), the form

and development of hillslopes are functions of structure, process,

and time. The form of a slope is determined by the relationship

between the rate of weathering of the underlying rock and the rate

of removal from the hilislope of debris thus formed. Distribution

of particle sizes and their behavior are determined by, among other

things, the mineralogy, texture, and structure of the rocks. Differ-

ent behavior, including erodibility, of different rock types is most

often indicated by degree of relief or dissection Any attempt at

understanding a landscape must include an effort to divide that land-

scape into recognizable segments which can be traced across the

land surface. Ruhe (1956, 1960) gave the simplest and possibly most

generally applicable segmentation of the fully developed landscape:

the upland, the pediment backslope, the pediment footslope, and the

alluvial toeslope.

Balster and Parsons (1968a) defined a geomorphic surface

as ". , . a landform or group of landforms that represents an epi-

sode of landscape development." In particular the word "episode"

should be noted. It suggests that notions of time, and of events over

time, are vital to the understanding of geomorphology.

There are numerous methods of absolute dating of land surfaces,
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based largely on the radioactive decay of naturally occurring elements

(Libby, 1955; Renfrew, 1971), but Ruhe (1969) gave several relative

methods, often more feasible and nearly as useful. Younger beds of

sediments, for example, are on top of older beds, but with incision

by streams and development of hillslopes come complications of the

ideal model. If a stream incises a valley and deposits sediment, this

younger material may be considerably below an older bed that is just

beneath the land surface at the top of the adjacent hill. The hillslope

surface is younger than the summit of the hill, and must be the same

age as the alluvium to which it descends.

The relationships between slopes and soils have direct practical

application, and an understanding of them contributes to the under-

s tanding of soil formation. Soil creep, surface wash, solifluction,

and rapid mass movements are part of the process of soil formation.

Conversely, pedological characteristics, such as the type of clay

minerals and degree of aggregation, influence the processes of

surface transport (Young, 19 72).

Many studies have pursued the development and distribution of

soils on hillslopes. Hack and Goodlett (1960) looked at geomorphology,

forest ecology, and soils of forested mountain land in the headwaters

of the Shenandoah River, Virginia. The study area was underlain by

sedimentary rocks with a resistant sandstone capping the high ridges,

and had an average relief of about 1500 ft (460 m). The debris mantle
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consisted of material loosened from bedrock by weathering, moved

downward by creep, and sorted by action of flood runoff. As slope

length and drainage area increased, coarseness of debris increased.

Loamy material with mean size less than 25 mm was generally

restricted to ridge "noses" (crests) and sideslopes, while coarser

material appeared in hollows and drainageways. Water draining from

the larger drainage area of a hollow was presumed to account for the

removal of the fine fraction there. On noses, the shale was found

to be oxidized and its color altered from greenish to pinkish to a

maximum depth of 12 ft (3. 7 m). On sideslopes, no oxidation, as

evidenced by change in color, was seen. Differences in mineralogy

between noses and sideslopes were taken as evidences of different

moisture conditions, as well as differences in rates of movement of

material by creep and wash. The rarity of tree blowdown mounds on

all surfaces except footslopes was taken as an indicator of instability

of the ground surface. The motion of soil material and truncation

of bedrock by erosion were apparently fast enough on slopes to remove

blowdown mounds and prevent formation of well-developed soil pro-

files.

Balster and Parsons (1966) conducted detailed geomorphic and

soil mapping of 3, 500 ac (1, 400 ha) underlain by basalt and pyroclas-

tics in the Oregon Coast Range. Heights of land and ridgetops

possessed thin mantling materials over bedrock. Remnants of high
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pediments with slopes between 2 and 20 percent had soils character-

ized by dark red, strongly structured clay B horizons. Abrupt slopes,

with gradients exceeding 45 percent showed downslope movement of

materials, especially after heavy rains. Soils on abrupt slopes

were shallow and weakly developed. Some profile features indicated

part of the area's geomorphic history. For one soil, developed in

highland valley fill, low values of base saturation suggested that the

upper horizons may have formed in thoroughly weathered materials

eroded from upslope. In other soils in this study, stone lines (Ruhe,

1959) and decreases of stone content with depth were taken as evi-

dence of colluvial-alluvial deposition.

Processes of erosion and slope denudation as related to soil

profile development have been studied by several researchers.

Robinson (1936) postulated that catastrophic erosion was unneces-

sary to produce truncation of soils. It could be done by normal ero-

sion processes. A surface horizon relatively enriched in coarse

fragments may have formed this way due to lateral removal of clay,

either on the ground surface or on the surface of the water table.

Milne (1936) emphasized that normal erosion can proceed while

vegetation continues to grow naturally over developing surfaces.

Willen (1965) studied the effect of inherent soil forming factors

on soil texture and potential erodibility in some southern Sierra

Nevada forest sites. Soil texture and potential erodibility were



22

evaluated under different conditions of parent rock, vegetative cover,

aspect, slope, and elevation. Soil texture and aggregated silt plus

clay varied widely with rock type, presumably due to inherent miner-

alogical and structural differences in the rocks. Sand content in-

creased with increasing elevation, while coarse material ( > 5 mm)

and clay contents decreased. Silt and clay contents decreased with

increasing slope gradient. Soil formation may have been retarded

under the more xeric conditions of steep slopes relative to the more

hydric conditions of gentle slopes.

Balster and Parsons (1968b) studied sediment transportation

in fault controlled canyons in the Oregon Coast Range. Size of alluv-

ial cobbles and boulders decreased down the canyons, each of which

had a poorly sorted fan, thought to be the product of earthflow.

Downs lope decreases in size of material were explained as result-

ing from a combination of transportation of fine material down the

valley walls and a "comminution" of fragments by weathering.

The time factor in soil profile formation was investigated by

Chandler (1942) on the Mendenhall glacial deposits near Juneau,

Alaska. A 1, 000-yr span of soil development was observed by

studying soils on surfaces of four different ages. Several trends

were thought to be due to the time factor. A well-humidified 8-in

forest floor had developed in 1, 000 yrs. Average silt-plus-clay and

organic matter contents of the mineral soil increased with time,
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while pH decreased. Cation exchange capacity increased, but ex-

changeable base content remained low and percent base saturation

decreased. Slight Podzol profile development was observed after

250 yrs, but 500 to 1, 000 yrs were thought to be required for mature

development and establishment of equilibrium conditions between the

environment and soil profile.

Crocker and Major (1955) looked at sail development as related

to surface age and vegetation on recent glacial deposits at Glacier

Bay, Alaska. The most marked changes over time were a reduction

in mineral soil pH and bulk density, and an increase in thickness of

the forest floor. Dickson and Crocker (19 53a, 1953b, 1954) studied

a chronosequence of soils on five modern volcanic mudflows, con-

sisting primarily of pulverized andesitic coarse sand, near Mount

Shasta, California. Age of the deposits varied from 27 to 1, 200 yrs.

Carbon and nitrogen profiles of the soils behaved variously over time

and with changes in vegetation. Moisture holding capacity increased

with time and with profile depth in a manner parallel to development

of the organic profile. Weathering of rocks and mineral particles

appeared to have been slight, and particle size distribution was

uniform throughout the chronosequence.

Zinke and Colwell (1963) looked at developmental sequences of

soils in 3 to 4-mi (5 -6. 5 km) transects across several rock types

in the Sierra, Cascade, and Northern Coast ranges of California.
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Climatic, topographic, and geomorphic considerations were used

to determine relative stages of profile development. Soil colors

changed from grayish brown to reddish brown with increasing soil

development. Gravel and stone contents tended to decrease with

development, while clay content increased.

Bailey and Avers (1971) conducted a study in the mountain and

eastern coalfields region of Kentucky. The area studied lay astride

a north-south escarpment, to the east of which were smooth concave

slopes averaging 34 percent gradient, and to the west of which were

smooth convex slopes averaging 48 percent gradient. Extensive

areas, both east and west of the escarpment, had soils developed in

deep colluvium from acid siltstones and shales. Prior to the study,

these soils had been grouped in a single soil series, but observations

had shown them to occur in two recurrent patterns that gave consid-

erably different site indices under similar forest management. Inten-

sive study with transects and laboratory analysis showed significant

differences within the area. Convex, relatively steep slopes in the

western area had soils with less moisture penetration, less evidence

of leaching, and less profile development than the concave, less steep

slopes in the eastern area. The western soils were higher in pH and

total bases, and, due to a relative scarcity of shale strata, lower in

clay content than the soils to the east of the escarpment. Soils to the

east had experienced greater weathering, as evidenced by redder
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hues, higher chromas, and eluviation of clay. Site indices were

determined on both northeast and southwest facing slopes of each area.

It was determined that the western soils provided significantly better

conditions for forest growth. Western soils were Typic Hapludalfs,

coarse-loamy, mixed, mesic, Eastern soils were Typic Hapludults,

fine-loamy, mixed, mesic. Relationships with bedrock geology were

seen as a good clue in soil survey.

Parsons, Balster, and Ness (1970) and Parsons and Herriman

(1970) described soil development beneath surfaces of varying age in

the Willamette Valley, Oregon. Pronounced genetic characteristics

were apparent even in soils developed from recent alluvium. Mollic

epipedons and cambic horizons (Soil Survey Staff, 1970) were devel-

oped within 550 yrs, and argillic horizons were formed within 5, 250

yrs. Base saturation progressively decreased, and soil structure

improved, from younger to older soils.

Brewer and Walker (1969) studied a chronosequence of soils on

associated river terraces in the Macleay River Valley, Australia.

Successively more weathered soil profiles, with a corresponding

increase in illuviated clay, were found as age increased. The oldest

profile apparently had undergone a degradation, following strong soil

development, due to intense weathering of clays in the upper profile.

Of particular interest to soil scientists and foresters has been

the factor of slope aspect as it affects genesis and properties of soils.
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Russell (1931) considered the effects of aspect in the borderland

region which separates snow-blanketed and non-snow-blanketed

regions in the United States in winter. Contrasting angles of inci-

dence of sunlight on north and south slopes were seen as conditioning

the processes of weathering, evaporation rates, vegetative cover,

and other denudational elements, but having the greatest single effect

on snow cover. Slight differences in slope direction produced enor-

mous contrasts in the length of time snow remained on the ground.

Protection given the ground by the snow cover was evidenced in the

relative denudation rates on banks of rills and streams flowing east-

west. Northern banks (south-facing), more rapidly attacked, had

lower gradients in comparison with southern banks.

Krause, Rieger, and Wilde (1959) noted abrupt demarcations of

soil-vegetation types on boreal landscapes in interior Alaska. While

sharp differences in plant communities may have been caused by a

number of conditions, including fires, drainage irregularities, or

sporadic permafrost, none was seen as comparable with micro-

climate on slopes of different exposures, especially those of northern

and southern aspects. Southern and northern slopes with gradients

of 35 percent, on either side of a high narrow ridge, were studied.

Both sides were covered with a micaceous loess over schist. On the

south-facing slope was a well-drained silt loam, referred to by the

authors as a Subarctic Brown Forest soil, with a stand of rapidly
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growing, mature white spruce. The north slope had a Half-bog silt

loam with a stand of nonmerchantable dwarfed black spruce. The

tension zone between the two stands did not exceed a few ft.

\-/ Bishop and Stevens (1964) compared south and north-facing

slopes in the valley of Maybesso Creek, southeast Alaska. South

slopes were relatively smooth, with long slopes proceeding uninter-

rupted from ridge to valley floor. Occasional streams broke the

uniformity with V-notch drainages which were more susceptible to

soil movement. Adjacent smooth slopes were less susceptible to

debris avalanches, but more prone to soil movement than ravines

and canyons on the north slope. South slopes were smooth and con-

cave, and had shallow soils with low water storage capacities, while

north slopes were broken up with benches, spurs, and massive rock

formations.

In a Michigan forest (Cooper, 1960), south slopes were drier

and had shallower soils, with B horizons higher in silt and clay, than

north slopes. The conclusion was that south slopes favored shallow,

intense profile development, while north slopes favored a deeper, less

intensively weathered profile. Finney, Holowaychuk, and Heddleson

(1962) studied the influence of microclimate on soil morphology in

the Allegheny Plateau of Ohio. In general, soils of southwest-facing

slopes had higher clay content in their B horizons, and higher acidity

in their A and upper B horizons. Soils on northeast slopes were
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comparatively moist, with higher organic matter content, and sup-

ported a more mesophytic plant community.

F ranzmeier et al. (1969) compared soils with different slope

aspects and positions in the Cumberland Plateau of Kentucky and

Tennessee. North slope soils were darker and had more organic

matter throughout the solum than soils on south slopes. Most of

the pedons on a south slope had argillic horizons, but on the associ-

ated north slope only the pedons in upper slope positions had argillic

horizons and the pedons in middle and lower positions did not. On

both north and south slopes, the soils in mid-slope positions were in

skeletal textural families, those in lower positions were in fine-

loamy families, and those in upper positions were split equally be-

tween clayey and fine-loamy families. Lowest sites tended to be

coolest, due to the effects of greater moisture.

Hack and Good lett (1960), in Virginia, found northeast slopes

to be generally steeper and wetter, due to the relative drying effects

of the sun, and the prevailing wind on other than northeast slopes,

and to a northeast dip in the bedrock. Northeast slopes were char-

acterized by a forest vegetation type indicating wetter areas, and

by finer grained soil than drier slopes. Texture appeared to be more

closely associated with topographic form than with exposure. The

amount of runoff, rather than the duration of moist conditions, may

have been the key factor. The longer, gentler, drier slopes were
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subject to relatively more sheet and rill erosion than the steeper,

shorter, wetter slopes where mass movement and creep dominated.

Sheet and rill conditions were thought to favor the washing out of fine

material without disrupting the surface and vegetative cover.

Losche, McCracken, and Davey (1970) studied the soils of

steeply sloping landscapes on sedimentary rocks in Virginia and

metamorphic rocks in North Carolina. Differences between soils

on north and south slopes in Virginia were minimal, the soils on

south slopes being somewhat redder and higher in free iron. Differ-

ences in North Carolina were more striking. Soils of the south-facing

slopes were redder and higher in free iron, had more clay in the B

horizon and more evidence of clay illuviation, had higher soil temper-

atures, and possessed thicker sola. Higher temperature was given

as the main cause for the more advanced stage of weathering on the

south slopes. The greater thicknesses of sola on south slopes con-

trasted with results in Michigan reported by Cooper (1960). North

Carolina's relatively higher rainfall was given as a possible reason

for this. Dyrness' (1967) observation, in the Andrews Forest, that

south slopes had relatively shallow soils, also contrasted with the

North Carolina results.

Melton (1960) investigated intravalley variation in slope angles

in Arizona and Wyoming, over a wide variety of rock types. Greater

runoff and susceptibility to erosion on south slopes caused them to be
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less steep than north slopes. Greater amounts of debris from the

south slopes shifted the stream channels against the toes of the north

slopes. This served to undercut the north slopes and keep them

steep, while the toes of south slopes were buried and built up, further

reducing their slope angles.

Martini and Mosquera (1972), studying a toposequence of soils

in Costa Rica, found that soils on pediment backslopes, terraces, and

flood plains, below the stable upland, showed characteristics of pedo-

genetic youth due to frequent colluviation, alluviation, landslides, and

other forms of erosion. Harradine (1949) found soil variability to

decrease with increasing soil maturity in a study of four California

soils. Color, texture, apparent density, and miscellaneous chemical

properties tended to be more variable in the more recent soils.

Harradine and Jenny (1958) sampled soils on the west slopes

of the Sierra Nevada and adjoining desert areas to ascertain the

dependency of soil texture and some chemical properties upon varia-

tions in climate and parent material. Under identical climates, soils

developed from basic igneous rocks had finer textures than those

developed from acid igneous rocks, as well as a lower variability in

texture. Finer texture was also correlated with higher rainfall.

Cortez and Franzmeier (19 72) examined the intensity of the cli-

matic factor in a climosequence of ash derived soils in Colombia. A

steep mountain gradient allowed observation of soils under climates
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ranging from cold to tropical. The temperature difference was taken

to be the major factor in differentiating the four soils studied. Down-

ward and toward higher temperatures, horizon differentiation in-

creased, subsoil colors changed from grayish to yellowish brown,

grades of structure were stronger, and clay content of the upper 50

cm increased. Organic matter content, and content of some primary

minerals, showed a decrease toward warmer sites.

Pertinent Aspects of Pedogenesis

An oft-used tool of pedologists is the depth function, whereby

various soil properties are observed in terms of their behavior with

depth in the soil profile (Blume and Schlichting, 1965). Each soil.

profile can be thought of as consisting of several profiles, one for

each property considered. For example, a soil might possess a tex-

tural profile, an organic matter profile, a carbonate profile, etc.

(Hallsworth, 1965). If several of these profiles show constant form

at a sufficient number of sites, then this group of property profiles

can be recognized as fitting into a particular category of soils. Often,

but not always, these various profiles are interrelated.

In development of a differentiated profile, Hallsworth states,

the soil can be thought of, at least in its early stages of development,

as having two phases: a stationary phase or mineral skeleton, and a

mobile phase consisting of clays, sesquioxides, exchangeable cations
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and anions, soluble salts, and organic matter. These phases and the

dynamics of their interaction are functions of the five soil forming

factors and the complex interactions among these factors.

Soil texture is one of the most readily measurable and useful

tools of pedologists. Jenny (1935) found clay content of soils to in-

crease from north to south in the United States, most especially due

to the increase of temperature over this range. Goddard, Runge, and

Ray (1973) found in Illinois that clay particle formation was positively

correlated with wet-dry phenomena; it was a function of rainfall fre-

quency rather than the amount of solution leaching through the soil.

The depth distribution of clay in the soil profile was influenced by

depth of leaching, the amount and distribution of rainfall, and by the

natural drainage class of the soil.

Rates and processes of rock and soil weathering are vital

considerations in soil gen esis. Carson and Kirkby (1972) contrasted

transport - limited weathering processes, whereby rates of rock

weathering are reduced by increases in soil thickness, with weather-

ing-limited processes, whereby debris is removed from hillslopes

as fast as it is weathered loose. Simonett and Banleke (1963) found

weathering intensity to increase with increasing rainfall in latosolic

soils from basalt in North Queensland, Australia. Kleiss and

Fehrenbacher (1973) found that a more moist environment facilitated

weathering and profile differentiation in loess deposits in Illinois.
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Lutz (1958) discussed the influence of parent rock mineralogy,

texture, and structure on soil physical and chemical properties.

Soils developed from limestone and the basic igneous rocks tend to

be among the most fertile for forest growth. Parsons and Herriman

(1970) discussed the status of exchangeable bases in recent alluvium

in the Willamette Valley. The narrowing with depth of exchangeable

calcium/magnesium ratios was seen as evidence of preferential re-

cycling of calcium from the subsoil to the surface soil by vegetation.

Walker and Adams (1959) stressed the importance of volume

soil sampling for most meaningful interpretations of gains, losses,

and redistributions of elements. This allows for variations in appar-

ent densities and horizon thicknesses within a sequence of soils, and

for the inverse relationship between organic matter contents and

volume weights. Actual weights of elements per ac may be increas-

ing down a profile, even though they appear to be decreasing when

expressed on a percentage by weight basis.

Free iron oxide content of the soil is frequently used as an

indicator of state of weathering. The accumulation of iron oxides,

most notably goethite and hematite, can occur throughout the weather-

ing sequence (Oades, 1963). Iron oxides can be formed in situ, as

seems to be the case with cambic horizons, or can be concentrated

in an argillic horizon by passive participation in illuviation, absorbed

on surfaces of mobile clays (Van Schuylenborgh, 1965; Blume and
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Schwertmann, 1969). Free iron content has been shown to be posi-

tively correlated with stability of soil aggregates (Chesters, At loes,

and Allen, 1957; Lutz, 1936).

Alexander (1974) investigated the ratio of acid oxalate extract-

able iron (primarily amorphous iron) to citrate-dithionite extractable

iron (practically all the iron in secondary compounds) on a sequence

of terraces ranging in age from tens of thousands to greater than 0.4

million years along the Truckee River, Nevada. Ratios in argillic

horizons of these Argixerolls tended to increase in the first few 1, 000

yrs of soil development, due possibly to a rate of release of iron

from primary minerals which exceeded the rate of secondary iron

crystallization: Thereafter, the ratio decreased and leveled off.

Alexander concluded that extractable iron may be a useful tool, when

coupled with other indicators, in placing quaternary deposits in age

sequences.

Soil Genesis and Soil Classification

The new U. S. system of soil classification, known at first as

the 7th Approximation (Soil Survey Staff, 1960, 1967) and more re-

cently as the Soil Taxonomy (Soil Survey Staff, 1970) defines soil

taxa in terms of observable or measurable soil properties (Smith,

1963). Factors of soil genesis are linked closely to these taxonomic

differentiae (Cline and Johnson, 1963), but the complexity of the
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system is designed to prevent bias in its application (Cline, 1963).

In "keying out" a pedon to determine a soil's classification, one needs

to make no genetic inference. The classification is completed based

entirely on observed profile morphology and laboratory data.

Webster (1968), in Britain, objected to the new U. S. system on

several grounds. He doubted the applicability of a heirarchal system,

with precise boundaries, to the natural soil system, which possesses

no real "nesting" of soils within groups, particularly in light of the

destructive sampling and uncertainty of measurements which are

endemic to soil characterization. He felt that the development of

categories of classification and the attendant design of mapping units

should be based on factors most important in soil formation and man-

agement practice, and that these considerations are best made locally,

rather than on the "global design" of the U. S. system. Webster dis-

missed the new system's genetic basis as "circular reasoning, "

stating that the genetic significance of a particular soil's classifica-

tion is discovered only after the soil has been observed and classified.

Retzer (1963) saw the new system as useful in identifying and

locating broad soil-use patterns in the under-developed countries of

the world. The need for phase-level interpretations in the intensively

managed forests of the U. S., however, caused Retzer to bemoan the

omission of phase-level categories from the new system.

The matter of reconciling current concepts of soil classification
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and survey with the needs of forest managers remains a difficult one. 2

As the new U. S. soil classification system finds increasing accep-

tance among soil scientists, more researchers managers, and

planners have found the system useful. Bartel li and DeMent (1968)

stressed that forest managers in the southern Appalachians should

pay attention to the differentiating criteria of the new system because

it incorporates characteristics relevant to soil, plant, and manage-

ment relations. The aforementioned work by Bailey and Avers (1971)

in Kentucky, where soil survey, the new soil classification system,

and the needs of foresters were interrelated, was another promising

step toward acceptance and integration of the new system.

Leven et al. (1974) have used elements of the Soil Taxonomy in

developing "land response units" as aids to forest land management

in the Southwest. Land response units were set up based on the land's

capability to produce biomass and on its ability to withstand man's

uses. Productive capability was evaluated based on the integrated

soil ecofactors of moisture regime, temperature regime, and nutrient

regime. Moisture and temperature regimes were identical to those

of the Soil Taxonomy. Nutrient regimes and land sensitivity ratings

were derived by assigning appropriate weights to various morphologic,

chemical, physical, and hydrologic features of soils. The land

2Dr. R. B. Parsons, Research Soil Scientist, Soil Conservation
Service, Oregon State University, personal communication, February
1973.
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response unit was developed within the framework of the Soil Taxon-

omy and has been successfully applied to land use planning and man-

agement projects ranging from 450 to over 300, 000 ha in size.
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MATERIALS AND METHODS

Field Investigations

Landscape sequences for soil genesis studies are described in

the RESULTS AND DISCUSSION chapter. Landscape units were chosen

to represent the range of landform morphology and soil development

within each landscape sequence. A total of 16 landscape units were

chosen to represent the three landscape sequences. Each unit was

studied using soil survey techniques, including air photo interpreta-

tion and preliminary shallow pits, to discern and interpret soil-

landscape patterns. For each unit, a pedon was selected to repre-

sent the soils underlying, that unit. In an instance where the landscape

unit under consideration was dissected to a readily observable extent,

the pedon was selected at or near the crest of an interfluve, to repre-

sent the oldest portion of that landscape.

Five of the 16 landscape units included 30 by 30 m IBP reference

stand plots. In these instances, pedons were chosen in proximity to

the reference stands, but in positions representative of the soils

beneath the entire landscape units.

At each study site a morphological profile description was

made from excavations, using the techniques of the Soil Survey Manual

(Soil Survey Staff, 1951, 1962). Descriptions of soil profiles, vegeta-

tion, and site characteristics are presented in APPENDIX I.
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Content of coarse fragments, by volume, was estimated for

each soil horizon by scrutiny of the pit face. Each profile was sam-

pled by horizons for laboratory analysis. Where not restricted by

overwhelmingly large numbers of coarse fragments, core samples

were taken for bulk density determinations. From one to three cores,

45. 2 cm3 in volume, were taken from each master horizon (A, B, or

C) so sampled. In four of the instances where core sampling was

impossible, it was feasible to take replicate clods, instead of cores,

for bulk density determination.

Laboratory Investigations

Sample Preparation

Bulk soil samples were air dried in open bags and screened to

remove all coarse fragments ( > 2 mm) prior to laboratory analysis.

Chemical Methods

Chemical analyses were performed at the IBP Central Labora-

tory, located at the U. S. Forest Service Forestry Sciences Labora-

tory, Corvallis. A Corning Model 10 pH meter was used to determine

pH with electrodes immersed in a 1:1 soil to water suspension, and

also in a 1:1 soil to NKCI suspension. Extractable phosphorus was

determined using the Dilute Acid-Fluoride method (Bray and Kurtz,

1945). Soil organic matter was determined by Walk ley-Black
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titration (Walk ley and Black, 1934). Total nitrogen was determined

by the Macro-Kjeldahl method (Bremner, 1965), using Ness ler reagent

for colorimetric analysis of the distillate. Exchangeable calcium,

magnesium, potassium, and sodium were extracted by ammonium

acetate at pH 7 (Peech et al., 1947) and determined on a Jarell-Ash

atomic absorption spectrophotometer. Cation exchange capacity was

determined by the ammonium acetate method, pH 7 (Schollenberger

and Simon, 1945). Exchangeable hydrogen, run only on selected

samples, was determined using the triethanolamine method (Roberts

et al. , 19 71). Free iron oxides were extracted by shaking for two

hours in sodium citrate-sodium dithionite solution and determined on a

Jarell-Ash atomic absorption spectrophotometer.

Physical Methods

Physical property analyses, with the exception of gravimetric

water content, were performed by the author. Particle size distri-

bution was determined by the pipette method (Kilmer and Alexander,

1949; Chu and Davidson, 1953), dispersion of each ten-g sample

having been accomplished with ten milliliters of five percent Calgon

solution. Bulk density was determined by the core method, excepting

a few samples for which the clod method was used (Blake, 1965).

Cores or, for the clod method, subsamples, were dried overnight at

105°C. Bulk densities of horizons for which sampling was impossible
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were estimated, based on means of measured bulk densities from

horizons which had been sampled by core or clod. The bulk densities

of master horizons were averaged, with the one exception of Soil CD1,

for which B and C horizon values were excluded because of the atyp-

ically dense argillic horizon. Mean bulk densities for B and C hor-

izons did not differ significantly, so B and C horizon bulk densities

were combined and reaveraged to give a mean B/C horizon bulk

density. Mean bulk density for A horizons is 0. 7±0. 1 g/cm3; B/C

horizon mean bulk density is 0. 9±0. 1 g/cm 3. Estimated values

appear in parentheses in Table 2. Air dry moisture content (dry

weight basis) was determined at the IBP Central Laboratory by drying

samples at 105° C for 24 hours.

Soil Classification

Soil classification at each study site was determined according

to criteria in the Soil Taxonomy (Soil Survey Staff, 1970). Where

data were inadequate to make firm decisions at given levels of the

classification system, inferences were made based on field observa-

tion and the literature (Paeth, 1970; Paeth et al., 1971; Rothacher

et al., 1967; Franklin, 19 70; Thomas, 19 70). Soil moisture regimes

are assumed to be udic in all cases but one, the exception (Soil EF2)

being located in a closed depression, and thus having an aquic mois-

ture regime. Soil temperature regimes vary from mesic to frigid,
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based on one year of soil temperature data from the 20 cm depth at

16 IBP reference stands of varying elevation in the H. J. Andrews

Forest3, adjusted to 50 cm depth using guidelines put forth in the

Soil Taxonomy. For 12 sites, mean monthly soil temperatures were

averaged for 19 72 to give an estimate of mean annual soil tempera-

ture. Mean summer temperatures were derived by averaging the

mean June, July, and August soil temperatu:res, and subtracting

1.8°C from the result to adjust the temperatures to 50 cm depths.

For the remaining 4 sites, mean annual soil temperatures were

estimated by averaging the mean daily soil temperatures on 1 Janu-

ary, 1 April, 1 July, and 1 October 1973. Mean summer tempera-

tures were obtained by averaging the mean daily soil temperatures

for 15 June, 15 July, and 15 August 19 73, and adjusting to 50 cm

depths.

Based on a plot of the results on a contour map, the mesic-

frigid boundary lies approximately at the 600 m (2, 000 ft) elevation

on southerly aspects and at the 450 m (1, 500 ft) elevation on northerly

aspects. The frigid-cryic soil temperature boundary appears to be

above 1, 500 m (4, 900 ft). It may drop below this level on northerly

exposures, but no evidence of this is indicated from data derived

within the Andrews Forest.

3Soil temperature data were provided by Assistant Professor
D. B. Zobel, Department of Botany, Oregon State University.
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RESULTS AND DISCUSSION

Terminology

Soil-landscape sequences, or simply landscape sequences,

studied in this project are referred to herein as Landscape Sequence

AB, Landscape Sequence CD, and Landscape Sequence EF. A land-

scape sequence is a series of landscape units, for example Units AB 1,

AB 2, etc., each of which is distinct from the other units in the same

sequence. Units were distinguished from each other and selected for

study based on singularity of geomorphology, topography, landscape

position, and/or underlying material.

One pedon, for soil profile description and sampling, was

selected in a representative position for each landscape unit. The

soil beneath a particular landscape unit has the same designation as

that landscape unit. For example, Soil EF3 underlies Landscape

Unit EF3.

Description of Landscape Sequences

Fluvial Sequence AB

Landscape Sequence AB consists of five landscape units repre-

senting geomorphic surfaces adjacent to the lower reaches of Lookout

Creek (Figure 1), Landscape units studied within this sequence are
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designated Units AB1, AB2, AB3, AB4, and AB5. Their relative

positions and elevations are shown in Figure 2, which represents an

idealized vertical cross-section of the.landscape between points A

and B of Figure I. These units correspond with some of the geo-

morphic surfaces which were mapped in this vicinity and partially

dated by Swanson and James (1974).

Landscape Unit AB1, the lowest unit in Landscape Sequence AB,

is the oldest, highest segment of the present-day floodplain of Lookout

Creek. The surface is undulating, ranging in relief from one to two

m above the channel bottom of Lookout Creek, with channel scars

running roughly parallel to the stream. Slope gradients range from

one to five percent. The underlying material is very coarse, poorly

sorted alluvium with little to no overburden of fine overbank deposits.

This surface appeared as "vegetated flood plain" on the geomorphic

map of Swanson and James (1974). They assigned a minimum age of

400 to 500 yrs b. p., suggesting further that it corresponded in age

and floodplain characteristics to the Ingram geomorphic unit of the

Willamette Valley, which Balster and Parsons (1968a) dated between

555 and 3, 290 yrs.b. p.

Unit AB2 is an undulating stream terrace approximately eight

to ten m above the Lookout Creek channel. The surface is very

slightly dissected, with generally less than one m of relief, slopes

varying from zero to ten percent in gradient. The material beneath
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this surface is coarse stream alluvium with minor occurrences of

overburden of fine overbank alluvium or coarse, angular, colluvial

material from the adjacent hillslope. Slope aspects are varied,

trending generally to the southeast toward Lookout Creek. Based

on the spotty occurrence of Mazama ash (Kittleman, 1973) overlying

the uppermost stream sediments beneath this surface, Swanson and

James (1974) assigned a minimum age of 7, 000 radiocarbon yrs b.p.

to this surface. They mapped it as "fluvial terrace," and suggested

a possible correlation between this surface and the Winkle geomorphic

unit of Balster and Parsons (1968a), which has a minimum age of

5, 250 yrs b.p.

Landscape Unit AB3 is, like Unit AB2, a fluvial terrace about

eight to ten m above Lookout Creek. The surface is somewhat more

dissected than unit AB2, with varying slope aspects, and slope gradi-

ents from 5 to 25 percent. The material beneath this surface is fan

alluvium which varies with depth as to amount of sorting. The mater-

ial is derived from Experimental Watershed 2 to the southeast, which

drains into Lookout Creek on the northeast side of this unit. Swanson

and James (1974) included this area in their "pre-Mazama ash age

fan" unit, with an age greater than 7, 000 radiocarbon yrs b. p.

But the material beneath unit AB3 is too well sorted, rounded, and

obviously waterworked to have had the "debris torrent" origin which

their "pre-Mazama ash age fan" requires. Perhaps Unit AB3 is
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an inclusion in their mapping unit of what they delineated elsewhere

in the mapping area as "younger [than Mazama ash age] fan."

Landscape Unit AB4 consists of an approximately eight ha

remnant of the convex crest of a high fan terrace at the base of

Experimental Watershed 2. Slope aspects range from north to south-

west, and slope gradients from 10 to 20 percent. The material

beneath this surface consists of angular, unsorted colluvium. Within

a depth of one m from the surface is an approximately 10 cm thick-

ness of Mazama ash, which caused Swanson and James (1974) to con-

clude that the major portion of construction of this landform was

completed prior to 7, 000 radiocarbon yrs b.p. They delineated it

as "pre-Mazama ash age fan."

Landscape Unit AB5 is a fan, approximately three ha in area

and apparently aggrading, consisting of a poorly sorted alluvial-

colluvial mixture of loamy fine earth, pebbles, and cobbles. It

emanates from a draw on the hilislope adjacent to Unit AB2, and

extends out onto Unit AB2. The landform is slightly convex, with a

generally southeast aspect and 10 to 25 percent slope gradients.

This surface was delineated on Swanson and James' (1974) geo-

morphic map as "younger fan" with an age of less than 7, 000 radio-

carbon yrs b.p.
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Upland Sequence CD

Landscape Sequence CD consists of four landscape units which

fall in a roughly longitudinal traverse of the upper reaches of McRae

Creek (Figure 1). Landscape units studied within this sequence are

designated Units CD1, CD2, CD3, and CD4. Their positions are

shown in Figure 3, which is an idealized vertical cross-section of

the traverse from point C to point D of Figure 1.

Landscape Unit CD1, the lowermost unit of the sequence, is

thought by Swanson4 to be one of the oldest, most stable surfaces

in the Andrews Forest. Approximately 150 ha in extent, this surface

is dissected in a dendritic pattern by tributary streams and draws

to McRae Creek. The surface slopes generally toward the south with

a gradient of 10 to 15 percent. Gradients on the sides of interfluves

range up to 30 percent, with a relief from draws to interfluves of

up to five m. The material underlying this surface is a poorly sorted

mixture of fine earth and angular pebbles, cobbles, and stones

(Figure 4). This mix is unconsolidated but very firm in place and

highly weathered. Coarse fragments, particularly within the upper

two m, have weathered largely to fine-textured, saprolitic material.

Landscape Unit CD2 is an undulating surface, about ten ha in

4Dr. F. J. Swanson, Research Associate, Geology Department,
University of Oregon, personal communication, July 1973.
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lateral extent, consisting of two to three west-trending ridges, cut

to a relief of five to ten m by roughly parallel tributaries of McRae

Creek. Slope gradients along interfluves are generally 0 to 5 percent,

and 10 to 25 percent on sides of interfluves. The material beneath

this surface is a poorly sorted mixture of fine earth and rounded to

well-rounded pebbles, cobbles, and stones. There is an apparent

depositional discontinuity represented by a seepage plane at a depth

of 3 1/2 m (Figure 4). Beneath this depth, coarse fragments are

slightly coarser and more angular than above.

Landscape Unit CD3 is somewhat higher in elevation than Unit

CD2, though no significant slope breaks or scarp is apparent between

them. Unit CD3 is an extensive, slightly concave footslope beneath

the headwall and valley sides near the headwaters of McRae Creek.

Slope aspect is west-northwest, toward McRae Creek, which cuts

this surface to a depth of about 8 to 12 m. Aside from this incision

the surface is not well dissected, but undulates with slopes of 15 to

25 percent. The material under this surface is a poorly sorted mix

of sandy fine earth and subrounded to subangular pebbles, cobbles,

stones, and boulders, to a depth of about three m. Beneath this is

a deep, very compact layer of rock of possibly pyroclastic origin

(Figure 4).

Landscape Unit CD4 is on a smooth backslope on the headwall

near the origin of McRae Creek. Slope gradient is 50 percent, with
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an aspect toward the west. Underlying this unit is a mix of silty

fine earth and mostly subangular and angular cobbles, pebbles, and

stones, over bedrock at a depth of 2 m or more.

Upland Sequence EF

Landscape Sequence EF consists of several landscape units in

a roughly transverse traverse of the upper McRae Creek valley

(Figure 1). Landscape units in this sequence are designated Units

EF1, EF2, EF3, EF4, and EF5. Positions of these units in an

idealized vertical cross-section are shown in Figure 5. In addition,

for a limited comparison between soil-landscapes in upper McRae

Creek and upper Lookout Creek, included in this sequence are Units

EF6 and EF7, shown only in Figure 1.

Landscape Unit EF1 is on a complex concave/convex area of

backslope and draw in Experimental Watershed 7. Slope gradients

are from 20 to 40 percent on convex portions of this backslope, but

range up to 50 percent in concave areas. Slope aspects are generally

toward the south. Underlying this landscape unit is a poorly sorted

mixture of sandy fine earth, angular cobbles, and subrounded to

rounded pebbles.

Unit EF2 is an approximately two ha closed depression, into

which an area of about 15 ha drains. Both smaller and similar size

closed depressions occur down- and upslope from this unit.
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Within this depression, relief of up to one m is found. Slopes vary

from 0 to 20 percent within undulations of varying aspect, the overall

slope being zero percent. Beneath this surface is an accumulation

of well-sorted loamy and sandy fluvial materials to depths in excess

of 1 1/2 m, with coarse fragments not exceeding 8 percent by volume

in any soil horizon. From a depth of 17 to 32 cm, and overlying a

buried soil, is a layer of weathered, probably water-worked pumice

which Swanson and James have identified as Mazama ash. 5 They

therefore say that this closed depression had its origin sometime

prior to 7, 000 radiocarbon yrs b. p.

Landscape Units CD2 and CD3, discussed above under Upland

Sequence CD, are comparable to Unit EF2 in elevation, and sep-

arated from it by an actively cutting McRae Creek.

Units EF3, EF4, and EF5 overlie material derived from rock

of a single Ethology() on the ridge between McRae and Lookout Creeks,

and thus afford an opportunity for study of a "topoclimosequence" of

soils derived from similar parent materials on different slope

5Dr. F. 3. Swanson, Research Associate, Geology Department,
University of Oregon, personal communication, July 1973.

6Dr. F. J. Swanson, Research Associate, and Mr. M. E.
James, Graduate Research Assistant, Geology Department, Uni-
versity of Oregon, personal communication, August 1973.
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aspects. Unit EF3 is a north-northeast facing backslope with gradi-

ents varying from 55 to 80 percent. The surface is undulating with

local areas of somewhat marked concavity. Underlying this unit is

unsorted colluvium of silty fine earth and mainly angular and sub-

angular pebbles and cobbles.

Unit EF4 is on a sideslope portion of a saddle on this southwest-

trending ridge. Slope gradients are from 0 to 50 percent longitudi-

nally along the ridge, the area sampled having a 25 percent slope

and facing east-northeast. The unit is radially convex, but slightly

concave on the contour (Troeh, 1964). Underlying this unit is a thin

(about 1/2 m) layer of unsorted colluvium consisting of a mixture of

silty fine earth and mainly subangular to angular pebbles and cobbles,

over soft, highly weathered bedrock. Numerous, relatively fresh

rock outcrops and surface boulders are found in the area.

Unit EF5 is on the lower portion of a south-facing, concave

backslope, with slope gradients ranging from 25 to 50 percent.

Underlying this unit is an unsorted alluvial-colluvial mixture of

silty fine earth and angular and rounded pebbles, which overlies

highly weathered bedrock at a depth of 70 cm.

Landscape Unit EF6 is a backslope on a ridge spur extension

on the north side of the upper Lookout Creek valley. Slope aspects

range from southeast to west, and gradients from 55 to 80 percent.

Under this unit is poorly sorted alluvium- colluvium consisting of
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sandy fine earth and pebbles and cobbles which vary from subangular

to rounded. Coarse fragments of all sizes are common on the surface.

Unit EF7 in Lookout Creek valley corresponds in landscape and

soil morphology, and position, to Unit CD3 in McRae Creek valley.

Soil Classification

Difficulties in Characterizing the Soils

Classification of these soils is indefinite in the majority of

cases, due mainly to the lack of certain analytical data. The most

significant and frequently encountered difficulty is the determination

of andic character at the suborder and subgroup levels in the Soil

Taxonomy (Soil Survey Staff, 1970). Bulk densities were determined

for most of these soils, but additional mineralogical, chemical, and

physical determinations are required to make a sound judgement as

to the influence of amorphous materials on the properties of these

soils. Such analyses as 15-bar water content, differential thermal

analysis, and pH dependence of cation exchange capacity are of

particular importance. Since bulk densities are generally low in

these soils, ranging from 0. 5 to 1.3 g/cm3 for all horizons sampled,

this is an unsatisfactory criterion by itself for determining andic

character. As a rough guide in estimating andic character, the
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author has relied heavily on profile characteristics, most especially

color. A dark B horizon, contrasting only slightly with the overlying

A horizon, and with color values of 3 (or rarely 4) or less, is taken

as one indicator of andic character. This is based on the profile

morphologies given by Franklin (1970) for the andic soils which he

studied in the Oregon Coast Range. An additional indicator of high

amorphous contents in these soils is the common presence of macro-

scopically identifiable pumice grains in soil profiles. This is pre-

sumed to be Mazama pumice, although ash showers from other

sources may have occurred. Chichester, Youngberg, and Harward

(1969) found amorphous contents of clays to exceed 70 percent, by

weight loss, in four Mazama pumice soils in Oregon.

Fluventic character also has proved to be a perplexing trait

in these soils. This is particularly true in the cases of Soils CD2,

CD3, and EF7, which occupy landscape positions not strikingly

alluvial, but which are placed in a Fluventic subgroup because their

organic carbon contents by weight do not decrease regularly with

depth, and/or do not fall below 0. 2 percent at or above the 1. 25 m

depth. The Soil Taxonomy is taken literally here, in the knowledge

that future correlation between these and other upland soils in the

region may show fluventic character to be atypical and relatively

insignificant.

On the other hand, apart from the criteria of low slope gradient
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and irregularity of decrease with depth of organic carbon content, all

soils in this study but two, the exceptions being the Eutrochrepts

(Soils AB5 and EF2), have organic carbon contents which fail to

drop below 0.2 percent at any depth. While the levels of organic

matter in these soils are generally not nearly as high as those found

by Franklin (1970) in his andic soils, the failure of organic matter

levels to drop drastically with depth in the soils of this study may

be an indication not only of fluventic character but also, in at least

some cases, of a tendency toward andic character.

Soil AB1--Fluventic Hapludolls,
sandy-skeletal, mixed, mesic

This is the only soil in this study which has a mollic epipedon.

Placement in the Mollisols is subject to question. A more liberal

interpretation of the Soil Taxonomy would allow placement in the

Entic Haplumbrepts.

Soil AB2- Fluventic Dystrochrepts,
loamy-skeletal, mixed, mesic

The position of this pedon on a stream terrace, the dominance

of its morphology by fluvial characteristics, and its irregular de-

crease of organic carbon content with depth, favor the conservative,

classical characterization as a Fluventic Dystrochrept. However, one

cannot rule out entirely the possibility of this soil's having andic
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character in the context of the Soil Taxonomy. The abundance of

pumice in the 11B2 horizon and the low (<0.85 g/cm3) bulk densities

of the Al and 1.1B2 horizons suggest that, given the appropriate labora-

tory analyses, this pedon might more appropriately fall into the

medial-skeletal, mesic family of Andic Dystrochrepts or Entic

Dystrandepts.

Soil AB3--Fluventic Dystrochrepts,
coarse-loamy, mixed, mesic

Soil AB3, like Soil AB2, occupies a fluvial position; its irregu-

lar and slow decrease of organic carbon content with depth, and its

obviously fluvial morphology cause it to be placed in the Fluventic

Dys trochrepts.

Soil AB4--Fluventic Dystrochrepts,
loamy-skeletal, mixed, mesic

This soil has developed in colluvium over a 10-cm thickness

of Mazama ash, which overlies the B horizon of a buried soil also

developed in colluvium. The soil is placed in the Fluventic subgroup

based on its irregular and slow decr ease in organic carbon content

with depth. While the material in which it is developed was moved

downhill quite likely under at least a partial influence of water,

particularly in the case of the pumice layer, the soil does not have

the floodplain setting qualitatively ascribed to Fluventic Dystrochrepts
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by the Soil Taxonomy. Perhaps it would fall more appropriately

into the Typic Dystrochrepts.

Soil AB 5- Fluventic Eutrochrepts,
loamy-skeletal, mixed, mesic

Soil AB5 is placed in the Eutrochrepts by virtue of its high base

saturation, which is greater than 70 percent in all horizons but the

B2. It qualifies for placement in a Fluventic subgroup, but, like

Soil AB4, its setting and the at least partially colluvial origin of its

parent material suggest that it might belong in a Typic subgroup.

Soil CD1--Eutric Glossoboralfs, fine, mixed

Soil CD1 falls into the Alfisols as opposed to the Ultisols be-

cause of its frigid temperature regime (see the Soil. Classification

section of the MATERIALS AND METHODS chapter of this thesis).

Soil CD2--Fluventic Dystrochrepts,
fine-loamy, mixed, frigid

Soil CD2 has a clay content which increases with depth, but

not as strikingly as that of Soil CD1 (Table 2). Also, it does not

possess the clay films necessary for morphologic confirmation of

an argillic horizon. The irregular and slow decrease with depth of

the organic carbon content of this soil causes it to fit into the Flu-

ventic subgroup, but its landscape position and profile morphology
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indicate that it might fit more logically in the Typic Dystrochrepts.

Soil CD3--Fluventic Dystrochrepts,
loamy-skeletal, mixed, frigid

This soil was not sampled deeply enough to make a firm deter-

mination as to its fluventic character, but Soil EF7, which closely

corresponds to soil CD3 in landscape position, profile morphology,

and chemical properties, fails to show the required low level of

organic carbon at the 1. 25 m depth to qualify for the Typic Dystro-

chrepts, though it seems by morphology and position to fit better

there.

Soil CD4--Typic Haplumbrepts,
loamy-skeletal, mixed, frigid

With a 25 cm-thick umbric epipedon, this soil barely qualifies

for the Umbrepts. If it had a 24 cm-thick, and therefore ochric,

epipedon, it would key out in the Typic Dystrochrepts, avoiding the

Fluventic/Typic dilemma common to Soils AB4, AB5, CD2, CD3,

and EF7 by virtue of its having a slope in excess of 25 percent,

which rules out fluventic character.

Soil EF1--Andic Dystrochrepts,
medial-skeletal, frigid

The andic character of this soil is uncertain at best, but its

dark B horizon colors and low bulk densities, and the existence of
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pumice in the profile, seem to qualify it, while appropriate labora-

tory data are unavailable, for the Andic Dystrochrepts.

Soil EF2--Fluventic Andic Eutrochrepts,
coarse-loamy, mixed, frigid

This soil qualifies for the Eutrochrepts because of an exception-

ally high base status in the LIIB2b and IIIC horizons. This soil lies

beneath standing water for a significant part of each year, due to its

location in a closed depression. But in spite of its aquic moisture

regime, it fails to qualify for either the Aquepts or the Aquic Eutro-

chrepts because neither matrix nor mottle moist color chromas are

as low as 2 beneath the buried ochric epipedon (IIIAlb horizon).

Based on the buried profile characteristics, the soil is in the Flu-

ventic Eutrochrepts, coarse-loamy, mixed, frigid. If the overlying

pumice is considered, this soil qualifies for the Andic Eutrochrepts

as well, and a Fluventic Andic subroup designation, while not offici-

ally recognized in the Soil Taxonomy, is appropriate. The pumice

layer does not extend deeply enough into the 25-100 cm particle-size

class control section to influence the family placement of this soil.

Soil EF3--Andic Dystrochrepts,
medial-skeletal, frigid

Placement of this soil in the Andic subgroup of Dystrochrepts

is, like that of Soil EF1, largely speculative, based only on dark B
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horizon colors and pumice in the profile. Bulk density could not

be measured for this soil due to interference to the core sampler

by coarse fragments, but the soft and friable consistence and quali-

tatively "light-weight" feel of this soil indicate that its bulk density

is low enough to qualify it for the Andic Dystrochrepts or possibly

even in the Entic Dystrandepts.

Soil EF4--Andic Dystrochrepts,
medial-skeletal, frigid

Low bulk densities, dark horizon colors, and pumice in the

profile provide partial justification for placing this soil in an Andic

subgroup. The slope at the pedon site is 25 percent, which, coupled

with the slow decrease with depth of organic carbon content, qualifies

this soil for placement in a Fluventic subgroup. This is ruled out by

i.he obviously colluvial/residual nature of the parent material and the

fact that slopes range from 0 to 50 percent on the landscape unit.

Soil EF5--Andic Dystrochrepts, medial, frigid

While macroscopically discernible pumice is absent from this

profile, the low bulk densities of the Al and B1 hoxizons and the dark

colors of the subsoil are taken as indicators of andic character.
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Soil EF6--Andic Dystrochrepts, medial-skeletal, frigid

Bulk density sampling was impossible here, as with Soil EF3,

due to interference by coarse fragments, but the loose, friable con-

sistence, dark subsoil colors, and pumice in the profile lead to place-

ment in the Andic Dystrochrepts.

Soil EF7--Fluventic Dystrochrepts,
loamy-skeletal, mixed, frigid

Since the organic carbon content of this soil does not drop

below 0. 2 percent at the 1. 25 m depth, it must be placed in a F lu-

ventic subgroup. This soil is very similar in morphology and position

to soil CD3, and, like that soil, seems more logically to fit the Typic

Dystrochrepts.

Genetic Interpretations

A Volumetric Approach

In this study, analytical data are interpreted primarily on a

v olume basis. This differs from the "classical" approach, where

laboratory results are interpreted on a weight basis (ppm, meq /100 g,

weight percent, etc. ), in that bulk density, content of coarse frag-

ments, and moisture content of the sample are all taken into account.

Analytical values are expressed, for example, as grams of extract-

able P per liter of whole soil (g/l), grams of exchangeable Ca per
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liter of whole soil, or equivalents of exchange capacity per meter 2

of whole soil to a depth of one meter (eq/m3), where "whole soil"

includes moisture-free mineral and organic components, pore space,

and stone content.

The rationale for this approach is largely edaphological (Buck-

man and Brady, 1969). A plant growing in "soil X," with low bulk

density, high CEC by weight, and high base saturation, but with a

coarse fragment content by volume of 65 percent, probably has no

particular advantage, indeed may be disadvantaged, as compared with

a plant growing nearby in "soil Y," with a moderate bulk density and

modest CEC and base saturation, but with no coarse fragments in the

profile. Assuming that all other factors are held equal, "soil Y"

is perhaps more acid than "soil X" and thus potentially not as effi-

cient a supplier of certain nutrients such as N, P, K, and Mo. But

such a deficiency is very likely counteracted by the fact that "soil Y"

possesses more fine earth on a volume basis, and therefore has a

greater moisture holding--and supplying--capacity and a larger

reserve of nutrients in the root zone.

While rates and processes of soil genesis need not correspond

exactly to the needs and preferences of plant species, any study in

soil genesis should consider not only chemical analyses of fine earth

by weight, but also bulk density and the influence of coarse frag-

ments. Thus it is desirable to combine these factors into a single
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numerical figure for purposes of genetic interpretation.

Jenny (1958) related volumetric concepts with soil genesis

studies. He theorized an open system of small square areas, or

"tesserae," the thicknesses of which are given by the height of vege-

tation plus the thickness of soil, and which are divisible into vegeta-

tion parts and soil parts. These tesserae and their parts were seen

as mathematical functions of particular soil forming factors. Walker

(1965) and Walker and Adams (1958, 1959) noted and stressed the

importance of volume sampling to allow for variations in apparent

densities and horizon thicknesses within sequences of soils. Wang

and Arnold (1973) quantified pedogenesis in glacial till by interpreting

depth functions of clay content, sand content, free Fe, and free Al

on a volume basis.

None of the above authors, however, made specific mention

of the influence of coarse fragment content on these calculations.

Jenny seems to have allowed for content of coarse fragments in the

tessera, but gave no specific guidance as to the means or signifi-

cance of its inclusion. Walker and Adams apparently were dealing

with stone free soils.

Wang and Arnold dealt with soils ranging from 5 to 15 percent

gravel from horizon to horizon. While these depth variations in

gravel content were noted in the field and used to make preliminary

judgements as to the locations in the profile of lithologic
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discontinuities, gravel content was evidently excluded from volu-

metric computations and quantitative pedogenic studies. Their

assumption may have been that the gravel has not weathered signifi-

cantly in this 12, 000-yr-old till, and thus is irrelevant to the study

of pedogenetic changes which have occurred since deposition.

Such an assumption is equally valid for the soils in this thesis.

In the majority of cases, coarse fragments in these soils are fresh,

with little or no weathering, and have contributed negligibly to the

nutrient budget or to changes in bulk density under the influence of

pedogenesis. To exclude them, however, from genetic consideration

would ignore two important facts. First, the coarseness, degree of

sorting, and nature of emplacement of a soil's parent material are

fully as much a part of that soil's genesis as the weathering and

profile differentiation which it has undergone since deposition. This

is especially true in young soils, such as commonly occur in the

Cascades. S..cond, the presence of large amounts of coarse frag-

ments in a soil horizon or in an entire profile is influential in that

soil's genesis. For example, coarse fragments increase the rate

of leaching, and also cause such entities as organic matter and

recycled cations to be concentrated in a smaller volume of fine

earth. In some cases such influences as these also could be the

principal determinants of a soil's taxonomic classification. For

example, base saturation, organic carbon content of fine earth, and
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soil color--the latter being strongly dependent on organic matter

content--are diagnostic at various categorical levels in the Soil

Taxonomy (Soil Survey Staff, 1970).

Therefore, in the stoney mountain soils of this study, the

reporting of soil properties on a volume basis helps to bring out the

reasons for variations in genesis and in taxonomic placement. For

purposes of comparison and to make proper genetic and taxonomic

interpretations, it is necessary also to consider data reported in the

classical manner by weight. Therefore Tables 2 and 3 are included

to show the data on a weight basis.

Values presented herein (Figures 6-13; Table 1), in grams, or

equivalents, per liter of whole soil for particular horizons, were

computed using Equation (1) 7:

W = B- [(100 -D) /100]° [(100 +E) /100]° C (1)

where

W = weight of substance (extr. P, OM, exch. Ca2+, free Fe2O3,

etc. ) per liter of whole soil (g/1); or equivalents of exchange

capacity per liter of whole soil (eq/1)

7Equations (1) and (2) utilize those factors which IBP uses in
its volumetric determinations. Mrs. L. Noonan, Research Assistant
Unclassified, IBP Central Laboratory, USFS Forestry Sciences Lab-
oratory, Corvallis, personal communication, April 1973.
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Table 1. Free Fe oxide contents (g/1 of whole soil) of selected soil horizons, H. J. Andrews Forest.

Soil Horizon Depth g/1
cm Fe 203

AB1 IIB2 16-39 7

AB2 IIB2 11-36 7

AB3 IIB2 46-70 16

AB4 IIB21 23-50 12

AB4 IVB21b 85-114 9

AB5 B2 10-34 10

CD1 Al 0-15 13

CD1 IIB2t 27-58 32
CD1 IIC 81-112 5

CD2 Al 0-19 9

CD2 IIB2 36-66 20

CD2 TIC 66-112 14

CD3 Al2 3-13 7

CD3 B2 28-48 9

CD3 TIC 69-99 11

CD4 Al 0-25 4

CD4 11B2 66-90 16

CD4 TIC 114-124 13

EF1 B2 31-60 10

EF2 Al 0-17 9

EF2 IIIA lb 32-40 18

EF3 A 1 0-9 5

EF3 B22 29-50 7

EF3 IIC2 94-140 5

EF4 Al 0-21 5

EF4 B22 38-55 6

EF4 IIC 55-100 1.3

EFS Al 0-18 10

EF5 B2 36-53 13

EF5 IIC2 71-104 0.3
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AB1 Al 0-16 12, 9 17.0 10.7 11.6 7. 6 59. 8 8. 3 20. 1 28.4 11.8 sandy loam (0. 7)* 7. 3

1182 16-39 13. 2 20. 6 14.8 14.8 7. 4 70.8 7. 7 15. 9 23. 6 5. 6 sandy loam (0. 9) 6.0
IIC1 39-73 24. 5 24. 1 15. 0 14. 6 5. 9 84. 1 5. 6 9. 2 14. 8 1. 1 loamy sand (0. 9) 3. 0

IIC2 73-108 22. 9 28. 0 14.5 13. 1 5. 3 83. 7 5. 5 8. 7 14. 2 2. 1 loamy sand (0. 9) 3. 0

AB2 Al 0-11 10.3 14.8 13. 3 14.5 9.8 62.6 11.4 20.0 31.4 6.0 sandy loam 0. 6 7. 1

1182 11-36 9. 9 20. 4 17. 9 16. 7 8. 0 72. 9 8. 4 15. 4 23.8 3. 3 sandy loam 0. 8 6. 2

IIIC1 36-68 6.4 12. 2 13.4 19. 1 11. 3 62.4 11. 5 20.5 32.0 5. 6 sandy loam (0. 9) 5. 6

II1C2 68-100 8. 3 12. 1 13.5 18. 9 10.4 63. 1 10.7 19.5 30. 2 6. 7 sandy loam (0. 9) 2.8

AB3 Al 0-19 10.8 10.0 7. 8 10. 9 8. 9 48.5 10.0 26. 5 36. 5 15.0 loam (0. 7) 5. 7

IIB1 19-46 4. 2 7. 6 7. 2 13.8 12. 1 44. 9 12. 6 27.8 40.4 14.7 loam 0.8 6.8
1182 46-70 4.4 6. 9 7. 3 14. 2 11. 5 44. 3 11.5 29.4 40. 9 14.8 loam 0.8 7.2
IIIC1 70-104 1. 5 3. 4 5. 2 13. 6 13. 1 36. 9 14. 3 27. 7 42. 0 21. 1 loam 0.8 4.7
IVC2 104-155 19.0 14.7 8. 2 12.0 9. 3 63. 3 10. 7 17. 7 28.4 8. 3 sandy loam (0. 9) 4. 8

A B4 Al 0-23 8.8 9. 1 5. 6 8. 3 8.0 39.8 11. 3 31.8 43. 1 17. 1 loam (0.7) 8. 3

11821 23-50 3.7 7.1 6. 6 10. 2 9.4 37.0 12. 6 34.4 47.0 16.0 loam (0. 9) 2. 9

11822 S0 -75 4. 9 8.0 6. 7 10. 6 9. 9 40. 0 13. 3 34. 2 47. 5 12. 5 loam 0. 9 3.8

IIIC1 75-79 2. 9 12. 2 17. 2 20. 1 8. 7 61. 1 10. 9 23.0 33. 9 5. 0 sandy loam 0. 5 4. 2

IIIC2 79-85 4. 2 31. 9 27. 6 10. 2 5. 8 79. 7 7. 2 10. 9 18. 1 2. 2 loamy sand 0. 5 3. 3

IVB21b 85-114 7. 5 7. 5 5. 3 8. 5 8. 7 36.6 12.8 38.5 51.3 12. 1 silt loam (0. 9) 7. 7

IVB22b 114-144 4.8 6.3 5. 1 8. 9 9.7 34.7 15. 1 38.4 53.5 11.8 silt loam (0. 9) 6. 8

*Bulk densities appearing in parentheses were estimated as described in the Physical Methods section of the MATERIALS AND METHODS

chapter of this thesis.
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AB5 Al 0-10 11.5 7. 5 3. 8 6. 6 7. 5 36. 9 8. 9 32. 5 41. 4 21. 7 loam 0.7 4.6
B2 10-34 15. 2 6. 8 3. 6 5. 7 6. 5 37. 9 9. 9 30. 6 40. 5 21. 6 loam 0.8 3. 6
IIB3 34-52 2. 8 4. 9 4. 8 8. 5 9. 4 30. 5 11. 5 34. 7 46. 2 23. 3 loam 1. 1(clod) 6. 4
IIC11 52-73 4.8 6. 9 5. 1 8. 2 9. 4 34. 4 10. 4 33. 2 43. 6 22. 0 loam 0.9 5.3
I1C12 73-95 5. 7 6. 4 5. 1 8. 1 8. 6 33. 9 11. 2 31.3 42. 5 23. 6 loam 0. 9 4. 4
IIC2 95-118 3. 7 6.0 5. 2 8.5 8.8 32. 2 11.7 31.8 43. 5 24.3 loam (0. 9) 6. 6

CD1 Al 0-15 1. 8 4.3 5.7 11. 3 12. 3 35.4 13.4 31.5 44. 9 19.7 loam 0.7 5. 8
IIB1 15-27 0. 8 3. 4 5. 3 12.0 12.7 34. 1 12. 9 32.4 45.3 20.6 loam 0.7 9. 1
II82t 27-58 0, 2 1. 5 3, 1 9. 9 10. 6 25.3 11. 4 25. 3 36.7 38.0 clay loam 1. 3 (clod) 7. 6
IIB3t 58-81 0. 2 1. 2 2, 3 8. 5 10. 0 22. 3 10. 9 25. 9 36. 8 40. 9 clay 1. 1 (clod) 4. 3
IIC 81-112 O. 6 1. 9 3. 2 8. 2 8. 9 22.8 10.7 27.0 37. 7 39.5 clay loam 1. 1 (clod) 7. 8

CD2 A 1 0-19 10. 9 10.9 9. 4 11.7 9. 1 51.0 10. 2 27.9 38. 1 10. 9 loam 0. 8 5. 5
A3 19-36 9.1 9.4 9.1 11.4 10.2 49.2 11.5 29.9 41.4 9.4 loam 0.8 4.5
IIB2 36-66 1.4 5. 2 5. 6 9. 6 8. 6 30.4 1 2. 0 32. 9 44. 9 24. 7 loam 1.0 6. 6
IIC 66-112 2. 2 6. 4 6. 3 11.5 10.3 36.8 11.4 30. 9 42.3 20. 9 loam (0. 9) 7.0

CD3 A 11 0-3 6. 1 7. 4 7. 0 9. 7 10. 3 40. 5 14. 1 35.4 49. 5 10. 0 loam 0. 6 9. 5
Al2 3-13 6.6 9.3 8.4 11.5 11.3 47. 1 13.3 32.6 45.9 7.0 loam/sandy

loam
0.6 8.6

A3 13-28 6. 9 9.4 8. 5 11.4 10.7 47. 0 13. 9 32. 8 46. 7 6. 3 sandy loam 0. 6 9. 5
B2 28-48 3. 9 10.0 11.8 12.4 10. 9 49.0 15. 0 32. 6 47. 6 3.4 sandy loam (0. 9) 7. 9
B3 48-69 7. 9 12. 9 11. 9 13. 3 10.7 56. 8 12. 7 27. 2 39. 9 3. 3 sandy loam (0. 9) 8. 0
IIC 69 -99 3. 1 5. 8 7. 2 13.5 15.4 44. 9 17.5 32. 7 50. 2 4. 9 silt loam (0. 9) 8. 5
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CD4 A 1 0-25 2.3 6. 9 7. 9 11. 3 14. 3 42. 7 11.8 38. 9 50. 7 6. 6 silt loam 0. 5 7. 6
A3 25-46 3. 5 7. 9 8. 6 11.7 14. 1 45.7 18. 1 32.0 50. 1 4. 2 silt loam (0.7) 8. 9
IIB1 46-66 3. 2 6. 5 6, 5 11.4 15. 5 43. 1 20.8 32. 2 53. 1 3.8 loam/sandy (0. 9) 11. 4

loam
IIB2 66-90 2. 2 4. 9 4.8 9. 7 14. 2 35, 8 15. 4 42. 0 57.4 6. 8 silt loam (0..9) 12. 2
I1B3 90-114 2, 0 4,.5 4, 6 10, 4 14, 4 36, 0 16. 8 38, 8 55. 6 8. 4 silt loam (0. 9) 10, 3
TIC 114-124 1. 9 3. 9 4.8 10. 9 16. 2 37.8 9. 4 46. 1 55. 5 6. 7 silt loam (0. 9) 9.8

EF1 Al 0-12 6. 2 10. 5 11.0 17. 7 12. 4 57. 8 12. 7 23. 7 35. 4 6. 8 sandy loam 0.8 6.4
B1 12-31 8. 6 12.5 11. 9 17.0 1 2. 5 62.5 9. 7 22.9 32.6 4. 9 sandy loam 0. 9 6. 6
B2 31-60 8. 4 12.4 11.2 16. 8 11.7 60.4 12.4 23. 1 35. 5 4. 1 sandy loam 0. 9 6. 1
B3 60-92 8. 1 13.4 11.8 17. 3 12. 1 62.6 10.4 23.3 33.7 3. 7 sandy loam 0. 9 6.8
IIC 92-122 4. 9 13. 4 12. 3 19. 3 13. 6 63. 4 11. 7 21.8 33. 5 3. 1 sandy loam (0. 9) 7. 1

EF2 A 1 0-17 2. 8 7.0 9.4 13. 2 8. 1 40. 5 5. 9 34.7 40. 6 18. 9 loam 0. 6 7.4
HC1 17-32 2. 3 14.5 14.8 12.0 6. 6 50.2 12.6 31.2 43.8 6.0 sandy loam 0.6 9.7
MA lb 32-40 3. 3 7. 6 8. 2 15. 3 10. 5 45. 0 10.4 35. 2 45. 6 9.4 loam 0.8 10.4
IIIB2lb 40-61 3.4 8.5 8. 9 15. 7 10.7 47. 2 11. 1 27.7 38.8 14. 0 loam 1.0 5.6
1111322b 61-83 2. 2 7.3 9. 2 16. 6 11. 9 47. 1 9. 9 25. 1 35. 0 17. 9 loam 1.0 6.8
111C21 83-113 1. 6 6.8 10. 2 21.0 12.7 52. 3 10. 5 22. 7 33. 2 14. 5 sandy loam 1. 1 6. 8
IHC22 113-143 2. 1 8. 7 12.8 22.2 12.2 58.1 10.3 20.9 31. 2 10.7 sandy loam 1. 1 6. 6
II1C3 143-163 2. 1 7.8 13.3 28.6 11.8 63.6 3. 1 21.1 24.2 12.2 sandy loam (0. 9) 4.4

EF3 Al 0-9 5. 7 7. 2 7.0 8.5 7. 2 35.5 11.4 44. 1 55.5 9. 0 silt loam (0.7) 3. 9
B21 9-29 5. 9 6. 7 7. 1 9.8 9. 0 38.4 13. 7 40.3 54.0 7. 6 silt loam (0. 9) 3. 6
B22 29-50 9. 3 10. 2 8. 5 9. 3 7. 8 45. 0 12.4 35. 7 48. 1 6. 9 sandy loam (0. 9) 4.4
C11 50-72 7. 3 11. 1 9. 6 9. 2 6. 3 43. 5 10. 8 39. 0 49.8 6. 7 sandy loam (0. 9) 3.8
C12 72-94 11.0 13.4 9. 9 9. 2 6. 5 50. 0 11. 3 34.0 45. 3 4. 7 sandy loam (0. 9) 4.0
11C2 94-140 10.8 7. 6 5. 0 7. 1 8. 1 38.5 16.4 39.4 55. 8 5. 7 silt loam (0. 9) 7. 6 a
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EF4 Al 0-21 9.8 7. 9 6.0
B21 21-38 9. 4 8. 6 6. 6
B22 38-55 9. 2 9. 1 6.4
IIC 55-100 2. 6 3. 0 2.4

EF5 Al 0-18 10.0 8. 6 5, 7
B1 18-36 11. 1 10. 3 6. 7
B2 36-53 6. 9 9, 2 6.8
Cl 53-71 6. 1 8. 5 6. 9

6.7 6. 0
7. 2 6. 2
6, 9 5. 5
4. 7 6. 5

6. 4 7. 5
7. 3 7. 4
8. 0 7. 8
8.0 8. 4

36.4
38.0
37. 1
19. 3

38. 2

12. 6 39. 2 51.8
12. 6 39. 7 52. 3
12. 6 41. 1 53. 7
19. 9 46. 4 66. 3

14. 8 38.8 53. 6

11.8 silt loam 0.7 4.7
9. 7 silt loam 0. 9 4. 3
9. 2 silt loam 0. 9 2. 1

14.4 silt loam (0. 9) 2. 1

8. 2 silt loam 0. 9 6.4
42. 9 16.7 33. 9 50.6 6. 5 silt loam 0. 7 6. 6
38. 8 16. 6 38. 6 55. 2 6. 0 silt loam 1.0 5. 0
37. 9 18. 3 37.4 55.7 6. 4 silt loam 1.0 5.4

EF6 Al 0-7 8. 5 10.8 6. 9 9. 3 10.4 45. 9 15.7 29.5 45. 2 8. 9 loam (0. 7) 4. 5
A3 7-32 10. 2 12. 2 7. 3 9. 0 9. 7 48. 4 15. 0 30.0 45. 0 6. 6 sandy loam (0. 7) 4. 0
B2 32-59
C11 59-81
C12 81-103
IIC2 103-136

EF7 A 1 0-14
B1 14-42
B2 42-59
11133 59-81
IIC1 81-104
IIC2 104-133

9.4 11. 5 7. 6 9.8 10.8 49. 0 15. 3 30. 5 45. 8 5. 2 sandy loam (0. 9) 6.4
9. 1 10. 8 7. 3 10. 1 10. 9 48.8 14. 9 31. 4 46. 3 4. 9 sandy loam (0. 9) 5. 5

10. 1 11. 0 7.0 9. 9 10. 3 48. 1 15. 1 30. 9 46. 0 5. 9 sandy loam (0. 9) 4. 4
8.7 11.0 7. 9 10.5 11.0 49. 2 15. 1 30. 9 46. 0 4. 8 sandy loam (0. 9) 8. 2

9. 7 11. 4 8.8 12. 1 11.8 53. 9 12. 7 27. 9 40. 6 5. 5 sandy loam 0, 6 7. 9
11.3 12. 6 10.6 12. 4 11.5 58.5 12. 5 23.8 36. 3 5. 2 sandy loam (0. 9) 6.4
4. 0 9. 0 9. 2 11. 6 9. 6 43. 4 12. 6 35. 3 47. 9 8. 6 loam 0.8 8.0
7. 0 9. 6 8. 1 14. 5 16. 4 55. 7 5. 2 36. 3 41. 5 2. 8 sandy loam 0.8 8.8
2. 1 3. 9 3.8 10. 7 17. 1 37. 6 18. 6 37. 1 55. 7 6. 7 silt loam 0.7 10. 1
2. 7 4. 9 5. 4 15. 7 19.5 48. 2 16. 7 29. 8 46. 5 5. 3 sandy loam 0. 7 10, 2



Table 3. Chemical properties of selected soils, H. J. Andrews Forest.

Soil Horizon
Depth
cm

H20

pH

KC1

pH

ppm 9°

meq/ 100 g C

N

C
extr.

Ca
Mgextr.

P

total
OM

total
N

NH4 OAc

BS Fe2O3
2+

Ca
t+

K+ Na+ CEC

AB1 Al 0-16 5,4 4. 2 11.4 7. 0 0.15 12.4 2. 5 0.7 0. 2 28. 2 56 26 0.4 5.0
IIB2 16-39 5.4 4.2 5. 9 2. 5 0.10 7. 2 1.6 0.3 0. 3 18.8 50 1.7 15 0. 2 4. 5
IIC1 39-73 5. 6 4. 3 3. 2 1. 7 O. 06 4. 3 1. 2 O. 4 0. 3 16. 4 38 16 0. 3 3. 7
IIC2 73-108 5. 6 4.4 2.7 1.4 0.05 3. 2 0. 5 0. 3 0. 2 17. 2 25 16 0. 3 6. 6

AB2 Al 0-11 5. 5 4. 4 36.9 5. 3 0. 16 4. 3 0.7 0. 6 0. 2 23.2 25 19 0. 1 5. 8
IIB2 11-36 5.6 4.8 7.7 3.7 0.13 2.6 0.4 0.7 0.2 21.2 19 1.0 17 0.3 5.8
IIIC1 36-68 5. 7 4. 4 1. 8 1. 0 0.07 4. 1 1. 0 0.8 0. 2 21.4 29 8 0. 3 4. 2
IIIC2 68-100 5. 8 4.4 3. 2 1. 7 0.05 5.0 1. 2 0.8 0. 2 21. 6 34 20 0. 3 4. 1

AB3 Al 0-19 5.4 4.2 8.2 5.0 0.12 9.2 1.9 1.2 0.2 29.1 43 25 0.4 4.8
IIB1 19-46 5. 2 4. 0 3. 6 2. 9 0, 09 6.8 2. 0 1. 0 0. 2 28.8 34 18 0. 5 3. 4
IIB2 46-70 5. 2 4. 0 2. 7 1. 1 0.05 2. 2 1. 1 0. 8 0. 3 29. 1 15 2. 4 13 0. 2 2. 1

IIIC1 70-104 5. 1 3. 7 2. 3 0. 6 0.03 8. 5 3. 7 0. 4 0. 4 34.7 38 14 0. 2 2. 3

IVC2 104-155 5. 4 4.0 2. 7 0. 9 0.03 3. 2 1.4 0. 3 0.4 23.4 23 18 0. 2 2.3

A B4 Al 0-23 5. 2 4.0 6.8 5. 6 0. 15 6.5 1.4 0. 9 0. 2 34. 2 26 21 0.5 4. 5
IIB21 23-50 5. 3 4. 0 2. 3 2. 1 0.09 5. 9 1.4 0.4 0. 2 28.4 28 2. 2 13 0.5 4. 1
IIB22 50-75 5. 2 4. 1 3. 2 1.7 0.06 5. 0 1. 3 0.5 0. 3 29. 1 24 16 0. 3 3. 8
IIIC1 75-79 5. 6 5. 0 2. 7 1. 0 0.04 1. 2 0.2 0.1 0. 2 18. 9 9 14 0. 2 5. 8
IIIC2 79-85 5. 9 5.7 2. 7 0. 9 0.02 0.8 0.1 0.0 0. 1 19. 1 5 22 0. 2 9.4
IVB21b 85-114 5.6 4.3 2.3 1. 1 0.04 3.9 0.8 0.3 0.3 27.1 20 1.9 16 0.3 4.9
IVB22b 114-144 5. 6 4. 2 2. 7 0. 5 0.04 4. 3 0. 9 0.4 0. 2 25. 3 23 7 0. 1 4. 8



Table 3. (Continued)

Soil Horizon
Depth
cm

H20

pH

KCl

pH

pprn

extr.
P

meq/ 100 g C

N

C

extr.

CaNH4
OAc Sum

BS BS
1.e302

total
OM

total
N Ca2+ Mg2+ K+ Na+ H+ CEC

Mg

A B5 Al 0-10 5, 2 4.0 18.7 7.3 0. 15 19.6 3.9 1.0 0.2 21.7 31.6 78 53 29 0. 2 5.0
B2 10-34 5.4 4.4 8. 2 4. 7 0.13 10.8 2.8 0.8 0.2 20. 1 27. 9 52 42 2. 0 21 0.3 3. 9
IIB3 34-52 5.8 4.0 1.4 1.0 0.05 16.0 4.9 1.0 0.2 13.8 28.4 78 62 11 0.4 3.3
IIC11 52-73 5. 7 3.8 2. 7 1. 4 0.05 16.8 6. 2 0. 9 O. 3 14. 6 31.7 76 62 17 O. 3 2.7
I1C12 73-95 5. 6 4.0 2. 3 0. 9 0.04 17.4 6. 5 O. 8 O. 3 14. 5 31. 9 78 63 12 0. 2 2.7
IIC 2 95-118 5. 6 3.8 3. 6 0. 1 0.02 16.8 6.7 0. 6 0. 3 13. 1 31.4 77 65 3 0.0 2.5

CD1 A 1 0-15 4. 8 4. 1 5. 5 5. 3 O. 11 12.6 2. 2 O. 9 O. 2 22.8 31. 2 51 41 2. 1 29 0. 6 5. 7

IIB1 15-27 5. 2 3. 9 5. 0 3.8 0.10 11.4 2.8 0.8 0. 1 24. 3 35. 6 42 38 21 0.4 4. 1

IIB2t 27-58 5. 2 3.8 2. 3 0. 9 0.05 15. 2 5.0 0. 3 0. 2 25. 1 41. 6 50 45 2. 5 11 0. 2 3.0
IIB3t 58-81 5. 0 3. 6 2, 3 0. 9 0.03 9.4 3.7 0. 2 0. 2 29.0 38.9 35 32 17 0. 2 2. 5

IIC 81-112 5.0 3.6 2.3 0.4 0.02 6.7 3.1 0.2 0.2 31.4 36.6 28 24 4.0 13 0.1 2.1

CD2 Al 0-19 5. 3 4. 3 6.8 4. 2 O. 11 2.8 O. 5 O. 5 0. 1 17. 7 19.0 20 18 1.4 23 O. 4 5. 6

A3 19-36 5.7 4.8 3.2 2.6 0.08 2.7 0.5 0.4 0.2 15.0 17.6 22 20 19 0.5 5.4
IIB2 36-66 5. 4 3.8 2. 3 0. 5 0.04 8. 5 3. 7 0. 6 0. 2 18. 4 27.8 47 41 2.4 7 0. 1 2. 3

IIC 66-112 5. 1 3.8 2. 7 O. 7 0.05 2. 9 2. 1 O. 2 0.4 25.6 31.6 18 18 2.4 8 0. 1 1. 3

CD3 All 0-3 5.4 4.5 6.8 18. 7 0.39 4. 2 0.5 0.4 31.9 14 28 1. 6 8.4
Al2 3-13 5.2 4.5 4.5 9.0 0.24 0.5 0.2 0.2 0.3 28.2 4 1. 5 22 1. 2 2.5
A3 13-28 5.2 4.6 5.9 7.3 0.39 0.3 0.1 0.2 0.2 24.0 3 11 0.7 3.0
B2 28-48 5. 5 5. 2 1. 9 2. 5 0. 10 0.5 0. 1 0. 2 0. 2 24.2 4 1.5 14 0.8 5. 0
B3 48-69 5.6 5.4 2.1 2.0 0.08 0.1 0.0 0.1 0.2 29.0 2 14 0. 6

IIC 69-99 5.4 5.0 1. 4 1. 6 0.08 0.3 0. 2 0. 2 0. 2 30.1 3 2. 5 12 O. 7 1. 5



Table 3. (Continued)

Soil Horizon
Depth
cm

H 0
2

pH

K CI

pH

_ppm

extr.
P

meq/ 100 g
%

C

N

C Ca
total
OM

total
N

NH4 OA c

BS
Fe

203
extr.

P

Mg
Ca2+ Mg2+ K+ Na+ CEC

CD4 A 1 0-25 5. 4 5. 0 5. 6 9. 2 0. 26 0. 5 0. 2 0. 2 0. 2 29.9 3 1.1 21 1.0 2.5
A3 25-46 5. 5 5 4 4.5 6.7 0.24 0. 1 0.0 0. 2 0. 2 34.6 1 16 O. 9

IIB1 46-66 5. 6 5. 5 2. 1 3. 9 0. 14 0.0 0.0 0. 1 0. 2 27.8 1 16 1. 1

IIB 2 66-90 5.4 5.3 1.5 2.4 0.11 0.0 0.1 0.1 0.2 34.6 1 2.7 13 0. 9 0.0
IIB3 90-114 5.4 5. 2 0. 9 1. 9 0.09 0.4 0. 6 0. 2 0. 2 32. 4 4 12 1.2 0.7
IIC 114-124 5. 4 5. 1 1.4 2.7 0. 10 0.4 0. 1 0. 2 0. 3 34.4 3 2. 6 16 1. 1 4.0

EF1 Al 0-12 5.7 4.8 4.6 5.2 0.23 5.5 0.5 0.5 0.2 21.2 24 13 O. 7 11.0
B1 12-31 5.7 4.9 5.5 3.4 0.13 0.1 0.1 0.3 0.2 20.0 4 15 O. 4 1. 0
B2 31-60 5.4 4.8 1.9 1.9 0.13 1.6 0.6 0.4 0.3 20.1 12 1.4 8 0.6 2.7
B3 60-92 5. 4 4. 6 1.7 2. 2 0. 10 2. 1 0.7 0. 5 0. 3 27.3 12 13 O. 7 3.0
IIC 92-122 5. 2 4. 2 4. 1 0. 9 0.04 4. 0 2. 2 0. 4 0. 4 26.6 21 13 O. 1 1.8

EF2 Al 0-17 5.6 4.4 3.6 10.8 0.17 8.0 1.4 0.5 0.3 35.4 29 1. 4 36 1. 7 5. 6

IIC1 17-32 6.0 5. 0 5.5 5.0 0.21 2. 6 0.6 0.1 0.2 29.6 12 14 0. 5 4. 2
IIA lb 32-40 6. 0 4. 6 2.7 3. 0 0. 16 9. 4 2. 6 0. 7 0. 2 30.0 43 2.0 11 O. 6 3.7
IIB2lb 40-61 6. 2 4. 4 2.7 1. 2 0.08 17.4 6. 2 0, 3 0.4 30.5 80 8 0. 3 2.8
IIB22b 61-83 6. 2 4.4 2. 3 0. 8 0.05 21.5 8.4 0. 2 0. 4 30.6 100 10 0. 2 2. 6

II1C21 83-113 6.4 4. 6 2.7 0.5 0.04 20. 9 8.7 0. 2 0.4 28.6 105 6 0.1 2.4
II1C22 113-143 6.2 4.4 2.7 0.3 0.03 19.7 8.4 0.2 0.4 30.4 94 5 0. 1 2. 3

II1C3 143-163 6.4 4.4 2.0 0. 3 0.03 21.9 9. 9 0. 2 0. 4 30.8 105 7 0. 1 2. 2

EF3 Al 0-9 5.4 4.2 10.0 8.2 0.15 4.0 0.7 0.5 0.2 25.7 21 1. 3 31 O. 5 5. 6

B21 9-29 5. 6 4. 2 6.8 4. 2 0.09 2. 9 0.5 0. 2 0. 2 19.3 19 28 0. 4 5. 9

B22 29-50 5. 6 4. 6 6.8 3. 2 0.08 2. 9 0.4 0. 2 0. 2 18.8 20 1.4 24 0. 3 7.0
C11 50-72 5.6 4.4 3.2 2.8 0.08 2.2 0.4 0.3 0.3 18.5 18 22 0. 5 5.0
C12 72-94 5. 6 4.5 2.3 2. 1 0.06 1. 3 0.4 0. 2 0. 2 16.6 13 20 0. 5 3. 3

IIC2 94-140 5. 7 4.4 3.6 2.0 0.06 2. 5 0.7 0. 2 0. 2 22.2 16 1.4 19 0.3 3.6



Table 3. (Continued)

Soil Horizon
Depth
cm

H 0
2

pH

KC1

pH

ppm
meq/100 g

o/o

C

N
s Ca

extr.
P

total
OM

total
N

NH4 OA c

BS
Fe2O3

extr. Mg

Ca
2+

Mg
2+

K
+

Na
+

CEC

EF4 Al 0-21 5.2 4.3 5.5 6.2 0.12 2.4 0.4 0.3 0.2 21.0 16 1. 1 32 O. 7 5. 3

B21 21-38 5. 5 4. 5 3. 2 3. 3 0.09 1. 3 0.3 0. 2 0. 1 16.0 12 22 0. 6 4. 1

B22 38-55 5. 3 4. 2 1.4 2.0 0.07 1.0 0. 3 0. 2 0. 2 14.0 12 1.0 17 0.8 8.3
IIC 55-100 5.1 3.8 0.7 1.3 0.04 2.7 0.8 0.2 0.2 15.1 26 0.7 19 1.1 3.2

EF5 Al 0-18 5. 4 4. 6 17.7 7. 5 0. 23 5. 4 1. 1 O. 5 0. 2 21.0 26 1.5 19 0.2 4.9
B1 18-36 5. 4 4. 6 7.7 4. 2 0. 16 4. 2 0.8 0.4 0. 2 20.8 21 15 O. 3 5. 2
B2 36-53 5.5 4.6 3.8 1.9 0.12 4.0 0.6 0.4 0.2 20.4 20 1. 5 9 O. 3 6. 7

Cl 53-71 5. 6 4.4 1.9 1.8 0.10 3.4 0.9 0. 3 0. 3 20.4 19 11 0. 6 3.8
IIC2 71-104 4.8 3.6 3.2 1.0 0.04 10.3 2.1 0.2 0.3 24.4 5 2 O. 6 13 O. 2 5.0

EF6 Al 0-7 5.8 4.8 5. 9 7. 5 O. 18 11.2 1. 1 0. 9 0. 2 29.0 46 24 0. 7 10. 5

A3 7-32 5.8 4.8 1.8 4.4 0.13 5.9 1.1 0.6 0.2 24.8 31 20 1. 4 5. 5

B2 32-59 6. 1 4.8 2.7 2. 6 0.10 3. 6 0.9 0.5 0.2 24.6 21 14 0. 6 3. 9
C11 59-81 5.8 4.6 2.3 2.4 0.09 2.9 0.8 0.4 0.2 22.4 19 16 0. 6 3. 5

C12 81-103 5.8 4.6 2.7 1.4 0.07 2.4 0.5 0.2 0.1 25.0 13 12 0. 3 4. 9

IIC2 103-136 5.8 4.6 2.3 1.9 0.07 4.7 1.8 0.4 0.2 24.2 30 16 O. 5 2. 5

EF7 Al 0-14 5. 2 4.7 6.9 6.0 0.24 0.2 0.2 0.2 0.3 22.8 4 15 0.5 1.0
B1 14-42 5. 4 4. 9 4.4 3. 9 0.13 0.0 0.0 0. 1 0. 2 19.4 2 17 O. 5

B2 42-59 5. 6 5.0 3.6 2. 7 0.13 0.0 0. 2 0.1 0.2 19.5 3 12 O. 4 0.0
IIB3 59-81 5. 6 5. 2 2. 2 2. 2 0.10 0. 1 0.2 0.2 0.2 29.2 2 13 0. 9 O. 5

IIC1 81-104 5.9 5.3 1.4 1.8 0.08 2.6 1.2 0.1 0.2 32.0 11 13 0. 8 2. 2

IIC2 104-133 6.0 5.4 1.6 1.6 0.08 0.4 0.3 0.1 0.2 33.8 3 11 O. 6 1. 3
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A = analytical value on weight basis:

ppm for P;

% for OM, N, and Fe2O3;

meq/100 g for Ca 2+,
Mg

2+,
K+, Na+, and CEC

B = horizon bulk density (g/cm3)

D = horizon coarse fragment content by volume (%)

E = dry weight water content of air-dry sample ( %)

C = constant:

1.00 10-3cm3/ppm 1 for P;

10.0 cm3 /V1 for OM, N, and Fe2O3;

20. 0 cm3 g/meq 1 for Ca2+;

12. 2 cm3 g/meq 1 for Mg 2+;

39.1 cm3 g/meq1 for K+;

23. 0 cm3 g/meq. 1 for Na+;

1.00 cm3 eq/meq.1 for CEC

The above approach, on a "per liter" basis, allows one to

observe variations of the different properties from horizon to horizon.

Another useful technique is to observe properties in terms of amount

per "whole pedon." The number of grams, or equivalents of a

substance, or of exchange capacity, is expressed on m3 of whole

soil basis, with a m3 defined as one square meter of horizontal

area taken from the surface of mineral soil to a depth of one meter

beneath the surface (Figures 14- 17). Grams, or equivalents, per m2
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per horizon were computed using Equation (2):

where

=

X = AB'F[(100-D)/100]° [(100+E)/100]K (2)

weight of substance (extr. P, OM, exch. Ca 24, etc. ) per

horizon of whole soil (eq/m
2); or equivalents of exchange

capacity per m2 - horizon of whole soil (eq/m2)

A, B, D, E = A, B, D, E of Equation (1), respectively

F = horizon thickness (cm)

K = constant:

1.00.10-2 cmZ/ppm m2 for P;

100 cm /°70 m2 for OM and N;

200 cm2* g/meq m2 for Ca2+;

122 cm2 g/meq m2 for Mg2+;

391 cm2' g/meq m2 for K+;

230 cm
2' g/meqm2 for Na+;

10.0 cm eq/meq.mz for CEC

2

Quantities thus computed for horizons were totaled to give grams or

equivalents per m2 to a depth of one m for each pedon.

As for the precision of this volumetric approach, the least

reliable factor in Equations (1) and (2) is factor B, bulk density.

Bulk density was estimated in many cases as described in the MATER-

IALS AND METHODS chapter of this thesis. Its uncertainty is 1 in 7

for A horizons and 1 in 9 for B and C horizons.



92

Blaedel and Meloche (1963) suggested that the uncertainty of

a computational result should lie between one-fifth and twice that of

the least precise component. Accordingly, since the least reliable

factor for A horizon computations has an uncertainty of 1 in 7, all

A horizon values of W calculated with Equation (1), and presented

graphically in Figures 6-13 and Table 1, are rounded to fall within

a range of relative uncertainty between 1 in 35 and 1 in 3.5. All B

and C horizon values of W, with a least precise component having

an uncertainty of 1 in 9, are rounded to fall within a range of uncer-

tainty between 1 in 45 and 1 in 4.5. Values of X, computed with

Equation (2) and summed to obtain the values presented graphically

in Figures 14-17, have a least reliable component with an uncertainty

of 1 in 7. Thus the values in Figures 14-17 are rounded to fall be-

tween 1 in 35 and 1 in 3.5 in uncertainty.

It is recognized that other factors, most notably root volume,

contribute further variability that is not accounted for in these calcu-

lations. In the case of root volume, the error would be in the same

direction for all horizons and pedons, since, by occupying space in

the soil, any roots present cause Equations (1) and (2) to give over-

estimates of volumetric levels of nutrients and exchange capacities.

Assuming that this error is roughly the same for all A horizons, for

all B horizons, and for all C horizons, it is felt that, for soil-to-soil

comparisons, omission of root volume estimates does not bias
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significantly any conclusions derived by the volumetric approach.

An assumption was made concerning the differences among

fine earth, saprolite, and hard rock. All coarse fragments identified

morphologically, including those having weathering rinds and those

described as saprolitic or as being "rotten throughout," were treated

as hard rock, and as not contributing to nutrient levels and to cation

exchange. This may be erroneous, especially in the edaphological

sense. But in the pedogenetic sense it allows for evaluation of the

influence of the coarseness of parent materials, admittedly at the

expense of some rate-of-weathering diagnoses that might have been

made in a more detailed study.

Fluvial Sequence AB

Soils ABI, AB2, and AB3 are the truly fluvial members of this

sequence, and their landscape morphologies, soil morphologies, and

laboratory data suggest that each is in some way unique. Soil AB1

is coarser textured than the other fluvial soils. That the surface

texture of Soil AB1 converges with that of Soil AB2 (sandy loam) is

probably due to an incipient "capping" effect, with finer alluv ium be-

ginning to be deposited over the higher portions of Unit ABI as

Lookout Creek cuts downward. Content of coarse fragments, by

volume, is highest in Soil AB1, exceeding 50 percent below the 16 cm

depth. Size range distribution of coarse fragments is also highest in
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Soil AB1, with stones, cobbles, and boulders predominating beneath

16 cm.

Soil colors for Soil AB1 are darker and more yellow than those

of Soils AB2 and AB3. That Soil AB1 qualifies for the Mollisols by

virtue, in part, of its thick, dark epipedon is an indication of its

fluventic character and the attendant slow burial of organic-rich

surface materials. Epipedons in this region are normally not this

deep (39 cm?. However, Soils AB2 and AB3 also possess fluventic

character, based on a slow decrease with depth of organic carbon on

a weight basis. And, if expressed on a volume basis (Figure 6), the

organic matter contents of these three soils do not differ markedly.

Expressed on a whole pedon basis (Figure 14), Soil AB1 has slightly

less organic matter and total N than Soils AB2 and AB3. Carbon/

nitrogen ratios (Table 3) fall off initially with depth in the mineral

soils, showing the dominance of carbon in relatively less decomposed

forest litter near the surface. The C/N ratios rise in the 111C2 and

IVC2 horizons of Soils AB2 and AB3, respectively. This may indicate

that remnants of buried soils exist at these depths.

Soil AB1 has an extractable P content by volume (Figures 8, 15)

which is close to that of Soil AB3. Soil AB2 possesses an extremely

high extractable P content in its Al and 11B2 horizons, but its C

horizon P level drops below that of Soils AB1 and AB3. This may

reflect the influence of overburden material from the adjacent
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south-facing hillslope and associated fans; the level of extractable P

in Soil AB5 is also high. Base saturation is highest in the Al and IIB2

horizons of Soil AB1--high enough to qualify these horizons as a

mollic epipedon. Considered on a volume basis, however, the

abundance of major cations (Ca and Mg) in Soil AB1 is comparable

with that for Soil AB2, and strikingly less than that for Soil AB3

(Figures 10, 11, 16). Apparently the relatively high content of

coarse fragments in Soil AB1 causes cations released from forest

litter to be concentrated in a smaller volume of fine earth, thus

enhancing the base status as measured on a weight-of-fine-earth

basis. The Ca/Mg ratio (Table 3) generally narrows with depth in

these soils, indicating a preferential retention of Ca in the recycling

process, as observed in young alluvial soils of the Willamette Valley

(Parsons, Balster, and Ness, 1970). This is consistent with Young-

berg's (1966) findings in the Oregon Coast Range, where weight

percents of Ca in forest litter exceeded those of Mg by substantial

amounts. The extremely high Ca/Mg values for the 11C2 horizon

of Soil AB1 is due to a low value of measured exchangeable Mg. This

is anomalous; horizons L.C1 and 11C2 do not differ morphologically,

but were split for sampling purposes only. A buried A horizon is not

apparent from other properties.

Soil AB2 has a lower base status in its IIB2 horizon than in

either the overlying or underlying horizon. This is seen most
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especially in percent base saturation (Figure 15; Table 3), but is

also seen in the tendency for Ca and Mg to increase slightly, on a

volume basis, from the I1B2 to the underlying horizons (Figures 10,

11). The IIB2 horizon is found morphologically to possess abundant

pumice (APPENDIX I). The pumice horizons (IIIC and IIC, respec-

tively) of Soils AB4 and EF2, relatively pure but differing in degree

of weathering, also show low levels of Ca, Mg, and base saturation

when compared with overlying and underlying horizons. The less

striking tendency toward this phenomenon in Soil AB2 may be caused

by pumice, the effect of which has been diminished by weathering and

by mixing with alluvium and colluvium on this terrace. In addition,

this well drained, coarse textured, highly permeable soil, greater

than 7, 000 yrs in age, may be showing incipient A2 horizon develop-

ment as bases are eluviated from the IIB2 horizon.

Soil AB3 differs morphologically from Soils AB1 and AB2 by

being redder and brighter in color, having a deeper solum, and by

being finer in the texture of both its fine earth and coarse fragments,

most strikingly in the stratum (IIIC1 horizon) from 70 to 104 cm in

depth. The cation exchange capacity and base saturation of this soil

are generally higher than those of Soils AB1 and AB2 (Figures 9, 15;

Table 3). Based on the relatively fine and mostly subrounded to

rounded nature of the clasts in this material, it is judged to be the

re suit of recent, post-Mazama, fluvial discharge from Watershed 2.
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It corresponds to the young fan material which Swanson and James

(1974) described as originating primarily from smaller watersheds.

They mapped the area where Soil AB3 was sampled as being underlain

by coarse, unsorted, angular, pre- Mazama, fan material. The

nearby Soil AB4 is developed in the upper portions of just such a fan.

Soil AB3, however, shows no morphologic evidence of a Mazama ash

overburden or input, to the depth sampled (155 cm). That this type

of fan material is emanating from a large watershed, and is, in fact,

c utting the pre-Mazama fan of that watershed, lends preferential

credence to Swanson and James' (1974) alternative suggestion as to

the influence of "changing vegetation and climate" on geomorphic

processes since 7, 000 yrs ago.

Free iron oxide content, by volume, of Soil AB3's IIB2 horizon

is more than twice as high as that for the /IB2 horizon of Soil AB2

(Table 1). This is consistent with the redder hue having been found

to a greater depth in Soil AB3, but somewhat anomalous in that Soil

AB3 is thought to be younger (post- Mazama) than Soil AB2, and

would be expected to be less well oxidized. The reason may be

that the mainstream alluvium from which Soil AB2 has developed had

fine grained iron oxides and oxide-coated clay and silt particles

winnowed away during stream transport. By contrast, the tributary

alluvium in which Soil AB3 is formed retained more of such fine-

grained oxide and oxide-bearing material, which had formed in
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upslope weathering, in its relatively short-distanced, low energy

transport. This hypothesis is corroborated by the fact that Soil AB1,

which, like Soil AB3, is post- Mazama in age, has the same B horizon

free iron oxide content by volume as Soil AB2.

Soils AB4 and AB5 are developed in coarse, poorly sorted,

subangular and subrounded fan material on the south and north sides,

respectively, of Lookout Creek. Soil AB4 has a clay content and

weight-basis cation exchange capacity comparable with those of Soil

AB3, but its base status is much lower (Table 3; Figures 15, 16),

possibly indicating its greater age. Its most striking feature is a

pumice layer, described as horizons ILIC1 and ILIC2, between the

75 and 85 cm depths. Pumice weathers rapidly when exposed in

this climate, as evidenced by the lack of extant surface pumice in

the region, and by the more advanced state of weathering, as com-

pared with the pumice of Soil AB4, of the shallower (17-32 cm)

pumice layer or IIC1 horizon of Soil EF2. That the pumice of Soil

AB4 is well preserved is evidence that it was buried to its present

depth very soon after its deposition. Thus the overlying 75 cm

thickness of colluvium must be close to 7, 000 yrs in age.

Soil AB5 is somewhat higher in clay content of the fine earth

than Soils AB4 and AB3, and markedly higher in base saturation,

especially in the subsoil, than any of the other soils in Fluvial

Sequence AB (Figure 15; Tables 2, 3). The fan that comprises Unit
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AB5 laps onto the pre-Mazama terrace of Unit AB2, and is lacking

in buried pumice to the depth sampled (118 cm). Soil AB5 seems to

correspond in age, insofar as being post- Mazama, with Soil AB3,

but coarse fragments in Soil AB5 are more abundant and more angular.

The clay content of both these soils probably is inherited for the

most part from upsiope weathering processes.

The high base status of Soil AB5 might be explained by Ca- and

IvIg-ca,r1;L-,i- -yroclaE;tic bedrock beneath

the adjacent hilislope has been cut by dikes, and attendant hydro-

thermal alteration of basic minerals to calcite and dolomite is pos-

sible. Base-enriched seepage water from a fault (Parsons and

Balster, 1965) or a dike/country rock interface may be a factor.

Hawk (1973) described moisture enrichment from adjacent slopes

in the soils of high terraces along the McKenzie River. Such a

mechanism could bring bases as well as moisture into Soil AB5.

A simpler explanation may be round in Dyrnesst (1967) observation

that soils on soc.flieini exposure - in the Andrews Forest are shallow,

and the underlyin bedrock not deeply weathered, due to their dry-

ness. The con: ec,ae.::.i r etardation of leaching could allow retention,

on exchange sites, of cations released from primary minerals, thus

leaving these bases availab e for downslope transport in colluvium

or in seepage water.

As in the case of Soil AB2, Soil AB5 shows B2 horizon minima
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in its levels of base saturation and volumetric Ca and Mg (Table 3;

Figures 10, 11). This may represent incipient A2 horizon develop-

ment, although Soil AB5 is younger (post-Mazarna) than Soil AB2.

Another explanation might be the fixation of Ca in Ca-phosphate

compounds. As noted above, Soils AB2 and AB5 both contain high

levels of extractable P in their surface horizons.

Upland

The landscape units in Seciuence CD were observed in the field

to differ in soil. morphology. Detailed field and laboratory study in

these soils gives clues not only as to soil distribution patterns in

the upper valleys of the region, but also regarding possible differences

among parent materials, processes, and times of soil development.

The most strik.inci v-..ations morphologically among these soils

are texture a.n_d its variation. with depth (A.PPENDIX I; Table 2). Soil

CD1 varies in fine earth texture from surface loam to subsurface clay

loam and clay wi-.!:1-1 corm-non to abundant, thin to moderately thick

clay films in the argillic horizon. Volume coarse fragment content

varies from 20 percent fine gi avel in the Al horizon to no coarse

fragments in the TM 1 horizon, thence progressively more, to 90

percent in the TIC) horizon. The A horizon pebbles are highly weath-

ered and well.-rounded, and since this horizon overlies a horizon

with no coarse fragments, the parent material of this soil
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corresponds somewhat to the alluvium-colluvium found by Parsons

and Balster (1966) in the Oregon Coast Range. The depositional

discontinuity at the 15 cm depth of Soil CD1 implies an overburden

of material. This is consistent with the alluvium- colluvium concept,

but another mechanism or mechanisms may be responsible. The

gravel in the Al horizon may have been concentrated there by prefer-

ential erosion of finer material (Ruhe, 1959). There is also the

possibility that these fine pebbles are not lithic fragments but authi-

genic concretions of some kind. Fine rounded pebbles are commonly

found in Andrews Forest soils, most often concentrated near the

surface. Their origin and nature have not been investigated in this

study; they are assumed to be lithic fragments with a history of

alluvial transport.

The coarse fragments of Soil CD1 are unique for Sequence CD

not only in their C horizon abundance, but also in their extreme state

of weathering. They are saprolitic, but are not weathered bedrock.

Rather they are a poorly sorted accumulation of subangular clasts and

fine earth. They become relatively fresh (Figure 4) below the upper

two m. Inasmuch as no depositional discontinuity is apparent in this

zone of transition from saprolitic to fresh clasts, it appears that the

B and C horizon coarse fragments of Soil CD1 have experienced most

of their weathering history since deposition. It might also be sur-

mised that the largest portion of the soil's clay content also has been
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formed since deposition, because the saprolitic coarse fragments

tend to be clayey, and because the colluvial mantle in this region

is typically not as clayey as Soil CD1. Crandell (1963) reported

on states of weathering in mudflow deposits and glacial drift in the

Puget Sound area, Washington. In the Vashon drift of late Pleistocene

Age, oxidation extends two to three feet below the surface, but most

stones in the profile are fresh, with no weathering rinds, though they

are coated with iron oxides. Soil CD1, then, may be older than late

Pleistocene, and is possibly as old as the Illinoian outwash terraces

and fans which Allison (1936) described along Willamette River tribu-

taries. These gravels are irregularly oxidized to depths of 10 to

15 ft (3 to 4. 5 m) and pebbles in the clayey soil zone are entirely

decomposed. If Soil CD1, or at least those portions of it below the

discontinuity at 15 cm, is in fact Illinoian in age, then it has formed

under the climatic influences of, in order, the Illinoian glacial age,

the Sangamon interglacial age, the Wisconsin glacial age, and the

Recent Epoch (Dunbar, 1960). Thus, Soil CD1 would be truly "poly -

genetic" in the sense described by Crocker (1952).

Despite its high content of coarse fragments at depth, Soil

CD1 fits into a fine textural family (Soil Survey Staff, 1970) based

on a weighted average of the horizons in its control section. Soils

CD3 and CD4, each averaging more than 35 percent coarse fragments

in its control section, are in loamy-skeletal families. Soil CD2 falls
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between Soil CD1 and Soils CD3/CD4 in its textural family placement.

It is not high enough in coarse fragments to fit into a skeletal family,

and it has too little clay to be in a fine family, but is rather in a

fine-loamy family. Soil CD2 shows an increasing clay cal tent from

its A to its I1B2 horizon (Table 2), but less strikingly so than Soil

CD1, and clay films, very much in evidence in the latter, are not

apparent in the former. This "clay bulge" in Soil CD2, coupled with

slight changes in percentage, size distribution, and roundness of

coarse fragments, at the 36 cm depth, is taken as evidence of a

lithologic discontinuity at that depth. Clay content is ten percent or

less in all horizons of Soils CD3 and CD4.

Morphologically discernible pumice is found in all horizons of

Soil CD3, abundantly so below a depth of 13 cm (APPENDIX I). It

may be less apparent above this depth because of masking by soil

organic matter, but more likely it has been more highly weathered

above such a shallow depth. The distribution of pumice throughout

this profile is of interest, but unknown significance. Decaying root

channels, as evidenced by the pumice-filled "krotovinas" of Soil EF2,

and normal processes of churning by tree blowdown are surely at work

in any soils that support timber (Gaiser, 1952; Stephens, 1956). But

the homogeneous distribution of pumice in this soil indicates that

extensive colluvial processes may have reworked this material at

least once since the time of Mazama. Soil CD4 also possesses
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pumice throughout its depth, though less abundantly so than Soil CD3.

That Soil CD4 has more A horizon pumice than Soil CD3 is an indica-

tion that continual churning by colluvial activity on the steeper slope

of Soil CD4 has brough pumice back near the surface subsequent to

burial. Pumice is more abundant in Soil CD3 than in Soil CD4, and,

while estimates of "abundance" of pumice are minimally quantitative,

based only on the author's field scheme (APPENDIX II), this may

indicate that ,y2.,-ni,-;e which Zell on the steep (50 percent) slopes of

Unit CD4 was largely washed downs lope before incorporation into

the soil. Unit CD3, less steep (15-25 percent), might have experi-

enced little or none of such removal. Soil CD2 has only a trace of

morphologically identifiable pumice in its profile, and Soil CD1 has

none. This is somewhat anomalous, especially in the case of Soil

CD1, which, based on its advanced state of weathering and soil

development, probably has experienced little if any movement since

well before Mazama' s eruption. A partial explanation lies in the fact

that the pits in which Soils CDI and CD2 were described are located

on interfluves. A thin overburden of Mazama ash would have been

washed away j:ro:, surface prior to any significant incorporation

into the soil. Lacking distinct pumice layers such as are found in

Soils AB4 and EF2, a qualitative observation of pumice in soil pro-

files is noteworthy but not entirely reliable. Petrographic grain

counts, to determine its abundance and depth distribution, will be
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required to draw sound genetic inferences from the occurrence and

distribution of Mazama tephra in these soils.

Soil CD4 has the thinnest (1 cm) F layer (012 horizon) in the

sequence, all others having an equally thick (4 cm) F layer. This

might reflect a more rapid incorporation into the mineral soil by

colluvial action at the steeper Unit CD4. This is borne out by the

thick, dark, umbric epipedon which Soil CD4 possesses, as opposed

to the ochric epipecion3 of the other soils. This suggestion is weak-

ened by noting that thicknesses of the F layers of other hillslope soils

(EF1, EF3, EF4, EF 5, EF6) vary from two to four cm in an unpre-

dictable pattern, but in the case of Soil CD4 it has some merit in that

the content of soil. organic matter in this soil is unusually high, both

throughout its depth and on a m3 basis (Figures 6, 14). Soil CD4's

high organic matter levels and deep solurn (114 cm) may reflect a

history of burial of one or more soils, too gradual to have left an

identifiable buried soil, or else preceded by erosion of A horizon( s).

Soil CD3 is also high in A horizon organic matter, and, while

its subsoil organic matter levels correspond more closely with

those of Soils of CD_' and CD2 than with that of Soil CD4 (Figure 6),

Soil CD3 does have a total soil organic matter level which is high,

and close to that of Soil CD4 (Figure 14). The same tendencies are

seen in values of total N (Figures 7, 14).

Soil organic matter and soil N levels to a one m depth tend to be
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generally higher in Upland Sequences CD and EF than in Fluvial

Sequence AB, the prime reason probably being climatic. Organic

matter breakdown must be less rapid in the cooler, wetter, short

summer uplands than in the lower portions of the Andrews Forest.

Two notable exceptions are Soils CD1 and CD2, both of which group

nicely with the soils of Sequence AB as to N and organic matter levels.

Decomposition of organic matter is apparently more rapid in Soils

CD1 and CT` ?. t!-tan CD3 and CD4 due to the southerly expo-

s ures and stable, low gradient slopes of the former two soils. This

has allowed more intense oxidation and decomposition over a long

period with n- inirnal chance of the process' being retarded by colluvial

overburden or reworking. Carbon/nitrogen ratios ( Table 3), as with

the soils of E-3,1..ier!..ce V.F are higher in surface horizons than in

subsoils, stabili zing h d_fpih at a level of less than 20, reflecting

the dominance of carbon in less decomposed forest organic matter.

In levels of extractable P, Soils CD1 and CD2 tend to group

separately from Soils CD3 and CD4, though the differences are slight

(Figure 8) and seen on a rn.3 basis (Figure 15). The lower ex-

tractable P levels CD3 and CD4 could be brought about in

part by low levels of exchangeable bases. A lack of phosphate-

forming cations could cause phosphate ions to be leached away or to

be complexed in non-extractable forms.

In base status, Soil CD1 differs drastically from Soils CD3 and
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CD4, with Soil CD2 having intermediate properties. Exchangeable

Ca and Mg levels in Soil CD1 reach their maxima in the IIB2t horizon,

the decrease in magnitude below this depth being magnified on a

volume basis (1 igures 10, 11) by a high content of coarse fragments.

Soil CD2 also has a B horizon "bulge" in Ca and Mg contents, but it is

less pronounced than that of Soil CD1. This tendencey corresponds

closely to the relative clay contents of these two soils (Table 2), and

is probably partially a function of the latter. But the CEC of Soil

CD2 is no higher than those of Soils CD3 and CD4 on a weight basis,

being lower, in fact, in the Al horizon because of a relatively low

organic matter content (Table 3), and higher on a volume basis only

in the IIB2 horizon. The Ca and Mg levels of Soils CD3 and CD4 are

surprisingly low (Figures 10, 11). Their exchange capacities, how-

ever, especially that of Soil CD4, are not correspondingly low relative

to Soil CD2, and thus they have exceptionally low base saturations.

One explanation lies in their high organic matter contents. Soil

organic matter produces humic and mineral acids in the decomposing

process, providing hydrogen ions to replace bases on exchange sites

(Buckman and Brady,

Soil Ca', and its counterpart in the Lookout Creek drainage,

Soil EF7, are typical of soils in valley bottom and footslope positions

in the upper valleys of the Andrews Forest. High in sand and silt,

low in measured clay, these soils must draw the largest part of their
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exchange capacities from organic and amorphous components. Their

low contents of bases may derive from intense and long-continued

leaching in this highly permeable colluvial and alluvial-colluvial

material. The parent materials for these soils are perhaps meta-

stable on their present gentle slopes, being churned and reworked by

tree blowdown and slope failure only to shallow depths, thus preventing

the upper few meters of material from receiving a significant re-

charge of bases from actively weathering saprolite. If this conflicts

with the observation that Soil CD1, in its stable valley bottom posi-

tion, is experiencing recharge of bases and clay from its own sapro-

litic coarse fragments, perhaps the explanation is that Soil CD1 has

been stable in its present position for a much longer period of time

than Soils CD and EF7; that is, Soil CD1 has developed in older

material and is an older soil. Soil CD2, largely intermediate in

properties between Soil CD1 and Soil CD3, might be the result of

intermingling of genetic processes. Soil CD2 may be intermediate

in age, younger than Soil CD1 but older than Soil CD3, due to an

intermediate level of parent material stability which allows propedan-

isotropic factors and processes (horizon differentiation) to exceed

propedisotropic factors and processes (in this case, shallow colluvial

and alluvial- colluvial activity) (Hole, 1961), but to a lesser extent than

for Soil CD1. Soils CD3 and CD4, on the other hand, have experi-

enced a predominance of propedisotropism over propedanisotropism.
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Also, Soil CD2 may have formed in an entirely different parent

material from either Soil CD1 or Soil CD3, or both. The materials

in this valley may be the result of two or more massive landslides

and/or glacial advances8, separated from each other by pedogenically

significant time Periods.

Recycling of bases to the surface by forest vegetation is reflect-

ed somewhat in the depth distribution of bases (Figures 10-13), some-

what more so, predictably (Youngberg, 1966), for Ca than for Mg.

Precipitation may serve as another significant source of cations,

especially in Soils CD3, CD4, and EF7, which contain unusually low

levels of exchangeable bases. Fredriksen (1972) reported input, via

precipitation, of dissolved Ca, Mg, K, and Na in kg/ha for 1969 and

1970 near the lower reaches of Lookout Creek. Average annual

inputs by rainfall during this period were 5.0, 1.0, 0.19, and 1.8 kg/

ha (0. 50, 0. 10, 0. 019, and 0. 18 g/m2) for Ca, Mg, K, and Na, re-

spectively. Over a 100-yr period, input by rainfall of these cations

could amount therefore to as much as 50, 10, 1. 9, and 18 g/m2,

respectively. For Soils CD3, CD4, and EF7, this 100-yr input would

account for more than the entire content of exchangeable Ca of the

surface meter of soil, 50 to over 100 percent of the exchangeable Mg

content, and 60 to 75 percent of the exchangeable Na content (Figures

16, 17). A 100 yr precipitation input of K, however, accounts for

8Dr. F. J. Swanson, Research Associate, Geology Department,
University of Oregon, personal communication, July 1973.
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less than one percent of those soils' surface meter K content.

Excluding the atypically base-rich Soil EF2, weights of Ca per

m3 (Figures 16, 17) vary 20-fold, from that soil with the lowest

value to that soil with the highest, among the soils in this study.

Weights of Mg vary more than 40-fold, weights of K vary 7. 2-fold,

and weights of Na vary only 2. 5 fold. Since the levels of Na vary so

little among these soils, and since the input of Na from rainfall

appears to be significant, and assuming that this input per area of

land varies by less than 2.5-fold across the Andrews Forest, it

might be construed that rainfall is a prime source of Na and a "unify-

ing factor" in these soils with respect to levels of exchangeable Na.

This does not hold for other cations. Levels of exchangeable K, like

Na, vary relatively little among Andrews soils as compared with the

widely varying Ca and Mg levels, but precipitation inputs of K to these

soils are insignificant in a 100 yr span. Levels of exchangeable Ca

and Mg are augmented significantly by rainfall, but they vary consid-

erably across the forest. Apparently other factors, be they geochem-

ical, biological, or both, transcend precipitation in their influence

on base status.

Soil:water pH's are slightly higher for Soils CD3 and CD4 than

for Soils CDI and CD2, the latter soil being markedly lower in pH

below the 36 cm lithologic discontinuity than above (Table 3). All

soils show drops in pH when it is measured in a soil:NKCI suspension,
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but the drop is most striking in Soils CD1 and CD2 below their respec-

tive discontinuities, where the soil:NKC1 pH's are less than 4. 0 in

all horizons. The phenomenon of low pH in soil:KC1 suspension was

observed in Coast Range andic soils by Franklin (1970), who referred

to Pionke and Corey's (1967) observation that this property corre-

lates with high exchangeable Al levels. High exchangeable acidity

of some kind may be the reason for generally lower pH's, both in

soil:water and suspension, in Soils CD1 and CD2, but an

acceptable explanation is lacking in view of their high levels of ex-

changeable bases and base saturation, which normally would corre-

late with higher pH's compared with soils as low in base status as

Soils CD3 and CD4. Dingus (1973) found allophane in the clay frac-

tions of Mazama pumice soils in central and eastern Oregon. Wada

and Ataka (1958) demonstrated the dependence of allophane' s CEC

on the pH of the extracting solution. Higher pH's caused a greater

negative charge on the zolloid and a higher CEC. This tendency was

observed by Dingus in Mazama clays, where values of CEC were

approximately two to three times higher at pH 7.0 than at pH 4.0.

Since CEC extractions for the present study were performed at pH 7,

which is higher than the in situ pH of these soils, inordinately large

quantities of H ions probably were replaced and measured as exchange-

able. Assuming that Soils CD3 and CD4 are high in allophane or a

like substance with a highly pH-dependent charge, then these soils
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would have measured CEC values that are unrealistically high, and

calculated base saturations that are unrealistically low. This would

help to explain the apparent anomalies in pH values for these soils.

The explanation is not entirely satisfactory, however, since Soils

CD3 and CD4 have such extraordinarily low absolute levels of ex-

changeable cations. Reducing their CEC's by even as much as 2/3

would in most cases not elevate their base saturations above 20

percent--not significantly above the values found for Soils CD1 and

CD2. Furthermore, Soils CD1 and CD2 probably contain at least

some amorphous materials derived from airfall ash or from glassy

components in the parent rocks. Paeth (1970) found weight-loss

amorphous contents of clays to exceed 40 percent in most horizons

of the reddish and greenish, clayey, pyroclastic soils which he

sampled in the Andrews Forest. Some of his sampling sites were

located less than two km southwest of Unit CD1 of this study. While

the presence of pumice was not noted in Paeth's profile descriptions,

t he coarse silt fractions of all his soils were found petrographically

to contain volcanic glass and other evidence of a surficial deposit of

volcanic ash. Nevertheless, lacking information on amorphous con-

tent and pH dependence of charge in the soils of this study, it is noted

that Soils CD1 and CD2 differ from Soils CD3 and CD4 in the behavior

of their colloidal fractions, and thus must differ in some way as to

t heir respective geneses.
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Moist colors of the soils in Sequence CD are bright, with

chromas generally as high as 4, and red, hues falling mostly on the

7. 5YR page (APPENDIX I). Free Fe oxide contents on a weight basis

(Table 3) are somewhat higher for the horizons which were analyzed

for CD soils than for the selected horizons in Sequence AB. On a

volume basis (Table 1), the same relationship holds, except that the

B horizons of Soils AB3, AB4, and AB5, while lower in free Fe

oxides than the B horizons of Soils CD1 and CD2, compare favorably

with the B horizons of Soils CD3 and CD4 in this property. The latter

s oils are not as fine textured as Soils AB3, AB4, and AB5 (Table 2),

but apparently retain a greater portion of their iron as coatings on

sand and silt grains. Like the AB soils, Soils CD3 and CD4 probably

inherit much of their Fe oxides from upslope weathering. The high

free Fe oxide contents of Soils CD1 and CD2 correspond with the high

day contents in representing advanced stages of weathering, Soil

CD1 more so than Soil CD2. Free Fe oxides are thought to be ab-

sorbed by clay particles (Oades, 1963), and, in addition, Fe oxide

coatings and variegations are found in the B horizons of these soils.

The moderately high free Fe oxide level in the B horizon of Soil

CD4 may be further evidence of burial of a previously weathered

soil.
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Upland Sequence EF

Soils EF3, EF4, and EF5, developed from parent materials

with a single rock lithology (probably an andesite of the Sardine

Formation), but having different slope aspects, are of prime pedo-

logic interest among the soils of Sequence EF. These three soils

are emphasized in the discussion below. Soils EF1 and. EF6 are

not treated in detail here, although information on their classifica-

tions, morphologies, and analytical properties does appear elsewhere

in this thesis. Soil EF2 will be discussed individually due to its

unique genesis in a closed depression with a pumice horizon. Soil

EF7 is the Lookout Creek valley bottom equivalent to Soil CD3, and

is treated lightly in the above section on Sequence CD; it is not dis-

cussed further here. Data, for soils EF1, EF6, and EF7 are graph-

ically depicted in this chapter only as regards volumetric analyses

for whole soil to a one m depth.

Morphologically, the differences among north-facing (N20E)

Soil EF3, east-facing (N70E; saddle) Soil EF4, and south-facing

(N160W) Soil EF5 are subtle (APPENDIX I). The sola of these soils

extend to depths of 50, 55, and 53 cm, respectively. More signifi-

cantly, evidence of bedrock was not found in Soil EF3 to the depth

sampled (140 cm), while saprolitic bedrock is found at the 55 cm

depth in Soil EF4, and at the 71 cm depth in Soil EF5. Fresh rock

outcrops are found both on Unit EF4 and Unit EF3, but no
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evidence was found of bedrock's having weathered to saprolite beneath

Unit EF3. The pedon chosen to represent Soil EF3 is therefore typ-

ical of that soil, and its most striking feature is that colluvial

activity seems to dominate over intense rock weathering. Clasts in

this soil are significantly harder to a rock hammer, especially at

depth, than are those of Soils EF4 and EF5. The latter soils have

been more intensively weathered than Soil EF3. Soil EF4 is shallower

to saprolite than Soil EF5, and Soil EF 5's saprolite retains more of

its rock structure and hardness than does Soil EF4's. Positioned as

it is, about halfway down a saddle along the centerline of the ridge,

Soil EF4 has little upslope source of colluvial addition, but is subject

to downslope loss of material, by colluvial or alluvial-colluvial ac-

tion, in three general directions: east, south, and north. It is

logical therefore that Soil EF4 should be the shallowest to bedrock,

and also possess the most highly weathered bedrock of the three.

The next deepest to bedrock among these three soils, Soil EF5, is

gentler in slope gradient (45 percent) than Soil EF3 (80 percent). As

a result there is less colluvial activity on Unit EF5, allowing weather-

ing to proceed with less retardation by burial than at Unit EF3. An

additional and related factor differentiating these two units in depth

to bedrock is slope aspect, the warmer, drier south slope having

a shallower mantle. This is consistent with Dyrness' (1967) observa-

tion that drier south slopes in the Andrews Forest have shallower
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soils and less deeply weathered bedrock than north slopes. The

depth of regolith is shallower at Unit EF5 than at Unit EF3, but

weathering appears to have been more intense in Soil EF5. Dyrness

noted that most mass movements occurring at the time of his study

were restricted to a zone below 2, 600 ft (800 m) in elevation. This

is a zone of pyroclastic rocks which receives relatively little poten-

tially stabilizing snowpack. To extrapolate from Dyrness' reasoning,

it seems that, above this zone, in the colder elevations where

Sequence EF is located, deep and lingering snowpack, and markedly

cooler year round temperatures on north slopes would have a retard-

ing effect on weathering, relative to corresponding south slopes.

Thus one finds a more advanced, though apparently shallower state

of weathering in Soil EF5 than in Soil EF3.

That Unit EF3 has a steeper slope gradient than Unit EF5 may

be another result of the microclimatic influence of slope aspect.

It is somewhat consistent with the observations and interpretations

of Russell (1931) and Melton (1960), who postulated that gentler

south slopes are due to the greater runoff and erosion that occur on

south slopes relative to north slopes. On the ridge under study here,

greater erosion on south slopes may be a reasonable assumption,

due to the protection of north slopes by snowpack. Considering the

limited sampling done for this study, however, and the fact that

Soils EF3 and EF5 were sampled at different elevations and
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non-corresponding slope positions, it is safest to draw only specula-

tive and tentative inferences regarding the influence of microclimate

on slopes in the region.

Coarse fragments in Soil EF3, aside from being least well

weathered, are also most plentiful as compared with those of Soils

EF4 and EF5. Soils EF3 and EF4 are in medial-skeletal textural

families, while Soil EF5 is low in coarse fragments and fits into a

medial family, All three soils have lithologic discontinuities below

t heir sola due to colluvial or alluvial-colluvial deposition, more

strikingly in Soils EF4 and EF5, where clasts in the solum are

fresher than the underlying saprolite. Soil EF3 has spotty pumice

concentrations below the 50 cm depth, apparently the result of

pumice's sifting down decaying root channels and between coarse

fragments. Soil EF4 has slight morphologic evidence of pumice

grains in its B2 horizon, and Soil EF5 shows no macroscopically

discernible pumice at all. Perhaps Soils EF4 and EF5 have less

fresh pumice because they are the more highly weathered soils of

the three.

Moist soil colors among the three soils are all of 10YR hue,

darkening slightly from mostly dark grayish browns in Soil EF3, to

very dark grayish browns in Soil EF4, to very dark browns in Soil

EF5. This trend would not have been predicted based on the literature.,

Franzmeier et al. (1969) found north sloping soils to be darker than
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south sloping soils in the Cumberland Plateau. And they observed

north facing soils to be higher in organic matter than south facing

slopes. Finney et al. (1962) found the same tendencies on northeast

slopes relative to southwest slopes in the Allegheny Plateau. No

such correspondence exists, among Soils EF3, EF4, and EF5, be-

tween the trend in soil color from soil to soil and the trend in soil

organic matter content.

On a weight basis, the depth variations of organic matter levels

of these soils are much the same, except that Soil EF3 has higher

levels in the subsoil (Table 3). On a volume basis, Soil EF5 has

uniquely high surface levels because of its low A horizon coarse

fragment content and relatively high bulk density (Figure 6). Below

the Al horizon, however, that difference dissipates, and only below

80 cm does the organic matter content of Soil EF3 exceed that of the

shallower Soils EF4 and EF5. The latter observation is predictable

because of Soil EF3's cool, moist, northern exposure, a relatively

poor environment for organic matter decomposition.

On a m3 basis, Soil EF4 is the lowest in organic matter of the

three, with Soil EF5 slightly higher than Soil EF3 (Figure 14). Soil

EF4, like Soils CD1 and CD2, groups nicely with the soils of Fluvial

Sequence AB in this category, probably for much the same reasons.

It resides in an exposed position with conditions suitable for oxidation

of organic matter. It is also shallow, with organic-poor saprolite
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constituting nearly half of the surface m. Soil EF5, however, even

more exposed, is much higher in surface m3 organic matter than

Soil EF4. The explanation lies in Soil EF5's more modest coarse

fragment content and greater depth to saprolite.

Soil nitrogen levels in this topoclimosequence exhibit slightly

contradictory tendencies, corresponding in relative levels to the

values found for soil organic matter (Figures 7, 14). Soil EF5, how-

ever, stands distinctly apart, with higher N levels, from Soils EF3

and EF4. Buckman and Brady (1969) generalize that, in addition to

absolute drops in total soil organic matter and total soil nitrogen lev-

els from cooler to warmer climates and/or from wetter to drier

climates, a narrowing of the C/N ratio is found. Among these soils,

the C/N ratios narrow slightly from cool, moist Soil EF3 to drier,

warmer Soil EF4, then narrowing drastically from Soil EF4 to the

still drier, warmer Soil EF5 (Table 3). This C/N behavior conforms

with that generalized by Buckman and Brady, and with behavior

observed on different slope aspects in Alaska by Krause et al. (1959).

In absolute levels of organic matter and N, Soils EF3 and EF4 fit the

predicted tendency, the latter soil having lower levels of each on a

m3 basis (Figure 15). This is a function largely of the shallowness

of Soil EF4, since on a horizon basis these two soils correspond

closely in organic matter and N contents ( Figure 6, 7). Soil EF5

defies prediction, however, not only with respect to organic matter,
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as discussed above, but even more so with respect to soil nitrogen

levels, in which it exceeds Soils EF3 and EF4 by large amounts,

whether on a weight or a volume basis. In levels of N and C/N, Soil

EF5 compares well with the other south-facing soils in Sequence EF,

namely Soils EF1 and EF6, and also with Soils CD3, CD4, and_EF7

(Figures 7, 14; Table 3), which suggests that Soils EF3 and EF4,

rather than Soil EF5, are the atypical members of this sequence.

Soil EF4 has low levels of extractable P in g/l, the tendency

being exaggerated on a m3 basis by this soil's shallowness (Figures 8,

15). Soil EF5 exceeds Soils EF3 and EF4 in P on a m3 basis, the

difference arising mainly from a very high P level in the Al horizon

of Soil EF5. These trends correspond roughly to the trends in

organic matter levels, except that Soil EF4 is inordinately low in

extractable P as compared with its organic matter levels--that is,

its C/extr. P ratio is higher, at all depths, than those of Soils EF3

and EF5. In this respect it compares favorably with Soils CD3 and

CD4, which are discussed above as having low P levels, due possibly

to the lack of cations for soluble phosphate formation.

Soils EF3, EF4, and EF5 are not high in exchangeable bases,

although their levels are higher than those of Soils CD3, CD4, and

EF7 (Figure 15). On a weight of fine earth basis, the GEC of Soil

EF4 is the lowest of the three, with that of Soil EF3 slightly less

than that of Soil EF5 (Table 3). On a volume basis, Soil EF5 again
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has the highest CEC, while Soils EF3 and EF4 have comparable

GEC's above 30 cm, that of Soil EF4 declining more sharply below

this depth (Figure 9). Soil EF5 generally has the highest levels of

each cation. Soil EF4 is lowest in all cations on a m3 basis, but

on a g/1 basis it is comparable with Soil EF3 in levels of K and Na.

In base staturation, Soil EF4 is the lowest of the three, Soil EF5

slightly exceeding Soil EF3 (Table 3). The highest base saturation,

both in Soil EF4 and in Soil EF5, is that which occurs in the deepest

horizon. This is not the case for Soil EF3 because saprolite is not

encountered at the depth described. In Soils EF4 and EF5, however,

the lowest horizon is saprolite. The rise of base status in the sapro-

lite is due entirely to increases in levels of exchangeable Ca and Mg,

since on a weight basis, K and Na do not increase in his horizon

relative to the horizons above. This is one indication that Ca and

Mg are being released from primary minerals, and occupying ex-

change sites, in significant quantities in this highly weathered rock.

Of related interest is the fact that the fine earth component of this

saprolite contains a significant percentage of clay relative to the

overlying regolith, especially in Soil EF4, where the clay content

of the saprolite's fine earth exceeds 14 percent. Aside from the most

obvious interpretation that actively weathering bedrock is a reservoir

of plant nutrients, one might consider the possibility that this sapro-

lite is also a sink for illuviated cations, becoming enriched in bases
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at the expense of the solum.

The Ca/Mg ratio of Soil EF4 behaves predictably, decreasing

with depth, as is the case in the soils of Sequences AB and CD (Table

3). Soils EF3 and.EF5, with Ca/Mg maxima in their B2 horizons, are

anomalous with respect to this property. One explanation might be

that buried A horizons exist in these soils, but this is not supported

by soil morphologies or depth functions of organic matter content.

Soil pH's among these three soils are generally between 5.0

and 6.0 in soil:water suspension. In soil:N KC1 suspension, pH's

decrease relative to soil:water values, and the differences in pH

between the two methods are mostly greater than those found in Soils

CD3 and CD4, but less than those differences observed in Soils CD1

and CD2. Noteworthy exceptions to this are the saprolite horizons

of Soils EF4 and EF5, where soil:water pH's are lower than those of

all overlying horizons despite the relatively high Ca and Mg levels

of the saprolites' fine earth. Also, soil:N KC1 pH's are strikingly

lower in the saprolites, falling below 4.0. This behavior in these

weathered bedrock horizons is very similar to that of the lower,

clayey horizons of Soils CD1 and CD2. In other words, in behavior

as regards pH, the saprolites beneath Soils EF4 and EF5 compare

with their overlying regoliths in the same manner as the lower

horizons of Soils CD1 and CD2 compare with Soils CD3 and CD4.

To apply the speculative reasoning used previously in the discussion
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of Sequence CD, this may reflect the greater influence of amorphous

constituents in the regolith of Soils EF3, EE4, and EF5 as compared

with its underlying saprolite. This is consistent with the contention

that incorporation of airfall ash into these soils has influenced their

behavior, in this case through the confounding and confusing effects

of pH-dependent charge on CEC and pH measurements.

On a weight basis, free Fe oxide levels are fairly constant with

depth in the regolith among Soils EF3, EF4, and EF5, decreasing in

the saprolite horizons, where weathering and oxidation are at early

stages relative to overlying horizons (Table 3). On a volume basis,

the trend is similar (Table 1). Highest levels are found in the drier,

more exposed Soil EF5. Soil EF4, also dry, is more rapidly stripped

of its weathered solum, and thus has the lowest free Fe oxide levels

among the three soils. Predictably, these young, dark soils, with

10YR hues, have less free Fe oxides than the redder, with 7. 5YR

hues, Soils CD1 and CD2. The differences in free Fe oxide levels

between Soils EF3/EF4/EF5 and Soils CD3/CD4 are less striking,

but worthy of note. Soils CD3 and C 04 are redder and at more ad-

vanced stages of oxidation and leaching, as evidenced by their greater

increases in free Fe oxide levels with depth, in comparison with the

EF soils. Apparently, the oxides in the B and C horizons of Soils

EF3, EF4, and EF5 were formed in situ and have not been augmented

by mobile oxides from overlying horizons.
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Landscape Unit EF2 is unique in this study, in that it is located

in a closed depression, on the north side of the upper McRae Creek

drainage. The origin of this depression is dated as pre -7, 000 yrs b. p.

by the existence of a Mazama pumice layer near the soil surface.

Leaching is retarded by the restricted drainage, and as a result Soil

EF2 is exceptionally high in base status, the base saturation exceed-

ing 90 percent below a depth of 61 cm (Table 3; Figure 15). The

pumice layer, or IIC1 horizon, behaves similarly to the pumice layer

of Soil AB4 with respect to base status, being lower in volumetric

levels of cations, CEC, and percent base saturation than the overly-

ing and underlying horizons. The fact that EF2's pumice horizon

is generally higher in each cation, in CEC, base saturation, and

clay content, than the pumice horizons of Soil AB4, is due to a

combination of the more advanced weathering at a shallower depth,

and less effective leaching in the pumice of the aquic Soil EF2.

Values of soil:water pH are high in Soil EF2, exceeding 6.0 in

all horizons below 40 cm. This is a reflection of the soil's high base

status. Reductions in pH when measured in soil:N KC1 suspension

are substantial in all horizons, but least in the pumice horizon. The

drop is 1.0 pH unit in the IIC1 horizon, but 1.2 or more in all other

horizons, and 1.8 or more in all horizons below 40 cm. This lends

support to the aforementioned suggestions, in regard to the soils of

Sequence CD and EF, that drops in pH from soil:water to soil:N KC1
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measurement are less in horizons which are especially rich in some

unknown, ash-derived amorphous constituent(s). The pumice layer

of Soil AB4 does not show this lessening of pH drop relative to the

overlying and underlying horizons. The reason may be that the fresh

pumice of Soil AB4 has not weathered sufficiently for the property to

become manifest.

Comments on the Volumetric Approach

Volumetric analysis of these soils has proved useful in making

genetic inferences. In some cases this approach has shown that the

coarse fragment content of the parent material has been a prime

determinant of a soil's genesis, present-day properties, and taxo-

nomic characterization.

This is not to suggest that other approaches, in particular the

classical approach on a weight basis, are invalid or irrelevant to

genetic studies. Indeed, volumetric analyses must be studied in

comparison with raw laboratory data to make valid genetic infer-

ences. Moreover, analyses by weight are required to key out soils

in the Soil Taxonomy.

Comparison of Soils AB1, AB2, and AB3 serves as an example

of the utility of the volumetric approach. These soils belong to three

different soil families, and while all three soils are fluvial in origin,

each is unique among the three as regards landscape position and
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coarseness of parent materials. Coarseness of the soils is reflected

in their taxonomic family placements. Soil AB1 is in a sandy-skeletal

family; Soil AB2 is in a loamy-skeletal family; Soil AB3 is in a coarse-

loamy family. But the influence of texture on the properties of these

soils and on their taxonomic placement at the order level is not appar-

ent if only raw laboratory data, by weight, are used to make genetic

interpretations. Soil AB1 is in the Mollisols; Soils AB2 and AB3 are

Inceptisols. However, Soil AB1 hardly corresponds with the "very

dark colored, base rich soils of the steppes" which were conceptual-

ized as typifying the Mollisols (Soil Survey Staff, 1970). Analyzed

by weight in the accepted manner, the epipedon of Soil AB1 does

exceed those of Soils AB2 and AB3 in total exchangeable bases, and

is darker in color. Analysis by volume reveals one reason for these

differences. In Soil AB1, decomposing forest litter has less volume

of fine earth into which it can become incorporated. Humus and

released cations therefore cause the fine earth of Soil AB1 to be

darker and more base rich than that of Soils AB2 and AB3, when in

fact it is the finer textured Soil AB3 which is relatively base rich,

on a volume basis, among these three soils (Figures 10-13, 15-1 7).

In this instance, the volumetric approach reveals more about these

soils and the differences among them than either the Soil Taxonomy

or the analysis by weight approach on which it is based.

It is emphasized that volumetric data can be interpreted with
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validity only in close conjunction with raw laboratory data. For

example, the saprolite horizons of Soils EF4 and EF5 are seen

volumetrically to contain low levels of exchangeable Ca and Mg

(Figures 10, 11). On a weight basis, however, the fine earth of

these horizons is particularly rich in exchangeable Ca and Mg rela-

tive to overlying horizons (Table 3). In this instance, analysis by

weight is the more revealing as regards base status in weathered

bedrock. But the contrast between volumetric data and raw labora-

tory data serves as a useful reminder that this bedrock, albeit close

to the soil's surface and highly weathered, is still largely bedrock

and has not been influenced greatly by soil forming processes.

In conclusion, volumetric analysis is a valuable tool for pedo-

genetic studies in the coarse soils of the Western Cascades. This

approach can be used with validity, however, only in conjunction with

laboratory data reported on a weight basis.
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APPENDIX I

SITE CHARACTERISTICS AND SOIL PROFILE DESCRIPTIONS

Soil A B1 (7)'

Description by: R. B. Brown, August 1973

Soil Classification (Soil Survey Staff, 1970): Fluventic Hapludolls, sandy-skeletal, mixed, mesic

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subrounded and rounded, with some subangular and angular; moderate

to high sphericity; dark and light gray aphanitic and porphyritic rocks, 0-2 mm

weathering rinds; minor weathered breccia near surface

Parent material: Recent Lookout Creek alluvium

Drainage: Well drained

Slope and aspect: 1% N3OW

Pit location and elevation: NW 1/4, SE 1/4, Sec. 31, T15S, R5E, 15 m WSW of Lookout Cr. ,

5 m E of trail on low floodplain, about 130 m E of northern gravel pile at IBP

administrative site near USFS road 149D; elevation 440 m

Vegetation: Pseudotsuga menziesii Tsuga heterophylla, Taxus brevifolia, Acer circinatum

Berberis nervosa, Chimaphila umbellata, Viola sempervirens, Linnea borealis,

Rubus ursinus Clintonia uniflora, Oxalis oregana, Trilium ovatum Gaultheria

Trientalis latifolia, Po lystichum munitum miscell aneous mosses and

lichens



Soil A B1 ,,fofile description (abbreviations from Appendix H):

Depth Color

Horizon cm dry moist Texture Structure Consistence Other

011 3-2 Needles, twigs, cones, etc. (L)

012 2-0 Partially decomposed needles, twigs, cones, etc. (F)

Al 0-16 10YR 4/3 10YR 3/2 gsl 2 fgr fr, ss, ps 40% g, k; pH 6.0; cs

I1B2 16-39 10YR 5/4 10YR 3/3 vksl 1 msbk vfr, so, po 60% k, st, bo, g; pH 6.0; gw

IIC 39-108+ 10YR 5/4 10YR 3/3 vstls sg vfr, so po 65% st, k, bo, g; pH 5.8
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Soil A B2

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Fluventic Dystrochrepts, loamy-skeletal, mixed,

mesic

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subrounded and rounded, with some subangular; high to moderate

sphericity; dark and light gray aphanitic and porphyritic rocks, 0-1 mm weathering

rinds to soft and weathered throughout; some light pink aphanitics in C horizon

Parent material: Coarse terrace alluvium from Lookout Creek, with thin overburden of finer

alluvium

Drainage: Well drained

Slope and aspect: 2% N150W

Pit location and elevation: NW 1/4, SE 1/4, Sec. 31, T15S, R5E, about 50 m ESE of northern

gravel pile at IBP administrative site near USES road 149D, 2 m NW of old road and

foot trail; elevation 448 m

Vegetation: Pseudotsupa menziesii, Tsuga heterophylla, Rhododendron macrophyllum, Cornus

nutallii, Taxus brevifolia, Castanopsis chrysophylla, Gaultheria shallon, Linnaea

borealis, Berberis nervosa, Rubus ursinus, Viola sempervi rens, Trientalis latifolia,

miscellaneous mosses and lichens



Soil A32 jorcifil o description (abbreN..i2tiOTIS from Appendix II):

Depth
Horizon cm

Color
dry moist Texture Structure Consistence Other

011 6-4

012 4-0

Al 0-11

1182 11-36

Leaves, needles, twigs, cones, etc. (L)

Partially decomposed leaves, needles, twigs, cones, etc. (F)

10YR 4/3 7. 5YR 3/2 sl

10YR 4/3 7. SYR 3/4 ksl

2 fgr

1 m, fsbk

vfr, so po

fr, so, po

5% g; pH 6.0; cs

20% k, g, st; abundant pumice grains;

few charcoal chips, pH 6. 2; gw

IIIC 36-160+ 10YR 5/4 10YR 3/4 vksl m fr, so, po 50% k, g, st, bo; few pumice grains;

few charcoal chips, pH 5.8



143

Soil AB3

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Fluventic Dystrochrepts, coarse-loamy, mixed, mesic

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subrounded and rounded, especially in 1VC2 horizon, tending toward

subangular in IIB2 horizon; gray aphanitic rocks throughout, gray porphyritic, pink

aphanitic and porphyritic rocks and tuff fragments in lower B and C horizons; 1 mm

weathering rind to soft and weathered throughout

Parent material: Alluvium and/or alluvium-colluvium from Experimental Watershed 2

Drainage: Well drained

Slope and aspect: 15% N6OW

Pit location and elevation: NW 1/4, SE 1/4, Sec. 31, T15S, R5E, about 100 m NW of USFS road

1502, 10 m NE of Lookout Cr. , about 200 m downstream from confluence of Lookout

Cr. and Watershed 2 stream; elevation 448 m

Vegetation: Pseudotsuga menziesii, Tsuga heterophylla, Taxus brevifolia, Thuj a pi icata, Acer

circinatum, Cornus nutallii, Rhododendron macrophyllum, Gaultheria shallon, Coptis

lacineata, Berberis nervosa, Linnaea borealis Viola sempervirens, Chimaphila

umbellata Castanopsis chrysophylla, Corylus cornuta, Vancouvaria hexandra Pyrola

sp., Goodyera oblongifolia, Syntheris reniformis, Polystichum munitum miscellaneous

mosses and lichens



Soil A B3 profile description (abbreviations from Appendix II):

Depth Color

Horizon cm dry moist Texture Structure Consistence Other

011 5-4 Needles, twigs, cones, etc. ( L)

012 4-0 Partially decomposed needles, twigs, cones, etc. (F)

Al 0-19 7. 5YR 4/4 7. 5YR 3/2 gsl 3 fgr vfr, ss, ps 30% g, trace k; pH 6. 2; cw

IIB1 19-46 7. 5YR 5/4 7. 5YR 4/4 gl 1 Msb k ' fr, ss, ps 20% g; pH 6. 0; gw

1 vfsbk

IIB2 46-70 7. 5YR 5/4 7. 5YR 4/4 gl 1 f, vfsbk fi, ss, ps 20% g, k; pH 5. 6; gw

IIIC1 70-104 10YR 5/4 7.5YR 4/4 1 m fi, s, p 10% g; pH 5. 6; gw

IVC2 104-155+ 10YR 5/4 10YR 4/4 vgsl m vfr, so, po 50% g, k, st; pH 5.4
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Soil A M

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Fluventic Dystrochrepts, loamy-skeletal, mixed,

mesic

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Subangular to rounded, slightly more rounded toward the surface, more angular

below pumice layer; light and dark gray aphanitic and porphyritic flow rocks; 0-2 mm

weathering rinds

Parent material: Colluvium from Experimental Watershed 2, with IIIC horizon comprised of

Mazama pumice

Drainage: Well drained

Slope and aspect: 19% N100W

Pit location and elevation: NW 1/4, SW 1/4, Sec. 32, T15S, R5E, 15 m SE of high roadcut along

USFS road 1502, about 100 m NE of Watershed 2 stream; elevation 464 m

Vegetation: Tsuga heterophylla, Taxus brevifolia, Pseudotsuga menziesii, Thui a plicata, Cornus

nutallii, Acer circinatum, Rubus ursinus, Gaultheriashallop, Berberis nervosa, Oxalis

oregana, Linnaea borealis; Coptis lacineata, Vancouveria hexandra Rubus parviflorus,

Tiarella unifoliata, Vaccinium parvifolium, Trientalis latifolia, Pyrola sp.,

miscellaneous mosses and lichens



Soil AB4 profile description (abbreviations from Appendix II):

Horizon
Depth

cm
Color

dry moist Texture Structure Consistence

011

012

6-5

5-0

Needles, twigs, cones, etc. (L)

Partially decomposed needles, twigs, cones; etc. (F)

Al 0-23 10YR 5/4 7. SYR 3/2 gl 2 f, vfgr fr, ss, ps

11821 23-50 10YR 5/4 10YR 4/4 gl 1 f, vfsbk fr, ss, ps

11822 50-75 10YR 5/4 10YR 4/4 kl 1 vfsbk fr, ss, ps

IIICI 75-79 10YR 6/4 10YR 5/4 sl m vfr, so, ps

10YR 5/8

IIIC2 79-85 10YR 7/6 10YR 5/8 is sg lo, so, po

10YR 6/4 10YR 5/6

IVB21b 85-114 10YR 5/4 7. 5YR 4/4 vgl 1 f, vfsbk fr, ss, ps

IVB22b 114-144+ 10YR 5/4 7.5YR 4/4 vgl 1 f, vfsbk fr, ss, ps

Other

40% g, k, st; pH 5.8; cw

40% g, k; pH S. 8; gw

45% k, g; few pumice grains, few

charcoal chips, pH 5. 4; cw

trace fine g-size pumice; fine earth

weathered pumice; pH 6. 4; aw

5% fine g-size pumice; fine earth

fresh pumice; pH 6. 6; aw

50% g, k; common pumice grains in
and near channels of decaying roots;
pH 5. 6; gs

55% g, k; few pumice grains; pH S. 8
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Soil A B5

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Fluventic Eutrochrepts, loamy-skeletal, mixed,

mesic

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Subrounded and rounded, with some subangular and angular, becoming slightly

less well rounded with depth; breccia and dike rocks, soft and weathered throughout

near surface; in IIC and 1183 horizons, 2 to 4 mm weathering rinds to weathered through-

out, with some soft tuff also present

Parent material: Fan alluvium-colluvium from draw on adjacent southeast-facing hillslope

Drainage: Well drained

Slope and aspect: 18% N160E

Pit location and elevation: NW 1/4, SE 1/4, Sec. 31, T15S, R5E, 60 m NNW of northern gravel

pile at IBP administrative site, 50 m NW of USES road 149D; elevation 451 m

Vegetation: Pseudotsuga menziesii, Tsuga heterophylla, Acer circinatum, Rhododendron macro-

phyllum, Gaultheria shallon, Trillium ovatum, Anemone deltoidea, Trientalis

latifolia, Rubus ursinus, Goodyera oblongifolia Hieracium albiflorum miscellaneous

mosses and lichens



Soil A85 profile description (abbreviations from Appendix II):

Horizon
Depth
cm

Color
dry moist Texture Structure

011

012

6-4

4-0

Leaves, needles, twigs, cones, etc. (L)

Partially decomposed leaves, needles, twigs, cones, etc. (F)

Al 0-10 10YR 5/4 7. 5YR 3/2 vgl 3 f, vfgr

7. SYR 4/4 7. 5YR 4/4

P2 10-34 7.5YR 5/4 7. SYR 4/4 gcl 3 f, vfsbk

11133 34-52 10YR 5/4 7. 5YR 4/4 gel 2 f, vfsbk

IIC1 52-95 10YR 6/4 7. 5YR 4/4 vgcl m

IIC2 95-118+ 10YR 6/4 7. 5YR 4/4 vkcl m

Consistence Other

vfr, ss, ps 50% g; common charcoal chips;

pH 6. 6; cw

fr, s, ps 40% g; few charcoal chips; pH 6.0; cw

fr (fi in place), 25% g, k; pH 6.0; gw

s, p

fr, s, p 55% g, k; variegations flf 7.5YR 5/6 in

and 6/6 in; pH 6.0; gw

fr, s, p 60%g, k; variegations flf 5YR 4/6 m

and 7.5YR 6/6 m; pH 5.8
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Soil CD1

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Eutric Glossoboralfs, fine, mixed

Forest floor classification (Hoover and Lunt, 1952): Medium mull or coarse mull

Coarse fragments: Subrounded and rounded in Al horizon, subangular and angular in lower IIBt

and IIC horizons; gray propheries and flow breccias saprolitic throughout; variegated

gray and yellowish red

Parent material: Alluvium-colluvium (large earth flow?) from basic igneous rocks

Drainage: Well drained

Slope and aspect: 12% N170W

Pit location and elevation: NE 1/4, SW 1/4, Sec. 14, T15S, R5E, 20 m N of clearcut unit L503,

20 m W of USFS road 1533; elevation 830 m

Vegetation: Tsuga heterophylla, Pseudotsuga menziesii Thuja plicata, Abies amabilis, Acer

circinatum, Rhododendron macrophyllum, Berberis nervosa Chimaphila umbellata,

Linnaea borealis, Viola sempervirens, Rubus nivalis, Rubus ursinus, Xerophyllum

tenax, Cornus canadensis, Vaccinium parvifolium, Vaccinium znembrenaceum, Goodyera

oblongifolia, Hypopitys monotropa, Gaultheria ovatifolia, Pyrola pieta, Pyrola secunda

Anemone deltoidea, miscellaneous mosses and lichens



Soil CD1 profile description (abbreviations from Appendix II):

Horizon
Depth
cm

Color
dry moist Texture Structure Consistence Other

011 5-4 Needles, twigs, cones, etc. (L)

012 4-0 Partially decomposed needles, twigs, cones, etc. (F)

Al 0-15 10YR 4/3 7. SYR 3/2 gl 2fsbk h, fr, ss, ps 20% fine g; pH 6. 2; cw
3f, vfgr

IIB1 15-27 7. SYR 4/4 7. SYR 3/4 cl 2f, vfsbk h, fr, ss, ps 0% coarse fragments; few charcoal
chips; pH 6.0; cw

IIB2t 27-58 10YR 5/4 7. 5YR 4/4 cl 3 m, fsbk ,.
2 vfsbk

fi, s, p 10% g; 1 npf (vert and hor. ), vinpo,
In on saprolitic ff; traces of root burns
10YR 3/4 m, common charcoal chips,
associated; pH 6.0; gw

IIP3t 58-81 10YR 5/4 7.5YR 4/4 c
7. SYR 5/6

1 f, vfsbk fi, s, vp 50% g, k; 2 n/mk on vert. and hor. ff,
pf; iron coatings c3d 7. 5YR 5/6 m on
fracture faces; pH 5. 6; gw

IIC 81-112 + 7. SYR 5/6 10YR 4/2 c
10YR 6/4 7. 5YR 4/8

m fi and vfi,
s, vp

90% variegated saprolitic clasts;
3 n/mk on vert. and hor. ff, pH 5.6
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Soil CD2

Description by: R. P. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Fluventic Dystrochrepts, fine-loamy, mixed, frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subangular and subrounded, with g subrounded and rounded in A horizon;

gray porphyritic flow rocks, some vuggy in C horizon; moderately hard, 0-3 mm

weathering rinds, 1/2 saprolite in C horizon

Parent material: Colluvium and alluvium-colluvium (glacial till?) from basic igneous rocks

Drainage: Well drained

Slope and aspect: 10% N150E

Pit location and elevation: SW 1/4, SW 1/4, Sec. 13, T15S, R5E, 30 m E of USFS road 1533 D,

about 200 m N of clearcut unit L504, across McRae Creek from SE corner clearcut unit

L521; elevation 940 in

Vegetation: Pseudotsuga menziesii, Tsuga heterophylla, Abies amabilis, Thuja plicata, Acer

circinatum, Rhododendron macrophyllum, Chimaphila umbellata Chimaphila

menziesii, Berber is nervosa, Linnaea borealis, Vaccinium parvifolium, Vaccinium

membrenaceum, Viola sempervirens, Pachystima myrsinites, Hieracium albiflorum

Pedicularis racemosa, Goodyera oblongifolia, Pyrola spp., Gaultheria ovatifolia,

miscellaneous mosses and lichens



Soil CD2 profile description (abbreviations from Appendix II):

Horizon
Depth
cm

Color
dry moist Texture Structure

011

012

6-4

4-0

Twigs, cones, needles, etc. (L)

Partially decomposed twigs, cones, needles, etc. (F)

A 1 0-19 7.5YR 4/4 7.5YR 3/2 gsl 2 f, vfgr

7.5YR 4/4

A3 19-36 7. SYR 4/4 7.5YR 3/4 gsl if, vfgr

1182 36-66 10YR 6/4 7.5YR 4/4 gl 1 msbk)-

2 f, vfsbk

IIC 66-112+ 10YR 6/4 7.5YR 4/4 gl m

Consistence Other

so, vfr, so, po 25% g, k; pH 6. 2; cw

so, vfr, so, po 30% g; few pumice grains; pH 6. 4;

gw

sh, fr, s, p 25% g, k; pH 5. 6; gw

sh, fi, s, p 40% g, k, st; variegations

c 1/ 2 f 7. 5YR 5/6 m; pH 5. 4
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Soil CD3

Description by: R. B. Brown, July 1972

Soil classification (Soil Survey Staff, 1970): Fluventic Dystrochrepts, loamy-skeletal, mixed,

frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Subangular and subrounded, more subrounded in All horizon; light and dark gray,

aphanitic and porphyritic flow rocks, 0-3 mm weathering rinds

Parent material: Colluvium and alluvium-colluvium (glacial till?) from basic igneous rocks and

volcanic ash

Drainage: Well drained

Slope and aspect: 18% N6OW

Pit location and elevation: NE 1/4, SW 1/4, Sec. 13, T1SS, R5F, 20 m NNE of NW corner IBP

reference stand 3; elevation 950 m

Vegetation: Pseudotsuga menziesii Thuja plicata, Tsuga heterophylla, Abies amabilis, Taxus

brevi folia , Rhododendron macrophyllum, Vaccinium sp. , Linnaea borealis Cornus

canadensis, Chimaphila umbellata, Goodyera oblongifolia, Berberis nervosa, Pachystima

myrsinites, Clintonia uniflora, Trientalis latifolia



Soil CD3 profile description (abbreviations from Appendix II):

Depth Color

Horizon cm dry moist Texture Structure

011 6-4 Leaves, twigs, cones, etc. (L)

012 4-0 Partially decomposed leaves, twigs, cones, etc. (F)

A 11 0-3 7. 5YR 4/4 7.5YR 3/ 2 1 I f, vfgr

A 12 3-13 7. 5YR 4/4 7. 5YR 3/4 gl 1 f, vfg

A3 13-28 7. SYR 4/4 7. 5YR 3/4 gl 1 fgr, sbk

B2 28-48 7. 5YR 4/4 7. 5YR 3/4 gl 1 m, fsbk

P3 48-69 10YR 5/4 7. SYR 3/4 gl 1 f, vfsbk

IIC 69-99+ 10YR 5/4 7. 5YR 3/4 ksil in

7. SYR 4/4

Consistence Other

vfr, so, po 10% g, trace k; few pumice grains,

pH 6. 6; cw

fr, ss, po 25% g, k; few pumice grains; pH 6.5;

gw

vfr, ss, po 35% g, k; abundant pumice grains;

pH 6. 6; cw

vfr, ss, po 35% g, k; abundant pumice grains;

few charcoal chips; pH 6. 6; cw

vfr, ss, po 45% g, st, k; abundant pumice grains;

pH 6. 4; gw

fr, ss, p 55% k, st, g; abundant pumice grains;

pH 6.4
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Soil CD4

Description by: R. B. Brown, June 1972

Soil classification (Soil Survey Staff, 1970): Typic Haplumbrepts, loamy-skeletal, mixed, frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Sub angular and angular, slightly more rounded in A horizon; fine gray porphyritic

and pink aphanitic flow rocks; 0-1 mm weathering rinds

Parent material: Alluvium-colluvium from basic igneous rocks and volcanic ash

Drainage: Well drained

Slope and aspect: 50% N8OW

Pit location and elevation: NW 1/4, SE 1/4, Sec. 7, T15S, R6E, 15 m ENE of thermograph at

IBP reference stand 4; elevation 1,360 m

Vegetation: Tsuga mertensiana, Pseudotsuga menziesii Abies amabilis Tsuga heterophylla, Acer

circinatum, Achlys triphylla, Rubus sp., Viola sempervirens, Cornus canadensis

Xerophyllum tenax, Clintonia uniflora, Goodyera oblongifolia



Soil CD4 profile description (abbreviations from Appendix II):

Depth Color

Horizon cm dry moist Texture Structure

011 2-1 Needles, twigs, cones, etc. (L)

012 1-0 Partially decomposed needles, twigs, cones, etc. (F)

A 1 0-25 10YR 3/3 7. 5YR 3/2 gsil 1 f, vfgr

A3 25-46 10YR 4/4 10YR 3/4 ksil 1 f, vfgr

IIB1 46-66 10YR 5/4 7. SYR 4/4 ksicl 1 vfsbk

1182 66-90 10YR 5/4 7. 5YR 4/4 ksicl 1 fsbk

IIB3 90-114 10YR 5/4 7.5YR 4/4 ksicl 1 f, vfsbk

IIC 114-124+ 10YR 5/4 7. SYR 4/4 ksicl m

Consistence Other

vfr, ss, ps

vfr, ss, ps

vfr, s, p

vfr, s, p

25% g, k; common pumice grains;
pH 6.4; cw

35% k, g; common pumice grains;
pH 6. 2; aw

40% k, st, g; common pumice
grains; pH 6. 4; gw

40% k, st, g; common pumice
grains; few charcoal chips,; pH 6.4;
gw

fr, s, p 45% k, g, st; common pumice
grains; few charcoal chips; pH 6.2,
gw

fr, s, p 50% k, st, g; common pumice
grains; pH 6.2
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Soil EF1

Description by: R. B. Brown, August 1972

Soil classification (Soil Survey Staff, 1970): Andic Dystrochrepts, medial-skeletal, frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subangular and angular, with some subrounded and rounded, especially

toward surface; gray porphyritic flow rocks; soft and highly weathered, 0-1 mm

weathering rinds to rotten throughout

Parent material: Alluvium-colluvium from basic igneous rocks and volcanic ash

Drainage: Well drained

Slope and aspect: 37% N160E

Pit location and elevation: NW 1/4, NE 1/4, Sec 14, T15S, R5E, 22 m NNE of SW corner

IBP reference stand 11; elevation 980 m

Vegetation: Pseudotsuga menziesii Tsuga heteroyhylla, Cornus nutallii, Gaultheria shallop,

Berberis nervosa Chimaphila umbellata Linnaea borealis, Rubus spp., Vaccinium

spp., Viola sempervirens



Soil EF1 profile description (abbreviations from Appendix II):

Horizon
Depth

cm
Color

dry moist Texture Structure

011

012

5-4

4-0

Needles, leaves, twigs, cones, etc. (L)

Partially decomposed needles, leaves, twigs, cones, etc. (F)

Al 0-12 10YR 3/3 10YR 2/2 gl 1 f, vfgr

B1 12-31 10YR 4/4 7. SYR 3/ 2 gl 1 f, vfgr

B2 31-60 10YR 4/4 7.5YR 3/2 gl 1 vfsbk, gr

B3 60-92 10YR 4/4 7. 5YR 3/ 2 gl 1 vfgr

IIC 92-122+ 10YR 4/4 7.5YR 3/2 vgl ni

Consistence Other

vfr, ss, ps 25% g; few pumice grains; burned out
root with abundant charcoal chips;
pH 6. 2; cw

vfr, ss, ps 25% g; few pumice grains; few char-
coal chips; pH 6. 2; gw

vfr, ss, ps 30% g, k; common pumice grains;
pH 6. 4; gw

vfr, ss, ps 45% g, k; common pumice grains;
few charcoal chips; variegations f2f
10YR 3/3 m; c3d 5YR 3/4 m; pH 5.7;
gs

vfr, ss, ps 60% g, k; common pumice grains;
variegations f3f 10YR 3/3 m, f2d
5YR 3/4 m; pH 5. 6



Soil EF2
176

159

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Fluventic Andic Eutrochrepts, coarse-loamy, mixed,

frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull (thin, disturbed)

Coarse fragments: Subangular and subrounded; single hard rock pebble in IIC1 horizon is located at

ab boundary between upper, finer, more weathered portion and lower, coarser, less

weathered portion of horizon; gray and pinkish gray aphanitic and porphyritic flow rocks;

0-3 mm weathering rinds

Parent material: Alluvium and alluvium-colluvium from basic igneous rocks, and Mazama ash

Drainage: Moderately well drained

Slope and aspect: 1% N70E

Pit location and elevation: NE 1/4, SE 1/4, Sec. 14, T15S, R5E, in clearcut unit L521, 40 m NE

of USFS road 1533, 80 m SE of NW edge of clearcut; elevation 945 m

Vegetation: Logged, 1952; broadcast burned, 1953; reforested (Pseudotsuga menziesii) by plant hoe,

1959; Pseudotsuga menziesii spotty in closed depression, found mainly on high spots;

Spirea douglasii; miscellaneous grasses, the most common being Calamagrosta

inexpansa; Carex laeviculmus, Salix sitchensis, Juncus sp., Viola sempervirens,

Rubus ursinus, Epilobiurn angustifolium, Cirsium vulgare



Soil EF2 profile description (abbreviations from Appendix II):

Horizon
Depth

cm
Color

dry moist Texture Structure Consistence

01 1-0 Twigs, dead grass, wood chips, etc. (L)

Al 0-17 7. 5YR 5/2 7. SYR 2. 5/ 2 1 1 vfgr sh, fr, ss, ps
(smeary)

IIC1 19-32 10YR 7/4 10YR 6/6 1 m sh, fr, ss, ps

(smeary)

IllAlb 32-40 10YR 4/3 7.5YR 3/2 1 1 fsbk fr, s, ps

2 f, vfgr

IIIB2b 40-83 10YR 5/4 7.5YR 3/4 1 2csbk fr, ss, ps

1 f, vfsbk

IIIC2 83-143 10YR 5/4 7.5YR 4/4 fsl m fr, s, ps

111C3 143-163+ 10YR 5/4 7.5YR 4/4 fsl m fr, ss, po

Other

5% fine g; common pumice grains;
pH 6. 2; gw

weathered pumice, trace fine g-size
pumice; pumice finer, more weathered
toward top of horizon; with ab boundary
between upper and lower portions; one
hard rock pebble; variegations cld
7. 5YR 4/8 m; pH 6. 4; as

trace fine g; fld 7.5YR 5/6 m; Mn
coatings fld 7. 5YR 2.5/0 m; few
pumice grains; few 5 mrn-in-diameter
vert. channels with common pumice
grains; pH 6. 2; cw

5% g; c3f 5YR 4/3 m, fif 5YR 4/6 m;
variegations fld 2. 5YR 4.8 m; Mn
coatings fid 7. 5YR 2.5/0 m; few (2)
5-6 cm-in-diameter "korotovinas, "
filled with fresh pumice; pH 6. 2; ds

trace g; f2f 5YR 4/3 m, clf 5YR 4/6
m; Mn coatings fid 7.5YR 2. 5/0 m; pH
6. 4; dw

8% g, k; flf 5Y R4/6 m; Mn coatings
fld 7. SYR 2. 5/0 m; pH 6.4

rn



Soil EF3
1

1b1

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Andic Dystrochrepts, medial-skeletal, frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subangular and angular, with some rounded and subrounded, increasing

platiness with depth; gray flow rocks; 0-2 mm weathering rinds

Parent material: Colluvium from basic igneous rocks and volcanic ash

Drainage: Well drained

Slope and aspect: 80% N20E

Pit location and elevation: SW 1/4, SW 1/4, Sec. 13, T15S, R5E, about 500 m SE of USFS road

1533D where it crosses N edge of clearcut unit L504; elevation 975 m

Vegetation: Tag& heterophylla, Pseudotsuga menziesii, Abies amabilis, Thuja. plicata, Taxus

brevifolia, Pinus monticola Rhododendron macrophyllum, Xerophyllum tenax,

Gaultheria shallop, Berberis nervosa, Vaccinium sp., Gaultheria ovatifolia

Pachystima myrsinites, Castanopsis chrysophylla, miscellaneous mosses and

lichens



Soil EF3 profile description (abbreviations from Appendix II):

Horizon
Depth
cm dry

Color
moist Texture Structure Consistence

011

012

4-2

2-0

Twigs, wood, cones, needles, etc. (L)

Partially decomposed twigs, wood, cones, needles, etc. (F)

A 1 0-9 10YR 4/2 7.5YR 3/ 2 gsl 1 f, vfgr so, vfr, so, ps

10YR 5/3 10YR 3/3

B2 9-50 10YR 4/4 10YR 3/4 gsl 1 vfsbk, gr so, fr, so, po

Cl 50-94 10YR 5/4 10YR 3/4 gsl m so, fr, so, po

IIC2 94-140+ 10YR 5/4 10YR 3/4 vksl m fr, so, po

Other

45% g; pH 6.0; cw

45% g; pH 6. 0; dw

45% g; few pumice grains; few 10-20

cm-in-diameter pockets with

abundance pumice grains; pH 6.2,

gw

65% k, g; few pumice grains; spots

with abundant pumice, apparently

sifted down between coarse fragments;

pH 5.8
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Soil EF4

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Andic Dystrochrepts, medial-skeletal, frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subangular and angular in Al and B2 horizons, with some subrounded;

1 mm weathering rinds to rotten throughout; C horizon bedrock rotten throughout;

gray flow rocks

Parent material: Colluvium and residuum from basic igneous rocks and volcanic ash

Drainage: Well drained

Slope and aspect: 25% N70E

Pit location and elevation: NW 1/4, NE 1/4, Sec. 24, T15S, R5E, about 150 m NW of USFS

road 1501E, about 400 m SW of junction of USFS roads 1501 and 1501G; elevation

1, 130 m

Vegetation: Tsuga heterophylla, Pseudotsuga menziesii, Abies amabilis, Acer circinatum

Rhododendron macrophyllum, Berberis nervosa, Linnaea borealis, Vaccinium sp.,

Chimaphila umbellata miscellaneous mosses and lichens



Soil EF4 profile description (abbreviations from Appendix II):

Horizon
Depth

cm
Color

dry moist Texture Structure Consistence Other
011 5-4 Needles, twigs, cones, leaves, etc. (L)

012 4-0 Partially decomposed needles, twigs, cones, leaves, etc. (F)

Al 0-21 10YR 5/ 2 10YR 3/2 gsl 1 fgr vfr, ss, ps 35% g; pH 6. 2; gw

B2 21-55 10YR 5/2 10YR 3/2 gsl 1 msbk
1 fgr

fr, ss, ps 35% g, k; few pumice grains;
pH 6. 2; cs

IIC 55-100+ 2. 5Y 6/2 10YR 4/1 vgcl m
10YR 3/2

fr, s, p 80% highly weathered bedrock;
pH 6.0
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Soil EF5

Description by: R. B. Brown, July 1972

Soil classification (Soil Survey Staff, 1970): Andic Dystrochrepts, medial, frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subangular and angular, with some rounded and subrounded; gray flow

rocks; 0-1 mm weathering rinds to rotten throughout, IIC2 horizon mostly rotten

throughout

Parent material: Alluvium-colluvium from basic igneous rocks

Drainage: Well drained

Slope and aspect: 45% N160W

Pit location and elevation: SE 1/4, NW 1/4, Sec. 24, T15S R5E, 15 m SW of SW corner of

IBP reference stand 18; elevation 1080 m

Vegetation: Pseudotsuga menziesii Abies amabilis Tsuga heterophylla, Taxus brevifolia, Acer

circinatum, Berberis nervosa, Whipplea modesta Viola sempervirens, Asarum

caudatum, Coptis lacineata Rubus ursinus, Polystichum munituin Pachystima

myrsinites, Goodyera oblongifolia



Soil EF5 profile description (abbreviations from Appendix II):

Depth Color

Horizon cm dry moist Texture Structure

011 5-4 Leaves, twigs, needles, cones, etc. (L)

012 4-0 Partially decomposed leaves, twigs, needles, cones, etc. (F)

Al 0-18 10YR 4/3 10YR 2/2 gsil 2 fgr

B1 18-36 10YR 4/3 10YR 2/2 gsil 1 vfsbk

B2 36-53 10YR 4/3 10YR 2/2 gl 1 fsbk

Cl 53-71 10YR 4/3 10YR 3/3 gl m

IIC2 71-104+ 10YR 5/1

7.5YR 4/ 2

Consistence Other

fr, ss, ps 30% g; pH 6.4; cs

vfr, ss, ps 25% g; pH 6.4; cs

vfr, ss, ps 20% g; pH 6.0; gs

vfr, ss, ps 30% g; variegations f2d 10YR 5/1 m;

pH 6. 4; cw

95% saprolitic bedrock; 5% gray

fine earth



167

Soil EF6

Description by: R. B. Brown, August 1973

Soil classification (Soil Survey Staff, 1970): Andic Dystrochrepts, medial-skeletal, frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Variable mix of subangular, subrounded, rounded, and angular; gray aphanitic,

and some porphyritic, flow rocks; 0-1 mm weathering rinds

Parent material: Alluvium-colluvium from basic igneous rocks and volcanic ash

Drainage: Well drained

Slope and aspect: 60% N150W

Pit location and elevation: NW 1/4, NE 1/4, Sec. 30, T15S, R6E, about 400 m NNE of NE corner

clearcut unit L702; elevation 1, 020 m

Vegetation: Pseudotsuga menziesii Tsuga heterophylla, Thuja plicata, Berberis nervosa, Oxalis

oregano., Viola sempervirens, Cornus canadensis, Achlys triphylla, Whipplea modesta,

Smilocena stilata, Berberis aquifolium, Chimaphila umbellata Tridentalis latifolia



Soil EF6 profile description (abbreviations from Appendix II):

Horizon
Depth
cm

Color
dry moist Texture Structure Consistence

011 3-2 Av. Needles, twigs, cones, etc. (L)

012 2-0 Partially decomposed needles, twigs, cones, etc. (F)

Al 0-7 10YR 5/3 7. 5YR 3/2 gsl 1 f, vfgr so, vfr, so, ps

A3 7-32 10YR 4/4 7. 5YR 3/ 2 gsl 1 f, vfgr so, fr, ss, ps

10YR 3/3

B2 32-59 10YR 4/4 7. 5YR 3/ 2 gsl 1 f,vfsbk so, fr, ss, ps

10YR 3/3

Cl 59-103 10YR 4/4 7. 5YR 3/4 gsl m fr, ss, ps

IIC 2 103-136+ 10YR 5/4 7. SYR 3/4 vksl m fr, ss, ps

Other

30% g; pH 6. 6; cw

40% g, k; very few pumice grains;

few charcoal chips; pH 6. 2; gw

40% g; pI-1 6. 2; dw

35% g, k; few pumice grains;

pH 6. 2; dw

55% k, g; few pumice grains;

pH 5. 8
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Soil EF7

Description by R. B. Brown, August 1972

Soil classification (Soil Survey Staff, 1970): Fluventic Dystrochrepts, loamy-skeletal, mixed, frigid

Forest floor classification (Hoover and Lunt, 1952): Medium mull

Coarse fragments: Mostly subangular and angular, with some subrounded and rounded, especially

toward surface; gray flow rocks; 0-2 mm weathering rinds

Parent material: Colluvium and alluvium-colluvium glacial till?) from basic igneous rocks

and volcanic ash

Drainage: Well drained

Slope and aspect: 25% N100W

Pit location and elevation: NW 1/4, SW 1/4, Sec. 29, T15S, R6E, 25 m E of NW corner of IBP

reference stand 12; elevation 945 m

Vegetation: Pseudotsuga menziesii Tsuga heterophylla, Abies amabilis, Thuja plicata, Acer

circinatum, Cornus canadensis, Vaccinium sp., Berberis nervosa, Achlys triphylla,

Clintonia uniflora Viola sempervirens, Chimaphila umbellata Linnaea borealis,

Rubus spp., Tiarella unifoliata, miscellaneous mosses and lichens



Soil EF7 profile description (abbreviations from Appendix II):

Horizon
Depth
cm

Color
dry moist Texture Structure

011 6-5 Needles, twigs, cones, etc. (L)

012 5,0 Partially- decomposed needles, twigs, cones, etc. (F)

Al 0-14 7. 5YR 4/4 SYR 3/3 1 1 m, fgr

B1 14-42 7. SYR 4/4 5 YR 3/4 sl 1 fgr

B2 42-59 7. SYR 4/4 SYR 3/4 gl 1.f, vfsbk

1183 59-81 10YR 5/4 7. SYR 4/4 vgsil 1 fsbk

IIC1 81-104 10YR 5/4 7. SYR 4/4 gsil in

11C2 104-133+ 10YR 5/4 7.5YR 4/4 vgsil m

Consistence Other

so, fr, ss, ps 15% g; few pumice grains;
pH 6. 2; cw

so, fr, ss, ps 15% g; few pumice grains;
pH 6.0; gw

so, fr, ss, po 40% g, st, k; common pumice
grains; pH 6. 2; gw

sh, fr, ss, ps 55% st, k, g, bo; common pumice
grains; pH 6. 0; cs

sh, fr, ss, ps 45% st, k, g, bo; common chunks,
4-8 cm-in-diameter, of vfi soil; few
pumice grains; pH 6.4; cw

sh, vfi, ss, ps 60% st, g, k, bo; few pumice
grains; pH 6.4
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APPENDIX II

ABBREVIATIONS USED IN APPENDIX I SOIL PROFILE DESCRIPTIONS

These abbreviations are fashioned largely after Soil Survey Staff (1951), p. 139-40, and USDA-SCS,
Definitions and Abbreviations for Soil Descriptions, Berkeley, California, October 1966. 20 numb.

leaves.

Color:
Munsell ® notations

Texture:
1

sl
fsl
Is

sil
cl
sicl

sic

g
k
st
bo

loam
sandy loam
fine sandy loam
loamy sand
silt loam
clay loam
silty clay loam
clay
silty clay

gravelly
cobbly
stoney
bouldery

Structure:

grade
1

2

3

size

of
f

m

vc

form
gr
sbk

sg

In

",parting to"

weak
moderate
strong

very fine
fine
medium
coarse
very coarse

granular
subangular blocky
single grain (structureless)
massive (structureless)

Consistence:
dry

lo
so
sh

h

moist
lo
vfr
fr
fi
vfi

loose
soft
slightly hard
hard

loose
very friable
friable
firm
very firm

wet
so

ss

vs

po
ps

P

vp
smeary

nonsticky
slightly sticky
sticky
very sticky

nonplastic
slightly plastic
plastic
very plastic
"thixotropic" (Soil

Survey Staff, 1970)



Other: clay films
coarse fragments frequency

% percent coarse fragments vl very few (<5% of designated
by volume surfaces)

g gravel [pebble(s)] 1 few (5-25%)
k cobble(s) 2 common (25-50%)
st stone (s )

bo boulder(s) thickness
n thin

mottles mk moderately thick
abundance

f few morphology
c common pf on ped faces
m many po lining pores

ff on fracture faces
size

1 fine ( <5 mm)
2 medium (5-15 mm)
3 large (>15 mm)

contrast
f faint
d distinct
p prominent

color
Munselle notation
m moist

variegations and Mn, Fe coatings
same notation as mottles

172

pumice fragments (sand and fine pebble-size
grains of probable Mazama pumice)

few barely discernible on pit face
common readily discernible
abundant strikingly apparent

charcoal chips (fragments of obviously burned wood)
same notation as pumice fragments

horizon boundary
distinctness topography

a abrupt s smooth
b clear w wavy

g gradual i irregular
d diffuse b broken


